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1.1 Immune-mediated polyneuropathies — Clinical aspects

Introduction

Immune-mediated neuropathies mainly include Guillain-Barré syndrome (GBS) (most
common form: acute inflammatory demyelinating polyneuropathy (AIDP)), chronic
inflammatory demyelinating polyneuropathy (CIDP), neuropathy associated with
monoclonal gammopathy of undetermined significance (MGUSP), and multifocal motor
neuropathy (MMN} (1-11). Electrophysiological examination in these patients generally
reveals features of a demyelinating polyneuropathy. These neuropathies have become
increasingly important in clinical neurology because they are readily diagnosable and
potentially treatable. Evidence has emerged from many papers in the last decade to indicate
that these illnesses represent part of a continuum separated by their newromuscular
dysfunction pattern, time course and response to various treatments (Figure I; 1-11).
However, the distinction between these illnesses is in some aspect somewhat artificial. In the
following, selected aspects of these diseases are discussed with particular emphasis on
clinical presentation and outcome measures applied in clinical studies published from
January 1988 to Jamary 1999 that included patients with one of these disorders.
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Guillain-Barré syndrome (GBS)

The clinical diagnosis of Guillain-Barré syndrome (GBS) is generally not difficult to
establish. GBS diagnosis is based on criteria originally developed to aid epidemiological
field studies (12,13). In 1993, the World Health Organisation has postulated new diagnostic
criteria for this illness (14). The criteria for GBS have been broadened and are currently
entirely based on clinical features (14). Symmetrical weakness and decreased or
disappearance of the myotatic reflexes are the major criteria. Surprisingly, sensory
disturbances are considered supportive features, despite the fact that most patients with GBS
experience a sensory-motor pattemn (1,15). Acute sensory polyneuritis as a variant form of
GBS has also been described (16).

Cerebrospinal fluid analysis is of limited value. The protein concentration rises usually from
the second week onward. A high cell count is usually not found, but one should consider
HIV-related GBS or Borreliosis in the infrequent cases with pleiocytosis. Electromyography
helps to characterise the pattern of GBS as either more demyelinating or axonal {(17).

From a clinical perspective, it is generally known that a large interindividual variability
exists in GBS. The limitations of the presented diagnostic criteria are most obviously
reflected when weakness does not start in the extremities but in the cranial nerves such as in
Miller Fisher syndrome, which is characterised by oculomotor paresis, ataxia, and areflexia,
or in the lower bulbar variant, characterised by difficulties in speech and swallowing.
Confluent patterns have also been demonstrated.

GBS can be distinguished from CIDP by a different time course. By definition, the nadir of
GBS is reached within 4 weeks, but in the majority of patients within 2 weeks (1,12,13). For
CIDP, in contrast, duration of progressive weakness of at least 2 months has been suggested
as a criterion (18). More recently, a group of patients have been described with an
Intermediate “subacute” time course (SIADP; with a nadir between 4 to 8 weeks of onset)
(19). In fact, large series showed that there is a continuum between GBS and CIDP with a
sharp peak of patients who have their nadir in the first few weeks and a long tail of patients
who have a much longer and usually less fulminate course (20,21).

Chronic inflammatory demyelinating polyneuropathy (CIDP)

Chronic inflammatory demyelinating polyneuropathy (CIDP) is progressive over a period of
more than 2 months (18). Thereafter weakness may progress or may be stable during months
or years, or the patients may improve spontancously followed by a relapsing-remitting
course (22). Patients with CIDP have symmetrical distal more than proximal weakness that
generally predominates over sensory deficit. Sensory-motor form is most commonly seen,
although pure motor or pure sensory patterns have been reported (23,24). Areflexia is
common. Cerebrospinal fluid generally shows an increased protein without a cellular
reaction. Electrophysiological criteria for CIDP have been proposed and include evidence
for demyelination with features such as conduction blocks, dispersion or the compound
muscle action potential, increased distal latencies, or slowed conduction velocities (25).
Prior to making the diagnosis of CIDP, it is essential to rule out other causes of chronic
polyneuropathies. Diseases such as hereditary neuropathies, vasculitis, cryoglobulinemia,



12 Chapter 1

multiple myeloma, and many others have to be excluded. Dyck and associates stated that the
clinical diagnosis of CIDP could only be made in the absence of a systemic disease (26).
However, it seems that CIDP can also occur in the setting of some concurrent diseases
(4,27). For example, patients with an otherwise typical clinical picture compatible with
CIDP have been described having an IgG monoclonal gammopathy of undetermined
significance (8,27).

Polyneuropathy associated with monoclonal gammmopathy of undetermined significance
MGUSP)

At present it is still a matter of debate whether the diagnosis of CIDP can be made when a
monoclonal protein of undetermined significance (MGUS) is present. Patients with a
neuropathy completely compatible with the clinical diagnosis of CIDP may have a MGUS.
Several studies have compared patients with an idiopathic CIDP with those associated with
an MGUSP (28-30). Up to 25-30% of patients with a clinical diagnosis of CIDP also had a
MGUS (28-30). In general, patients with a CIDP-MGUS are at onset of symptoms older
demonstrating a more smouldering clinical course and on average experience more frequent
sensory loss with less severe weakness, despite similar motor conduction findings when
compared with CIDP patients without MGUS. However, application of these clinical
differences should be done with some caution, because these differences have not been
demonstrated in a more recent study (23).

Muitifocal Motor Neuropathy (MMN)

Multifocal motor neuropathy (MMN) is an infrequent occurring chronic immune-mediated
demyelinating neurcpathy (31-33). Patients with MMN mostly have a stepwise progression
of asymmetrical muscle weakness and amyotrophy localised in the anatomical distribution
areas of peripheral nerves. Sensory symptoms are generally absent. Patients with MMN may
experience cramps, fasciculation or myokymia. The electrophysiological hallmark of MMN
is persistent motor conduction block with reduction of the motor nerve conduction velocity
only over the affected areas. Clinically, MMN is also described as an asymmetrical pure
motor variant of chronic inflammatory demyelinating polyneuropathy (CIDP) with
multifocal motor conduction blocks. Especially, during the evolution of MMN the
roultifocal character may gradually evolve in a more or less symmetrical pattern, clinically
resembling the motor form of CIDP. Neuropathological studies have also linked MMN to
CIDP (34,35). A multifocal sensory-motor demyelinating polyneuropathy have also been
reported, hence fulfilling the intermediate clinical pattern between CIDP and MMN (Figure
1;36,37).
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Figure 1

Clinical spectrum of immune-mediated neuropathies

Immune-mediated neuropathies

GBS SAIDP CIDp CMDN MMN

CIDP-Idiopathic CIDP - MGUS MGUSP

Legend to Figure 1

Guillain-Barré syndrome (GBS) (also generally known as acute inflammatory demyelinating polyneuropathy
(AIDP)) is characterised by a monophasic course of weakness that reaches a nadir within four weeks, the
majority within twe weeks followed by a plateau-phase with gradual recovery hereafter. GBS is primarily
distinguished from chronic inflammatory demyelinating polyneuropathy (CIDP) by a different time course.
For CIDP the duration of progressive weakness is at least 2 months. Weakness prevails over sensory deficit.
More recently, a group of patients have been described with an intermediate “subacute™ time course
(SIAD?P; nadir between 4 to 8 weeks of onset) (19). Patients with a polyneuropathy associated with a
monoclonal gammopathy of undetermined significance (MGUSP) have generally more sensory than motor
deficit. Immunoglobulin G MGUSP may have great resemblance with CIDP. Multifocal motor neuropathy
(MMN) is characterised by asymmetric motor deficit, affecting the arms more than the legs with no
significant sensory abnormalities. MMN is considered the asymmetrical motor variant of CIDP. An
intermediate form, the chronic multifocal sensory-motor demyelinating polyneuropathy (CMDN) have been
recently described, thus completing the clinical spectrum of the meost common forms of inflammatory
polyneuropathies,

1.2  Evaluating outcome measures
A. International Classification of Impairments, Disabilities, and Handicaps (ICIDH)

The first step in the clinical evaluation of patients is to determine at which level outcome is
going to be assessed and which scale or set of scales is going to be used for this purpose.
This is particularly complex in neurology, because the nervous system has so many
functions, whereas most other organs have a much more limited range of functions. As an
example, Figure 1 depicts the spectrum of inflammatory disorders of the peripheral nerves
that can range from pure symmetrical or asymmetrical weakness to pure sensory multi-
modality disturbances with respiratory problems in GBS cases. Therefore, the first question
to answer in evaluating a patient is what information should be measured and how this is
going to be obtained. Gathering information on particular clinical features is generally done
by firstly reviewing the literature on existing outcome measures and secondly classifying
selected measure(s) according to the postulated international classification of impairments,
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disabilities, and handicaps (ICIDH) by the World Health Organisation (WHO) in 1980
(Figure 2; 38). The ICIDH model is widely used and was developed as an attempt to
standardise classification and terminologies relating to the consequences of health

conditions. According to this model, any disease (pathology) can be evaluated at the
following defined levels:

Figure 2

The International Classification of Impairments, Disabilities, and Handicaps ({ICIDH)

Disease
(pathelogy)

y

p| Impairment Disability p. Handicap

1. Disease (pathology) refers to the damage or abnormal processes occurring within an
organ or organ system inside the body

2. Impairment is defined as the direct physiological consequences of the underlying
pathology. In other words, impairment is defined as any loss or abnormality of
psychological, physiological, or anatomical structure or fimection. Impainment represents
exteriorisation of a pathological state, and as such it represents a disturbance at the organ
level.

3. Disability is defined as any restriction or lack (resulting from impairment) of ability to
perform an activity in the manner or within the range considered normal for a human
being. Disability represents objectification of an impairment, and as such represents
disturbances at the level of the person.

4. Handicap represents socialisation of an impairment or disability, and as such it reflects
the consequences for the individual - cultural, social, economic, and environmental - that
stem from the presence of impairment and disability. In other words: This is the
disadvantage for a given individunal, resulting from an impairment or a disability, that
limits or prevents the fulfilment of a social role that is normal (depending on age, sex,
and social and cultural factors) for that individual,

Although this classification seems to be straightforward, these levels form a continuum with
no clear-cut boundaries, Despite this, this concept is extremely useful for purposes of
evaluating and classifying outcome measures, and therefore it is important to understand the
technical definition of each of these levels. Also, it is important to note that not all
impairment features may lead to disability. Examples of the latter are: 1) the detection of
conduction blocks in a nerve without any functional deficit in daily activities or a completely
recovered patient with CIDP with normal daily functionality that still has areflexia at
neurological examination. Also, impairment can sometimes lead directly to handicap. This
is the case in a patient with residual ophthalmoplegia due to Miller-Fisher syndrome who is
not able to work as a bus-driver anymore. Another example is a positive test for HIV that



General introduction 15

can cause loss of insurance, social isolation, etcetera, without any intervening impairment
and disability.

B. Quality of life concept

Assessing outcome using the ICIDH levels is primarily being performed by clinicians.
However, the obtained results are strongly dependent on several patients’ factors, both intra-
individual and environmental. Examples of such factors are individual ability of patients to
adapt to illness (coping), factors intended to increase functioning such as rehabilitation,
physical therapy training, patient’s perseverance, and amount of social support. Therefore,
outcome can also be studied from the “patient’s own perspective”, a concept captured in
“quality of life” outcome measures. Quality of life is also defined as the patient's reaction to
the discrepancy between actual and expected achievements arising as a comsequence of
illness (39,40). At least four dimensions should be included in a quality of life assessment.
These dimensions are physical, functional, psychological, and social health. The physical
health dimension refers primarily to disease-related and treatment-related symptoms.
Functional health comprises self-care, mobility, and physical activity level, as well as the
capacity to carry out various roles in relation to family and work. Cognitive functioning,
emotional status, and general perceptions of health, well-being, life satisfaction, and
happiness are the central components of the psychological life domain. Social functioning
includes the assessment of qualitative and quantitative aspects of social contacts and
interactions (39,40).

C. Clinical appropriateness of outcome measures: Simplicity, Validity, Reliability,
Responsiveness, Communicability

To identify scales of potential interest for measuring a specific feature, clinicians have to
find their way through a daunting array of available scales. Subsequently, because there is an
increasing emphasis on accuracy, an important step in choosing a scale comprises a critical
review of its clinical appropriateness to the patient group at study and evaluation of its
clinimetric requirements (40-44). A useful scale should fulfil the following requirements
(40-44):

It should be simple, none-time consuming with little or no special training

It should be valid

Tt should be reliable

It should be responsive to changes over time in the underlying condition, yet relatively
insensitive to symptoms or signs fluctuations

5. Tt should provide results that easily can be interpreted by others

B

1. It should be simple, none-time consuming with little special training. Many outcome
measures are impractical because they require too much time to administer or score. A
measure should wherever possible be simple, particularly if more than one person is
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going 10 use the measure, Simplicity will improve the patient (and user) compliance, and
will increase reliability.

It should be valid. A valid scale is one that measures what it purports to measure and
therefore provides the information required. In other words: It should accurately describe
the underlying phenomenon or disease. Various types of validity are described:

Face validity refers to the apparent sensibility of the measure and its components. It
simply indicates whether, on the face of it, the scale appears to be assessing the desired
qualities. This validity form represents the subjective judgement based on a review of the
measure itself by one or more experts, and rarely are any empirical approaches used. The
functional grading scale (f-score), used in many GBS studies, has obvious face validity
for the assessment of mobility (45).

