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Abstract

Background: Diffusion tensor imaging (DTI) is a novel MRI technique which can provide information of the
compressed tissue’s microstructural properties. The evaluation of visual function is important for the clinical
management of patients with suprasellar mass lesion. Compression of the optic nerve and chiasm due to pituitary
mass lesions often leads to impaired visual function. The evaluation and prognosis of visual function are important
for patient management. The aim of this work is to evaluate the feasibility of DTI in the evaluation of the optic
pathway in patients with suprasellar masses. Fifty patients were included in the study, 24 cases with suprasellar
masses and 26 cases without suprasellar masses as a control group. All patients underwent detailed history taking,
MRI of the sella with coronal and sagittal T1, and coronal T2 sequences and DTI. The region of interests (ROIs) were
set on the optic chiasm as well as the anterior and posterior optic tracts. For each ROI, axial diffusivity (AD), radial
diffusivity (RD), fractional anisotropy (FA), and apparent diffusion coefficient (ADC) values were calculated. DTI
parameters of cases group were compared with normal control group parameters.

Results: The result of this study showed that in cases with suprasellar masses, there were significantly lower mean
AD and ADC values and higher mean FA value than control group with no masses.

Conclusion: The DTI is a useful technique in the assessment of optic pathway compression degree by suprasellar
masses. This will provide the clinicians and surgeons with precise information about the degree of the visual field
compromise in correlation with the clinical data.
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Background
Pituitary adenoma is a primary tumor of pituitary gland
and the most common suprasellar mass. It represents
from 10 to 25% of all intracranial neoplasms .Pituitary
adenoma is broadly classified according to its size into
pituitary microadenoma which measures less than 10
mm, and pituitary macroadenoma which measures more
than 10mm. Majority of the patients is manifested due
to mass effect, and the most common structure to be

affected is the optic chiasma. The anatomical pathway of
the optic nerve describes the transmission of special sen-
sory information from the retina of the eye to the pri-
mary visual cortex of the brain, as it receives impulses
from the photoreceptors of the eye and transmits it to
the primary visual cortex [1].
The optic nerve (cranial nerve II) is not a true cranial

nerve but a fiber tract of the brain made of retinal gan-
glion cell axons which, as they leave the optic disc, be-
come myelinated by oligodendrocytes which unite the
optical nerves of every eye to form the optic chiasma.
The optic chiasma is a flattened band of fibers with
characteristic X-shaped morphology situated at the
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junction of the floor and anterior wall of the third ven-
tricle. The optic chiasma lies in the subarachnoid space
of the suprasellar cistern above the sella turcica and the
pituitary gland. The optic tracts emerge from the chi-
asma to the lateral geniculate body and the primary vis-
ual cortex [2].
The conventional MRI shows a role to evaluate visual

impairment in suprasellar masses patients. Impairment of
the vision is associated with hyperintensity on T2W of the
optic pathway ventral to the suprasellar mass. However,
hyperintensity of the optic nerve is usually evaluated by
only visual analysis. Optical nerve imaging needs 1.5 T or
3 T technology. The challenge in MR imaging for the optic
nerve is to conduct high-resolution studies with small
fields of view on one hand and cover the whole brain on
the other hand with maintaining a satisfactory time frame
for the entire duration of the MRI study [3].
Diffusion tensor imaging (DTI) is a technique of MRI

that is based into the directional properties of the diffu-
sion of water molecules thereby demonstrating fiber
tracts and their structure alteration due to pathology.
DTI can be used efficiently in comprehensive, non-
invasive, functional anatomy mapping of the nerve fi-
bers. The structural properties as the myelination and
axonal density can be assessed by diffusion tensor mea-
sures as fractional anisotropy (FA), axial diffusivity (AD),
and radial diffusivity (RD) [4].
The aim of this work is to evaluate the feasibility of

DTI in the evaluation of the optic pathway in patients
with suprasellar masses.

