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Chapter 8

This thesis presents a comprehensive assessment of movement disorders (MDs) in inborn errors 
of metabolism (IEM). The research questions central to this thesis are �What is the prevalence 
and characterisation of MDs in several different IEM?�, ‘How is daily functioning and health-
related quality of life (HrQoL) affected in these patients?�, and �Which non-motor and behavioural 
symptoms play a role?�

In this last chapter we formulate answers on these questions by summarizing the main overall 
results of our studies. An integration of the findings is provided by addressing the recurrent 
themes discussed throughout this thesis. Further, based on these findings, suggestions for 
directions of further research are provided. We will conclude with remarks on the clinical and 
general implications of our work.

8.1 ‒ Summary and integration of findings

In this paragraph, we firstly summarise our findings concerning the prevalence, severity and 
characterisation of MDs in the studied IEM. Subsequently, the importance of recognition and 
correct classification of MDs is stressed. This is further illustrated by an evaluation of daily or 
adaptive functioning and HrQoL in the patients. Finally, the results on the occurrence of non-
motor behavioural symptoms are summarised. 

8.1.1 ‒ Prevalence and characterisation of MDs
We have shown that a broad range of inherited metabolic disorders can present with MDs. 
Dystonia is the most frequently associated dominant MD, although a mixed and complex clinical 
picture is seen in many IEM patients (chapter 1).

In chapter 3, a heterogeneous cohort of 24 children with a confirmed IEM and complaints of a 
MD was studied. Based on videotape evaluation by an expert panel of MD specialists, all children 
indeed were confirmed to have a MD. A broad range of MD types was seen, most frequently 
dystonia, myoclonus and ataxia. The need for more awareness for MDs was demonstrated by the 
fact that only one fifth of the patients were symptomatically treated for their MD, even though 
one third of all patients had a moderate to severe MD.

Based on the results of this pilot study (chapter 3) and based on a review of the literature 
(chapter 1), we deemed more detailed research into the occurrence and phenomenology of MDs 
in IEM necessary. The following step was to focus on specific IEM groups, and to determine the 
prevalence of MDs. In the next section of this thesis we therefore focused on the occurrence of 
MDs in specific IEM groups: classical galactosemia (CG), organic acidurias (OAs), and Niemann-
Pick type C (NP-C) (chapters 4, 5 and 6 respectively). In these prospective cohort studies it was 
demonstrated that MDs are frequent complications in all studied disorders. Based on videotape 
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evaluation of a standardised neurological examination by a MD expert panel, MDs were present 
in 48.6% of the studied CG patients, 64.9% of the OA patients, and in all 8 studied NP-C patients. 

As expected, we found a high frequency of a mixed MD phenotype. More than one co-occurring 
MD type was seen in 12/37 CG patients (66.7% of patients with MDs), in 7/37 OA patients (25% 
of patients with MDs), and even in 7/8 NP-C patients (87.5%).

Noticeably, the characterisation of the MD phenotype differed between the various IEM groups. 
We found dystonia to be the most prevalent MD type in CG: in all but one of the patients with 
MDs dystonia was the dominant MD type. The second most common MD type in CG was tremor. 
Both dystonia and tremor were classified as more severe (CGI≥4) in several patients. Further, we 
found a remarkable difference between children and adults in this group: dystonia with associated 
myoclonus dominated the phenotype in children, while in adults no myoclonus was detected. The 
presence of myoclonus in CG has not been reported before; with our study we contributed to the 
understanding of the motor phenotype in CG, and this knowledge might be highly relevant for 
treatment choices.

In the OA group, dystonia was also the predominant MD. This was especially true for the GA1 
subgroup, affected patients showed more often a severe, generalised form of dystonia. In PA, 
chorea was relatively common next to dystonia, while in the MMA subgroup myoclonus clearly 
was most frequent. This high frequency of myoclonus had not been reported before. Further, we 
report a substantial subset of patients with a relatively mild and mixed MD type in the OA group, 
contrary to the dominant classical descriptions of severe generalised dystonia. 

In NP-C, ataxia was most common, seen in all but one patient. Still, in these patients dystonia and 
myoclonus were also frequently seen. The incidence of myoclonus in our cohort was considerably 
higher (63%) than in previous publications, and it was the presenting symptom in 38% of the 
patients. Using neurophysiological testing, we demonstrated a cortical origin of myoclonus. The 
discrepancy between the initial presenting MD type and the current MD types suggests a motor 
phenotype that is evolving over time in this group.

