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Adenosine A; Receptor Mapping of the Human
Brain by PET with 8-Dicyclopropylmethyl-
1-11C-Methyl-3-Propylxanthine
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Adenosine is an endogenous modulator of synaptic functions in
the central nervous system. To investigate the physiologic and
pathologic roles of the adenosine receptors in the human brain,
PET is a powerful in vivo technique. In this study, we quantita-
tively evaluated the distribution of a major subtype A, adenosine
receptor in the human brain by PET with a newly developed
radioligand, 8-dicyclopropylmethyl-1-11C-methyl-3-propylxan-
thine (""C-MPDX). Methods: In 5 healthy volunteers, after PET
measurement of the regional cerebral blood flow (rCBF) with
150-H,0, a 60-min PET scan with "C-MPDX was performed.
The distribution volume (DV) of "'C-MPDX was quantitatively
evaluated by Logan's graphical analysis. Results: 1'"C-MPDX
was taken up at a high level, reaching a peak at 2-2.5 min,
followed by a rapid decrease. The unchanged form of *'C-
MPDX in plasma was 75% at 60 min after injection. The DV of
C-MPDX was large in the striatum and thalamus, moderate in
the cerebral cortices and pons, and small in the cerebellum. The
distribution pattern of "C-MPDX in the brain was coincident
with that of adenosine A, receptors in vitro, reported previously,
but discretely different from that of rCBF. Conclusion: 'C-
MPDX PET has the potential for mapping adenosine A, recep-
tors in the human brain.

Key Words: 8-dicyclopropyimethyl-1-11C-methyl-3-propylxan-
thine; adenosine A, receptor; brain; PET

J Nucl Med 2005; 46:32-37

Adenosine Is present in large amounts in the mammalian
brain and plays a role as an endogenous modulator of
synaptic functions in the central nervous system. The effects
are mediated by at least 4 adenosine receptor subtypes: A,
Aga, Agp, and Az, The 2 major subtypes of receptors—A,
and A, receptors—have been investigated well in molecular
biology, pharmacology, and physiology (/-3). The adeno-
sine A, receptors exhibit a high affinity for adenosine and
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inhibit adenylyl cyclase. It is now known that A, receptors
are G protein linked and can act through effectors other
than adenylyl cyclase, including potassium channels, cal-
cium channels, phospholipase A, and C, and guanylyl
cyclase (/).

Previous work has established a role for adenosine in a
diverse array of neural phenomena, which include regula-
tion of sleep and the level of arousal, neuroprotection,
regulation of seizure susceptibility, locomotor effects, anal-
gesia, mediation of the effects of ethanol, and chronic drug
use (4). They are mediated by both adenosine A; and A,,
receptors. Therefore, interaction with adenosine metabolism
is a promising target for therapeutic intervention in ischemic
brain disorders, neurologic and psychiatric diseases such as
epilepsy, sleep, movement (parkinsonism or Huntington’s
disease), or psychiatric disorders (Alzheimer’s disease, de-
pression, schizophrenia, or addiction) (3,5,6).

For the purpose of mapping adenosine A and A, recep-
tors in the brain by PET, we synthesized and characterized
several radioligands (7,8). Recently we performed imaging
of adenosine A; receptors in the human brain by PET
with 8-dicyclopropylmethyl-1-'C-methyl-3-propylxanthine
(MC-MPDX) (Fig. 1) (9) following the developmental stud-
ies with’ animals (7,10-15). Bauer et al. also reported the
mapping of adenosine A, receptors in the human brain by
PET with a xanthine-type analog, 8-cyclopentyl-3-(3-'%F-
fluoropropy!)-1-propylxanthine (!8F-CPFPX) (I/6). In this
study, we quantitatively evaluated the distribution volume
(DV) of ''C-MPDX in the brain of healthy volunteers by a
graphical analysis method.

MATERIALS AND METHODS

The study protocol was approved by the Institutional Ethical
Committee. Five male volunteers (age, 21.6 * 1.5 y old; age
range, 20-24 y old; body weight, 62.4 * 2.3 kg; body weight
range, 59-64 kg) participated in this study, and written informed
consent was obtained from the subjects. All subjects were
healthy according to the history, physical, neurologic, and
‘psychiatric examinations, and MRI study of the brain before the
PET study.
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é3H7 FIGURE 1. Chemical
structure of ""C-MPDX.

Radiosynthesis of !''C-MPDX was performed as previously
described (/0,14). The injection radioactivity dose was 611 + 93
MBq (range, 484—-700 MBgq), and the mass was 15.5 * 6.9 nmol
(range, 9.9-27.5 nmol). The specific radioactivity was 43.4 + 13.4
TBg/mmol (range, 25.5-55.6 TBg/mmol).

