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A detailed analysis of the CT findings in 75 cases of acoustic neuroma is presented. 
The method of examination included plain and enhanced CT, metrizamide CT cisternog
raphy (M-CTC), and gas CT cisternography (gas-CTC). The common CT appearances of 
acoustic neuromas were as follows: 93.6% appeared as isodense or hypodense on 
precontrast scan; homogeneous enhancement was observed in 53.8% on postcontrast 
scan; the tumor center, mostly located at the level of the internal acoustic canal, was 
spherical in shape with an acute angle between the lateral tumor border and petrous 
bone; and there was widening of the internal acoustic canal or destruction of petrous 
bone. However, the presence of an acoustic neuroma could not be excluded if widening 
of the internal acoustic canal was absent. It was not certain whether contrast filling of 
the internal acoustic canal occurred at M-CTC in the four cases so examined. One case 
of intracanalicular neuroma was diagnosed by gas-CTC, which is the most sensitive and 
reliable technique for detecting and excluding small tumors. The significance of various 
CT appearances, early diagnosis, and differential diagnosis of acoustic neuroma from 
other cerebellopontine-angle tumors, particularly meningioma, are discussed. 

The radiologic approaches for diagnosis of acoustic neuroma have included plain 
X-ray films , tomography, pneumoencephalography, ventriculography, Pantopaque 
cisternography, and vertebral angiography; all of these have some diagnostic 
limitations. However, CT has proven to be a safe and reliable method of diagnosing 
acoustic neuroma [1-5] . To improve our capability for diagnosis and differential 
diagnosis of acoustic neuroma, we thoroughly studied the CT findings in 75 patients 
with acoustic neuroma. 

Subjects and Methods 

Forty men and 35 women aged 16 to 64 years, with a mean age of 39.8 years , were 
studied. Seventy-one patients had unilateral tumors that were surg ically and histologically 
proved. Four patients had bi lateral tumors, which were associated with neurofibromatosis. 
Seventy-eight tumors were actually analyzed, with the exception of an intracanalicular 
neuroma, which was diagnosed by gas-CTC. 

Twenty-six other cerebellopontine-angle extra-axial tumors were also studied, including 12 
meningiomas, 11 epidermoid cysts, two trigeminal neuromas, and one chordoma. 

Plain and enhanced CT were performed in all patients using a second-generation CT 
(Shimadzu SCT -1 OON) scanner with a 256 x 256 matrix, with a 0° or 20° craniocaudal angle 
between the scanning plane and the orbitomeatal line. We used a collimator of 10 mm in 
precontrast scans and of 5 mm in postcontrast scans, respectively. 

Gas-CTC was performed in 24 patients suspected of having acoustic neuromas. In one 
case, an intracanalicular neuroma was seen, while the remaining 23 patients were found to 
be normal. The examining method has been reported elsewhere [6] . 

M-CTC was done in five cases , with a diagnosis in one case of acoustic neuroma and 
normal findings in the other four. Six to 8 ml of metrizamide (190 mg Ij ml) was introduced 
into the subarachnoid space by lumbar puncture. The patient was placed supine, tilted into a 
30° head-down position for 10 min , and subsequently moved to the CT unit. Consecutive 5-
mm slices were obtained through the posterior fossa . 
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Results 

CT featues of our 78 acoustic neuromas are summarized 
in Table 1. 

The sizes of 78 tumors ranged between 1.0 cm and 6.0 
cm, with a mean diameter of 3.9 cm. On the precontrast scan , 
55 .1 % of acoustic neuromas were of normal brain density, 
38.5% were hypodense, and 6.4% were slightly hyperdense. 

TABLE 1: Analysis of CT Appearances of 78 Acoustic 
Neuromas 

CT Appearance 
No. of 

(%) 
Cases 

Precontrast attenuation 
Isodense 43 (55.1) 
Hypodense 30 (38.5) 
Hyperdense 5 (6.4) 

Postcontrast pattern 
Homogeneous 42 (53.8) 
Nonhomogeneous 20 (25.7) 
Ring-shaped 14 (1 7.9) 
No enhancement 2 (2.6) 

Shape 
Round 60 (76.9) 
Oval or semilunar 18 (23.1) 

Peritumoral edema 26 (33.3) 
Tumor calcification 1 (1 .3) 
Supratentorial extension 2 (2 .6) 
Tumor center at level of internal audi-

tory canal 62 (79.5) 
Tumor/petrous bone angle 

Acute angle 62 (79.5) 
Obtuse angle 16 (20.5) 

Widening of internal auditory canal 56 (71.8) 
Fourth ventricle' 

Compressed and displaced 40 (56.3) 
Invisible 29 (40.9) 
Normal 2 (2 .8) 

Hydrocephalus' 55 (77.5) 
Widening of ipsilateral cisterns' 32 (45.1) 

·71 cases of unilateral tumors are included here. 

