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MR Imaging Study of Edema-like Change along
the Optic Tract in Patients with Pituitary

Region Tumors

Naokatsu Saeki, Yoshio Uchino, Hisayuki Murai, Motoo Kubota, Kouichi Isobe, Takashi Uno,
Kenro Sunami, and Akira Yamaura

BACKGROUND AND PURPOSE: Edema-like change along the optic tract commonly occurs
in association with craniopharyngiomas. The aim of this study was to clarify whether it occurs
in association with other common pituitary region tumors and to elucidate its mechanism as
seen on MR images.

METHODS: Fifty patients with pituitary region tumors that were touching or compressing
the optic pathway underwent heavily T2-weighted MR imaging before and after treatment.

RESULTS: Edema-like change along the optic tract was visible on the images of four of 25
pituitary adenomas, eight of 11 craniopharyngiomas, one germ cell tumor, and one malignant
lymphoma and was not visible on the images of seven meningiomas and five Rathke’s cleft cysts.
After therapeutic decompression of the optic pathway, the edema-like change disappeared and
large Virchow-Robin spaces, present under normal conditions, became visible along the optic
tract. Comparison of pre- and post-treatment coronal and axial view MR images revealed that
the edema-like change had been located at, along, and/or around the large Virchow-Robin
spaces along the optic tract.

CONCLUSION: Edema-like change occurs in association with pituitary region tumors other
than craniopharyngiomas. It is related with distension of normally present large Virchow-Robin
spaces adjacent to the optic tract. Because Virchow-Robin spaces are speculated to be a
drainage route of interstitial fluid into the subarachnoid space, their distension may be related
to the fluid retention in and along the Virchow-Robin spaces, the outlet of which into the subpial
and/or subarachnoid space(s) is blocked by pituitary region tumors.

Because craniopharyngiomas are often associated
with edema-like change in the adjacent brain paren-
chyma along the optic tract, such an MR imaging
finding has been considered to be useful in the diag-
nosis of craniopharyngiomas (1–3). Accordingly, the
mechanism of edema-like change was speculated to
be regional inflammation due to microscopic leakage
of the cyst contents, which is known to cause chemical
meningitis, and the evocation of adjacent edema (1,
2). However, case reports of parasellar meningioma
and metastases have been published with a similar
edema-like change occurring along the optic pathway
(4, 5). Therefore, this unique phenomenon is consid-

ered to be common in association with but nonspe-
cific to craniopharyngiomas (5, 6). Reconsideration
regarding how often it occurs in association with com-
mon pituitary region tumors and further studies of its
mechanism are necessary.

Heavily T2-weighted images have been known to
detail fine structures in and around the CSF space (7)
and are considered to be sensitive in determining
locations and distributions of brain edema. In this
study, heavily T2-weighted MR imaging was per-
formed of patients with sellar or parasellar tumors to
clarify whether edema-like change occurs along the
optic tract in association with common pituitary re-
gion tumors and to clarify its mechanism.

Methods

Patients
This study included 50 patients with pituitary region tumors

that were treated at Chiba University Hospital and its affiliated
hospital during a period of 2 years. Tumors included 25 pitu-
itary adenomas, 11 craniopharyngiomas, seven parasellar me-
ningiomas, five Rathke’s cleft cysts, one germ cell tumor, and
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one malignant lymphoma (Table 1). All the tumors were
observed to be touching or compressing the optic pathways.
Visual signs (visual field defect and/or decreased visual acu-
ity), which were confirmed by Goldman’s perimetry, were
positive in 41 patients. Of the nine patients without visual
signs, four had functioning adenomas, one had a nonfunc-
tioning adenoma, three had craniopharyngiomas, and one
had a germ cell tumor. All patients underwent surgical
procedures, and histologic evidence was obtained to prove
each diagnosis. Informed consent was obtained from all
patients, and the protocol for this study was approved by our
institutional review boards.