PET Measurement

PET measurement was performed with a SET-2400W (Shi-
madzu Co.), which acquires 63 slices having 128 X 128 pixels each
at a transverse resolution of 4.5-mm full width of half maximum
(FWHM) and at an axial resolution of 5.8-mm FWHM. Scanning
took place as the subjects laid supine. A venous catheter was
inserted into a forearm vein of the subjects for tracer injection, and
an arterial catheter was inserted into a distal radial artery under
local anesthesia for sampling arterial blood. After positioning the
subject’s head in the canthomeatal orientation, a transmission scan
was performed with a rotating %8Ga/%¢Ge line source to correct for
the photon attenuation using the attenuation map. Then, 0-H,0
(120-150 MBq) was injected intravenously into the subject for a
period of 10 s, and a PET scan was performed for 120 s in a
3-dimensional static mode. Ten minutes later, after the first scan,
the subject was given "'"C-MPDX for a period of 10 s, and the
second PET scan was performed for 60 min in a 2-dimensional
dynamic mode (105 X 6 frames, 30 s X 3 frames, 60 s X 5 frames,
150 s X 5 frames, and 300 s X 8 frames). The tomographic images
were reconstructed using a filtered backprojection method and
Butterworth filter (cutoff frequency, 1.25 cycle/cm; order, 2). The
data were collected in a 128 X 128 X 31 matrix. The voxel size
was 2 X 2 X 6.25 mm.

Blood Sampling and Metabolite Analysis

Arterial blood was taken at 10, 20, 30, 40, 50, 60 70, 80, 90,
100, 110, 120, 135, and 150 s and at 3, 5, 7, 10, 15, 20, 30, 40, 50,
and 60 min. The whole blood and plasma were measured for
radioactivity with a y-counter and weighed. The time-activity
curves were expressed as becquerels per milliliter or the standard-
ized uptake value (SUV) (grams body weight X Bg/mL tissue/total
injected dose). The unchanged form of 'C-MPDX in the plasma
sampled at 3, 10, 20, 30, 40, and 60 min was analyzed by high-
performance liquid chromatography (HPLC) as described (10).

Kinetic Analysis

PET images were registrated and resliced to MRI with the
Ardekani image registration algorithm (/7) by UNIX workstations
(Silicon Graphics Inc.) using the Dr. View image analysis software
system (Asahi Kasei Joho System). Regions of interest (ROIs)
were placed on the frontal, medial frontal, temporal, medial tem-
poral, parietal, and occipital cortices, striatum, thalamus, cerebel-
lum, and pons based on MRI. The ROI in the frontal cortex had
835 voxels and that in the pons had 87 voxels (1 pixel = 2 X 2 X
6.25 mm). The pixel numbers in other regions were in-between.
The regional cerebral blood flow (rfCBF) was measured by the
autoradiographic method (/8). The binding of 'C-MPDX was

evaluated by a graphical analysis according to the method de-
scribed by Logan et al. (19). Time-activity curves for each ROI of
the brain were calculated as becquerels per milliliter or SUV.
Using the time—activity curves of the brain tissues and the metab-
olite-corrected time-activity curve of plasma, the DV for 'C-
MPDX was evaluated. Equation 1 describes the concept of the
Logan plot in which integrals of the elapsed-time time-activity
curve and the plasma time-activity curve normalized by the
elapsed-time time-activity curve have a linear relationship and its
gradient derives a total DV: -

JoROI()ar'
ROIY)

JoCp(th)de!
ROI()

+ int, Eq. 1

where Cp is activity in plasma, ¢ is elapsed time, and inz is integral.
A Logan plot was applied to every voxel to make a parametric
image on the DV. First, the integrated values were calculated using
trapezoidal integration, and Logan plots were formed with an
integrated plasma time-activity curve. Then, regression lines were
estimated using the plots between 10 and 40 min after !'\C-MPDX
injection. An estimated gradient means total DV, and an image of
the DV can be obtained.

RESULTS

Figure 2 shows the time-activity curves of whole
blood and plasma after injection of "C-MPDX. The
SUVs of blood and plasma decreased rapidly for the first
10 min after injection and then decreased gradually. A
discrepancy between 2 levels was observed on and after
10 min. The level of blood was slightly higher than that
of plasma. Labeled metabolites of !C-MPDX in plasma
were analyzed by HPLC. Three polar metabolites (reten-
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FIGURE 2. Time-activity curves in blood and plasma after

injection of "C-MPDX. Data represent means of 5 subjects.
SUVs of blood and plasma decreased rapidly for first 10 min
after injection. SUV of blood was slightly higher than that of
plasma.
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FIGURE 3. Time-activity curves in each region in brain after
injection of "C-MPDX. Data represent means of 5 subjects.
Uptake of 1"C-MPDX in each region was high, followed by rapid
decrease for first 15 min. SUV was relatively high in striatum and
thalamus and low in cerebellum.
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FIGURE 4.

tion times: 1.8, 3.2, and 4.3 min) were found in addition
to 'C-MPDX (retention time: 6.3 min). The unchanged
form of 'C-MPDX in plasma was 98.5% * 0.64% at 3
min, 88.8% =+ 2.85% at 10 min, 82.8% * 5.38% at 20
min, 82.2% = 8.28% at 30 min, 77.1% * 5.38% at 40
min, and 74.9% = 5.00% at 60 min.

Figure 3 shows the time—activity curves of each brain
region after injection of C-MPDX. ''C-MPDX was taken
at high levels in all regions investigated, and the uptake
reached a peak at 2-2.5 min after injection, followed by a
rapid decrease for the first 15 min. Approximately 6% of the
total injected ''C-MPDX was taken up in the brain at 2-2.5
min. The clearance patterns differed slightly among each
region. The SUV was relatively high in the striatum and
thalamus and low in the cerebellum.

