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Case Report

Reversible and multiphasic parenchymal changes in MRI 
after coil embolization for a ruptured cerebral aneurysm
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INTRODUCTION

Delayed leukoencephalopathy (DLE) after coil endovascular surgery is a rare complication 
but has occasionally been reported.[5,10] e etiologies of the DLE were assumed to be foreign 
body emboli, contrast media, and hypersensitivity reactions to foreign bodies.[5] Among DLE, 
reversible and multiphasic parenchymal changes in magnetic resonance imaging (MRI) after 
cerebral coil embolization are exceedingly rare and only a few cases have been reported.[8] One 
of the suspected causes for these lesions is the metal in the coils. Metal allergy by itself is not 
rare, and an estimated 15–20% of the western population is hypersensitive to at least one metal 
allergen.[13] Sensitization rates for metallic haptens by far outnumber those reported for other 
common triggers of allergic contact dermatitis.[13] However, metal-induced encephalopathy is 
extremely rare after coil embolization for cerebral aneurysm. Dermatitis after coil embolization 
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without a stent deployment[17] and nickel-associated delayed 
white matter lesion after stent-assisted coil embolization have 
previously been reported.[9] e authors recently experienced 
an extremely rare case of reversible parenchymal lesions after 
simple coil embolization for the ruptured cerebral aneurysm. 
Herein, we report our case with some discussion.

CASE DESCRIPTION

A 48-year-old Japanese woman had a sudden onset of 
severe headaches early in the morning during work and 
was transported to a local hospital. She was alert-oriented 
and had no neurologic deficits. She had a medical history of 
atopic dermatitis and metal allergy that had discouraged her 
from wearing any jewels.

A head computed tomography (CT) scan demonstrated a 
subarachnoid hemorrhage (SAH) around the basal cistern 
with predominant SAH in the left sylvian cistern. A  three-
dimensional-CT angiography revealed a left internal carotid 
artery (ICA)-posterior communicating artery (Pcom) 
aneurysm. Although an emergent aneurysm clipping surgery 
was scheduled, the patient preferred a coil embolization 
rather than an open surgery so that she was referred to us for 
a coil embolization.

On the next day after the onset, a coil embolization was 
performed using a simple technique under the general 
anesthesia. e left ICA angiogram confirmed an irregular-
shaped aneurysm measuring 7.7  mm in the maximum 
diameter at the left ICA-Pcom junction. Besides the ICA-
Pcom aneurysm, aneurysms at the bilateral middle cerebral 
artery (MCA) bifurcations and at the top of the right ICA 
were also revealed. Given the distribution of SAH as well as 
the size and the shape of the aneurysm, the left ICA-Pcom 
aneurysm was believed to be the cause of the SAH.

A guiding sheath (Flexor shuttle 7F × 90  cm ST 
0.100”/2.54  mm) was advanced to the pre-petrous portion 
of the left ICA. A microcatheter (Excelsior SL-10 pre-shaped 
90°) was placed in the aneurysm using a manual-shaped 
intermediate catheter (TACTICS 120  cm STR). Seven coils 
were used for the complete obliteration of the aneurysm 
(Raymond-Roy occlusion classification class I) and are listed 
in Table 1. e patient recovered well without any neurologic 
deficits. e head CT scan right after the embolization 
showed no abnormal findings, as shown in Figure 1.

Despite no neurologic deficits after the surgery and 
no abnormal findings on a MRI 7  days after the coil 
embolization, an MRI study performed 24  days after the 
embolization demonstrated a round lesion beside the 
posterior horn of the left lateral ventricle, as shown in 
Figure 2. e lesion showed homogeneously moderately high 
intensity on the T2-weighted image (T2WI) and the fluid-
attenuated inversion recovery (FLAIR) sequence, mildly 

high intensity on the apparent diffusion coefficient (ADC) 
map but isointensity on diffusion-weighted imaging (DWI). 
An MRI taken 44  days after the surgery showed multiple 
patchy lesions at separate locations of the left frontal and 
parietal lobes. e lesions demonstrated high intensity on 
FLAIR as the previous one. An MRI obtained 70 days after 
the surgery still demonstrated an even larger high intense 
lesion on T2WI, FLAIR, and ADC map and an isointensity 
on DWI in the left frontal lobe, though the previous lesion 
had disappeared. An MRI taken 146  days after the surgery 
showed complete disappearance of the abnormal high intense 
lesions finally.

