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Abstract
Purpose Neurofibromatosis type 1 (NF1) syndrome is a common rare/orphan disease that manifests itself early in the paediatric
age. It imposes a considerable burden upon patients as well as on caregivers. Decisions regarding optimal care often rely on
several medical instances working together as a team.
Methods The authors reviewed the literature and supplied a description of their own clinical work at the NF1 centres.
Results The experience of a multidisciplinary teamwork of three NF centres was summarized in order to enhance awareness for
possible multidisciplinary ways of delivery of health and health-related aspects of care to NF1 patients. Both population-focused
research centres and family-focused centres were reviewed.
Conclusions Chronic rare diseases that start in the paediatric age mandate long-term follow-up most often by several disciplines.
NF1 syndrome is an example of a multidisciplinary centre in order to enhance the quality of care.
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Introduction

Neurofibromatosis type 1 (NF1) syndrome is the classical
model of a chronic and complex genetically determined
condition necessitating a life-long multidisciplinary
healthcare approach. It is, although a rare disease ac-
cording to the definition, a relatively common inherited
disorder occurring with a birth incidence of approxi-
mately one in 2500–3000 individuals [1]. It is caused by an
autosomal dominant mutation in the neurofibromin gene lo-
cated on chromosome 17 [2].

Neurofibromatosis type 2 (birth incidence of approximate-
ly one in 25,000) [3, 4] and the relatively recently established
‘young’ entity schwannomatosis (with a prevalence of
1:126,000) [4] are rarer, although schwannomatosis in partic-
ular is suspected to have a high number of unreported cases
with a frequently oligosymptomatic course, which is also
reflected in the rising incidence figures.

This paper suggests the NF1 syndrome to serve as an ex-
ample of a complex multidimensional paediatric rare disease
and elaborates on the challenges posed by the necessary mul-
tidisciplinary approach with regard to diagnostics, clinical
management and research.
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Methods

The authors reviewed the literature concerning the multiple
aspects of multidisciplinary clinics and teamwork. They then
supplied a description of the existing solutions and approaches
in their NF centres and raised issues and suggestions in an
effort to set out and determine what could be a better way of
applying and conveying the standard of care that should be
recommended for a tertiary Multidisciplinary Team clinic
(MDT) in NF1 syndrome.

Results

Demands for a neurofibromatosis (NF1) centre

NF1 syndrome, classically seen as a genetically driven tumour
predisposition syndrome of the central and peripheral nervous
system, is in fact a complex multi-system disease that leads,
apart from the formation of tumours, to many other impair-
ments, including cognition, bone metabolism, endocrinology
and skin affection, and requires intense interdisciplinary co-
operation between clinical physicians and scientists from
many disciplines (e.g. neurology, dermatology, several surgi-
cal disciplines, paediatrics, psychology, neuroradiology, oph-
thalmology, ear, nose, throat (ENT).

This wide variety of manifestations [5, 6] results in
immense importance and demand for multidisciplinary
treatment and follow-up. Children with NF1 and quite
often also some members of their family need regular
medical follow-up with regard to all specific manifesta-
tions of the disease, thus necessitating multiple healthcare
professionals’ attention.

In chronic diseases, clinical as well as self-well-being con-
siderations should be addressed simultaneously. Observations
frommedical fields exist, e.g. the ‘Rural Australian Diabetes –
Inspiring Control Activity & Lifestyle’model [7]. This model,
called ‘RADICAL’ comprised of a locally based, co-located
core team of a general paediatrician, diabetes educator and
mental health nurse. Consultation behaviour, including per-
sonality expression and team interaction, was an important
part of the success of the RADICALmodel. The paediatrician
no longer carried the sole burden of management, leading to a
change in consultation behaviour. [7].

In the authors opinion, the following demands should be
met by a centre for neurofibromatosis (and other centres for
rare diseases):

& Establishment of a treatment and research centre for neu-
rofibromatosis as a coordinating lead centre.

& Implementation of diagnostic and therapeutic stan-
dards for the qualitative diagnosis and treatment of
neurofibromatosis.

& Development of new therapy options through interdisci-
plinary networking of clinic and research.

& Intensification of basic research through the promotion of
interdisciplinary and international cooperation and
through the acquisition of external funding.

& Further development of education, training and continued
education concepts for physicians, nursing staff and
students.

