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Foreign body reactions after endovascular procedures for brain arteriovenous mal-
formations are extremely rare. We report the case of a cerebral foreign body granu-
loma reaction after embolization of a frontal arteriovenous malformation with Onyx. 
A previously treated 36-year-old man underwent re-embolization of a residual and 
recurrent unruptured right frontal vascular malformation with Onyx. The post-proce-
dural imaging revealed a right frontotemporal heterogeneously enhancing expansive 
lesion associated with a residual malformation. Following microsurgical resection, 
the histopathological examination of the expansive lesion revealed basophilic foreign 
body like deposits adjacent to multi-nucleated giant cells, highly compatible with 
cerebral foreign body granulomas reaction to Onyx. The clinical and radiological fol-
low-up of the patient was favorable after complete resection of the lesions.
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INTRODUCTION

Brain arteriovenous malformations (AVMs) are complex vascular lesions with dif-
ferent clinical presentations. Current treatment options include: conservative man-
agement, microneurosurgery, endovascular therapy, radiosurgery or a combination 
of these modalities.1-3)

Numerous reports illustrate the pros and cons of endovascular treatments for brain 
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AVMs, as well as the potential complications.7)11-13) How-
ever, foreign body reactions to the embolizing agents 
are rarely reported. Only one case report on a suspected 
cerebral foreign body granuloma reaction to Onyx was 
found in the literature.6) 

Here, we report the occurrence of a cerebral foreign 
body granuloma in a patient who underwent emboli-
zation of an unruptured right frontal AVM. The his-
topathological findings were highly compatible with a 
cerebral foreign body granuloma reaction to Onyx.

CASE REPORT

A 36-year-old man with a history of pulmonary tu-

berculosis (successfully treated sixteen years prior), was 
referred to our clinic with a residual right frontal AVM 
and a heterogeneous expansive intracranial lesion. Few 
days before, the patient presented epileptic seizures that 
required a double-drug management with valproic acid 
and levetiracetam. 

The AVM, originally a Spetzler Martin grade II with 
its blood supply coming from both the internal and ex-
ternal carotid arteries (precisely from multiples frontal 
branches of the right middle cerebral artery (MCA), 
and a single feeding artery coming from the middle 
meningeal artery, respectively), and a single draining 
vein to the superior sagittal sinus, was embolized with 
N-butyl-2-cyanoacrylate (N-BCA) eight years prior 
(Fig. 1).
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Fig. 1. (A) Cerebral angiography of a right frontal AVM (4×3 cm) fed by multiples frontal branches of the right middle cere-
bral artery. (B) Post-embolization cerebral angiography after initial treatment. (C) and (D) Last pre-operative cerebral angiog-
raphy after the last embolization where a single draining vein to the superior sagittal sinus is observed. AVM, arteriovenous 
malformation.
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A new embolization was performed with ethylene–
vinyl alcohol copolymer (Onyx; ev3, Irvine, CA, USA) 
through the MCA, and with N-BCA through a small 
dural fistula from a branch of the external carotid artery. 
Postoperatively, no complication was observed except 
for an unspecific cellulitis in the frontal region of the 
head of the patient, who received empiric antibiotic 
therapy. However, the lesion ulcerated, and a subcutane-
ous collection appeared few days later. Samples collected 
by needle aspiration were positive for Pseudomonas 

spp., and the patient underwent specific antibiotic treat-
ment. Within two weeks, the magnetic resonance imag-
ing (MRI) studies revealed a suspected residual AVM, 
and a right frontotemporal heterogeneously enhancing 
expansive lesion with perilesional edema, which was di-
agnosed as brain abscess (Fig. 2). The patient worsened 
clinically with intense headache, nausea and vomiting. 
Hence, the patient underwent a right frontotemporal 
craniotomy and microsurgical resection of the lesions. 
Intraoperatively, severe leptomeningeal adhesions with 

A
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Fig. 2. Cerebral T1WI MRI sequences after contrast administration (A) and T2WI MRI sequences (B) revealing a right 
frontotemporal heterogeneously enhancing expansive lesion with perilesional edema and a residual AVM. MRI, mag-
netic resonance imaging; AVM, arteriovenous malformation.
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a poorly vascularized frontotemporal expansive lesion 
were evident. The lesion was next to the partially em-
bolized right frontal AVM, and contained a thick liquid 
similar to the caseum in its frontal part. Initially, careful 
microsurgical dissection with complete removal of the 
granuloma was performed. Careful hemostasis of the 
surgical site was followed by the microsurgical resection 
of the residual AVM. The small feeding arteries from the 
MCA were coagulated and cut. Finally, the single drain-
ing vein was coagulated and cut as well. Postoperatively, 
the symptoms of the patient gradually improved, and 

anticonvulsants were progressively reduced.
A careful histopathological examination revealed multi-

nucleated giant cells containing randomly scattered nuclei 
inside a large cytoplasmic space, and basophilic foreign 
body like deposits adjacent to the giant cells (Fig. 3). Both 
polymerase chain reaction and culture were negative for 
Mycobacterium tuberculosis. 

A postoperative cerebral angiography revealed no re-
sidual AVM. Follow-up brain MRI confirmed the gross 
total resection of the foreign body granulomatous lesion 
as well (Fig. 4).