Meanwhile, the ratio of eosinophils (EOS) among the 
leukocytes was 3.0% (0.0–7.0%) before the surgery, and it 
elevated up to 9.7% 16 days after the coil embolization and 
got back to 2.6% 147  days after the surgery, as shown in 
Figure 2.

Despite the MRI findings, the patient showed no neurologic 
deficits and complained of only mild headaches throughout 
the course. No specific treatments were performed, and the 
headaches gradually subsided and finally resolved completely.

e patient subsequently underwent a metal skin patch test 
that showed positive against only zinc though the patch test 
covered neither titanium, tungsten, nor molybdenum, as 
shown in Table 2.

DISCUSSION

Coil embolization has emerged as the mainstay treatment for 
cerebral aneurysms. e prognosis and outcome after a coil 
embolization has proved to be as favorable as those after a 
clipping surgery in SAH patients. Nowadays, a wide range 
of coils for cerebral aneurysms have been produced and 
provided from many manufacturers worldwide.

Small scattered cerebral infarcts are not rare on a post-
surgical MRI after a coil embolization. High intense lesions 
on DWI and FLAIR of the MRI study after coil embolization 
are mostly cerebral infarcts related to the surgery. First, we 
suspected scattered embolization associated with the surgery, 
though the patient had only headaches. However, we found 
that one of the presented high intense lesions showed atypical 
appearance such as a round and homogeneously high 
intensity located near the posterior horn that was in the non-
vascular territory of the treated aneurysm. Moreover, those 
lesions disappeared in a few weeks without any treatments, 
and similar lesions appeared at separate locations in the same 
hemisphere. e patient never had neurologic deficits and 
had only mild headaches throughout the course, but these 
lesions continued for a few months after the surgery.

Delayed atypical white matter lesions after coiling have 
been documented. Metal allergy, acute disseminated 
encephalomyelitis (ADEM)-like reaction due to contrast 
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medium,[3] polyglycolic-polylactic acid (PGLA) coil 
allergy,[15] polyvinylpyrrolidone (PVP) embolism, and PVP 
allergy have been reported to be the cause for the delayed 
white matter lesions.

ADEM is mostly seen in young children who are infected 
with viruses or after vaccination shots. Since symptoms of 

ADEM are acute and severe, ADEM-like reactions due to 
contrast medium are unlikely to have occurred in our patient.

Although PGLA coils were not used for our patient, PVP 
is used in most of the catheters for hydrophilic coating. 
e detachment of PVP from the surface of a catheter has 
recently been reported to occur due to the friction between 
a catheter and a guidewire,[1,14] which may cause cerebral 
artery embolism or granulation tissue following the local 
inflammation.[6] PVP microembolism frequently manifested 
severe complications such as altered metal status, paresis, and 
even death, whereas our patient had no specific symptoms. 
Furthermore, the DWI did not show any high signals and 
that the FLAIR showed high intense areas at various places 
every time even in the non-vascular territories of the treated 
aneurysm, the microembolisms due to PVP detachment 
were very unlikely.

A few past articles reported PVP allergies; however, they 
were all anaphylaxis.[12,18] Delayed PVP allergies can be 
induced by a fragmentation of PVP that has been detached 
from the surface of the PVP-coated catheters. In order for 
a PVP fragment to cause multiphasic delayed allergies, it 
must stay in the vessel for an extended period of time. In 
addition, it should cause high intense lesions on the DWI 
in the vascular territories of the treated aneurysm like the 
previous case.[8] Our patient showed no high intense lesions 
on DWI but showed delayed multiphasic high intense lesions 
even in the non-vascular territories of the treated aneurysm 
on FLAIR. Hence, metal allergies due to coils are more likely 
to have happened in our patient considering her medical 
history of metal allergies.

