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Central pontine myelinolysis is a rare neurologic disorder that is defined by demyelination of longitudinally
descending tracts and transversly crossing fibers in the basis pontis. Frequently observed clinical manifestations
of this disorder include sudden weakness, dysphagia, loss of consciouness and locked-in syndrome. However,
there have been a few studies that reported a benign course of this disease, which include cerebellar signs,
such as ataxia, intention tremor, and dysarthria. Here we report on a 53-year-old male with a history of liver
cirrhosis who showed the cerebellar type of central pontine myelinolysis. The patient was diagnosed with
central pontine myelinolysis based on clinical presentations and magnetic resonance imaging findings after
a liver transplantation. Conventional magenetic resonance imaging (MRI) revealed the preservation of the
corticospinal tract and abnormal pontocerebellar fibers. However, these findings were not sufficient to define the
pathophysiology of our patient. Electrophysiologic analysis and diffusion tensor imaging (DTI) were performed
to investigate cerebellar signs in this case. Delayed central motor conduction time (CMCT) to the tibialis anterior
muscle with transcranial magnetic stimulation (TMS) was observed, which indicated demyelination of the
corticospinal tract. Also, diffusion tensor imaging showed abnormal pontocerebellar fibers, which might have
been caused by cerebellar dysfunction in our patient. A combination of TMS and DTI was also used to determine
the pathophysiology of this disease.
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Central pontine myelinolysis can occur during liver
transplantation due to a rapid correction of chronic hy-
ponatremia caused by renal insufficiency accompanied
by liver cirrhosis. It is one of the most serious central
nervous system complications following liver transplan-
tation. This complication results in movement disorders
such as loss of consciousness, quadriplegia, dysarthria
and dysphagia.' This disorder can be confirmed based
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on identification of hyperintensity in the central pontine
area by conventional MRI. However, the prognosis of
central pontine myelinolysis is not proportional to the
early symptoms or to the severity of the radiologic find-
ings, and the prognosis varies.”

In this study, we observed a lesion in the pontocerebel-
lar fiber through diffusion tensor imaging in patients
that had mainly cerebellar symptoms, such as cerebellar
ataxia, hypotonia and dysarthria. After a long-term follow
up post central pontine myelinolysis after liver transplan-
tation and through a transcranial magnetic stimulation
study, we reported that central motor conduction time in
the corticospinal tract was delayed.

CASE REPORT

The patient in our case was a 53-year-old man who was
diagnosed with liver cirrhosis due to hepatitis B. After
liver transplantation on July 15, 2007, central pontine my-
elinolysis was diagnosed on the basis of clinical presen-
tation and magnetic resonance imaging. He visited our
clinic to evaluate a gait disturbance in April, 2010. When
central pontine myelinolysis occurred in 2005, he went
into a coma and was quadriplegia. After recovering from
these symptoms, he developed a gait disturbance and
displayed a tremor in both hands.

Upon physical examination in April 2010, the upper and
lower extremities strength was determined to be 4/5. The
results of the nine-hole peg test to assess hand coordina-
tion was 108/58 sec (27/25 sec, normative data mean)
for the left-/right- sided hand. He had a tendency to fall
with or without his eye open in the Rhomberg test. In the
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cerebellar function tests, such as finger to finger, finger
to nose and heel to shin test, he showed dysmetria and
went past the target or walked at a non-regular speed, bi-
laterally. His speech was slurred and dysarthric. His gait
was remarkably irregular in terms of his stance and he
displayed poor balance, which was indicative of cerebel-
lar ataxia.

Transcranial magnetic stimulation

A transcranial magnetic stimulation was performed
using a Magstim 200 stimulator (Magstm, Wales, UK)
equipped with a 65 mm figure-eight coil, Medtronic Key-
point® electromyography unit (Medtronic Inc., Skovlun-
de, Denmark), at a digitization rate of 10 kHz, high-pass
filter at 100 Hz, and low-pass filter at 5 kHz. The motor
evoked potentials of the first dorsal interosseous muscles
of both hands and the tibialis anterior muscles of both
legs were recorded simultaneously. TMS mapping over
the hand area of each cortex was obtained along a 2 by
2-cm grid at rest. The coil handle pointed backwards and
45° away from the midline.