Methods
Fifty patients were included in this retrospective case-
control study. This includes 25 cases with suprasellar
masses and 25 as a control group without suprasellar
masses. The control group was age and sex matched. In
the cases group, the age ranged from 23 to 45 years with
the mean value of the age was 34.96 years. The study in-
cluded patients with suprasellar masses who had been
subsequently experiencing visual symptoms and visual
field defects, which was confirmed by clinical examin-
ation and previous investigations. The research started
on October 2018 and all patients signed an informed
consent. Subjects refused to participate in the research
and subject with contraindication to MRI as having
pacemaker, aneurysm clips, joint replacement or any
other electronic or magnetically activated implants, as
well as claustrophobic subjects were excluded. All partic-
ipants underwent careful history taking in the form of
history visual disturbances as blurring of vision, history
of systemic diseases, and present history of current ill-
ness. Previous investigations and visual field assessment
were also considered.

The images are interpreted by two neuroradiologists
who have medical doctorate degree and are experienced
in neuroimaging for more than 10 years duration with
100% agreement inbetween. Statistical analysis of the
present study was conducted using the mean, standard
deviation, and chi-square test by SPSS V.22.
This study was performed using 1.5 T MRI scanner

(GE) and Toshiba Medical Systems with no specific prep-
aration of the patients was needed. The following MRI
pulse sequences were included: 1-multiplanar T1-
weighted fast spin-echo sequence (T1WFSE) coronal and
sagittal coronal T1WFSE: TR = 578m/s, TE = 9.6 m/s,
field of view = 250mm, acquisition matrix = 95 × 120,
slices = 12, scan time = 2:35min, slice thickness = 2.8
mm, and interslice gap = 0.3mm. Sagittal T1WFSE: TR =
723m/s, TE = 8.3m/s, field of view = 250mm, acquisition
matrix = 95 × 120, slices = 11, scan time = 3:35min, slice
thickness = 3mm, and interslice gap = 0.3 mm. 2-
multiplanar T2-weighted fast spin-echo sequence
(T2WFSE) coronal with thin cuts: TR = 3116m/s, TE =
100m/s, field of view = 250mm, acquisition matrix = 95
× 120, slices = 12, scan time = 1:59min, slice thickness =
2.8 mm, and interslice gap = 0.3mm.
In all control group subjects, the standard MRI protocol

was carried out. The DTI acquisition was performed in all
subjects after anatomical imaging in the coronal plane
covering the sella turcica with the following parameters:
TR = 2000ms, TE = 68ms, FOV = 220 × 220 mm, acqui-
sition matrix = 200 × 200, slices = 10, scan time = 6:26
min, and slice thickness = 3mm without gap.
The DTI protocol was performed with b = 0 and b =

1000 s/mm2 in 12 motions probing gradient directions.
ROIs were set at the optic chiasma on two subsequent
slices and the anterior and posterior optic tracts on each
slice. In cases group of patients with suprasellar mass le-
sions compressing the optic chiasma, ROIs were set on
the optic chiasma at the site of compression. Fractional
anisotropy (FA), axial diffusivity (AD), radial diffusivity
(RD), and apparent diffusion coefficient (ADC) values
were calculated for each ROI.

Results
The study included 25 patients (17 females and 8 males)
and an age and sex matched control group. In both
groups, the minimum age was 23 years and maximum
age was 45 years. Based on visual assessment of the con-
ventional T1WI and T2WI sequences, there was no sig-
nificant signal intensity change of the compressed part
of the optic pathway (Figs. 1 and 2).
According to the statistical analysis, the mean value of

the age was 34.96 years, standard deviation was 6.94, and
the p value of age was 0.284 (Table 1). The AD value of
the optic chiasm of the cases group (n = 24) was
1.91 μm2/ms ranging from 1.1 to 2.8 (Figs. 1, 2, and 3).
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The AD value of the optic chiasm of the control group
(n = 26) was 2.52 μm2/ms ranging from 2 to 2.8 (Fig. 4 )
(Table 2).
The RD value of the optic chiasm of the cases group

(n = 24) was 1.11 μm2/ms ranging from 0.6 to1.55 (Figs.
1, 2, and 3). The RD value of the optic chiasm of the
control group (n = 26) was 0.95 μm2/ms ranging from
0.6 to1.44 (Fig. 4 ) (Table 3).
The FA value of optic chiasm of the cases group (n =

24) was 0.31 ranging from 0.25 to 0.44 (Figs. 1, 2, and 3).
The FA value of the optic chiasm of the control group

(n = 26) was 0.22 ranging from 0.15 to 0.27 (Fig. 4)
(Table 4).
The ADC value of the optic chiasm of the cases group