MR Imaging

All patients underwent pre- and postoperative T1- and
heavily T2-weighted MR imaging in three planes. The post-
treatment MR imaging was performed 2 weeks to 4 months
after treatment. T1-weighted MR imaging was performed with
a 1.5-T MR imaging unit (Signa; GE Medical Systems, Mil-
waukee, WI). A standard head coil with a receive-transmit
birdcage design was used. T1-weighted fast spin-echo imaging
was performed before and after the IV administration of 10 mL
of gadopentetate dimeglumine (Magnevist; Japan-Schering,
Osaka, Japan). Imaging parameters for the T1-weighted im-
ages were as follows: 500/9 (TR/TE); field of view, 16 � 16 cm;
matrix, 256 � 224; section thickness, 3 mm; section gap, 0.5
mm; number of signals acquired, two.

Heavily T2-weighted MR imaging was performed with a
1.5-T superconducting magnet (Philips Gyroscan ACS-NT;
Philips, Best, The Netherlands) and a standard head coil. A
heavily T2-weighted turbo spin-echo sequence was obtained to

display images with the following parameters: 5800/200 (TR/
TE); field of view, 20 � 20 cm; matrix, 256 � 224; section
thickness, 3 mm; section gap, 0.5 mm; number of signals ac-
quired, four.

All MR images were studied by three physicians (N.S.,
Y.U., T.U.). Determination of the pre- and postoperative
presence or absence of edema-like change was evaluated,
and the final decision was made by consensus. Edema-like
change was considered to be present when high signal in-
tensity along the optic tract was visible in one or more
sections along the optic tract in axial and coronal planes on
heavily T2-weighted images.

Statistics

Welch’s t test and Fisher’s exact probability were used for
statistical analysis of the relations of the edema-like change to
both tumor size and visual signs. Numerical value was ex-
pressed as means � SD.

Results

Clinical data regarding the patients are summa-
rized in Table 1.

MR Imaging Study before Treatment
Edema-like intensity along the optic tract was

shown on the images of eight of 11 craniopharyngio-
mas, four of 25 pituitary adenomas, one mixed germ

FIG 1. Images from the case of a 59-year-old man with a giant pituitary adenoma.
A, Midsagittal contrast-enhanced T1-weighted MR image obtained before treatment. A huge tumor (arrowhead) is visible in and on

the sella turcica.
B, Axial heavily T2-weighted MR image obtained one section above the level of the optic tract before treatment. Tumor (arrowhead)

is visible in the third ventricle. Edema-like changes are visible bilaterally and are more prominent on the left side of the brain (right side
of the figure) (large arrows). Large Virchow-Robin spaces related to anterior perforated substance are also visible (small arrows).

C, Coronal heavily T2-weighted MR image obtained before treatment. Large Virchow-Robin space (large arrow) is located on the right
optic tract (small arrow). Medium sized arrow and arrowhead indicate the edema-like change on the left side and the tumor, respectively.

TABLE 1: Clinical profiles of 50 pituitary tumors

Histology No. of Patients Sex (M:F) Age (yr)
Edema-like Change Shown

by MR Imaging (�:�)
Tumor Size (Height)

(mm)
Visual Sign

(�:�)

Pituitary adenoma 25 11:14 23–73 4:21 21–52 20:5
Craniopharyngioma 11 5:6 12–68 8:3 22–39 8:3
Meningioma 7 1:6 31–72 0:7 19–58 7:0
Rathke’s cleft cyst 5 3:2 34–63 0:5 19–27 5:0
Germ cell tumor 1 1:0 11 1:0 34 0:1
Malignant lymphoma 1 1:0 62 1:0 29 1:0
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cell tumor, and one malignant lymphoma (Table 1,
Figs 1-4). No images of meningiomas or Rathke’s
cleft cysts showed edema-like change. When edema-
like change was present, axial planes showed the
change spreading posteriorly along the optic tract and
surrounding brain parenchyma. In coronal planes,
when the edema-like change was slight or minimal in
its degree, it was located on the optic tract where a
normally present large Virchow-Robin space was
seen (Fig 1). The optic tract was usually difficult to
differentiate from the edema-like change, because it
became high signaled (Figs 1–4). A curved-linear
high signal intensity, which seemed to be a dilated
linear Virchow-Robin space, originated from the ede-
ma-like change (Fig 2). The edema-like change

spread as far as the internal capsule and the basal
ganglia in a case of malignant lymphoma (Fig 4).