For each detected MEP, the following parameters were
determined; the optimal point defined as the scalp posi-
tion at which a reproducible muscle response was elic-
ited with the lowest stimulation intensity and the motor
threshold at rest (defined as the minimum stimulation
intensity that produced at least five MEPs exceeding 50
uV in 10 trials). The stimulation intensity was set at the
110% of the motor threshold.’ Each site was stimulated
4 times, from which the shortest latency and the average
peak to peak amplitudes were recorded.

A 60 mm circular stimulating coil was centered over the
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Fig. 1. The recordings are the right TA (A) and left TA (B) motor evoked potential responses to the TMS of the motor
cortex and those to the TMS of the lumbar motor roots. Each trace consists of four superimposed traces. Longer laten-
cies of bilateral motor evoked potentials in TMS to motor cortex are observed. TMS: Transcranial magnetic stimula-
tion, TA: Tibialis anterior muscle.
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C7 spinous process level for cervical motor root stimula-
tion and the L5-spinous process level for lumbar motor
root stimulation, which was used to obtain the short-
est latency and the average peak to peak amplitudes of
MEPs. The central motor conduction time is defined as
the latency difference between the motor evoked poten-
tials from the first dorsal interosseous and tibialis ante-
rior muscles induced by stimulation of the motor cortex
and those evoked by spinal (motor root) stimulation (Fig.
1).

The onset latency and CMCT on the first dorsal interos-
seous muscles of both hands after transcranial magnetic
stimulation of the cerebral cortex were in the normal

Table 1. CMCT to the Tibialis Anterior Muscle

CMCT (ms)
Right Left
Control (n=4) 17.15+0.53 17.2940.50
Patient 27.30+0.20 29.02+0.93

Values are mean+tstanard deviation
CMCT: Central motor conduction time

range. However, the onset latency on tibialis anterior
after transcranial magnetic stimulation of the cerebral
cortex was 40.8/42.1 ms and the CMCT on the tibialis an-
terior was 27.3/29 ms for the left-/right- sided peaks. The
TMS showed delayed latency in the patient when com-
pared to normal subjects (Table 1).

Conventional magnetic resonance imaging

At the time of admission to our hospital when the pa-
tient was in a coma and was quadriplegia in August 2005,
T2-weighted MR images of the brain showed a bilateral
symmetrical hyperintense lesion with a spared cortico-
spinal tract at the midbrain and pons. These findings
suggested that the central pontine myelinolysis occurred
in the midbrain and pons. After 5 years, T2-weighted MR
images of the brain showed an oval cavitary lesion at the
center of the basis pontis and bilateral symmetrical linear
lesions that indicated pontocerebellar fibers (Fig. 2).

Diffusion tensor imaging
Diffusion tensor images were obtained with a head
coil on a 3.0T Siemens Verio scanner (Siemens, Erlan-

Fig. 2. The image of axial fast spin
echo T2 -weighted images show
a bilateral symmetrical hyperin-
tense lesion (arrow on A, B) with
a spared corticospinal tract at the
midbrain (A) and pons (B) at on-
set. After 5 years, an oval cavitary
lesion (arrow on C) at the center
of the basis pontis was observed.
The pons is mildly atrophic, and
there are bilateral symmetrical
linear lesions (arrowhead on D)
that indicate pontocerebellar fi-
bers.
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gen, Germany) using a single-shot echo planar imaging
sequence with two diffusion sensitizing gradients. To
reduce the scan time, a Generalized Autocalibrating Par-
tially Parallel Acquisition (GRAPPA) technique, which
is a component of the parallel imaging technique, was
used. In addition, this technique can produce a higher
image quality because it reduces image distortion caused
by the echo-planar imaging sequence. To correct for
potential image distortion, an automated image registra-
tion program was employed. The imaging parameters
used were: echo time=105 ms, repetition time=7,000 ms,
field of view=200 mm? matrix size=128x128, number of
excitation=2, and b-value=1,000 s/mm®. We acquired 46
contiguous slices parallel to the anterior commissure-
posterior commissure line at a slice thickness of 3.0 mm
with no gap in 30 different diffusion directions. To evalu-
ate the pontocerebellar fibers, the fractional anisotropy
and apparent diffusion coefficient of the bilateral middle
cerebellar peduncle (MCP) were measured, and regions
of interest were identified on the basis of a previously
published fiber tract-based atlas of human white mat-
ter anatomy." The section level for MCP delineation was
chosen at one section posterior to the corticospinal tract
in the coronal section, and the MCP was tracked through

2 regions of interest at the left and right of the lateral
pontine tegmentum, which was clearly identified on the
color map.

