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Chapter 1

INTRODUCTION

1-3 Secondary musculoskeletal problems can 

hip displacement.3

for personal care and aids for mobility. To comprehend the extent of problems due 

 The spectrum of the severity of cerebral movement disorders is broad. This thesis 



11

1

Health Condition
(disorder or disease)

Body Functions
& Structure

Activity Participation

Environmental
Factors

Personal
Factors

Figure 1.
and Youth model (ICF-CY).

Figure 2.
Youth model for cerebral movement disorders
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Figure 3. . Image on the courtesy of 
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CEREBRAL PALSY
The most common cause of cerebral movement disorders and physical disability in 

per 1000 livebirths and has been fairly stable for many years.6 A European cohort 
7 CP comprises a 

progressive disturbances that occurred in the developing fetal or infant brain.  The 

problems.

they occurred: prenatal, perinatal or neonatal.11

12

13

maldevelopment clinical symptoms range from easily controllable epilepsy without 

13

lesions are born at term.12,13 In this last group of children the origin of the lesions is 

haemorrhage of the germinal layer.16 12,17 

impairment and cerebral visual impairment.
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vulnerability are the high glucose metabolism during the neonatal period and the 
 Children with 

 Imaging studies show 

the putamen and globus pallidus.

 Lesions 
to the globus pallidus can also occur due to postnatal hyperbilirubinemia-induced 

disorder.21,22  The 
bilirubin threshold for development of basal ganglia lesions is lower in very preterm 

of kernicterus.
23



1

Figure 4.  
-

-
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 26 This thesis will focus on CP 

or ataxic.10  
11

3,27

is the result of an imbalance of the excitatory and inhibitory responses to a sensory 
input signal. Lesions of the central nervous system result in loss of descending inhibitory 

muscles.2

state, pain and other triggers.27

separated in dystonia and choreo-athetosis.
involuntary movements, distorted voluntary movements and abnormal postures due to 

of body parts.  The abnormal postures can give the impression of hypokinesia while 

30 Studies shows 

31

and choreo-athetosis troublesome.32 Measurement scales are therefore not used 
32
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but is frequently used in CP as well.  Scales are presented at the end of this thesis 

level IV or V.36,37

37 Comprehensive studies 

nervous system.  Neurometabolic diseases refer to a group of disorders that are 

summarized in table 1.
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available when early treatment is possible such as enzyme replacement, bone marrow 

Table 1. 

Diagnosis Pathogenic features

Leucodystrophy

   - Adrenoleucodystrophy

   - Pelizeus-Merzbacher disease

Both

Cerebral atrophy and hyperammonaemia Both

Neuronal ceroid-lipofuscinosis Both

storage

Niemann Pick type A
and visceral storage of sphingomyeline

Mucopolysaccharidosis

polysaccharides in various organs including 
the brain

Both

Lesh Nyhan Syndrome Both

   - Spinocerebellar ataxia
nervous system

Both

genes

Leigh-syndrome
Autosomal recessive

Both

TREATMENT OPTIONS



1for oral pharmacological treatment since study numbers are low and the described 

 The working 
mechanism of baclofen and intrathecal use are described later in this chapter.

preserve or even improve mobility during growth.

decrease dystonia and not choreo-athetosis.30

trihexyphenidyl, baclofen, benzodiazepines and other agents has been described in 

and inconsistent.

BACLOFEN

transmission onto spinal motor neurons is prevented.
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layers of the dorsal spinal cord.
baclofen is thought to act on the intracranial level

the intracranial level.

the indirect basal ganglia pathway. Lesions of the putamen and globus pallidus 

motor and premotor cortex, decreasing dystonia.  Another working mechanism could 
 and 

brain barrier well.

61 

Intrathecal baclofen treatment
The blood brain barrier can be bypassed by delivering baclofen intrathecally using 
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Figure 5.  -
B

consequence, neuronal transmission onto the lower motor neurons is inhibited. It also binds to
 B

working mechanism of intrathecal baclofen in the treatment of dystonia.

connects the pump with the intrathecal space providing the baclofen at the site of 

 Intraventricular
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to 6 months by puncture through the skin and a small membrane located in the center 

replaced.

Figure 6. The intrathecal baclofen pump
 

B. X-ray of an implanted pump in the abdomen of a 10 year old boy with cerebral palsy, frontal 
and lateral view.

 Signs of underdosing or acute withdrawal 
can be symptoms of catheter related problems but the cause can also be iatrogenic. 

71
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Table 2. 

or dystonia

 

comfort during ITB test treatment.  Similar results are found with long term 
 Quality of life is assessed in several of the described 

of life.  

treatment compared to placebo, as did VAS scores for ease of care.72

 In individual cases, improvements were 
72 In a telephone 
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survey, parents indicated that seventy-two percent of pre-set goals were completely 
achieved during ITB treatment.  

