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Capability of constructive interference in 
steady state sequence versus postcontrast 
T1-weighted imaging in cerebellopontine angle 
and internal auditory canal masses

Background: The tumor size is one of the main factors in the treatment of  
cerebellopontine angle (CPA) tumors, and magnetic resonance imaging (MRI) 
with gadolinium-based contrast agent (GBCA) provides the best evaluation.  
However, administration of the gadolinium is time consuming and increasing in 
cost. There is a risk of nephrogenic systemic fibrosis in patients with renal failure 
and liver or renal transplantation.

Objective: The purpose of this study was to assess the capability of constructive  
interference in steady state (CISS) sequence in measuring the tumor size of the CPA 
and internal auditory canal (IAC) masses compared to postcontrast T1-weighted 
images (T1-WI).
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Materials and Methods: The 118 MR studies with both CISS sequence and  
postcontrast T1-WI of 45 patients with CPA and IAC masses were retrospectively 
reviewed.

Results: There was no significant difference between CISS and postcontrast T1-
WI in measuring size in transverse diameter of the masses (p = 0.051-0.06). The 
longitudinal diameter measurement revealed a significant difference (p < 0.001) 
and the measured size on postcontrast T1-WI was slightly larger than the CISS 
image. The difference in median measurement between two sequences was less 
than 0.9 mm. and Bland-Altman plots revealed that differences between the two 
sequences in longitudinal and transverse diameters of the masses were within the 
limits of agreement. Interobserver agreement showed excellent correlation (r = 
0.994-0.999, p < 0.001 by Pearson's product-moment correlation).

Conclusion: The CISS sequence may be sufficient for assessing the size of CPA and 
IAC masses, which can be used interchangeably with postcontrast T1-weighted  
image as a contrast-free option, especially in follow-up studies and vulnerable  
settings of gadolinium administration.   

Keywords: CISS sequence, CPA tumor, IAC mass, Magnetic resonance imaging, 
Tumor size.

Cerebellopontine angle (CPA) tumors account for 5%-10% of intracranial tumors  
in adults and 1% of all pediatric intracranial tumors [1]. The vast majority of 
CPA and internal auditory canal (IAC) masses are vestibular schwannomas 
(VSs), 80%-90% [2-3]. For VSs, magnetic resonance imaging (MRI) provides high  
sensitivity and specificity, up to 100% and 92.8% respectively [4]. Regarding natural  
history, 66% of VSs show no progression and 23% spontaneously regress [4-5].  
Meningiomas are the most common intracranial extra-axial tumors in adults 
and the second most frequent lesions in the CPA cistern after VSs, 10%–15% [6]. 
They can extend into the IAC and are mostly slow growing. For CPA-IAC tumors,  
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treatments and surgical approaches are based on multiple factors. The tumor size 
is one of the main factors and MRI provides the best evaluation [7-9]. MRI with 
gadolinium-based contrast agent (GBCA) is a non-invasive tool to identify the 
site and extension of the lesions, characteristic signal intensity, monitor disease  
progression, and pre-operative and post-operative assessments [4, 10]. A follow-up 
interval is variable and dependent on clinical consideration because 58.6% of  
patients had an annual tumor growth rate of less than 1 mm/year [11]. According 
to a meta-analysis study [12], the average length of imaging follow-up was 3.2 
years. 

However, administration of the GBCA is time consuming and increasing in cost. 
In addition, there are associations of GBCA and nephrogenic systemic fibrosis 
(NSF) in patients who had renal failure and liver or renal transplantation [13]. 
Furthermore, intravenous GBCA exposure and multiple GBCA administrations 
are associated with neuronal tissue deposition [14-15]. Avoiding GBCA exposure  
by using non-gadolinium based study is preferable in patients who tend to 
have long-term imaging follow-up for slow growing lesions. The constructive  
interference in steady state (CISS) sequence is a balanced steady-state free  
precession (bSSFP), which is a heavily fluid-weighted 3D sequence used with  
isotropic or near isotropic spatial encoding. The bSSFP technique has been shown 
to be useful in screening and evaluation for vestibular schwannomas, with a  
sensitivity of 94% and a specificity of 97% [16-18]. This study assumed that it could 
be applied to the other CPA and IAC tumors as well as schwannomas [19]. For 
this reason, this study aimed to determine whether it is possible to use the CISS 
sequence as a gadolinium-free alternative tool in measuring the tumor size of the 
CPA-IAC masses.

