
Int J Clin Exp Pathol 2013;6(4):695-702
www.ijcep.com /ISSN:1936-2625/IJCEP1302003

Original Article
Clinical characteristics and treatment of angiomatous 
meningiomas: a report of 27 cases

Zhiguo Liu1, Chuanwei Wang1, Hongwei Wang1, Yunyan Wang1, Jian Yi Li2, Yuguang Liu1

1Department of Neurosurgery, Qilu Hospital of Shandong University, Brain Science Research Institute of Shan-
dong University, Jinan, Shandong Province, P.R. China; 2Department of Pathology and Laboratory Medicine, North 
Shore-Long Island Jewish Health System, Lake Success, Hofstra North Shore-LIJ School of Medicine, NY, USA

Received February 3, 2013; Accepted February 25, 2013; Epub March 15, 2013; Published April 1, 2013

Abstract: Angiomatous meningioma (AM) is a rare histological variant of meningioma. Twenty seven patients (14 
male and 13 female) with angiomatous meningioma were treated in our institution. Their clinical presentation, neu-
roimaging studies, treatment and follow-up were investigated. The age of patients ranged from 24 to 72 years with 
a mean of 51.8 years. The clinical presentation was non-specific and depended on the location of the tumor and 
was mainly due to the mass effect. On computed tomography (CT) scanning, AMs showed slightly hyperintensity. On 
magnetic resonance imaging (MRI), AMs demonstrated hypointensity on T1-weighted images (T1WI), hyperintensity 
on T2-weighted images (T2WI), slight hypointensity on diffusion-weighted images (DWI), enhancement on post-
contrast T1WI, peritumoral edema, and rich signal voids of vessels in the tumor. On histology, all tumors exhibited 
abundant blood vessels with at least focal classic meningothelial differentiation. Thirteen, eight, and six cases were 
achieved Simpson grade I, II and III-IV resection respectively. Nineteen cases were followed for 8 to 125 months with 
a mean of 47.9 months. Four patients with residual tumor were treated with postoperative radiation therapy and all 
of them had stable disease. One patient with Simpson grade II resection was not treated with radiation therapy and 
developed recurrent tumor in 5 years. In conclusion, angiomatous meningiomas have relative high male to female 
ratio, more frequent peritumoral edema, and rich blood vessels. Gross total resection is still the treatment of choice. 
These patients with residual tumor after surgery can benefit from radiation therapy. Overall, the prognosis of AMs 
are as good as other benign meningiomas. 
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Introduction

Angiomatous meningioma (AM) is rare World 
Health Origination (WHO) grade I histological 
subtype of meningioma, comprising 2.1% of all 
meningiomas [1]. Histologically, AM has numer-
ous blood vessel channels and at least focal 
classic meningioma morphology. Since AM has 
extremely rich blood supply and intraoperative 
hemorrhage can occur, the operation of AM is 
more difficult than that of conventional menin-
giomas. The preoperative neuroimaging stud-
ies including computed tomography (CT) and 
magnetic resonance imaging (MRI) play an 
important role in the preoperative preparation 
for a possible AM, which might reduce the 
chance of intraoperative hemorrhage from the 
tumor. We performed a retrospective study on 

27 patients with AM between January 1997 
and February 2011 at Qilu Hospital. To our 
knowledge, this is one of largest case series for 
angiomatous meningiomas [2-8].

Materials and methods

In total, there were 27 angiomatous meningio-
ma cases at Qilu Hospital between January 
1997 and February 2011. Clinical information 
was obtained by reviewing electronic medical 
records according to the regulation of the 
National Research Ethics Committee for 
Neurology and Neurosurgery. 

