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Abstract: Outpatient diagnostics for adult patients with in-
tellectual disabilities and developmental disorders were sig-
nificantly improved when ‘Medical Centers for Adults with
Disabilities’ (MZEB) were established in 2015 in accordance
with a new law (§ 119¢ SGB V). Due to the multi-professional
nature of these MZEBs, cooperation with various special-
ized centers can be initiated. Accordingly, in 2023, a coop-
eration between the MZEB in the LVR-Clinic Bedburg-Hau
and the Institute of Human Genetics, Heinrich-Heine Uni-
versity (HHU) Diisseldorf was initiated. Interdisciplinary
consultation hours for adult patients have been established
in Bedburg-Hau offering genetic counselling and testing to
identify the underlying genetic entity. We will introduce this
new structure and report preliminary results.
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Prior to our cooperation, genetic
testing for adults with mental disa-
bilities and psychiatric illnesses was
rarely carried out, not being part of
standard care

At the treatment center for inclusive medicine at the LVR-
Clinic Bedburg-Hau, which until 2017 consisted of only a

psychiatric inpatient ward and a psychiatric outpatient
clinic, the importance of incorporating more accessible

Affiliations: 'LVR (Rhineland Regional Council) Clinic Bedburg-Hau,
Bedburg-Hau, Germany

“Institute of Human Genetics, Medical Faculty and University Hospital,
Heinrich-Heine University Diisseldorf, Diisseldorf, Germany

3Zentrum fir Seltene Erkrankungen (ZSED-Center for Rare Diseases),
Medical Faculty an University Hospital, Heinrich Heine University,
Disseldorf, Germany

*Corresponding author: Dorothee Maliszewski-Makowka
e-mail: Dorothee.Maliszewski-Makowka@Ivr.de
Dagmar Wieczorek, https://orcid.org/0000-0003-2812-6492

genetic counselling and testing into the patient care par-
adigm has long been acknowledged. Despite the potential
benefit these examinations provide for the patient, their
realization faced various difficulties.

In our psychiatric inpatient wards, an indication for genetic
testing was discussed with the patients, but frequently it was
not possible to arrange this. One of the reasons was the ex-
pensiveness of these examinations, which are not financed
by the German health insurance system as part of inpatient
treatment. Additionally, genetic testing entails significant or-
ganizational and time expenditure, requiring a consultation,
an appointment, and appropriate motivation from those af-
fected. As such, preparation and implementation of the ex-
aminations went beyond the scope of inpatient treatment.

Moreover, especially in acute treatment, those af-
fected could only rarely be motivated to pursue genetic
examinations related to their current ailment. The results
of the genetic examination would only be available at a
much later point in time, long after the patient had been
discharged from the inpatient setting, discouraging the
patients and making it difficult to organize a subsequent
interdisciplinary discussion as well as explanation of the
respective findings.

While genetic examinations are financed in ambulatory
care by the German health insurance system, the resources
of the providers in our psychiatric outpatient clinic were
typically even more insufficient to conduct genetic counsel-
ling and associated motivational conversations.

Another problem is the patients rarely being accompa-
nied by their legal guardian in person during their visits
in the ambulatory clinic. Similarly, communication during
residential home visits mostly takes place with the patient
and nursing staff, and not directly with the legal guardian.
In both scenarios legal guardians are briefed on test out-
comes and suggested treatment plans in separate follow-up
discussions, which, considering the necessity of usually
several motivational interviews with both the patient and
their legal guardian, significantly extends the available time
and resources.

This made genetic counselling difficult to establish in
our standard outpatient care, despite the comparably high
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interest among the ambulatory patients with their fre-
quently more chronic conditions.

Now, however, the introduction of the MZEBs removes many
obstacles for implementation of interdisciplinary measures,
allowing us to include human genetic counseling and testing
more regularly into our patient care. The first preliminary
results of this new structure are presented here.

The mission of the MZEBs

The ‘Medical Centers for Adults with Disabilities’ (MZEBs)
aim to provide needs-based medical care in the form of an
interdisciplinary and multi-professional service if and for
as long as the severity or complexity of the disability or dis-
ability-related health problems exceed the possibilities of
the standard medical care system for adults with multiple
disabilities.

The MZEBs are essential if the upstream levels of care,
such as the general practitioner or specialist care, cannot
meet the professional requirements. A person with a dis-
ability can make use of a MZEB on a temporary or long-
term basis, as well as simultaneously or subsequently with
mainstream care, provided this is appropriate and meets
their needs.

