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Abstract
Purpose Although contrast-enhanced three-dimensional T2 fluid-attenuated inversion recovery (3D T2-FLAIR) images are
useful for assessing various neuronal diseases, physiological enhancement of the circumventricular organs on the images have
not been investigated.We aimed to assess the physiological appearance of the circumventricular organs on contrast-enhanced 3D
T2-FLAIR images.
Methods We studied 3-TMR images of the brain of 30 individuals with no apparent brain abnormalities. In ten areas of the brain,
the degree of contrast enhancement on 3D T2-FLAIR and magnetization-prepared rapid gradient-echo (MPRAGE) images was
evaluated using a 4-point grading system. The pre- and post-contrast mean contrast ratios (CRs) of the anterior pituitary gland,
median eminence, and pineal gland were compared.
Results On post-contrast 3D T2-FLAIR images, marked enhancement was most frequently scored in the median eminence,
followed by the choroid plexus, posterior pituitary gland, and pineal gland. In 10 of the 30 cases, the vascular organ of the lamina
terminalis and the area postrema were enhanced but the subcommissural organ was not. The difference in the mean pre- and post-
contrast CRs of the median eminence and pineal gland was statistically significant, while that of the anterior pituitary gland was not.
Conclusion On contrast-enhanced 3DT2-FLAIR images, the circumventricular organs show variable enhancement. Our findings
help to recognize physiological and abnormal enhancement of brain structures on contrast-enhanced 3D T2-FLAIR images.
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Introduction

The circumventricular organs (CVOs) are small structures lin-
ing the cavity of the third ventricle (the neurohypophysis,
vascular organ of the lamina terminalis, subfornical organ,
pineal gland, and subcommissural organ) and of the fourth
ventricle (area postrema) [1–3]. The choroid plexus has been
included in the CVOs [2, 4]. In their capillary endothelial
morphology and permeability, they differ from other
parts of the brain. This and the presence of neural elements

in contact with fenestrated capillaries allow the secretion
of brain-derived products into the peripheral circulation
(neurosecretion) and render CVOs the recipients of blood-
born information that can then be transmitted to the brain [1,
3]. These structures are thought to be an important link in the
regulation of metabolic and endocrine functions [1–4].

Clinically, the neurohypophysis and pineal gland of the
CVOs are involved in pathologic conditions such as pituitary
diabetes insipidus, and germ cell and pineal parenchymal tu-
mors. Chordoid gliomas and papillary tumors of the pineal
region are thought to originate in the vascular organ of
the lamina terminalis and the subcommissural organ,
respectively [5, 6]. One of the diagnostic criteria for
disorders of the neuromyelitis optica spectrum has focused
on the area postrema [7].

Contrast-enhanced two-dimensional (2D) or three-
dimensional (3D) T2 fluid-attenuated inversion recovery
(T2-FLAIR) images are useful for evaluating abnormal en-
hancement due to pathologic conditions, especially the
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breakdown of the blood-brain barrier (BBB), and the blood-
meningeal and the blood-nerve barriers in patientswith ischemic
stroke, multiple sclerosis, leptomeningeal diseases, and facial
neuritis [8–12]. Post-contrast pericortical enhancement has been
observed on3DT2-FLAIR images of older individualswith nor-
mal cognition, mild cognitive impairment, and dementia [13].
While contrast-enhanced 3D gradient-echo MR techniques
[e.g. , magnetization-prepared rapid gradient-echo
(MPRAGE)] are widely used to evaluate brain lesions, 3D
T2-FLAIR imaging ismore sensitive to lowgadolinium (Gd)
concentrations, and it more effectively suppresses signals in
the intracranial vessels [10] and cerebrospinal fluid (CSF)
flow artifacts [14, 15].

Several studies have demonstrated normal enhancement of
CVOs on contrast-enhanced 2D T1-weighted images [16, 17].
Normally, existing CVOs could represent a diagnostic pitfall
and be mistaken with inflammatory or neoplastic enhancing
lesions. Enhancement patterns of CVOs on 3D (volumetric)
MR images such as 3D T2-FLAIR or 3D T1-MPRAGE have,
to the best of our knowledge, not yet been studied. After
having observed CVOs in routine contrast-enhanced 3D T2-
FLAIR MRI, we sought to evaluated whether CVOs could
effectively be demonstrated using this MRI sequence and
sought to compare it to 3D T1-MPRAGE sequences.

