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INTRODUCTION

Chiari malformation (CM) is characterized by 
a congenital malformation of the posterior cranial 
fossa with cerebellar tonsils herniation through the 
foramen magnum, probably due to the underde-
velopment of the posterior bony skeleton (exo-oc-
cipital and supraoccipital bones)1,2. Symptoms 
may have a wide range of clinical presentations, 
such as motor and sensory deficits, cranial nerve 
palsies, as well as cerebellar symptoms (ataxia, 
dysmetria, among others)1-4. When symptomatic, 

surgical treatment is well accepted, consisting of 
posterior fossa decompression, with or without 
duroplasty1-4.

In our clinical experience, we have noticed that 
some patients present severe cerebellar ataxia, even 
after surgical treatment, due to severe atrophy, with 
cerebellar substance degeneration. The aim of this 
study is to review the potential causes of cerebellar 
atrophy in patients with symptomatic CM, before or 
even after surgical treatment.

SUMMARY

BACKGROUND: Symptomatic Chiari Type I Malformation (CM) is treated with posterior fossa decompression with or without duroplasty. 
We have noticed some cases with concomitant severe cerebellar ataxia due to cerebellar atrophy. The aim of this study is to review the 
literature of CM associated with severe cerebellar atrophy and discuss its potential physiopathology.

METHODS: A systematic literature review in the Pubmed Database was performed using the following key-terms: “cerebellar atrophy 
Chiari”, and “cerebellar degeneration Chiari”. Articles reporting the presence of cerebellar degeneration/atrophy associated with CM 
were included.

RESULTS: We found only six studies directly discussing the association of cerebellar atrophy with CM, with a total of seven cases. We 
added one case of our own practice for additional discussion. Only speculative causes were described to justify cerebellar atrophy. The 
potential causes of cerebellar atrophy were diffuse cerebellar ischemia from chronic compression of small vessels (the most mentioned 
speculative cause), chronic raised intracranial pressure due to CSF block, chronic venous hypertension, and association with platybasia 
with ventral compression of the brainstem resulting in injury of the inferior olivary nuclei leading to mutual trophic effects in the cere-
bellum. Additionally, it is not impossible to rule out a degenerative cause for cerebellar atrophy without a causative reason.

CONCLUSIONS: Severe cerebellar atrophy is found in some patients with CM. Although chronic ischemia due to compression is the most 
presumed cause, other etiologies were proposed. The real reasons for cerebellar degeneration are not known. Further studies are necessary.
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Goel et al.7, almost 18 years after the first descrip-
tion of the association of cerebellar atrophy and CM, 
reported two cases of Basilar Invagination (BI) associ-
ated with CM in patients with severe cerebellar atro-
phy. It was the first report in the MR era. The first 
patient was a 24-year-old woman with gait impairment 
in the previous three years, associated with hoarse-
ness of voice, dysphagia, and nasal regurgitation. She 
also had BI with CM, atlas occipitalization, and marked 
atrophy of the cerebellum. Digital angiography showed 
a “bulbar hump” but a normal filling of all posterior 
cranial fossa blood vessels. One year after the surgery, 
there was a marked improvement in her speech, swal-
lowing, and her gait was normal. The other patient 
was a 38year-old man with complaints of imbalance, 
vertigo, and difficulty in swallowing for one month. He 
also had an MR with CM and BI with assimilation of 
the atlas and severe cerebellar atrophy. The angiogra-
phy showed normal filling of posterior circulation with 
some stretching of the PICA. After bone decompres-
sion at the posterior fossa, marked improvement was 
reported. The authors reported that both patients did 
not have cerebral atrophy. Explanations included con-
tinuous insufficiency of blood supply to the brainstem 
and cerebellum, once infarction was not plausible due 
to the normal angiography exam. Interestingly, in both 
cases, there were marked BI with platybasia and a 
concavity of the brainstem, with normal tonsils mor-
phology in an abnormal cerebellum.

Kempster and Pullar8, in 2003, published a letter 
about the publication of Goel et al.7. In it, they also 
reported a 57-year-old man who had severe gait com-
plaints, as well as speech slurring and swallowing dif-
ficulties. Although they did not publish images, the 
description of the MR reported a marked indented 
ventral surface of the upper medulla without signs of 
cerebellar or brainstem infarction and a dolicho-ectatic 
left vertebral artery. The cerebellar atrophy was more 
evident in the vermis. They proposed that a potential 
mechanism of cerebellar atrophy was due to some 
sort of trans-synaptic neuronal degeneration – with 
ventral compression at the level of the inferior olivary 
nuclei, a major source of cerebellar afferents, which 
resulted in trophic effects in the cerebellum due to the 
connections with the cerebellar Purkinje cells. Dam-
age to one group of these neurons potentially may 
lead to degeneration of the others, according to animal 
studies (in rats).