Figure 4 shows the brain MRI and PET parametric im-
ages in a typical case. The distribution pattern of 'C-MPDX
was discretely different from that of rCBF. The binding of
HC-MPDX was very low in the cerebellum and high in the
striatum and thalamus, where the rCBF was relatively
lower.

Table 1 summarizes the DV of !!C-MPDX and rCBF. A
typical Logan plot was shown in Figure 5. The DV was
large in the striatum and thalamus, moderate in 6 cortical
regions and the pons, and small in the cerebellum. The DV
pattern of 'C-MPDX in the brain was different from the
rCBF pattern. The rCBF was low in the temporal and medial
frontal cortices and pons.

DV
(mL/mL)

rCBF

Brain MRI and PET parametric images in typical case. {Top) MRI. (Middle) Distribution image (DV) of "C-MPDX.

(Bottom) rCBF with 150-H,0. DV of '"C-MPDX was low in cerebeilum and high in striatum and thalamus, where rCBF was relatively

lower.

34  Tue JOURNAL OF NUCLEAR MEDICINE ° Vol. 46 ¢ No. 1 = January 2005

-376-



TABLE 1

DV of "C-MPDX and rCBF in Brain Regions
of Young Healthy Subijects

Brain region DV (mb/mL)  rCBF (mi/100 g/min)
Frontal cortex 0.69 = 0.17 599 = 147
Medial frontal cortex 0.70 = 0.19 65.8 = 16.8
Temporal cortex 0.70 £ 019 539+ 114
Medial temporal cortex  0.68 = 0.18 56.3 = 131
Parietal cortex 0.75*+0.18 659 + 18.6
Occipital cortex 0.78 = 0.21 72.4 + 205
Striatum 0.84 + 0.23 71.8 = 23.6
Thalamus 0.81 = 0.21 72.9 + 235
Cerebellum 0.58 = 0.14 72.0 = 23.1
Pons 0.67 + 0.18 60.4 + 15.2

Data represent mean = SD (n = 5).

DISCUSSION

Following the preclinical studies on the mapping of aden-
osine A; receptors in the brain of cats and monkeys by
UC-MPDX PET (/-15), we performed a clinical study on
HC-MPDX PET and demonstrated the potential of !'C-
MPDX as a radioligand for mapping adenosine A; receptors
in the human brain (9). In the present study, we quantita-
tively evaluated the binding of "C-MPDX in the brain of
healthy subjects.

In the literature, the adenosine A, receptors are rich in the
hippocampus, cerebral cortex, thalamic nuclei, and basal
ganglia of the postmortem human brain (16,20,21). In the
cerebral cortex, the adenosine A, receptors were rich in
primary visual cortex layer III in the occipital cortex and
superficial and intermediate layers in the parietal cortex. On
the other hand, the density was relatively low in the frontal,
temporal, and cingulate cortices. In the present PET study,
the binding of ''"C-MPDX evaluated quantitatively as the
DV was relatively higher in the striatum and thalamus
among the brain regions investigated and lower in the

cerebellum. In the cerebral cortex, the DV was relatively
larger in the occipital and parietal cortices and smaller in the
frontal and temporal cortices. The DV pattern of "C-MPDX
in vivo was consistent with that of the A, receptor in vitro
represented in previous reports (20—24), demonstrating that
IIC.MPDX is a suitable radioligand for mapping adenosine
A, receptors.

In the present study, we did not directly certify the
specific binding of 'C-MPDX to the adenosine A, receptors
by blocking studies. However, we previously confirmed the
A, receptor-specific binding of '"C-MPDX in animals.
Coinjection of unlabeled MPDX or Aj-selective KF15372
significantly blocked the brain uptake in mice, rats, and cats
(10-13). In a PET study with cats, the reversible binding of
C-MPDX was clearly demonstrated after treatment with
A, -selective 8-cyclopentyl-1,3-dipropylxanthine (DPCPX)
(I13). In the cat and monkey brains, the regional distribution
pattern of NC-MPDX was similar to that of its analog
BC.KF15372 (13,14), for which the receptor-specific bind-
ing was directly confirmed in the monkey brain (/7). Fur-
thermore, alteration of "C-MPDX binding was observed
using ex vivo autoradiography in the rat brain treated by
monocular enucleation (/2) and was observed using PET in
the cat brain with cerebral ischemic insult (/5). On the basis
of these studies, for the quantitative analysis for 1'C-MPDX
binding in the human brain, we used Logan plot analysis in
the present study because it provides relatively stable results
compared with the results of kinetic analysis using a 2- or
3-compartment model.

The DV of UC-MPDX was relatively smaller in the
medial temporal cortex including the hippocampus. In post-
mortem brain studies, the density of adenosine A, receptor
binding sites was heterogeneous, and the density was high
in the stratum radiatum/pyramidale of CAl but low in the
stratum moleculare of CA1 and the granule cell layer of the
dendate gyrus hilus (20,21). In UC-MPDX PET, the DV
values in these ROIs were assessed as the means of high and

frontal cortex striatum cerebellum
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FIGURE 5. Graphical analysis of ''*C-MPDX in frontal cortex, striatum, and cerebellum using Logan plot in 1 case. (@), Data used

for linear regression analysis. Slopes of fits represent DVs. C = activity in tissue; Cp(f) = activity in plasma; t = elapsed time.
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low densities of the binding sites, which resulted in-the
apparent discrepancy between the in vitro findings and
HUC-MPDX PET in the medial temporal cortex. The partial-
volume effect based on the spatial resolution may be the
other reason why the DV in the medial temporal cortex was
relatively small.

