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ABSTRACT
BACKGROUND AND PURPOSE: While enhanced T1WI is considered the “gold standard” for detection of internal auditory canal pathology, unenhanced ﬂuid-sensitive sequences have shown high sensitivity for lesion identiﬁcation. Our purpose was to evaluate the diagnostic accuracy of an unenhanced MR imaging protocol using axial CISS and coronal T2WI for detection of small (10 mm or less) internal
auditory canal lesions.
MATERIALS AND METHODS: Twenty-three patients with small internal auditory canal lesions and 13 patients without lesions who had
undergone MR imaging using the screening protocol and conﬁrmatory gadolinium-enhanced thin section T1WI were identiﬁed. Two
blinded neuroradiologists retrospectively evaluated all examinations using 1) only axial CISS, 2) only coronal T2WI, and 3) axial and coronal
sequences together. Accuracy, speciﬁcity, sensitivity, and interobserver agreement were assessed.
RESULTS: Median maximum lesion dimension was 4 mm (range, 2–10 mm). Accuracy, speciﬁcity, and sensitivity for axial CISS alone were
0.94, 0.96, and 0.91 for observer 1 and 0.94, 0.92, and 1.00 for observer 2. The data for the coronal T2WI sequence only were 0.94, 0.96, and
0.91 for observer 1, and 0.99, 1.00, and 0.96 for observer 2. Using axial and coronal sequences, the data were 0.97, 0.96, and 1.00 for observer
1, and 0.99, 0.98, and 1.00 for observer 2.  coefﬁcients were 0.84 for the axial sequence only, 0.90 for coronal only, and 0.91 for axial and
coronal both.
CONCLUSIONS: Screening noncontrast MR imaging using a combination of axial CISS and coronal T2WI sequences can detect small
internal auditory canal lesions with 100% sensitivity and excellent interobserver agreement.
ABBREVIATION: IAC ⫽ internal auditory canal

V

estibular schwannoma is the most common lesion diagnosed
during MR imaging evaluation of unilateral sensorineural
hearing loss.1,2 Nevertheless, only 2.7%– 4.7% of contrast-enhanced MRIs performed for audiovestibular symptoms will diagnose vestibular schwannomas.3,4 Although gadolinium-enhanced thin section MR imaging has historically been considered
the “gold standard” for detection of internal auditory canal (IAC)
tumors such as vestibular schwannomas, lower cost unenhanced,
fluid-sensitive sequences have demonstrated pooled sensitivities
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ranging from 96% to 98% for detection of IAC lesions ranging
from 2 mm to ⬎20 mm in diameter.5 In the era of rising health
care costs, especially for diagnostic imaging, the cost savings associated with a low-cost screening IAC MR imaging may become
an important factor in decision-making.
At our institution, we have performed screening MR imaging
of the IACs since the 1990s using fluid-sensitive axial and coronal
sequences. In 1996, Allen et al6 demonstrated 98% accuracy of an
axial and coronal T2-weighted IAC screening MR imaging protocol in 25 patients whose lesions had a mean diameter of 12 mm.
Two lesions measuring ⬍5 mm were missed. In 2006, the axial T2
FSE sequence at our institution was replaced by an axial dualexcitation balanced steady-state interference sequence termed
CISS (Siemens, Erlangen, Germany), as 3D CISS had been reported to have twice the contrast-to-noise ratio compared with
3D T2WI.7 As no study has evaluated the accuracy of a 2-plane
screening IAC MR imaging protocol using CISS for detection of
small (ⱕ10 mm) lesions, we chose to evaluate the diagnostic accuracy of a 2-sequence screening MR imaging protocol

using unenhanced axial CISS and coronal T2WI for detection of
small IAC lesions.