Content validity is closely related to the face validity concept. It consists of a judgement
by experts evaluating whether an cutcome measure captures all the relevant or important
contents or domains of an illness. The f~score would be a valid measure for lower limb
function in neuropathies, because it is strongly based upon mobility (45).

These two forms of validity are also entitled as “the validity forms by assumption”,

meaning that a measure assesses outcome in a certain way because an expert says it does
(46).

Construct validity is demonstrated by examining the relations between a newly created
test and other tests to show that the new test measures the same 'construct’. In practice,
evidence for conmstruct validity is gathered by undertaking a series of studies to
determine:

Convergent validity — the extent to which a measure correlates with other measures of
related entities.

Discriminant validity — the extent to which a measure does not correlate with
measures of different entities.

Divergent validity — the extent to which a measure correlates with measures of
opposite entities. Others have not described this construct validity form. However, we
introduce this validity form as part of the validation of rating scales. It is a matter of
debate whether the proposed ‘divergent validity’ should be considered as a
‘discriminant validity” form. An example: The correlation between fatigue and
vitality scales.

Criterion-related validity is demonstrated by examining the accuracy of a test compared
with a particular standard, the criterion (‘gold standard’). There are two types of
criterion-related validity: concurrent and predictive. The distinction between the two
refers to whether the measure is compared with a gold standard measured at the same
time (concurrent) or in the future (predictive).
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Concurrent validity — the extent to which a new measure correlates with another
widely accepted validated measure or the opinion of experts. This is generally applied
in cases of no “real” gold standard.

Predictive validity — if we thought that the f-score values at 4 weeks of follow-up in
patients with GBS could predict degree of disability at 6 months, data collected at
these two Instances in time must be correlated (45).

3. It should be reliable. A reliable measure is one that produces results that are accurate,
consistent, stable over time, and reproducible. A patient whose condition has not
changed should always receive the same score apart from random variation. There are
three different types of reliability:

Internal consistency (Interitem consistency) is the extent to which items comprising a
scale measure the same concept — that is, a measure of the homogeneity of the scale.
There are a number of ways to calculate these correlations, of which the Cronbach’s
alpha is the most widely used (47).

Observer reliability is the agreement between observers or within an individual observer.
There are two types:

Interobserver reliability is the agreement between observations made by two or more
raters on the same patient or group of patients.

Intraobserver reliability is the agreement between observations made by the same
rater on two different occasions on the same patient or group of patients.

Test-retest reliability is the agreement between observations made by the same patient on
two different occasions.

The concepts of validity and reliability can be explained using the example of “shooting ata
target”. Someone learning archery must first learn to hit the centre of the target, and then to
do this consistently. The validity of a measure would be represented by the aim of shooting —
how close, on average, the shots come to the centre of the target (good validity meaning a
bias of approximately zero distance). The reliability of a measure would be represented by
how close successive shots fall to each other, wherever they land on the target (good
reliability meaning a small variance).

4. It should be responsive to changes over time in the underlying condition, yet relatively
insensitive to minor symptoms or signs fluctuations. Whereas validity and reliability form
the clinimetric core stones of a rating scale, the ability of a measure to detect clinically
meaningful changes over time is crucial. For clinicians and researchers, such a measure
should discriminate between irrelevant changes (normal fluctuations in the activity of an
illness; “noise™) and clinically meaningful changes on which a treatment policy can be
based (“signal™), an ability addressed as “responsiveness”. A statistic and heuristic
approach in examining responsiveness of a measure has been proposed (43). Statistical
responsiveness captures the ability of an instrument to measure any change, irrespective
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of its relevance. Heuristic techniques are based upon comparing changes as assessed by a
scale with an external indicator, for example the grades of judgement by the patients of
their clinical condition (e.g. grade 1: improved; grade 2: stable; grade 3: deteriorated).

5. It should provide results that easily can be interpreted by others. A measure should give
results that are easily understood by others.

Selection of a scale or set of scales is one of the most important steps in planning clinical
follow-up of patients or research projects. Whatever scale is chosen, it is important that the
above-mentioned requirements are fulfilled before its general use as an outcome measure.

1.3 Evaluating outcome measures in immune-rnediated polyneuropathy
clinical studies

Introduction

In the last decade, the assessment of disease activity in clinical studies including patients
with GBS, CIDP or MGUSP has been commoenly based on a multitude of measures, ranging
from the assessment of gemeral strength, sensory disturbances, and functional abilities.
Various easily applicable scales have been devised and used for these purposes.

As postulated in section 1.2, each outcome measure can be classified according to the model
devised by the World Health Organisation regarding the general consequences of any iliness,
the ICIDH which reflects three stages: Impairments, Disabilities, and Handicaps (see section
1.2; 38). In addition, outcome can also be assessed from the patient’s own perspective using
the so-called ‘quality of life’ surveys (39,40). Subsequently, clinimetric requirements need to
be fulfilled before the use of any outcome measure.

Methods

To evaluate outcome in immuned-mediated polyneuropathies, a Medline search with
reference tracing was conducted for the period January 1988 till January 1999 evaluating all
clinical outcome measures (besides neurological examination) applied in clinical studies
including patients with GBS, CIDP or MGUSP. The outcome meastres were systematically
categorised according to the ICIDH and Quality of life concepts. Reports published in
English that included 10 patients or more were identified using the following keywords:
GBS, CIDP, acquired/idiopathic (poly)(radiculo)neuropathy, polyneuritis, gammopathy,
dysimmune, paraprotein(a)emia, and monoclonal gammopathy of undetermined significance
polyneuropathy. Subsequently, we investigated whether the applied scales have been
formally evaluated in terms of being valid, reliable, and responsive before their use as
neurological outcome measures.
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This search was performed on behalf of the Inflammatory Neuropathy Cause And Treatment
(INCAT) group, a collaborating force of European neurologists with special interest in
immune-mediated neurological disorders.

Medline search

Phase I ~ recruitment of clinical immune-mediated polyneuropathy studies.

Eighty-six clinical studies were collected that included at least 10 patients with GBS, CIDP
or MGUSP. To strive for clarity, patients with subacute inflammatory demyelinating
polyneuropathy or a GBS variant (such as Miller Fisher’s syndrome) were categorised under
the GBS heading. The outcome measures applied in these studies and their corresponding
ICIDH level or quality of life status are presented Table 1.

At the impairment level, various motor scales have been devised and used to assess strength.
These scales are primarily focused on the Medical Research Council grading system (48).
The rmost widely used motor scales are the MRC sumscore as described by Kleyweg and
associates and the motor subset of the Neurclogic disability scale (NDS) (49-51). Despite its
confusing name, the NDS represents outcome at the impairment level.

Sensory deficit has been assessed using different sensory rating scales that included various
sensation modalities representing different sensory fibres (Table 1;15,50,51,59.62,67,70,76,
90,115,117,121).

At the disability level, two scales have been regularly applied: The Hughes’ disability scale
and corresponding modifications and the (modified) Rankin scale (Table 1; 45,49,52).
Unfortunately, these two scales share the characteristics of being strongly directed towards
mobility. Surprisingly, thus far no disability measure has been used that provides a “true
general outcome”, {(defined as functional arms + legs information)” in patients with immune-
mediated polyneuropathies.

No pure handicap scale has been applied in patients with GBS, CIDP or MGUSP and only
two studies have assessed outcome from the patients’ perspective using the Sickness Impact
Profile health survey (53,59). One study used the Environmental Status scale to assess
handicap in 10 patients with GBS (131). Unfortunately, this scale was not conceptualised
according to the ICIDH guidelines and mixes disability with handicap measures (132).
Finally, some scales are devised by a mixture of items representing various ICIDH levels,
thus hampering their applicability and communicability (Table 1;55,88,68,99,112,116,120).

Phase IT — literature evaluation regarding clinimetric properties of the most widely used
outcome measures in immune-mediated clinical studies.

As stated, the most commonly used scales in immune-mediated polyneuropathy studies are
the MRC sumscore, the NDS, different sensory rating scales including various sensation
modalities representing different sensory fibres, the Hughes’ disability scale and related
modifications and the (modified) Rankin scale (Table 1). Surprisingly, despite the wide use
of these scales, studies formally evaluating their clinimetric requirements are limited and
incomplete. The MRC sumscore and the motor subset of the NDS are the only motor scales
that has been validated and examined in terms of their reproducibility (49-51). With the
exception of the sensory subset of the NDS, none of the used sensory scales has been
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submitted to a comprehensive clinimetric evaluation. The validity and reliability of the NDS
sensory subset were demonstrated in diabetes patients with signs of a polyneurcpathy
(50,51). Good internal consistency was recently obtained for this scale in patients with
hereditary and a variety of other polyneuropathies (53). The NDS sensory subset is,
however, limited because sensory qualities are only assessed at the index finger and hallux.
Despite the wide use of the Hughes’ disability scale and the Rankin scale in neuropathy
studies and their obvious simplicity and face validity, the clinical value of these scales are
limited because they are strongly directed towards mobility without providing information
regarding the arms. The validity and reliability of the Hughes® disability scale were
demonstrated in patients with GBS (49). No formal clinimetric evaluation of the Rankin
scale has been performed in patients with immune-mediated polyneuropathies. Its reliability,
however, was ¢stablished in patients with stroke (52).

Although validity and reliability have been demonstrated for some of the scales applied in
patients with GBS, CIDP or MGUSP, relative little attention have been addressed towards
their ability to detect clinically meaningful changes over time (43,44).

Conclusions

Based on these observations, the following conclusions were stated regarding clinical
studies including patients with immune-mediated polyneuropathies in the last twelve years:

» There is a daunting array of available outcome measures in these disorders leading to
great confusion

* Some outcome measures are ill-constructed and therefore not generally applicable

e No uniformity exists regarding which scale or set of scales represents best the
impairment and disability outcome levels that also covers the whole range of patients
with GBS, CIDP and MGUSP

e Thus far, no “global disability” outcome measure have been applied in these disorders

e Scales that purely measure handicap have not been applied in these conditions

e QOutcome from a patients’ perspective using quality of life measures have been scarcely
used

e Studies evaluating the clinimetric requirements of the outcome measures most applied in
these disorders are limited and incomplete.
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Clinical studies reported from January 1988 to January 1999 that incladed at least ten patients with
Guillain-Barré syndrome (GBS), chronic inflammatory demyelinating polyneuropathy (CIDP), or
pelyneuropathy associated with a monoclenal gammopathy of undetermined significance (MGUSP)

Clinieal References Total Impairment Disability Handicap Quality
studies number of of life
cnrolled
patients
Motor scales Sensory (Predominantly) Other/global
scules Mobility scales scales
GBS 61,63,66,68, 852 * * - - R N
69,71-73,79,
31.83.87.89.106
15 100 * A - - - -
21,55,58.60,64, 1268 * * {Modified) Hughes - “ -
74,75,77.80,82. scale
84,85 Functional test limbs®
49,57.65.86.107 363 MRC - (Modified) Hughes - - -
sumscore’ scale
Mean
weakness
score’
53 29 MRC NSS/NDS - B - SIP-Ph™
surnseore'
NSSANDS
36.76.78 724 . B (Modified) Hughes  Disability arm - -
scale grode’
59 123 . C (Modified} Hughes - . SIP*
scale
62 42 - &) (Modified) Huphes - - -
seale
67,70 306 MRC E (Modified) Hughes - - -
surnscore’ scale
88 52 - " Expanding prading - - .
seale’
131 10 MRC muscle Pain-VAS Barthel Index / Envirorsental - -
testing scale’’ Scorg** Rivermend-ADL¥ Status seale'?
CIDP 21,103 134 * * Modified Hughes - - -
seale
232930 191 Average MRC * (Modified) Rankin - - -
score!”
24 19 - NDS - - - -
28,92,104, 116 * * N . - .
113
53 9 MRC NSS/NDS - B - SIP-Ph'®
sumscarel
NSS/NDS
90 16 MRC scoring F {(Maodified) Rankin - . -
system®
Grip strenprth
91,93,94,108,11 288 * * (Modified) Rarkin - - -
1
95 60 Average * - - - -
muscle score’
96,110 20 MRC - (Modified) Rankin - - -
sumseorg'
98 16 * * Functional disability . - -
S&:OTCK
99,100 48 NDS NDS Functional clinical - - -
Grip strength prading seale’
109 10 * * RMI™ - -
112 93 - * Clinigal disability - - -
SCD[’C“
114 20 NDS NDS; Case-TV - - - -
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Tuble 1 (continues)
Clinical Referenees Total Impairment Disability Handicap Quality
studies number of of life
enrolled
paticnts
Motor scales Sensory (Predominantly) Other/global
scaleg Mobility scales scales
MGUSP 232030 66 Average MRC * (Modified) Rankin - n B
score™
28,122,125 132 * * - - - -
53 2 MRC NSSNDS - - - SIP-Ph’”
sumscore!
NSS/NDS
7,201,102, 207 ND& NDS: Case-TV - - - -
118,119
103.124,126-130 193 * * - - - -
115 36 Average MRC G (Modified) Rankin - - -
score'
116,120 90 * * Disability severity - N -
seale’®
117,121 48 MRC scoring H: Ataxia (Modificd Rankin} - - -
system'? tapping test
Vibrameter
123 11 MRC scoring NDS - - - B
system’?
Legend to Table

References using the same outcome measures were gathered.

