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COMMENTARY

Selective Vulnerability and the
Cerebellum in Neonates

In this issue of the AJNR, Drs. Connolly, Widjaja, and
Griffiths report involvement of the anterior portion of

the cerebellar vermis after profound perinatal hypoxia.1

This is not a new observation; it has been previously re-
ported in this journal.2 What is clear is that many of us are
seeing this type of injury more frequently. What is not clear
is what causes it.

When we talk about diffuse cerebral anoxia, the term
“selective (or regional) vulnerability” is commonly used to
imply that certain brain regions are affected more than oth-
ers. This process results in a peculiar lesion distribution
depending on the type of injury. In general, diffuse anoxia
injures the “older parts” of the brain first and foremost.
That is why the hippocampi and the cerebellum are com-
monly involved.3 Overall, the third most commonly af-
fected region is the neocortex. These patterns of injuries are
commonly seen in adults and in older children, but they are
less common in neonates. Thus, selective vulnerability de-
pends on the patient’s age (or “brain maturity”) and the
severity and duration of the hypoxic event.

During a mild-to-moderate reduction in perfusion, the
brain’s autoregulatory mechanisms preserve blood flow to
the brain stem, cerebellum, and basal ganglia. This results
in cerebral watershed–region injuries. If perfusion is mark-
edly reduced, all of the brain is affected, but the areas with
higher metabolism such as the cerebellar cortex, hip-
pocampi, deep gray nuclei, and peri-Rolandic cortices suf-
fer the most. Eventually, the remainder of the cortex and
white matter will be affected too. These 2 patterns of injury
are seen mostly in adults, older children, and mature
babies.

It has been traditionally thought that in premature babies
the periventricular white matter is a watershed zone between
ventriculofugal and ventriculopetal arteries (some investiga-
tors refute this concept). The arteries in these “terminal” zones
have limited vasodilatory ability during hypoxia, further exac-
erbating damage. Oligodendrocyte activity (during myelina-
tion) increases the metabolism of white matter, rendering it
more susceptible to ischemia and resulting in the so-called
“periventricular leukomalacia.” Brain stem injury may also
occur in premature babies, reflecting increased metabolic ac-
tivity, particularly of cranial nerve nuclei. Germinal matrix
hemorrhages are due to reperfusion of the arterial system sup-
plying the periventricular regions and to rupture of the walls of
blood vessels previously damaged by ischemia. Injury to the
cerebellar germinal matrix may result in peripheral cerebellar
bleeds. All of these injuries are seen with mild-to-moderate
anoxia. Profound anoxia in preterm babies produces injuries
in the dorsal brain stem, ventrolateral thalami, and anterior
cerebellar vermis.4

None of the above explains involvement of the anterior
vermis in term babies as reported in this issue of the AJNR.
Cerebellar cortical (Purkinje) cells are particularly prone to
ischemic damage due to their lack of ability to generate
energy during anoxia, a factor that increases the damage
produced by the initial hypoxia. Not only are Purkinje cells
affected, but cells in the granular layer also die. Experi-
ments on animals indicate that during artificial ventilation,
oxidative metabolism in the brain stem and cerebellum be-
comes abnormal even if it is not preceded by hypoxia.5

Blood oxygen level– dependent MR imaging shows de-
creased fetal cerebellar signal intensity in animals after ma-
ternal hypoxia.6 All of these mechanisms support diffuse
cerebellar injury, but not a focal one in the vermis. In the
many babies with diffuse anoxia whom I have seen, diffu-
sion-weighted images have shown no acute lesion in the
vermis. So, why does this lesion occur?