We performed successively 2 PET scans with P0O-H,0
and "C-MPDX in each subject to verify the influence from
rCBF. As shown in Figure 4 and Table 1, the DV pattern
was distinctly different from the rCBF pattern. The DV was
large in the striatum and thalamus and small in the cerebel-
lum showing a high rCBF. Together with the finding that the
DYV pattern was consistent with the in vitro receptor distri-
bution pattern in the described postmortem studies (20,21),
we concluded that the DV calculated by Logan plot analysis
was a stable and sufficient method to estimate the binding of
"C-MPDX to adenosine A, receptors.

As shown in the time—activity curves of whole blood and
plasma (Fig. 2), the radioactivity level in blood was slightly
higher than that of plasma. The finding suggests the pres-
ence of binding sites or an unknown uptake mechanism for
NC-MPDX in blood cells. With regard to the peripheral
metabolism of the tracer, we found that 'C-MPDX was
relatively stable in our human subjects compared with the
metabolism in experimental animals. The unchanged form
of "C-MPDX in human plasma was 75% of the total
radioactivity at 60 min after injection, whereas the corre-
sponding figures were 22%-27% at 30 min in rats (/0),
6.5% at 60 min in cats (/3), and 41% at 60 min in monkeys
(15).

Recently, Bauer et al. also successfully performed imag-
ing of adenosine A, receptors in the human brain by PET
using a similar radioligand, '8F-CPFPX (I6). They also
evaluated the binding of 8F-CPFPX as the DV. The distri-
bution pattern of "C-MPDX was consistent with that of
1BE.CPFPX. However, for the peripheral metabolism, 1C-
MPDX was much more stable than '8F-CPFPX. The un-
changed form of ®F-CPFPX in the plasma decreased rap-
idly <25% after 10 min after injection, whereas the
percentages of unchanged 'C-MPDX in the plasma re-
mained high during the 60-min PET scan: 89% at 10 min
and 75% at 60 min after injection. Although ''C-MPDX
(inhibition constant [K;] = 4.2 nmol/L for the rat forebrain
membrane) (/0) has a slightly lower affinity for A, recep-
tors than F-CPFPX (K; = 1.26 nmol/L for the cloned
human A; receptors) (25), the in vivo stability of !C-
MPDX is the advantage of the continuous input function for
the kinetic analysis. On the other hand, '8F-CPFPX has
practical advantages: !®F provides a slightly better resolu-
tion of the images and its longer half-life of is more suitable
to handle in clinical use compared with ''C-labeled tracers.

Coexpression of and functional interactions between
adenosine A and dopamine D, receptors in the striatum of
rat and rabbit have been reported (26). The similarity in
distribution of these receptors types suggests that such an
interaction might also occur in the human brain. They are

important for cholinergic neurotransmission. Adenosine
plays an important role in sleep, and adenosine receptor
antagonists such as caffeine promote wakefulness and dis-
rupt normal sleep (4,27). Studies on the postmortem human
brain reported a reduced density of adenosine A, receptors
in the hippocampus of patients with Alzheimer’s disease
(28-30). The anticonvulsant effects of adenosine appear to
be mediated primarily by A, receptors (3/,32). Carter et al.
reported that arousal detected by electroencephalography
after caffeine ingestion might be due to increased cholin-
ergic activity (33). Angelatou et al. detected a significant
increase in adenosine A; receptor binding in the neocortex
obtained from patients with temporal lobe epilepsy (34),
whereas Glass et al. found that the adenosine A, receptors
were reduced in epileptic temporal cortex in temporal lobes
removed from patients with complex partial seizures (35).
The 'C-MPDX PET is of great interest in establishing the
diagnosis of patients with somnipathy, epilepsy, Alzhei-
mer’s disease, and other neurologic and psychiatric diseases
and understanding the pathogenesis and treatment effect.

CONCLUSION

NC-MPDX was widely but discretely distributed with
different concentrations in the brain. The binding of ''C-
MPDX was high in the striatum and thalamus, intermediate
in the cerebral cortices, and low in the cerebellum. The
distribution pattern of ''C-MPDX was consistent with that
of adenosine A; receptors in vitro but discretely different
from that of rtCBF. The "C-MPDX PET has the potential
for mapping adenosine A; receptors in the human brain.
HC-MPDX PET is useful for mapping adenosine A, recep-
tors in the human brain.
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Optic Nerve Hyperintensity on T2-Weighted
Images among Patients with Pituitary
Macroadenoma: Correlation with Visual
Impairment

PURPOSE: Visual acuity (VA) disturbance other than field defect is important in evaluating patients with
pituitary macroadenoma. The purpose of this study was to evaluate MR imaging appearances of optic
nerves in patients with pituitary macroadenoma and to ascertain whether visual impairment was
correlated with abnormality in optic nerve signal intensity.