Maurya and Singh9, in 2003, reported a 34-year-
old man with the diagnosis of cerebellar degeneration 

METHODS

In an attempt to study the relationship between 
cerebellar atrophy and CM, two electronic searches 
were conducted on PubMed (MEDLINE) in July 2019. 
We used the following search terms: “cerebellar atro-
phy Chiari” obtaining 40 articles titles. Another search 
was performed using the following search terms: “cer-
ebellar degeneration Chiari” obtaining 16 titles. From 
the 56 revised titles with their respective abstracts, 
four case reports were included from the first search 
and two from the second one, with a total of six arti-
cles reporting cerebellar degeneration associated with 
CM. An illustrative case treated by the author was 
also included.

Since only case reports were evaluated, our review 
was classified by the Oxford Centre of Evidence-Based 
Medicine5 as evidence level 4 (case series of poor 
quality).

RESULTS

We found six studies in our literature search, all of 
which were case reports, with a total of seven patients 
discussed (one case report had two illustrative cases)6-

11. They were all described in detail. The majority of the 
authors rule out other causes of cerebellar degenera-
tion, such as infections, inflammatory diseases, and 
medications/drugs.

Gebarski and Greenberg6 reported the first case, in 
the CT scan era, (1984) of loss of cerebellar substance 
in a patient with CM. A 40-year-old woman with gait 
instability and visual blurring was diagnosed with 
olivopontocerebellar degeneration. She underwent 
clivomyelography with iophendylate demonstrating 
herniation of the cerebellar tonsils to the level of the 
axis. She also had a cerebral angiography demonstrat-
ing displacement of the tonsillohemispheric branches 
of the posterior inferior cerebellar arteries (PICA). 
She then underwent a suboccipital craniectomy with 
laminectomy of C1 and C2 and dural grafting, rees-
tablishing normal gait and vision two months after 
the surgery. Authors proposed that the diffuse cer-
ebellar ischemia from chronic compression of the 
small vessels was the cause of loss of cerebellar sub-
stance, although no arterial occlusions were noted 
in the limits of the subtraction angiography and no 
supratentorial ischemia or atrophy was documented. 
They emphasized that the loss of cerebellar substance 
should not be considered evidence enough to exclude 
the diagnosis of CM.
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from a CT scan, who subsequently had a diagnosis 
of CM after an MR. The patient had had gait unbal-
ance in the previous three years, mild dysarthria with 
normal motor and sensory system exams. There was 
downbeat nystagmus, which was associated with 
cervicomedullary junction diseases. The CT showed 
marked cerebellar atrophy with asymmetry (the left 
side was more affected than the right one). Then, the 
MR showed tonsillar herniation below the foramen 
magnum without syringomyelia. Although the MR did 
not show any evidence of acute or subacute ischemic 
brain injury, they also speculated that diffuse cerebel-
lar ischemia from chronic compression was the cause 
of cerebellar atrophy. The authors proposed that CM 
should be considered as a differential diagnosis of loss 
of cerebellar substance.

Petracca et al.10, in 2013, reported a 33-year-old 
woman who had had previous surgery (posterior fossa 
decompression) for CM with complete resolution of 
tonsillar herniation in an early postoperative MR, with 
an improvement of sensory symptoms and also some 
improvement in walking unsteadiness. Three years 
after the surgery, she returned with symptoms of a 
cerebellar syndrome (imbalance and speech impair-
ment), dysphagia, diplopia, and dizziness. She also had 
scanning speech, gait instability, and nystagmus in all 
gaze directions, with bilateral dysmetria. A screening 
for ataxia was performed and also a neurophysiological 
study of the upper and lower limbs with analysis of 
sensory and motor conduction, with axonal neuropa-
thy. A new MR was performed about six years after the 
first one, with a diagnosis of severe cerebellar atrophy 

and late-onset idiopathic cerebellar ataxia (ILOCA). 
ILOCA is characterized by a neurodegenerative disor-
der of adult-onset and unknown cause of progressive 
cerebellar ataxia and atrophy of the cerebellum (and 
sometimes, also the brainstem). The authors proposed 
that ILOCA did not seem to be linked to CM.