76

children and parents.76

for ITB treatment again.

 

 A 

 Quality of life improved in 

 Improvement is reported for feeding and 
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choose for ITB treatment again.

 It is 

CONCLUSION
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Chapter 1

Chapter 2
Chapter 3 describes the results of a pilot study comparing ITB and 

Chapter 4

Chapter 5
trial. Chapter 6

Chapter 7

Chapter 8

Chapter 9

studies are done.  
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Chapter 2

ABSTRACT
Cerebral palsy is the most frequent cause of severe physical disability in childhood. 

ganglia or thalamus, or both, and is characterised by abnormal postures or movements 

movement disorders, dystonia and choreoathetosis, are present together most of the 

of both movement disorders is largely unknown. Some emerging hypotheses are an 
imbalance between indirect and direct basal ganglia pathways, disturbed sensory 
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INTRODUCTION
Cerebral palsy comprises a group of developmental disorders of movement and 

by secondary musculoskeletal problems.1 

Cerebral palsy is the most common cause of severe physical disability in early childhood, 

prevalence in low-income countries.2,3

1 

 

 

near to term, neonatal hyperbilirubinaemia, brain maldevelopment, intracranial 

6 Causes outside the neonatal period, such as cardiorespiratory arrest or near 

motor disorder. 
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CLINICAL PRESENTATION

the other types of cerebral palsy.7

anarthria, and epilepsy.  Visual and hearing impairments are also common.

high energy expenditure due to involuntary movements combined with poor feeding, 
 Sleep and 

10 Mental health problems, including 

higher than in other types of cerebral palsy,11

 
 Both movement 

 

 Choreoathetosis 
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dependent increase in muscle tone.17 To date, no established clinical measure can 

20

21 These 

20,22

23 or intrathecal baclofen.  

 Both are 

 

 

management.26 

normal scans.  The basal ganglia and thalamic lesions can be associated with the 
higher vulnerability of these regions because of high metabolic demand during the late 
third trimester of pregnancy27 or the perinatal period. In neonates with kernicterus, 

31 
but brain lesions are not always seen in the years following development of kernicterus. 
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27,32

33 MRI does not necessarily detect the 

because of the involuntary movements and postures.

highlight three pathophysiological aspects, namely loss of inhibition, sensory 

striatum, through the globus pallidus externus, the subthalamic nucleus, and the globus 

whereas the indirect pathway inhibits unwanted movements. Imbalance between the 

 

movement disorders,36

 According to this 

dystonia and brain lesions in the basal ganglia and thalamus.

to dystonia, including the cerebellum, brainstem, cerebral cortex, and other motor and 
 Therefore, dystonia might be most accurately 

 
This network model provides testable hypotheses that are directly relevant to new 
treatment strategies that extend beyond the basal ganglia.
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we hypothesise that the pathophysiology of dystonia caused by an inherited disorder 

 Therefore, further 

because the focus of pathophysiological studies over the past two decades has been 

Choreoathetosis has been underexplored in clinical studies, except in selected 

thalamus and basal ganglia lesions for choreoathetosis than for dystonia,

Combined approaches can further advance understanding of dystonia and 

 Electrophysiological 

  might also contribute towards 
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Figure 1. -

-
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Figure 2. 
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Figure 3.

27
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MANAGEMENT 

As suggested by the 

posture and relieving any associated disability, pain, and discomfort.

 Management should 
 

oral drugs can be useful. Before considering medical treatment of dystonia, it is 

 Less research has been done 

 

The table provides an overview of medications used to manage dystonia and 

 
61,62 

 

treatment have reported significant decreases in dystonia
improvements in mobility,66,67  head control,  
sleep,66  and ease of care.66
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71 Although intrathecal baclofen decreases dystonia in 

 Therefore, treatment goals mainly focus on improving pain and 

72

intracranial.  The response cannot be fully predicted and the dosage must be 
individualised.73

73

 Catheter-related problems, 

73

catheter-related problems.
be given to decrease the severity of withdrawal symptoms.

dystonia,76,77

decade.
 