Impairment level
*Routine neurological examination; - examination not performed

Motor assessment methods

'MRC sumscore of six muscle pairs (see reference 49): *Mean weakness score = mean score of 16 muscles
including two proximal and two distal muscles in the arms and legs; *MRC sumscore of ten muscle groups;
TAverage muscle-score: of 34 muscle groups; MRC sumscore of 12 muscle pairs; “*MRC sumscore of 30
muscle pairs; 1SAA\Verage MRC score of four muscle groups (see reference 23); NSS = Newropathy symptom
score {see references 50,51); NDS = Newrologic disability scale (see references 50.51); "MRC muscle
testing scale = sumscore of the following muscle groups: shoulder abductors, elbow flexors and extensors,
wrist flexors and extensors, extensor digitorum communis, first dorsal interosseous, abductor pollicis brevis,
hip flexors, knee flexors and extensors, ankle dorsiflexors and plantar flexors, extensor and flexor hallucis
longus (see reference 131).

Sensory assessment methods

A,

B.

Sensory symptoms and signs were subjectively scored: 0 = absent; I = mild; 2 = severe (see reference
15).

Poorest sensory ability: 0 = normal; 1 = symptoms but no signs; 2 = anaesthesia or analgesia of fingers
or feet: 3 = anaesthesia or analgesia to elbows or knees or worse (see reference 76).

Sensory grading system: disturbed sensation toes/fingers = 1 in the feet and hands = 2; in the legs and
arms = 3 (see reference 59).

Sensory grading system: 0 = normal; 1 = symptoms without objective sensory loss; 2 = loss of light
touch or pain sensation on fingers or toes; 3 = sensory loss to wrists or ankle; 4 = sensory loss to elbows
or knees; 5 = sensory loss to shoulders or groin (see reference 62).

Two-point discrimination at digit I, proprioception and tactile functions in the hands and feet were
assessed. A two-point discrimination value of 2 5 mm was considered abnormal. All qualities were
scored: 0 = normal; 1 = abnormal (total score: 0 [normal sensation] to 10 [maximum sensory deficit])
(see references 67,70).

Lower limb sensory testing (vibration, joint position, pinprick): 3 = normal; 2 = impaired at the great
toe; 1 = impaired at the ankle; 0 = impaired at or above the calf (total score: 0 - 18) (see reference 90),
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G. Sensory grading system (vibration, joint position, pinprick): 3 = normal; 2 = impaired at the fingertip or
big toe; 1 = impaired at the proximal interphalangeal joint or at the ankle; 0 = impaired proximal to the
proximal interphalangeal joint or above the ankle (see reference 115).

H. Sensory grading system: For both touch and pinprick sense: 4 = normal; 3 = abnormal distal to
wrist/ankle; 2 = abnormal distal haif forearm/leg; 1 = abnormal distal to elbow/knee; { = sbnormal distal
to axilla/groin. Vibration sense was graded: 4 = tuning fork perception (128 Hz) on middle
finger/hallux; 3 = ulnar styloid/medial malleolus; 2 = elbow/knee; 1 = clavicula/erista iliaca; 0 = no
perception. Joint position sense of middle finger/hallux was graded: 2 = normal; 1 = diminished; 0 =
absent (Total score: 0 to 56) (see references 117,121),

NSS = Neuropathy symptom score {see references 50,51).

NDS = Neurologic disability scale (see references 50.51).

Pain-VAS = Pain visual analogue scale.

Disability level

*0 = normal; 1 = minor symptoms or signs but able to put hand on top of head when sitting with head upright
and able to oppose thumb to cach fingertip; 2 = able to do either of the tasks in 1 but not both; 3 = some
movements but unable to perform either of the tasks in 2; 4 = no movements; 5 = dead (see references
56.76).

'®RMI = Rivermead mobility index (see reference 109 for description).

"Rivermead-ADL = Rivermead activity of daily living scale (see reference 40 for description).

Mixed level (= containing impzirment and disability items)

*Functional tests of upper (move fingers, hold a pen between thumb and forefinger, flex forearm over arm in
the pronation and supination position, lift elbow above bed plane, and maintain arms outstretched) or the
lower limbs (move toes, arkle dorsiflexion and plantar flexion, knee flexion above bed plane, stand up, walk
with and without assistance, and stand up from a squatting position) (see reference 35).

*Expanding grading scale: 0 = healthy; 1 = minimal signs or symptoms without motor involvement; 2 =
involvement of cranial nerves only: 3 = minor signs or symptoms at the extremities; 4 = able to walk without
support; 5 = able to walk with support; 6 = unable to walk but no complete tetraparesis and/or need for
ventilation; 7 = requiring ventilation but no complete tetraparesis; 8 = complete tetraparesis without need for
ventilation; 9 = complete tetraparesis and need for ventilation; 10 = dead (see reference 38).

¥Functional disability score: 0 = normal neurological examination and normal functional state; 1 = arefiexia,
with or without subjective symptoms and normal functional state; 2 = neurological findings other than
areflexia, without or with only mild limitation of normal function; 3 = neurological findings other than
areflexia with moderate or severe limitation or function but with self-ambulation: 4 = neurological findings
other than areflexia with need for a wheel-chair without self-ambuiation (paraplegia) (see reference 98).
*Functicnal clinical grading scale (see reference 99).

"Clinical disability score: 1 = mild motor or sensory symptoms and signs; 2 = moderate motor or sensory
involvement; 3 = severe involvement requiring assistance for eating, dressing, or walking (see reference
112).

“Disability severity scale: 0 = normal; 1 = clinical or clectrophysiological signs (or both} or neuropathy
without syroptoms of neuropathy (subclinical neuropathy); 2 = mild motor or sensory symptoms (or both)
with or without mild functional impairment; 3 = moderately disabied by motor and sensory symptoms
including ataxia; 4 = requiring assistance in eating, dressing, or using a walking device; 5 = not ambulatory
(see references 116,120).

Mixed level (= containing disability and handicap items)
¥Envirgnmental Status scale mixes disability and handicap items and is not conceptualised according to the
ICIDH guidelines (132).

Quality of life level
'SIP = sickness impact profile (see reference 54). SIP-Ph = Physical dimension of the SIP.
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Purpose and design of Inflammatory Neuropathy Cause And Treatment
(INCAT) study

Introduction

The Inflammatory Neuropathy Cause And Treatment (JNCAT) group is a collaboration of
European neurologists that is particularly interested in the causes and evaluation of
treatment-effects of inflammatory polyncuropathies. Since the INCAT-group has the need to
evaluate the clinical effect of treatment in patients with inflammatory newropathies, the
disability level of measuring treatment-outcome is of preferential interest. At present, there
is a strong need for outcome measures that fulfil all clinimetric requirements and cover the
whole of inflamnmatory neuropathies. The Rotterdam INCAT-centre has been given the task
to evaluate existing scales regarding their applicability in patients with an inflammatory
polyneuropathies (GBS, CIDP, MGUSP) and if necessary to construct new scales to evalua-
te treatmnent outcome. This study was part of the Biomed-project, number BMH4-CT96
0324 that was supported by the European community.

An extensive review of the Literature was primarily conducted (see section 1.3) and from this
a set of scales was presented to the INCAT group (Table 2 + appendix I — I'V, pages 205-
221). Also, two new scales (“INCAT” sensory sumscore and the Rotterdam 9 Items
Handicap scale) were created using a judgmental approach based on literature review,
patients’ suggestions, and experts’ opinions to close the existing gaps in covering the whole
immune-mediated clinical range (46,133). All INCAT members gave their opinion regarding
these scales in general and on their different items. The scales were modified according to
the suggestions made by the INCAT members and eventually face and content validity were
achieved. However, further clinimetric evaluation of the presented scales was needed,
because the majority of these scales have not been properly evaluated in patients with
immune-mediated polyneuropathies. A study was therefore performed evaluating the clinical
appropriateness of the selected measures. The study had the following objectives:

Objectives

e To evaluate the clinimetric properties (validity, reliability, responsiveness) and clinical
applicability of the selected scales in patients with GBS, CIDP, and MGUSP.

o To collect normal values in healthy individuals for the following instrurnents: The Rydel-
Seiffer graduated tuning fork for assessing vibration sense at various sites of examination
and the hand-held Martin Vigorimeter for assessing grip strength (134,135).

e To evaluate the degree of fatigue in patients with immune-mediated polyneuropathies
and healthy controls using the Fatigue severity scale (136).

o To investigate the clinical feasibility of the newly created scales (“INCAT” semsory
sumscore and Rotterdam 9 items handicap scale).
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Table 2

Scales and gadgets at the various levels of outcome selected for the INCAT study and reported
clinimetric evaluation thus far

Outcome measures Validity Reliability Responsiveness  References Study type
Inter-ohscrver Lotra-obscrver
Test-retest”
Impairment level
MRC sumscore + + + descriptive 49 GBS
Martin Vigorimeter + + - + 137-140 RA
HC
Rydel-Seiffer graduated Dizbetic
Tuning fork + + + descriptive 141-144 polyneuropathy
HC
“INCAT™ sensory sumscore . . - . -
Fatipue severity scale + - +* + 136 MS
Lyme
SLE
Disability level
Hughes’ disability scale
(f-score) + + + Descriptive 49 GBS
Arm disability scale o+ + + + 145 MS
Leg disability scale + + + + 145 MS
Overall Disability sumscore
{(Arms+Leg disability) + + + + 145 MS
Nine-hole peg test + + + - 40 Stroke
Ten-metre walking test + + + - 40 Swoke
Handicap level
Rotterdam 9 items handicap
scale - - - " -
‘Modified Rankin® + + + - 40,52 Stroke
Quality of life survey
SE-36 + + + + 146-149 Varlous diseases
HC
Legend to Table 2

+ = performed; - = not performed; RA = rheumatoid arthritis; MS = multiple sclerosis; HC = healthy
controls; GBS = Guillain-Barré syndrome; SLE = systemic lupus erythematosus.

¢ To determine which scale represents best the impairment and disability levels of
outcome.

+ To examine the relationship between scales representing the various levels of outcome.

e To present a comprehensive evaluation of the various “responsiveness-techniques™ for
the selected scales.
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Study setting and population

L.ocation

University hospital Rotterdam, department of neurology.

Patients

Transversal group of patients (stable group): 113 patients with a stable clinical condition
were recruited from the Rotterdam immune-mediated polyneuropathy databank and from
the Dutch GBS study group (stable group). This group consisted of 83 patients who
experienced GBS many years before the start of the study, 22 patients with CIDP, and 8
patients with a MGUSP.

Longitudinal group of patients (longitudinal group): 20 consecutive patients with
sensory-motor GBS (n = 7) or CIDP (n = 13) were recruited for responsiveness
investigation of the selected scales. During recruitment period, no patients at our
department were diagnosed having a MGUSP.

A transversal group of 59 patients with various forms of minor polyneuropathy were
recruited and examined in the first study that evaluated the simplicity and validity of the
Rydel-Seiffer graduated tuning fork. The aetiologies of the polyneuropathies were
diabetes mellitus (11 cases), hereditary motor sensory neurcpathy type I (5 cases) and
type II (2 cases), systemic disease related (3 cases), amyloidosis (3 cases), drug induced
(2 cases), thyroid dysfunction (1 case), and vitamine B12 deficiency (1 case). Fourteen
patients had a chronic idiopathic axonal polyneuropathy. In 17 cases no cause was
determined.

Healthy individuals

Regarding the investigation of the normal values of the Rydel-Seiffer graduated tuning
fork: Healthy controls were recruited from hospital personnel, companions (relatives,
friends) of patients visiting our outpatient clinic and from homes for the elderly. Two
hundred and fourteen potential controls were interviewed and examined.

Regarding normal values evaluation of the Vigorimeter: Five hundred and fifty-one
potential healthy controls were recruited from hospital personnel, relatives and friends
accompanying patients at our outpatient clinic, and healthy elderly, living in the village
“Nieuw-Vennep” as part of the municipal of Haarlemmermeer, The Netherlands. There
was a door-to-door mailing and an article was published in a local newspaper explaining
the purpose and significance of the study. Attempts were made to obtain participants
representing a wide variety of social and occupational backgrounds. The children and
adolescents were recruited at one primary and one high school.

Regarding evaluation of the degree of fatigue in healthy controls: One hundred and
thirteen age and gender matched healthy controls were recruited from hospital personnel,
companions (relatives, friends) of patients visiting our outpatient clinic and from homes
for the elderly.
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Study design and plan

Patients
Each patient was interviewed before the start of the study by the main-investigator (IM) to

collect general characteristics (age, gender, diagnosis, date of diagnosis, which hospital
admitted in the past if applicable, course of illness).

Healthy controls

For the normal values evaluation of the Rydel-Seiffer graduated tuming fork and
Vigorimeter, healthy controls were stratified for age and gender. Fatigue was evaluated in
the stable group of patients and the controls (n = 113) were age and gender matched,

Investigators

Two senior neurologists (PD, FM) and six residents in Neurclogy (IM, IS, FO, RM, WM,
and RK) formed 28 different pairs of examiners (Table 3). "Experienced” couple (couple
number 1): main-investigator (JM) + JS. “Variable™ couples {couples number 2 - 28) (Table
3). Couple number 1 was coded as being “experienced”, because this couple examined more
(a total of 45) patients compared with the other “variable” couples (a total of 68 patients
examined: 2-3 patients per couple). This design was chosen to evaluate the effect of training
and thus a possible increase in reliability of the various selected scales and gadgets when
used often (see flowchart).