& Establishment and expansion of study registries.
& Cooperation with medical societies, self-help groups and

other centres for rare diseases.
& Identifying and separating patients with severe clinical

course from patients with a mild form of the syndrome.
The severe clinical course of the syndrome may include
cognitive impairment, severe disfigurement, scoliosis,
high internal tumour burden, osteoporosis and osteopenia,
which can occur in one patient simultaneously. Such pa-
tients need close follow-up in the centre itself. In contrast,
patients with mild forms of the disease can be monitored
by general practitioners for a long time and are only re-
ferred to NF centres at longer intervals.

Experiences in multidisciplinary care centres

In the following, three models of inter- and multidisciplinary
care for children and adolescents (and adults) are described as
possible exemplary solutions to meet the named demands for
centres. Furthermore, the lessons learnt from the experiences
made are discussed, which may differ according to the centre,
the society and the local health systems in question.

The experience at the Gilbert Israeli and International
Neurofibromatosis Centre

1. Patients are referred to the GIINFC from all over Israel by
paediatricians, paediatric neurologists and adult physi-
cians. The clinic provides multidisciplinary and multi-
specialized consultations and advanced treatments fo-
cused on NF1 syndrome. All clinical appointments with
the child and its family take place in a multidisciplinary
setting with a social worker and a psychologist attending
each formal medical visit.

2. The multidisciplinary team of the GIINFC holds meetings
twice a month and includes all the caretakers of adults and
children involved such as paediatric and adult neurolo-
gists, neurosurgeons, an ophthalmologist, orthopaedics,
oncologists, a geneticist and a radiologist. Other special-
ists are added, if needed. This setup enables a continuous
flow of information and familiarity with each patient and
his family among all the interdisciplinary staff. This phys-
ical proximity of multiple professionals under one roof in
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one hospital segment enables smoother and more accurate
communication and delivery of care to the patient and his
family.

3. The GIINFC provides greater access to families who have
several members with NF1 syndrome to the multidisci-
plinary team by enabling single day coordinated visits,
both by paediatric and adult neurologists.

4. The GIINFC includes children and adult clinics under the
same roof. This enables the team to provide comprehen-
sive and continuous care to children (< 18 years) and
adults (> 18 years) implementing a unique model of tran-
sition for adolescents and young adults. This setup allows
a smooth transition from the paediatric clinic to the adult
section, as the young adult moves from the paediatric to
the adult neurologist, with no changes among the rest of
the staff, and thus avoiding gaps of medical care.

5. The patient has one point of contact, is accompanied by
the social worker and the psychologist throughout the
whole treatment and receives emotional support in case
of difficulties. At the same time, the family of the adoles-
cent gradually redefines its role in the caretaking process.

6. Clinical research has focused on optic pathway gliomas,
imaging nuances including volumetrics, cognitive aspects
and psychological implications.

The experience at the Centre of Neurofibromatoses
at the Centre of Rare Diseases, University Hospital
and Eberhard Karls University Tübingen, Germany

1. The Centre of Rare Diseases in Tübingen was founded in
2010 as Germany’s first Centre of Rare Diseases. It com-
prises currently of 14 sub-centres, one of which is the
Centre of Neurofibromatoses (CNF). The CNF is run by
the following coremembers: Departments of Neurosurgery
(including Division of Paediatric Neurosurgery), Paediatric
Neurology and Developmental Medicine, Dermatology,
and Institute of Human Genetics. Official cooperation has
been established with fifteen diagnostic, surgical and con-
servative departments. The centre sees patients with NF1,
NF2, schwannomatosis and associated rasopathies from all
over Germany and some international patients.

2. The CNF offers weekly parallel clinics for NF1 adults and
NF1 children/adolescents so that all NF1 family members
can be seen on the same day. The majority of children/
adolescents have non-surgical issues and are primarily
seen in Paediatric Neurology; children referred for surgi-
cal issues are primarily seen by Paediatric Neurosurgery.
If other clinical issues are detected, the child is transferred
to the respective clinic under the same roof.

3. Paediatric Neurology runs further clinics for NF1 patients
with special needs, offering multidisciplinary age-specific
monitoring of the associated clinical manifestations. This

includes a focus on developmental disorders. There is
close cooperation with the nationwide ‘Social Paediatric
Centres’, in which patients with deficits are cared for close
to their homes.