Overall, we observed the whole spectrum of MD severity along the different patient groups; 
from very mild to most severe and disabling. The relatively high prevalence of MDs cannot be 
explained by just the inclusion of mild or subtle MDs. When we focus only on the more severe 
MDs (CGI≥4/7), we found that these were also present in a substantial proportion of patients in 
all studied disorders. In CG, 6 out of 37 patients had a more severe MD (33% of the patients with 
MDs). In the OA group, 9 out of 37 patients had a more severe MD (37.5% of the patients with 
MDs), and in the GA1 subgroup the proportion of more severe MDs was even 53.8%. The highest 
proportion of patients with a more severe MD was observed in the NP-C group, present in 6 out 
of the 8 patients (75%). 
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In chapter 7 we focused on another type of IEM: dopa-responsive dystonia (DRD). In this 
neurotransmitter disorder, MDs are the hallmark of the disease. A very specific MD phenotype 
is known in these patients, consisting of young-onset dystonia with diurnal fluctuations. In our 
cohort, 23/28 (82.1%) of the studied mutation carriers had experienced young-onset dystonia in 
varying severity grades, the remaining 5 patients had been (neurologically) asymptomatic due 
to incomplete penetrance. Luckily the dystonia can be treated well with levodopa and during 
treatment, the dystonia severity scores of the previously symptomatic patients were found to 
be very low (average of 6.4 on a scale of 120). In our cohort, 73% of the patients still reported to 
occasionally experience some residual, very mild dystonic symptoms.

Concluding, in all different IEM patient groups we found a relatively high prevalence of MDs, 
with substantial proportions of patients with severe MDs. Often the observed percentages of 
MD prevalence were slightly higher than described in earlier literature. Based on our systematic 
and detailed evaluation, we could also report a more variable MD picture in several patient 
groups with more MD subtypes or a different distribution of MD subtypes than reported in the 
literature. We hypothesise that this relatively higher prevalence of MDs has, at least partly, to do 
with awareness. “What we see depends mainly on what we look for”.1 

Moreover, parallel to the high prevalence of MDs determined with the video-based evaluation by 
the expert team, patients were asked to report self-perceived motor symptoms. We repeatedly 
found comparable or even higher numbers of patients that reported to suffer from motor 
symptoms themselves. Percentages of patients reporting motor symptoms ranged from 51% in 
the CG group to 73% in the OA group, up to even 90% in the PA subgroup. This shows that MDs 
are not only seen by our focused and trained expert team, but that motor symptoms are also very 
regularly experienced by patients. It also stresses the importance to ask patients about these 
symptoms in order not to miss it.

8.1.2 ‒ Recognition and correct phenotyping of MDs
Although we certainly acknowledge that IEM can give rise to a much wider range of complications 
than just MDs, we do think the aforementioned results demonstrate that in these patients MDs 
deserve more attention from physicians. In chapters 3, 4 and 5 this was also illustrated by the 
remarkably small proportion of patients with MDs that receive specific symptomatic therapy 
for their MD. In our CG study, only one patient received pharmacological treatment, while 18 
patients were found to have MDs of whom 6 had moderate-severe symptoms (CGI≥4/7). In the OA 
population, only 6/24 patients with MDs were treated for their MD, even though 9 had moderate 
to severe symptoms (CGI≥4/7). This indicates that in a substantial part of the patients their MDs 
are insufficiently treated, especially when we keep in mind the high percentages of patients that 
reported self-perceived motor symptoms. Possibly this under-treatment comes from inadequate 
recognition of MDs in patients with IEM. 
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There are two reasons why recognition and correct phenotyping of MDs are highly 
important: 1) it can aid diagnosing an (unknown) underlying IEM; and 2) it enables choosing the 
appropriate symptomatic treatment for the MD. 

