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ABSTRACT
BACKGROUND AND PURPOSE: Focal signal abnormalities at the depth of the cerebellar ﬁssures in children have recently been
reported to represent a novel pattern of bottom-of-ﬁssure dysplasia. We describe a series of patients with a similar distribution
and appearance of cerebellar signal abnormality attributable to watershed injury.
MATERIALS AND METHODS: Twenty-three children with MR imaging ﬁndings of focal T2 prolongation in the cerebellar gray matter
and immediate subjacent white matter at the depth of the ﬁssures were included. MR imaging examinations were qualitatively analyzed for the characteristics and distribution of signal abnormality within posterior fossa structures, the presence and distribution
of volume loss, the presence of abnormal contrast enhancement, and the presence and pattern of supratentorial injury.
RESULTS: T2 prolongation was observed at the depths of the cerebellar ﬁssures bilaterally in all 23 patients, centered at the expected location of the deep cerebellar vascular borderzone. Diffusion restriction was associated with MR imaging performed during acute injury in 13/
16 patients. Five of 23 patients had prior imaging, all demonstrating a normal cerebellum. The etiology of injury was hypoxic-ischemic injury
in 17/23 patients, posterior reversible encephalopathy syndrome in 3/23 patients, and indeterminate in 3/23 patients. Twenty of 23 patients
demonstrated an associated classic parasagittal watershed pattern of supratentorial cortical injury. Injury in the chronic phase was associated
with relatively preserved gray matter volume in 8/15 patients, closely matching the published appearance of bottom-of-ﬁssure dysplasia.
CONCLUSIONS: In a series of patients with ﬁndings similar in appearance to the recently described bottom-of-ﬁssure dysplasia, we
have demonstrated a stereotyped pattern of injury attributable to cerebellar watershed injury.
ABBREVIATIONS: HII ¼ hypoxic-ischemic injury; PRES ¼ posterior reversible encephalopathy syndrome; SCA ¼ superior cerebellar artery

F

ocal signal abnormalities at the depth of the cerebellar fissures
in children have recently been reported and have been hypothesized to represent a novel pattern of bottom-of-fissure dysplasia.1 On
the basis of our observation of a similar imaging pattern in patients
—including some with initially normal scan findings—who displayed
a depth of cerebellar fissure abnormality attributable to ischemic
injury, we sought to review our institutional experience. We report a
series of 23 patients with a similar distribution and appearance of cerebellar signal abnormality attributable to watershed injury.

MATERIALS AND METHODS
The study was approved by our institutional review board, and on
the basis of minimal risk, the need for written informed consent

was waived. Twenty-three patients with MR imaging findings of
focal T2 prolongation in the cerebellar gray matter at the depth of
the fissures were identified by querying our local radiology data
base for the past 15 years and are included in this review.
Retrospective analysis of the MR imaging studies was performed
by 2 subspecialty board-certified pediatric neuroradiologists with 8
(J.N.W.) and 7 (F.P.) years of experience. Imaging datasets were
qualitatively analyzed for the characteristics and distribution of signal abnormality within posterior fossa structures, the presence and
distribution of volume loss, the presence of abnormal contrast
enhancement, and the presence and pattern of supratentorial
injury. Patient demographics, clinical histories, and ultimate clinicoradiologic diagnoses were determined by chart review.
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RESULTS
Patients
Twenty-three patients with characteristic abnormal cerebellar signal were included in our retrospective analysis, of which 16 were
males and 7 females (1 proportion Z-test; z ¼ 1.877; P ¼ .06). Age
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FIG 1. Axial T2WI from patient 2 (A), parasagittal T2WI from patient 8 (B), and a coronal T2WI from patient 6 (C) demonstrate the characteristic
appearance and location of cerebellar watershed injury. There is T2 prolongation greatest in the gray matter at the depths of the cerebellar ﬁssures (white arrows) within the deep cerebellar watershed territory.

were secondary to abusive head trauma; 4, to cardiorespiratory
arrest; 3, to perinatal birth injury; 2, to profound septic shock; 2, to
perioperative hypotension; and 1, to accidental asphyxiation. Ten
patients had follow-up imaging at least 1 year after the initial MR
imaging demonstrating cerebellar abnormality, with a median follow-up of 64 months (range, 15–142 months). Five patients had
past MR imaging studies available, obtained before the first MR
imaging that demonstrated the cerebellar abnormality.

