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Abstract
Purpose

The Posterior Fossa Society (PFS) was founded 4 years ago to systematically gather and exchange
information on the post-operative (CMS) and cerebellar cognitive affective syndrome (CCAS).
With its consensus meetings, the PFS orchestrates research studies in the field of cerebellar injury
and progresses the knowledge of post-operative pediatric cerebellar mutism syndrome (CMS). In
this article, we captured the 3-day program of presentations, group discussions, interactive
workshops, and dialogue, highlighting the key topic areas of CMS and its research advances.

Methods

This synopsis is based on the third consensus meeting which was held in Reykjavik, Iceland, in
August 2018.

Results

Three working groups have been defined to drive the future research priorities on post-surgical
CMS: (i) refining definition and symptoms scoring of CMS; (ii) understanding the pathogenesis and
enhancing risk-stratification strategies; and (iii) developing rehabilitation approaches and protocols.

Conclusions

The third consensus meeting highlighted a unanimous desire for data-driven information to advance
the knowledge and guide future research efforts. The PES constitutes an established and expanding
network of multi-disciplinary expertise that can facilitate the development of collaborative studies
and produce official guidelines on the topic.
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Pathogenesis
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Background

Brain tumors (BTs) constitute around 25% of neoplasms in children and young people and around half
of these tumors arise in the posterior fossa with an incidence rate of approximately 5.13 cases per
100,000 children [7]. Posterior fossa tumors include cerebellar astrocytoma, medulloblastoma,
ependymoma, atypical teratoid rhabdoid tumor, and both malignant and benign tumors arising from
the brain stem. Most types of tumors require surgical excision, the malignant types requiring adjuvant
chemotherapy plus/minus radiotherapy with generally increasing survival rates [5, 12, 20]. Although
surgery has a key role in improving outcomes, injury to the cerebellum and its supratentorial
connections may result in significant acute and long-term morbidity for pediatric survivors.

Cerebellar mutism syndrome (CMS) is a known adverse effect of cerebellar injury and posterior fossa
surgery particularly in children and increasingly recognized since the 1970s [24]. The rate of CMS is
variable but reports suggest that it occurs in between 20 and 30% of the children undergoing posterior
fossa surgery with highest rates reported in very young children [15, 30] and those with
medulloblastoma [6]. CMS usually emerges within 1 to 6 days after surgery and is manifest by
mutism usually associated with emotional lability. A range of neurological (e.g. cranial nerve palsies
and long tract signs) and neuropsychological abnormalities may accompany these manifestations [11].
The presence of post-operative CMS is independently linked to poorer cognitive outcomes later in life
[21, 22], with implications on the survivor’s quality of life. Despite an increased awareness of CMS
over the last 50 years, attempts to identify pathogenesis and predictive risk factors have provided
conflicting results for tumor size, type, location, and radiological features [6, 8, 16, 26]. Thus, the
incidence of CMS has remained fairly stable over time. There is a paucity of systematic prospective
trials examining this common post-surgical complication [33] that affects the quality of life of
children living with, and surviving a brain tumor diagnosis. There is, therefore, a clear need to better
refine the formal definitions and standard assessment criteria of CMS across the ages. Further
clarification on the relationship between CMS and the Cerebellar Cognitive Affective Syndrome
(CCAS) [18, 27, 32] is also important in developing future research. Many key questions remain
unanswered on the mechanisms and pathophysiology of injury, the predictors of occurrence and
recovery, the timing and most effective rehabilitation therapy, as well as the role of pharmacological
and other therapies.

The Posterior Fossa Society (PFS) was formed in 2014 by Thora Gudrunardottir, together with
Elizabeth Wells and Karin Walsh, and has brought together a multidisciplinary and international group
of committed researchers and clinicians with a shared interest in post-surgical CMS. The society has
achieved advances on the topic through collaborative research networks. Two previous meetings set
the stage for the 2018 consensus meeting. The first consensus meeting held in Reykjavik, Iceland in
2015, focused on finalizing a consensus on the definition and diagnosis of CMS, based on results of
the Delphi process carried out during the previous year, which lead to our initial consensus paper [13].
A follow-up, topic-specific meeting was held in conjunction with the International Symposium on
Pediatric Neuro-Oncology (ISPNO) in 2016, with a focus on prevention and intervention.