1. Careful phenotyping of the MD can be a first step towards diagnosing the underlying metabolic 
condition, of course further supported by imaging, biochemical diagnostics and the availability 
of modern diagnostic techniques such as next generation sequencing (NGS). Notwithstanding 
the advances in NGS techniques, clinical phenotyping remains of great importance. Clinical 
phenotyping remains needed firstly to establish in which patients it should be used, and 
secondly to be able to correctly interpret the results of genetic testing and to be able to 
explore phenotypic variations. Further, despite increasing availability and technological 
advances, some acute manifestations of treatable IEM are nowadays still earlier diagnosed 
through biochemical testing than with NGS, which requires a targeted approach based on 
the clinical symptoms. In chapter 2 we have presented a diagnostic algorithm for childhood 
dystonia containing the above described principles. In this chapter we advocate prioritizing 
the treatable IEM in the diagnostic process. This algorithm is applicable for patients with IEM; 
we are confident that the diagnostic approach will not be essentially different in dystonia due 
to IEM than in dystonia with other aetiologies.

2. Careful phenotyping of the MDs is the basis for rational treatment. In the symptomatic 
treatment of MDs, several therapeutic options are available. In chapter 1 we summarised the 
most common symptomatic treatment options. The choice and success of this symptomatic 
treatment depends on the (dominant) MD type and its distribution. 

By presenting a careful and structured description of the occurrence and phenomenology of MDs 
in the various groups of IEM, our research helps to better recognise these neurological symptoms 
and thereby aids in both diagnostics and treatment. 

8.1.3 ‒ Daily or adaptive functioning and HrQoL
Awareness and subsequent optimal treatment of MDs in IEM is vital because these symptoms can 
have a substantial impact on daily functioning and health-related quality of life (HrQoL). Indeed, 
a majority of participants in our studies had a lowered level of functioning. In this paragraph 
we summarise the findings concerning daily functioning and HrQoL in the different groups of 
disorders.

In the heterogeneous cohort of children with IEM in chapter 3 the mean level of adaptive 
functioning was only 52%, suggesting a developmental age about half of their chronological 
age. This indicates that the children did not master age-appropriate motor skills, but only the 
skills in accordance with a much younger age; for example they were not able to dress or brush 
their teeth. MDs had a contributing impact on both adaptive functioning and HrQoL. A delay in 
adaptive functioning, mostly activities of daily living, and a more severe MD both appeared to 
contribute to the lowered HrQoL that was reported.
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When assessing adaptive and daily functioning in the CG and OA groups in chapters 4 and 5, 
delays were observed in all groups. In children, we found mean scores of adaptive functioning 
between 54% and 69% of the age-appropriate scores, with lowest scores in the children with PA. 
On average, daily living skills were most affected. In adults with CG and OA, the average daily 
functioning scores were not largely deviant, although a small proportion did have considerable 
impairment. Still, 48% to 67% of the adult patients reported some form of disability and in both 
groups around 30% had to use an aid or device for daily living skills. We observed a trend that 
CG patients with MDs had lower levels of adaptive/daily functioning than those without MD, 
and impaired adaptive functioning in the communication domain was significantly associated 
with MD presence. We found no association between MD presence and functioning levels in the 
OAs. In the OA group overall psychomotor retardation was more common, which makes a direct 
relation with MDs and adaptive functioning harder to prove.

The daily functioning scores in NP-C (chapter 6) were most deviant of all studied groups. The 
HrQoL scores in NP-C were also the lowest of all studied groups, with an average general health 
perception score of only 35 on a scale of 0–100. The physical domain score of HrQoL correlated 
with MD severity. Further, a more severe MD was significantly associated with more functional 
impairment. Somatic and physiological autonomy were more often compromised in NP-C patients 
with more severe MDs.

In chapter 7 there was no significant physical disability in the treated DRD patients. Still, HrQoL 
was lowered, especially the mental health component. HrQoL was correlated with decreased 
sleep quality, fatigue and daytime sleepiness and depression, and not with the (very mild and 
treated) motor symptoms. 

Concluding, our studies revealed impairments in daily functioning and/or HrQoL in all patient 
groups. In some groups we found an association with the presence or severity of MDs, while in 
others we could not demonstrate such an association. Since IEM are severe multisystem disorders, 
it can be hard to differentiate the impact of specific symptoms such as MDs. The overall level of 
functioning and the HrQoL can rarely be explained by just one or two symptoms; often many 
different influencing factors play a role. This complexity makes it harder to (statistically) prove 
that the MDs are one of the causes of functional impairment and a lowered HrQoL. Nonetheless, 
the above described results point out that MDs indeed are symptoms that can have a substantial 
impact on the daily life of patients with IEM. 