Relation of Edema-like Change to Tumor Size or
Visual Signs in Cases of Pituitary Adenomas and

Craniopharyngiomas
In association with pituitary adenomas, edema-

like change was present in four cases (three cases
with and one case without visual signs), with tumor
height of 35.5 mm � 14.2. Twenty-one cases with-
out edema-like change (17 cases with and four
cases without visual signs), revealed a height of 28.9
mm � 6.2. In pituitary adenomas, edema-like

FIG 2. Images from the case of a 33-
year-old woman with craniopharyngioma.

A, Axial contrast-enhanced T1-weighted
MR image obtained before treatment. Ar-
row and arrowhead indicate edema-like
change and tumor, respectively.

B, Coronal contrast-enhanced T1-
weighted MR image obtained before
treatment. High and low signal mass (ar-
rowhead) is visible at the suprasellar cis-
tern. Low signal edema-like change (ar-
row) is noted along the left optic tract.

C, Axial heavily T2-weighted MR image
obtained before treatment. Arrows indi-
cate edema-like change.

D, Coronal heavily T2-weighted MR im-
age obtained before treatment. Edema-
like changes (large arrows) are visible bi-
laterally along the optic tract and are more
prominent on the left side of the brain
(right side of the figure). Optic tracts are
difficult to differentiate from edema-like
changes. On the right side, a curvilinear
high signal intensity (small arrow), originat-
ing from the edema-like change, is visible.

E, Axial heavily T2-weighted MR image
obtained one section above the level of
the optic tract 3 months after surgery (at
level similar to that shown in C). Edema-
like change has disappeared on the right
side of the brain. Large Virchow-Robin
spaces (arrow, right side of brain), which
are present under normal conditions, are
visible on the same side. Edema-like
change (arrow, left side of brain) seems to
remain on the left side.

F, Coronal heavily T2-weighted MR im-
age obtained 3 months after surgery (at
level similar to that shown in D). Large
Virchow-Robin space (large arrow, right
side of brain) is visible on the right optic
tract (small arrow). Edema-like change
(large arrow, left side of brain) remains on
the left side.
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change was unrelated to tumor size and presence or
absence of visual signs (height, P � .42, Welch’s t
test; visual signs, P � .83, Fisher’s exact probabil-
ity) (Table 1).

In association with craniopharyngiomas, edema-
like change was present in eight cases (seven cases
with and one case without visual signs), with tumor
height of 32.8 mm � 5.2. Three cases without edema-
like change (one case with and two cases without
visual signs) revealed a height of 29 mm � 7. In
association with craniopharyngiomas, as well as
pituitary adenomas, edema-like change was inde-
pendent of tumor height and presence or absence
of visual signs (height, P � .45, Welch’s t test; visual
signs, P � .15, Fisher’s exact probability). In asso-
ciation with both tumors, the edema-like change

was independent of tumor size as well as presence
or absence of visual signs.

After Treatment
After surgery, chemotherapy, and/or radiation, the

tumor disappeared or shrank remarkably and was
detached from the optic pathway and/or the third
ventricle floor. MR images after such successful treat-
ment evidenced the disappearance or decrease of the
edema-like change, showing its capability to undergo
a reversible process (Figs 2 and 3). After disappear-
ance or decrease of the edema-like change along the
optic tract, normally present large Virchow-Robin
spaces became visible in the area at which the edema-
like change had been present (Figs 2 and 3).

FIG 3. Images from the case of an 11-
year-old boy with a germ cell tumor.

