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Evaluation of the necessity of contrast in the follow-up MRI of

schwannomas

Selen Bayraktaroglu, Elcin Pabugcu, Naim Ceylan, Soner Duman, Recep Savas, Hiidaver Alper

PURPOSE

The purpose of our study was to determine whether gadolin-
ium is necessary in follow-up MRIs for evaluating vestibular
schwannomas.

MATERIALS AND METHODS

A retrospective analysis of 49 magnetic resonance imaging
(MRI) examinations of 20 vestibular schwannoma patients
was performed. Patients received between 1 and 4 follow-up
scans, and the mean follow-up period was 15.3 months. Two
radiologists independently reviewed the initial and follow-up
MRI examinations. Tumor measurements obtained using the
constructive interference in steady state (CISS) and contrast-
enhanced T1-weighted (TTW) sequences were compared.
Both radiologists used both of the sequences to analyze any
differences in the tumor sizes measured in consecutive MRI
scans.

RESULTS

The linear anteroposterior and transverse tumor diameter
measurements obtained by the two observers using both
sequences were strongly correlated (r = 0.962-0.987, P <
0.001). The observers agreed to a very high degree when de-
tecting changes in the tumor size using the CISS sequence
(x = 0.902, P = 0.0001), whereas the agreement with the
contrast-enhanced T1W sequence was good but not as good
(x=0.706, P=0.001).

CONCLUSION
CISS, as a contrast-free sequence, may be an option in regular
follow-up MRIs of vestibular schwannomas.
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of the internal acoustic canal and the cerebellopontine angle

and originate from the sheath of the eighth cranial nerve (1, 2).
They typically grow slowly, usually at a rate of less than 2 mm/year (3).
Microsurgical removal, stereotactic or focused radiotherapy and conserv-
ative management are used to treat these tumors. Conservative manage-
ment is preferred in select cases, such as patients with advanced age or
small tumor size (3). Magnetic resonance imaging (MRI) is the imaging
modality of choice used for both the initial detection and any follow-
up scans of vestibular schwannomas. Contrast-enhanced T1-weighted
(T1W) imaging is considered the gold standard for detecting lesions in
the internal acoustic canal (4). Ultrathin T2-weighted imaging (T2W)
with constructive interference in steady state (CISS) and T2W fast spin
echo imaging have also been proposed as screening tools for patients with
probable intralabyrinthine lesions (4, 5). Vestibular schwannoma growth
is determined by performing consecutive MR examinations in which
gadolinium-based contrast agents are used (2). However, administration
of contrast agents is time consuming and expensive and is also associ-
ated with several side effects, such as allergic reactions and nephrogenic
systemic fibrosis (NSF) (6, 7). Therefore, it is important to identify the
patient population in which contrast agents must be used. In this study,
we aimed to determine whether it is possible to use the gadolinium-free
CISS sequence alone when following up vestibular schwannomas.

V estibular schwannomas are the most common benign neoplasms

Materials and methods
Patient population

Between January 2005 and January 2010, the medical records of 20
patients with a radiological diagnosis of vestibular schwannoma who
underwent consecutive MRI examinations were reviewed. Patients with
a history of prior surgery, radiation therapy or neurofibromatosis type
2 were not included in the study. The mean age of the study group,
which included 9 men and 11 women, was 51.45 years (age range, 34-70
years). The follow-up duration ranged from 6 months to 27 months. The
mean follow-up period was 15.3 months, and 2 scans were available in
13 patients, 3 scans in 5 patients, and 4 scans in 2 patients.

Imaging

MR images were acquired with a 1.5 T MR unit (Symphony, Siemens,
Erlangen, Germany) using both a head coil and a neck coil. The MRI pro-
tocol included axial T1-weighted spin echo images (TR/TE, 430/10 ms;
slice thickness, 3 mm; interslice gap, O mm; matrix, 384 x 211; and NEX,
1), TSE T2-weighted images (TR/TE, 4110/104; slice thickness, 3 mm; in-
terslice gap, 0 mm; matrix, 512 x 269; and NEX, 1) and 3D CISS images
(TR/TE, 10/5 ms; slice thickness, 1 mm; NEX, 1; matrix, 256 x 192; and
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Figure 1. Axial MR image illustrating the tumor size measurements. Only the extracanalicular component was measured in tumors that had
this component. The AP (anteroposterior) measurement was performed parallel to the petrous bone, and TRA (transverse) measurement was
calculated perpendicular to the petrous bone in these tumors.

flip angle, 70°). Postcontrast axial and
coronal T1IW images were obtained
after contrast media administration
(gadolinium-DTPA 0.1 mmol/kg body
weight i.v.).