8.1.4 ‒ Non-motor (behavioural) symptoms
In this thesis we did not solely focus on MDs on their own, but explicitly adapted a broader 
perspective by involving the frequently occurring non-motor features such as behavioural 
symptoms and sleep problems. Especially chapters 6 and 7 about respectively NP-C and DRD 
offered the opportunity to focus more on the non-motor symptoms. 
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NP-C in adulthood gives rise to a complex phenotype including neuropsychiatric symptoms. In 
our study a detailed neuropsychological examination was performed in five participants. The 
results of this study showed cognitive deficits in all domains; working and verbal memory and 
attention were most affected. When assessing social cognition, specific deficits in emotion 
recognition were found. Further, three patients had suffered from psychosis, a known psychiatric 
manifestation of the disease. So, our study confirmed an important behavioural phenotype, with 
specific neuropsychological deficits in this patient group.

In DRD, the core phenotype is a motor phenotype, but since this motor phenotype can be 
treated relatively well, we were able to focus more on the non-motor symptoms. Psychiatric 
symptoms were evaluated with an extensive structured interview (MINI-PLUS in 28 DRD patients; 
23 symptomatic patients and 5 asymptomatic mutation carriers. We found a significantly higher 
lifetime prevalence of psychiatric disorders in adults compared to healthy controls (61% vs 29%). 
Especially anxiety disorders such as generalised anxiety and agoraphobia were very frequent. 
Further, about half of the DRD patients in our cohort reported sleep disturbances, consisting 
of excessive daytime sleepiness, fatigue and reduced quality of sleep. The severity of motor 
symptoms in the DRD patients did not predict the presence of a psychiatric disorder, and in the 
mutation carriers without motor symptoms we found psychiatric symptoms as well. Furthermore, 
the prevalence of psychiatric disorders in asymptomatic and symptomatic mutation carriers was 
similar. These findings support that anxiety and agoraphobia are an inherent part of the DRD 
phenotype rather than secondary to physical disability.

Not only in NP-C and DRD, but in also in CG and the OAs a strikingly high proportion of patients 
had behavioural and psychiatric problems. About half of the patients in both CG and the 
OAs (chapters 4 and 5) reported psychological or behavioural problems as indicated by the 
Aachenbach questionnaires (47% and 50% respectively). In both disorders these consisted mostly 
of internalizing problems in children and adults. We could demonstrate a significant statistical 
association between MDs and internalizing behavioural symptoms in CG. This association was not 
demonstrated in OA.

Altogether, behavioural or (neuro)psychiatric symptoms are seen frequently in all studied IEM. In 
some groups an association between these non-motor symptoms and MDs was found. Overall, 
MDs and psychiatric or behavioural symptoms were often co-occurring, which suggests the 
possibility of a common pathophysiological pathway affecting both motor and non-motor circuits.
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8.2 ‒ Suggestions for further research

8.2.1 ‒ Improving the recognition of MDs in IEM
In this thesis we plead for more awareness for MDs in patients with IEM. Clinicians should ask 
their patients with IEM whether they experience motor symptoms/involuntary movements. To 
facilitate easier recognition of MDs, the development of a standardised clinical screening tool 
would be helpful. This should result in an easy to use, little time-consuming instrument to support 
non-MD-specialist clinicians in their decision-making which patients to refer to an expert or 
expert team. Future studies will have to determine whether such an instrument, for example 
consisting of a small set of specific neurological tests combined with a few questions, is capable 
of successfully selecting patients suffering from MDs.

To promote further knowledge on the occurrence of MDs, data about MDs should be incorporated 
in the large international databases that already exist for several IEM. The results or scores of a 
clinical screening tool as described above could be used in these databases, which will promote 
uniform and standardised assessments in all patients in different countries. This would facilitate 
research in larger groups of IEM patients.

Further, in search of methods that enable easier classification of MD types, we foresee an 
increasing role of artificial intelligence or biomechanics. Examples include the use of biometric 
sensors to quantify MD symptoms, but also computer algorithms and deep learning techniques 
to diagnose and differentiate various MD types based on (large sets) of video data. Research into 
the use of these strategies in patients with MDs is awaited with great interest. Earlier recognition, 
better follow up with reproducible qualification and quantification of MDs (both the natural 
course and monitoring of treatment effects) could all be attained by the use of smart electronic 
devices and computers. 