The examiners received instructions in assessing the various outcome measures. The aim of
this training was to strive for a unanimous interpretation regarding the different items of the
various scales that were going to be used.

Table 3

Couples of examiners formed by 2 senior neurologists and 6 residents in neurology

Couple numbers Members Couple numbcers Members
1 Merkies (75 - Samijn (JS) 15 FM - FO
2 M — van der Meché (FM) i6 FM - W
3 M - van Doorn (PL) 17 FM-RK
4 IM - Opstelten (FQ) 15 FM -RM
5 M = Moll (M) 19 FD-FO
& IM — van Koningsveld (R 20 PD - WM
7 IM - Meijer (RM) 21 PD~RK
] I5~-TFM 22 PD -~ RM
9 I5-PD 23 FO - WM
10 IS-FO 24 FO~-RK
1 JS - WM 25 FO-RM
12 IS~RK 26 W ~ RK
13 JS ~-RM 2 WM - RM
14 M -PD 28 RK - RM

The patients were examined at two different occasions at our outpatient chinic. During the
first visit the two members of an appointed pair performed their scores independently and
consecutively (usually within 2 hours) (inter-observer measures). Within 2-4 weeks, the
patient returned for a second visit and only one investigator of the earlier assigned pair re-
examined the patient (intra-observer values) without having access to previous results. The
assessment sequence at entry and the examination at the second visit were equally
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distributed among the members of an assigned couple. Eventually, each member of a couple
examined approximately the same number of patients.

Responsiveness study

Twenty consecutive patients with a sensory-motor GBS (n = 7) or CIDP (n = 13} were
longitudinally examined by the same climician (IM) and all scales were assessed at study
entry and 8-13 times in each patient during follow-up. There was a standard follow-up
schedule (week 0, 2, 4, 8, 12, 16, 21, 26, 32, 40 and 52) with additional clinical
investigations if necessary. At each visit, the patients were requested to judge whether their
clinical condition deteriorated (grade 1), remained stable (grade 2) or improved (grade 3)
when compared with the last visit (“clinical-judgement-scores™). In each patient, the SF-36
was assessed 5-10 times.

General Notes

To determine the construct convergent validity of the Rydel-Seiffer graduated tuning fork,
an electronic device, the Vibrameter (Somedic, Stockholm Sweden, Type III) was also used
(1503,

The times to complete the “INCAT” sensory sumscore, the Rotterdam 9 Ttems Handicap
scale, and the SF-36 health status were recorded.

In the process of creating the Rotterdam 9 Items Handicap scale, we gathered the opinion of
fifty patients with an immune-mediated polyneuropathy (34 GBS, 12, CIDP, 4 MGUSP)
regarding the relevance of selected items to create this scale and the clinical applicability of
these items. This was done through a telephone interview and by mailing the selected scale
items to these patients accompanied by a judgement-form. All suggestions made by these
patients were examined and if possible incorporated in the final scale form. Eventually, nine
items were selected.

Statistical analyses

Eventually, statistical analyses were performed depending on the postulated objectives and
types of data (ordinal or continuous, normally distributed or not, transversal or longitudinally
structured). On behalf of the INCAT group, a stepwise presentation of the results will be
described in the following chapters.
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Validity and Reliability study — Flowchart

RELIABILITY
and
VALIDITY
studies

Inter-observer
study

v

Investigators
“experienced” couple

Population at study
n=45

GBS n=30
CIDPn=11
MGUSP o =4

frscore distribution
fscore=1in= 15
f-score = 2;: n =20
fgeore=3:in= 3
fscore=4in= 5

Scales
All scales applied

Intra-observer
study

Investigator
Cne of the examiners of
the “experienced” couple

Population at study
The same as above

Scales
All scales applied
except SE-36

v

Investigators
“variable™ couples

Population at study
n=63

GBSn =53
CIDPa =11
MGUSPn=4

fscore distribution
fscore = lin =36
fescore = 2:n =21
fscore=3:n= §
fscore=4in= 3

Scales
All scales applied

Intra-ebserver
study

Investigators
Qne of the examiners of
an earlier assigned couple

Population at study
The same as above

Scales
All scales applied
exeept 8F-36

29
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Abstract

Objective: To provide clinical useful vibration threshold normal values.

Methods: The graduated Rydel-Seiffer tuning fork was evaluated in 198 healthy controls and
59 patients with a polyneuropathy. The measures were done in triplicate at 4 locations: the
distal interphalangeal joint of the index finger, ulnar styloid process, interphalangeal joint of
the hallux, and intermal malleolus. The values obtained with this tuning fork in healthy
controls and patients with polyneuropathy were compared with the values of an electronic
device, the Vibrameter.

Results: Vibration sense was better perceived in the arms compared with the legs. There was
a significant age related decline of vibration sense at all locations., The values from the
Rydel-Seiffer tuning fork and the Vibrameter were significantly correlated in both groups.
The sensitivity of these two instruments for the 4 sites examined in the polyneuropathy
group ranged from 29-76% and 31-73%, respectively and was the highest at the hallux for
both instruments.

Conclusion: This study provides clinical useful normal values of vibration threshold for the
Rydel-Seiffer tuning fork. This is a simple and easily applicable instrument that assesses
vibration sense semi-quantitatively and should therefore have a place in the routine
neurological examination.
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Introduction

Abnormalities in sensory qualities are frequent complaints of patients with peripheral
neuropathies. Impairment of vibration sense, especially starting distally in the limbs, may be
a sign of peripheral nerve dysfunction (1). Traditionally, a non-graduated tuning fork, which
was invented in 1711 and introduced by Bonnafont as a diagnostic test in general medicine,
is used for the evaluation of the vibration sense (2). This simple instrument measures the
presence or absence of vibration, but unfortunately does not quantitatively provide the
degree of dysfunction of vibration sense. It is of clinical importance that the vibration sense
should be measured quantitatively and consistently. For this purpose several electronic
devices have been developed, such as the Biothesiometer, the Optacon, and the Computer-
assisted-sensory-examination (3-5). Although these instruments are useful in experimental
studies, they are of little use in daily practice. The size of these apparatus, the duration of
examination, the demand on patients’ co-operation, and their cost are in sharp contrast with
the needs of simple and valid instruments for use in the routine neurological mvestigation.
With the introduction of the 64 Hz graduated tuming fork by Rydel and Seiffer (Martin,
Tuttlingen, Germarny) in 1903 it seemed as if all the needs were fulfilled in providing an
instrument which was easy to apply, inexpensive, and reliable for quantifying impairment of
vibration sense {6). However, this tool has been largely neglected by neurologists and thus
far, only a few papers have reported on its use (table 1, page 45; 7-14). Clinically useful
normal values for vibration sense using this tuning fork were provided by one study only (7).
These values were obtained by examining 73 healthy controls only at the hallux, which
hampers their general applicability. Other studies acquired their own normal vibration
values, but unfortupately from only a few healthy controls (8,11). No study has provided
normal values for the arms. The primary aim of this study was to obtain specific vibration
threshold normal values for the Rydel-Seiffer tuning fork at 4 examination sites in a large
number of healthy controls. In addition, the values achieved using this device in healthy
controls and in patients with a polyneuropathy were compared with those obtained with an
electronic device, the Vibrameter (15).

Participants and Methods

Healthy controls

Healthy controls were recruited from hospital personnel, companions (relatives, friends) of
patients visiting our outpatient clinic, and from homes for elderly people. Two hundred and
fourteen potential controls were interviewed and examined. Those with sensory symptoms,
sensory signs including absent vibration sense, a history of alcohol abuse, using drugs which
may cause a polyneuropathy or influence their cooperation, and those with a disease which
might induce a polyneuropathy, were excluded from the study. The selected participants had
a lucid consciousness and their history did not show any mental or psychological illness.
Standard neurological examination was performed with special interest in the sensory
qualities. Six age groups (<40, 40-49, 50-39, 60-69, 70-79, 280 years) were formed. Ong
hundred and ninety eight healthy controls (93 men; 105 women; mean age 55.1 (SD 18.0)
years; range 19-93) stratified for sex, were enrolled in this study. Each age group consisted
of approximately 35 participants. Sixteen individuals (9 men; 7 women; mean age 81 (SD
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8.5) years; range 65-93 years) were excluded from analysis, based on absent vibration
perception in at least one region tested. Eight had an absent vibration sense at the hallux and
the internal malleolus, seven only at the hallux and one only at the internal malleolus. Nine
subjects had absent and four decreased (~3/-3) ankle jerks. The ankle reflexes were normal in
the remaining 3 persons. These patients were considered to have subclinical disease. The

problem of the selection of participants for normal vibration threshold values is discussed
later.

Patients with polyneuropathy

Fifty-nine ambulatory patients from our outpatient clinic (31 men; 28 women; mean age 56.8
(SD 15.9) years; range 14-87 years) with a clinical and clectrophysiologically supported
polyneuropathy were enrolled in this study. They were stratified imto age groups, as
described above, and sex. Each age group consisted of approximately 10 participants. These
patients had a mild polyneuropathy with limited sensory disturbances and walking problems.
The aeticlogies of the polyneuropathies were diabetes mellitus (11 cases), hereditary motor
sensory neuropathy type I (5 cases) and type II (2 cases), systemic disease (3 cases),
amyloidosis (3 cases), drug induced (2 cases), thyroid dysfunction (1 case), and vitamin B12
deficiency (1 case). Fourteen patients had a chronic idiopathic axonal polyneuropathy. In 17
cases no cause was determined.

Assessment tools

The Rydel-Seiffer tuning fork is a graduated fork, which determines the ability of
individuals to discriminate various vibration intensities. The two arms of this tuning fork
bear calibrated weights at their extremities (figure 1, page 44; see also appendix I, page 207)
(6.8). A triangle and an arbitrary scale from 0 (minimum score) to § (maximum score)
imprinted on the weights allow assessment of vibration threshold. Once the arms are
swinging, the fork vibrates at 64 Hz and the triangles on the weights appear double. The
intersection of these two virtual trangles moves from 0 to 8 in an exponential way with
decreasing vibration amplitude of the arms. The vibration extinction threshold is considered
as the nearest value to the apparent point of intersection of the virtual triangles when the
subject indicates that wvibration is no longer perceived. The Vibrameter (Somedic,
Stockholm, Sweden, Type III) is a device that determines vibration sense electronically. It
has been extensively described by Goldberg and Lindblom and consists essentially of a hand
held vibrating probe that vibrates at 100 Hz (15). The vibration amplitude of this probe
increases from zero to a maximum of 399.9 pm.

Tests procedures

All participants gave informed consent before the study. One investigator (RvK) performed
all measurements and most assessments took place in the morning. Vibration threshold was
assessed at the dorsum of the distal interphalangeal joint of the index finger, ulnar styloid
process, dorsum of the interphalangeal joint of the hallux, and internal malleolus. The
examination was always performed at the right side of the body with the exception of those
with an injury or malformation at that particular side. The measures were obtained in a quiet,
comfortably warm, central heating temperature controlled room at our outpatient clinic or in
bedrooms of homes for elderly people (20°-22° C). The tuning fork was applied as
perpendicular as possible resting on its own weight with the arms of the fork swinging
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maximally. The participants were asked to lie at ease in supine position and indicate the
moment when they no longer perceived the decreasing vibration stimulus. The readings of
three repeated tests were averaged and considered the vibration threshold for that particular
site of examination. In addition, vibration sense was assessed with the Vibrameter in half of
the selected healthy controls of each age group, stratified for sex (48 men; 52 women; total n
=100}, and all patients with polyneuropathy. Vibration threshold was measured according to
the method of limits (15). The subjects were asked to indicate when the vibration stimulus
was felt for the first time (perception threshold) and when this stimulus disappeared again
(disappearance threshold). The average of these 3-paired measurements was considered the
vibration threshold at the location investigated. The Vibrameter was applied resting on its
own weight and its equulibration was electronically controlled. Each cycle of measurement
included catch trials with a resting probe.

Statistics

Vibration threshold reference values for the Rydel-Seiffer tuning fork were calculated for
the four sites examined, depending on age and sex, using linear and quadratic regression
analysis at a chosen specificity of 95%. The 5% lower limits for the Rydel-Seiffer tuning
fork were estimated for each site of examination as the mean - 1.65*Sres. The mean was
defined as the mean vibration threshold for a certain age (and gender) and Sres was
considered the residual standard deviation around the regression line. The 95™ percentile
vibration threshold values for the Vibrameter were also calculated. The obtained limits were
estimated and further used to determine new specificities and semsitivities for both
instruments. A vibration sense was considered to be abnormal if the corresponding value
was below the 5% lower limit when examined with the tuning fork or above the 95"
percentile vibration value when investigated with the Vibrameter at the same site of
examination. The correlation between the two instruments was analysed by Spearman’s rank
correlation coefficient. All analyses were performed using Stata 5.0 for Windows 95 (Stata
Statistical Software: Release 5.0. 702 University Drive East, College station, TX: Stata
Corporation; 1997). A p-value < 0.05 was considered to be significant.