The multi-professional team and equipment of the
MZEBs makes it possible to create individual settings for
diagnostics and therapy for patients with multiple disabili-
ties, while taking into account the special needs for detailed
and disability-friendly communication about the condition
on all levels with the patients, legal guardians, and aides
involved.

To ensure the effective diagnosis and treatment of this de-
mographic, it is essential that they receive care from physi-
cians and therapists with expertise tailored to their unique
needs, encompassing appropriate knowledge, communi-
cation, and action. For quality assurance purposes, staff
at the MZEB are obliged to undergo consistent training in
this domain and provide additional education for involved
aides.

The legal basis for the MZEBs is Section 119c SGB V (Social
Security Code), which regulates the approval of an MZEB
to participate in SHI-accredited medical care (“entitlement
of persons with statutory health insurance to medical,
dental and psychotherapeutic treatment”). Section 43b
SGB V is supplemented as follows: “Insured adults with
mental disabilities or severe multiple disabilities are en-
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titled to non-medical services, in particular psychological,
therapeutic and psychosocial services, if they are provided
under medical responsibility by a medical care center in ac-
cordance with Section 119¢ and are necessary to identify an
illness as early as possible and to draw up a treatment plan”.

The respective MZEBs have specialized in different areas.
For example, there are MZEBs with an orthopedic, neuro-
logical, or internal medicine focus. Treatment at the MZEB
should not be permanent. As a rule, it involves extensive di-
agnostics that cannot be guaranteed to the required extent
by the structures of standard care. Once the detailed and
complex diagnostics have been completed, a treatment plan
or treatment recommendation is drawn up. This is commu-
nicated in written and verbal form with all parties involved
(patients, legal representatives, physicians providing
further treatment, caregivers in the outpatient sector and
residential groups) and evaluated at regular intervals. Once
this diagnostic phase has been completed and the proposed
treatment has been initiated and sufficiently tested for ef-
fectiveness, the patients are discharged from treatment in
the MZEB to regular treatment.

Each MZEB concludes an individual agreement with the
health insurance associations on the provision, remunera-
tion and invoicing of services in accordance with § 119c and
§ 120 SGB V, removing potential financial issues.

The access criteria and the tasks of the respective MZEB
in Germany are defined individually based on the frame-
work concept of the MZEB of the professional associations
for people with disabilities on October 12, 2015.

Organization of the MZEB at the
LVR-Clinic Bedburg-Hau

Since July 1, 2017, the treatment center for inclusive med-
icine at the LVR Clinic Bedburg-Hau has been expanded
to include the MZEB and currently consists of a protected
inpatient psychiatric ward, the MZEB, and the psychiatric
outpatient clinic.

At the LVR-Clinic Bedburg-Hau, a large psychiatric facility,
the focus of this MZEB is on diagnosing and drawing up
treatment plans for individuals with mental impairments
and psychiatric illnesses. The task of our MZEB is to provide
comprehensive diagnostics for adults with mental impair-
ments and psychiatric illnesses, which cannot be provided
to the required extent under the conditions of standard
care. Treatment usually lasts three to four quarters.
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Tab. 1:
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The admission criteria for the MZEB at the LVR Clinic Bedburg-Hau are as follows:

- Completed 18th year of age

- Severely disabled person’s pass with a degree of disability (GdB) of at least 70
- Requirement of target group-specific diagnostics and therapy, in particular specialized communication through suitable communication

strategies (simple images, communication aids, assistance)

- Suspected or already diagnosed congenital or acquired degenerative, inflammatory or vascular disease of the nervous or neuromuscular system

corresponding to one of the following eligible diagnoses:

- FO06 (other mental disorder due to brain damage or dysfunction or physical illness); FO7 (personality and behavioral disorder due to brain

disease, damage or dysfunction);
- F70-79 (intelligence disorders);
- F80-F89 (developmental disorders);

- G10-G14 (system atrophies that predominantly affect the central nervous system);

- G71 (primary myopathies);

- G80-83 (cerebral palsy and other paralysis syndromes); Q00-Q99 (congenital malformations, deformities and chromosomal abnormalities);
- and additionally R13 (Dysphagia) and R47 (Speech and language disorders not elsewhere classified)

Treatment at the MZEB in Bedburg Hau, as an MZEB with
a psychiatric focus, is only possible under certain criteria
(see Table 1).