Materials and methods

Subjects

Our institutional review board approved this retrospective
study; informed patient consent was waived. Our study pop-
ulation included 30 patients (20 women, 10 men, age range
25–86 years, mean age 63.4 years). They were selected from
among consecutive early-stage cancer patients referred for
magnetic resonance (MR) screening for brain metastasis.
Inclusion criteria were normal MR brain findings, availability
of digital MR data including contrast-enhanced 3DT2-FLAIR
and MPRAGE images, and absence of motion artifacts on the
MR images, a history of neurologic disease, head trauma,
chemotherapy, neurosurgery, and apparent neurologic symp-
toms during 12-month follow-up.

MR imaging protocol

All studies were performed using a 3-T MR imaging scanner
(Magentom Trio a Tim; Siemens, Erlangen, Germany) and a
12-channel head coil. Before contrast injection, T1- (TR,
600 ms; TE, 8.5 ms; excitations, 1) and T2-weighted (TR,
3600 ms; TEeff, 96 ms; excitation, 2; echo train length, 7)
imaging and 3D T2-FLAIR sequences with sampling perfec-
tion with application-optimized contrasts by using different
flip angle evolutions (SPACE) were performed. T1- and T2-

weighted images were acquired with a slice thickness of 5 mm.
Immediately after the intravenous injection of gadopentetate
dimeglumine (ProHance, 0.1 mmol/kg body weight; Bracco
Diagnostics, Milan, Italy), T1-weighted, MPRAGE, and 3D
T2-FLAIR images were obtained in this order.

The imaging parameters for 3D T2-FLAIR were TR
6000 ms, TEeff 420 ms, inversion time 2000 ms, echo train
length 142, imaging time 4 min 26 s, field of view (FOV)
230 × 230 mm, matrix 256 × 256, and section thickness
0.9 mm. For MPRAGE, they were TR 1900 ms, TEeff

4.7 ms, inversion time 900 ms, imaging time 4 min 18 s,
FOV 230 × 230 mm, matrix 256 × 256, and section thickness
0.9 mm. To reduce the imaging time, we used sagittal 3D
planes covering the entire brain with each pulse sequence.

Image evaluation

Referring to the anatomic location of the CVOs [1–4], two
neuroradiologists (H.U., T.H.) independently evaluated contrast
enhancement on 3D T2-FLAIR and MPRAGE images in ten
intracranial structures, i.e., the anterior and posterior pituitary
gland, the pituitary stalk, the median eminence, the vascular
organ of the lamina terminalis (organum vasculosum laminae
terminalis (OVLT)), the subfornical organ, the pineal gland, the
subcommissural organ, the area postrema, and the choroid plex-
us (Fig. 1). Although not a CVO, the anterior pituitary gland
was included in their evaluation because it is a well-enhanced
structure very close to the CVOs on conventional MR images.
All images were assessed on a picture archiving and

Fig. 1 Schema of the ten evaluated midline brain structures. The two
radiologists reviewed the anterior (1) and posterior (2) pituitary gland,
the pituitary stalk (3), the median eminence (4), the pineal gland (5), the
vascular organ of the lamina terminalis (organum vasculosum laminae
terminalis (OVLT)) (6), the subfornical organ (7), the subcommissural
organ (8), the area postrema (9), and the choroid plexus (10). All but
the anterior pituitary gland are circumventricular organs
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communication system (PACS) workstation. Pre-contrast T1-
weighted and 3D T2-FLAIR images were simultaneously
reviewed as the reference. For image evaluation of the 3D
MR images, sagittal source and axial and coronal multiplanar
reconstruction images were available. The 3D T2-FLAIR im-
ages were always analyzed in conjunction with the correspond-
ing MPRAGE images. The readers independently graded con-
trast enhancement; final judgments were based on their
consensus.