CT and/or MRI were performed for all patients. 
We adopted Elster AD et al’s score criteria to 
determine the signal of angiomatous meningio-
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ma on T1WI and T2WI as follows [9]. T1WI: 
Signal similar to cerebrospinal fluid was scored 
as 1; slightly lower than the gray matter scored 
as 2; equal to the gray matter scored as 3; 
slightly higher than the gray matter scored as 4; 
close to the fat scored as 5. T2WI: Signal signifi-
cantly lower than the gray matter was scored as 
1; slightly lower than the gray matter was 
scored 2; equal to the gray matter scored as 3; 
slightly higher than the gray matter scored as 4; 
close to the cerebrospinal fluid scored as 5. 
According to the edema bandwidth measured 
on the plane of the largest diameter of the 
tumors and most obvious peritumoral edema, 
we graded the peritumoral edema. No edema: 
No visible edema in MRI; slight edema: the 
edema bandwidth ≤ 2 cm; moderate edema: 

the edema bandwidth ≥ 2cm, but ≤ 1/2 hemi-
sphere; severe edema: the edema bandwidth ≥ 
1/2 hemisphere. 

All patients were treated with surgical resec-
tion. In these cases with large feeding artery or 
large draining vein, the silver clips were used to 
block the blood flow to avoid catastrophic hem-
orrhage. Bipolar coagulation was performed to 
stop bleeding. The goal of surgery was gross 
total resection if it was possible without dam-
age the surrounding crucial anatomical struc-
tures. Four patients with residual tumor were 
received radiation therapy. 

These specimens were formalin fixed and par-
affin embedded. Four-micrometer-thick sec-
tions were prepared for hematoxylin and eosin 
(H&E) stain. The pathological diagnosis of angi-
omatous meningioma was rendered by 
pathologists. 

Result

Clinical presentation

Twenty seven angiomatous meningioma cases 
were diagnosed at Qilu Hospital between 
January 1997 and February 2011. They were 
14 males and 13 females with a male to female 
ratio of 1.08:1.0. Their age ranged from 24 to 
72 years with a mean of 51.8 years. Fifteen of 
27 (55.6%) patients presented with Headache 
and dizziness, nine (33.3%) patients with tem-
porary loss of consciousness, seven (25.9%) 
patients with epileptic attack, and five patients 
with nausea and vomiting. The rest of patients 
presented with stool incontinence, visual 
impairment, facial hypoesthesia, tinnitus and 
deafness, or hoarseness and drinking bucking 
(Table 1). Papilledema and unilateral Limb 
muscle strength declined were seen in 5 and 3 

Table 1. The symptoms and signs of 27 patients with angiomatous meningioma
Symptoms No. of cases (%) Signs No. of cases (%)
Headache, dizziness 15 (55.6) Papilledema 5 (18.5)
Transient loss of consciousness 9 (33.3) Unilateral Limb muscle strength declined 3 (11.1)
Epileptic attack 7 (25.9) Visual field defect 2 (7.4)
Nausea, vomiting 5 (18.5) Corneal reflex sluggish 2 (7.4)
Stool incontinence 3 (11.1) Nasolabial fold shallow 2 (7.4)
Visual impairment 2 (7.4) Unilateral Limb muscle tone increased 2 (7.4)
Facial hypoesthesia 2 (7.4) Ataxia 2 (7.4)
Tinnitus and deafness 1 (3.7) Positive babinski sign 2 (7.4)
Hoarseness, drinking bucking 1 (3.7) Chewing muscle weakness 1 (3.7)

Table 2. The MRI findings of 27 patients with 
angiomatous meningioma
MRI findings No. %
Tumor diameter (cm)
   ≤3 6 22.2%
   3-5 13 48.1%
   5-7 7 25.9%
   ≥7 1 3.7%
Tumor location
   Convexity 18 66.7%
   Sphenoidal crest 4 14.8%
   Saddle area 2 7.4%
   Petroclival 1 3.7%
   Cerebellopontine angle area 1 3.7%
   Tentorium of cerebellum 1 3.7%
Tumor shape
   Oval 22 81.5%
   Nodular lobulated 1 3.7%
   Irregular 4 14.8%
Signal voids of vessel 27 100%
Tumor enhancement
   Homogeneous 23 85.2%
   Heterogeneous 4 14.8%
   Obvious meningeal tail sign 18 66.7%
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patients respectively. Visual field defect, cor-
neal reflex sluggish, nasolabial fold shallow, 
unilateral limb muscle tone increased, ataxia, 
positive Babinski sign, or chewing muscle 
weakness was noted in these patients (Table 
1).