There are access criteria that apply to all MZEBs in
Germany; however, individual MZEBs would have to
conclude local contracts with the relevant health insur-
ance funds, as they have different specialist focuses.This
results from a higher treatment cost compared to regular
outpatient treatment. One access criterion for all centers
for special education and counseling (MZEBs) is the re-
quirement of having a severe disability rating (GdB) of at
least 70.

There must be a need for target group-specific diagnos-
tics and therapy, in particular specialized communication
through suitable communication strategies, e.g. simple
images, means of communication, assistance.

Tasks of the MZEB in Bedburg-Hau:

The first step is to summarize the medical findings from the
patient’s medical history and take a detailed medical history.
This is followed by supplementing the diagnosis with cur-
rently or previously missing aspects, by, for example, spe-
cialized psychological testing and the collection of assess-
ments, e. g. ICF (International Classification of Functioning,
Disability and Health) and SEED (Emotional Development
Scale). Based on this detailed examination, a final diagnosis
and treatment recommendation is made in accordance with
the current S2k guidelines (AWMF Registration number
028-042). The treatment recommendation is communicated
with the outpatient physicians responsible for the patient
and implemented accordingly following their approval. Af-
terwards, the patient is discharged from the MZEB.

As mentioned above, in most cases of adults with intel-
lectual development disorders referred to us, the causes of
their condition are unknown. It is therefore important to
supplement our diagnostics with a human genetic examina-
tion to determine or rule out a genetic syndrome.

Indications for human genetic
testing in individuals with intellec-
tual disability

In our view, every patient with an intellectual development
disorder, including those with positive family history, con-
sanguinity, associated malformations, facial dimorphisms,
should be offered genetic testing in order to accurately di-
agnose a (non)-syndromic disorder:

There is still a gap between the demands and require-
ments on one hand side and the reality of the situation on
the other side regarding the health care of mentally im-
paired people with and without psychiatric disorders ([1-8]
Fegert et al. 2017, Hafler et al. 2019). Population-based esti-
mates suggest that between 10 and 60 % of all children and
adolescents with intellectual disability experience mental
disorders, with the higher prevalences in younger children
([9] Munir 2016).

However, identification of causative variants in indi-
viduals with intellectual disability and mental impairment
is lower than 50 % after short-read exome or genome se-
quencing ([10] Grozeva et al., 2015, [11] Vissers et al., 2016,
[12] Bertoli-Avella, 2021, [13] Mainali et al., 2023)
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Motivation of the patients
concerned and their legal
representatives with regard to
genetic testing

In our experience, patients and their legal representatives

often lack awareness regarding the applications of human

genetics. Below are the key arguments we present during
motivational conversations in our consultations to under-
score the potential benefits of genetic testing:

— Clarifying the genetic basis of the condition can be an
enormous relief for families. In many cases, there are
different assumptions about the origin of the condi-
tion and associated feelings of guilt on the part of the
parents, all of which could be potentially relieved.

—  Better assessment of the possible course of the disease
with a focus on possible somatic risks, enabling tar-
geted preventive measures if possible.

- Possibility of participating in appropriate forums and
support groups, which can provide valuable support for
those affected and their relatives in individual cases.

— Prognostic assessment of a hereditary disease.

— Finding and prognostic insights concerning treatable
conditions.

In conversations about human genetic testing with affected
individuals, we have observed various reactions. Fre-
quently, patients and their relatives show initial interest in
genetic testing, but many exhibit hesitation when it comes
to actually undergoing the test, expressing a desire to take
time to consider it further.

After reconsidering, some patients decline, often due
to the fact that they may have to travel long distances to the
test site and due to the requirement of additional appoint-
ments. Occasionally, the caregivers or nursing staff in the
residential homes of patients are not prepared to provide
organizational support for such an examination, partly
because they do not see the need for it, (“Mr/Mrs XY does
not wish to have children”). Hence, we have recognized
the significant impact that caregivers, relatives, and legal
guardians have in guiding the decisions of the individuals
under their care or supervision. Therefore, discussions re-
garding genetic counselling often have to be held on several
levels before an examination appointment can finally be ar-
ranged.

Ultimately, in most instances, the people concerned are
skeptical about the consequences of a human genetic test
and expect little subsequent therapeutic intervention.
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Organizing a human genetic test close to the patient’s
home reduces some of the hurdles and makes it easier for
the patient to decide to undergo the test.