A B

Fig. 4. Postoperative cerebral angiography (A) and follow-up MRI (B) confirming the gross total resection of 
the fronto-temporal granulomatous lesion, as well as of the residual right frontal AVM. MRI, magnetic reso-
nance imaging; AVM, arteriovenous malformation.

Fig. 3. Photomicrograph of the surgical specimen showing a foreign body granuloma with 
basophilic Onyx-like deposits associated with multinucleated giant cells (arrows).
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DISCUSSION

Here, we present a histologically confirmed intracrani-
al foreign body granuloma reaction after endovascular 
therapy of an unruptured right frontal AVM. The histo-
pathological findings were highly compatible with cere-
bral foreign body granuloma reaction to Onyx.

Since its introduction into the market more than a de-
cade ago, Onyx has shown superiority over other embolic 
substances due to its non-adhesiveness and better pen-
etration.5)7) On the other hand, various Onyx emboliza-
tion-related complications have been reported.7)11-13) For-
eign body granulomas to the embolizing agents are very 
rare.4)6)8) Only one case report on a cerebral foreign body 
granuloma reaction to Onyx was found in the literature.6)

Murayama et al. conducted a histopathological study 
in swine rete mirabile before Onyx introduction into the 
market. They demonstrated that Onyx generates a peri-
vascular inflammatory reaction in subacute (18 days) 
and chronic (one to six months) stages with a granulo-
matous response characterized by the presence of epi-
thelioid and multinucleated foreign body giant cells.9)

Natarajan et al. reported some changes in brain AVMs 
after embolization in 22 patients treated with Onyx. The 
vessels wall integrity was maintained in all embolized 
vessels without perivascular extravasation of the embolic 
material. The histological analysis evidenced vascular or 
perivascular inflammation in 20 cases (91%). Chronic 
foreign-body giant cells were seen in 12 cases (55%); an-
gionecrosis of the embolized vessel was observed in 13 
(59%) specimens; and recanalization in Onyx embolized 
vessels was observed in four (18%) cases. They conclud-
ed that the occurrence of chronic foreign-body giant 
cells and recanalization after Onyx embolization shows a 
long-standing reaction to Onyx.10)  

Gunawat et al.6) reported about the occurrence of a pa-
rieto-occipital foreign body granulomatous reaction in 
a patient who had undergone embolization and four ra-
diosurgery sessions for an AVM. Multinucleated foreign 
body giant cells were predominant at the histopatholog-
ical examination. However, Langhans giant cells typical 
of mycobacterium infection were also present. In this 

patient, Onyx and two more different embolic substanc-
es were used, thus making more difficult a precise defi-
nition of the etiopathogenesis.6) 

A foreign body granuloma reaction to Onyx emboliza-
tion for a congenital orbito-facial vascular malformation 
was also reported. The histopathological findings of 
this extracranial AVM included Onyx particles partially 
impacted in small vessels and numerous multinucleated 
giant cells that had phagocytosed the Onyx particles.8) 

The diagnosis of the present case is based on the ba-
sophilic Onyx-like deposits associated with the type 
of multinucleated giant cells present in the histological 
study of the granuloma. The definitive diagnosis of a 
foreign body reaction includes the identification of the 
foreign body in the histological study. However, this 
identification might be challenging after normal pro-
cessing of the samples since some liposoluble substance 
such as Onyx could disappear during conventional 
histopathological processing.4)6)8) On the other hand, a 
tuberculoma diagnosis requires the identification of the 
mycobacterium tuberculosis in the samples. Whether 
both the foreign body and the mycobacterium are not 
disclosed, the major criteria for the diagnosis is the type 
of giant cells present in the study. Tuberculomas are 
mostly associated with the specific type of Langhans gi-
ant cells.6) 

Although the definitive differentiation between a tu-
berculoma and an Onyx-reaction granuloma might still 
be demanding, a concomitant history of tuberculosis, as 
in our case and in the report by Gunawat et al.,6) could 
enhance the Onyx-reaction and stimulate the develop-
ment of a granuloma as an inflammatory lesion.

Dinesh described a foreign body granulomatous re-
action mimicking an oligodendroglioma in a patient 
who had undergone an embolization of a frontal AVM 
10 years earlier with N-BCA. The histopathological ex-
amination revealed cystic structures with dense fibrous 
tissue and multinucleated giant cells, without the identi-
fication of any foreign material. Stains for tuberculosis, 
fungi, or malignancy remained negative.4) 

As above mentioned, in our case a small dural fistula 
was embolized with N-BCA. Thus, the possibility of a 
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reaction to this last component might still exist. How-
ever, some aspects make less probable this hypothesis: 
A. the patient underwent initially a partial embolization 
with N-BCA eight years prior, without any post-pro-
cedural complication; B. the N-BCA was used in small 
amounts through the dural feeder, while Onyx was ap-
plied more massively through the MCA feeders for the 
AVM embolization; and C. the histopathological exam-
ination of the case did not reveal N-BCA or cystic com-
ponents, but Onyx-like deposits, which associated with 
the multinucleated giant cells represent features com-
monly related with a foreign body reaction to Onyx.6)8)

CONCLUSIONS

We report the rare case of a cerebral foreign body 
granuloma reaction after AVM embolization, very prob-
ably due to a reaction to Onyx, as suggested by histolog-
ical findings. A history of tuberculosis might enhance 
the development of a foreign body granuloma as an 
inflammatory lesion, even if further research should be 
performed in this regard.
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