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Abstract. Angiographically occult cerebrovascular malfor-
mation (AOVM) is a type of complex cerebrovascular 
malformation that is not visible on digital subtraction angiog-
raphy (DSA). Vascular malformation coexisting with glioma 
is clinically rare, and glioma coexisting with AOVM is even 
more rare. To the best of our knowledge, the present study is the 
first to report glioma coexisting with AOVM in the literature. 
The present study reports a rare case of glioma coexisting with 
AOVM in a 30‑year‑old male patient. Computed tomography 
(CT) scan revealed calcification, hemorrhage and edema in the 
right frontal lobe. CT angiography revealed a vascular malfor-
mation in the right frontal lobe, which was not observed on 
DSA. Finally, glioma coexisting with AOVM was confirmed 
by 2.0T magnetic resonance imaging and postoperative 
pathological examination. The present patient had a positive 
outcome and no neurological dysfunctions during the 6-month 
follow-up subsequent to surgery.

Introduction

Gliomas, as brain intrinsic neoplasms, are the most common 
primary brain tumors in adults, and are classified by the World 
Health Organization into four malignancy grades (I-Ⅳ) (1,2). 
When visualized using computed tomography (CT) or 
magnetic resonance image (MRI), glioma may appear as a 
solid or cystic lesion with an unclear boundary. The lesions are 
clearly enhanced on contrast enhanced CT or MRI scans (3). 
Glioma coexisting with cerebrovascular malformation in the 
brain is rare, with only a few cases reported in the literature at 
present (4‑7). Angiographically occult cerebrovascular malfor-

mation (AOVM) is a small vascular malformation that is not 
visible on digital subtraction angiography (DSA). It comprises 
cavernous hemangioma, arteriovenous malformation (AVM), 
intravenous vascular malformation and capillary expansion. 
There may be no obvious symptoms of AOVM until hemor-
rhage occurs. Diagnosis of AOVM is difficult, but MRI may 
be considered as the first choice of diagnostic method, as it 
is superior to CT or DSA (8‑11). This superiority is due to a 
number of reasons: MRI is able to show lesions more clearly 
compared with CT or DSA; MRI is able to more specifically 
identify AOVM compared with CT and DSA; MRI results 
may allow collection of data that can contribute to the surgical 
strategy; MRI allows visualization of the association between 
the AOVM and adjacent brain tissues; MRI allows clearer 
visualization of the feeding and draining arteries, compared 
with CT and DSA; and MRI is able to identify smaller AOVMs 
more easily than CT and DSA.

As its incidence is low and diagnosis is challenging, the 
diagnosis of glioma coexisting with AOVM is rare and has been 
reported in extremely few cases in the literature (4,5,12‑14). 
Cemil  et  al  (4) reported the case of a 58-year-old man 
presenting with sudden development of severe headache and 
vomiting, who was subsequently diagnosed with glioblas-
toma multiforme combined with arteriovenous malformation 
following MRI examination. Misdiagnosis and missed diag-
nosis are common in cases of glioma coexisting with AOVM, 
which can sometimes lead to unfavorable surgical outcomes. 
The present study reports a rare case of glioma coexisting with 
AOVM, in order to improve the understanding of this disease 
and prevent missed diagnosis and misdiagnosis.

Case report

A 30‑year‑old man presented in November 2014 as Huishan 
People's Hospital (Wuxi, China), with a sudden syncope and 
aphasia, with the symptoms gradually deteriorating over a 3‑h 
period. The patient had no medical history of trauma, hyper-
tension or any other condition. CT scans performed at the local 
community hospital (Huishan People's Hospital, Wuxi, China) 
revealed a calcified, edematous, minimal subarachnoid hemor-
rhage in the right frontal lobe. The patient was then referred to 
the l0lst Hospital of People's Liberation Army (Wuxi, China) 
within 3 h of the original presentation, where physical exami-
nation and routine blood tests were performed, with normal 
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results. CT scans revealed a large area of edema and calci-
fication in the right frontal lobe; however, no subarachnoid 
hemorrhage was observed in that area (Fig. 1A). Due to the 
similar radiologic characteristics on CT angiography (CTA) to 
cerebrovascular malformation, a cerebrovascular malforma-
tion in the right frontal lobe was suspected (Fig. 1B). However, 

Figure 3. Preoperative magnetic resonance imaging scan demonstrating 
(A) a right temporal lesion with edema and distinct vessels centrally in axial 
T2‑weighted imaging and (B‑D) a 5.8x5.2x6.0 cm mixed density lesion 
and signal void with caput medusae-like vessels in the tumor in (B) axial, 
(C) coronal and (D) sagittal T1‑weighted imaging.