MATERIALS AND METHODS
The study was approved by the institutional review board and was
compliant with the Health Insurance Portability and Accountability Act. Our institutional radiologic information system database was reviewed from February 2006 to April 2013 for patients
who had undergone both 1) the unenhanced screening IAC MR
imaging protocol and 2) the contrast-enhanced thin section T1weighted MR imaging of the IACs. Patients were included if their
examinations were within 13 months of each other or the contrast-enhanced MR imaging was performed after the screening
MR imaging. The cases with IAC lesions ⬎10 mm, prior surgery,
and/or inadequate diagnostic quality secondary to motion or
other artifacts were then excluded. Two lesions located in the
cochlea that were readily visible on the noncontrast screening MR
imaging were excluded because they were few in number and
because this study was focused on IAC lesions.
The remaining cases, including 23 patients with IAC lesions
and 13 patients without lesions, were then reviewed by 2 Certificate of Added Qualification neuroradiologists who were blinded
to the original interpretations. One observer was an assistant professor with 5 years of neuroradiology experience after fellowship,
and the other observer was a professor of neuroradiology with 14
years of experience. Each observer retrospectively evaluated both
IACs 3 separate times from the screening IAC MR imaging study.
First, only the axial CISS sequence was reviewed for all IACs, then
only the coronal T2 sequence was reviewed, and then both sequences were reviewed together. At least a 24-hour interval and
study rerandomization was performed between each review to
decrease recollection bias. Observers were asked to identify if
there was a lesion within the IAC that warranted further evaluation with contrast-enhanced MR imaging. The absence of pathology was determined when both the vestibulocochlear and facial
nerves were visualized from their root entry/exit zones to the fundus of the IAC without adjacent mass. Observers were also asked
to identify the location of the lesions as being: 1) intracanalicular
(located within the IAC without contacting the fundus of the
IAC), or 2) fundal (within the IAC with any portion of the lesion
in contact with the fundus). All examinations were interpreted on
a diagnostic PACS workstation during a normal work day in between clinical examinations to simulate a routine study interpretation by the neuroradiologists. All answers were recorded by a
third party. After all reading sessions of the studies, the noncontrast interpretations were compared with the correlating postcontrast studies to confirm the presence or absence of a lesion. The
greatest lesion diameter in either the transverse, anteroposterior,
or craniocaudal dimension was measured on contrast-enhanced
MR imaging as part of the inclusion criteria.
All MRIs were performed on a 1.5T or 3T MR imaging scanner. With a few exceptions, all axial 3D CISS sequences were performed with the following parameters: TR, 5.91–7.85; TE, 2.96 –
3.93; averages, 1–2; flip angle, 37°– 80°; and voxel size, 0.3 ⫻ 0.3 ⫻
0.8 mm or larger. With a few exceptions, coronal 3D T2 sequences
were performed with the following parameters: TR, 750; TE, 110 –
15; averages, 1; flip angle, 170°; and voxel size, 0.3 ⫻ 0.3 ⫻ 1.24

Table 1: Diagnostic data for observer 1
Axial CISS
Coronal T2WI
Accuracy
0.94
0.94
Speciﬁcity 0.96 (0.85–0.99) 0.96 (0.85–0.99)
Sensitivity 0.91 (0.70–0.98) 0.91 (0.70–0.94)

CISS + T2WI
0.97
0.96 (0.85–0.99)
1.00 (0.82–1.00)

Note:—All data are percentage (95% CI).

Table 2: Diagnostic data for observer 2
Axial CISS
Coronal T2WI
Accuracy
0.94
0.99
Speciﬁcity 0.92 (0.80–0.97)
1.00 (0.94–1.00)
Sensitivity
1.00 (0.82–1.00)
0.96 (0.76–1.00)

CISS + T2WI
0.99
0.98 (0.88–1.00)
1.00 (0.82–1.00)

Note:—All data are percentage (95% CI).

mm or larger. The standard body coil was used to transmit radiofrequency pulses, and a 16-channel head coil was used to receive
signal in all patients. In general, the axial 3D CISS sequence was 2
minutes 45 seconds to 4 minutes 30 seconds in acquisition time
and the coronal 3D T2 sequence was 4 minutes 35 seconds to 4
minutes 59 seconds in acquisition time. Including the 3 plane
localizers, the average total scan time was 10 minutes 2 seconds to
10 minutes 43 seconds.
Statistical analysis included assessment of sensitivity, specificity, and accuracy of the axial CISS sequence only, the coronal T2
sequence only, and both sequences together, using the T1 postgadolinium correlating studies as a “gold standard.” Interobserver agreement was assessed with  coefficient analysis.

