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Acute Wallerian degeneration following infarction has been show to result in areas of restricted
diffusion within the brain. Very few reports describe this appearance in middle cerebellar

A 37 year old woman was admitted to hospital following sudden collapse and was subsequently
found to have a pontine infarct. The complex clinical course resulted in MR imaging including
DWI at day 4, 9 and 23 after the initial presentation. The cerebellar peduncles were normal
when imaged on day 4 and 9. At day 23, symmetrical high T2 signal was seen in both cerebellar
peduncles. The DWI illustrated high signal with corresponding low signal on the ADC map
consistent with restricted diffusion. We discuss why this appearance is in keeping with Wallerian

Symmetrical high signal with restricted diffusion in the middle cerebellar peduncles following
a pontine lesion is almost certainly attributable to Wallerian degeneration and should not be
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Background

Wallerian degeneration is the process of axonal degenera-
tion distal to injury of the neuronal cell body or proximal
axon. The term initially described lesions of peripheral
nerves, but now encompasses the central nervous system
when the degeneration affects fibre tracts. The most com-
mon cause of Wallerian degeneration is cerebral infarc-
tion but haemorrhage, neoplasm, trauma, white mat-
ter disorders and multi-system atrophy can also result in
degeneration.

Wallerian degeneration is most frequently observed in the
corticospinal tract following infarction of the motor cor-
tex or internal capsule [1]. Standard MR and diffusion
weighted imaging (DWI) depict Wallerian degeneration
when sufficiently large bundles of fibres are involved [2].
Wallerian degeneration of other projecting systems such as
the optic radiation, corpus callosum, spinal cord and lim-
bic system depicted on MR imaging has also been described
[3,4]. In addition a handful of reports have described the

MR findings of Wallerian degeneration in the middle cer-
ebellar peduncles following pontine infarction [5-9]. Three
reports describe their DWI findings in Wallerian degener-
ation of the middle cerebellar peduncles, all of which are
imaged after a long interval from symptom onset (3, 4 and
8 months) [5,6,8]. Our case is unique in that MR with DWI
was performed on day 4, 9 and 23 after the onset of the
first symptoms following a pontine stroke. It reveals acute
Wallerian degeneration of the middle cerebral peduncles
with evidence of restricted diffusion, which has not been
previously illustrated. It also highlights the point that not
all abnormalities with restricted diffusion in a patient with
ischaemic disease are further infarcts.

Case Report

A 37-year-old woman presented to her local hospital with
a sudden onset of occipital headache and collapse. She had
a past history of migraine, but no other medical problems.
Prior to admission she had vomited, had a period of amne-
sia and was having difficulty communicating. On admission
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Figure 2A,B. DWI and ADC map showing restricted diffusion within the pons following the infarction (day 9).

she had a CT scan of the brain, which was unremarkable. A
lumbar puncture was performed which showed the pres-
ence of red cells. The sample was too small to perform
spectroscopy for xanthochromia. She was transferred to
the regional neurosciences centre for further assessment
of a suspected subarachnoid haemorrhage, 3 days after the
onset of her symptoms.

A cerebral angiogram was performed on day 4. This
revealed a focal abnormality of the base of the basilar
artery consistent with a vertebro-basilar dissection. CT
of the head was subsequently repeated which showed a
low attenuation lesion in the right side of the pons with
a hyperdense basilar artery consistent with thrombus. No
acute haemorrhage was seen.
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Figure3. (A) T2 weighted imaging shows more extensive high signal abnormality consistent with maturation of the infarct. (B) T2 weighted MR
showing bilateral symmetrical high signal in both cerebellar peduncles (day 23).

MR was performed which showed reduced flow in the
vertebro-basilar circulation and a vertebral dissection.
The right side of the pons showed high T2-weighted signal.
Restricted diffusion was apparent with high signal on the
B1000 DWI and corresponding low signal on the apparent
diffusion co-efficient (ADC) map in keeping with an acute
infarct. The cerebellar peduncles were normal. At this
time, the patient had pupillary asymmetry, a slight cerebel-
lar dysarthria and mild left arm ataxia, but was otherwise
neurologically intact. In view of the dissection intravenous
heparin was commenced.

On day 8, the patient’s condition suddenly deteriorated.
She was unable to communicate, had reduced power and a
6 nerve palsy. Over the course of an hour, she lost power
in all limbs and developed decerebrate posturing. The IV
heparin was stopped and a repeat CT of the head was per-
formed for suspected dissection extension or haemorrhage.
This again showed a hyperdense basilar artery and pontine
infarction unchanged from the previous imaging.