PATIENTS AND METHODS: Twenty-seven patients with pituitary macroadenoma were examined. Optic
nerves were evaluated on T2-weighted images and correlations of signal intensity abnormality with VA
disturbance, visual field disturbance, degree of optic chiasm compression, pathologic findings of
surgical specimen, and disease duration were statistically analyzed. Correlations between recovery of
VA after treatment and the above-mentioned factors were also determined.

RESULTS: Coronal T2-weighted images demonstrated unilateral optic nerve hyperintensity lesions in 9
patients. Bilateral signal intensity abnormality of the optic nerve was seen in b patients. Signal intensity
abnormality of the optic nerve was seen at the site of compression and in the ventral side of the tumor.
These patients did not demonstrate signal intensity abnormality posterior to the tumor. Presence of
such signal intensity abnormalities was correlated with the degree of optic chiasmal compression and
with VA disturbance. Recovery of VA after treatment was correlated with disease duration.

CONCLUSION: Hyperintensity of the optic nerves ventral to the pituitary macroadenoma was associated
with VA impairment. Recovery of VA after treatment was correlated with disease duration. MR imaging of

n some patients with pituitary macroadenoma, visual acuity
(VA) diminishes despite the existence of no field defect
other than bitemporal hemianopia. This clinical information
is very important in patient management; however, no pub-
lished reports have analyzed the relationship between VA dis-
turbance and MR imaging findings of the optic nerves of the
patients with the pituitary macroadenoma. In this study, the
authors used T2-weighted MR imaging to investigate signal
intensity abnormality of the optic nerves and statistically ana-
lyzed the relationship between this and factors including the
degree of optic chiasm compression, disease duration, degree
of VA disturbance, and tumor histopathology.
Hyperintensity of the optic nerves was frequently detected
among patients with diminished VA. Among those with long
disease duration and prolonged signal intensity abnormality,
improvements in VA disturbance tended to be poor, which
suggests the possibility of degeneration of optic nerves caused
not only by compression-induced edema, but also by com-
pression of the arteries, veins, and capillary networks in the
optic chiasm.

Patients and Methods
We reviewed pre- and postoperative MR images from 27 con-
secutive patients with pituitary macroadenoma, 24 of whom were
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the optic nerves can provide valuable information for management of pituitary macroadenoma.

treated surgically at the National Defense Medical College between
April 1999 and November 2003. All MR examinations were per-
formed by using a 1.5T system. We used fast spin-echo sequences
for T2-weighted (3500/110/2) and T1-weighted (500/15/1) im-
ages. Three-millimeter-thick sections were obtained in the coronal
and sagittal planes with a 256 X 512 acquisition matrix. All images
were blindly reviewed by 2 radiologists, focusing on the presence
of abnormal signal intensity in the optic nerves ventral to the
tumor, at the site of compression, and dorsal to the tumor. We also
classified degree of optic chiasm compression into 3 grades as
follows: (—) no compression; (+) compression of less than half of
the optic chiasm; and (+-+) compression with severe thinning.
Signal intensity abnormality of the optic nerve was defined as ab-
normality involving not only the area around the optic nerve, but
also the septum (+). In patients with (-+) or (++) compression,
we also evaluated the location of the tumor in relation to the optic
nerve and optic chiasm. Cephalocaudal diameter of each tumor
was also measured

Visual signs (visual field defect and VA) were evaluated by an
ophthalmologist. Twenty-four patients underwent surgical proce-
dures, and histologic confirmation of the diagnosis was obtained in
each case.

A Mann-Whitney U test was used for statistical analysis of the
relationships between signal intensity abnormality and tumor size,
degree of chiasm compression, histology, VA disturbance, and disease
duration. Correlations between recovery of VA after treatment and
the above-mentioned factors were also ascertained.

Results
Patient clinical data are summarized in Table 1. The results
are shown in Figs 1-4.
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Optic tract hiyperintensity on T2-weighted images among patients with pituitary macroadenoma: correlation with visual impairment