Organization of human genetic
counseling and testing as part
of the cooperation between the
LVR Clinic Bedburg-Hau and the
Institute of Human Genetics

at Heinrich Heine University in
Dusseldorf

The patient’s consultation and examination are initially
prepared in cooperation with the Institute of Human Ge-
netics in Diisseldorf and the Center for Inclusive Medicine
in Bedburg-Hau. The psychiatric patients with intellectual
disabilities visiting the MZEB in Bedburg-Hau are offered
genetic counselling and testing. If the patients and their
legal guardians agree, they get an appointment for the in-
terdisciplinary consultation hours which take place once a
quarter. Some of the individuals prefer to visit the Institute
of Human Genetics at the University Hospital Diisseldorf.

The consultation and clinical examination of the patient
takes place in presence of their legal guardian or after
consent of the legal guardian, the responsible psychiatrist
and the human geneticist. The further course of action is de-
termined based on diagnostic tests already performed and
initiated after genetic counseling of the patient and the legal
guardians. Usually, exome sequencing will be performed
after normal karyotyping and normal testing for fragile X
syndrome. The results of the examination and the result-
ing recommendations, including investigations of family
members, are communicated to the patients and their legal
representatives in the same setting.

Preliminary results of genetic
testing

The human genetic test was proposed to a total of 20 pa-
tients. Genetic testing did not take place in 5 patients. One
patient discontinued treatment at the MZEB. One patient
declined the human genetic examination because his res-
idential group was unable or unwilling to organize the ap-
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pointments. Three patients refused the examination from
the outset without giving reasons or showed no interest in
the examination.

To date, 15 patients with ID and various psychiatric diag-
noses, e. g. emotionally unstable personality disorder, disor-
ders from the autism spectrum, delusional disorders, visited
our interdisciplinary consultation hours and received
genetic counseling and subsequent genetic testing (see Table
2). On average three appointments were necessary.

The following are descriptions of three cases.

Case report 1

Individual 1is a 29-year-old female patient with intellectual
disability, early childhood autism and reduced pain percep-
tion. She has two healthy siblings.

The presentation at the MZEB was necessary because
the patient had shown a pronounced change in behavior for
about a year. At that time, she had been treated as an inpa-
tient for cholecystitis and had not complained of any pain,
despite a very advanced inflammation in the abdomen.
After this inpatient treatment, the patent had behaved unu-
sually, felt that she was being watched and reacted aggres-
sively.

We diagnosed a delusional disorder, which we success-
fully treated with a highly potent neuroleptic (Risperidon).

Chromosome analysis revealed a normal female kar-
yotype (46,XX). Single exome analysis identified a het-
erozygous, pathogenic variant in the X-linked DDX3X
gene (c.874C>T, p.Arg292*). In this patient, the diagnosis
DDX3X-associated neurodevelopmental disorder (Snijders-
Blok syndrome) could be established. Parental segregation
analysis was not performed.

After genetic counseling of the family, the mother
decided not to carry out any further human genetic tests.
The patient’s biological father is no longer alive. The patient
remains under close psychiatric and General Practitioner
Treatment care; the focus is on the delusional symptoms
and deficits in endurance and affect regulation, which have
since remitted under neuroleptic treatment. Due to reduced
pain sensation, regular consultations with the General Prac-
titioner Treatment are necessary; in the past, the patient
had not noticed for a while that she had acute cholecysti-
tis. The pathogenic variant in DDX3X cannot explain the
reduced pain sensation; another causative variant could
not be identified.

In general, there is no clinical evidence of a genetic
pain insensitivity in the patient, as the neurological findings

Dorothee Maliszewski-Makowka et al., Implementation of human genetic counseling in the MZEB =—— 107

Tab. 2:

15 patients were consulted in the interdisciplinary consultation -
results:

8 patients - no abnormal findings

4 patients - conspicuous findings

2 patients - findings not yet available

1 patient - decided against the examination

were unremarkable. It is conceivable that the patient was
not able to make herself noticed due to the thought disorder
and perceptual disorder present in the psychosis, or was
unable to communicate her pain clearly.

The patient’s mother and stepfather were very satisfied
with the overall outcome of the consultation because they
were keen to exhaust all diagnostic measures to find out the
cause of the patient’s reduced sensitivity to pain.