4. All adults with NF1 and NF2 are seen by Neurosurgery.
Children/adolescents with NF2 are primarily seen by
Paediatric Neurosurgery in parallel to the adult NF clinic.

5. Recently, the state of Baden Württemberg recognized the
Centre of Rare Diseases (CRD) as part of the state public
health program. A term of the negotiation requires health
insurances to pay for the special care of CRD patients
beyond standard needs. This enabled the hiring of
two nurse practitioners taking care of the non-
surgical needs of all adults, including work and psy-
chological issues, communications with authorities,
networking and mentoring for daily life issues. The
program includes the organization of the transition
from the paediatric hospital and the social paediatric
centres to the adult world.

6. A current project is the establishment of interdisciplinary
case conferences with video streaming to enable other
hospitals and practitioners to present and discuss their
cases.

7. Clinical research has focused on NF2 and hearing preser-
vation and on cognition and attention-deficit/hyperactivi-
ty syndrome in NF1.

The Hamburg International NF Centre experience

& The ICNF in Hamburg was established in 1991. The core
consists of a stand-alone outpatient clinic recognized and
financed by the German Public Health System. Recently,
medical care has also been provided in the form of video
consultations. The outpatient clinic sees about 1000 pa-
tients per year, both adults and children, with all forms of
neurofibromatosis and rasopathies. The centre sees pa-
tients from all over Germany and international patients.

& The majority of patients come to the outpatient clinic ap-
proximately once a year. Here most of the routine diag-
nostics (electrophysiology, neuropsychological assess-
ment, consultations with other specialities) and coordina-
tion of further treatment takes place. In addition, patients
receive genetic counselling and local contact points are
arranged.

& In cooperation with an external radiological institute in
Hamburg, a NF-specific, comprehensive, time-optimized,
high-quality routine radiological diagnostics on a budget-
neutral basis including whole-body MRI and high-
resolution special imaging has been established.

& In the associated NF research laboratory of the Hamburg
University Medical Centre, all necessary molecular genet-
ic examination methods (marker analysis, mutation
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analysis, etc.) are established. At the same time, new di-
agnostic methods are being tested and further developed.

& A close cooperation has developed with numerous depart-
ments of the Hamburg UniversityMedical Centre. Special
psychiatric and neuropsychological diagnostics are of-
fered to patients with psychological and cognitive stress
factors.

& The Foundation of the German National NF patient lay
organization ‘Bundesverband Neurofibromatose’ was ini-
tiated, supported and counselled by the ICNF. Its head-
quarter in Bonn plays an enormous role in all non-clinical
aspects of life for patients with NF, especially with respect
to counselling and information brochures.

& Clinical research has a long tradition in the ICNF with
over 200 publications. Studies have focused on plexiform
neurofibromas (PNF) and malignant peripheral nerve
sheath tumours (MPNST) to clarify the biology of these
tumours. For the first time, the volumetry of PNF could
identify patient groups with increased risk for MPNST.
The bone metabolism of NF1 patients was investigated
in detail. Recently, the risk and survival of women with
contralateral breast cancer in NF1 were described in a
European collaboration. In cooperation with ENT, oph-
thalmology and oncology, the first treatments of NF2 pa-
tients in Germany with the angiogenesis inhibitor
Bevacizumab were initiated within the framework of in-
dividual treatment trials.

Discussion

Chronic diseases mandate long-term follow-up often by sev-
eral disciplines, both medical and non-medical. There is con-
sensus among headache specialists, for example that a multi-
disciplinary treatment/team approach to treating refractory
headaches has advantages and results in better outcomes [8].
The multidisciplinary model of care is defined as a range of
healthcare professionals working independently, but in a co-
ordinated manner to improve outcomes especially for chronic
diseases [9].

Rare diseases are increasingly recognized as the orphans of
medicine and have lately received special attention inWestern
societies. NF1 syndrome is a perfect example of the
multidimensional aspects from birth to late adulthood
due to the complexity of many possibly affected sys-
tems, the very individual disease burden even in genet-
ically identical twins [10–13] and within families, and
finally the limited knowledge of the disease specificities
by general practitioners and paediatricians. Specialists in
private practices or in hospitals almost always only see
‘their’ part of the disease according to their specializa-
tion, but not the whole picture.