Many symptomatic patients received a corticosteroid regimen 
and recovered almost fully after treatment.[10] Early high dose 
followed by low dose ongoing corticosteroid treatment was 
recommended for timely remission.[10] However, a few mildly 

Table 1: e list of the coils for the embolization.

Manufacturer Name of coil Size Composition in coil Core wire

#1 Stryker Target 360 SOFT 6 mm×20 cm Platinum, tungsten Stainless steel (SUS316L: Iron, Chromium 18%, Nickel 
12～15%, Molybdenum 2.5%, Carbon), polyimide

#2 Stryker Target 360 ULTRA 4 mm×8 cm Platinum, tungsten Stainless steel (SUS316L: Iron, Chromium 18%, Nickel 
12～15%～Molybdenum 2.5%, Carbon), polyimide

#3 Stryker Target 360 ULTRA 4 mm×8 cm Platinum, tungsten Stainless steel (SUS316L: Iron, Chromium 18%, Nickel 
12～15%～Molybdenum 2.5%, Carbon), polyimide

#4 Medtronic AXIUM Prime 3D 3 mm×6 cm Platinum, tungsten, 
stainless steel, 
polypropylene

Platinum, tungsten, stainless steel, 
polytetrafluoroethylene, polyethylene terephthalate

#5 Stryker Target 360 ULTRA 2.5 mm×4 cm Platinum, tungsten stainless steel (SUS316L: Iron, Chromium 18%, Nickel 
12～15%, Molybdenum 2.5%, Carbon), polyimide

#6 Kaneka Medics i-ED COIL SS 2.5 mm×4 cm Platinum, tungsten Stainless steel, polyimide, polyvinyl alcohol, 
fluorocarbon polymers

#7 Kaneka Medics i-ED COIL SS 2.5 mm×4 cm Platinum, tungsten Stainless steel, polyimide, polyvinyl alcohol, 
fluorocarbon polymers

Figure  1: (a) Head computed tomography (CT) scan revealing 
subarachnoid hemorrhage in the basal cistern and in the left ambient 
cistern, (b) pre-operative three-dimensional CT angiography 
depicting the left internal carotid-posterior communicating (IC-PC) 
aneurysm, (c) pre-operative cerebral angiogram confirming the 
left IC-PC aneurysm, and (d) post-operative cerebral angiogram 
showing the complete obliteration of the aneurysm (Raymond-Roy 
occlusion classification class I) by simple coil embolization.
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Figure  2: (a) Diffusion-weighted imaging (DWI) on postoperative day (POD) 7 showing no high 
signals, (b and c) fluid-attenuated inversion recovery (FLAIR) on POD7 showing no abnormal 
findings, (d) DWI on POD24 showing no high intense lesions, whereas (e and f) FLAIR on POD24 
demonstrating a strange round high intense lesion beside the posterior horn of the left lateral ventricle. 
(g) DWI on POD44 showing no high signals, whereas, (h and i) FLAIR on POD44 depicting scattered 
small high intense lesions in the left frontal lobe, (j) DWI on POD146 showing no abnormal findings, 
and (k and l) FLAIR on POD146 confirming the complete disappearance of the high intense lesions.
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symptomatic patients were observed without any specific 
treatment like our patient and recovered well.[10] erefore, 
we believe that a steroid regimen is not always needed, 
especially for asymptomatic DLE patients.

Metal hypersensitivity reactions are usually manifested as a 
T-cell-mediated delayed type  4 reaction with characteristic 
cutaneous pruritic lesions.[13] Eosinophilia defined as a 
peripheral blood eosinophil count >450 cells per microliter, 
is associated with numerous disorders including allergies, 
drug reactions, and helminth infections.[4] Hence, given 
her medical history of atopic dermatitis and metal allergy, 
elevation of EOS during the course, and the atypical 
appearances of the lesions, we strongly suspected that high 
intense lesions were encephalitis due to coil metal allergy, and 
elected to forgo a brain biopsy and not to give any additional 
treatments for the lesions.

