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Gadolinium-Enhanced MR of the Postoperative Internal Auditory Canal Fallowing 
Acoustic Neuroma Resection via the Middle Fossa Approach 

Donald P. Mueller, 1 Bruce J . Gantz,2 and Kenneth D. Dolan 1 

Purpose: To evaluate the ability of gadolinium-enhanced MR in detecting recurrent tumor in 

patients whose acoustic neuromas were surgically removed via the middle cranial fossa approach. 

Patients and Methods: Postoperative gadolinium-enhanced exams of 13 of 44 patients who 

underwent excision of acoustic neuromas via the middle cranial fossa approach were reviewed. 

Results: Postoperative enhancement was seen in 12 of the 13 patients; two patients underwent 

serial exams without significant change. On the basis of a single exam , we were unable to 

conclusively differentiate postoperative enhancement from residual or recurrent tumor. Conclu­

sions: A single exam is of limited value. Serial studies are recommended to identify changes that 

would indicate tumor growth. A proposed MR follow-up schedule is an initial baseline exam within 

2 months of surgery and a repeat exam during the second postoperative year. 

Index terms: Nerves, vestibulocochlear (VIII); Neuroma; Magnetic resonance, postoperative; Mag­

netic resonance, contrast enhancement; Contrast media , paramagnetic 
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Small acoustic neuromas may be resected 
through the middle cranial fossa. This technique 
is useful for the preservation of both hearing and 
facial nerve function (1). However, residual or 
recurrent is always of concern (2). This study 
examines the ability of postoperative gadolinium­
enhanced magnetic resonance (MR) to detect 
recurrent tumor in patients having acoustic neu­
romas removed via the middle fossa approach. 

Materials and Methods 

Forty-four patients at our institution underwent acoustic 
neuroma excision through the middle cranial fossa ap­
proach from 1984 through 1990. We reviewed retrospec­
tively the radiographic records of these patients. Patients 
without postoperative follow-up examinations or whose 
examinations were not contrast-enhanced were excluded 
from the study. There were thirteen patients with postop­
erative gadolinium-enhanced MR examinations. Eleven 
studies were performed as routine follow-up examinations. 
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One study was performed for evaluation of coexisting 
abnormalities of the nonoperated eighth nerve and fifth 
nerve. One examination was requested by a non-otolaryn­
gologist. At the time of the study the otolaryngologist did 
not suspect tumor recurrence. The earliest examination 
was 7 months following surgery. The latest examination 
was 68 months post surgery. The timing of scans relative 
to surgery is itemized in Table 1. 

Two patients received multiple examinations. These 
serial examinations were obtained because of enhancem ent 
identified on the initial study. Tumor recurrence was not 
suspected clinically. The first patient obtained scans at 7, 
20, and 25 months post surgery; the second obtained scans 
at 48, 56 and 68 months post surgery. 

Nine examinations were performed on a 0.5 T Vista unit 
(Picker, Highland Heights, OH). Tl-weighted (316-500/20/ 
4 (TR/TE/NEX)) images of the internal auditory canal with 
4- to 5-mm slice thickness and T2-weighted (2000/100/ 
2), 10-mm thick, axial images of the whole brain were 
obtained. Eight examinations were performed on a 1.5 T 
Signa unit (General Electric, Milwaukee, WI). T 1-weighted 

TABLE 1: Timing of scans relative to surgery 

Time after Surgery 

(mo) 

0-12 
12-24 
25-36 
37- 48 
>48 

Examinations 

4 
6 
4 

2 
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Fig. 1. A, Postoperative coronal Tl­
weighted MR image of the internal auditory 
canals without gadolinium. The exam dem­
onstrates a narrowed space between the 
temporal lobe and the internal auditory canal 
(arrow) and increased signal about the su­
perior margin of the internal auditory canal 
consistent with adipose tissue or bone mar­
row (arrowhead). 

8 , Coronal Tl-weighted MR image at the 
internal auditory canals following gadolinium 
administration. Irregular wall enhancement 
is seen (arrow). 

Fig. 2. A, Postoperative axial Tl­
weighted MR image of the internal auditory 
canals without gadolinium. Signal from the 
right internal auditory canal is unremarkable. 

8, Linear enhancement within the lAC is 
identified following gadolinium administra­
tion (arrow). 

A 

A 

Fig. 3. Postoperative coronal Tl-weighted MR image following 
gadolinium administration . Globular enhancement is seen within 
the internal auditory canal (arrow) . 

(550-600/25/2), 3-mm thick images of the internal audi­
tory canal and T2-weighted (2100-2300/90/1), 5-mm 
thick, axial images, of the whole brain were obtained. A 
10% slice gap was used on T1 sequences and a 50% slice 
gap was used on T2 sequences in the examinations per­
formed at the higher field strength. All T1-weighted studies 
were performed in the axial and coronal planes before and 
after intravenous administration of 0.1 mmol/kg gadopen­
tetate dimeglumine. 

Results 

Intraoperative bone removal narrowed the dis­
tance between the internal auditory canal and the 
adjacent temporal lobe (Fig. 1A). The cerebella­
pontine angle cisterns were normal. Twelve of 13 
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patients demonstrated enhancement at the op­
erative site. The patterns varied and included 
linear (3 cases) (Figs. 2A and 2B), globular (6 
cases) (Fig. 3), and irregular wall (3 cases) (Fig. 
1 B) enhancement. Enhancement was seen on the 
earliest scan obtained (7 months) and the latest 
scan (68 months). Enhancement about the su­
perior margin of the internal auditory canal was 
seen in 8 of 13 patients (Figs. 4A and 4B). One 
case demonstrated increased signal on TIW im­
ages about the superior margin of the internal 
auditory canal both before and after gadolinium 
administration (Fig. 1). Serial examinations were 
performed in two patients. No change in enhance­
ment pattern was identified over the intervals 
studied. 