Infratentorial Imaging Findings

FIG 2. Schematic drawing of the vascular territories of the cerebellum. Note the central distribution of the cerebellar watershed areas
(WSCA) at the junction of PICA, AICA, and SCA. The distribution of
MR imaging signal abnormality in our case series corresponds to cerebellar watershed regions, best demonstrated by comparing the axial
(B), parasagittal (E), and coronal (F) schematic images with multiplanar
MR images in Fig 1. Modiﬁed from Savoiardo et al.7

at the first MR imaging examination demonstrating cerebellar
signal abnormality ranged from 2 months to 18 years, with a
mean of 4.4 years and a median of 1.2 years. The mean age for
patients with acute-phase imaging (n ¼ 16) was 3.2 years; and for
acute-phase imaging excluding posterior reversible encephalopathy syndrome (PRES) (n ¼ 13), it was 0.7 years. Final clinicoradiologic determination of the etiology of brain injury was
hypoxic-ischemic injury (HII) in 17 patients, PRES in 3 patients,
and indeterminate in 3 patients. Among patients with HII, 5 cases
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The key imaging feature was T2 and FLAIR hyperintensity and
T1 hypointensity confined to the gray matter and immediate subjacent white matter at the depths of the cerebellar fissures (Fig 1).
The findings were best seen on coronal and parasagittal fluid-sensitive sequences. In all patients, bilateral hemispheric involvement
was present, with injury typically involving multiple fissures centered at the expected location of the borderzone between the
superior cerebellar artery (SCA), AICA, and PICA (Fig 2). The
cerebellar tonsils were injured in 39% (9/23) of cases. The cerebellar vermis was spared in 91% (21/23) of patients. Five of the 23
patients had prior imaging studies, all of which demonstrated a
normal cerebellar cortex (Fig 3).
Imaging was available for 16/23 patients during the acute
phase of injury, defined as ,7 days from the suspected clinical
event. All patients demonstrated normal thickness or a mildly
thickened cerebellar cortex (Figs 3 and 4). Eighty-one percent
(13/16) of patients demonstrated acute diffusion restriction (12
with an eventual clinical diagnosis of HII, 1 of unknown etiology)
(Fig 4A–C), while 19% (3/16) of patients demonstrated no diffusion abnormality (all with an eventual clinical diagnosis of PRES)
(Fig 4D–F). The 3 patients with PRES were imaged in the acute
phase only, with no imaging follow-up available.
Imaging was available for 7/23 patients in the subacute phase
of injury, defined as 7–30 days from the suspected clinical event.
Three of 7 patients (patients 4, 18, and 22) demonstrated intrinsic
T1 signal hyperintensity at the depths of the cerebellar fissures
(Fig 5A). In 1 case, this was demonstrated to have resolved on a
follow-up study performed 1 month later (patient 22) (Fig 5B).
One patient who underwent contrast-enhanced MR imaging in
the subacute phase demonstrated focal contrast enhancement in
the areas of cerebellar injury (patient 18).
Imaging was available for 15/23 patients in the chronic phase
of injury, defined as .30 days from the suspected clinical event.
All had variable thicknesses of T2 prolongation without diffusion
restriction in the cerebellar cortex and the immediate subcortical

FIG 3. Coronal T2WI from patient 4 (A, C, and E) and patient 11 (B, D, and F) demonstrates the
appearance of newly developed acute (C and D) and subsequent chronic (E and F) phase
injury in previously normal cerebella (A and B). White arrows highlight multipe sites demonstrating progressive development of typical watershed injury in previously normal gray
matter.

FIG 4. Coronal T2WI (A), coronal DWI (B), and coronal ADC map (C) from patient 18 demonstrate
acute cerebellar and supratentorial injury with T2 prolongation and restricted diffusion in the setting of HII. Coronal T2WI (D), coronal DWI (E), and coronal ADC map (F) from patient 9 demonstrate acute cerebellar (white arrowheads) and supratentorial (white arrows) injury without
diffusion restriction in the setting of PRES.

white matter (Fig 6). Seven of 15
patients had marked cortical volume
loss with minimal residual T2 hyperintensity (Fig 6A, -B), while the
remaining 8 demonstrated a relatively
thick layer of T2 hypersignal involving
the foliar cortex without substantial
volume loss (Fig 6C, -D). Subtle fissural prominence and mild foliar volume loss were identified in 14/15
patients. Ten patients had followup for .1 year after the initial MR
imaging demonstrating cerebellar signal abnormality, with a median followup interval of 5.3 years (range, 1.3–
11.8 years). Cerebellar signal abnormality persisted in all cases and for up
to 11.8 years in the case with the longest follow-up (patient 1). There were
no discernable group differences in
terms of the presence of supratentorial
injury, overall injury extent or severity,
the presence of acute-phase diffusion
restriction, underlying etiology, or
mean length of follow-up between
patients with thick or thin T2 foliar
hyperintensity in the chronic phase.