Charoonratana V., et al.
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Study design and target population
This retrospective review of patients who had CPA-IAC masses and MRI studies  
with IAC protocol from January 2011 to December 2015, was approved by an  
institutional review board. The inclusion criteria required the MRI, which  
provided CISS and postcontrast T1-weighted images (T1-WI), on the same date. 
Patients less than 15 years of age were excluded according to different incidences 
of diseases. A patient who had an epidermoid cyst was also excluded because it did 
not typically enhance.

The total of 45 patients were enrolled in our study, 26 females and 19 males with 
the mean age of 54 years (range: 24-78 years). Among them, 22 patients (48%) 
underwent operations. The patients had follow-up studies ranging from 1-7 times. 
The follow-up interval was from three months up to two years. The total of 118 
MRI studies, including initial and follow-up images, met the criteria. There were 
58 post-operative studies and 60 non-operative images. 

Most patients had a solitary IAC-CPA mass. Two patients were diagnosed with 
neurofibromatosis type 2, one had bilateral vestibular schwannomas and the 
other had a left vestibular schwannoma with bilateral trigeminal schwannomas. 
Thus, overall, 46 masses were detected in CPA-IAC regions; 42 were vestibular  
schwannomas, and 4 were meningiomas by a provisional diagnosis with 22  
pathological diagnoses. Regarding tumor locations, 25 masses had only  
intracanalicular portions. Four masses were located only in the CPA cisterns  
without IAC involvement, and the rest occupied both intracanalicular and  
cisternal portions.

Image acquisition 
The MRI studies were performed with either a 3.0-Tesla (T) (AchievaR, Philips) 
or a 1.5T scanner (IngeniaR, Philips) with a standard head coil. The protocol  
included the whole brain axial fluid attenuation inversion recovery (FLAIR),  
diffusion weighted imaging (DWI) and postcontrast T1-WI in 3 views, and 

Materials and methods
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thin slice of temporal bone consisting of T1-WI, T2-weighted image (T2-WI), 
DWI and CISS in the axial plane, T1-WI and T2-WI in the coronal plane and  
postcontrast T1-WI with fat suppression in axial and coronal views. The axial CISS 
3D images were performed with the following parameters: repetition time (TR)/
echo time (TE) 1500 ms/180 ms, with 1 mm section thickness, NEX 2, Matrix 
127x256. The axial spin-echo T1W of the temporal bone was obtained following  
the parameters: TR/TE 500 ms/10 ms, with 2 mm section thickness, NEX 4,  
Matrix 180x252. The post-contrast images were obtained after injection of 0.1 
mmol/kg of GBCA (Gadobutrol).

Reader assessment method
Two neuroradiologists (with 5 and 2 years of experience), independently  
interpreted MRI studies (initial scans and follow-up studies) of the 45 patients. 
The tumors were identified and a provisional diagnosis was made by a standard  
protocol in the case of initial scans. The tumor was divided into two parts,  
intracanalicular and CPA cisternal portions by using porus acusticus as a cut point. 
Each portion was assessed and measured separately as follows: 

The intracanalicular portion was measured in parallel and perpendicular plane to 
the IAC as longitudinal and transverse diameters, respectively (Figure 1). 

The CPA cisternal portion was measured in the parallel and perpendicular 
plane to the petrous part of the temporal bone and defined as longitudinal and  
transverse diameters, respectively (Figure 2). The measurement was made  
according to the suggestion of Walsh et al. [20], who revealed that the tumor grows 
along the axis of the canal.

The diameters of the CPA-IAC tumors were obtained only in the axial plane on the 
CISS and postcontrast T1-WI because the standard protocol in our institute does 
not provide CISS in coronal and sagittal planes.

Charoonratana V., et al.
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Figure 1. Axial 3D-constructive interference in a steady state (CISS) image shows 
a tumor occupying in the left internal auditory canal (IAC) and cerebellopontine 
angle (CPA) cistern. The longitudinal diameter (solid line) and transverse diameter  
(dotted line) of IAC portion are parallel and perpendicular to the IAC. Porus  
acusticus (opening of the IAC) is a borderline between the CPA and IAC portions.

Figure 2. Axial 3D-constructive interference in a steady state (CISS) image shows a 
tumor occupying in the left internal auditory canal (IAC) and cerebellopontine angle 
(CPA) cistern. The longitudinal diameter (solid line) and transverse diameter (dotted 
line) of CPA cisternal portion are parallel and perpendicular to the petrous part of 
the temporal bone.