The corticospinal tract was preserved based on the blue
color in the DTI color maps at a low pons level (Fig. 3).
However, the pontocerebellar fiber was found to be ab-
normal in the DTI based on the decreased fractional an-
isotropy and increased apparent diffusion coefficient val-
ues in the middle cerebellar peduncle when compared to
normal subjects, which was indicative of reflected degen-
erative axonal and/or myelin loss of the pontocerebellar
fiber (Table 2, Fig. 3).°

DISCUSSION

In this study, prolongation of the central motor conduc-
tion time in the transcranial magnetic stimulation and
abnormalities in the pontocerebellar fibers were identi-
fied through diffusion tensor imaging in a patient with
central pontine myelinolysis that displayed cerebellar
symptoms.

In a previous study, a transcranial magnetic stimulation
was performed on a patient with central pontine myelin-
olysis; however no abnormalities in the electrophysi-

Table 2. FA and ADC Values of the Middle Cerebellar Peducle of the Patient and Control Subjects

FA ADC (x10™)
Right Left Right Left
Control (n=3) 0.68+0.14 0.65+0.14 6.57+1.57 6.41+1.76
Patient 0.61+0.18 0.64+0.15 8.39+3.24 8.19+1.83

Values are mean+tstanard deviation

FA : Fractional anisotropy, ADC: Average apparent diffusion coefficient
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Fig. 3. To evaluate the pontocere-
bellar fiber (arrow on A) in the Dif-
fusion tensor images, Fractional
anisotropy and the Apparent dif-
fusion coefficient was measured in
a region of interest located on the
Middle cerebellar peduncle in the
coronal section (arrowhead on B).
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ologic analysis were observed.’

The prolongation of central motor conduction time
might be caused by the conduction block resulting from
demyelination of the corticospinal tract in the electro-
physiologic analysis. Central pontine myelinolysis is a
symmetric, noninflammatory demyelination on the my-
elin fibers within the central basis pontis. Microscopic
examination identified severe demyelination and loss of
oligodendrocytes with relative sparing of axon cylinders
and neurons of the pontine nuclei.’ These findings sug-
gest that a conduction block may be the reason for the
prolonged central motor conduction time observed in
our patient. However, this prolonged central motor con-
duction time may be correlated with a delayed conduc-
tion velocity of the corticospinal tract, which could be
caused by remyelination due to the prolonged periods.
In addition, we cannot rule out the possibility of neu-
roplasticity of the corticofugal fibers in the pons, which
continue the pedunculopontine nucleus, one of the most
important nuclei in locomotion. However, we could not
identify the reason for the delay in the central motor con-
duction time. To explain this phenomenon, electrophysi-
ologic analysis would likely be required at the onset of
the disease.

The range of the central motor conduction time in the
upper limbs was found to be normal, whereas the delayed
central motor conduction time in the lower limbs was
found to be abnormal. This might be due to a different
topographical arrangement between the upper and lower
extremities of the corticospinal tract.” There have been a
few reports on patients with cerebellar symptoms,*® and
the pathophysiology causing the cerebellar symptoms
were not identified. Our patient initially displayed a cen-
tral pontine myelinolysis combined with a definite extra-
pontine myelinolysis and no lesions in the cerebellum
were observed in the conventional magnetic resonance
imaging. Five years after onset of the disease, the cerebel-
lar symptoms of our patient included gait disturbance,
eye movement disorder, dysarthria and dysmetria. Cer-
ebellar symptoms in the central pontine myelinolysis had
developed and myelinolysis resulted from the cerebellar
lesion. Sometimes, even though there may be no definite
identifiable lesions in the cerebellar hemispheres, cere-
bellar symptoms can be caused by the myelinolysis of the
pontocerebellar fibers, which pass the basis points to the
middle cerebellar peduncle. Because prolonged periods
occurred in our case, we also considered the possibilities

of Wallerian degeneration of the pontocerebellar tract
secondary to central pontine myelinolysis."