RESULTS
Of 865 screening IAC examinations performed between February
2006 and April 2013, 36 cases had both the screening MR imaging
and the postcontrast MR imaging that met the inclusion criteria.
These included 23 patients with radiologically identified IAC lesions measuring ⱕ10 mm in greatest diameter and 13 control
patients without lesions on contrast-enhanced T1-weighted MR
imaging. Thus, a total of 72 IACs were included: 23 with a lesion
and 49 without pathology. The ages of patients with an IAC lesion
ranged from 29 to 81 years (median 65 years); 12 patients were
women and 11 were men. The patients without pathology were
considered the control group and ranged in age from 36 to 85
years (median 53 years). Six were women and 7 were men.
Fourteen lesions were intracanalicular and 9 were fundal in
location. The lesion size ranged from 2 to 10 mm in greatest diameter, the mean greatest diameter was 4.7 mm, and the median
greatest diameter was 4 mm. Four of 23 lesions were resected.
Three were vestibular schwannomas, and 1 was a ganglioneuroma. One lesion was treated with radiation therapy, and the others were followed and thus had no histologic evaluation.
Accuracy, specificity, and sensitivity were calculated for both
observers using the axial CISS alone, coronal T2WI alone, and
both sequences together, and are detailed in Tables 1 and 2. Observer 1 achieved less than 100% sensitivity with either sequence
alone, but did achieve 100% sensitivity when evaluating the 2
sequences together. Observer 2 performed with 100% sensitivity
using the axial CISS sequence alone and with both sequences together. The 2 lesions undetected by observer 1 on the axial sequence alone were at the fundus of the IAC and measured 3 and 4
mm in maximum diameter. These lesions were more conspicuous
on the coronal sequences (Fig 1). On the coronal sequence alone,
AJNR Am J Neuroradiol 35:2366 –70
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FIG 1. A 29-year-old man with hearing loss on the right. A, Axial CISS
image shows subtle asymmetric hypointense signal within the fundus
of the right IAC (arrow), which could be dismissed as volume averaging. B, Coronal T2WI better demonstrates the hypointense lesion (arrow) along the inferior right IAC fundus, which is conﬁrmed to be a
4-mm enhancing mass (arrow) on postcontrast coronal T1WI (C).

observers 1 and 2 missed the same fundal IAC lesion and observer
1 missed an additional fundal lesion. These lesions were more
apparent on the axial sequences (Fig 2).
Observer 1 had 2 false-positives on the axial sequence and 2
false-positives on the coronal sequence, whereas observer 2 had 4
false-positives on the axial and 0 false-positives on the coronal
sequence. Using both sequences, observer 1 had 2 false-positives
and observer 2 had 1 false-positive, which was a different patient
from observer 1. On retrospective review, the 3 false-positives
generated on evaluation of both sequences were felt to be secondary to volume averaging from the adjacent wall of the IAC, banding artifact on the axial CISS that was not resolved on the coronal
T2WI, and volume averaging from the anterior inferior cerebellar
artery within the IAC (Fig 3).
 coefficients for interobserver reliability were 0.84 for the
axial CISS alone and 0.90 for coronal T2WI alone. For both sequences together, the  coefficient was 0.91.

DISCUSSION
In this study, we showed that a 2-sequence screening MR imaging
protocol using axial CISS and coronal T2WI can reliably detect
IAC lesions with 100% sensitivity, high accuracy and specificity,
and excellent interobserver reliability. Screening diagnostic tools
are intended to have a high sensitivity. The high sensitivity, however, creates a small number of false-positives, which may necessitate confirmatory imaging with contrast administration.
Early detection of vestibular schwannomas and other IAC lesions is important to reduce treatment morbidity because larger
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FIG 2. A 65-year-old woman who presented with left-sided hearing
loss. A, Coronal T2WI shows the intracanalicular bilateral vestibulocochlear and facial nerves without associated lesion. B, Axial CISS
image demonstrates a hypointense lesion (arrow) to better advantage located within the fundus of the left IAC. C, Postcontrast axial
T1WI conﬁrms the enhancing 2-mm lesion (arrow).