Results

The whole procedure of assessing vibration sense with the Rydel-Seiffer tuning fork took
about 5 minutes, whereas measurements with the Vibrameter needed 10-15 minutes to be
completed. In the healthy controls, there was a significant regression between age and the
acquired vibration threshold values for the Rydel-Seiffer tuning fork at each site of
examination (p < 0.0001). The corresponding graphics show for each location that the
vibration threshold values decrease with ageing (figures 2-5, page 46-47). The obtained
equations were linear at each site examined, except for the internal malleolus. At the latter,
the vibration thresholds had a quadratic regression on age. Only at this location, a significant
regression was also found between the vibration values and sex (p < 0.0001). The calculated
vibration thresholds at this stde were 0.51 higher (scale 0-8) for women compared to men.
The 5% lower limit values were calculated for each age (and sex) at each location and
additionally translated for use in clinical practice (table 2, page 48). The values for vibration
sense were higher in the arms than in the legs. In addition, there was a significant (p <
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0.0001) negative correlation between the results of the two instruments at all sites examined.
In the healthy controls, the Spearman’s rank correlation coefficient (Sree) ranged from -0.46
at the index finger to a maximum of -0.65 at the hallux. In the group of patients with
polyneuropathy, the Srce showed almost the same pattern, ranging from -0.46 at the internal
malleolus to a maximum of -0.71 at the hallux.

When studying the patients with a mild polyneuropathy at a chosen specificity of 95%, the
corresponding sensitivity of the Rydel-Seiffer tuning fork ranged from 29% at the ulnar
styloid process to a maximumm of 76% at the hallux. The Vibrameter had a sensitivity that
ranged from 31% at the index finger to a maximum of 73% at the hallux (table 3, page 48).
The Rydel-Seiffer tuning fork detected at the locations in the legs a total of § patients more
compared to the Vibrameter. There was no difference in sensitivity between the two devices
when examining the patients at the arms. In addition, in participants of 50 years and older
the Vibrameter showed a considerable variability between the three obtained vibration
values. Variability between the values obtained with the tuning fork was rarely seen.

The wvibration values at the four sites of examination in the healthy controls and
polyneuropathy patients were combined in each participant in order to calculate new
sensitivities and specificities at a chosen definition for having polyneuropathy. The 5%
lower limit values obtained for the Rydel-Seiffer tuning fork and the 95" percentile vibration
values for the Vibrameter were used for this purpose. Describing polyneuropathy as an
abnormal vibration sense at at least one of the four sites examined with the Rydel-Seiffer
tuning fork resulted in a sensitivity of 83% and a specificity of 80%. The sensitivity and
specificity for the Vibrameter were 78% and 86%, respectively. The corresponding
sensitivity and specificity when at least 2 sites investigated demonstrated an abmormal
vibration sense was 63% and 94% for the tuning fork, and 61% and 98% for the Vibrameter.

Discussion

The present study provides clinical useful normal values for the vibration sense using the
graduated Rydel-Seiffer tuning fork at four sites of examination. These normal values are
different from those provided by the literature. Claus, er al. stated that individuals up to 40
years should score at least 6/8 and those above 40 years at least 4/8 (7). The difference may
be explained by the difference in study design: their population consisted of only 73 healthy
controls and no information was given regarding stratification for age and sex. Moreover,
examination was performed only at the internal malleolus and thus no values were provided
for the arms or the hallux. Three other studies provided normal values for only one site of
examination, but unfortunately these values were presented in a graphical way and not
translated for gemeral clinical use (table 1, page 45; 8-10). Thivolet et al, however,
examined 88 healthy controls at 4 different sites, but only the hallux was graphically
presented (8).

We found an age-related decrease in vibration sense for all four sites of examination.
Pearson (16) was the first to report an age-related decrease and subsequently, numerous
reports have confirmed this finding (3,5,8-10,15,17-23). The significance of this decline is
not clear and neither is its cause. However, it is known that degenerative transformations of
the Pacinian corpuscles, demyelinisation and fibre loss in peripheral nerves occur with
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Figure 1

<>

Legend to figure 1

Extremities of the Rydel-Seiffer graduated tuning fork at rest (A). Once the extremities are swinging, the
fork vibrates at 64 Hz and the triangles on the weights appear double (B—E). The interscction of these two
virtual triangles moves from 0 to 8 in an exponential way with decreasing vibration-amplitude of the arms

{¢2).

ageing (24). Degenerative changes also occur in the central nervous system with advancing
age that may also account for the decreasing vibration sense (18,24-26). The decrease of
vibration sense with age is, however, gradual and there is no trend towards absent vibration
sense in healthy old persons, not even at the hallux (figure 4). We are inclined to conclude
that absence of vibration sense, even in elderly people, should therefore be considered as
abnormal. Many experienced investigators and neurologists make explicit references to a
“non-specific neuropathy of ageing” and suggest that these changes occur uniguely during
the ageing of peripheral nerves (24,26). However, interpretation of an absent distal vibration
sense should be carefully taken, and preferably viewed in the context of other symptoms or
signs compatible with a polyneuropathy. A thorough evaluation to identify possible causes
should always be performed prior to attributing these abnormalities to ageing.

The obtained normal vibration values were higher for the arms than for the legs. These
findings have also been reported by others (5,17,18). A possible explanation for these
vaniances can be found in the differences in length of nerves between the arms and legs. It is
known that longer axons are more prone to degeneration of distal regions, possibly due to a
metabolic abnormality leading to failure of axonal transport and subsequent degeneration
@7.

The sensitivity of the Rydel-Seiffer tuning fork for patients with a polyneuropathy is highly
dependent on the selection of patients. In patients with predominantly motor signs and those
with only small size myelinated/unmyelinated nerve disturbances it might be expected that
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Table 1

Reported studies in which the graduated Rydel-Seiffer tuning fork was used

Authorsg (ref) Years Population site of examination  reference values Equation
Claus et al. (7) 1988 73 healthy persons internal mallcolus <40 yrs — > G/§  Los(VT=0.015%age - 0.2
26 DM pnp >40 yrs = > 4/8
Crausaz ef al, (10} 1988 177 healthy persons external malleolus - {graphic) -
89 DM patients
Thivoleter al, {8} 1990 88 healthy persons hallux/interng! - (graphic) -
189 DM patients malleclus/tibial
crest/thumnb
Liniger e al. (9) 1990 214 healthy persons first metatarsal - (graphic) log(8.5 - ‘{’)'1?:6%009‘-’193 -
192 DM patients '
Hotta et al. (14) 1994 57 DM patients first three fingers - -
Hilz et al. (13) 1993 40 uremic pap internal maiicolus - -
35 alcohol pnp
Hilz er af, (12) 1995 20 uremic pnp internal maileolus - -
Bergin et al. (11) 1995 32 healthy persons internal malleoius/ - B
25 pop (M) tibial tuberositas

the sensitivity for detecting vibration sense abnormalities using this tuning fork will be low.
Most patients with a polyneuropathy in the present study had limited sensory disturbances
and hardly ambulatory problems. These findings might explain the low sensitivity that was
found at the sites examined in the arms and the somewhat higher sensitivity for the two
locations investigated in the legs. The vibration threshold values obtained with the Rydel-
Seiffer tuning fork showed a significant correlation with those of the Vibrameter. This
correlation was, however, moderate and was probably due to an increasing variability
between the values obtained with the Vibrameter in participants 50 years and older. A
considerable variability when applying the Vibrameter in elderly people has also been
reported earlier (15,23,28). Others have shown a significant correlation between these two
instruments (9-11). Hotta ef al. found a good correlation between a variant of the graduated
Rydel-Seiffer tuning fork and the Vibrameter and stated that the tuning fork provided
objective and reliable measurements of vibration sense (14).

The pocket-sized Rydel-Seiffer tuning fork detected slightly more abnormalities in the
selected group of patients with a polyneuropathy than the Vibrameter. The present study also
demonstrates that the Rydel-Seiffer tuning fork is easily applicable, does not require long
periods of attention, and measures vibration sense quicker than the Vibrameter.

The clinical significance of a screening test depends not only on its simplicity and validity,
but also on its reliability and sensitivity to register clinically relevant information. Long-term
follow-up of patients with a polyneuropathy will determine the sensitivity of the Rydel-
Seiffer tuning fork to changes in time and will indicate whether clinical improvement
correlates with improvement in vibration sense. This is currently being evaluated more
extensively in a group of patients with immune-mediated polyneuropathies with various
degrees of severity. Its interobserver and intraobserver reliability and sensitivity to register
changes in time are under investigation. In conclusion, our findings indicate that the Rydel-
Seiffer tuning fork is a simple instrument that rapidly measures vibration sense in a semi-
quantitative way. Clinical useful vibration threshold normal values are provided for this
tuning fork. We propose to incorporate this pocket-sized instrument in the routine
neurological examination.
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Figure 2
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Legend to figure 2
Vibration threshold values obtained by the Rydel-Seiffer tuning fork at the Index finger. Residual standard
deviation ($Dres = residual standard deviation around the mean regression line) = 0.62.

Figure 3
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Legend to figure 3
Vibration threshold values obtained by the Rydel-Seiffer tuning fork at the Ulnar styloid process. Residual
standard deviation (SDres = residual standard deviation around the mean regression line) = 0.55.
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Figure 4
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Vibration threshold values obtained by the Rydel-Seiffer tuning fork at the Haliux, Residual standard deviation
(SDres = residual standard deviation around the mean regression line) = 0.99.

Figure 5
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Age

Vibration threshold values obtained by the Rydel-Seiffer tuning fork at the Internal malleolus. Residual
standard deviation (SDres = residual standard deviation around the mean regression line) =0.89. Sex =1

(male); Sex = 0 (female).
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Table 2

Normal vibration threshold values (3% lower limit) in healthy controls using the Rydel-Seiffer
tuning fork

For the upper extremities For the lower extremities
Ape (vears) Values Agpe (vears) Values
<40 26.3 <40 245
41 -85 z6.0 41 - 60 =40
> 85 =55 6135 235
> 85 =3.0
Legend to Table 2

Sites of examination: Dorsum of the distal interphalangeal joint of the index finger, the ulnar styloid
process, dorsum of the interphalangeal joint of the hallux and the internal malleotus, Values: 0-8. The
vibration threshold values are presented in rounded numbers.

Table 3

Sensitivity of the Rydel-Seiffer (RS) tuning fork compared to the Vibrameter in patients with a mild
polyneuropathy (chosen specificity of 95%) (n=59)

Location RS tuming fork Yibrameter
number of patients with abnormal number of patients with abnormal
vibration value (%) vibration value (%)

Ulnar styloid process 17 (29%) 18 (31%}
Index finger 19 (32%) 19 (32%}
Internal mallcolus 34 (58%) 28 (48%)
Hallux 45 (76%) 43 (73%)
Abnormal vibratien sense at:

G site of examination 10 (17%) 13 (22%)

1 site of examination 12 {20%) 10 (17%)

2 sites of examination 19 (32%) 18 (31%)

3 or 4 sites of examination 18 {31%) 18 (31%)
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Abstract

Objectives: To examine the reliability and responsiveness of the Rydel-Seiffer graduated
tmning fork in immune-mediated polyneuropathies.

Methods: This tuning fork was applied in 113 patients with a clinically stable condition (83
who had had Guillain-Barré syndrome (GBS) in the past, 22 with a chronic inflammatory
demyelinating polyneuropathy (CIDP), and 8 patients with a monoclonal gammopathy of
undetermined significance associated polyneuropathy) and serially in 20 patients with
recently diagnosed GBS (n=7) or CIDP (un=13) with changing clinical conditions. The
measures were done in triplicate at eight different locations in the limbs and the values were
compared with the recently published vibration threshold reference values.

Results: Good interobserver and intraobserver agreements (quadratic weighted kappa = (.67
- 0.98) and high responsiveness values (standardised response mean scores > 0.8) were
demonstrated for the Rydel-Seiffer tuning fork.

Conclusion: These results provide, in addition to literature findings, further evidence for
incorporation of this easily applicable instrument in routine neurological examination.
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Introduction

Clinically useful vibration threshold reference values were recently published for the Rydel-
Seiffer (Martin, Tuttlingen, Germany) graduated tuning fork and its construct convergent
validity was also demonstrated after correlation with an electronic device, the Vibrameter
(see appendix I, page 207; reference 1). In addition, we investigated the interobserver and
intraobserver reliability and responsiveness to clinical changes over time of this tuning fork
in patients with immune-mediated polyneuropathies (2). Patients with Guillain-Barré
syndrome (GBS), chronic inflammatory demyelinating polyneuropathy (CIDP), or a
polyneuropathy associated with a monoclonal gammopathy of undetermined significance
(MGUSP) were recruited, as it was argued that these disorders represent parts of a
continuum regarding their neuromuscular dysfunction pattern (3).

Patients and methods

Patients

One hundred and thirteen patients (83 with GBS, 22 with CIDP, and § with MGUSP) with a
stable neurological condition were recruited from the Rotterdam immune-mediated
polyneuropathy databank and the Dutch GBS study group (stable group). A stable
neurclogical condition was required in order to obtain the highest reliability when assessing
vibration sense with the Rydel-Seiffer tuning fork. These selected patients still had residual
symptoms and/or signs due to their illness, representing a broad range of disability. Nine
CIDP patients required interval treatment ranging from weeks to months, with intravenous
immunoglobulin (IVIg). With this therapy their clinical condition has been stable for more
than 6 months.