Neuroimaging findings

MRI was performed in all patients. CT scanning 
was performed in 11 patients and MRA was 
done in 2 patients. All patients had a solitary 
mass and the maximal diameter of the tumor 
ranged from 1.5 cm to 8 cm with a mean of 4.5 
cm. Convexity and sphenoidal crest were the 
most common locations with 18 and 4 cases 
respectively. These less common locations 
were saddle area, petroclival region, cerebello-
pontine angle, and the tentorium of cerebellum 
(Table 2). On CT scan, the tumor from all 11 
patients show slight hyperintensity compared 
to normal brain parenchyma. On MRI, all tumors 
are hypointense on T1-weighted images (T1WI) 
and hyperintense on T2-weighted images 
(T2WI), slightly hypointense on DWI, signal 
voids of vessels and obvious peritumoral 
edema (Figures 1A, 1B, 2A-C and 2E). The sig-
nal score on TIWI were 1 for 9 cases and 2 for 
18 cases. The signal score on T2WI were 4 for 

13 cases and 5 for 14 cases. Three, seventeen 
and seven cases showed mild, moderate and 
severe peritumoral edema respectively. Twenty 
three of 27 cases showed homogeneous 
enhancement (Figures 1C, 2D) while 4 cases 
demonstrated cystic changes and heteroge-
neous enhancement. Obvious dural tail sign 
was seen in 18 cases (66.7%). No calcification, 
necrosis, or hemorrhage was noted in any case. 
In 2 cases with MRA, hypervascularity in the 
tumor and the feeding artery were noted (Figure 
1D). 

Treatment and follow-up

Intraoperatively, angiomatous meningioma had 
abundant blood supply with a lot of perforating 
branches of the feeding artery from the sur-
rounding tissue and exhibited soft texture, 
flesh-red color in most cases, thin capsule and 
clear boundaries without brain invasion. Tumor 
tissue contained large amount of immature 
artery-like blood vessels, and many blood ves-
sels were distributed on the surface of tumor. 
The blood flow within these thin wall vessels 
could be clearly seen. All patients were treated 
surgically. According to Simpson grade criteria 
[10], grade I resection was achieved in 13 
cases; grade II resection in 8 cases; grade III-IV 

Figure 1. Neuroimaging for an angi-
omatous meningioma at cerebello-
pontine angle. A. Axial T1WI: Slightly 
hypointense mass with the voids of 
blood vessels. B. Axial T2WI: Hyper-
intense mass with peritumoral ede-
ma and the voids of blood vessels. 
C. Axial postcontrast T1WI: Tumor 
with homogeneously enhancement. 
D. MRA: Hypervascularity was noted 
in the tumor and the feeding artery 
was seen. E. Follow-up CT scan: 
Gross total resection of tumor with-
out evidence of recurrence. 
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resection in 6 cases. Postoperative oculomotor 
nerve palsy occurred in two cases, abducens 
nerve palsy in one case and trigeminal nerve 
damage in one case. No serious post-operative 
complications or death occurred during the 
perioperative period in this series.

Four patients (3 had Simpson grade II resection 
and 1 had grade III resection) underwent gam-
ma-knife radiotherapy after surgery. Clinical 
follow-up with neuroimaging studies was done 
for 19 cases (Figures 1E, 2F). The duration of 
follow-up was from 8 to 125 months with a 
mean of 47.9 months. One case with Simpson 
grade II resection did not receive radiotherapy 
after surgery and developed recurrent tumor in 
5 years. The 4 patients treated with postopera-
tive radiotherapy had stable disease. 