A B 

On the postcontrast scan, 97.4% of tumors exhibited contrast 
enhancement, and mean attenuation values increased 35.1 
H. Only two hypodense tumors (2.6%) showed no enhance
ment; 53.8% of tumors showed homogeneous enhancement; 
25 .6% showed nonhomogeneous enhancement; and 17.9% 
of tumors appeared as ring-shaped enhancement. The pattern 
of enhancement was inherently related to precontrast atten
uation values. Thus, the tumors with ring-shaped enhance
ment were mainly hypodense, which constituted 92.9% of all 
tumors of ring-shaped enhancement; and the tumors of ho
mogeneous enhancement were mainly isodense, which con
stituted 90.5% of the cases. On precontrast scan , 74.4% of 
acoustic neuromas appeared as poorly defined masses. How
ever, 82 .1 % of tumors manifested sharp margins on postcon
trast scan. Most tumors (76.9%) were round. Mild or moder
ate peritumoral edema was present in 33.3% of tumors, and 
79 .5% of tumors had a narrow attachment to the petrous 
bone. In these, the angle formed between the antero- and 
posterolateral tumor border and the petrous bone was acute, 
which yielded the "acute-angle sign. " The tumor center of 
79.5% of tumors was located at the level of the internal 
acoustic canal. Supratentorial extension occurred in two 
cases, with one erroneously diagnosed as a meningioma. One 
case of tumor calcification with an attenuation value of 106 H 
(Fig. 1) was found . In two cases, tumor hemorrhage was seen 
as a lesion, with hyperdense fluid and a ring-shaped enhance
ment around the tumor (Fig. 2). 

In 56 tumors (71 .8%), CT showed a funnel-shaped enlarge
ment of the internal acoustic canal and six of these were 
associated with the destruction of the petrous bone. Among 
59 tumors examined by plain film , 47 had an abnormality of 
the internal acoustic canal , while CT showed enlarged canals 
in 43 of these. No significant discrepancy existed between 
plain films and CT (p > 0.05). 

Widening of ipsilateral cisterns was seen in 32 (45 .1%) of 
the 71 cases of unilateral tumors, including widening of one 
or more cisterns among the cerebellopontine-angle cistern , 

Fig. 1.- Calcification in acoustic neuroma. A, 
Precontrast scan. A small , round calcification 
shown within isodense tumor with attenuation value 
of 106 H. B, Postcontrast scan. Tumor shows 
homogeneous enhancement with single calcifica
tion. 
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Fig. 2.-Hemorrhagic acoustic neuroma. A, Precontrast scan. Hypodense 
cystic tumor with hyperdense fluid . B, Postcontrast scan in supine position. 
Ring-shaped enhancement appears around tumor, with hyperdense fluid . C, 

Fig. 3.-Acoustic neuroma associated with arach
noid cyst. Postcontrast scan. Hypodense cyst with well
defined borders and same density as cerebrospinal fluid 
is seen behind homogeneously enhanced acoustic neu
roma. 

the ambient cistern and the pontine cistern. The fourth ven
tricle was compressed and displaced in 56 .3% of cases and 
normal in two cases . The posterior part of the third ventricle 
was compressed or laterally displaced in eight cases. Mild or 
moderate supratentorial hydrocephalus was seen in 77 .5% 
of cases. Four cases of acoustic neuromas were associated 
with arachnoid cysts around the tumors (Fig . 3). 

c 
Postcontrast scan in prone position. Hyperdense fluid is in front of tumor, 
indicating that blood is mobile within cystic tumor with positional change. 