Twenty other patients recently diagnosed with GBS (n =7} or CIDP (n = 13) were enrolled
10 investigate the responsiveness of the Rydel-Seiffer tuning fork (longitudinal group). All
GBS and CIDP patients met the research criteria for their illness (4,5). The diagnosis
MGUSP was established after excluding all possible causes for the gammopathy and
polyneuropathy (6).

Assessment tool/scale

The Rydel-Seiffer tuning fork (Martin, Tuttlingen, Germany) is a graduated fork that
determines the ability of individuals to discriminate between various vibration intensities
(see appendix I, page 207: references 1,7). A triangle and an arbitrary scale from 0
(minimum score) to § (maximum score) imprinted on the weights allow guantitative
vibration assessment. Once the arms are swinging, the fork vibrates at 64 Hz and the
triangles on the weights appear double. The intersection of these two virtual triangles moves
from 0 to 8 in an exponential way with decreasing vibration-amplitude of the arms (1).

The Overall disability sumscore is composed by recently published arm and leg disability
scales that were slightly modified, with a total score ranging from 0 (“no signs of disability™)
to 12 (“most severe disability score™) (8). This scale was assessed to investigate the possible
impact of vibration sense abnormalities on total disability. The overall disability sumscore
comprises a good functional description of the arms and legs in a checklist form suitable for
interviewing patients. Daily arm activities like dressing upper part of the body, doing and
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undoing buttons and zips, washing and brushing hair, using a knife and fork, and turning a
key in a lock are scored as being “not affected”, “affected but not prevented” or “prevented”.
Subsequently, these results are translated into an arm grade (score range: (0 [normal arm
abilities] to 5 {[severe symptoms and signs in both arms preventing all purposeful
movements]). The leg scale highlights problems regarding walking taking into account the
use of a device. The obtained results are also translated into a leg grade (score range: 0
[walking is not affected] to 7 [restricted to wheelchair or bed most of the day, preventing all
purposeful movements of the legs]) (8).

Test procedures

General aspects. All participants gave informed consent before the study. All measures were
obtained in a quiet and temperature controbled room at our gutpatient clinic. The patients
were examined in supine position. Vibration was assessed from distal to proximal and only
the most affected side and the highest extension of dysfunction were registered for the arms
and legs separately. The tuning fork was applied as perpendicular as possible resting on its
own weight with the arms of the fork swinging maximally. The vibration extinction
threshold was considered as the nearest value (recorded as a multiple of 0.5 points) to the
apparent point of intersection of the virtual triangles when the patient indicates that vibration
was no longer perceived. This threshold was calculated by averaging the readings of three
repeated tests. The averaged values were compared with the recently reported vibration
threshold normal values and graded as follows: normal {(grade = 0) or disturbed (grade = 1)
vibration sense at the dorsum distal interphalangeal joint of the index finger or hallux;
abnormal sense at the ulnar styloid process or medial malleolus (grade = 2), at the medial
humerus epicondyle or patella (grade = 3), at acromio-clavicular joint or anterior superior
iliac spine (grade = 4) (1).

Reliability. For the reliability assessment of the tuning forl, two senior neurologists and six
residents in neurology formed 28 different pairs of examiners. Preceding the study, all
investigators received instructions in assessing the outcome measures. Twenty-seven
{“variable™) couples examined a total of 68 patients (2 to 3 patients a couple). The remaining
45 patients were investigated by the “experienced” couple (couple number 1). This couple
was formed to investigate the effect of training and thus a possible increase in interobserver
and intraobserver reliability when using the Rydel-Seiffer tuning fork more often.

The stable patients were examined at two different occasions at our outpatient clinic. During
the first visit the members of an appointed pair performed their scores independently and
consecutively (usually within 2 hours) (inter-observer measures). Within 2-4 weeks, the
patient retumed for a second visit and only one investigator of the carlier assigned pair of
researchers examined the patient again without having access to previous results (intra-
observer measures). The assessments sequence at entry and the examination at the second
visit were equally distributed among the members of an assigned couple. Overall, each
member of a couple examined approximately the same amount of patients as their partner.
The Rydel-Seiffer tuning fork and the overall disability sumscore were assessed at each
visit. However, only the values of the overall disability sumscore at entry were used to
determine the range of disability in this group of patients.

Responsiveness. Vibration sense and the overall disability sumscore were assessed in the
longitudinal group of patients by the same clinician (ISJTM) at study entry and 8-13 times in
each patient during follow-up. There was a standard follow-up schedule (weeks 0, 2. 4, 8,
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12, 16, 21, 26, 40, 52} with additional investigations if necessary. The study took place
between March 1997 and July 1999 and was part of a comprehensive research on outcome in
patients with immune-mediated polyneuropathies on behalf of the INCAT-group.

Statistics

The interobserver and intraobserver reliability for the obtained vibration sense grades was
determined using the weighted kappa-statistic (x) measures for the two investigator
(“experienced” and “variable™) groups (9). The weights of the kappa were defined as 1-[(i-
k-1 YJ* (i = rows and j = columns of the ratings by two observers, £ = maximum number of
possible ratings).

Responsiveness was investigated by calculating the standardised response mean (SRM)
score for the total vibration grades at various arbitrarily chosen occasions during follow-up
(weeks 12, 26, 40, 52) (10). The SRM is equal to the mean change in score divided by the
standard deviation of the change in score (SRM=ui-uo/SD{Wi-o); i = mean vibration
score of the longitudinally examined group at week = i; |Lo = mean vibration score at week =
0) (10). According to Cohen, an SRM value between 0.5 and 0.8 is considered moderate,
and 0.8 or greater as good responsiveness (11).

In the longitudinally followed patients, random effects linear regression analyses of the
overail disability sumscore values on the total vibration grades (arm [range: 0 - 4] + leg
vibration grades [range: 0 - 4] = total vibration grades [range: 0 - &] in each patient) were
performed, taking into account the correlation of the data caused by the longitudinal
structure. The latter was achieved using the program “xtreg™ in STATA 5.0 for Windows 95
which is based upon a cross-sectional time-series regression model as described by Dwyer
and Feinleib (StataCorp. 1997. Stata Statistical Software: Release 5.0. College Station, TX:
Stata Corporation) (12). A logarithmic transformation was applied to the variables (total
vibration grades, overall disability sumscore) before the regression studies. Finally, median
total vibration grades and disability scores at 12, 26, 40, and 52 weeks of follow-up were
compared with the median value at entry (Wilcoxon signed-rank test). All analyses were
performed using STATA 5.0 for Windows 95. A p-value < .05 was considered statistically
significant.

Results

General aspects. The basic characteristics of all patients in the current study are presented in
the table 1. The stable group of patients (54 females; 59 males; median age 56, range 14 - 84
years) had a median duration of symptoms at onset of the study of 5.1 years. The median
overall disability sumscore in this group was 4 at entry (range: 0 - 11). In these patients, the
median value of the total vibration grades (arm + leg vibration grades) was 1 (range: 0 - 8) at
all three assessments. Seven of these patients were bed bound and fourteen patients required
assistance or a device to walk short distances. The remaining patients could walk
independently.

Eight females and twelve males (median age 54.0, range 15 - 70 years) were examined
longitudinally (table 1). In these patients, the median overall disability sumscore was at entry
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Table 1

Characteristics of patients with immune-mediated polyneuropathies
Stable group (n = 113; GBS 83, CIDP 22, MGUSP 8)

Sex, No (%) Females 54 (48%)
Males 59 (52%)

Median. age at start of the study (range) in years 56 (14 - 34}

Median duration of symptoms till onset of study (ycars)
Overall 5.1
GBS 52
CiDP 39
MGUSP 3.6

Longitudinal group (n =20; GBS 7, CIDP 13)

Sex, No {%) Fcmales 8 (40%)
Males 12 (60%)

Median age at start of the study (range) in years 34 (15-70)

5 (range: 3 - 11). At study entry, four patients were bed bound, one requiring artificial
ventilation, and nine patients were unable to walk independently. The initial median total
vibration grade was 4 (range: 0 - 8) in these patients.

Reliability and Responsiveness of the Rydel-Seiffer tuning fork. In the stable group, good
interobserver and intraobserver reliability values were demonstrated for the Rydel-Seiffer
tuning fork by the “experienced” and “variable” couples (table 2).

All longitudinally examined patients experienced during follow-up sensory disturbances
including abnormalities in vibration sense as assessed with the Rydel-Seiffer tuning fork. A
total of 185 visits were completed during a follow-up period of 26 - 58 weeks. With the
exception of one patient with GBS who only experienced mild symptoms, all patients
received initial treatment with IVIg (0.4 g/kg/day for 5 consecutive days). All but one
patient with CIDP showed good functional improvement on IVIg. The non-responder
received a course of treatment with oral prednisone (100 mg/day), for 4 consecutive weeks.
This patient also improved with this therapy and prednisone was tapered down in 5 months
period to 30 mg every other day.

The patients with GBS did not show any deterioration. After initial improvement, all 12
IVIg responsive CIDP patients showed deterioration in their clinical condition with

Table 2

Reliability evaluation of the Rydel-Seiffer tuning fork in patients with a clinically stable immune-
mediated polyneuropathy

“Expericneed” couple of “Variable™ couples of Total
examiners examiners
(couple number 1) (couples number 2-23)

45 paticnts 68 patients (n=113)
Reliability Weighted kappa (k) p-value Weighted kappa (KfF p-value
Interobserver values arms 0.67 <0.0001 0.77 <0.0001
Intercbserver values legs 0.83 <0.0001 0.82 <0,0001
Intracbserver values arms 0.98 <0.0001 0.71 <0.0001
Intraobserver values legs C.79 <0.0001 0.85 <0.0001
Interobserver values arms+Hegs .80 <0.0001 0.86 <0.0001

Intrapbserver values arms+leps 0.9¢ <0.0001 .84 <0.0001
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increasing vibration sense abnormalities (compatible with higher vibration grades) at
examination. Maintenance therapy with TVIg (1-2 days 0.4 g/kg/day at intervals of 3 - 21
weeks) was needed. Eventually, at 26 weeks of follow-up, all but one patient with GBS
(19/20 = 95%) were independent in daily activities such as walking, dressing up, and eating
with a knife and fork. At 1 year, the 13 patients who completed this period were also
independent in daily activities with no or only minor symptoms or signs. Improvement in the
longitudinal group resulted in a reduction of total vibration grades (compatible with
improvement) and disability score during follow-up (figure). The median total vibration
grades were lower during follow-up (2 at week 12; 0 at week 26; 0.3 at weeks 40; 1 at week
52) compared with the median value of 4.0 at entry (Wilcoxon signed-rank test: p = 0.01 -
0.0007). Also, as can be seen in the figure, a2 gradual and significant decrement in the
median overall disability sumscore was also noted during follow-up (median value: 2 at
week 12; 1.5 at week 26; 2 at weeks 40 and 52; compared with entry value of 5: Wilcoxon
signed-rank test: p = 0.01 - 0.005). A significant association was demonstrated between the
total vibration grades and overall disability sumscore in these patients (figure; random
effects linear regression analyses; R = 0.65, p < 0.0001). Good standardised response mean
scores were calculated for the RS tuning fork in these patients (SRM values: 0.9, 1.2, 1.0,
and 1.2 at the weeks 12, 26, 40, and 52, respectively).

Figure
Change of total vibration grades (A) and disability sumscore (B),
and their association (C)
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Legend to figure

"Twenty patients (7 GBS, 13 CIDP) were longitudinally examined. A total of 185 visits were completed.
Total vibration grades = arm + leg vibration values and range from 0 (“no vibration abnormalities™) to 8
(“most severe vibration abnormalities™). The overall disability sumscore ranges from 0 (“no signs of
disability™) to 12 (“most severe disability score™). The association between these two variables is expressed
in (C) using regression analyses, taking into account the clustering of data at the individual patient’s Tevel (R
=0.65; p < 0.0001; see also section statistics: “xtreg™) (12).

Discussion

In the current study, good interobserver and intraobserver reliability and high responsiveness
are demonstrated for the Rydel-Seiffer graduated tuning fork in patients with immune-
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mediated polyneurcpathies. Hence, all clinimetric requirements are accomplished for this
tuning fork by combining these results with literature findings (1,2,13-15), Others have also
demonstrated acceptable reliability values for this instrument (13-15). However, by contrast
with the current study, these reliability values were reported only for distal examination in
the limbs (13-15). Thivolet and associates reported within-test variations in the arms, but
unfortunately vibration sense was only assessed at the thumbs (15). In the current study,
more frequent use of the Rydel-Seiffer tuning fork did not show consistently higher
reliability values, thus excluding a learning effect.

A significant association was found between the total vibration grades as assessed with the
Rydet-Seiffer tuning fork and the overall disability sumscore in the longitudinally examined
patients. A general decrement in disability score was often accompanied by a decrease in
vibration abnormalities (figure). Apparently, this convenient pocketsize instrument monitors
not only the proprioceptive function, but also provides indirect information regarding the
impact of vibration abnormalities on the functional abilities of patients as measured with the
overall disability sumscore. Similar findings were recently reported in a study comparing the
clinical picture of patients with an axonal versus demyelinating MGUSP (16). Patients with
an axonal form had lower disturbances of vibration and joint position senses that
corresponded with a higher functional ability (16).