The structures of interest were assessed with reference
to their anatomical location [1–4]. To evaluate the
subfornical organ, the inferior surface of the cerebral for-
nix at the origin of the right and left columns of the fornix,
located at the meeting point of the lateral ventricles and the
third ventricle, was inspected. For the subcommissural or-
gan, the anterior and inferior surface of the posterior com-
missure, above the opening of the cerebral aqueduct, was
assessed. For the area postrema, the dorsal medulla at the
junction of the fourth ventricle and the central canal of the
spinal cord was inspected. The choroid plexi in the third
and fourth ventricles were identified and assessed. The
readers compared enhancement of each brain structure on
pre- and post-contrast 3D FLAIR images using a 4-point

scale where grade 3 means marked, grade 2 moderate,
grade 1 slight, and grade 0 no enhancement (Figs. 2 and
3). To evaluate the enhancement of each structure on post-
contrast MPRAGE images, they used the same 4-point
scale. As no pre-contrast MPRAGE images were available,
pre-contrast T1-weighted images were the reference for
post-contrast MPRAGE images.

Oneneuroradiologist (T.H.) recorded thecontrast ratio (CR)of
the anterior pituitary gland (CRAPG), median eminence (CRME),
and pineal gland (CRPG) on 3D T2-FLAIR images before and
after contrast administration using the formulae:

CRAPG ¼ SIAPG=SICC
CRME ¼ SIME=SICC
CRPG ¼ SIPB=SICC;

where SIAPG, SIME, SIPG, and SICC are the signal intensity (SI)
inside the region of interest (ROI) of the anterior pituitary gland,
the median eminence, the pineal gland, and the splenium of the
corpus callosum, respectively. A circular ROI was drawn in
each structure. The ROI diameter was 2 mm for the anterior
pituitary gland, 1 mm for the median eminence, 2 mm for the
pineal gland, and 5 mm for the splenium of the corpus

Fig. 2 MR images of a 42-year-old woman. Compared to the pre-contrast
3D T2-FLAIR sagittal image (a), on the post-contrast sagittal image (b),
the median eminence (large arrow) and the upper part of the posterior
pituitary gland (large open arrowhead) are markedly enhanced (grade 3).
The anterior pituitary gland is not enhanced (grade 0). Respectively, slight
(grade 1) and moderate (grade 2) enhancement is observed in the pituitary
stalk and pineal gland (medium arrow). The structure at the inferior sur-
face of the cerebral fornix may be the subfornical organ (small open
arrowhead); however, this is not clear because the structure is contiguous
with the choroid plexus (small arrow). On the post-contrast 3D T2-

FLAIR coronal image (c), the median eminence is also markedly en-
hanced (large arrow). The post-contrast MPRAGE image (d) shows
marked (grade 3) enhancement of the median eminence, pituitary stalk,
and anterior and posterior pituitary gland andmoderate enhancement of the
pineal gland. An area of the lamina terminalis (rightwards double arrow) is
weakly enhanced on the post-contrast (b) compared with the pre-contrast
3D T2-FLAIR sagittal image (a); both observers scored enhancement as
slight (grade 1). The subcommissural organ is not enhanced on either the
post-contrast 3D T2-FLAIR or the MPRAGE image (b, d, gray arrow);
both observers scored enhancement as absent (grade 0)
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callosum. We did not address the other structures because their
solid components were too small for assessment.

Statistical analysis

The level of interobserver agreement with respect to
the degree of contrast enhancement was determined
by calculating the κ coefficient (κ < 0.20 = poor, κ
0.21–0.40 = fair, κ 0.41–0.60 = moderate, κ 0.61–
0.80 = good, κ 0.81–0.90 = very good, κ > 0.90 =
excellent agreement). CRAPG, CRME, and CRPG on
pre- and post-contrast 3D T2-FLAIR images were com-
pared with the paired t test. A two-tailed p value of
0.05 or less was considered significant.

Results

Neither reader was able to identify the subfornical organ as an
isolated structure on post-contrast MPRAGE- and 3D T2-
FLAIR images. In all the 30 subjects, an enhanced structure
at the inferior surface of the cerebral fornix was contiguous
with the choroid plexus (Figs. 2 and 3).