Image analysis

Two radiologists (Observer 1 had 5
years of experience in head and neck
imaging, whereas Observer 2 was a
general radiologist) independently
performed the measurements on the
contrast-enhanced T1W images and on
the corresponding CISS images. Each
observer was blind to the other’s MR
assessments. Measurements of the axial
images from both sequences from the
same patients were performed on dif-
ferent time scales. The tumor size was
measured in all scans using a digital
submillimeter scale. The sizes of tumors
located in the internal auditory canal
(TAC) were calculated from the axial
images as follows: the antero-posterior
(AP) measurement was obtained along
the axis of the canal, and the transverse
(TRA) measurement was obtained per-
pendicular to the AP measurement. In
tumors with a extracanalicular compo-
nent, only this component was meas-
ured; the AP measurement was ob-
tained parallel to the posterior surface
of the petrous bone, and the TRA meas-
urement was calculated perpendicular
to this surface (Fig. 1). The size of the
tumor was calculated as the square root
of the product of the AP and TRA meas-
urements (3). The annual growth rate
(mm/year) was determined from the

following formula: [change in tumor
size between consecutive scans / dura-
tion of the follow up in months] x 12.
A total tumor growth of >1 mm/year
was considered significant radiologic
growth and was referred to as tumor
progression (3, 8). Contrast-enhanced
T1W images were considered the gold
standard to assess progression. The
clinical stages of the vestibular schwan-
nomas were determined according to
the Koos classification as follows: Koos
stage 1, intracanalicular tumor; Koos
stage 2, tumor <20 mm in diameter;
Koos stage 3, tumor >20 mm that does
not compress the brain stem; and Koos
stage 4, tumor that compresses the
brain stem, regardless of size.

Statistical analysis

The statistical software package SPSS
17.0 (SPSS Inc., Chicago, Illinois, USA)
was used to perform the statistical cal-
culations. Bland-Altman plots were
constructed using the Med Calc statis-
tical software program to evaluate the
agreement between two measurement
methods. We used the student’s t test
and kappa statistics in the statistical
evaluations. The measurements were
correlated with paired t tests. The de-
gree of interobserver agreement re-
garding progression was calculated us-
ing the kappa test. The value of kappa
determines the strength of agreement
as follows: excellent (x = 0.93-1), very
good (x = 0.81-0.92), good (x = 0.61-
0.80), fair (x = 0.41-0.60), slight (x =
0.21-0.40), and poor (k = 0.01-0.20).

210 + September 2011 ¢ Diagnostic and Interventional Radiology

Results

Tumors were located intracanalicu-
larly in half of the patients (Koos stage
1). Two patients had cerebellopontine
angle schwannomas that compressed
the brain stem (Koos stage 4), and
eight patients (40%) had Koos stage 2
tumors.

There were no statistically signifi-
cant differences between the two ob-
servers’ measurements of the antero-
posterior diameters and tumor sizes
from the two sequences. However,
there were significant differences in
the transverse measurements from
both the postcontrast TIW and CISS
sequences (P = 0.001 and P = 0.014,
respectively). Observer 2’s measure-
ments of the transverse diameter
were slightly higher than Observer 1’s
measurements; however, the differ-
ence in the mean measurements was
less than 0.48 mm for the contrast-en-
hanced T1W sequence and 0.41 mm
for the CISS sequence (Table 1).

Observer 2’s measurements of the
anteroposterior diameter and tumor
size obtained from the contrast-en-
hanced TI1W images were slightly
higher than her measurements from
the CISS sequences, although the dif-
ference was less than 0.40 mm. There
were no significant differences be-
tween the two sequences in Observer
1's measurements of the anteroposte-
rior diameter, transverse diameter or
tumor size (Table 2).