 Long-term data are rare, but a case 

 

 



2

 

pulse generator can occur.
23

 

 

 Botulinum 

 Many issues remain 

available for choreoathetosis. 

dystonias  

made to control dystonia and choreoathetosis with oral drugs, intrathecal baclofen, or 

palsy, and adverse outcomes can easily occur. By contrast, orthopaedic procedures can 



Chapter 2

 

and good quality of life.  

that consider general guidelines to handle postural asymmetry and individual needs.  
100,101 therefore 

7
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Table  

of dopamine
Used ..

hypotension, and 

Blocks acetylcholine 
muscarinic receptor

Used ..

worsening chorea

Benzodiazepine 
receptor agonists 

Used Used
depression, ataxia, and 
dependence

receptor agonist 
Used ··

dizziness, dry mouth, and 
increased blood glucose

serotonin antagonist 
Binds to serotonin and 
dopamine receptors 
and prevents release

Used ··

cardiomyopathy, drooling, 
arrhythmia, seizures, and 
diabetes mellitus

receptor agonist
receptor

Used ··

receptors, and the 
7 receptor

·· Used

ventricular arrhythmias 

severe extrapyramidal 
symptoms

Monoamine blockers Inhibits vesicular 
monoamine 

in decreased uptake 
of monoamines into 

monoamine storage

Used Used
depression, insomnia, 
anxiety, and akathisia
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Monoamine depleters Blocks the vesicular 
monoamine 
transporter

.. Used

gastric intolerance, gastric 

and diarrhoea, hypotension, 
bradycardia, and worsening 
of asthma

Voltage-gated 
sodium and calcium 
channel blocker 

Blocks voltage-

channels

Used ··

increased risk of suicide

Calcium 
channel blocker vesicle glycoprotein 

and inhibits 

channels, reducing 

neuromodulator

·· Used Somnolence, decreased 
energy, headache, dizziness, 

Muscle tone reducer Reduces skeletal 
muscle tone at the 

Used ·· Speech and visual 

and increased nervousness

Voltage-gated calcium 
channel blocker 

Antagonises binding 
of thrombospondin 
to voltage-gated 
calcium channel 
a2d-1 receptors and 
inhibits synthesis 
of glutaminergic 
excitatory synapses

Used ··
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CONCLUSIONS AND FUTURE DIRECTIONS
Many epidemiological studies2,102

103 and magnesium sulphate 

management.

therapy, is urgently required.101

processes is needed to implement these new technologies.

clinical interrelationship between dystonia and choreoathetosis after different 

The neurophysiological basis of dystonia and choreoathetosis should be explored. To 
 Increased insight into the neurophysiological 

106,107
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7 and management remains empirical and largely 

is urgently required. Early detection, improved neuroimaging, and improved 
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Chapter 3

ABSTRACT
Aim

Methods
on problems of daily care were recorded and dystonia, pain and comfort were assessed.

Results

Conclusion

verify these results.

giving
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ITB in secondary dystonia: a pilot study

3

INTRODUCTION

disorders1,2 3

disability, discomfort and deformity,6 which amongst others leads to impeding of daily 
care.

 Intrathecal 
10 The working 

mechanism of ITB in dystonia remains unclear but it is thought that ITB inhibits the 

The design of the study was a single center double blind randomized case controlled 

the whole study protocol.

Informed consent was signed by all parents. This study was approved by the Medical 
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intrathecal catheter was connected to either an external catheter or an external micro-

in a daily bolus dosage in case of the external catheter. The dosage was increased with 

aborted.

ITB treatment.

Outcome measures

interview. The perceived severity of these problems was scored on a Visual Analogue 

 The score ranges between 0 and 32 with 



ITB in secondary dystonia: a pilot study

3

day, without knowledge of the baclofen dose.

RESULTS
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ITB in secondary dystonia: a pilot study

3

pain scores. Average pain scores decreased during ITB treatment with 1.1 points, but 

pain scores were 2.6 points lower as at baseline.

Comfort was assessed in two manners. Parents indicated comfort to increase during 
ITB treatment by an average of 1.1 points. Comfort decreased in the child who also 

during ITB treatment.

non-blinded treatment.
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trial treatments using an external catheter were complicated with catheter blockage 

DISCUSSION

and ease of 
care including hygiene, dressing and feeding have been reported with ITB treatment 

12,16 6.

treatment phase.

17

 and three days is well past the expected washout period. The idea of 

has never been proven. Recently Lee et al20 used the radiotracer 
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3

A receptor binding 

A receptors might be caused by a neuronal 

ITB treatment.

on dystonia may remain to be present for many months to years of follow-up.
21

ITB treatment,
6,13 Besides comfort rated by caregivers, we feel it is important to furthermore 

and a decrease in comfort.

13,22,23 In our study, 
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CONCLUSION
In this pilot study we showed that intrathecal baclofen treatment decreases dystonia 

ACKNOWLEDGEMENTS



71

ITB in secondary dystonia: a pilot study

3

REFERENCES
1. 

palsy: a population-based study of 

2. 
children with cerebral palsy in Europe. 