The third PFS consensus meeting was held on August 2-5, 2018 at the Harpa Conference Center in
Reykjavik, Iceland. The conference was attended by 28 members of the Society (Appendix),
representing seven countries in three continents. The primary aim of this third consensus meeting was
on the pathogenesis of CMS and the management/rehabilitation of post-operative pediatric CMS.
Conference delegates were given the opportunity to compare and contrast different practices across
the world, highlight key messages of practical importance, and suggest topics for future research
direction. We provide a synopsis of the 3-day meeting to promote awareness and collaborative
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research efforts, thus harmonizing the approaches world-wide.

Conference sessions

Delegates from several institutions presented their research. Conference attendees took part in four
facilitated discussions on “take-home messages” that could identify and facilitate the next stage of
research. Two facilitated group sessions were arranged to discuss practical scenarios and define
working groups to prioritize research areas through live votes. Results of these interdisciplinary group
discussions highlighted that more compelling future research will be driven by working groups
focusing on: CMS symptom scoring (refining definitions and scales), surgery and radiology
(pathogenesis and risk prediction), and rehabilitation (intervention and management). The key
messages of each working group are described below. To ensure transparency and pass a unanimous
message that could harmonize the approach and management of the post-surgical CMS and related
conditions, we sent out the summary of the presentations and discussions and asked delegates to
provide a feedback on the relevant key points.

CMS scoring

The initial effort of the Society was to develop a rating/scoring system based on the consensus
definition established through the Delphi process and agreed upon at the initial PFS consensus
meeting. By developing a standard measurement tool, clinicians and scientists could better define and
capture the post-surgical occurrence of CMS. The Iceland Delphi result [18] aimed at resolving
terminology conflicts and provided a solid foundation for future work in both clinical and research
fields.

A review of a proposed CMS rating scale was performed in Rotterdam by Dr. Catsman-Berrevoets
who applied the scoring system as initially drafted at the PFS Consensus in 2015 to a historical cohort
of children. Her work emphasized that symptoms such as severe axial ataxia and swallowing
difficulties may need further evaluation, as they are possibly strong predictors of long-term outcomes,
and they may better predict the duration of CMS, independently of the degree of speech impairment
(i.e. mutism versus reduced speech). It also highlighted some of the challenges with implementing a
potential CMS scale. Use of the scale at the earliest possible time-point after surgery in order to
capture the real delay in symptom presentation was presented as an important factor. Also,
formulating a user-friendly format to detect CMS severity considering the changing needs of the
patient during the post-surgical period, and one that could be used interchangeably by different staff
(e.g. nurses, doctors, and speech/language pathologists) that can test it multiple times during the day
is also imperative in adequately capturing the data.

The interactive discussion also included the use and weight of the primary and supporting criteria,
with particular focus whether emotional lability should be a core (in addition to mutism) or a
supporting feature. There is the increasing suggestion that the same disease spectrum manifests with
different predominance of symptoms during different stages of brain development and that its variants
may well extend into adulthood. The latency, duration, and severity of symptoms may all be important
factors to better define prognostic groups and guide specific interventions on acute and chronic
symptoms. Following discussion, there was a perceived need to further develop a feasible, valid, and
reliable assessment tool by:

1. Establishing a PFS working group to develop a novel scale, which can then be paired with the
previous one for correlation and comparison in future clinical and research application

2. Supporting an envisaged multi-center collaboration for the validation and use of specific children
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scales especially on ataxia and cognitive affective symptoms. The development of such scales
from adult versions is under the lead of Dr. Schmahmann.

The group also recognized that the ongoing multi-center trial “Nordic Study of the Cerebellar Mutism
Syndrome in Children with Brain Tumors of the Posterior Fossa” [33] will further inform on the CMS
definition, and scoring system.