Bland-Altman plots were construct-
ed from the 49 MRI examinations of
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the 20 patients (Figs. 2 and 3). These
plots were used to determine any dif-
ferences between the two sequences
in two planes (transverse and antero-
posterior) for each observer. The plots
revealed that the differences between
the two sequences were within the
limits of agreement for both observers,
indicating that the CISS sequence and
the contrast-enhanced T1W sequence
methods can be used interchangeably.
The correlations between the two
observers’ measurements of the linear
anteroposterior diameter, transverse
diameter and tumor size from the post-
contrast sequence were 0.977, 0.984,
and 0.987, respectively, and the cor-
relations from the CISS sequence were
0.962, 0.980, and 0.986, respectively.
The correlations between Observer
1’s measurements of the anteroposte-

rior diameter, transverse diameter and
tumor size using the two sequences
were 0.964, 0.987, and 0.986, respec-
tively, and the correlations between
Observer 2's measurements using the
two sequences were 0.976, 0.984, and
0.987, respectively.

The annual growth rate (mm/year)
was determined by the following for-
mula: [change in tumor size between
consecutive scans / follow-up dura-
tion in months] x 12. A total tumor
growth of >1 mm/year was considered
significant radiologic growth and was
referred to as tumor progression (3, 8).
Contrast-enhanced TIW images are
considered the gold standard for tu-
mor progression assessment. Table 3
describes tumor progression detection
by the two observers using the CISS
sequence and the contrast-enhanced

T1W sequence. On postcontrast TIW
images, Observer 1 detected tumor
progression in 7 studies, and observ-
er 2 detected tumor progression in
6 studies. With the CISS, Observer 1
detected tumor progression in 6 stud-
ies, and Observer 2 detected tumor
progression in 7 studies. The agree-
ment between the observers regard-
ing the detection of progression was
very good with the CISS sequence (k =
0.902, P = 0.0001), and agreement us-
ing the postcontrast images was good
(k=0.706, P=0.001). The correlations
between the two observers’ detections
of annual progression were 0.922 for
the postcontrast sequence and 0.945
for the CISS sequence.

One patient (patient number 11) ex-
hibited a decrease in tumor size during
the follow-up exam, which was detect-

Table 1. Interobserver measurement differences based on contrast enhanced T1-weighted sequence and CISS sequence

AP TRA Size
mm P mm P mm P

Post C

Observer 1 8.47 11.40 9.74

Observer 2 8.58 11.88 10.02

Mean difference (SD) -0.11 (1.0) 0.454 -0.48 (1.0) 0.001 -0.28 (0.82) 0.789
CIsS

Observer 1 8.18 11.23 9.51

Observer 2 8.17 11.64 9.67

Mean difference (SD) 0.01 (1.2) 0.945 -0.41 (1.1) 0.014 -0.15 (0.98) 0.874
Post C, contrast-enhanced T1-weighted sequence; CISS, constructive interference in steady state; AP, anteroposterior; TRA, transverse diameter;
SD, standard deviation
Table 2. Two observers’ measurements of the anteroposterior diameters and tumor size using both sequences

AP TRA Size
mm P mm mm P

Observer 1

CISS 8.18 11.23 9.51

Post C 8.47 11.40 9.74

Mean difference (SD) 0.28 (1.21) 0.106 0.16 (0.92) 0.204 0.24 (0.86) 0.064
Observer 2

CIss 8.17 11.64 9.67

Post C 8.58 11.88 10.02

Mean difference (SD) 0.40 (1.06) 0.01 0.24 (1.02) 0.102 0.35(0.81) 0.003

Post C, contrast-enhanced T1-weighted sequence; CISS, constructive interference in steady state; AP, anteroposterior; TRA, transverse diameter;

SD, standard deviation
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Figure 2. Bland-Altman plot of AP dimension measurements from Observer 1 and Observer 2 using the CISS and contrast-enhanced T1-
weighted sequences (POST C). The values on the x-axis represent the mean of the measurements from the two sequences. The values on the
y-axis represent the differences in the measurements from the two sequences and the mean difference (unbroken line). Dotted lines represent

95% limits of agreement.
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Figure 3. Bland-Altman plot of transverse (TRA) dimension measurements from Observer 1 and Observer 2 using the two sequences. POST C
indicates the contrast-enhanced T1-weighted sequence.

ed with both sequences and by both
observers.