With the exception of one tumor located solely within the 
internal acoustic canal , seven tumors in four cases of bilateral 
acoustic neuromas appeared to be isodense and to have 
homogeneous enhancement, with widening of the internal 
acoustic canal. One case was associated with a suprasellar 
meningioma and three cases had multiple intracranial calcifi
cations , in particular, massive calcifications of the choroid 
plexus (Fig . 4). 

M-CTC showed filling of both cerebellopontine-angle cis
terns with metrizamide in four normal patients , but it was not 
certain whether filling of the internal acoustic canals took 
place. M-CTC was not as certain as gas-CTC in demonstrat
ing the neurovascular bundle within the cerebellopontine
angle cistern. One tumor, 3 cm in diameter, caused oblitera
tion of the cerebellopontine-angle cistern and lateral displace
ment of the fourth ventricle. 

Discussion 

Significance of Various CT Appearances of Acoustic 
Neuroma 

Widening of cisterns around a tumor is an important crite
rion for diagnosis of extra-axial tumors; it indicates that the 
brain is compressed by the tumor from the extra-axis. The 
presence of this sign can exclude a tumor within the cerebellar 
hemisphere and brainstem [7 , 8] . The sign was present in 
45.1 % of our cases and appeared mainly as a widening of 
the ipsilateral half of the pontine cistern and the beginning of 
the ipsilateral ambient cistern. However, the cerebellopontine
angle cistern was usually not seen because of tumor occu
pation . 

Enlargement of the internal acoustic canal is an important 
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Fig. 4.- Bilateral acoustic neuromas. A, Window level setting at +700 H. 
Funnel-shaped enlargement of both internal auditory canals. B and C, Massive 

criterion in the diagnosis of acoustic neuroma. It was found 
in 71 .8% with CT, which was lower than the number found 
with plain films. This difference was due to lower spatial 
resolution of the CT equipment. However, some acoustic 
neuromas grow mainly within the cerebellopontine angle or 
originate directly from the cisternal segment of the eighth 
nerve and have less effect on the internal acoustic canal. 
Therefore, the possibility of acoustic neuroma cannot be 
excluded, if the internal acoustic canal is intact (particularly 
with lower-resolution equipment). 

More than half of the acoustic neuromas appeared as 
normal brain density on the precontrast scan, and most of 
them (97.4%) exhibited contrast enhancement. Therefore, 
routine enhanced CT is mandatory. Of the tumors in our 
group, 53.8% showed homogeneous enhancement, which is 
lower than the 73% and 87% reported in the literature [9, 
10]; and 46.2% showed nonhomogeneous enhancement (in
cluding mixed or ring-shaped) or no enhancement, which was 
characteristic of tumor necrosis or cystic degeneration. It is 
generally believed that calcification is rare in acoustic neu
roma; only one case has been reported in the CT literature 
[4] and only one case was found in our series . 

On precontrast scan, most acoustic neuromas appeared 
as poorly defined masses. This was because most tumors 
were isodense and had little or no peritumoral edema. B~
cause acoustic neuromas are extra-axial and have a complete 
integument, most of them have sharp margins on postcon
trast scans. This sign is significant in demonstrating that the 
tumors are extra-axial. Most acoustic neuromas originate 
from the intracanalicular portion of the vestibular nerve 
sheath . Therefore, the tumors are almost in contact with the 
petrous bone, and the tumor centers are almost always 
located at the level of the internal acoustic canal. Most acous
tic neuromas are round in shape so that an acute angle is 

calcifications of choroid plexus in third ventricle, region of foramina of Monro, 
atria, and bodies of lateral ventricles. 

formed between the tumors and petrous bone. In our series, 
5.1 % of acoustic neuromas were associated with arachnoid 
cysts around the tumors (Fig. 3). This was a result of the 
cerebellopontine-angle cistern being occupied by tumor ob
structing the cerebralspinal fluid circulation, which caused a 
secondary arachnoid cyst. 

It has been reported that bilateral acoustic neuromas com
prise 2%-5% of all acoustic neuromas, and these are usually 
associated with neurofibromatosis [11 , 12]. Bilateral acoustic 
neuromas are considered a manifestation of neurofibromato
sis even if skin lesions are absent [12]. This is a dominant 
inherited disorder with positive family history, characterized 
by rapid tumor growth and large size, and an association with 
other intracranial tumors. The four patients with bilateral 
acoustic neuromas in our series ranged in age from 1 5 to 34 
years old with a mean age of 22.5 years, and were clinically 
and histologically proved to have neurofibromatosis. One case 
had an associated suprasellar meningioma, and it was notable 
that three cases had massive calcifications of the choroid 
plexus (Figs. 4B and 4C). 