8.2.2 ‒ Adult patients and milder subtypes
With advancing insight in the treatment and prevention of acute and life-threatening symptoms 
in children with IEM, patients tend to get older. This results in a shift of focus towards the 
management of long-term complications. MDs can be an acute complication of IEM, but also a 
long-term gradually emerging complication. Little is yet known about the course of MDs over time, 
and how these symptoms evolve with aging. Our studies showed indications for the evolvement of 
MDs over time. These include different patterns between children and adult patients, differences 
between the reported first presenting symptom and later found symptoms, and descriptions 
of individual patients about the course of their symptoms. To confirm this change of motor 
phenotype over time, longitudinal follow-up studies would be necessary. It is important to know 
the natural course of MDs, for example in the light of long-term evaluation of treatment effects. 

Further, studies aiming to describe the phenotype in older patients are needed. The current existing 
literature on IEM mainly deals with the ‘classical’ childhood onset cases and acute presentations. 
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However, facilitated by the expanding possibilities in genetic testing, many IEM have proven to 
have a milder late-onset form. These forms can present with a different expression of neurological 
symptoms and possibly a different MD phenotype. Further characterisation of these adult and 
atypical phenotypes will require specific attention in future studies on MDs in IEM to prevent that 
potentially treatable disorders are not recognised. Adult patients with unexplained neurological 
symptoms/MDs should be screened for the presence of an IEM. When a patient with a late or 
atypical phenotype is diagnosed, it is important to carefully record all symptoms. To get a better 
understanding of the whole phenotypic spectrum of MDs in IEM, database studies can be helpful. 
For this type of studies to be successful and truly contributing, detailed and standardised clinical 
assessments in larger groups is a prerequisite. 

8.2.3 ‒ Recognition of disease-specific behavioural/cognitive patterns
In our studies we found specific behavioural or cognitive deficits in the different patient groups. 
For example, emotion recognition was compromised in several NP-C patients and psychosis is 
common in this group. DRD patients suffer from anxiety disorders and sleep problems significantly 
more often, and we found a high prevalence of internalizing behaviour problems in CG and OA.

More studies are needed to confirm that these deficits are indeed typical for the disorders, and 
to assess when these symptoms occur in the course of the disease. This might help identifying 
patients at risk and facilitates timely interventions. Knowledge of specific cognitive deficits 
can for example help discriminate NP-C patients from patients with other neuropsychiatric 
disorders. Larger cohort studies using standardised detailed neuropsychological testing can help 
gaining more insight in the typical behavioural patterns, which can subsequently help to tailor 
psychological care for IEM patients and their families.

8.2.4 ‒ Pathophysiology of MDs and associations with other symptoms/signs
Although not the main focus of this thesis, the pathology of MDs in the different IEM is an 
interesting subject. More insight in pathophysiological mechanisms can result in new starting 
points for the development of novel rational treatments. Comparison of the prevailing MD 
types between the various IEM can help to generate hypotheses about the pathophysiological 
mechanisms involved. To gain more insight in factors determining the individual susceptibility for 
MDs, it would be interesting to evaluate a broad subset of possible contributing factors, which 
should not only include clinical but also genetic, biochemical, electrophysiological and imaging 
characteristics. The comparison of imaging (MRI) data with detailed clinical MD assessment 
can provide valuable information. Still, in chapter 3 we already saw that not all patients with 
MDs have classical visible basal ganglia damage. This suggests that we have to obtain not only 
anatomical data but also functional data on connectivity and metabolism, and gather information 
about other areas of the brain as well, such as the cerebellum and cortex.

Further, studies into the role of neurotransmitters might be very interesting. Disturbances in 
neurotransmitter metabolism are an obvious pathophysiological pathway in the DRDs; it would 
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be interesting to study the role of neurotransmitters, and specifically serotonin, in the suggested 
common pathway of not only the motor but also the non-motor features. Also in non-classical 
neurotransmitter disorders a pathophysiological role for neurotransmitters has been suggested. 
For example, a dopaminergic deficit was suggested in the pathophysiology of tremor in classical 
galactosemia.2,3 One of the modalities that could be used to study neurotransmitter disturbances 
in groups of IEM is PET-imaging. 