Vibration sense changes over time were adequately captured using the standardised response
mean score {SRM), a statistical method postulated by Liang and associates to measure
responsiveness (10). To our knowledge, this paper is the first to report on responsiveness for
the Rydel-Seiffer tuning fork.

With respect to the aims in the current study, some methodological issues should be
addressed. First, the obtained SRM scores for the total vibration grades assessed with the
Rydel-Seiffer tuning fork only showed responsiveness within one group of patients. It is not
clear whether substantial diseriminative responsiveness scores wilk be obtained for this fork
when evaluating different groups of patients, for example in a trial setting comparing a
placebo versus a treatment group (17). Second, a significant association was demonstrated
between the total vibration grades and overall disability sumscore. The use of the Rydel-
Seiffer tuning fork may therefore be suggested as an indirect indicator of general recovery.
However, this should be done with some caution, because we did not determine the portion
of disability due to vibration sense disturbances as assessed with this fork compared with for
example muscle strength changes. Future studies are required to determine which
impairment guality will have the strongest impact on disability in patients with sensory-
motor immune-mediated polyneuropathies.

In conclusion, good interobserver and intraobserver reliability and responsiveness values are
provided for the Rydel-Seiffer graduated tuning fork in patients with immune-mediated
polyneuropathies. Hence, all clinimetric requirements are fulfilled for this tuning fork by
combining these results with literature findings. The incorporation of this instrument is
therefore suggested in routine neurclogical examination, particularly for the assessment of
vibration sense in patients with polyneuropathies.
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Abstract

Objective: To perform a clinimetric evaluation of the inflammatory neuropathy cause and
treatment (INCAT) sensory sumscore ({ISS) in sensory-motor imumune-mediated
polyneuropathies. This new sensory scale was evaluated to strive for uniformity in assessing
sensory deficit in these disorders.

Methods: The ISS comprises vibration and pinprick sense plus a two-point discrimination
value and ranges from O (normal sensation) to 20 (maximum sensory deficit). Before its
clinical use, a panel of expert neurclogists concluded that the ISS has face and content
validity. The construct validity of the ISS was investigated by correlation and regression
studies with additional scales (Nine-hole peg test, Ten-metre walking test, an overall
disability sumscore). All scales were applied in 113 patients with a stable neurclogical
condition (83 patients who experienced Guillain-Barré syndrome (GBS) in the past, 22 with
chronic inflammatory demyelinating polyneuropathy (CIDP), § patients with a monoclonal
gammopathy associated polyneurcpathy), and 10 patients with recently diagnosed GBS or
CIDP with changing clinical conditions. Reliability of the ISS was evaluated in the stable
patients. Its responsiveness was investigated in the patients examined longitudinally.

Results: A moderate to good validity was obtained for the ISS (stable group: r = 0.38 to
0.56; p < 0.006; longitudinal group: R = 0.60 to 0.82; p < 0.007, except for the association
with the Ten-metre walking: p = 0.08). Acceptable internal consistency, and interobserver
and intracbserver reliability were demonstrated for the ISS (o = 0.68 to 0.87; R = 0.85 to
(.89, p < 0.6001). Standardised response mean scores for the ISS were high (= 0.8),
indicating good responsiveness.

Conclusions: All clinimetric requirements are provided for the inflammatory neuropathy
cause and treatment sensory sumscore. The use of this scale is therefore suggested for
bedside evaluation of sensory deficit in the individual patient with a sensory-motor immune-
mediated polyneuropathy as well as in clinical trials.
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Introduction

The increased emphasis on accuracy in clinical neurological studies has intensified the need
for the use of clinimetric well-evaluated outcome measures to quantify relevant deficits. In
immune-mediated polyneuropathy studies, including patients with Guillain-Barré syndrome
(GBS) or chroni¢ inflammatory demyelinating polyneuropathy (CIDP), weakness has been
assessed primarily using various valid and reliable motor scales that are based on the
Medical Research Council grading system (1-4). Conversely, assessment of sensory deficit
has been performed less in these patients, although sensory abnormalities may contribute to
disability (5). It was argued that sensory deficit tends to be less obvious clinically and more
prone to subjective interpretation compared with motor deficit (6). These suggestions may
therefore explain the difficulties when assessing sensory deficit and the use of various
sensory scales in immune-mediated polyneuropathy studies thus far, most of them not
fulfilling afl clinimetric requirements like being valid, reliable, and responsive to clinical
changes over time (5,7-24).

Prompted by these observations, we constructed a new sensory scale, the inflammatory
neuropathy cause and treatment (INCAT) sensory sumscore (ISS), to strive for uniformity in
assessing, during bedside examinations, various sensory qualities representing different
types of nerve fibres. This scale was constructed after a systematic literature review of all
sensory methods applied in sensory-motor immune-mediated polyneuropathy clinical studies
from January 1988 till January 1999. The ISS was created on behalf of the INCAT group, a
collaborating force of European neurologists with special interest in immune-mediated
polyneuropathies. These neurologists formed a panel that contributed to the formation and
extensive evaluation of the ISS. Moreover, the clinimetric requirements (validity, reliability,
and responsiveness) for the ISS were examined in patients with GBS, CIDP or 2 monoclonal
gammopathy of undetermined significance related polyneuropathy (MGUSP) (25). These
disorders are suggested to represent parts of a continuum regarding their neuromuscular
dysfunction pattern (26). The construct validity of the ISS was calculated by correlation and
regression studies with the measured vaklues of the Nine-hole peg test (a dexterity test), the
Ten-metre walking test, and an overall disability sumscore (ODSS) in all patients (27-29).

Patients and methods

Patients

A total of 113 patients (83 with GBS, 22 with CIDP, & with MGUSP) with a stable clinical
condition were recruited from the Rotterdam immune-mediated polyneuropathy databank
and the Dutch GBS study group (stable group). The selected patients still had residual
symptoms or signs due to their illness, representing a broad range of disability. Nine CIDP
patients required interval treatment ranging from weeks to months, with intravenous
immunoglobulin (TVIg). With this therapy their clinical condition has been stable for more
than 6 months. Additionally, ten patients with recently diagnosed GBS (n=4) or CIDP (n =
6) with changing clinical conditions were enrolled to investigate the responsiveness of the
ISS (longitudinal group). All GBS and CIDP patients met the international criteria for their
illness (30,31). The diagnosis MGUSP was established after excleding all possible causes
for the gammopathy and polyneuropathy (32).
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Literature review

A systematic Medline search was performed from January 1988 till January 1999, reviewing
all methods (apart from traditional neurological examination) evaluating the sensory system
in clinical studies including patients with sensory-motor immumne-mediated
polyneuropathies. We investigated whether these scales have been formally evaluated in
terms of being valid, reliable, and responsive before their use as a neurological cutcome
measure (25). Reports published in English that included 10 patients or more were identified
using the following keywords: GBS, CIDP, acquired/idiopathic {poly)radiculo)neuropathy,
polyneuritis, gammopathy, dysimmune, paraprotein(a)emia, and monoclonal gammopathy of
undetermined significance polyneuropathy.

Assessment tools/scales

The conceptual framework of the “INCAT” sensory sumscore (ISS) was created using a
judgmental approach based on literature review and consensus of an expert panel consisting
of 13 senior neurologists (all INCAT members) with special interest in immune-mediated
neurological disorders (33). The 1SS ranges from 0 (“normal sensation™) to 20 (“meost severe
sensory deficit”) and is composed by the summation of the following sensation qualities:
pinprick arm grade [range: 0-4] and vibration arm grade [range: 0-4] and pinprick leg grade
[range: 0-4] and vibration leg grade {range: 0-4] and two-point discrimination grade [range:
0-4]. Pinprick was tested using the sharp end of an esthesiometer. Patients were asked to
indicate whether they experienced the pinprick as normal or abnormal. Paresthesia,
dysesthesia, and hyperesthesia were scored as abnormal. We sought a normal reference point
(e.g., the face) if a patient was experiencing problems indicating whether the pinprick was
normal or not. Vibration sense was tested using the validated graduated Rydel-Seiffer tuning
fork and the obtained measures were compared with the reported normative threshold values
(34). The sites of examination with corresponding grades were defined as follows: normal
(grade 0) or disturbed (grade 1) pinprick or vibration sense at the dorsum distal
interphalangeal joint of the index finger or hallux; abnormal sense at the ulnar styloid
process or medial malleolus {grade 2), at the medial humerus epicondyle or patella (grade 3),
at acromio-clavicular joint or anterior superior iliac spine (grade 4). Pinprick and vibration
sense examination took place from distal to proximal and only the highest extension of
dysfunction of the most affected arm and leg was recorded separately for both qualities. If
for example, the vibration sense was scored as abnormal at the index finger at both sides, but
as norma] at the styloid process, a more proximal examination was not performed. This
patient would have a vibration grade score of 1 for the arms. For the two-point
discrimination quality, a hand-held esthesiometer was used where the exact measurable
distance in millimetres could be read on the instrument. This instrument was assessed in a
‘static” manner at the ventral side, distal phalanx of the index finger, and the corresponding
grades were arbitrarily chosen (grade 0: <4mm; grade 1: 5-9mm; grade 2: 10-14mm; grade
3: 15-19mm; grade 4: 220mm) (see appendix I, page 208).

The Overall disability sumscore (ODSS) is composed by an arm and leg disability scale that
were slightly modified to obtain a total score ranging from 0 (“no signs of disability™) to 12
{(“most severe disability score™) (29). The ODSS comprises a good functional description of
the arms and legs in a checklist form suitable for interviewing patients.

The Nire-hole peg test and the Ten-metre walking test were also applied to all patients to
measure focal disability (6,27.28).
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Test procedures

General aspects. All participants gave informed consent before the start of the study. All
measures were obtained in a quiet, temperature-controlled room (approximately 20°C) at our
outpatient clinic. Sensory modalities were examined in random order with the patients lying
in supine position. The graduated tuning fork was used as described previously (34). Briefly,
this tuning fork was applied as perpendicular as possible, resting on its own weight with the
arms of the fork swinging maximally. The participants indicated the moment when they no
longer perceived the decreasing vibration stimulus. The readings of three repeated tests were
averaged and considered the vibration value for that site of examination. The time to
complete the ISS was recorded at each assessment (in seconds).

All patients received training in assessing the Nine-hole peg test before the start of the study
to exclude any training effect. This test was performed under the prescribed standard
conditions, in alternating order for both hands (6,27). Patients were also requested to walk
10 meters in a straight line at their preferential speed, using whatever aid needed (6,28).
Three measures were completed for each of these tests and the corresponding time was
recorded at each assessment {in seconds). For each test separately, the mean time of
completion was calculated by averaging the three obtained measures.

Validity and Reliability. The INCAT expert panel was asked at various occasions to review
the ISS and comment on its general structure and components, and to indicate whether this
scale measures what it is supposed to measure, thus providing face and content validity for
the ISS. Construct validity of the ISS was investigated by correlation and regression studies
with additional scales (Nine-hole peg test, Ten-metre walking test, and the Overall disability
sumscore).

For the assessment of reliability and construct validity of the ISS in the stable group of 113
patients, 2 senior neurologists and 6 experienced residents in neurology formed 28 different
couples. Preceding the study, all investigators received instructions in assessing the cutcome
measures, Twenty-seven (“variable™) couples investigated 68 patients (2 to 3 patients per
couple). The remaining 45 stable patients were investigated by the “experienced” couple.
The latter couple was formed to examine the effect of training (and thus a possible increase
in reliability) when using the ISS often.

The patients were examined at two different occasions at our outpatient clinic. During the
first visit the two members of an appointed pair acquired their scores independently and
consecutively (usually within 2 hours; interobserver measures). Within 2 to 4 weeks, the
patient returned for a second visit and only one investigator of the earlier assigned pair
examined the patient (intraobserver values) without having access to the previous results.
The assessment sequence at entry and the examination at the second visit were distributed
equally among the members of an assigned couple. Eventually, each member of a couple
examined approximately the same number of patients. All scales were assessed at each visit
in all patients. For the validity studies, only the recruited scales’ values at one visit were
used.

Responsiveness. Ten patients were longitudinally examined by the same clinician (JSJM)
and all scales were assessed at study entry and 8 to 13 fimes in each patient during follow-
up. There was a standard follow-up schedule (week 0, 2, 4, &, 12, 16, 21, 26, 32, 40, and 52)
with additional clinical investigations if necessary. During each visit, the patients were
requested to judge whether their clinical condition deteriorated (grade 1), remained stable
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(grade 2), or improved (grade 3) when compared with the last visit (“clinical-judgement-
scores”). At study entry, the patients reflected their clinical condition against their physical
status within the two weeks before the start of the study. The study took place between
March 1997 and January 1999.

Statistics

Validity, internal consistency, and interobserver and intracbserver Reliability. In the stable
group, correlation between the ISS and additional scales was analysed using Spearman’s
rank correlation coefficient. Also, random effects linear regression analyses of the ISS on
additional scales were performed in the longitudinal group, taking into account the
correlation of the data caused by the longitudinal structure. The latter was achieved using the
program “xtreg” in STATA 5.0 for Windows 95 (Stata Statistical Software: Release 5.0,
1997; Stata Corporation, College Station, TX), which is based upon a cross-sectional time-
series regression model as described by Dwyer and Feinleib (35). A logarithmic
transformation was applied to the variables (ISS, Nine-hole peg test, Ten-metre walking test,
ODSS) before the regression analyses.