3. 

cerebral palsy. I. Clinical categories, 
associated neurological abnormalities 
and incidences. Acta Paediatr Scand 

Recommendations from the SCPE 
collaborative group for defining and 

SCPE. Surveillance of cerebral palsy in 

6. 
SS. Intrathecal baclofen for generalized 

7. 
movement disorders. Lancet Neurol 

due to perinatal or early childhood 

label clinical trial of trihexyphnidyl in 
children with secondary dystonia due to 

7.

10. 

baclofen for intractable axial dystonia. 

11. Albright AL. Intrathecal baclofen in 

12. 
B. Infusion of intrathecal baclofen for 

13. Albright AL. Intrathecal baclofen for 
childhood hypertonia. Childs Nerv Syst 

Butler C, Butler Campbell S. Evidence of 

AL. Reliability and responsiveness of the 

16. 
of intrathecal baclofen on dystonia in 
children with cerebral palsy and the use 

17. 

goal attainment and complications 

Prolongedanti-spasticity effects of 



72

Chapter 3

20. 

210.
21. 

infusion for symptomatic generalized 

22. 
baclofen therapy in children. Neurosurg 

23. 

study of intrathecal baclofen using a 
programmable pump for intractable 
spasticity. Arch Phys Med Rehabil 



73

ITB in secondary dystonia: a pilot study

3







76

Chapter 4

ABSTRACT

dystonic cerebral palsy. The primary aim of this study is to provide level one clinical 

intrathecal baclofen treatment and group B will receive three months of placebo 

Discussion The results of this study will provide data for evidence-based use of 
intrathecal baclofen in dystonic cerebral palsy.

baclofen, Randomized controlled trial
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BACKGROUND

dyskinesia and ataxia.1,2

choreoathetosis.2

movement that is involuntary, uncontrolled, recurring and occasionally stereotyped. 
These movements can interfere with daily care and may be painful and uncomfortable. 

born at term.3

Treatment
The results of pharmacological treatment of severe dystonic CP have been rather 

muscle relaxants including benzodiazepines and baclofen, have been reported by 
some authors.

ITB on dystonic cerebral palsy are limited in number and the level of evidence is low, 

6
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measurements throughout the study.
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Inclusion and
randomization

9 months ITB

Measurements 1
(t=0)

Measurements 2
(t=1)

Measurements 3
(t=2)

9 months ITB

Measurements 2
(t=1)

Measurements 3
(t=2)

3 months ITB3 months
placebo

Figure 1. Flow chart subjects

Table 1. 

Eligible for ITB treatment using criteria for 

Able and willing to complete study protocol
Consensus about inclusion

Ventriculoperitoneal drain
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receive ITB treatment via an implanted micro-infusion pump for three months. In our 
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Dosage

10

day.

individually altered to the extent that the physician would consider necessary, based 

level, and at least above the level of Th1.

Outcome measures
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many other areas.
analysis is possible because they are scored in a standardized way. This procedure is 

17

The procedure includes the following aspects:

taken to accomplish a task.

13

to assign weighing scores since the weighted and unweighted scores are closely 
correlated.
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13

improvement of at least two points in at least one of the three goals.

ixi i
2

i
2

i is the weight assigned to 
the goal, xi

al.20 Blinded therapists or physicians will assess all videotapes and rate dystonia using 

21 

measurement of dystonia and are widely used to assess dystonia.

20 It consists of two subscales: dystonia and choreoathetosis. Scoring is carried out 
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22

23
max decreases 

compared with baseline measurements. This represents a decrease in motor neuron 
22. Although not 

22

we will follow a standardized protocol as described in the guideline for standard physical 

26  This test 

usefulness will become evident during the study.

faces ranging from very happy to very sad.
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Children with CP have a higher risk of sleep-related disorders than typically developing 
children.27

 Polysomnography is the gold standard when measuring sleep-related 

30 A subscale of the Pediatric 

30

will be scored at baseline, 3 months and at twelve months. In a study by Voorman and 

spoken language at baseline. The validity of this instrument has been tested.36

not expect changes in outcomes on the C-BiLLT with ITB treatment since comprehension 

3 MRI studies of the brain are necessary to 
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movements interfere with MRI quality.

developed for children from six months to seven and a half years of age and assesses 

skills. Scores on the caregiver assistance scale are noted on a range from independent 

assessment by a therapist.

will be done by the pharmacies of the VUMC and the MUMC. The pharmacist will be 
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4
A data safety monitoring board will be formed and will meet periodically to review 

the ITB and placebo group using a Chi-square test. Mean age between the ITB and 
placebo group will be compared using an independent samples t-test. Means and 

be separately tabulated per group.
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DISCUSSION

baclofen in dystonic cerebral palsy.

ABBREVIATIONS

disability and health.