Case report 2

Patient 2 is a 26-year-old male patient with behavioral ab-
normalities, intellectual disability, and apraxia and without
any facial dysmorphism. According to the parents, the preg-
nancy was uneventful. Birth was normal at 39th week of
gestation. His psychomotor development had been delayed
since early childhood. The patient was able to walk without
support at the age of 2.5 years. He spoke his first words at
the age of 3 years. He can currently form 2-word sentences.
He has a moderate intellectual disability. He has focal,
atonic and bilateral tonic-clonic seizures since the age of
eight. The patient is being treated with frisium, lamotrigine
and valproate. Lissencephaly with pachygyria was noted. In
addition, there are behavioral abnormalities with impulse
control disorders, impulsive outbursts and aggressive be-
havior towards others. This led to his exclusion from the
sheltered workshop. Similar abnormalities can be observed
in his younger brother.

Chromosomal and SNP array analysis did not reveal
any abnormalities. The phenotype-based single exome
analysis identified a hemizygous, pathogenic variant in the
DCX gene: c.587G>A, p.Argl196His. Pathogenic or probably
pathogenic variants in the DCX gene are causally related to
DCX-associated lissencephaly in boys and men with a wide
clinical spectrum.

Segregation analysis in the family is still pending, as is
the final consultation.

It is very likely that the brother is also affected and the
mother is a carrier of the variant, so the diagnosis also has
an impact on the counseling of other family members on
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the mother’s side with regard to the probability of hered-
itary recurrence following the X-linked inheritance. The
patient remains in intensive psychiatric and neurological
treatment although no disease-specific therapy is available.

Case report 3

Individual 3 is a 21-year-old female patient with intellec-
tual disability, facial abnormalities with up slanting palpe-
bral fissures, short philtrum, microretrognathia and a thin
upper lip. Her brother is also affected. The patient attended
a special school. A reason for the presentation at the MZEB
was massive behavioral problems in the sense of frequent
and violent states of agitation with destructive rage and
verbal assaults. This unpleasant change occurred in con-
nection with the planned change of residential group. The
young patient had been living in a residential group for ad-
olescents for several years, where she had felt familiar and
self-confident; she wanted to prevent a change in the living
environment. After treatment with low-potency neurolep-
tics and psychological support, the patient was able to make
significant progress.

Chromosomal and CNV analyses did not reveal any
anomalies. Phenotype-based single exome analysis re-
vealed two heterozygous variants of unknown significance
in the MED13L gene: c.5737A>T, p.Ser1913Cys and in the TRIO
gene: €.1368G>A, p.Lys456=. To further assess these two vari-
ants, we recommended a segregation analysis of the parents
and the similarly affected brother. Nothing is known about
the potential clinical signs of the parents and the brother.
If one of the heterozygous mutations in the patient is caus-
ative for both siblings, one has to discuss germinal mosai-
cism in the parents. This will be discussed with the patient’s
legal guardian at the next appointment; however, there is
no longer any contact with the parents and with the brother.
As the patient may plan children in the future, segregation
analyses might be helpful for recurrence risk and possible
prenatal testing.

Outlook

The cooperation between the MZEB at the LVR-Clinic Bed-
burg-Hau and the Institute of Human Genetics at the Univer-
sity Hospital in Diisseldorf has been successfully established
and the genetic consultation service is very well received by
our patients. Furthermore, all new patients admitted to the
MZEB are informed in detail about the human genetics con-
sultation and examination service during their admission
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consultation. Throughout the consultation process, the topic
is revisited until the final decision regarding human genetic
testing has been made by the patient.

In the families concerned, the results of the examination
provide greater clarity about the cause of the intellectual
disability, aiding in diagnosis, prognosis, and subsequent
care. In cases where no abnormalities were found, it brings
relief for the siblings and parents of the affected persons.
Conversely, in instances of pathological findings, families
were grateful for certainty about the diagnosis and further
course of action.

We consider human genetic testing in adult patients with in-
tellectual disabilities to be an enormous enrichment of our
diagnostics and find it to be an urgently needed measure in
line with current medical standards. The establishment of
the MZEBs and the cooperation with the Institute of Human
Genetics at Heinrich Heine University in Diisseldorf allows
comprehensible integration of these measures into the daily
lives of our patients. Our plan is to raise awareness among
patients with known early childhood developmental disor-
ders about the option of human genetic testing in all set-
tings available to us and to encourage them to seek it.
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