Moscote-Salazar et al.11 reported the case of an 
18-year-old woman with headaches in the previous 
six months, with an associated quadriparesis. An 
MR showed tonsillar herniation and syringomyelia. 
She underwent posterior fossa decompression with 
a laminectomy of C1 and had fully recovered from 
her symptoms after three years of follow-up. In the 
same MR, severe cerebellar atrophy was evident. No 
mechanism to explain the cerebellar changes were 
proposed by the authors.

We also added the illustrative case of a 58-year-old 
man with CM surgically treated with posterior fossa 
decompression ten years ago who had later worsen-
ing of cerebellar ataxia with severe cerebellar atro-
phy (Figure 1). This patient had severe ataxia, almost 
unable to walk (requires flares), severe dysarthria, and 
dysmetria, but did not have pain or motor symptoms. 
He did not undergo another surgical procedure once 
his symptoms were attributed to severe cerebellar 
degeneration. A BI secondary to clivus hypoplasia 
and some ventral brainstem compression was evident.

DISCUSSION

Since the f irst paper about cerebellar ecto-
pia published by Hans Chiari in 1891, congenital 

FIGURE 1. A) SAGITTAL BONE CT SCAN SHOWING CLIVUS HYPOPLASIA, PLATYBASIA, AND A POSTERIOR FOSSA 
DECOMPRESSION WITH A C1 LAMINECTOMY. B) SAGITTAL SOFT TISSUE CT SCAN SHOWING SOME VENTRAL 
COMPRESSION OF THE MEDULLA BY THE CLIVUS AND CEREBELLAR ATROPHY. C) SAGITTAL T1 MRI WITH 
SEVERE CEREBELLAR ATROPHY. ONCE THE PATIENT HAD ONLY ATAXIA ATTRIBUTED TO THE CEREBELLAR 
DEGENERATION, WE DID NOT INDICATE A NEW SURGICAL PROCEDURE.
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craniocervical junction anomalies are still full of 
controversies2,12. The many different radiological 
presentations, which may include osseous compo-
nents of the dysgenesis, such as atlantoaxial instabil-
ity, BI, Klippel-Feil anomalies, atlas occipitalization, 
scoliosis, facet joints malformations, tethering cord, 
among many others, are extensively discussed in the 
literature1,2,13-19. When considering the neural com-
ponents of CM, the association of CM with hydro-
cephalus, syringomyelia, and syringobulbia is also 
extensively found13. However, cerebellar atrophy has 
rarely been described, although we have noticed that 
this finding is not so rare.

In our review, we only found six studies discuss-
ing cerebellar atrophy associated with CM, with a 
total of seven patients, or eight patients, including 
our additional case. The images of the first case, 
date from 1984, and it is not possible to clearly eluci-
date if there is concomitant BI in the axial CT scan6. 
The two cases presented by Goel et al.7 had severe 
BI with ventral brainstem compression. The fourth 
case, presented by Kempster and Pullar8, did not 
have MR images available, but the authors reported 
that the patient had severe anterior brainstem com-
pression without signs of cerebellar infarction. The 
fifth case reported by Maurya et al.9 had only CM, 
without an evident BI and without ventral compres-
sion. The sixth case reported by Petracca et al.10 also 
did not have evident BI. The seventh case reported by 
Moscote-Salazar et al.11 had CM with important ven-
tral brainstem compression, similarly to our illustra-
tive case. Considering the eight cases reviewed, only 
two were “pure” CM, five had also BI with ventral 
brainstem compression, and one was inconclusive. It 
means that although ventral brainstem compression 
may play an important role in the development of 
cerebellar atrophy, it cannot be the only explanation 
for this finding.

The normal vascular flow documented in angiog-
raphy of the posterior fossa performed in the cases 
of Gebarski and Greenberg6, as well as in the Goel 
et al.7 cases, suggested that infarction was not the 
reason for cerebellar atrophy, although the authors 
postulated that continuous insufficient blood supply 
might play a role in the physiopathology of cerebel-
lar degeneration.

The theory proposed by Kempster et al.8, based 
on animal studies (rats), that damage to the inferior 
olivary neurons may result in atrophy in the cerebellar 
Purkinje cells due to mutual trophic effects may be 

considered in cases with ventral brainstem compres-
sion20. However, as explained above, two patients had 
“pure” CM, without ventral brainstem compression 
in published images. For this reason, this explanation 
may also be questioned or does not explain atrophy 
in all cases.