ACKNOWLEDGEMENTS
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ABSTRACT
 Intrathecal baclofen treatment is used for the treatment of dystonia in 

cerebral palsy.

Methods 

Results st 2013 to March 31st

between groups.

Intrathecal baclofen treatment is superior to placebo in achieving 
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INTRODUCTION

motor symptoms such epilepsy, secondary musculoskeletal problems, and disturbances 
1 The reported 

 Based on 

1

 It is 
characterised by involuntary, uncontrolled, recurring, occasionally stereotyped 

 Choreo-athetosis 

correspond with having no walking ability.6

6 Most 
6

6,7

6,7

trial studies, to date, there are only low quality, non-controlled studies, producing low-

pain, and comfort.

7
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10 This 
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Table 1. 

Inclusion criteria

Eligible for ITB treatment using criteria of common 

quality of life
Treatment goals are clear and applicable

adhere to requirements of treatment

Able and willing to complete study protocol
Consensus about inclusion

anesthesia

language

Ventriculoperitoneal drain

treatment

analysis was completed.

Procedures
The pump was implanted in a subfascial or subcutaneous pocket in the lower abdomen 

11
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12,13

whole study.

guided by a dosing schedule developed for the study and based on clinical experience 

of increments.

measurements.
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Table 2. 

1. Start treatment at 

dosage, gradually raise dosage 

decreases or disappears within 

bolus 1 hour before awakening, 

dosage, gradually raise dosage 

disappears, raise dosage, 1-2 

decreases or disappears within 

bolus 1 hour before awakening, 

3. Bolus added

decrease during the day
Add a 2nd

decreases
More boluses can be added to a 

decrease during the day
Add a 2nd

decreases
More boluses can be added to a 
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Figure 1.

Figure 2. 
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Outcomes

10 Treatment 

10

for two to three goals were determined and used to extrapolate all other possible 

10 
10

as achievement of at least one goal.

Secondary outcome measures were assessed both at baseline and at three months 

10

16 

are. There are no test-retest reliability studies or data on responsiveness for either 
measure.17

athetosis. Studies show moderate interrater reliability.17 Surface electromyography 
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individual muscles,10

10

by a passive stretch of the muscle with fast velocity, and scored present when a catch 

10

faces pain scale corresponding with scores from 0 to 6.10

furthermore evaluated the change in symptoms related to sleep related breathing 
10,20

10 It was 
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5Role of the funding source

RESULTS
st, 2013 to March 31st
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Figure 3. 
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Table 4. 

ITB group
(n=18)

Placebo group 
(n=18)

Male

GMFCS IV

V

MACS III

IV

V

C-BiLLT a c d

b Th3 or higher

a

Periventricular leukomalacia

 

a b cAge 
d
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Figure 4.

 
achieving zero, one, two or three goals is shown for the ITB and placebo group.
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Table 6. Treatment goals

ICF-CY level
Goal

Total ITB group
(n=18)

Placebo group
(n=18)

p-value

evaluated 
nr of goals

evaluated 
nr of goals

Nr 

achieved 
goals

evaluated
Nr of 
goals

Nr 

achieved 
goals

p=0·01+

Sleep

Alertness 0 n.a.

0 n.a.

0 n.a.

n.a.

Using 

device

Mobility p=0·001+

Changing 

Moving around

use

Environmental factors

Care giving by 
others

+

giving
0 n.a. n.a.

0 n.a.

Total

+



IDYS trial: the results of a randomized clinical trial

5

Table 7. Adverse events

ITB group Placebo 
group

P-value

Number of 
(S)AE

Total 16 13 +1·00

AE +1·00

SAE 2 +1·00

SAE
related

Liquor leakage ^ 

^
0

Catheter related 0

Possibly adverse Nausea or 2 1

0
a 6 3

event. + ^Pearson Chi Square test. a

 
DISCUSSION

favorable with ITB compared to placebo.

domains.6,7
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with ITB.  Previous studies had a lower level of evidence because of the non-

17,21

6,22

scores to be lower than mean dystonia scores which is accordance with previously 
22,23

23

1

 

ITB.
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in this group.

with previous studies.  This is not surprising because when contractures occur, due to 
changes in bony structures or to muscle shortening, these problems will not improve 

Pain and comfort scores at three months were similar between groups. As most 

the placebo group. These last results correspond with previously published studies.

6
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related to risk of sleep related breathing disorders. Apnea or hypopnea during sleep 
10 

Children with CP already have a higher risk of sleep-related disorders than typically 
developing children.10

the catheter at the mid cervical level, close to the breathing centre. To be able to fully 

Total dosage was similar between groups. This was to be expected as both groups were 

group were on a bolus schedule. This can be explained by the dosing schedule we used 
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30 The achievement of individual treatment 

Considering the described problems in reliable measurement of dystonia, test-retest 

methods of dystonia should be explored, such as instrumented measures, which are not 

ACKNOWLEDGEMENTS
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ABSTRACT

Aim

Design 
was performed.