Discussion 

The middle fossa approach is performed via a 
craniotomy in the squamous portion of the tem­
poral bone. Following middle cranial fossa dura 
elevation, bone is removed from the arcuate em­
inence to identify the superior semicircular canal 
(1) (Fig. 5). Bone removal then continues ante­
riorly to expose the internal auditory canal. After 
tumor removal, the temporal bone surgical defect 
is packed with temporalis muscle and fascia. This 
is then covered with a small piece of bone. The 
temporalis muscle used to close the internal au­
ditory canal defect represents a potential source 
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Fig. 5. The middle cranial fossa exposure for removal of 
acoustic tumors. The temporal lobe is retracted. The superior 
semicircular canal ( SSC) is identified. The internal auditory canal 
has been unroofed, exposing tumor and the seventh ( V/1) nerve. 
(Reproduced by permission , Gantz et al (7)) . 

of enhancement that may not be present follow­
ing tumor resection by the translabyrinthine or 
suboccipital approach. 

This approach is useful for tumors extending 
less than 1.5 em outside the porous acousticus. 
Goals of the surgery include preservation of hear­
ing and facial nerve function . Using this tech­
nique, residual auditory function has been iden­
tified in 52% of patients following tumor removal 
(1). The possibility of leaving residual tumor when 
hearing conservation surgery is performed has 
been raised . Histologic studies performed by 
Neely (2) have questioned the ability to totally 
remove tumor and preserve hearing. Careful post­
operative follow-up is therefore indicated. To our 
knowledge, the role of gadolinium-enhanced MR 
imaging in the postoperative evaluation of these 
patients has not been evaluated. Our study indi­
cates that enhancement about the internal audi­
tory canal is common and to be expected. En­
hancement was identified on both the earliest (7 
months) and latest (68 months) studies in our 
series. Two patients underwent multiple exami-
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Fig. 4 . A, Postoperative axial T l­
weighted MR following gadolinium adminis­
tration. Enhancing focus appears to fil l the 
internal auditory canal (arrow) . 

B, Coronal Tl -weighted MR image fol­
lowing gadolinium administ ration. The irreg­
ular nature of the enhancement is seen. 
Much of the enhancement is seen above the 
plane of the internal auditory canal in the 
expected location of packing material (ar­
row) . 

nations. The enhancement pattern did not vary 
with time. 

Postoperative enhancement raises concern for 
residual or recurrent tumor. Other causes must 
also be considered. A portion of the enhancement 
may relate to the temporalis muscle and/or fascia 
used to seal the bony defect in the internal audi­
tory canal. In particular, the enhancement iden­
tified near the bony defect may be caused by 
packing material. The globular pattern of en­
hancement could be caused by muscle or fascia 
protruding into the internal auditory canal. Beatty 
(3), in his study of recurrent acoustic neuromas, 
also identified adhesions, cysts, and scar at the 
time of reoperation. Elster (4) and Burke (5) have 
identified dural enhancement following craniot­
omy. Dural enhancement has been identified as 
early as 1 month and as late as 40 years following 
craniotomy (4) . Millen (6) noted gadolinium en­
hancement within the facial nerve 7 years follow­
ing facial nerve graft for a neuroma. Postoperative 
adhesions, residual tumor, enhancement of tem­
poralis muscle and fascia , and trauma to nerve 
must all, therefore, be considered in the differ­
ential diagnosis of postoperative enhancement. 

In one case (Fig. 1), an area of increased signal 
on TIW images was present above the internal 
auditory canal both before and after the admin­
istration of gadolinium. This suggests the pres­
ence of fat or blood. Although fat is not used as 
a primary packing material , it may accompany 
the temporalis muscle or fascia . This is felt to 
represent the most probable cause for the signal 
in this case. Alternatively, marrow within bone 
used to cap the surgical defect could give rise to 
increased signal. A third possible cause for the 
signal is residual blood in the operative site. 

Development of an MR protocol for postoper­
ative evaluation of acoustic neuromas involves 
many considerations. Tumor recurrence is rare. 
Gantz (7) identified recurrence in only one of 43 
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patients undergoing tumor resection via the mid­
dle fossa approach. The rate of tumor growth is 
unpredictable. Valvassori (8) analyzed 35 cases 
in which acoustic neuromas were not resected 
and in which follow-up examinations were per­
formed . The length of follow-up ranged from 8 
months to 12 years. Tumor growth was identified 
in only 20 of 35 (57 %) of cases. However, tumor 
growth was identified in six of nine cases in which 
follow-up was less than 1 year. This indicates 
that growth can be observed in early follow-up 
studies. The frequent appearance of enhance­
ment following gadolinium administration de­
creases the ability to identify tumor recurrence. 
Although patterns such as linear or irregular wall 
enhancement are less suspicious than globular 
enhancement, it is difficult to totally exclude 
residual or recurrent tumor based on a single 
exam. 

Consideration , therefore, must be given to the 
rarity of tumor recurrence and the desirability of 
multiple examinations to evaluate change in en­
hancement pattern. Based on the above factors 
the current recommendation at our institution is 
an early follow-up examination within 2 months 
of surgery to serve as a baseline study. A follow­
up examination is performed 2 years postopera-
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tively. If any change suggestive of recurrence has 
occurred, serial follow-up examinations are per­
formed . A change in the patient's clinical status 
that suggests recurrence would also prompt ad­
ditional MR evaluation. It is recommended that 
pre- and post-gadolinium images be obtained in 
both the axial and the coronal planes. 
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