Surgery and radiology

The pathogenesis of post-surgical CMS remains elusive. Several studies have suggested the
involvement of the dentato-thalamo-cortical (DTC) pathway through a cerebellar-cortical diaschisis
effect. Additionally, previous evidence has shown the development of hypertrophic olivary
degeneration (HOD) in children with CMS, which indirectly indicates the disruption of the dentato-
rubro-olivary pathway [23]. Specific imaging abnormalities in the inferior olivary nuclei (ION) are
deemed to capture HOD [9]. Dr. Avula presented a review of a single-center data that further supports
the described neuroanatomical evidence, with emphasis of new magnetic resonance imaging (MRI)
and analysis techniques highlighting signal changes in the left or bilateral ION as a very relevant
neuroradiological feature of for CMS in the period following surgery [2, 3]. Dr. Patay presented how
other modalities of MRI, such as resting state functional MRI, could add further value in the
knowledge of processes underpinning the development of CMS.

Dr. Avula presented an audit on the incidence of CMS in a single center highlighting potential for
reducing the occurrence of post-surgical CMS and again focused attention on the role of surgical tools
and techniques. Since 2015, the Liverpool group report a decrease in the incidence of CMS at their
site from around 31 to 3%. Dr. Avula presented that factors associated with this decrease in incidence
that may include a combination of increased awareness of the anatomical structures involved in CMS,
awareness that total resection of tumor in order to have a good survival is not always necessary in all
cases, and the avoidance of surgical equipment that may cause thermal injury (e.g. cavitron ultrasonic
surgical aspirator - “CUSA”). The thermal injury hypothesis has been raised by the apparent
convergence of data from the heat stroke literature, which highlights a selective vulnerability of the
dentate nuclei [17] and Purkinjee cells [4] to heat, and data suggesting elevated temperature in
patients post-surgically in the absence of infection, which seems to be highly predictive of CMS [25].
Thus, the change in CMS incidence recorded by Alder Hey Children’s Hospital in Liverpool seemed
to coincide with the abandon of CUSA devices and ultrasonic aspiration near the cerebellum may
further support the contribution of “thermal damage” in CMS. Dr. Keating further supported the
possibility of achieving a decreased incidence of CMS, again partially linked with the avoidance of
CUSA. Dr. Keating’s experience at the Children’s National, Washington, USA, extended the possible
factors associated with a decrease in CMS to the surgical approach (e.g. telovelar) and the degree of
surgical retraction.

Additional discussion focused on the role of aggressive steroid regimes pre-operatively, with
evidence-based data expected to come from the Nordic Study [33]. The experience of Liverpool and
Washington should be confirmed by other groups and a multi-center trial looking at the comparison of
different neurosurgical equipment was considered.

Drs. Walker and Dineen presented the findings from the 2017 International Workshop hosted in
Nottingham, UK. The main aim of this workshop was to generate a pre-operative scoring system that
could predict the risk of post-operative pediatric CMS. The stratification of patients to risk-groups
based on pre-surgical imaging could guide treatment-decisions, thus potentially reducing the
incidence of CMS, and better informing patients and families. The criteria for neuroimaging scoring
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were developed through a retrospective review of neuroimaging data [19]. During the workshop,
participants (including neuroradiologists, neurosurgeons, and neurologists) rated the pre-surgical
magnetic resonance imaging (MRI) blinded to the clinical outcome. The delegates worked in small
groups to test the effects of such pre-surgical information on clinical decision-making (e.g. low-risk
and high-risk patient). The Nottingham group is leading a future prospective validation study that
could produce a model for risk-stratification of children with posterior fossa tumors. The ability to
stratify the individual patient-risk enhances the opportunity to achieving a better comparison across
centers and harmonizing the approaches and outcomes. The Nordic study may provide a wide source
of neuroimaging to further testing and refining the current scoring system.