The sensitivity, specificity and ac-
curacy of the CISS sequence in the
detection of progression compared
with the gold standard postcontrast
TIW sequence were 85.7%, 100%,
96.6%, respectively, for Observer 1 and
100%, 95.8%, 96.6%, respectively, for
Observer 2.

Discussion

The incidence of clinically apparent
vestibular schwannoma is 12-13 per
million. However, the incidence of oc-
cult vestibular schwannomas reported
on postmortem histopathological ex-
aminations is as high as 2.7% (2). This
suggests that most schwannomas do

not demonstrate enough growth to be-
come clinically apparent. Studies have
shown that the majority of vestibular
schwannomas tend to grow slowly
(38-43%) (9, 10). Conservative man-
agement of these tumors is appropriate
in select cases, such as in patients with
advanced age, poor general health or
small tumors (3, 11).

MRI is the imaging technique used
in the conservative management of
vestibular schwannomas (2, 3). TIW
sequences with a gadolinium-based
contrast agent are the gold standard
for the initial detection and follow-up
examinations of these tumors (5, 7).
Administration of contrast material is
time consuming and costly and has
serious side effects, such as NSF. To
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eliminate the routine use of contrast-
enhanced imaging in the follow up of
vestibular schwannomas, an alterna-
tive sequence that is proven to be ac-
curate and reliable is required.

Some authors have investigated the
utility of high-resolution T2W imag-
ing (using the CISS sequence in some
cases) to avoid contrast media admin-
istration in the initial detection of cer-
ebellopontine angle masses (5, 12-14).
The CISS sequence is a 3D gradient
echo sequence with high spatial reso-
lution, and lesions surrounded by cer-
ebrospinal fluid can easily be detected
with this sequence. The reported sen-
sitivity and specificity of this sequence
in the detection of cerebellopontine
angle masses vary between 77-100%
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and 98-94%, respectively (5, 12-14).
The major challenges of this method
are small lesions and tumors that are
located adjacent to the brain parenchy-
ma or the temporal lobe. Additionally,
inflammatory lesions or vascular struc-
tures may mimic vestibular schwanno-
mas on the CISS sequence and can lead
to false positive findings (5). However,
these challenges do not apply to our
study population because the present
study includes patients who have al-
ready been diagnosed with vestibular
schwannomas and are undergoing fol-
low up. In this study, we investigated
the possibility of using only the CISS

sequence to detect progression during
follow-up examinations of vestibular
schwannomas. There is only one re-
port in the literature regarding the di-
agnostic accuracy of the CISS sequence
in the follow up of vestibular schwan-
nomas. Ozgen et al. (7) reported that
the CISS-only MRI technique may be
an alternative to routine contrast-en-
hanced MRI in following up lesion size
in patients with vestibular schwan-
nomas. They reported moderate in-
terobserver agreement in evaluating
progression with the CISS sequence;
however, our study shows excellent
interobserver agreement in evaluating

progression using the CISS sequence.
In our opinion, the differing degrees
of interobserver agreement reported
in the two studies are due to different
measurement methods; we evaluated
tumor growth using annual growth
rate measurements in contrast to the
qualitative measurements that were
used in the Ozgen study (7).
Vestibular schwannoma growth can
be demonstrated by volumetric stud-
ies or diameter measurements (2, 15).
Studies in the literature have shown
that diameter measurements can be
used instead of volumetric measure-
ments to compare tumor size (15, 16).