A recent report has stressed the importance of MDT work
in neurocutaneous syndromes, and especially in NF1 syn-
drome, and emphasized the challenges of close surveillance
of potential clinical complications even in the given multidis-
ciplinary outpatient clinic [14].

Focusing patients in centres, which can have all kinds of
different organizational forms as outlined by the three exam-
ples described by the authors of this manuscript, seems man-
datory for coping with as many aspects of the disease as pos-
sible. None of the three examples is perfect and all organiza-
tional forms have their shortcomings and their individual his-
tory of development in their given environment. They are,
however, similar in their bottom-line approach: primarily, to
be open to all affected patients and families to describe and
identify the individual disease burden. Secondarily, in case a
complex manifestation exists, to address it with the power of
an organizational network that should not only cover the pa-
tient but also his family and social network.

Regarding the care of children and adolescents, the family-
centred care approach (FCCA) is widely used in healthcare
centres and recognized as an approach that can improve the
effectiveness and efficiency of health services, in particular in
paediatric rehabilitation centres [15]. In different chronic con-
ditions, there is a growing understanding that a whole family
approach should be implemented in order to address all the
needs of the patient and the family. The provision of family-
centred services emphasizes a partnership between parents
and service providers so that families are involved in every
aspect of services for their child [16].

Regarding clinical research in rare diseases, only the concen-
tration of patients in centres allows access to larger cohorts of
patients. Furthermore, academic affiliation offers a better oppor-
tunity to concentrate the expertise of university hospitals facili-
ties and research institutions on rare diseases and to overcome
the lack of public interest in a rare disease problem, especially if
other, more obvious health issues of society are still not being
sufficiently approached. Furthermore, rare diseases mandate na-
tional and international cooperation for clinical and research
projects, as exemplified by the European Reference Networks
(ERN) for NF, e.g. the GENTURIS network for rare genetic
tumour risk syndromes (www.genturis.eu).

On the other hand, it seems reasonable that NF1 centres
should dichotomize patients into a high disease burden and a
complex disease pattern group, and a group manifesting
milder aspects of the syndrome. The first group needs regular
visits and full attention of centre opportunities and possibili-
ties, while for the second, the centre should provide the pri-
mary caregivers with a written guideline for the necessary
items of disease monitoring and a list of unnecessary investi-
gations, for example yearly routine head MRI scans in
children.

NF1 centres thus carry the responsibility for teaching gen-
eral practitioners, neurologists, paediatricians, dermatologists,
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specialists in private practice and in hospitals alike, with re-
gard to the needs and requirements of a rare disease like NF1
syndrome.

This can be done, for example by establishing national
guidelines and standard operating procedures (SOPs) for di-
agnosis and treatment as recently demonstrated by the French
National Guidelines for NF1 syndrome [17], an excellent ex-
ample made available to a whole country but also to other
nations and centres.

Academies for teaching colleagues in a clinical setting need
also to reach out to the education of patients and parents, in
their language regarding their issues and needs. In the past, the
focus has been on regional or national meetings for both
groups, still leaving much room for improvement in most of
our societies.

Given that MDT meetings utilize considerable time, effort
and financial resources [18, 19], emphasis should be placed on
whether there is a need for quantifying the value of a multi-
disciplinary clinic. It is essential to recognize the importance
of enhanced quality of care provided and the ability to partic-
ipate in translational research filling the gaps in knowledge.
Data available regarding integrated healthcare models suggest
improved treatment outcomes and reduced healthcare costs
[20]. To date, these models include primary care physicians
and behavioral health specialists working together often on a
referral basis. These models, however, fall short in real-time
coordination of care in which specialists see the patient during
the same clinic visit [21].

Several reports have described the MTD clinics before [22]
and tried to outline the structure and function of such clinics in
order to improve patient outcomes, but significant heteroge-
neity exists in such clinics with regard to team composition,
entry criteria, follow-up and a variability of processes.
Therefore, this work is in need of standardization.

In addition, the SARS-CoV-2 pandemic has taught us that
digital education formats like webinars, video conferences and
live streams will need to be developed to continue and possi-
bly enhance the educational efforts for improving the care of
NF1 syndrome and other rare diseases. The power of digital
education and data conveying has to be strapped-on to the
future needs of working remotely.

This special issue of the Child’s Nervous System is another
attempt to improve the care of children with phacomatoses by
providing a comprehensive collection of educative reviews
and research papers.
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