A delivery wire is generally made of stainless steel that is an 
alloy of iron, nickel, and molybdenum plus some plastic, 
even though the wire is only used during a surgery. Although 
a minute amount of nickel ion is released when the coils are 
detached from the delivery wire, the amount should be far 
below the acceptable level of safety.[7]

Coils for cerebral aneurysms are generally made of an alloy 
that contained 92% platinum and 8% tungsten. Platinum 
is a precious metal that is widely used for jewels and its 
allergy is rare. However, dermatitis caused by metal allergy 
after coil embolization for unruptured cerebral aneurysm 
was reported.[17] Although our patient showed a negative 
patch-test reaction to platinum, platinum allergy cannot be 
completely denied because the patient had jewelry allergies.

Tungsten is known to have some metabolic and toxicity 
profiles. Despite this, tungsten and its compounds are not 
considered very toxic for humans. Most existing human 
toxicology information comes from chronic occupational 
exposure. However, in a previous case of urticaria after 
percutaneous varicocele coil embolization, the patient was 
found to be allergic to tungsten on the immunological tests.[2] 
As the patch test did not cover tungsten, whether our patient 
had allergy to tungsten was unknown.

As far as the coil embolization systems that we used are 
concerned, it is notable that only the axium prime detachable 
coil system uses the stainless steel for coils, which means 
nickel stays in the body even after a simple coil embolization 
without stent-assistance. As most stents are made of nitinol 
that is an alloy made of 45% of titanium and 55% of nickel in 
general, there has been a great deal of concern regarding the 
release of nickel.[16] e mean serum nickel level significantly 
increased at 24  h, had a maximum level at 1  month, 
and declined to the baseline at 12  months.[11] Reversible 
intracranial parenchymal changes in MRI after an MCA 
aneurysm treatment with stent-assisted coiling technique 
was reported.[16] us, the possibility of nickel allergies in our 
patient cannot be totally excluded irrespective of no use of 
stents and the negative patch-test reactions to nickel.

CONCLUSION

e authors experienced a rare case of reversible parenchymal 
changes in the MRI after coil embolization for the ruptured 
cerebral aneurysm. Despite no clear evidence, given the 
medical history of metal allergies, no high signals on DWI, 

Table 2: e result of the metal patch test.

S. No. Metal % Base Day2 Day3 Day7

1. Al3+ 2.0 A - - -
2. Au3+ 0.2 A - - -
3. Sn4+ 1.0 A - - -
4. Fe3+ 2.0 A - - -
5. Pt2+ 0.5 A - - -
6. Pd2+ 1.0 A - - -
7. In3+ 1.0 A - - -
8. Ir4+ 1.0 A - - -
9. Zn2+ 2.0 P Only erythema Only erythema Erythema and edema
10. Mn2+ 2.0 P Only erythema Only erythema -
11. Ag+ 2.0 P - - -
12. Cr3+ 0.5 A - - -
13. Co2+ 2.0 A - - -
14. Cu2+ 1.0 A - - -
15. Hg2+ 0.1 A - - -
16. Ni2+ 5.0 A - - -

Vaseline - - -
A: Purified water, P: White petrolatum, Al: Aluminum, Au: Gold, Sn: Tin, Fe: Iron, Pt: Platinum, Pd: Palladium, In: Indium, Ir: Iridium, Zn: Zinc, Mn: 
Manganese, Ag: Silver, Cr: Chromium, Co: Cobalt, Cu: Copper, Hg: Mercury, Ni: Nickel
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and delayed, reversible, and multiphasic lesions in the non-
vascular territories of the treated aneurysm, metal-induced 
encephalitis was most likely in our case.
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