Table 3. Patient data and the detection of tumor progression by the two observers with the two different sequences (CISS and post C)

Patient Age/Sex Number of Follow up Annual Annual Annual Annual Koos
MR studies period between progression rate progression rate progression rate progression rate stage
MRI studies (months) Observer 1 (post C) Observer 2 (post C)  Observer 1 (CISS) Observer 2 (CISS)
1 70/M 2 9 +) +) +) +) 2
2 eoF 4 ) O 3 0 3 1
10 Q) © ® Q)
3 61/F 2 22 O G ©) O 1
o 3 3 : g
e s E 7 8 3 8 8 1
6 38/M 2 6 +) ) +) - 1
7 @ E is & & & & ’
S 3 3 g g
9 55/M 2 6 O ©) ©) O 1
10 47/M 2 7 *) ©) ©) O 1
UL 13 8 8 o 8 ’
I 3 3 g g
3 oM 4 5 O & o & 2
10 O & e o
14 50/F 2 12 -) ) ) -) 1
15 58/F 2 13 G G Q) O 4
16 47/F 2 19 O G ©) O 2
17 46/F 2 15 -) -) ) -) 2
18 51/F 2 12 O G ©) O 1
19 39/F 2 6 *) - +) *) 2
20 45/M 2 8 +) (+) (+) +) 2

(+) indicates that the calculated increase in annual tumor size >1 mm
(-) indicates that the calculated increase in annual tumor size <1 mm
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We used the anteroposterior and trans-
verse diameters to assess the tumor
size, and we think that this method is
more practical than volumetric meas-
urements in daily clinical practice. The
annual change in tumor size is the de-
termining factor in the detection of
progression. In this study, there were
no differences in the tumor size assess-
ments between the two observers using
either the CISS or contrast-enhanced
T1W sequences. The correlation be-
tween observers in progression detec-
tion using the CISS sequence was even
better than that of the postcontrast se-
quence in our study (correlation coef-
ficient, 0.945 vs. 0.922)

Patients who had undergone surgery
or gamma knife radiosurgery were not
included in our study group. It has
been reported that temporary tumor
enlargement can occur after gamma
knife radiosurgery as a biological re-

sponse to radiation, and this response
can complicate the interpretation of
the data and might lead to false posi-
tive findings (17).

Tumors that are larger at initial pres-
entation typically grow more than
smaller tumors (18). The tumors were
small in most of our patients (90%
had Koos stage 1 and stage 2 tumors),
and thus a small number of patients
displayed tumor progression. This is
a limitation of our study. However,
this result was expected because con-
servative management is the preferred
approach in patients with smaller tu-
mors. The mean follow-up period for
our patients was 15.3 months. Among
the 20 patients, 13 had only one fol-
low-up study. The short follow-up pe-
riod and the limited number of follow-
up studies are additional drawbacks
of the study. Studies in the literature
have reported that growth rate meas-
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Figure 4. a—d. Axial CISS
sequence (a) shows a
vestibular schwannoma in
the left internal acoustic
canal (black arrow). The
follow-up MRI examination
(b) 22 months later,
shows that the size of

the tumor has increased
(black arrow). Contrast-
enhanced T1-weighted
MRI sequences (c, d)
demonstrate the change
in size (white arrows).
Additionally, cystic
changes that developed
in the follow-up period
can be detected in this
sequence (d, black arrow).
This internal structural
change cannot be seen in
the CISS sequence.

urements during the first year of obser-
vation are predictive of growth in the
following year (9, 19). Therefore, it is
important to detect progression in the
first follow-up study.

Intratumoral hemorrhages and cyst-
ic changes of tumors can develop dur-
ing the growth of the tumor (20, 21).
Cystic changes may also lead to large
intratumoral hemorrhages and sub-
arachnoid hemorrhages (22). The in-
ternal structure of vestibular schwan-
nomas cannot be determined from the
CISS sequence. In one of our patients,
significant growth was observed in the
follow-up examination using both the
CISS and postcontrast sequences. There
was also cystic degeneration within the
tumor, but this internal cystic change
was not apparent on the CISS sequence
(Fig. 4). However, the patient group
in our study was composed entirely
of follow-up patients. If significant

Bayraktaroglu et al.



growth is identifiedon a follow-up
MRI examination performed without
gadolinium chelate, we think that the
patient can always return for a gadolin-
ium-enhanced study if necessary, and
any internal structural changes can be
determined.

Our study shows that the contrast-
free CISS sequence may be an option
for regular follow-up examinations of
vestibular schwannomas. By avoid-
ing the routine use of gadolinium in
patients undergoing a follow up of ves-
tibular schwannomas, the additional
cost and side effects of gadolinium can
be eliminated.
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