Charoonratana V., et al.
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Statistical analysis
The data distribution was analyzed with the Shapiro-Wilks Normality Test. A 
statistical evaluation of the measurement was performed with paired Wilcoxon 
signed rank test in data that did not fit normal distribution and a paired t-test 
was used in normally distributed data. A p-value < 0.05 indicated a statistically  
significant difference. Bland-Altman plots were constructed to assess the measures 
of agreement between the two sequences by studying the mean difference and 
constructing limits of agreement. Interobserver correlation was evaluated using 
Pearson product-moment correlation coefficient (Pearson’s correlation).

No significant differences between the CISS and postcontrast T1-WI in measuring 
the tumor size except the longitudinal diameter in both CPA and IAC portions, 
(p < 0.001), and transverse diameter obtained by reader 2 (p = 0.04), are detailed 
in Table 1. The difference in median diameter on CISS and postcontrast T1-WI in 
both diameters of CPA cisternal and IAC portions ranged from 0.1-0.9 mm. The 
measured size on postcontrast T1-WI were slightly larger than on CISS images in 
all diameters except the longitudinal diameter of the IAC portion, obtained from 
reader 1, which is summarized in Table 1.

Results

CPA IAC

Reader 1 Reader 2 Reader 1 Reader 2

Median 
(Q1,Q3) p-value Median 

(Q1,Q3) p-value Median 
(Q1,Q3) p-value Median 

(Q1,Q3) p-value

Longitudinal 
diameter

CISS 12.92 
(11.04,17.32)

<0.001

12.90 
(11.05,17.36)

<0.001

9.43 
(6.01,11.40)

<0.001

9.43 
(6.00,11.48)

<0.001
contrast 13.72 

(11.60,17.88)
13.76 

(11.55,17.80)
9.30 

(6.13,11.74)
9.53 

(6.14,11.72)

Transverse
diameter

CISS 9.87 
(7.12,14.23)

0.06

9.85 
(7.13,14.12)

0.052

9.38 
(7.48,13.39)

0.051

9.25 
(7.50,13.40)

0.04
contrast 10.59 

(7.30,14.20)
10.55 

(7.30,14.05)
9.68 

(7.52,13.26)
9.70 

(7.51,13.26)

Table 1. Comparison of measurement in longitudinal and transverse diameters in 
IAC and CPA portions of each reader.

Charoonratana V., et al.
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A subgroup analysis was summarized in Table 2. Regarding tumor locations, six 
patients (5.08%) found the tumors confined only to the CPA cisterns, tumor size 
measurement in longitudinal and transverse diameters showed no significant  
difference between CISS and postcontrast T1-WI (p = 0.06-0.16). While only the 
IAC was occupied by the tumors in 67 patients (56.78%), there was a significant 
difference in longitudinal and transverse diameters (p < 0.05). From 58 post- 
operative studies, the results showed that measurements in all diameters were 
not significantly different (P = 0.11-0.03). While conservative or non-operative  
tumors were not significantly different in the transverse diameter of IAC  
measurement (p = 0.18). 

Bland-Altman plots (Figures 3 and 4) were also used to assess agreement between  
measurements in both sequences for longitudinal and transverse diameters 
of each CPA and intracanalicular portions. The plots revealed that differences  
between the two sequences in longitudinal and transverse diameters of CPA and 
IAC were within the limits of agreement; therefore, both sequences could be used 
interchangeably.

Table 2. P value of subgroup categorizations, comparing each diameter measurement 
in CPA and IAC portion on CISS and postcontrast T1-weighted images obtained by 
both readers.   

CPA IAC

Reader 1 Reader 2 Reader 1 Reader 2

Total 
(n=118)

Longitudinal

transverse

longitudinal

transverse

longitudinal

transverse

longitudinal

transverse

Tumor confined in CPA 6 0.06 0.16 0.06 0.15 N/A N/A N/A N/A

Tumor confined in IAC 67 N/A N/A N/A N/A <0.001 0.03 0.001 0.03

Post-operative tumor 58 0.29 0.31 0.23 0.33 0.11 0.11 0.14 0.10

Conservative tumor 60 <0.001 0.02 <0.001 0.01 0.001 0.18 0.001 0.18

Charoonratana V., et al.
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Interobserver agreement ranged between 0.994-0.999 (p < 0.001), by Pearson's 
product-moment correlation, for measurement in all diameters of both CPA and 
intracanalicular portions on CISS and postcontrast T1-WI. The results implied an 
excellent correlation between two readers.   

Figure 3. Bland-Altman plots revealed the difference and  
average values of tumor measurement in CISS and postcontrast 
T1-weighted images in the cerebellopontine (CPA) portion.