8.2.5 ‒ Research on (rational) treatment options for MDs in IEM
Although several symptomatic treatment options for MDs are available, these are often not 
specifically established for patients with IEM. As with most rare disorders, existing treatment 
recommendations in this group are based on experience and expert opinion, rather than on 
well-designed clinical trials. This is especially true for pharmacotherapy, certainly for its use 
in children. In the case of IEM this is of additional concern because of specific vulnerability of 
the already compromised brain by the metabolic disorder. Moreover, some IEM are associated 
with a high risk for specific side effects. This indicates the need for evidence-based treatment 
guidelines for MDs in IEM. To fulfil this need, well-designed clinical trials are required, despite the 
challenges caused by small numbers of patients. Multicentre designs, or preferably international 
cooperation will be needed in these trials. Further, gathering and structuring expertise and 
experiences is also necessary, and for example repeated n=1 studies can be useful too. Eventually, 
(inter)national collaboration in networks is essential to provide evidence-based guidelines. The 
ongoing establishment of international databases could facilitate this.

8.2.6 ‒ Patient-centred outcome measures
When doing research on specific symptoms and their treatment in complex disorders like IEM, 
assessment of the impact for the individual patient is highly important. To eventually improve 
the HrQoL, which probably should be the ultimate goal of medicine (rather than ‘just’ relieving 
symptoms), one has to give consideration to what is important for every individual patient; a 
patient is more than his disease. HrQoL consists of different dimensions and the relative weight 
someone assigns to each dimension can vary between persons and even between situations. 
These differences in personal goals and differences in valuation of performance levels make it 
challenging to use these outcomes in research. So, HrQoL is an important, but complex concept 
to incorporate in research. The way of measuring HrQoL deserves attention. Currently, the 
prevailing method is with questionnaires. However, given the multidimensionality of HrQoL, 
do these measure what we think we measure? It is a known phenomenon that when someone 
suffers from a severe physical disability, there can be confusion about the level of functioning 
and the valuation of life, which are not the same. Because of the limitations of research based 
on questionnaires, addition of qualitative research could be of added value to get a deeper 
insight into HrQoL and other patient-centred outcomes. For example, the use of focus groups and 
themed interviews can give extra information where quantitative research may fall short. Given 
the rare nature, the complexity and variability of phenotypes, IEM are pre-eminently a patient 
group in which qualitative research could be highly valuable. 
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8.3 ‒ Clinical implications

8.3.1 ‒ Structural assessments of MDs and non-motor symptoms in guidelines 
for IEM
We have demonstrated that both motor and non-motor symptoms are frequent complications in 
many different IEM. We plead for more awareness for these symptoms and believe that patients 
at least should be asked about perceived motor symptoms. Further, structural neurological 
investigation combined with neuropsychological assessments should be included in guidelines for 
the follow up of patients with IEM known to be associated with MDs. Only with these standardised 
assessments, specific deficits and non-motor symptoms will be identified timely. 

8.3.2 ‒ Multidisciplinary approach
Because our studies show a complex and intertwined phenotype of both motor and non-motor 
symptoms in patients with IEM, we believe a collaborative and multidisciplinary approach 
is paramount in the management of these symptoms. Ideally, the individual doctors who are 
responsible for the standard care of patients with IEM (either pediatricians or adult metabolic 
doctors) are alert to the occurrence of MDs and capable of recognizing these problems. 
Subsequently, when these symptoms seem to interfere with activities and treatment may be 
desirable, an easily approachable expert team can be consulted for the precise classification and 
the discussion of treatment options. In a cohort of young-onset MDs, we recently demonstrated 
that a multidisciplinary approach is indeed beneficial for patients.4 We think this will be no 
different for the IEM population with MDs and are convinced that dedicated and experienced 
multidisciplinary teams are crucial in the care of patients with IEM and MDs.

Further, based on the earlier described advances in the treatment of IEM and the expansion 
of phenotypes, we foresee an increasingly important role for adult metabolic doctors and 
neurologists. They will be important in the recognition and treatment of MDs in patients with 
classical childhood onset IEM that now become adults and for recognition of mild late onset 
cases. So, for adult neurologists and internal medicine doctors as well, more awareness and 
training in the care for patients with IEM and MDs will be needed. 