Conventional magnetic resonance imaging revealed a
relatively preserved corticospinal tract and the pontocer-
ebellar fibers displayed an abnormal signal intensity. The
preservation of the corticospinal tract and the abnormal-
ities of the pontocerebellar fibers were clearly identified
in the diffusion tensor imaging based on the decreased
fractional anisotropy and increased apparent diffusion
coefficient values of the middle cerebellar peduncle,
which resulted from degenerative axonal and/or myelin
loss of pontocerebellar fibers. In previous studies,”’ it was
assumed that the lesion of the pontocerebellar fibers and
the cerebellar signs could be clarified based on diffusion
tensor imaging. Thus, identification of abnormalities in
pontocerebellar fibers may prove very useful in diagnos-
ing the cerebellar symptoms of other diseases.

In this study, the delayed central motor conduction
time (CMCT) to the tibialis anterior was identified with
transcranial magnetic stimulation (TMS) and abnormal
pontocerebellar fibers were identified using diffusion
tensor imaging (DTI) in a patient with central pontine
myelinolysis. Based on these findings, we suggest that
the combined use of TMS to evaluate neurophysiologic
integrity of the corticospinal tract and DTI to visualize
subcortical white matter tracts will help one to clarify
the pathophysiologic mechanism of the disease and to
localize the brain lesion more precisely, which causes the
clinical symptoms.

REFERENCES

1. Yu]J, Zheng SS, Liang TB, Shen Y, Wang WL, Ke QH.
Possible causes of central pontine myelinolysis after
liver transplantation. World J Gastroenterol 2004; 10:
2540-2543

2. Laubenberger J, Schneider B, Ansorge O, G6tz F,
Héussinger D, Volk B, Langer M. Central pontine my-
elinolysis: clinical presentation and radiologic find-
ings. Eur Radiol 1996; 6: 177-183

3. Bassetti C, Mathis J, Hess CW. Multimodal electro-
physiological studies including motor evoked poten-
tials in patients with locked-in syndrome: report of
six patients. ] Neurol Neurosurg Psychiatry 1994; 57:
1403-1406

4. Kim J, Lee SK, Lee JD, Kim YW, Kim DI. Decreased
fractional anisotropy of middle cerebellar peduncle in

891

WWW.e-arm.org



Yong Min, et al.

892

crossed cerebellar diaschisis: diffusion-tensor imag-
ing-positron-emission tomography correlation study.
Am ] Neuroradiol 2005; 26: 2224-2228

. Taoka T, Kin T, Nakagawa H, Hirano M, Sakamoto M,
Wada T, Takayama K, Wuttikul C, Iwasaki S, Ueno S,
et al. Diffusivity and diffusion anisotropy of cerebellar
peduncles in cases of spinocerebellar degenerative
disease. NeuroImage 2007; 37: 387-393

. Lilje CG, Heinen F, Laubenberger J, Krug I, Brandis M.
Benign course of central pontine myelionlysis in a pa-
tient with anorexia nervosa. Pediatr Neurol 2002; 27:
132-135

WWWw.e-arm.org

10.

Schmahmann JD, Ko R, MacMore J. The human basis
pontis: motor syndromes and topographic organiza-
tion. Brain 2004; 127: 1269-1291

Garzon T, Mellibovsky L, Roquer ], Perich X, Diez-
Perez A. Ataxic form of central pontine myelinolysis.
Lancet Neurol 2002; 1: 517-518

Kim EJ, Oh SY, Choi HC, Lim MH, Shin BS. Central
pontine myelinolysis presenting with cerebellar atax-
ia. ] Korean Neurol Assoc 2009; 27: 264-267

De Simone T, Regna-Gladin C, Carriero MR, Farina L,
Savoiardo M. Wallerian degeneration of the pontocer-
ebellar fibers. Am J Neuroradiol 2005; 26: 1062-1065