A summary of the qualitative analysis results of the nine
other brain structures on post-contrast MPRAGE and 3D T2-
FLAIR images is presented in Fig. 4a, b, respectively.
Interobserver agreement for contrast enhancement on
MPRAGE and 3D T2-FLAIR images was good to excellent
(κ = 0.78–1.0) (Fig. 4). On MPRAGE images, enhancement
of the anterior and posterior pituitary gland, the pituitary stalk,

Fig. 3 MR images of a 54-year-
old man. Compared to the pre-
contrast 3D T2-FLAIR image (a),
on the post-contrast 3D T2-
FLAIR image (b), the median
eminence (large arrow) is mark-
edly enhanced (grade 3) although
the anterior pituitary gland is not
enhanced (grade 0). The putative
subfornical organ (open arrow-
head) contiguous with the choroid
plexus (small arrow) is visualized.
On the post-contrast 3D T2-
FLAIR image (b), an enhanced
area is seen in the lamina
terminalis (rightwards double ar-
row); both observers judged that
the structure is the organum
vasculosum laminae terminalis
with moderate (grade 2) en-
hancement. These structures are
more clearly seen on the post-
contrast 3D T2-FLAIR than the
post-contrast MPRAGE image
(b, c, double arrow). Compared to
the pre-contrast 3D T2-FLAIR
image (d), on post-contrast 3D
T2-FLAIR sagittal (e) and axial
(f) images (large arrow), the area
postrema is enhanced in the dorsal
medulla near the obex. It is not
clearly visualized on the post-
contrast MPRAGE image (g,
large arrow). Although the vessel
structures are markedly enhanced
on the post-contrast MPRAGE
image (c, g), they are not en-
hanced on the post-contrast 3D
T2-FLAIR image (b, e, f)
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the median eminence, and the choroid plexus was marked
(grade 3) in all the cases; the OVLT and the subcommissural
organ were not enhanced on any of the images (grade 0). In 6
(20%) of the 30 cases, enhancement of the area postrema was
moderate (grade 2) or slight (grade 1).

Among the brain structures evaluated on 3D T2-FLAIR
images, marked enhancement (grade 3) was observed most
often in the median eminence, followed by the choroid plexus
and the posterior pituitary and the pineal glands. In 19 cases
(63%), there was slight to marked focal enhancement (grades
1–3) in the upper part of the posterior pituitary gland.
Enhancement of the pituitary stalk was graded as absent
(grade 0) in 12 (40%), as slight (grade 1) in 17 (57%), and
as moderate (grade 2) in 1 (3%) case. The degree of enhance-
ment of the pineal gland on 3D T2-FLAIR and MPRAGE
images varied. On 3D T2-FLAIR images, the OVLT and
the area postrema were enhanced in 10 of the 30 cases
(33%); enhancement of the anterior pituitary gland was
scored as absent (grade 0) in 25 of 30 (83%) and as
slight (grade 1) in the other 5 cases (Figs. 2, 3, and 4).
The subcommissural organ was not enhanced on post-
contrast 3D T2-FLAIR images.

Quantitative assessment of pre- and post-contrast
values on 3D T2-FLAIR images showed that they were
1.38 ± 0.17 and 1.31 ± 0.19 for CRAPG, 1.15 ± 0.08 and

1.91 ± 0.33 for CRME, and 1.20 ± 0.21 and 1.69 ± 0.27
for CRPG. The difference was statistically significant
(p < 0.0001) only for CRME and CRPG.

Discussion

Our study showed various enhancement of the CVOs on post-
contrast 3D T2-FLAIR images. On the 3D T2-FLAIR images,
enhancement was most frequently observed in the median em-
inence, followed by the choroid plexus and the posterior pitui-
tary and the pineal glands. The subcommissural organ never
showed any contrast enhancement. These results were similar
to those of the previous study using sagittal 2D T1-weighted,
2.5-mm-thick images [17]. Human CVOs are generally formed
by a rich capillary network made up of fenestrated endothelial
cells and are devoid of a BBB [1–4]. Each CVO has character-
istic anatomy and vessel permeability. Neurohormones from
tuberohypophyseal fibers reaching the median eminence from
the hypothalamus are transported to the adenohypophysis
through the hypophyseal portal system [2]. Electron-
microscopic studies of the median eminence revealed many
capillary fenestrations, cytoplasmic vesicles or pits, and wide
pericapillary labyrinths between the parenchymal and capillary
basal laminae, resulting in high permeability [18–22]. In