The patient’s conscious level continued to fluctuate; at best
she was moving her eyes to command, at worst her GCS
was 3/15. Over the next 90 minutes a gradual tetraparesis
and mutism developed with episodes of agitation. By the
next morning the patient was completely locked in; she
could only communicate with eye blinking, but had some
preserved upward gaze. A repeat MR (day 9) showed more
extensive high T2 weighted signal in the pons with restrict-
ed diffusion (Figure 1A). The cerebellar peduncles were
also normal at this time (FigurelB). The pons still showed
restricted diffusion (Figure 2A,B). Intra-arterial thromboly-
sis was considered but it was felt to be of limited value in

continued extensive dissection with thrombosis as opposed
to thrombo-embolic disease in a normal vessel. The evi-
dence for stenting the basilar artery was weak at this time
and on balance it was decided that this may risk further
damage to the perforators and had a potential risk of fatal
haemorrhage into the infarcted pons.

The subsequent clinical course was complicated with respi-
ratory failure from a chest infection. On day 23 another
MR was performed to examine the extent of infarct and to
determine if there was persistent thrombus in the basilar
artery to guide anti-coagulation therapy. The patient’s neu-
rological status was stable at this stage.

The MR showed maturation of the infarct within the
upper pons and inferior midbrain (Figure 3A). The diffu-
sion weighted sequences demonstrated higher ADC values
then when compared to the previous imaging indicating
sub acute changes (Figure 4A,B). In addition there now was
new symmetrical increased signal in both middle cerebel-
lar peduncles on T2 weighted imaging (Figure 3B). These
areas were of high signal on DWI with a corresponding low
calculated ADC values (Figure 5A,B). Although no histologi-
cal data is available, we consider these appearances were
likely to represent restricted diffusion as a result of ongo-
ing Wallerian degeneration, rather than infarction.

The patient’s condition subsequently slowly improved. She
regained a full range of eye movement in all directions, had
a flicker of movement in her left fingers and toes and was
able to voluntarily nod for yes and shake her head for no.
She was transferred for rehabilitation on day 61. Further
follow up imaging has not been performed.
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Figure 5A,B. DWIand ADC map showing evidence of restricted diffusion in the cerebellar peduncles in keeping with Wallerian degeneration (day 23).

Discussion have been mistaken for ischaemic lesions. A number of fac-

tors make ischaemia as the cause of the lesions unlikely.
Our case demonstrated hyperintensities on T2 weighted Firstly, the symmetrical bilateral nature of the lesions do
imaging and restricted diffusion in the cerebellar pedun- not reflect a single arterial territory, the peduncles are sup-
cles in the subacute stages following a pontine infarct. plied by the superior cerebellar artery and the neighbour-
This high signal in the middle cerebellar peduncles may ing structures within the same vascular territory were not
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involved and also the delayed appearance of these lesions
and as the patient had no new neurology at the time of the
23 day scan. The pattern is much more in keeping with
Wallerian degeneration.

In the ventral pons there are fibres that are arranged lon-
gitudinally and transversely. The longitudinal fibres are
the corticospinal, corticobulbar and corticopontine tracts
which project through the central portion of the ventral
pons. The pontine nuclei surround the longitudinal fibres
and give rise to the pontocerebellar tract. This tract is ori-
ented transversely, crosses the midline and enters the cer-
ebellum as the middle cerebellar peduncle. Pontocerebellar
fibres constitute the largest contingent of mossy fibre
cerebellar afferents. Their nuclei receive somatotopically
arranged uncrossed projections from the whole of the ipsi-
lateral cerebral cortex via the internal capsule and cere-
bral peduncle. The pontocerebellar fibres terminate in the
cerebellar hemispheres, vermis and paraflocculus [7]. The
signal abnormalities observed in Wallerian degeneration
of the cerebellar peduncles is most often bilateral [5-9].
This is as a result of the decussation of fibres in the pons.
An infarct in the pons therefore affects the nuclei and the
tracts in the pons at the site of the infarct which pass to
the contralateral middle cerebellar peduncle and also the
tracts passing across from the contralateral nuclei.