(n = 24) was 1.65 μm2/ms ranging from 1.22 to 1.99
(Figs. 1, 2, and 3). The ADC value of the optic chiasm of
the control group (n = 26) was 2.10 μm2/ms ranging
from 1.26 to 2.51 (Fig. 4) (Table 5).
A comparison between the studied groups according

to AD, RD, FA, ADC, values of anterior optic tracts
showed that there is no significant difference in the DTI
parameters (Table 6). A comparison between the studied

Fig. 1 A case of 37-year-old male patient presented with headache and visual disorder. MRI of the sella coronal T1 (a) and sagittal T1 (b), coronal
T2 (c), and DTI of the optic pathway were done and ROI delineation on DTI maps. Color ROI are drawn on anterior optic tracts (d), the optic
chiasm (e), and the posterior optic tracts (f) showing enhancing sellar soft tissue mass measuring 1.2 × 1.1 × 1.1 mm at three dimensions with
right para sellar extension where it extends within the right cavernous sinus encasing right internal carotid artery and DTI examination shows the
following: FA = 0.321, 0, 308, 0.311; ADC = 1.50, 1.52, 1.57 μm2/ms; AD =2.3, 2.44, 2.4 μm2/ms; and RD = 1.1, 1.55, 1.2 μm2/ms of the anterior optic
tracts, the optic chiasm, and the posterior optic tracts respectively. The increased value of FA and decreased values of ADC, AD, and RD more at
the anterior optic tracts denoting compression more at the anterior optic tracts
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groups according to AD, RD, FA, ADC, values of poster-
ior optic tracts showed that there is no significant differ-
ence in the DTI parameters (Table 7).
A correlation analysis between DTI parameters and

visual field disorder confirmed that the optic chiasm of
patients with visual field disorder showed significant
lower AD and ADC values and higher FA value than
those without the disorder while RD showed no signifi-
cant difference (Table 8).
The results showed that in cases with suprasellar

masses, there was significantly lower mean AD and ADC
values and higher mean FA value than control group
with no masses.

Discussion
DTI is a new MRI technology which may give data on
the compressed tissue’s microstructural properties. This
study assessed if DTI can accurately evaluate optic path-
way in patients with suprasellar masses. DTI is based on
the anisotropic properties of water molecule motion in
white matter fiber. The motion of water molecules with
the axis of the fiber is relatively free, while it is more
limited if it is perpendicular to it. Accordingly, this tech-
nique can track the fibers on a pixel by pixel base and
can measure the anisotropic properties by parameters as
fraction anisotropy (FA). DTI is a non-invasive tech-
nique that detects structural changes. Although there is
plethora of reports on DTI in brain disorders, there are
only few studies which detect changes in white matter
structure. Barker’s group (Wieshmann [4] and Eriksson
[5]) was the first to find that DTI may detect precisely
displacements in the white matter fibers and found that
the compression of white matter fibers leads to increase
in anisotropy.
Another study by Witwer et al. used directionally

color-coded maps or directionally encoded color (DEC)
mapping of DTI to track white matter displacement.

Fig. 2 A 45-year-old male patient presented with headache and visual disorder. MRI of the sella coronal T1 (a), sagittal T1 (b), coronal T2 (c), and
DTI of the optic pathway were done and ROI delineation on DTI maps. Color ROI are drawn on anterior optic tracts (d), the optic chiasm (e), and
the posterior optic tracts (f) showing enhancing sellar soft tissue mass measuring 24 × 26 mm with compression on the optic chiasm and DTI
examination shows the following: FA =0.311, 0,443, 0.303; ADC = 1.6, 1.33, 1.7μm2/ms; AD = 2.2, 2.3, 2.4μm2/ms; RD = 1.2, 1.4, 1.1μm2/ms of the
anterior optic tracts, the optic chiasm, and the posterior optic tracts respectively. There are increased value of FA and decreased values of ADC,
AD, and RD

Table 1 Distribution of the studied cases according to the age
(n = 25)