Differential Diagnosis Between Acoustic Neuroma and the 
Other Cerebellopontine-Angle Tumors 

Meningioma and acoustic neuroma may each appear as a 
homogeneously enhanced mass in the cerebellopontine an
gie; it may be difficult to differentiate one from the other. (1) 
Precontrast density: In our series , 75% of meningiomas were 
hyperdense, while 93.6% of acoustic neuromas were iso
dense or hypodense. Hypodense meningioma in the cerebel
lopontine angle has not been seen in our series or reported 
in the literature [7]. Therefore, a hypodense tumor in the 
cerebellopontine angle is unlikely to be a meningioma. (2) 
Shape: 76.9% of acoustic neuromas were round. In contrast, 
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a round shape was present in only 16.7% of our cases of 
meningiomas; 83.4% of meningiomas were oval or semilunar 
in shape. Therefore, a round shape is characteristic of acous
t ic neuroma and a semilunar shape is typical of cerebellopon
tine-angle meningioma. (3) Angle between tumor and petrous 
bone: 79.5% of acoustic neuromas appeared with the "acute
angle sign. " However such a sign was present in only 25% of 
meningiomas. The configuration of the angle depends primar
ily on the site of origin and the mode of growth of the tumor. 
Acoustic neuromas originate from the intracanalicular portion 
of the vestibular nerve sheath. As soon as they grow into the 
cerebellopontine angle they assume a spherical shape and 
form the "acute-angle sign ." Meningiomas originate from the 
arachnoid villi cells of the venous sinus on the posterior 
surface of the petrous bone and have a broad attachment to 
the bone surface. When tumors grow further , their lateral 
borders are firmly attached to bone. Besides, the meningioma 
pannus, which tends to spread out along the dura, has a 
broad attachment to the petrous bone, resulting in a semilunar 
shape and forming the "obtuse-angle sign ." (4) Widening of 
the internal acoustic canal : Widening of the internal acoustic 
canal was present in 71 .8% of our cases of acoustic neuro
mas. In contrast, only one in 12 cases of meningioma had 
widening of the internal acoustic canal and was associated 
with destruction of the petrous bone. (5) Calcification: Tumor 
calcification occurred in 25% of our cases of meningiomas, 
but was only seen in one case (1 .3%) of acoustic neuroma 
(Fig. 1), which showed statistical significance. Therefore, a 
calcified tumor in the cere bello pontine angle strongly sug
gests the diagnosis of meningioma. (6) Site and mode of 
growth: Between the two groups of tumors there existed 
significant discrepancies in three aspects; namely, the relation 
between the tumor center and the opening of the internal 
acoustic canal , tumor extending to occipital bone, and supra
tentorial extension of the tumor. A tumor with a center located 
at the level of the internal acoustic canal tends to be acoustic 
neuroma, while a tumor with supratentorial extension and/or 
extension to the occipital bone tends to be a meningioma. 
These discrepancies are related to the site of origin of the 
tumor. Meningiomas may originate from various sites on the 
posterior surface of the petrous bone and are therefore 
variable in position . (7) Pattern of contrast enhancement: 
Nonhomogeneous enhancement occurred in 46.2% of our 
cases of acoustic neuroma and in only 8.3% of meningiomas, 
a significant discrepancy. The occurrence of nonhomoge
neous enhancement thus suggests the possibility of acoustic 
neuroma. (8) Delayed scans: A controlled study of delayed 
scans was done in five cases of acoustic neuromas and two 
cases of cerebellopontine-angle meningiomas in our series; 
that is , scans in the same plane were performed at 0-5 , 20 , 
40, 60, 90, 120, and 180 min after intravenous contrast and 
attenuation values of the tumors were measured at each 
interval. Figure 5 shows the two tumors have different rates 
of clearance of contrast enhancement: rapid for meningiomas, 
because of the rich blood supply and. rapid absorption of 
contrast medium into the vascular compartment, and rela
tively slow for acoustic neuromas. However, the number of 
cases observed by us is too small to afford a final conclusion . 
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Fig. 5.-Rates of clearance of contrast enhancement in delayed scans of 

acoustic neuromas and cerebellopontine-angle meningiomas. 