Fig. 4 Distribution of the
enhancement grade in nine brain
structures on MPRAGE (a) and
3D T2-FLAIR (b) images.
Numbers in parentheses indicate
the κ coefficient for interobserver
agreement with respect to the de-
gree of contrast enhancement.
OVLT organum vasculosum lam-
inae terminalis, SCO
subcommissural organ
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humans, the capillary network of the pineal gland can be divided
into several areas [2]. In its central and dorsal parts,
pinealocytes are assembled in lobules surrounded by a net-
work of large capillaries; capillary loops identical to those
seen in other CVOs originate there and penetrate to the center
of the lobule. The inferior part of the gland is vascularized by
small-caliber capillaries and pinealocytes are arranged diffuse-
ly. Consequently, in the pineal gland, some vessels may lack
the BBB while others may be less permeable [2]. On the other
hand, unlike the other CVOs, the vessels of the
subcommissural organ have no fenestrated walls in humans,
and the BBB is functional [2]. Thus, the permeability differ-
ence of the CVOs must have affected their appearance on
post-contrast 3D T2-FLAIR images.

On 3D T2-FLAIR images, the posterior pituitary gland
often manifested focal enhancement limited to its upper part.
The capillary network of the posterior lobe receives
neurohypothalamic hormones, vasopressin and ocytocin, via
a nerve tract originating in the paraventricular and supraoptic
nuclei; it courses through the median eminence to reach the
blood vessels of the lobe [2]. Thus, the localized enhancement
of the posterior lobe on 3D T2-FLAIR images may reflect the
permeability of the secretory nerve endings.

In one third of our cases, the vascular organ of the lamina
terminalis and the area postrema showed relatively low en-
hancement on 3D T2-FLAIR images. Some neurons in the
former organ are osmoreceptors, being sensitive to the osmot-
ic pressure of the blood, and project to the supraoptic nucleus
and paraventricular nucleus to regulate the activity of
vasopressin-secreting neurons [2]. The latter organ detects
toxins in the blood and acts as a vomit-inducing center [2].
The vascular organ of the lamina terminalis is rudimentary
and the area postrema atrophies with age [23]. A previous
study using sagittal 2D T1-weighted, 2.5-mm-thick images
showed enhancement of the vascular organ of the lamina
terminalis in 34% of cases [17]. This result is equivalent
with that of our 3D FLAIR, 0.9-mm-thick images, al-
though we did not observe enhancement of this structure
on MPRAGE, 0.9-mm-thick images. Others [16, 17] re-
ported enhancement of the area postrema on sagittal 2D
T1-weighted, 2.5- or 3-mm-thick images; its frequency
was reported to be 2% of cases [17]. In our series, such
enhancement was observed in 33% of cases on 3D T2-
FLAIR and in 20% on MPRAGE images.

Although the vascular structure of the subfornical organ is
similar to that of other CVOs [2], it was not clearly identified
as an isolated structure on our contrast-enhanced 3D T2-
FLAIR- and MPRAGE images. In humans, it is identified as
a 1-mm gray nodule on the ventral surface of the fornix at the
foramina of Monro [24]. As capillaries of the subfornical or-
gan are contiguous with those of the choroid plexus [25],
enhancement from the choroid plexus to the subfornical organ
renders identification of this small structure difficult.

The enhanced appearance of the CVOs between the 3DT2-
FLAIR and the MPRAGE images was quite different. We
hypothesize that this is due to the difference of contrast en-
hancement mechanisms in the tissue between the two MR
sequences: both vascular and interstitial (extravascular) space
enhancement on post-contrast MPRAGE images; only inter-
stitial (extravascular) space enhancement on post-contrast 3D
T2-FLAIR images. Compared with MPRAGE sequence,
3D T2-FLAIR sequence more effectively suppresses sig-
nals in the vessels and is more sensitive to low Gd con-
centrations [10]. The characteristics of 3D T2-FLAIR im-
aging contribute to its superiority in the depiction of low
Gd concentrations leaked from the BBB into the intersti-
tial (extravascular) space.