Patient No./
Age {y)/Sex Duration Size (mm} 0C AS VAD VFD Pathology IAT
1/36/M 2 mo 18 - - - +
2/61/M 9y 237 + - + {rt 0.7, It blind} + PA -
3/42/F - 16 mo 26.5 ++ + +(rt 0.02, It 1.5) + PA (corticotro) -
4/38/F 10 mo 14 - - - +
5/40/M 6 mo 35 ++ + +{rt 0.07, It 0.05) + PA (nulf) -
6/55/F 4y 46 ++ + "+ (rt 0.06, It 0.06) + PA {chromophobe) -
7/65/F 2 mo 13 - - - + PA {null)
8/74/M 18 mo 16.4 + + +({rt 0.7, 1t 0.4) + PA (null) -
9/54/F 3mo 27 + + +{rt 0.06, 1t 0.1) + PA {nonfunctioning) +{rt 1.2, 1t08)
10/65/M 2 mo 13 - + + {rt light sense) + Pituitary carcinoma -
11/59/F 14 mo 35 ++ + +{rt 0.3, 1t 0.9) + PA {null) -
12/55/M 3 mo 22 ++ + +({rt 0.5, 1t 0.1) + PA +{rt 1.0, It 1.0}
13/41/F 19 mo 25 ++ + + (hand sense} + PA {null) -
14/37/F 3 mo 16 - - - +
15/70/F 6 mo 18 + + +(rt 0.1, It blind) -
16/27/M 6 mo 15 - + + (finger sense) + PA {chromophobe) +{rt 0.7, 1t 0.9)
17/98/M 26 mo 24 ++ + +(rt 1.5, 1t 0.4) - PA (null) -
18/21/F 8 mo 30 + - - + PA (GH) -
19/50/F 10y 51 ++ + +(rt 0.03, 1t 0.1) + PAFSH-LH) -
20/74/F 1.5 mo 18 - + + {it light sense) - PA {prolactinoma) +(rt 0.8, 1t 0.4)
21/66/F 2 mo 15 - - - - PA {null)
22/63/M 2 mo 23.7 ++ + +(rt 0.1, 1t 0.7) + PA {chromophobe) +{rt 0.7, 1t 0.8)
23/54/F 3 mo 13 - - - - PA
24/56/F 3 mo 20 - - - - PA
25/45/M 2 mo 16 - - - + PA {chromophobe)
26/36/M 2 mo 122 - - - -
27/50/M 3 mo 16 ++ + +(rt 0.9, 1t 0.3) + PA (GH) +({rt 0.9, It 0.7)

Note.—0C indicates optic chiasm compression; AS, abnormal signal in optic nerve; VAD, visual acuity disturbance; VFD, visual field disturbance; IAT, improvement of visual acuity after
treatment; PA, pituitary adenoma; FSH-LH, follicle stimulating hormone-luteinizing hormone; GH, growth hormone.

Coronal T2-weighted images demonstrated unilateral op-
tic nerve hyperintensity lesions in 9 patients. Bilateral signal
intensity abnormality of the optic nerve was seen in 5 patients.
Signal intensity abnormality of optic nerve was seen at the
compression site and at the ventral side of the tumor. No pa-
tients demonstrated signal intensity abnormality posterior to
the tumor.

Signal intensity normalized in 9 of 21 patients after surgery
or other treatment.

Presence of optic nerve hyperintensity lesions was corre-
lated to the degree of optic chiasm compression and to the
presence of diminished VA (P < .01). In all patients with
(++) optic chiasm compression, the optic nerve was com-
pressed beyond 1 cm anterior and posterior to the optic chi-
asm, and tumor location exhibited no significant correlation
to the presence or absence of optic nerve signal intensity ab-
normality; however, no correlation between hyperintensity
and tumor size was demonstrated in this study. Other than in
patients with a tumor size <2 cm, the results suggested the
need to consider type II error. Hence, the relationship to tu-
mor size might be clarified by studying greater numbers of
patients.

After surgery and other forms of treatment, size of the tu-
mor diminished and compression of the optic chiasm re-
solved. Of patients with improved VA, signal intensity abnor-
mality improved in 4 patients but persisted in 5 cases (Fig. 5).
Atrophy of optic nerves was seen on MR imaging in 3 patients
in whom VA abnormalities persisted on ophthalmologic ex-
amination (Fig. 6). In one case with improved VA, although
the degree of compression to the optic chiasm was mild, ste-

roids were administered from an early stage as a result of signal
intensity abnormality in optic nerves on MR imaging and pap-
illary edema, leading to an improvement in VA, Degree of
improvement in VA was significantly correlated with disease
duration but not with any other factors in this study.

Discussion

The literature contains several reports concerning edema-
like change along the optic pathway in association with supra-
sellar tumors such as craniopharyngioma, pituitary adenoma,
and meningioma.'? Hyperintensity in the optic nerve ventral
to pituitary macroadenoma, however, has not been reported.
As far as the management of pituitary macroadenoma is con-
cerned, VA disturbance is an important factor, and, as a result,
related diagnostic imaging findings are also of consequence.”
In the present study, the relationship between optic nerve sig-
nal intensity abnormality, degree of optic chiasm compres-
sion, and the presence of VA disturbance were statistically an-
alyzed. The results suggested that prolonged compression
caused signal intensity abnormality of the optic nerve and VA
disturbance. Consequently, decompression should be per-
formed promptly in patients demonstrating compression of
the optic chiasm or signal intensity abnormality of the optic
nerve.

Signal intensity abnormality persists after decompression,
can lead to atrophy, and is associated with a high frequency of
VA disturbance and thus appears to represent changes that
extend beyond edema. The mechanism by which pituitary
macroadenoma appears to damage the optic nerve and impair
VA is unclear. VA disturbance, however, cannot be explained
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solely in terms of mechanical damage due to compression.
Because the axons for the entire superior visual field course
through the inferior aspect of the optic nerves and chiasm,
compression of these structures from below would be ex-
pected to produce a defect in the entire upper field. Such de-
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20mm<

Fig 2. Correlation between abnormal signal intensity of optic nerve and tumor size.
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Fig 1. Degree of optic chiasmal compression. A, No compression to optic chiasma {~).
B, Compression of less than half of the optic chiasm (+). €, Compression with marked
thinning (+ ).

fects, however, are extremely rare.® As reported by Hoyt, how-
ever, compression disrupts the arterial supply, and long-term
compression of the arteries, veins, and capillary networks in
the optic chiasm leads to stagnant anoxia, thus resulting in a
characteristic bitemporal visual field defect.* Signal intensity
abnormality in the optic nerves was considered to represent
damage by compression and stagnant anoxia at the optic chi-
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- + ++
Degree of optic chiasma compression

Fig 3. Correlation between abnormal signal intensity of optic nerve and optic chiasm
compression.
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Fig 4. Correlation between abnormal signal intensity of optic nerve and improvement after
treatment of VA.