Supratentorial Imaging Findings
In the supratentorial brain, 87% (20/23)
of patients demonstrated a classic parasagittal watershed pattern of cortical
injury (Fig 7), with 11 with additional evidence of associated basal ganglia
injury. Seventeen patients had watershed infarctions and a concordant clinical history of HII. The remaining 3
patients demonstrated a watershed pattern of injury typical of PRES. In all
cases, the apparent timing of the supratentorial injury was consistent with the
estimated timing relative to the suspected clinical event.
Three of 23 patients demonstrated
no evidence of supratentorial watershed cortical injury. One (patient 11)
demonstrated diffuse progressive cortical atrophy and a deep pattern of
watershed injury in the supratentorial
white matter, in the context of underlying drug-resistant chronic epileptic
encephalopathy. The remaining 2
patients had no demonstrable supratentorial cortical injury. The first of
these had a history of remote aortic stenosis and coarctation repair, and the
second had end-stage renal disease
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secondary to the supratentorial injury was considered an unlikely
contributor to the observed infratentorial injury pattern, due to the
simultaneous evolution of brain injury in both locations and the
multifocal rather than diffuse nature of the cerebellar findings.
Two distinct etiologies of watershed injury were observed in
our case series, including PRES and watershed infarctions in the
setting of HII. The cortical injury in PRES is poorly characterized
DISCUSSION
at the cellular level but is presumed secondary to abnormal perfuWe hypothesize that the pathologic basis for the stereotyped depthsion in the setting of disturbed autoregulation. As is typical of
of-cerebellar-fissure MR imaging findings in our case series is cerethis entity, acute-phase imaging demonstrated T2 prolongation
bellar watershed injury for the following reasons: 1) location at the
associated with facilitated diffusion. PRES has a strong and welldeep borderzone between the cerebellar artery vascular territories,
described predilection for vascular borderzones in the supraten2) association with a classic watershed pattern of supratentorial
torial brain. While cerebellar involvement has been reported, its
cortical injury, 3) frequent acute-phase diffusion restriction with
distribution has not been well-characterized.2
expected evolution across time, and 4) frequent late foliar volume
A classic parasagittal distribution of supratentorial watershed
loss with fissural prominence. Furthermore, among patients with
infarctions is well-recognized, with preferential involvement of
MR imaging performed before the suspected clinical insult, the certhe end-arterial borderzones between the anterior, middle, and
ebellar abnormalities were not previously present, indicating an
posterior cerebral artery vascular territories. Cerebellar watershed
acquired insult rather than a congenital malformation. Diaschisis
infarcts remain less well-described, with scattered case reports
and case series describing predominantly embolic watershed
infarcts in adults.3-6 A few authors have emphasized the distinction between superficial cerebellar borderzone embolic infarcts
and deep cerebellar watershed infarcts, the latter related to hypoperfusion and centered at the interface between the penetrating
arteries of the cerebellar arteries.7-10
Although some authors have asserted that deep watershed
infarcts predominantly affect the deep cerebellar white matter,
several lines of evidence suggest that focal injury to the gray matter at the depth of the cerebellar fissures is, in fact, the expected
pattern. In a primate model of induced cerebral hypoperfusion,11,12 cerebellar injury in the watershed between the SCA and
PICA was noted in 7/15 adult rhesus monkeys, in conjunction
FIG 5. Coronal T1WI from patient 22 in the subacute (A) and chronic
(B) phases demonstrates focal T1 hyperintensity in the bilateral cerewith classic supratentorial watershed injury. The injury predomibellar watershed (white arrows in A), consistent with laminar necrosis
nantly affected cortical gray matter at the depths of the cerebellar
and resolved within 1 month on follow-up (white arrows in B).
fissures. Depth of fissure gray matter injury was also noted on
gross and histopathologic evaluations
of human brains after hypoxic injury,13
in a pattern exactly corresponding to
the distribution of injury in our case
series. This distribution may reflect the
unique angioarchitecture of the penetrating arteries in the cerebellum, analogous to the propensity for depth-ofsulcus cortical injury in neonates with
HII reported by Takashima et al.14
Sparing of the cerebellar vermis
was a notable feature in our patients,
possibly because the arterial supply to
the vermis is almost entirely derived
from the SCA, with relatively minor
contributions from the inferior cerebellar arteries.15 In contrast, cerebellar
tonsillar injury was observed in more
FIG 6. Coronal T2WI from patients during the chronic phase. Patients 1 (A) and 2 (B) demonstrate
than one-third of patients in our seT2 prolongation with relatively marked gray matter volume loss at the sites of prior injury (white