Results 
neurological disease in childhood and receiving ITB treatment. The studies included a 

is described.

Conclusions ITB has beneficial effects in paediatric patients with progressive 

of available studies and due to the poor quality of these studies
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INTRODUCTION

1 2,3 and inhibits neuronal transmission  at the 
level of the spinal cord.

11 and facilitates ease of care.  most 
11

by an implanted pump.
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Table 1. 

Search number Search terms Results

#1

#2

#3

#6

#7

Assessment

12 study-type, patient-characteristics, 
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RESULTS

Six eligible studies were found in the electronic databases.
17

evidence.12

 ITB 
 ITB also decreased disabling extensor 

sleep.13

16

care.  In three studies, caregivers report improvement in dressing, hygienic care 

13

improved quality of life.

17
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6

 hypotension, 

abdominal discomfort, back pain, withdrawal symptoms due to a nearly empty pump 
and iatrogenic overdose.17

17

DISCUSSION

17

cerebral palsy.
progressive diseases.

ITB treatment.16

progressive neurological disease.20-22

improvement as one study showed a decreased need for walking aids.22

of mobility are available.
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 These 

 The most frequent 
 

17 

treatment.

 Though 

17 Since ITB 
treatment causes muscle weakness, including weakness of the paraspinal muscles, 
it is hypothesized that ITB might elicit scoliosis.

treatment.

of scoliosis should be monitored closely.

6 17

 Presumably, unresponsiveness to ITB 

cerebral palsy.6

as disease progresses, requiring increasing dosages of ITB.
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CONCLUSION

the widespread use of ITB, the few available studies and the poor quality of these 

and long term outcomes.
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1

refractory to oral treatment
 

1,3,6

2,7 most individuals and their 

in a group of children and adolescents from our center with progressive neurological 

 

and for treatment goals.
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being able to see full results of ITB yet, because of a short follow-up since pump 

studies
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ABSTRACT

Method

Results

and comfort.

Discussion
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INTRODUCTION

ITB treatment.1,2 3

with ITB treatment.

7

care is facilitated and that individual problems of daily life improve.

11. The review 

daily care.
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Design

consent.
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13

were compared between groups per domain and per item using a non-parametric 

RESULTS
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in Table 1.

Table 1. 

Diagnosis N GMFCS
II III IV V

Mean age 

range)

Gender
M:F

SCP 0 12 22

DCP 13 1 0 1 11 6:7

PND 16 0 2 2 12

Total 1 7

1 2, compared to dystonic 
3, compared to progressive neurological disease.
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DISCUSSION

domains.

daily life. 7 The experiences with ITB treatment in 
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Figure 1. 



8

-
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Figure 2. 

even further.



8

17

of the motor disorder. The motor disorder is expected to improve with ITB treatment, 

were not able to control for this important factor.
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than in typically developing children.20 It is thought that perceptual disorders are the 
13 Startles did 

21 

progression of scoliosis,22

without ITB.23

severe neurological disease.11 

treatment, and that monitoring for scoliosis is needed.

7,12,21 A score of 7.0 on a VAS scale was given 
12

ITB treatment again if they had the choice.21
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addressing these issues.

 

CONCLUSION
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VOORBEELD INGEVULDE VRAGENLIJST

met hulp/ondersteuning van één persoon .....................
........................................................................................................................................

• Is dit veranderd door de baclofen behandeling via de pomp ?

* Ja Nee
* Veel beter Iets beter Iets slechter Veel slechter

* Nee

Zo ja, gaat dit nu* Veel beter Iets beter Iets slechter Veel slechter

Veel beter Iets beter Iets slechter Veel slechter

Ja Nee

Zelfstandig Met hulp In rolstoel Anders



8

Naam van kind: ...................................................................................................................

............................................................................................................................................

• Is dit veranderd door de baclofen behandeling via de pomp ?

• Is dit veranderd door de baclofen behandeling via de pomp?

• Is dit veranderd door de baclofen behandeling via de pomp ?

• Is dit veranderd door de baclofen behandeling via de pomp ?

Ja Nee

Zelfstandig Met hulp In rolstoel Anders

Veel beter Iets beter Iets slechter Veel slechter

Ja Nee

Ja Nee

Ja Nee

Veel beter Iets beter Iets slechter Veel slechter

Veel beter Iets beter Iets slechter Veel slechter

Ja Nee

Ja Nee

Veel beter Iets beter Iets slechter Veel slechter

Ja Nee

Ja Nee
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........................................................................................................................................

behandeling via de pomp?