tumors cause more treatment-related complications, particularly
with regard to facial nerve outcomes.8 Early detection is particularly important if surgery is attempted to preserve hearing; this is
because the size of the tumor correlates with hearing outcomes.9,10 As the trend moves to less audiometric testing and
more initial imaging evaluation, a smaller percentage of IAC
MRIs will be positive for vestibular schwannoma. While gadolinium-enhanced MR imaging is considered a standard and embraced by many, in the era of rising health care costs, adoption of
a less expensive and less time intensive screening protocol is warranted. This study proves that unenhanced MR imaging can detect even small subcentimeter IAC lesions, which have been considered by many to require gadolinium administration for
detection.
The measure of a screening examination is its ability to detect
mild or early forms of disease, which for this study translates into
recognition of very small IAC lesions. In the late 1990s and early
2000s, at least 8 studies3,4,6,11-15 evaluated the diagnostic value of
unenhanced fluid-sensitive MR imaging sequences (T2WI or
CISS) for the evaluation of IAC lesions. Five of those studies reported the number of lesions measuring ⱕ10 mm.6,11-14 Of the 5,
2 had 100% sensitivity using axial 2D fast spin-echo T2WI alone
and axial 3D fast asymmetric spin-echo T2WI alone and included
10 and 11 patients, respectively.12,14 Of the remaining 3 studies,
Allen et al6 included 12 small lesions, in which 2 lesions (measuring less than 4 mm) were missed by 2 of 4 observers in small
internal auditory canals using axial and coronal T2 fast spin-echo
with voxel size of approximately 0.3 ⫻ 0.4 ⫻ 3 mm. Stuckey et al11
evaluated 4 lesions measuring ⱕ10 mm in which a 4-mm IAC

FIG 3. A 71-year-old man with vertigo. A, Axial CISS image demonstrates a hypointense focus surrounded by a loop of the anterior
inferior cerebellar artery, which was thought to represent a small IAC
lesion. B, Coronal T2WI shows the same hypointense focus. C, Postcontrast axial T1WI shows no enhancing lesion, indicating that the
hypointense focus on the screening study was volume averaging related to the adjacent artery.

lesion was undetected by 1 of 2 observers on axial 3D CISS with
voxel size of approximately 0.7 mm isotropic. Hermans et al13
imaged 9 small lesions in which a 3-mm IAC lesion was missed by
both observers, and a 6-mm intralabyrinthine lesion was missed
by 1 observer using a 0.7 ⫻ 0.7 ⫻ 3.0 mm axial 3D CISS sequence.
Comparing our data to prior studies supports a diagnostic
benefit of the 2 plane, 2-sequence screening protocol using coronal T2WI and axial CISS. Two planes mitigate the effects of artifact from volume averaging, which can be especially limiting in
small IACs. In the Hermans et al13 study, both observers attributed misses and uncertainty primarily to volume averaging, but
also to artifacts and suboptimal techniques. In the Allen et al6
publication, 2 lesions measuring 2 and 3 mm in maximum diameter were missed likely because of volume averaging because they
were specifically noted to be found in small IACs.6
Another advantage of the 2-sequence protocol is the benefit of
superior contrast-to-noise ratio provided by CISS imaging in addition to having the T2 sequence to mitigate the banding artifact,
which may limit balanced steady-state free precession sequences
such as CISS. The 3D CISS imaging has twice the contrast-tonoise ratio for the intracanalicular nerves and CSF compared with
the 3D fast recovery fast spin-echo T2WI sequence,7 which is
likely why it has replaced T2WI for evaluation of the IACs in many
institutions. However, CISS sequences are limited by banding artifact resulting from magnetic field inhomogeneity,16 which can
lead to the appearance of pseudolesions in the evaluation of the