ries, likely reflecting its location at the
arrows). Patients 7 (C) and 10 (D) demonstrate a thick lamina of gray matter T2 prolongation cenborderzone between the AICA and
tered at the depths of the cerebellar ﬁssures in an arterial watershed distribution. See also Figs
PICA territories.15
1C, 3E, and 3F for additional examples.
complicated by chronic hypotension and respiratory failure, both of
which may have predisposed to recurrent hypoperfusion events
that were clinically unsuspected. Of the 3 patients without supratentorial cortical watershed injury, 2 had prior imaging demonstrating normal cerebella (patients 10 and 11).
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present in some or all of their cases, or
that cerebellar watershed injury and
bottom-of-fissure dysplasia share a
common imaging appearance. Although
they considered the possibility of cerebellar watershed injury as the etiology
of the imaging findings in Poretti et
al,1 they ultimately concluded that lack
of substantial white matter involvement, variability of distribution of
involved fissures, and stability with
time all argued against this possibility.
It is clear from our patient series—
corroborated by the available experimental neurophysiology and neuropathology literature—that the foliar gray
matter at the depths of the fissures
is an expected location of cerebellar
watershed injury, with minimal or
absent white matter involvement.11-13
Variable fissural involvement is
expected because it reflects the relaFIG 7. Findings of both acute and remote supratentorial watershed injury in patients 1–6 (A–F,
tively variable vascular territories
respectively). Acute watershed infarcts with signal abnormality on axial (A and B) and coronal (C)
DWI in a characteristic parasagittal distribution. Subacute or remote watershed infarcts with
and shifting borderzones of the cerehyperintensity and parenchymal volume loss on coronal (D and F) and axial (E) T2.
bellar arteries.15 Furthermore, stability with time in the chronic phase,
often with unexpectedly subtle volume loss, was the norm in our series.
Our patient series comprised a disproportionate number of
There are several limitations to our analysis, primarily reflectmale patients, though this finding did not reach statistical signifiing the small sample size and retrospective design. We were
cance regarding variance from an expected population proportion
unable to assess the clinical implications of cerebellar watershed
of 50% male. This may, in part, be related to the number of cases
injury in our case series because of the small and heterogeneous
of HII secondary to abusive head trauma in our series, which is
sample. Our study does not permit an analysis of the prevalence
known to disproportionately affect male patients.16 Haas-Lude
of cerebellar imaging findings among children with supratentoet al17 recently reported a strikingly similar pattern of cerebellar
rial watershed injury. It is also possible that a subset of our cases
injury in 2 patients with abusive head trauma, both with a supramay represent a dysplastic process as suggested by Poretti et al,1
tentorial watershed pattern of HII. It would be interesting to invesparticularly those without corroborative supratentorial findings.
tigate the prevalence of this finding in a larger cohort of patients
However, 5 of our patients had a prior MR imaging study demwith suspected abusive head trauma to better understand its preonstrating a normal cerebellum, including 2 of the 3 patients
dictive value above and beyond the presence of HII more
without clear supratentorial cortical watershed injury, arguing
generally.
against the likelihood of a developmental abnormality.
Our case series is among the first to describe the characteristic
appearance of cerebellar watershed injury in children. Recognition
of this pattern of injury is important for identifying patients with
HII or PRES and for avoiding misdiagnosis. For example, 1 of our
patients was originally misdiagnosed with cerebellitis based on
abnormal cerebellar T2 hyperintensity (patient 10), delaying definitive diagnosis. Similarly, Mills et al18 reported a case of “severe cerebellitis” in a child with supratentorial watershed infarcts following
methadone poisoning. The imaging findings in that case are strikingly similar to those in our case series, raising the possibility of
watershed cerebellar injury rather than cerebellitis.
A second patient in our case series was initially diagnosed with
bottom-of-fissure dysplasia; however, a prior MR imaging subsequently became available demonstrating a normal cerebellum,
indicating an acquired rather-than-congenital lesion. The similarity between our reported imaging findings and those of Poretti
et al1 suggests that unrecognized watershed injury may have been

CONCLUSIONS
We have demonstrated a stereotyped pattern of injury that is most
plausibly attributable to cerebellar watershed injury. This report
extends the reported imaging findings in watershed cortical injury
related to HII and PRES, which are an important diagnostic consideration when cerebellar dysplasia and inflammatory pathologies
such as cerebellitis are being entertained.
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