.........................................................................................................................................

 baclofen behandeling?

* Ja Nee
* Veel beter Iets beter Iets slechter Veel slechter

* Nee
* Veel beter Iets beter Iets slechter Veel slechter

* Nee

 * Veel beter Iets beter Iets slechter Veel slechter
* Nee

Zo ja, gaat dit nu* Veel beter Iets beter Iets slechter Veel slechter

Ja Nee

Ja Nee

Veel beter Iets beter Iets slechter Veel slechter

Ja Nee
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* Ja Nee

Zo ja, gaat dit nu* Veel beter Iets beter Iets slechter Veel slechter

veranderd door de baclofen behandeling?

 

 

• Is dit veranderd door de baclofen behandeling?

 

• Is de stemming van uw kind veranderd door de
 baclofen behandeling?

Ja Nee

Veel beter Iets beter Iets slechter Veel slechter

Ja Nee

Ja Nee

Veel beter Iets beter Iets slechter Veel slechter

Ja Nee

Veel beter Iets beter Iets slechter Veel slechter
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ernst door de baclofen behandeling?

• Is dit veranderd door de baclofen behandeling?

• Is daar een bekende reden voor?

.........................................................................................................................................

........................................................................................................................................

• Is de slaap van uw kind veranderd door de 
baclofen behandeling?

 

...........................................................................................................................................

...........................................................................................................................................

Ja Nee

Ja Nee

Ja Nee

Ja Nee

Veel beter Iets beter Iets slechter Veel slechter

Ja Nee

Veel beter Iets beter Iets slechter Veel slechter

Ja Nee

Veel beter Iets beter Iets slechter Veel slechter

Ja Nee
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......................................................................................................................................... 

........................................................................................................................................

• Is dit veranderd door de baclofenbehandeling?

• Is dit veranderd door de baclofenbehandeling?

.........................................................................................................................................

........................................................................................................................................

 

.........................................................................................................................................

........................................................................................................................................

Ja Nee

Ja Nee

Veel beter Iets beter Iets slechter Veel slechter

Ja Nee

Ja Nee

Veel beter Iets beter Iets slechter Veel slechter

Ja Nee

Ja Nee

1 2 3 6 7 10
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Probleem scoring
VRAGENLIJST DEEL 2: PROBLEEMSCORING

Naam van kind:.....................................................................................................................

Naam van verzorger: ............................................................................................................

op 
dit moment. Als een vraag niet van toepassing is, omcirkel dan NVT.

VOORBEELD INGEVULDE VRAGENLIJST

Luiers verwisselen?

0 1 2 3 6 7 10 NVT

0 1 2 3 6 7 10 NVT

0 1 2 3 6 7 10 NVT
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0 1 2 3 6 7 10 NVT

2. Luiers verwisselen?

0 1 2 3 6 7 10 NVT

3. Bips schoon maken?

0 1 2 3 6 7 10 NVT

0 1 2 3 6 7 10 NVT

0 1 2 3 6 7 10 NVT

0 1 2 3 6 7 10 NVT
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verzorging door de intrathecale baclofen?

0 1 2 3 6 7 10 NVT

0 1 2 3 6 7 10 NVT

0 1 2 3 6 7 10 NVT

0 1 2 3 6 7 10 NVT

0 1 2 3 6 7 10 NVT
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8

en transfers door de intrathecale baclofen?

0 1 2 3 6 7 10 NVT

Comfort

Mee eens           Mee oneens

0 1 2 3 6 7 10 NVT

0 1 2 3 6 7 10 NVT

0 1 2 3 6 7 10 NVT

0 1 2 3 6 7 10 NVT

0 1 2 3 6 7 10 NVT
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0 1 2 3 6 7 10 NVT

0 1 2 3 6 7 10 NVT

die uw kind niet kent?

0 1 2 3 6 7 10 NVT

0 1 2 3 6 7 10 NVT

0 1 2 3 6 7 10 NVT
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8







166

Chapter 9

treatment goals, mostly on the levels of activities and participation, and 
environmental factors. The secondary focus was on the level of body 

 

levels.

ITB IN DYSKINETIC CEREBRAL PALSY

level IV or V.1-3

 The evidence for the use of oral pharmacological agents for treatment of 

the reported studies low.

 

improve quality of life.
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General discusssion

9

10-13  

10-13 In these studies, severity of dystonia is the most commonly used 
outcome measure.10-13

10-12

decreases in all studies.10-13

10-12

for quality of life, pain, mood, and sleep.10-12

10-12

12

10

10-12 Treatment goals were reported to 
10

12

therapists, physiotherapists, speech therapists and epidemiologists were involved in 

10-12
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groups in favor of the ITB group for the dystonia subscale and the dystonia in rest 

10-13

which was new compared to previous studies. 