Age Cases

Range 23–45

Mean ± SD 34.96 ± 6.94

t test 1.084

p value 0.284
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Also, Assaf et al. [6] have found that DTI parameters
can help tracking white matter displacement in 2D
DEC-FA maps.
Compression by a mass causes structural changes as

loss of the myelin sheath, axonal degeneration, cell or
neuronal degeneration, and gliosis. White matter com-
pression by a tumor leads to increase in FA values, and
another cause of the DTI measures change may be the
edema like changes which leads to distension of
Virchow-Robin spaces adjacent to the optic tract [6].
Group of reports studied the MRI findings of the optic

pathways in multiple diseases. Tokumaru et al. [7] found
that hyperintense signal of the optic chiasma due to the
pituitary macroadenoma was associated with visual acu-
ity impairment.
The change of the DTI measures of optic pathway,

due to compression by masses lesions, may be a good
prognostic factor of the visual function. DTI measures as
the FA, AD, and RD may show structural criteria as the
degree of myelination and axonal density. These mea-
sures give data about the white matter microstructure
that cannot be evaluated by conventional MRI. Anik

et al. [8] reported that if after endoscopic pituitary sur-
gery, the mean FA value is reduced and the mean diffu-
sivity value is elevated of the optic pathway, it is an
indicator of there is no improvement.
This study hypothesized that the suprasellar masses

compressing the optic pathway cause changes in the
DTI parameters values. The studied patients revealed
that, on using DTI, when compared values in cases with
suprasellar masses and control cases without masses, sig-
nificant changes were found in the FA, AD, and ADC
values. The FA values of the optic chiasma in cases
group with mass compression increased compared to
the control group. The AD and ADC values of the optic
chiasma in cases group with suprasellar mass signifi-
cantly decreased compared to the control group, and
this study was in accordance to Yamada et al. In their
study, optic chiasma of cases with compressive suprasel-
lar masses showed significantly decrease in mean AD,
ADC, and RD values compared to mean values of pa-
tients with no masses [9].
Yamada et al. [9] found in a study performed on 24

consecutive cases with intra or parasellar masses; they

Fig. 3 A case of 29-year-old female patient presented with headache and amenorrhea. MRI of the sella coronal T1 (a) and sagittal T1 (b), coronal
T2 (c), and DTI of the optic pathway were done and ROI delineation on DTI maps. Color ROI are drawn on d anterior optic tracts, e the optic
chiasm, and f the posterior optic tracts showing non-enhancing focal lesion in the right side of the pituitary gland measuring 9 × 6 mm in diameter
and DTI examination shows the following: FA =0.272, 0, 202, 0.204; ADC = 1.95, 1.97, 1.9 μm2/ms; AD = 2.2, 2.3, 2.2μm2/ms; and RD = 1.1, 0.9, 1.1
μm2/ms of the anterior optic tracts, the optic chiasm, and the posterior optic tracts respectively
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Fig. 4 A control case of 21-year-old female patient presented with headache showing normal MRI study of sella. MRI of the sella coronal T1 (a)
and sagittal T1 (b), coronal T2 (c), and DTI of the optic pathway were done and ROI delineation on DTI maps. Color ROI are drawn on anterior
optic tracts (d), the optic chiasm (e), and the posterior optic tracts (f) showing that the pituitary gland is contained within the sella with concave
upper border. No evidence of pituitary focal lesions and normal appearance of suprasellar cistern. DTI examination shows the following: FA =
0.089, 0.26, 0.192; ADC = 2.89, 2.03, 1.98μm2/ms; AD = 2.4, 2.5, 2.6 μm2/ms; and RD = 1.6, 1.4, 1.8 μm2/ms of the anterior optic tracts, the optic
chiasm, and the posterior optic tracts respectively

Table 2 Comparison between studied groups according to AD
value of optic chiasm (n = 50)

AD Cases Control

Range 1.1–2.8 2–2.8

Mean ± SD 1.91 ± 0.52 2.52 ± 0.20

t test 31.589

p value 0.001*

The results are statistically significant at p value < 0.05

Table 3 Comparison between studied groups according to RD
value of optic chiasm (n = 50)