Fig 5. Case 3, a 42-year-old woman whose disease duration was 6 months. Right VA disturbance was recognized [right VA = 0.02; left VA = 1.5). A, Pituitary macrcadenoma merkedly
compressed the optic chiasm especially the right side (white arrows). 8-E, Hyperintensity was recognized in the right optic nerve on T2-weighted image (arrows}. F-H, Hyperintensiy in
the right optic nerve lasted for 2 years after the tumor reduction {arrows).

asm and Wallerian degeneration in the ventral side of the optic
chiasm,

With regard to VA disturbance caused by compression
near the optic chiasm, several studies have reported that this
was caused by optic chiasm compression from the internal
carotid artery,>® but few studies have compared imaging find-
ings.>” The present study on tumor-induced compression
demonstrated a statistically significant correlation between

disease duration and improvement in VA. We also showed
that it is meaningful to be able to visually assess compression
of the optic chiasm and optic nerves and accurately examine
the optic nerves.

In the present study, signal intensity abnormahty did not
advance to the optic pathway posterior to the tumor, even in
patients in whom compression advanced posterior to the optic
chiasm. Moreover, tumor location in relation to the optic chi-
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asm and optic nerves exhibited no correlation to signal inten-
sity abnormality. In craniopharyngioma arising in the supra-
chiasmal region, though, edema has been known to occur in
the optic pathway posterior to a tumor, and, as a result, we
believe that it will be necessary to further investigate the rela-
tionship of signal intensity abnormality to tumor location.

In case 17 (Fig. 6), only signal intensity abnormality of the
perioptic subarachnoid space was initially observed, and, though
VA was not stable, surgery was delayed for various reasons and
optic atrophy eventually developed. In other words, signal inten-
sity abnormality can lead to severe atrophy, which suggests the
importance of performing surgery at an appropriate stage. Be-
cause VA improvement is closely correlated to disease stage, it is
important to recommend expedient decompression.

VA disturbance was marked from the beginning in some
patients despite mild compression. In one such patient (case
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Fig 6. Case 17, a 58-year-old man, whose disease duration from the initial examination to the operation
was 26 months. VA was not stable, though fixed VA disturbance was not recognized on the initial
examination. A, Pituitary adenoma compressed the optic chiasm. 8, Hyperintensiy of the optic nerve
was not shown {arrows) on the initial examination. C, Right-side perioptic subarachnoid space dilated
slightly on the initia! examination {amow). Dand £, Tumar reduction was performed 26 months after the
initial examination. Hyperintensity was shown in the bilateral optic nerve ventral to the optic chiasm {0,
white amows) and bilateral perioptic subarachnoid space dilated markedly (£, white arows), probably
representing atrophic change of the optic nerves.

20), signal intensity abnormality was localized to the left pre-
chiasmatic region and the perioptic subarachnoid space was
enlarged, resulting in symptoms resembling acute optic neu-
ritis. In this patient, pituitary apoplexy was suspected, and
microhemorrhage could have caused chemical inflammation.
Hence, optic nerve degeneration due to long-term compres-
sion was not the sole factor in VA impairment. In other words,
it is necessary to assess etiology in each patient. Furthermore,
in this patient, as a result of imaging findings and papillary
edema, steroids were administered from an early stage, leading
to an improvement in VA. This case emphasized the impor-
tance of carefully analyzing imaging findings.
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le débit, mais sans toutefois exclusion du shunt. Le
positionnement d’un second ballon au niveau de la
zone de shunt n’était pas possible en raison du ris-
que d’exclusion de P'artere vertébrale en amont de la
fistule. L’amélioration de la symptomatologie
clinique est observée mais le scanner cérébral de
contrdle n’a pas été réalisé.

La FAVYV est caractérisée par une communica-
tion anormale entre I’arteére vertébrale ou une de ses
branches et la veine correspondante dans leur por-
tion extra-cranienne [8]. Elle est le plus souvent la
conséquence d’un traumatisme direct accidentel ou
iatrogéne {2]. Moins fréquemment, elle peut &tre
spontanée et survenir dans le cadre d’une pathologie
artérielle pré-existante [1, 4]. Le mécanisme physio-
pathologique de la FAVYV spontanée est mal connu.
Il est démontré que la pression élevée dans l'artere
facilite le passage du sang artériel dans la veine, avec
baisse de la pression artérielle en aval de la fistule,
ainsi qu’un ralentissement circulatoire par rapport
au c6té sain [3], cette spoliation peut &tre responsa-
ble des signes neurologiques déficitaires et d’épilep-
'sie. La fistule entraine une hyperpression veineuse
qui diminue le gradient artério-veineux dans les ter-
ritoires concernés, et donc la pression de perfusion
tissulaire [1]. L’hydrocéphalie observée chez notre

FI1G. 2. - Opacification de 'artére vertébrale gauche. Incidence de profil.
Fistule artério-veineuse vertébrale avec une ectasie veineuse (NB ballonnet
dans le secteur veineux).