A, Axial contrast-enhanced T1-
weighted MR image obtained before
treatment. Edema-like change along the
optic tract is visible bilaterally (arrows).
Arrowhead indicates slightly hyperintense
mass.

B, Coronal contrast-enhanced T1-
weighted MR image obtained before
treatment. Round and almost high signal
mass (arrowhead) is visible at the supra-
sellar region. Edema-like change along
the optic tract is visible on the right side of
the brain (left side of the figure) (arrow).

C, Axial heavily T2-weighted MR im-
age obtained before treatment. Large
arrows, small arrows, and arrowhead
indicate edema-like changes, Virchow-
Robin spaces, and tumor, respectively.
Findings concur with those in D.

D, Coronal heavily T2-weighted MR im-
age obtained before treatment. Edema-
like changes (large arrows), more promi-
nent on the right side of the brain (left side
of the figure), are visible along the optic
tracts. Tumor (arrowhead) is visible. Large
Virchow-Robin spaces associated with
anterior perforated substance are visible.

E, Axial heavily T2-weighted MR image
obtained 2 months after treatment (at
level similar to that shown in C). Large
Virchow-Robin spaces associated with
anterior perforated substance (small ar-
rows) are visible.

F, Coronal heavily T2-weighted MR im-
age obtained 2 months after treatment (at
level similar to that shown in D). Edema-
like change has disappeared bilaterally,
although the tumor (arrowhead) remains
in the third ventricle. Normally present
large Virchow-Robin spaces (large ar-
rows) are visible. The optic tracts (small
arrows) are also visible. Large arrows and
arrowhead indicate Virchow-Robin spaces
and tumor, respectively.
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Discussion

Edema-like Change Associated with Sellar and
Parasellar Tumors

Several reports concerning edema-like change
along the optic pathway in association with cranio-
pharyngiomas are presented in the literature (1–3).
In 1998, Nagahata et al (2) reported findings of this
edema-like change along the optic pathway in five
of eight patients with craniopharyngiomas and
none with large pituitary adenomas or tuberculum
sellae meningiomas, thereby revealing its diagnos-
tic significance. On the basis of our study, although
edema-like change was much more common in associ-
ation with craniopharyngiomas, it was not neuroradio-

logically specific to them; heavily T2-weighted MR
images revealed its occurrence in association with pitu-
itary adenomas, a germ cell tumor, and a malignant
lymphoma (4, 5).

MR Imaging Study of the Mechanism of
Edema-like Change

This study revealed that edema-like change oc-
curring along the optic tract is related to distension
of Virchow-Robin spaces as shown by the following
three MR imaging findings. First, after disappear-
ance or decrease of the edema-like intensity after
successful treatment, normally present large Vir-
chow-Robin spaces along the optic tract became

FIG 4. Images from the case of a 62-
year-old man with malignant lymphoma.

A, Axial contrast-enhanced T1-weighted
MR image obtained before treatment.
Thick arrows, thin arrow, and arrowhead
indicate edema-like change, incidentally
found venous angioma, and tumor, re-
spectively.

B, Coronal contrast-enhanced T1-
weighted MR image obtained before
treatment. High and low signal mass (ar-
rowhead) is visible in the third ventricle.
Low signal edema-like changes (arrows)
are noted along the optic tracts. A venous
angioma was incidentally found in the left
anterior basal ganglia, as in A.

C, Axial heavily T2-weighted MR image
obtained before treatment. Tumor (arrow-
head) is visible. Marked edema-like
changes are visible in the hypothalamus
and midbrain and along the optic tracts
(arrows).

D, Coronal heavily T2-weighted MR im-
age obtained before treatment. Tumor
(arrowhead) is visible. Marked edema-like
changes are visible in the hypothalamus
and midbrain and along the optic tracts
(arrows).

E, Axial heavily T2-weighted MR image
obtained before treatment. Edema-like
changes (large arrows) extend as far as
the basal ganglia and the internal capsule.
The venous angioma (small arrow) is vis-
ible in the left anterior basal ganglia.