Ito et al.21 described a case of a 50-year-old woman 
who had a 40-year history of progressive sensorim-
otor deficits with CM with severe spinal cord atro-
phy below C12 (in the cervical, thoracic and lumbar 
spine, without tethering). She underwent foramen 
magnum decompression and C1 laminectomy with 
duraplasty, with progressive improvement. The 
authors speculated that spinal cord atrophy might be 
due to secondary retention of CSF at the spinal canal 
or spontaneous resolution of syringomyelia. We 
may also infer that CSF obstruction in the foramen 
magnum plays a role in cerebellar atrophy – with 
compartmental posterior fossa hypertension, the cer-
ebellar tissue may be more sensitive to the higher 
pressure and degenerates. This local hypertension 
may result in direct compression of the cerebellum 
tissue in the bone of the posterior fossa – another 
potential mechanism of atrophy. This theory may be 
justified by venous hypertension and poor drainage 
of the posterior fossa in some patients with CM. We 
have observed some patients with severe BI with 
clivus hypoplasia that had important sinus bleeding 
when the dura of the posterior fossa was opened 
in decompressive procedures. To corroborate this 
theory, Saindane et al.22 evaluated the severity of 
transverse sinus stenosis in contrast-enhanced brain 
MRIs of 30 patients who had surgery for CM and 
compared the findings with 76 controls subjects. Two 
different readers blinded to the diagnosis reported 
that CM patients had a higher rate of unilateral 
than bilateral transverse sinus stenosis. This find-
ing may reflect associated intracranial hypertension 
due to an obstruction of the CSF flow or even poor 
venous drainage.

The main limitation of our study is the sparse liter-
ature about the association of cerebellar atrophy and 
CM. Additionally, we should also emphasize that many 
patients with CM may have some degree of cerebellar 
substance atrophy but did not present any symptoms 
related to it. However, this is the first study to review 
this problem and has raised many potential causes for 
cerebellar atrophy. Further studies are necessary to 
elucidate better the reasons for cerebellar degenera-
tion in some patients with CM.
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RESUMO

OBJETIVO: A Malformação de Chiari (MC) tipo I sintomática é tratada através da descompressão da fossa posterior com ou sem duro-
plastia. Observamos alguns casos com ataxia cerebelar grave concomitante devido à atrofia cerebelar. O objetivo deste estudo é revisar 
a literatura sobre MC associada à atrofia cerebelar grave e discutir sua possível fisiopatologia.

METODOLOGIA: Conduzimos uma revisão sistemática da literatura no banco de dados Pubmed utilizando as seguintes palavras-chave: 
“cerebellar atrophy Chiari”, e “cerebellar degeneration Chiari”. Artigos sobre a presença de degeneração/atrofia cerebelar associada à 
MC foram incluídos.

RESULTADOS: Encontramos apenas seis estudos que discutiam diretamente a associação entre atrofia cerebelar e MC, com um total de 
sete casos. Nós adicionamos um caso da nossa própria prática para ampliar a discussão. Apenas causas especulativas foram descritas 
para justificar a atrofia cerebelar, entre elas: isquemia cerebelar difusa devido à compressão crônica de pequenos vasos (a causa espe-
culativa mais citada), pressão intracraniana elevada crônica devido ao bloqueio de LCR, hipertensão venosa crônica e associação com 
platibasia com compressão ventral do tronco cerebral, resultando em lesão do núcleo olivar inferior e levando a efeitos tróficos mútuos 
no cerebelo. Além disso, não é possível descartar uma causa degenerativa para atrofia cerebelar sem motivos claros.

CONCLUSÃO: A atrofia cerebelar grave é encontrada em alguns pacientes com MC. A isquemia crônica causada por compressão é a 
causa mais apontada como suspeita, porém outras etiologias foram propostas. As reais causas da degeneração cerebelar não são 
conhecidas. Mais estudos são necessários.

PALAVRAS-CHAVE: Malformação de Arnold-Chiari. Cerebelo/anormalidades. Doenças

CONCLUSIONS

Although not common, severe cerebellar atrophy 
is found in some patients with CM, more commonly 
with associated BI. Many potential causes could jus-
tify this association, such as chronic ischemia, ventral 

brainstem compression, CSF hypertension, venous 
hypertension, or even an intrinsic degeneration. 
However, the reason for cerebellar degeneration in 
some patients with CM is not known. Further studies 
are necessary.