Pathological findings

Hematoxylin and eosin (H&E) stained slides 
from all tumors show these tumors contained 

numerous blood vessels exceeding 50% of the 
area of the tumor. At least focal meningothelial 
differentiation was noted in all tumors espe-
cially in the hypercellular areas at the periphery 
of the tumor mass. The mitotic activity was 
inconspicuous. The mean MIB-1(Ki-67) prolif-
eration index was 1.9 %. No brain invasion was 
identified. The histological characteristics was 
diagnostic of angiomatous meningioma, WHO 
grade I (Figure 3A, 3B) [1, 7, 11]. 

Discussion

In the present study, we use the same criteria 
for angiomatous meningioma as Hasselblatt M 
et al [1]. A meningioma with more than 50% 
vascular component is designated as an angio-
matous meningioma. Although all our angioma-
tous meningiomas are WHO grade I meningio-
ma and share similar features of benign 
meningiomas such as the mean age of onset 
(angiomatous meningiomas: 51.8 years old, 
meningioma in general: 49.7 years old), five-

Figure 2. Neuroimaging for an angiomatous meningioma at left frontal region a. A. Axial T1WI: Hypointense mass 
with the voids of blood vessels. B. Axial T2WI: Hyperintense mass with the voids of blood vessels. C. Sagittal T2WI: 
Hyperintense mass with peritumoral edema. D. Sagittal postcontrast T1WI: Tumor with homogeneously enhance-
ment with the voids of blood vessels. E. DWI: Hypointense and no restriction with the voids of blood vessels. F. 
Follow-up CT scan: Gross total resection without evidence of recurrence. 
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year recurrence rate (angiomatous meningio-
mas: 5.3%, meningioma in general: 7%), and 
gross total surgical resection rate (angioma-
tous meningiomas: 77.8%, meningioma in gen-
eral: 50-83%) (Table 3) [12-14]. 

Angiomatous meningioma demonstrates some 
distinct features compared to other benign 
meningiomas. The male to female ratio for 
meningioma in general is 1:2 [15]. It seems 
that the male to female ratio for angiomatous 
meningioma is much higher than that for 
meningioma in general. In Hasselblatt M et al’s 
study, the male to female ratio is 16:22 (1:1.4) 
while the male to female ratio in the present 
study is 14:13 (1.08:1.0) [1]. In Asian popula-
tion, convexity meningiomas only count 15% of 
meningiomas [16]. All our angiomatous menin-
giomas are dura based and most commonly 

(66.7%) located over the convexity while 42% of 
angiomatous meningiomas in Hasselblatt M et 
al’s study are located over the convexity [1]. 
Fifteen percent of meningiomas have calcifica-
tion while none of our angiomatous meningio-
mas has calcification [17, 18]. Forty percent of 
meningiomas including all WHO grades show 
peritumoral brain edema [17, 18]. In our study, 
88.9% of angiomatous meningiomas and 74% 
of cases in Hasselblatt M et al’s study demon-
strate moderate to severe brain edema, which 
is much more common than meningiomas in 
general [1]. Angiomatous meningioma seems 
to have more obvious signal voids of vessels in 
the tumor on MRI. On MRA, there is increased 
vascullarity in angiomatous meningioma com-
pared to conventional meningioma. Venous 
obstruction, hypervascularity, pial-meningeal 
anastomoses, increased capillary permeability, 

Figure 3. Pathological features for angiomatous meningioma. A. Gross specimen: Soft, red to brown in color. B. 
Hematoxylin and Eosin stain (200X). Rich thin-walled and thick-walled blood vessels and scattered meningothelial 
cells in the tumor.