8.3.3 ‒ Patient-centred approach
The prior reflection on the importance of a patient-centred outcomes in research, of course 
also applies to clinical practice. Especially when decisions have to be made on starting a specific 
treatment, or in the evaluation of these treatments, adequate patient-reported outcome measures 
will be needed to robustly monitor symptoms and therapy effects. Especially in rare disorders, 
when there often is uncertainty regarding the (natural) course or the expected treatment effects, 
tailored medicine is paramount. 

In this respect, a combination of quantitative/objective measurements of MD type and severity, as 
well as a qualitative assessment of the patient’s experience is preferred. Therefore, attention for 
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daily functioning, personal goals and quality of life is essential. To maximise patient satisfaction 
and improve outcomes, a doctor should wonder: “What is most important for this patient sitting 
in front of me?”. Determining individual goals and the use of goal attainment scaling is already 
customary in rehabilitation medicine, and can also be helpful in the care for IEM patients with 
MDs. Again, to help patients formulate and achieve realistic personal goals and weight the 
different options for intervention, a multidisciplinary team will be of added value. 

8.4 ‒ Concluding personal notes and general considerations

To conclude, in this thesis we have demonstrated that both motor and non-motor symptoms are 
frequent complications in many different IEM. These symptoms can have considerable impact 
on daily functioning and quality of life. For many MDs, a symptomatic treatment is available but 
currently only a small percentage of patients receive treatment. In the following last paragraphs 
of this thesis I will provide some personal and overarching principles and considerations. 

8.4.1 ‒ Listen and ask questions
Throughout this thesis I have advocated to carefully observe the visible signs of a movement 
disorder. An additional lesson that can be drawn from my academic work is that it is crucial to 
not only look, but also actively listen to the story of your patient. This is especially true in the 
case of chronic or complex disorders. I learned that sometimes it is necessary to specifically ask 
more detailed questions about symptoms or experiences (such as motor symptoms) and what 
these mean for someone. This requires sufficient time with your patient. Not all patients will 
mention motor or non-motor symptoms themselves, even if these symptoms interfere with daily 
life. Patients (or parents of patients) with a chronical, multi-organ condition might get used to 
impairment, and appear to have accepted some complaints as ‘just being part of it’. However, 
sometimes we can actually do something to alleviate these burdensome symptoms. And even 
when we can’t relieve symptoms, acknowledgement or just being heard can make a difference. 
Next to that, from an academic point of view, it is important to know which symptoms are 
common in a specific patient group and whether these are part of the phenotype. Particularly in 
current times of expanding use of next-generation genetic testing, precise phenotyping is of utter 
importance to be able to correctly interpret the results of genetic tests. 

8.4.2 ‒ The importance of context
In my opinion it will prove added value in the care and long term support of our patients to 
explicitly assess the impact of their disease on multiple domains of daily life. A home visit, as I 
have performed with a large number of participants in this study, does provide valuable extra 
information. Being at the patient’s home will help you to see the bigger picture and impact of 
the disorders and might leave you a different impression of someone’s struggles and level of 
functioning than you’ll get from an outpatient/medical practice visit. Based on this experience, I 
think next to a multidisciplinary team in the hospital, a general practitioner (GP) could be involved 
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in the care for these patients. He or she is eminently the doctor who knows the context of the 
patient and the family, is used to provide care for both somatic and psychological symptoms, and 
can give continuous care. Of course, the role of the GP should be additional to the specialist in the 
hospital and has to be based on good collaboration between primary care and specialised medics 
and paramedics. This will require tailored arrangements that should be adjusted to the specific 
situation. This approach fits the emerging concept of network medicine. 

8.4.3 ‒ The key principles
To conclude, in my opinion optimal support and care for our patients with MDs and IEM, both in 
research and in clinical work, can be summarised in pursuing the following four principles:
1. Thorough knowledge about the occurring motor and non-motor complications 
2. Careful observation of movements
3. Sufficient time to listen to your patient
4. Genuine interest in the person behind the disease and his personal goals

I hope my research will inspire and aid clinicians and researchers involved in patients with IEM to 
implement these principles in their daily routine and in clinical guidelines. 
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