Charoonratana V., et al.
ASEAN J Radiol 2023; 24(1) : 08-23
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Figure 4. Bland-Altman plots revealed the difference and  
average values of tumor measurement in CISS and postcontrast 
T1-weighted images in the internal auditory canal (IAC) portion.

Charoonratana V., et al.
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The goal of this study was to assess the capability of CISS sequence in measuring 
the tumor size of CPA-IAC masses as an effective tool compared to postcontrast 
T1-WI. The overall difference of both sequences in each median diameter was  
acceptable, less than 0.9 mm, and Bland-Altman plots also showed data was 
within the limits of agreement. However, a statistically significant difference in  
longitudinal diameter of CPA cisternal and IAC portions of both readers in  
addition to transverse diameter of IAC portion of reader 2 could be affected by 
several factors.

According to tumor locations, our study included many large IAC tumors. Most 
of them totally occupied the IACs and partially extended into the temporal 
bones. Thus, the tumor margins were hardly outlined and distinguished from the  
adjacent structures in CISS image (Figure 5). Additionally, signal changes in the 
perilymphatic fluids of the inner ear as a result of elevated protein concentration 
attributed to blood-inner ear barrier disruption in VSs could reveal decreased  
signal intensity in the ipsilateral cochlea and vestibule on CISS image [21]. For 
this reason, gadolinium-enhanced image was necessary to evaluate inner ear  
extension in particular extensive tumors whereas most small IAC lesions were 
clearly depicted in CISS sequence due to high signal of the cerebrospinal fluid 
(CSF) outlining as natural contrast. Similarly, the measurement of CPA tumor 
showed no difference in both sequences because the CPA tumors were clearly  
depicted due to high signal contrast between the tumor margin and CSF in 
the CPA cistern. Even though a large tumor compressed upon the cerebellar  
hemisphere, there was a thin CSF cleft to delineate the tumor margin.

Discussion

Charoonratana V., et al.
ASEAN J Radiol 2023; 24(1) : 08-23
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Figure 5. (A) Axial 
CISS image shows the 
tumor totally occupied 
and expanded to the left 
internal auditory canal  
(IAC). Its margin is  
inaccurately separable 
from the left temporal  
bone and inner ear  
structures without CSF 
signal outlining. (B) Axial  
postcontrast T1-weighted  
image clearly depicts the 
well-defined tumor.  

The post-operative groups showed no significant difference in both CISS and  
contrast-enhanced sequences in all diameter measurements. However, some 
post-operative residual tumors showed a heterogeneous signal (cystic changes,  
necrotic portion) combined with the distortion of the surrounding structures. 
CISS occasionally could not clearly depict the outline of tumors. Conversely, 
some tumors showed false positive findings on contrast-enhanced images due to  
enhancement of the surrounding structures from post-operative changes, post- 
inflammation, or clustering of the internal auditory canal nerve and vascular  
complex [16, 22, 23]. Therefore, post-operative evaluation with CISS sequence 
alone should be carefully performed in some patients.

Charoonratana V., et al.
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Considering tumor types, vestibular schwannomas were the main population  
influencing the overall data. The prior studies [16-18, 22] reported high accuracy  
of CISS in detection and follow-up tumor size of VSs but the large tumors or  
neurofibromatosis type 2 was not included. In this study, the measurement of some 
large tumors and multiple schwannomas in patients who had neurofibromatosis  
type 2 was variable and differed between CISS and postcontrast T1-WI. The range 
of mean difference varied from 1-7 mm in those large tumors. Thus, in these  
particular cases of large intracanalicular portions or extensive involvement into 
the temporal bone, a follow-up of the contrast studies was suggested. Regarding  
meningioma, it revealed no significant difference in measurement of CPA 
and transverse diameter in IAC portion. Most meningiomas provided a sharp  
boundary to the tumors, so CISS can be used as an alternative sequence to  
measure tumor size. However, this study had a limited number of meningiomas. 
In any future study, larger numbers would be required. 

The limitation of this study was invariable tumor types and the difference of slice 
thickness between axial CISS and postcontrast T1-WI. Regarding a retrospective 
review, CISS sequence was performed routinely in cases of temporal bone and 
cranial nerve studies in our institute. Thus, other possibilities such as cases of  
meningiomas or metastases did not have this sequence and thus, were not enrolled 
in the study. 

In conclusion, the constructive interference in a steady state sequence may be  
sufficient for assessing the size of cerebellopontine angle and internal auditory 
canal masses, which can be used interchangeably with postcontrast T1-weighted 
images as a contrast-free option, especially in follow-up studies and vulnerable 
settings of gadolinium administration. 

Conclusion

Charoonratana V., et al.
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