Limperopoulos et al reported unilateral cerebellar atro-
phy following contralateral cerebral injuries and vice versa
in preterm babies.7 They thought that these findings were
due to trophic transynaptic effects. The cerebral cortex re-
lates to the cerebellum (particularly its white matter) via
corticothalamocerebellar pathways. Efferent pathways
(cerebellothalamic) run from the deep gray matter nuclei of
the cerebellum to the thalami via the superior peduncles. If
thalamic nuclei are damaged, retrograde degeneration of
their related pathways may occur. The data presented by
Connolly and co-authors indicate that in 2 patients without
thalamic lesions the vermis was spared whereas 18 patients
with vermian lesions had thalamic involvement.1 It would
be interesting to measure the volume of the superior pe-
duncles in these patients. Because the cerebellothalamic
tracts begin in the deep gray nuclei (dentate and fastigial), it
is unclear why these structures are preserved while the ef-
ferent white matter is damaged with anoxia. The key to this
observation may lie in apoptosis. In adults, anoxia kills cells
predominantly by necrosis, whereas in children immature
cells may also die by apoptosis.8 In children, dentate nuclei
of adult configuration are not seen until nearly term.9 The
Purkinje cells in the cerebellar cortex are still more imma-
ture than the neurons in the dentate nuclei.10 It is conceiv-
able that this relative lack of maturity somehow protects the
cerebellar gray matter (no articles report injuries to the
cortex or deep nuclei of the cerebellum in preterm or term
babies). In this environment, the white matter is thus rela-
tively more mature than the gray matter. Transynaptic de-
generation via the cerebellothalamic tracts may result in
damage to the relatively more mature white matter that is
not appreciable immediately but becomes evident later be-
cause of programmed cell death. In the article by Sargent et
al, of the 12 children with vermian lesions, only one had
questionable acute abnormalities in the same region on
neonatal imaging studies.2

Although the sequelae of cerebral anoxia are devastating at
any age, they are particularly cruel in children because of their
longer projected lifespan. We need to be able to recognize the
imaging signs of this type of injury to help plan for the care of
these children. It is clear from the recent literature that in-
volvement of the anterior cerebellar vermis is a highly specific
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and sensitive marker of severe brain anoxia in term babies
though its etiology remains unclear.

References
1. Connolly DJA, Widjaja E, Griffiths PD. Involvement of the anterior lobe of the

cerebellar vermis in perinatal profound hypoxia. AJNR Am J Neuroradiol 2007;
28:16 –19

2. Sargent MA, Poskitt KJ, Elke H, et al. Cerebellar vermian atrophy after neona-
tal hypoxic-ischemic encephalopathy. AJNR Am J Neuroradiol 2004;25:
1008 –15

3. Cervos-Navarro J, Diemer NH. Selective vulnerability in brain hypoxia. Crit
Rev Neurobiol 1991;6:149 – 82

4. Barkovich AJ, Westermark K, Partridge C, et al. Perinatal asphyxia: MR find-
ings in the first 10 days. AJNR Am J Neuroradiol 1995;16:427–38

5. Zwiener U, Walter B, Kratzsch B, et al. Marked reduction of brainstem blood
flow in artificialy ventilated newborn piglets during normoxia and normo-
capnic hypoxia. Intensive Care Med 2003;29:2277– 84

6. Wedegartner U, Tchirikov M, Schafer S, et al. Fetal sheep brains: findings at
functional blood oxygen level-dependent 3-T MR imaging—relationship to
maternal oxygen saturation during hypoxia. Radiology 2005;237:919 –26

7. Limperopoulos C, Soul J, Haidar H, et al. Impaired trophic interactions be-
tween the cerebellum and the cerebrum among preterm infants. Pediatrics
2005;116:844 –50

8. Johnston MV. Excitotoxicity in perinatal brain injury. Brain Pathol 2005;15:
234 – 40

9. Yamaguchi K, Goto N, Yamamoto TY. Development of human cerebellar nu-
clei. Morphometric study. Acta Anat 1989;136:61– 68

10. Abraham H, Tornoczky T, Kosztolanyi G, et al. Cell formation in the corti-
cal layers of the developing human cerebellum. Int J Dev Neurosci 2001;19:
53– 62

Mauricio Castillo
Department of Radiology

University of North Carolina
Chapel Hill, NC

CO
M

M
EN

TA
RY

AJNR Am J Neuroradiol 28:20 –21 � Jan 2007 � www.ajnr.org 21