(9) Tumor size: The diameter of the 12 meningiomas in our 
series ranged from 4.0 cm to 6.0 cm, with a mean of 4.9, 
which was obviously larger than the size of acoustic neuro
mas with statistical significance. Moller et al. [13] reported 
that tumor size might serve as one of the criteria in differential 
diagnosis and noted that acoustic neuromas rarely exceeded 
35 cm3 while meningiomas were probably seldom less than 
13 cm3

. However, in our series , 69.2% of acoustic neuromas 
were 4.0 cm or more in diameter. Therefore, it is not reliable 
to make a differential diagnosis according to tumor size. (10) 
Peritumor edema and supratentorial hydrocephalus: Our data 
showed there was no differential diagnostic value regarding 
these two signs. 

According to the above differential criteria , we reviewed 
seven of the 78 acoustic neuromas (9.0%) that had been 
mistaken for meningiomas prior to surgery, and found that 
five of them conformed with the appearance of acoustic 
neuroma. The causes of the erroneous diagnosis were that 
homogeneous enhancement, slight hyperdensity, and lack of 
enlargement of the internal acoustic canal were overempha
sized ; and that the "acute-angle sign ," the location of tumor 
center at the level of the internal acoustic canal , and the size 
of the internal acoustic canal were ignored. However, two 
tumors appearing semilunar in shape and without enlarge
ment of the internal acoustic canal, one of which showed 
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supratentorial extension , were quite difficult to differentiate 
from meningioma. In this group of seven , four tumors were 
atypical in appearance, and qualitative diagnosis could not be 
made prior to surgery. 

Epidermoid cysts generally show a well-defined , unen
hanced, hypodense mass without widening of the internal 
acoustic canal , and are easily differentiated from acoustic 
neuromas. However, two tumors of hypodensity in our series 
showed no enhancement, and were misdiagnosed as epider
moid cysts prior to surgery. Review of the preoperative CT 
of the two patients showed the lesions were of nonhomoge
neous density. One was associated with enlargement of the 
internal acoustic canal , which suggested the possibility of 
acoustic neuroma. In another, the lesion was semilunar in 
shape, was widely attached to the posterior surface of the 
petrous bone with no enlargement of the internal acoustic 
canal , and was difficult to differentiate from epidermoid cyst. 

Trigeminal neuromas, unlike acoustic neuromas, have the 
tumor center at the petrous apex anterior to the level of the 
internal acoustic canal , involve the middle and posterior fos
sae, and have a dumbbell configuration. Moreover, there is 
compression and shortening of the petrous apex, destruction 
of the parasellar bone, and no enlargement of the internal 
acoustic canal. 

Chordomas frequently contain spotty calcifications, are as
sociated with extensive destruction of the dorsum sellae and 
clivus as well as the petrous apex, and may have suprasellar 
extension. 

Early CT Diagnosis of Acoustic Neuroma 

It has been reported that acoustic neuromas less than 1.5 
cm in diameter were often difficult to detect by the second
generation CT [8 , 14]. Only one of our 78 acoustic neuromas 
was 1.0 cm in diameter. On the precontrast scans, only 49.4% 
of the acoustic neuromas were directly demonstrated, and 
24.1 % appeared as hydrocephalus alone, or normal. So our 
experiences are: (1) For patients with clinical suspicion of an 
acoustic neuroma, enhanced CT should be performed even if 
the precontrast scans are normal. (2) Thin , overlapping slices, 
with slow scan speed should be performed after infusion of 
contrast medium. (3) Attention should be given to the size of 
the internal acoustic canal. (4) If possible, high-resolution CT 
should be used to increase small-tumor detectability. 

M-CTC is an effective method for diagnosing small cere
bellopontine-angle tumor [15] . However, our study suggests 
that with M-CTC it is difficult to diagnose an intracanalicular 
neuroma or small tumor protruding slightly into the cerebel-

lopontine angle. 
There are many approaches for radiologic diagnosis of 

acoustic neuroma. This study suggests that plain films or 
geometrical tomography should be the first choice if high
resolution CT is not available, then plain and enhanced CT. If 
both give negative results , gas-CTC should be performed 
when an acoustic neuroma is strongly suspected . 
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