F1G. 2. — Left vertebral angiogram, lateral view. Vertebral arteriovenous fis-
tula with venous ectasia. (Note. Balloon in the venous compartment).

patient peut s’expliquer par une hyperpression vei-
neuse génant la résorption du liquide cérébrospinal.
Encore faut-il s’interroger sur le caractére compres-
sif de la fistule en se demandant s’il n’existe pas une
association de facteur favorisant ? L’angiographie,
examen-clé du diagnostic, permet de préciser les
possibilités de traitement. Chez notre patient, bien
que la fermeture de la fistule soit incompléte, une
amélioration de la symptomatologie a été obtenue.
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We describe the case of a 40-year-old woman with
hyperammonemic encephalopathy induced by blue
rubber bled nevus syndrome (brbns).

The patient was admitted to our hospital with
impaired consciousness accompanied by acute
hyperammonemia due to a combination of factors,
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e-mail: tokumaru@tmgh.metro.tokyo.jp

including long-term IVH management, chronic hepatic
dysfunction due to repeated gastrointestinal hem-
orrhage, and portal-systemic shunting associated
with brbns, as indicated by indirect findings at
autopsy. On admission, T2-weighted MR images
demonstrated bilateral hyperintense lesions in the
insular cortices, bilateral cingulate gyri, and inter-
nal capsules, in addition to diffuse swelling of the
subcortical white matter. T1l-weighted images

=391~



286 A.M. TOKUMARU et al.

FiG. 1. - Axial T2 weighted image (TR/TE=3300/120) done on the 5™ day of admission showing hyperintense lesions in the
bilateral insular cortices, bilateral cingulated gyri, and bilateral internal capsules, and diffuse subcortical white matter swelling.

F1G. 1. — Coupe axiale. Séquence pondérée en T2 (TR/TE = 3300/120). IRM réalisée 5 jours aprés 'admission : lésions hyper-
intenses des cortex insulaires, des gyri cingulaires et des capsules internes. Gonflement cortical diffus.

Fia. 2. — Two weeks after admission, axial T2 weighted image (3300/120) showing interval resolution of abnormal signal inten-
sity and swelling.

FI1G. 2. — Coupe axiale. Séquence pondérée en T2 (TR/TE = 3300/120). IRM réalisée 2 semaines aprés I'admission. Disparition
des anomalies.

FiG. 3. - T1 weighted image (550/15) showing new lesions of linear hyperintensity along the insular cortex and cingulate gyri (arrows).
Symmetrical hyperintense lesions extending between globus pallidus and mesencephalon showed no significant interval changes.

FIG. 3. — Coupe axiale. Séquence pondérée en T1 (TR/TE = 550/15). Nouvelles lésions linéaires, hyperintenses, le long des cortex

insulaires et des gyri cingulaires (fléche).

demonstrated symmetrical hyperintense lesions from
the globus pallidus to the mesencephalon. Two
weeks after admission, MRI showed abnormal signal
intensity on T2-weighted images; however, swelling
had resolved and clinical status improved. T1-
weighted images showed new linear hyperintense
lesions along the insular cortices and cingulate gyri.

While there have been reports of hyperammone-
mic encephalopathy caused by valproic acid therapy
or pediatric metabolic disorders [1, 2, 6], to the best
of our knowledge, the literature contains no reports
of hyperammonemic encephalopathy caused by
brbns. The present patient developed hyperam-
monemic encephalopathy due to various factors
including gastrointestinal hemorrhage and hepato-
pathy accompanying brbns. MRI findings were use-
ful in diagnosing hyperammonemic encephalopathy
and in ascertaining its pathological features and fol-
lowing its pathologic course. While several studies
have reported that the location of lesions differs
between hyperammonemic encephalopathy induced
by valproic acid and that in which this medication
does not contribute [2], many researchers have
found that swelling and abnormal signal are seen in
the insular cortices and cingulate gyri regardless of
underlying disease [1, 2]. Takanashi and colleagues
reported three infants with proximal urea-cycle dis-
orders, and concluded that secondary hypoperfusion
was the cause of encephalopathy based on the loca-
tion of lesions [6]. However, the degree of resistance
to hypoperfusion differs between infants and adults,
and further investigation is necessary to ascertain the
effects of age-related factors and underlying disease.

The pathological features of hyperammonemic
encephalopathy have been the subject of active
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discussion, and experiments have shown the involve-
ment of edema. Furthermore, in the present patient,
the MRI lesions disappeared and the hyperam-
monemic encephalopathy appeared to have mainly
involved edema [3-5]. However, the new linear
hyperintense lesions in the insular cortices and
cingulate gyri seen on Tl-weighted MRI that
appeared when the clinical findings improved could
have reflected laminar necrosis. Few MRI studies
have followed patients with improved clinical find-
ings, and laminar necrosis has been documented
experimentally, but not by diagnostic imaging. Hence,
the present case provides clinically meaningful infor-
mation.
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