IACs. T2WI can be used to confirm or exclude suspected lesions
on CISS that may be artifactual.
Unenhanced screening sequences provide significant cost and
time savings compared with gadolinium-enhanced IAC MR imaging. The institutional charge of our screening IAC protocol is
$850 less than our contrast-enhanced IAC MR imaging protocol,
which is due to a lack of gadolinium contrast, reduced scan time,
and reduced professional fee. The screening protocol takes approximately 11 minutes versus 30 minutes for the contrast-enhanced examination. Over 1 year from April 2012 to April 2013,
127 screening IAC studies were performed for asymmetric hearing loss at our institution. Of those, 101 were normal, 20 were
performed to follow already diagnosed IAC or intralabyrinthine
lesions, 5 had incidental lesions unrelated to hearing symptoms,
and 1 study had an IAC lesion that will be further characterized by
a contrast-enhanced MR imaging. Using the screening protocol
rather than the contrast-enhanced IAC protocol over that year, we
saved at least $107,100 (126 ⫻ $850), which is a slight overestimate because it does not account for the redundant screening
examination performed on the 1 patient with an IAC lesion.
Three studies6,17,18 demonstrated similar cost saving per examination with the difference in unenhanced and enhanced protocols
equaling $550 –$800. MR imaging time savings over that same
year equal approximately 2394 minutes (126 ⫻ 19 minutes) or
99.75 hours of MR imaging scan time.
A 2009 meta-analysis5 supported by the United Kingdom National Institute for Health Research reviewed over 11 studies from
1996 to 2001 assessing the diagnostic accuracy and cost-effectiveness of noncontrast T2 or T2* sequences in the identification of
vestibular schwannoma. Fortnum et al5 found that fluid-sensitive
sequences have pooled sensitivities ranging from 96%–98% for
detection of IAC lesions measuring 2 mm to ⬎20 mm in diameter. They concluded that noncontrast fluid-sensitive MR imaging
sequences allow for accurate evaluation of the facial and vestibulocochlear nerves within the cerebellopontine angle and IAC, and
that including contrast-enhanced sequences is less cost effective
and not likely to add information that would change management
in a screening population.
While unenhanced screening MR imaging is sufficient to exclude lesions of the IAC, noncontrast-enhanced MR imaging
could potentially miss some pathology of the IAC or labyrinth
that would be detected with contrast. As Jackler19 addressed in his
response to the screening studies published in the late 1990s, noncontrast screening MR imaging may not reliably detect labyrinthitis, vestibular neuritis, sarcoidosis, or leptomeningeal metastases. In the case of the first 2 diagnoses, however, treatment is based
on clinical symptoms, not radiologic appearance. For patients
who present with symptoms of acute vertigo with or without sudden sensorineural hearing loss, the optimal treatment will be a
short course of high-dose steroids, regardless of the imaging findings.20,21 In the setting of suspected sarcoidosis or primary malignancy, a contrast-enhanced examination is warranted rather than
a screening examination. Furthermore, sarcoidosis or leptomeningeal metastases rarely present as isolated sensorineural hearing
loss. Clinical judgment on the part of the ordering clinician is still
required to select the best examination and to determine when a
screening scan is appropriate. The unenhanced screening MR imAJNR Am J Neuroradiol 35:2366 –70
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aging protocol is meant for patients with audiovestibular symptoms without other comorbidities that might affect the IAC or
inner ear.
Limitations of this study include its small sample size, few
controls, retrospective nature, and lack of pathologic confirmation in most cases. The small sample size was unavoidable given
the rare incidence of IAC lesions in the population, especially
lesions measuring ⱕ10 mm in diameter. Similarly, a prospective
study of this sample size would be difficult given the time necessary to recruit patients with such a rare lesion. Few controls were
available because the unenhanced screening examination was almost exclusively used during the surveyed time span. Patients
who had a normal noncontrast screening examination rarely underwent a “gold standard” contrast-enhanced examination and
vice versa. Pathologic confirmation could not be obtained in most
of the cases because the lesions were small enough and lacking in
symptoms to permit follow-up rather than surgery.
Lastly, it could be argued that similar sensitivity data would
not be achieved with general radiologists as observers rather than
experienced neuroradiologists. We contend that although there
may be a brief learning curve, a general radiologist can just as
easily trace unaffected vestibulocochlear nerves or detect an
asymmetric hypointense mass on a background of hyperintense
CSF in the IAC as a Certificate of Added Qualification– holding
neuroradiologist.
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CONCLUSIONS
Screening MR imaging using a combination of unenhanced axial
CISS and coronal T2WI sequences can reliably detect small (ⱕ10
mm) IAC schwannomas with 100% sensitivity and excellent interobserver reliability. The high sensitivity creates a small number
of false-positives, which may necessitate confirmatory imaging
with contrast administration. Fundal lesions may be missed on an
axial or coronal sequence alone because of volume averaging.
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