Figure 2. (A and B) Preoperative digital subtraction angiography demon-
strated no arteriovenous malformation, but (A) revealed an area of abnormal 
staining (dotted circle). (B) This abnormal staining also can be observed in 
venous phase.

Figure 1. Preoperative imaging examinations. (A) CT scan revealed a right 
temporal lesion with a calcified shadow and edema. (B) CT angiography 
indicated arteriovenous malformation (arrows) on the pericallosal anterior 
cerebral artery. CT, computed tomography.
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abnormal cerebrovascular malformation was not observed at 
the arterial and venous phases during DSA, but an abnormally 
stained area was revealed following injection of contrast 
medium (Fig. 2A and B), which indicated the presence of 
abnormal tissue. MRI examination assessment by T1‑weight 
(T1W), gradient‑echo T2 (T2) and dynamic contrast‑enhanced 
MRI revealed mixed signals with long T1 and long T2 signals, 
and a 5.8x5.2x6.0‑cm cystic and necrotic lesion with no clear 
margin in the right frontal lobe. The lesion also exhibited dark 
signals similar to caput medusae on T2W images. In addition, 
an edema belt (Fig. 3A‑D) around the lesion was observed. 
Thus, MRI confirmed the prediction that the lesion was a 
glioma with coexistence of a cerebrovascular malformation.

The negative DSA result led to an initial misdiagnosis and 
missed diagnosis. The bleeding, calcification and brain edema 
found on CT examination had indicated that an AVM was most 
likely, and the CTA appeared to confirm this. However, the 
gold-standard DSA examination did not confirm the diagnosis 

of an AVM. In order to help explain this inconsistency, MRI 
was performed which found an AVM and a brain tumor; this 
explained the calcification and brain edema identified by the 
CT scans. It also explained the sole finding of an AVM by CTA 
and the abnormal staining on the DSA. In combination, these 
examinations provided the best interpretation of the results.

Following adequate imaging examination, as detailed above, 
physician‑patient communication and academic discus-
sion, surgery was performed. Following the administration 
of tracheal intubation and general anesthesia, the patient 
underwent right frontotemporal craniotomy (longitudinal 
fissure + pterion). The cerebral cortex was incised between the 
frontotemporal and middle frontal veins (Fig. 4A). A diseased 
tissue and abnormal honeycomb mass, 5x3x4‑cm in size, was 
removed piece by piece (Fig. 4B). Frontotemporal craniotomy 
was closed after achieving a good haemostasis. A postopera-
tive CT scan revealed no hemorrhagic complications and the 
patient was sent to the neurosurgery intensive‑care unit. 

Figure 4. Intraoperative images. (A) The red triangle indicates the incision location in the cortex. The blue arrows indicate (B) the tumor, which has a rich blood 
supply, and (C) the angiographically occult cerebrovascular malformation.

Figure 5. Histopathological examination showing (A) glioma (WHO TNM classification Ⅱ; magnification, x1000), and (B) abnormal, tortuously distributed 
vessels, a feature of angiographically occult cerebrovascular malformation (magnification, x50).
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Following removal of the lesion from the patient, the tumor 
was immediately fixed in neutral formalin liquid, followed by 
embedding in paraffin 24 h later. The tissue was sliced into 
2 mm specimens and stained with hematoxylin and eosin. 
Stained tumor samples were observed under a light micro-
scope (Olympus Corporation, Tokyo, Japan).

The patient received general treatment (0.4  g/day 
aminomethylbenzoic acid injection; 60 mg/day lansoprazole 
injection; 30  mg/day nimodipine injection; 1200  mg/day 
sodium valproate injection; 6 g/day piperacillin‑sulbactam; 
500 ml/day glucose injection) for 10 days, and was subsequently 
discharged 10 days after surgery without complications. MRI 
scan performed at the 6‑month follow‑up showed that the 
diseased lesion had been completely removed.

Postoperative histopathological examination revealed that 
glioma cells and Nidus confirmed an AOVM coexisting with 
glioma (Fig. 5).