Table 3. The comparison of our angiomatous meningiomas and meningiomas in general 
Angiomatous meningiomas  

(present cases)
Meningiomas in general Comparison

Mean age of onset (years) 51.8 49.7 [13] No significantly different
Male and female ratio 14:13 1:2 [19] Significantly different
Incidence rate at brain  
convexity (Predilection site)

66.7% 15% [26] Significantly different

Calcification rate 0% 15% [9, 25] Significantly different
Cystic change  rate 14.8 % 0.9%~14% [25] No significantly different
Total surgical resection rate 77.8% 50%~83% [24] No significantly different
Dural tail sign rate 66.7% 52%~72% [25] No significantly different
Moderate to severe  
peritumoral edema 

88.9% 40% [9, 25] Significantly different
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sex hormones and their receptors in meningio-
mas, and the secretion of vascular endothelial 
growth factor (VEGF) contribute to peritumoral 
edema in meningioma [18-21]. Obvious peritu-
moral edema for angiomatous meningioma is 
probably due to hypervascularity, increased 
capillary permeability and VEGF secretion. 

On histology, the main differential diagnosis for 
angiomatous meningioma is hemangioblasto-
ma, which usually shows a cystic lesion with a 
mural enhancing nodule on MRI. During intra-
operative consultation, the hemangioblastoma 
can closely mimic angiomatous meningioma on 
frozen section. However, the cellularity for 
hemangioblastoma on the cytological prepara-
tion is very low and tumor cells have obvious 
intracellular vacuoles. On the permanent tissue 
sections, it is not a problem for us to separate 
angiomatous meningioma from hemangioblas-
toma since all of our angiomatous meningio-
mas at least focally exhibit classic meningothe-
lial morphology. 

On MRI, if a dura based mass shows homoge-
neous enhancement, rich blood flow void shad-
ow and obvious peritumoral edema while there 
is clear CSF signal between the mass and brain 
tissue, the possibility of angiomatous meningi-
oma should be considered. A cerebral angiog-
raphy can be performed in order to identify the 
feeding artery. Especially for the skull base 
tumor, it is better to perform the preoperative 
embolization to reduce tumor blood supply. 
Sufficient compatible blood for possible trans-
fusion or autologous blood should be prepared 
before the surgery. Multiple intravenous lines 
for rehydration or possible blood transfusion 
should be established. Clear exposure of the 
tumor is the key for successful operation. It is 
preferable to find and block the feeding artery, 
and then cut off the perforating branches of the 
feeding artery. Bipolar forceps can be used to 
fulgurate the surface of the tumor repeatedly to 
shrink the tumor. Gross total resection is the 
goal if it is possible. 

For these cases with residual tumor after sur-
gery, radiation therapy can be used for treating 
these patients [22, 23]. Moreover, Rowe J et al 
have shown that gamma-knife stereotactic 
radiosurgery does not increase the probability 
of malignant transformation of meningiomas 
[24]. The molecular basis of the effectiveness 
of radiation therapy is that radiotherapy can 

inhibit the expression of vascular endothelial 
growth factor (VEGF) and somatostatin recep-
tor, which causes blood vessel contraction to 
reduce blood supply and then shrink the tumor 
[25]. Nicolato A et al reported that, in the 122 
cases of cavernous sinus meningiomas who 
received gamma-knife stereotactic radiosur-
gery, 118 (97%) cases had stable clinical symp-
toms or greatly improved [26]. Subach et al 
think that patients with residual tumor, recur-
rent tumors, or tumor progression after subto-
tal resection, and inoperable patients, can 
receive the radiosurgery [27]. In our 27 cases, 
four received postoperative gamma-knife radio-
therapy; none of them had progression of the 
tumor. One case with grade II resection did not 
receive radiotherapy after surgery and devel-
oped recurrent tumor in 5 years. It is very clear 
that radiotherapy, as postoperative adjuvant 
therapy, can reduce the recurrence rate of angi-
omatous meningioma in these cases with 
residual tumor.

Conclusion

In summary, although angiomatous meningio-
mas share similar clinical features and progno-
sis with benign meningiomas, they have some 
unique characteristics such as, relative high 
male to female ratio compared with meningio-
mas in general, more frequent peritumoral 
edema, and rich blood vessels in the tumor. 
Gross total resection is still the treatment of 
choice. These patients with residual tumor 
after surgery can benefit from radiation 
therapy.
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