The outcomes and goals envisaged by the PFS are the following:

1. Multi-center collaboration to develop protocols to evaluate the effects of altering surgical
techniques and tools with the aim of reproducing or confuting the preliminary data from the
Liverpool and Washington groups

2. Supporting neuroimaging studies that could potentiate the discovery of biomarkers, thus better
informing on the individual risk, quantifying the injury of the proximal efferent cerebellar
pathway (pECP), and evaluating the functional and anatomical correlates of cerebellar injury

3. Multi-center collaboration for the prospective validation of the pre-surgical predictive scoring
system, for which Nottingham and Liverpool neuroradiology groups are developing web-based
tools with CMS-specific training modules that would harmonize the scoring of neuroimaging
data across participating centers

Rehabilitation

Rehabilitation strategies that could minimize the consequences of a cerebellar injury received
significant attention during the consensus meeting. There is an increasing interest in CMS research
studies and in the quality of life of survivors. Despite this, there have not been rehabilitation trials
focused on reducing or eliminating the consequences of post-operative CMS. The main challenges
identified relate to the difficulties in defining the key elements of management guidelines and
standardizing the programs of speech, physical, and cognitive rehabilitative therapies. There has been
a lack of knowledge and experience in the management of neurobehavioral symptoms that could
negatively impact in the success of rehabilitative programs. Additionally, there are challenges in the
use of techniques that may have the potential to boost the neuroplasticity and thus the brain recovery.

The Liverpool group has reviewed the natural history of ataxia evaluation in children with posterior
fossa tumors. Scales such as Scale for the Assessment and Rating of Ataxia (SARA) [29] and Brief
Ataxia Rating Scales (BARS) [28] showed a drop in scores (decreased problems) at 3 months, which
reflects an improved function, followed by a plateau. It was noted that the recovery trend changes
around the same time that the intense physiotherapy program ends. It raises the question whether
prolonged rehabilitation beyond the initial 3-month program would result into a further gain in
functional recovery. We see the opportunity to investigate the optimal window for functional
improvement post-surgery, the role of prolonged intense physiotherapy, the optimal time period during
which other interventions (i.e. pharmacological or non-invasive clinical interventions) are most
effective in enhancing the recovery based on neuroplasticity principles.

The 2018 meeting saw the invaluable contribution of psychiatry colleagues who provided added value
to the area of management, rehabilitation, and quality of life. Dr. Abrams presented her experience of
emotional and behavioral symptoms that widen the spectrum of pediatric post-operative CMS.
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Emphasis was placed on the fluidity and variability of the presentation of emotional and behavioral
symptoms in CMS, including positive (e.g. irritability) and/or negative (e.g. withdrawn) features.
Drugs targeting different mood symptoms at different times during the acute and long-term
presentation of CMS-associated symptoms may result in symptom relief and improved quality of life.
Some limited literature, mostly based on case studies, has been published on pharmacologic treatment
approaches e.g. fluoxetine for CMS [1]. More notably, for cerebellar neuropsychiatry symptoms in
children, carbamazepine has been used for severe dysphoria and irritability [31] and ariprazole for
agitation and related mental status changes [35]. Dr. Abrams suggested that low doses of atypical
antipsychotics and benzodiazepines may prove beneficial for short-term treatment in the post-surgical
periods and allow for greater engagement in therapies (physical, occupational, speech/language, etc.)
thus maximizing potential benefit. The long-term emotional, behavioral, and social consequences of
CMS will likely need to be addressed with drugs appropriate for the individual specific clinical
presentation [34].

Dr. Samargia presented on non-invasive techniques by that may be promising in enhancing recovery
by acting on developmental neuroplasticity. Transcranial Direct Current Stimulation (tDCS) and
transcranial magnetic stimulation (TMS) have been deemed safe for use in children [14]. Dr. Samargia
showed the proof of concept that the DTC tract is susceptible to neuroplasticity and that both tDCS
and TMS modulate the connectivity between the cerebellum and supratentorial areas [10]. This
theoretical basis represents the first step in testing the hypothesis that non-invasive cerebellar
stimulation may have a positive effect on recovery associated with cerebellar injury and specifically
post-operative CMS. These approaches are gaining popularity, and there is an increased need for
randomized controlled clinical trials to clarify the role of non-invasive neurostimulation for cerebellar
injury. Further questions to be resolved should address the role of neuroplasticity in shifting
maladaptive recovery, compensation versus true recovery, the standardization of methodology, and the
relationship between restoration of connectivity and true functional recovery.