F, Coronal heavily T2-weighted MR im-
age obtained before treatment. Edema-
like changes (large arrows) extend as far
as the basal ganglia and the internal cap-
sule. Marked edema-like change is visible
in the hypothalamus and midbrain (small
arrow).
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visible in the area at which the edema-like change
had been present. Second, a curvilinear high signal
intensity originating from the edema-like change
seemed to be a physiologically present linear Vir-
chow-Robin space, which became dilated under the
pathologic condition. Third, an almost normal large
Virchow-Robin space and the optic tract were vis-
ible when the edema-like change was minimal.
These MR imaging findings provided evidence of
edema-like formation related to distension of large
Virchow-Robin spaces along the optic tract.

It is well known that the Virchow-Robin space
surrounds each cerebral vessel (8–10). The space is
filled with CSF and was thought to be directly com-
municated with the subarachnoid space (11). How-
ever, it is now considered that the Virchow-Robin
spaces are extensions of the subpial spaces (12, 13)
and that the pia mater separates the Virchow-Robin
space from the subarachnoid space. Anatomically, the
Virchow-Robin spaces communicate with the sub-
arachnoid spaces through holes in the pia mater (11,
14). Physiological studies of the movement of tracers
injected into brain parenchyma in rats and rabbits
have revealed their appearance in Virchow-Robin
spaces and subarachnoid spaces (12, 14). Based on
such anatomic and physiological studies, outward
pathways from extracellular, to Virchow-Robin, to
subpial, to subarachnoid spaces have been proved to
be present (11, 13), and the Virchow-Robin spaces
are considered to be a drainage route of interstitial
fluid into the subarachnoid space (8, 15). Such inter-
stitial fluid sources account for at least 10% of CSF
production in humans (16).

Regarding a mechanism of edema-like change,
based on our MR imaging findings and a review of
literature, it is speculated that the sellar and para-
sellar tumors block the outward pathway of the
Virchow-Robin spaces and the subarachnoid and
subpial spaces at the suprasellar area. The blockage
of the outlet of the Virchow-Robin spaces may
induce distention of the Virchow-Robin spaces and
local interstitial fluid retention. Thus, MR imaging
findings of edema-like change along the optic tract
may be due to interstitial fluid retention and dis-
tended Virchow-Robin spaces in patients with pi-
tuitary region tumors. Thus, the change may be
associated with CSF formation other than by the
choroid plexus and possibly a new pattern of brain
edema (14, 16). Therefore, the clinical application
of this study is expected to be potentially high, and
MR imaging systems with higher magnetic fields
may succeed in showing the detailed pathologic
anatomy of edema-like change.

Clinical Significance
Our study shows that the presence of edema-like

change has little relation to visual signs despite its
occurring at or around the optic tract. This is in
accordance with a previous report of craniopharyngi-
omas (1). Thus, the low symptomatic significance of

edema-like change in cases of common pituitary tu-
mors may be why it remained clinically unrecognized
until the availability of superconductive MR imaging
apparatus capable of depicting fine structures and
sensitive for determining water location. However, it
has been reported that in patients with pituitary me-
tastasis, the appearance of edema-like change along
the optic tract well corresponded to the initiation of
visual complaint (5). Because it also has been re-
ported to evoke vasogenic edema around surrounding
neural tissue (6), anatomic distinction of the edema-
like change from the edema of vasogenic origin seems
to be difficult. Nevertheless, these reports show that
edema-like change is possibly different between cases
of benign tumors and cases of malignant tumors. Its
clinical significance needs to be investigated in the
future.

Conclusion
Edema-like change occurs in association with pitu-

itary region tumors other than craniopharyngiomas. It
is related to distension of normally present large Vir-
chow-Robin spaces adjacent to the optic tract. Be-
cause Virchow-Robin spaces are speculated to be a
drainage route of interstitial fluid, their distension
may be related to the fluid retention in and along the
Virchow-Robin spaces, the outlet of which into the
subarachnoid space is blocked by pituitary region
tumors.
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