Symmetrical bilateral hyperintensity of the middle cerebel-
lar peduncles can also be seen in other conditions. In multi-
system atrophy high T2 signal and associated loss of vol-
ume, known as the ‘hot cross bun sign’, is well described
[10]. Other processes which may result in a similar appear-
ance to Wallerian degeneration include spino-cerebellar
ataxia, myelinolysis, methotrexate toxicity and metabolic
disorders such as Wilson's disease and adrenoleukodystro-
phy [11].

The features of Wallerian degeneration are not usually seen
on T2 weighted imaging before 4 weeks [1]. The changes
have been reported to last over 20 years [12]. Kuhn et al.
describe the histological process of Wallerian degenera-
tion and propose how this correlates to MR findings. They
hypothesize Wallerian degeneration is characterised by an
initial disintegration of the axon, which is not visible on
imaging. From around 20 days to 2-4 months, the tracts
may become hydrophobic as a result of the myelin and pro-
tein breakdown and appear low signal on T2 imaging. This
is followed by an increase in signal intensity as a result
of accumulation of water in the oedematous demyelinat-
ing tracts. The end stage of Wallerian degeneration is char-
acterised by volume loss, atrophy and gliosis. It is there-
fore possible to approximately date the stage of Wallerian
degeneration by MR findings. Most other series and case
reports, including ours do not describe hypointensity in the
course of Wallerian degeneration [2,5-9,13,14].

DWI is widely used in brain imaging and the scan time is
short. It is useful in depicting Wallerian degeneration and
is illustrated by high signal on the DWI sequence. A num-
ber of reports suggest that DWI is more sensitive at detect-
ing early Wallerian degeneration than when compared
to standard sequences. Uchino and Kang et al. describe

Wallerian degeneration in the corticospinal tracts within 2
weeks using DWI [2,14]. Yamanda et al. described a lateral
medullary infarct with early and subtle Wallerian degen-
eration in the inferior cerebellar peduncle 12 days after a
stroke [15]. In our case Wallerian degeneration was seen
on the T2 and DWI sequences performed 23 days after the
patient’s initial symptoms and not on the MR from day 9. It
is impossible to know whether the acute Wallerian degen-
eration is a result of the initial insult or that of the exten-
sion of the infarct which occurred on day 8.

Wallerian degeneration has been shown to cause restricted
diffusion on DWI in fibre tracts in some reports. Bianchi
et al. hypothesizes their findings of restricted diffusion
charecterised by low ADC values in the corpus callosum
in 4 patients is due to Wallerian degeneration in the cor-
pus callosum [17]. Soares-Fenandes et al. describe restrict-
ed diffusion in the corticospinal tracts 13 days following
infarction and attribute this to Wallerian degeneration [18].
Mazumdar et al. describe 5 neonates with corticospinal
tract Wallerian degeneration imaged with DWI within 8
days of infarction with low ADC values [13].

In other studies where DWI was performed the ADC values
have not been described [2,16]. Kuker et al. report a case
of affecting the cerebellar peduncles with a normal ADC
value where the imaging was performed 3 months after
the insult and they conclude that any diffusion abnor-
mality would have subsided by this time. Mejdoubi et al.
also describe a high ADC again the imaging was after a
long interval of 8 months. The three cases by Fitzek et al.
describe minor reductions in the calculated ADC values in
two cases (case 1 ADC 7.99x1074 versus 8.05x 104 mm?/s
and case 2 ADC 6.87x1074 versus 8.59x104 mm?s) but
these images are not illustrated in their report. Again their
imaging was performed 4 months after the insult. Kang et
al. also report an increase in the ADC value in the cortico-
spinal tracts their two reports [14].

The explanation for high DWI signal with a spectrum of
ADC values remains speculative. Restricted diffusion
is likely to be a result of cell swelling, reduced motion of
extracellular water, cytotoxic oedema and demyelinisation
and timing of imaging is likely to play a significant role in
the findings.

More recently, diffusion tensor imaging (DTI) has also
shown promising results demonstrating Wallerian degen-
eration in the early stages following pontine infaction [19]
and MCA territory infarction [20] using reduction in frac-
tional anisotropy. A number of reports indicate this may
have prognostic implications.

Conclusions

Our case highlights the importance of an understanding of
the course of projection and association fibres in the diag-
nosis of Wallerian degeneration. High signal in the middle
cerebellar peduncles with restricted diffusion following a
pontine lesion is almost certainly attributable to Wallerian
degeneration of the pontocerebellar tracts and should not
be mistaken for a new ischaemia.
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