As a way forward, the PFS will envisage the following:

1. Development of a survey aimed at collecting information on rehabilitation guidelines and
practices across countries which would determine what specific and relevant interventions are
most useful to the CMS population

2. The harmonization of rehabilitation therapy approaches based on survey results around common
themes. Future goals would be to establish feasibility studies using virtual training

3. The identification and monitoring of emotional, behavioral, and cognitive morbidities to
intervene on these and improve the quality of life

Other key-points

The Posterior Fossa Society is expanding its focus beyond the post-surgical CMS in children to
encompass variants and related conditions across the age spectrum (e.g. Cerebellum Cognitive
Affective Syndrome). The Society has moved from an international multidisciplinary collaboration
aimed at defining the post-operative pediatric CMS, thus raising awareness and improving its
recognition, to a working group that aims to provide guidance on the prevention and management of
pediatric CMS, set the direction of research in cerebellar injury, and provide a collaborative, scientific
environment to encourage and support collaborative studies in the field.

The Society foresees further fertile contribution that could be achieved by broadening the involvement
of countries and continents that have been under-represented to date such as Australia and Asia.
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Additionally, it was strongly felt that the Society needs increased participation from specialties such
as psychiatry that have expertise in areas that are invaluable in learning more about the spectrum of
neuro-behavioral symptoms and potential pharmacologic interventions targeting symptoms. The
importance of recruiting allied health professionals, specifically nurses, was also highlighted during
discussions, as these professionals often have the best opportunity to closely and regularly observe the
patients in the acute and longer-term phases of CMS. In particular, nurses and other allied health
professionals can help advance the utility and implementation of symptom scales, thus better
capturing and recording the symptoms.

Future directions

Discussions clearly and unanimously highlighted the desire and need for data-driven information and
the development and implementation of multi-center collaborative studies to advance this field

(Fig. 1). It is anticipated that such approaches and work will refine the definition of the syndrome,
enhance risk-stratification strategies, and lead to effective rehabilitation approaches.

Fig. 1
Work plan agreed at the 2018 PFS Consensus Meeting. Three working groups (oval grey areas)

prioritizing future research efforts. PFS, Posterior Fossa Society; CMS, cerebellar mutism syndrome;
CCAS, cerebellar cognitive affective syndrome; Physio, physiotherapy

2018 Consensus Meeting

S scoring scale | . Diagnosis Prevention Treatment Speech & Physio

children . ¥ : L >

CCAS scale Neuroimaging Surgical approach Drugs Protocols

Standardization of measures «  Prospective multicenter trials

Official guidelines

Conclusions

The third Posterior Fossa Society consensus meeting proved highly successful, with results of the
meeting setting the stage for a paradigm shift in the field of CMS and its associated conditions.
Positive feedback was received from all delegates for the advances achieved by the Society over the
years and in the established future directions. Each delegate renewed a strong commitment in driving
future research advances as reflected by the working groups. Increasing and differentiated
membership to the Society is advocated and desired by the group. Variability in the awareness of CMS
across medical centers was highlighted, as was the need to produce evidence-based knowledge that
could harmonize the definition, measurement, and interventions. Our joint efforts aim to produce
guidance and collaboration on various aspects of post-surgical CMS that could help clinicians and
patients in tailoring the decision-making process. We strongly support international collaborations to
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undertake future prospective research, and our established network may facilitate the access to multi-
disciplinary expertise as well overcoming recruitment limitation. Future meetings are being planned,
and the new Posterior Fossa Society website, currently under construction, will provide updated
information and links (we invite the readers to contact the corresponding author for website address
and status).
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