RD Cases Control

Range 0.6–1.55 0.6–1.46

Mean ± SD 1.11 ± 0.33 0.97 ± 0.32

t test 2.881

p value 0.098
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performed diffusion tensor magnetic resonance imaging
of optic pathway for all the patients. They revealed that
AD and RD values showed significant changes in cases
with masses than those of patients without masses com-
pression. Optic chiasma of cases with visual field defect
showed significant decrease in AD and RD values more
than patients without the visual field defect.
Schonberg et al. [10] were studying the characters of

the displaced white matter by brain masses and evalu-
ated the different diffusion tensor measures. They found
that the RD decreased, while the AD increased, and that
lead to an increase in the FA with no significant differ-
ence in the ADC. The mechanism of these changes is
the increase in the fiber density and tension, and another
mechanism might be increasing in the homogeneity of
the fibers by a tighter alignment of the fibers within the
fiber bundle.
This study was in accordance to Schonberg et al. [10]

in the compressive mass effect on the optic chiasm re-
vealed significant increase in FA value, but this study
disagreed with them as it detected that on compression
of optic chiasma, there were significant decrease in the
AD and ADC values.
Singman et al. [11] were studying the indirect trau-

matic effect of optic neuropathy. The affected optic
pathway revealed that mean FA value progressively de-
creased, and mean RD value progressively increased.
The DTI parameters of the control cases without

suprasellar mass compressing the optic pathway revealed
lower FA and higher AD, RD, and ADC values in com-
parison with other studies. There are a lot of factors
explaining these differences as the partial volume effect
of the surrounding CSF, the manual setting of ROIs

position, signal to noise ratio, imaging orientations,
spatial resolution, and CSF and fat suppression ratio [9].
In terms of the correlation between clinical, visual field

assessment, and radiological findings, this study con-
firmed that there are significant changes in the DTI pa-
rameters in patients with visual field disorder, which
makes DTI a crucial and essential tool in the evaluation
of patients with suprasellar masses. DTI will provide the
clinicians with accurate numbers that reveal to which
degree the optic pathway is affected. For this reason,
DTI is highly recommended when performing MRI for
suprasellar masses.
Regarding our present study limitations, there are two

limitations. The first one, and the main drawback in DTI
analysis, is the length of the acquisition time as the dur-
ation of the examination is 6 min 26 s, and the second
one is related to the ROIs’ size, which were small and
may have included contamination from the surrounding
structures.

Conclusion
In conclusion, this study found that the DTI is a useful
technique in the assessment of optic chiasm compres-
sion degree in patients with suprasellar masses by

Table 4 Comparison between studied groups according to FA
value of optic chiasm (n = 50)

FA Cases Control

Range 0.25–0.44 0.16–0.28

Mean ± SD 0.31 ± 0.06 0.22 ± 0.04

t test 50.711

p value 0.001*

The results are statistically significant at p value < 0.05

Table 5 Comparison between studied groups according to
ADC value of optic chiasm (n = 50)

ADC Cases Control

Range 1.22–1.99 1.27–2.51

Mean ± SD 1.65 ± 0.31 2.11 ± 0.35

t test 23.831

p value 0.003*

The results are statistically significant at p value < 0.05

Table 6 A comparison between the DTI parameters (AD, RD,
FA, ADC) of anterior optic tracts

Anterior optic tracts Range Mean ± S.D t test p value

AD Cases 1.8–2.5 2.25 ± 0.19 3.164 0.082

Control 1.9–2.6 2.34 ± 0.16

RD Cases 0.6–1.2 0.99 ± 0.19 0.212 0.647

Control 0.6–1.6 0.96 ± 0.26

FA Cases 0.2–0.32 0.24 ± 0.04 1.309 0.258

Control 0.13–0.3 0.22 ± 0.06

ADC Cases 1.5–2.3 1.94 ± 0.22 0.634 0.430

Control 1.63–2.89 2.01 ± 0.33

Table 7 A comparison between the DTI parameters (AD, RD,
FA, ADC) of posterior optic tracts

Posterior optic tracts Range Mean ± S.D t test p value

AD Cases 1.3–2.5 2.20 ± 0.32 3.441 0.070

Control 1.62–2.9 2.38 ± 0.38

RD Cases 0.6–1.2 0.96 ± 0.21 2.197 0.145

Control 0.7–1.8 1.07 ± 0.32

FA Cases 0.19–0.31 0.24 ± 0.04 0.459 0.501

Control 0.15–0.3 0.23 ± 0.05

ADC Cases 1.57–2.5 2.11 ± 0.32 1.392 0.244

Control 1.71–3.02 2.23 ± 0.38
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detection of changes in different DTI parameters in
comparison to control patients. This will provide the cli-
nicians and surgeons with precise information about the
degree of the visual field compromise in correlation with
the clinical data.
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