Discussion

Glioma coexisting with AVM are rare, and as AOVM has 
a high rate of missed diagnosis and misdiagnosis, glioma 
coexisting with AOVM simultaneously in the same location 
are extremely rare in the clinic. Certain studies have suggested 
that the occurrence of two lesions within the same tissue may 
be coicindental (12,13,15). Other studies have reported that 
two lesions may be preoperatively diagnosed as one (4,14). 
This was the case in the present study, where the patient was 
initially diagnosed with AVM by CT and CTA. Intraoperative 
and histopathological examination finally confirmed the addi-
tional presence of the glioma, co-occurring with AOVM.

Other studies did not regard the coexistence of the two 
lesions as fortuitous, and it was suggested that the lesions had 
an effect on one another (4,5,16). Harris et al (16) reported 
that glioblastoma multiforme can improve the overexpression 
of vascular endothelial growth factor (VEGF); however, the 
expression of VEGF was high in the endothelial layer and 
media of AVM vessels (17). VEGF can promote growth of 
endothelial cells of blood vessels and the glioma cells can 
promote growth, migration and tubular formation of endo-
thelial cells. VEGF plasma concentrations were significantly 
higher in patients with cerebral AVMs compared to a healthy 
control group (18). Zuccarello et al (19) observed notable glial 
cell proliferation around the AVM and large glial cells gath-
ered among abnormal blood vessels.

The wide clinical use of CT, MRI and DSA may markedly 
improve the accuracy in the diagnosis of intracranial tumors 
and cerebrovascular disease. However, the incidence of missed 
diagnosis and misdiagnosis in the two diseases coexisting in 
the same lesion remains high, particularly in combination with 
AOVM. Despite DSA being considered the gold standard for the 
diagnosis of AVM, certain AOVMs cannot be found, which may 
lead to frequent misdiagnosis. Possible reasons for misdiagnosis 
include: i) Compression and destruction of blood vessels by 
tumor tissue, hematoma and edema, resulting in a lack of blood 
flow and vascular occlusion occurs at early time; ii) cerebral 
vasospasm or thrombus after bleeding caused by blood vessels 
in AVM; and iii) failure of DSA to detect the afferent arteries of 
AVM, due to their very fine nature; iv) small size meaning that 
the AVM is not identified by CT or DSA (20,21).

In the present case, CTA revealed a suspicious 
cerebrovascular malformation, but DSA examination was 
negative, which resulted in preoperative diagnosis being 
challenging. MRI confirmed AVM coexisted with GBM 
preoperatively, which was also confirmed by postoperative 
histopathological examination. MRI plays an important role in 
the diagnosis of intracranial tumors coexisting with AOVM, 
as it not only shows the size, boundary and blood supply of the 
tumor clearly, but may also provide an important diagnostic 
basis, as its special ‘flow‑empty actions’; as the blood flows 
very fast, this leads to the MR signal being produced a distance 
away from the reception range, meaning that no MR signal 
is produced (22). In addition, it is important that MR angiog-
raphy (MRA) and MR venography (MRV) may clearly reveal 
the feeding arteries and drainage venous of AVM, which is 
valuable for surgery. Therefore, MRI, MRA and MRV should 
be performed in case of doubt or inconsistencies in CTA or 
DSA preoperative results.

Microsurgical treatment is considered the best treatment 
for glioma coexisting with AOVM (12,13). Both lesions should 
be removed through the same incision, unless they are in 
different sites. The more dangerous lesion of the two should be 
removed first to avoid intraoperative bleeding. In the present 
case, the glioma was concluded to be more dangerous than the 
AOVM, and thus was removed first. A definite preoperative 
diagnosis is key to the success of the surgery.

In conclusion, the present study reported an extremely rare 
case of glioma coexisting with AOVM. The imaging features 
of the disease, as detected by CT, CTA, DSA and MRI, that 
aided with the challenging diagnosis were described. Based on 
the findings of the present study, if CTA suggests cerebrovas-
cular malformation AOVM should be considered, even if the 
DSA examination result is negative. MRI plays an important 
role in the diagnosis of combined lesions. When possible, 
complete microsurgical resection of those lesions is the best 
choice. Adequate preoperative imaging evaluation is key to the 
success of the surgery.
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