Individual treatment goals

caregiving.

who were the focus  in the studies in this thesis. Improvement of autonomy of carrying 
12

10

of ITB.17

individual treatment goals.



General discusssion

9

20

 

21 Since ITB is aimed to reduce dystonia, we expected that a decrease 

of dystonia in the placebo group whereas dystonia the ITB group remained unchanged. 

studies.10-13 These studies were not blinded, and as a consequence biased by the 

6,22 Test-retest reliability might therefore be limited and the 

measured level of dystonia might not necessarily correspond to the overall normal daily 

outcome measures, we are not able to capture this change. 
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hearing and visual impairments, are more frequently present.1,3 This makes medical care 

life threatening withdrawal symptoms. As a result of the possible occurrence of life-

perform home-based ITB care and the responsible physicians in specialized clinics must 
be warranted. 

with ITB. 

11,23 

13 In line with 

infusion to see improvement on dystonia and individual problems of daily life. 
Subsequently, for the treatment of dystonia in CP, catheters in our clinic are usually 

head and trunk control and increased breathing disorders.
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General discusssion

9

disorders while using ITB compared to placebo, showing that high catheter placement 
can safely be done.

A test period with ITB treatment via an external micro-infusion pump is conducted 

13 They require 

appropriate use of ITB, test treatment has been under discussion.  It was decided that 

severity of dystonia does not necessarily correspond to the overall normal daily 
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© 27 

 Six domains 

an excellent test-retest reliability.27

health status and well-being of non-ambulatory children with CP.

Future studies

Using these measurements, we can explore the use of machine learning to assess and 
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General discusssion

9

be answered. 

treatment goals? 

Audit.
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30,31 This means that there 

30,31 In the studies in chapter 

32

is expected to be maintained on the long term.

to central nervous system involvement, but when peripheral neuropathy becomes more 



General discusssion

9

wheelchair dependency occurs.30,31

physiatrist, child neurologist, neurosurgeon, pediatrician, specialized nurse or physician 

further treatments and comprehensive aids might be needed.  

Future studies
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Chapter 10

SUMMARY

care and aids for mobility.

The spectrum of the severity of cerebral movement disorders is broad. This thesis will 

wheelchair for mobility.

The most common cause of cerebral movement disorders and physical disability 

the intrathecal space.
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chapter 2

for the treatment of choreoathetosis. The use of pharmacological treatment in both 

Chapter 3 

limited level of evidence of this study, the results of the pilot were promise enough to 



Chapter 10

randomised, double-blind, placebo-controlled trial with the aim to provide evidence 
chapter 4. 

enough power. 

chapter 5. To prevent the study from 

an increase of dystonia in the placebo group, compared to no change in the ITB group. 

limited in their use due to unknown test-retest reliability. More reliable measures are 

Chapter 6

were case reports and one study a case series, and therefore of low level of evidence. 
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chapter 7. 

chapter 8

Chapter 9

dyskinesia is troublesome with the current available outcome measures and should not 



Chapter 10
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SAMENVATTING

mobiliteit. 

verzorging en hulpmiddelen voor mobiliteit. 

farmacologische behandeling overwogen worden. Als dit onvoldoende werkt, zal de 

abdomen. Een katheter verbindt de pomp met de intrathecale ruimte waar de baclofen 
wordt afgegeven. 
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te verminderen, comfort te verbeteren, deformiteiten te voorkomen en de verzorging 

baclofen of intrathecale placebo gedurende vier opeenvolgende dagen. Individuele 



10

van deze studie, waren de resultaten veelbelovend genoeg om een klinische trial te 
starten. 

gerandomiseerde, dubbel geblindeerde en placebo gecontroleerde trial met het doel 

staat beschreven in 

was het behalen van individuele behandeldoelen waarvoor gebruikt gemaakt is van 

verschil werd veroorzaakt door een toename van dystonie in de placebo groep, in 



Chapter 10

te meten.

in een rolstoel werd beschreven.

Intrathecale baclofen wordt gebruikt voor de behandeling van spastische CP, 

 werd het verschil 
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follow up langer is.

en het geschikte moment van starten van ITB.
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A. 
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scale

C, cervical

C-BiLLT, computer based instrument for low 

system

CP, cerebral palsy

CR, case report

CS, case series

system

h, hour

ITB, intrathecal baclofen

kg, kilograms

M, male

MUmc, Maastricht University medical center

N, number

Inventory

RCT, Randomized clinical trial

Ref, reference number

Th, thoracic

VAS, visual analogue scale

VUmc, VU University medical center
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