Our qualitative and quantitative evaluations showed that the
anterior pituitary gland was not or only slightly enhanced on 3D
T2-FLAIR images. We hypothesize that the lack of intense en-
hancement of the anterior lobe of the pituitary on 3D T2-FLAIR
images is attributable to T2 shortening due to a high Gd con-
centration. The estimated vascular concentration following the
administration of the conventional dose of Gd is approximately
0.4–0.6 mmol/l [26]. Fukuoka et al. [10] suggested that T2
shortening occur on 3D T2-FLAIR images at Gd concentration
of more than 0.5 mmol/l; this may explain the signal decrease
we observed in the anterior pituitary gland. Alternatively, this
phenomenon may be explicable by the flow in the anterior pi-
tuitary gland. The anterior pituitary gland features a hypophy-
seal portal system comprised of sinusoidal capillaries with 30–
40-μm-diameter openings in the endothelium to allow the pas-
sage of 7.5–25-μm-diameter red and white blood cells and of
various serum proteins. These large openings may induce flow
in the leaked sinusoid spaces. Since 3D T2-FLAIR sequences
are highly flow-sensitive [10], flow in the sinusoid can be ex-
pected to reduce the signal in these spaces. Further studies are
needed to clarify the unexpected phenomenon for the anterior
pituitary gland on post-contrast 3D T2-FLAIR images.

As the CVOs are small structures lining the cavity of the
third and fourth ventricles, they may be misinterpreted as le-
sions when evaluating intracranial tumor dissemination or
granulomatous diseases. One of the diagnostic criteria for dis-
orders of the neuromyelitis optica spectrum has focused on the
area postrema [7]. When assessing them on post-contrast 3D
T2-FLAIR images, the physiological enhancement of the area
postrema might be mistaken as abnormal enhancement asso-
ciated with the disorders. The recognition of physiologic en-
hancement of the CVOs on post-contrast 3D T2-FLAIR im-
ages will lead to accurate diagnosis.

Our study has some limitations. First, we assessed the MR
images of patients with confirmed or suspected early-stage can-
cer. However, as none had neurological symptoms, abnormal
brainMR imaging findings, and apparent neurologic symptoms
in the course of 1-year follow-up, we think that our data reflect
the physiological appearance of the organs on contrast-
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enhanced 3D T2-FLAIR images. Second, we did not random-
ize the order of the two 3D MR sequences. After contrast-
material injection, we obtained T1-weighted, MPRAGE, and
3D T2-FLAIR images in this order, consequently, we cannot
rule out post-injection timing bias. Third, we did not include
pre-contrast MPRAGE images because the acquisition time for
3D MR images is relatively long. Therefore, to assess contrast
enhancement, we used pre-contrast T1-weighted images as the
reference for post-contrast MPRAGE images. Fourth, we did
not evaluate the contrast-enhanced findings of 3D FLAIR se-
quences in other venders. The widely used 3D FLAIR se-
quences are the variable flip angle refocusing pulse, fast
spin-echo sequences with brand names such as SPACE
(sampling perfection with application-optimized contrasts
by using different flip angle evolutions; Siemens,
Erlangen, Germany), VISTA (volume isotropic turbo
spin-echo acquisition; Philips Healthcare, Best, the
Netherlands), and Cube (GE Healthcare, Milwaukee,
WI). Since these 3D FLAIR sequences have similar im-
aging characteristics [27], we think that our results can
be applied to the sequences in other venders.

Conclusion

Post-contrast 3D T2-FLAIR images showed various enhance-
ments in the CVOs. Among the CVOs,marked enhancement on
post-contrast 3DT2-FLAIR images wasmost frequently seen in
the median eminence, followed by the choroid plexus, posterior
pituitary gland, and pineal gland. In one-third cases, the vascular
organ of the lamina terminalis and the area postrema was en-
hanced. Post-contrast 3D T2-FLAIR and 3D T1-MPRAGE
displayed a different sensitivity in detecting enhancing CVOs.
Normally, enhancing structures such as the CVOs may be rou-
tinely observed on MRI studies and should not be mistaken for
enhancing inflammatory or neoplastic lesions.
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