Cronbach’s alpha coefficient was estimated for the ISS in both (stable and longitudinally
followed) patients groups (36). The interobserver and intraobserver reliability for the ISS
values in the stable group of patients was quantified by estimation of the intraclass
correlation coefficient using a one-way random effects analysis of variance (Anova} model
for the two investigator (“experienced” and “variable™) groups.

Responsiveness. The association between the serially obtained ISS values and the clinical-
judgement-scores in these patients was estimated using ‘“xtreg” (35). Responsiveness was
also investigated by calculating the standardised response mean (SRM) scores for the ISS at
various, arbitrarily chosen occasions during follow-up (weeks 2, 4, 12, 26, 52) (37). SRM is
equal to the mean change in score divided by the standard deviation of the change in score
(SRM = wi - Lo/SD{Ui - uo); Wi = mean ISS value of the longitudinally examined patients at
week = f; o = mean ISS value at entry [week = 0]) (37). An SRM value between 0.5 and
0.8 is considered moderate, and = 0.8 as high responsiveness (37,38). Median ISS values at
12, 26, 40, and 52 weeks of follow-up were compared with the median value at entry
(Wilcoxon signed-rank test). All analyses were performed using Stata 5.0 for Windows 95.
A value of p < 0.05 was considered statistically significant.

Results

General aspects, and Face and Content Validity of the ISS. The 18S was evaluated by
thoroughly the expert panet of 13 neurologists and was modified according to their
recommendations. Eventually, all members of this panel concluded that the ISS has face and
content validity. Subsequently, this scale was assessed in the selected patients. All eight
examiners who investigated the patients concluded that the ISS was administered easily. A
median time of 270 (range: 84-751) seconds was needed to complete the ISS,

The stable group of patients (54 women; 59 men; median age 56, range 14 to 84 years) had a
median duration of symptoms till onset of the study of 5.1 years. In these patients, the ISS
had a median value of 3 at all three assessments (Tange at first assessment: 0 to 15; at second
and third assessment: 0 to 18). The median time required to complete the Nine-hole peg test
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in these patients was 23.1 (range: 14.6 to 143.6; for the right hands) and 23.8 seconds
(range: 15.8 to 192.2; for the left hands). A median time of 8.3 (range: 5.4 to 32) seconds
was needed to walk 10 meters. The overall disability sumscore ranged from 0 to 11 (median
value: 4).

Construct Validity, Internal consistency, and interobserver and intracbserver Reliability of
the ISS. The internal consistency value for the ISS in the stable group of patients was 0.68,
0.73, and 0.71 at first, second, and third assessments. An internal consistency value of .87
was obtained for the ISS in the longitudinally examined patients. The ISS was correlated
moderately with the additional scales in the stable group, thus demonstrating its validity
(Spearman’s rank correlation coefficient; r = 0.38 to 0.56; p < 0.006; see Table). In the
longitadinally followed patients, 2 significant correlation was also demonstrated between the
ISS and additional scales except with the 10-meter walking test (figure 1). The nterobserver
and intraobserver reliability values for the ISS ranged from R = 0.85 to 0.89 (Anova; p <
0.0001 for all associations; see Table).

Figure
Longitudinal regressions of the “INCAT™” sensory sumscore (ISS) on
additional scales in patients with immune-mediated polyneuropathies
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Legend to figure 1

Ten patients were longitudinally followed. A total of 109 visits were completed. Random effects linear
regression analyses were performed of the “INCAT” sensory sumscore (range: Ofnormal semsation] to
20{most severe sensory deficit]) on additional scales using “xtreg” (see section “Statistics™, reference 35).
The Overall disability sumscore ranges from 0 (“no signs of disability™) to 12 (“most severe disability™).
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Responsiveness of the ISS. Four women and six men (median age 40.5, range 15-70 years)
were examined longitudinally. A total of 109 visits were completed in these patients. The
follow-up period ranged from 52 to 58 weeks. At entry, seven patients (3 patients with GBS,
4 with CIDP) were unable to walk independently. All patients experienced general loss of
strength and sensory disturbances. Except for one GBS patient, who only experienced mild
symptoms, all patients received initial treatment with IVIg (0.4 g/kg/day for 5 consecutive
days). During follow up, all patients showed good physical and functional improvement
compared with entry. The GBS patients did not show any deterioration during follow-up.
After initial improvement, all six patients with CIDP showed some clinical deterjoration.
Remarkably, four of these patients demonstrated at various moments an increase in sensory
symptoms and signs with relatively stable muscle strength conditions (figure 2).

Consequently, the intervals of [VIg therapy were shortened to regain the earlier achieved
clinical and functional improvement.

TFable

Reliability and validity analyses of the “JNCAT” sensory sumscore (ISS) in a stable group of patients
with immune-mediated polyneuropathies (n=113)

“Experienced” couple of examiners “Variable™ couples of examiners
{couple number 1: 45 patients) (couples number 2-28: 68 patients)

Validity Spearman’s rank p-value Spearman’s rank p-value
“INCAT" sensory sumscore versus  Correlation coefficient {r) correlation coefficient (r)

Nine-hole peg test Right hands 0.47 0.002 0.42 0.0605

Nine-hole peg test Left hands 0.53 0.0003 0.49 <0.0001

Ten-metre walking time 0.55 0.0002 0.38 0.002

Overall disability sumscore 0.41 0.006 0.56 <0.0001
Reliability Intraclass correlation p-value Intraclass correlation p-value
“INCAT™ sensory sumscore coefficient (R) coefficient (R)

Interobserver agreements 0.89 <0.0001 0.86 <0.0001

Intraobserver agreements 0.85 <0.0001 0.87 <(.0001

These longitudinally followed patients graded their clinical condition 31 times as
“deteriorating”™, 21 times as “stable”, and 57 times as “improving”. There was a general
reduction in ISS values (compatible with improvement) during folow-up. These values were
significantly associated with the clinical-judgement-scores by these patients (figure 3). The
median IS8 values during follow-up were lower (2, 0, 3, and 1 at the weeks 12, 26, 40, and
52) compared with the median value of 6.5 at entry (Wilcoxon signed-rank test: p = 0.05 to
0.006). The calculated standardised response mean (SRM) scores for the ISS were good
(SRM. values: 0.8, 1.0, 1.6, 2.2, and 1.1 at the weeks 2, 4, 12, 26, and 52).

Discussion

Instruments for measuring outcome must be appropriate to the patient group being studied,
must not be time-consuming, and must be easy to administer. Also, fulfilment of the
clinimetric demands (being valid, reliable, and responsive to changes over time) is essential
in the evaluation of such an instrument (25). In the curent study, the “INCAT” sensory
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sumscore (ISS) demonstrated to be easily applicable and only required a median time of 4.5
minutes for the evaluation of various sensory modalities in patients with sensory-motor
immune-mediated polyneuropathies. Because its validity, reliability, and responsiveness
were also demonstrated in these conditions, the ISS fulfils all clinimetric requirements (25).
Furthermore, the reproducibility of the ISS turns out to be independent of the frequent use of

Figure 2

“INCAT” sensory sumscore (ISS) and MRC sumscore (MRCS) changes during
follow-up in two patients with chromnic inflammatory demyelinating
polyncurcpathy treated with intermittent intravenous immunoglobulin
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Legend to figure 2

Two patients with chronic inflammatory demyelinating polyneuropathy treated with intermittent intravenous
immunoglobulin (IVIg) were selected to illustrate the prominent changes of the 1SS (range: O[normal
sensation] — 20[most severe sensory deficit]) compared with muscle strength (MRC sumscore; range: O[total
paralysis] — 60[maximum strengthl) (3). The triangles {A) indicate treatment moments with IVIg, The first
treatrnent (week 0) comsisted of 5 comsecutive days of IVIg O4grams/kg/day. Subsequent treatments
(triangles) indicate only 1 to 2 days of TVIg therapy with 0.4 grams/kg/day.

this scale, because the reliability values did not differ between the “variable” and
“experienced” investigative couples.

Neurological examination has been employed traditionally to assess different sensory
qualities in a wide range of disorders. During the past few decades, several attempts were
made in sensory-motor immune-mediated polyneuropathy studies to gquantify the results of
sensory examination to reach a single score that describes a clinically detected neurclogical
deficit. Various sensory grading systems were applied using arbitrarily defined scoring
systems (5,7-24). Unfortunately, except for the sensory subset of the neurological disability
score (NDS), none of these grading systems has been submitted to a comprehensive
clinimetric evaluation before their general use. Regarding the NDS sensory subset, its
validity and reliability were demonstrated in diabetes patients with signs of a polyneuropathy
{39-41). Good internal consistency was obtained for this scale in patients with hereditary and
other polyneuropathies (24). Despite these observations, the NDS has some limitations.
First, the NDS does not provide information regarding the more proximal extension of
sensory disturbances, because sensory qualities are only assessed at the index finger and
hallux. Second, despite its general use, the NDS has not been systematically investigated in
terms of its statistic and heuristic responsiveness (42). The latter is not surprising because, of
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all clinimetric requirements, responsiveness has been the least studied in evaluation of
outcome measures in general (42).

Clinicians and researchers need measures that discriminate between irrelevant changes
{normal, minor fluctuations in the activity of an illness; “noise™) and clinically meaningfil
changes on which a treatment policy can be based (“signal”). For this purpose, the
usefulness of an outcorne instrurment not only depends on its simplicity, applicability,

Figure 3
“INCAT” Sensory sumscore (ISS) changes related to the
clinical-judgement-scores in patients with sensory-motor
immune-mediated polyneurcpathies
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Legend to figure 3

Ten patients with sensory-motor immune-mediated polyneuropathy were examined longitudinally. For each
patient, the differences between all two consecutive ISS values were calculated (= ISS value at visit-i minus
ISS wvalue at visit-(i-7) = ISS changes). These differences were associated with the corresponding clinical-
judgement-scores using “xtreg” (see section “Statistics™; reference 35). The circles in the figure represent
the measured IS8 changes for all patients. A reduction in ISS changes (compatible with less sensory
disturbances over time) was associated highly with the clinical-judgement-scores by these patients (random
effects linear regression analyses: p < 0.0001).

validity, and reliability, but also on its ability to detect these meaningful changes - an ability
often addressed as “responsiveness” (42,43). A statistic and heuristic approach o examine
responsiveness of a measure have been proposed (42). Statistical responsiveness captures
the ability of an instrument to measure any change, irrespective of its relevance. Heuristic
techniques are based on comparing changes as assessed by an outcome measure with an
external indicator; for example, the clinical-judgement-scores by the patient in the current
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study (42,43). We examined these two approaches in the responsiveness evaluation of the
ISS. In the patients examined longitudinally, improvement of semsory disturbances
(corresponding with a decrease in ISS wvalue) was related significantly to an external
criterion, the patients’ clinical-judgement-scores. Additionally, the SRM scores for the ISS,
a statistical measure to assess responsiveness, were equal to or higher than the proposed
value of (.8, thus representing good responsiveness (37,38,42). The ISS also helped to
determine whether clinical changes over time were predominantly sensory related. As
demonstrated in figure 2, substantial ISS changes were noted during follow-up whereas
strength remained relatively stable. This is important, because sensory disturbances may
contribute to disability (5).

With respect to the aims of the cuwrrent study, some methodological issues should be
addressed. First, the obtained SRM scores for the ISS only demonstrated intra-group
responsiveness. It 15 not clear whether substantial discriminative responsiveness scores will
be obtained for the ISS when evaluating various groups of patients (e.g., in a trial setting
comparing a placebo versus a treated group (44). Second, a significant association was
demonstrated between the ISS and disability scale. The use of the ISS may therefore be
suggested as an indirect indicator of general recovery. However, this should be done with
some caution, because we did not determine what portion of disability is due to sensory
disturbances compared with, for example, muscle strength changes. Future studies are
required to determine which impairment quality will have the strongest impact on disability
in patients with sensory-motor immune-mediated polyneuropathies. Third, the arbitrarily
chosen normal values for the two-point discrimination (grade = (; £ 4 millimetres) were
based primarily on the experiences of the experts panel and were not evaluated formally in
terms of a possible age-related change in healthy individuals. Despite these limitations, the
ISS demonstrated to be a valuable instrument for assessing sensory deficit in patients with
sensory-motor immune-mediated polyneuropathies.
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Abstract

Objectives: To provide simple and clinically useful grip strength reference values using the
hand-held Vigorimeter and to examine its validity, reliability, and responsiveness in patients
with immune-mediated polyneuropathies.

Methods: The Vigorimeter was applied in 530 healthy controls aged 5-93 years and in 113
patients with a stable neurological condition (83 who experienced Guillain-Barré syndrome
[GBS] in the past, 22 with chronic inflammatory demyelinating polyneuropathy [CIDP], 8
with a polyneurcpathy associated with a gammopathy of undetermined significance) (stable
group). Additionally, this instrument was utilised serially in twenty patients with recently
diagnosed GBS or CIDP and changing clinical conditions (longitudinal group). An arm
disability scale was also assessed in all patients.

Results: Graphical grip strength reference values were calculated depending primarily on
age and gender. Significant association was obtained between the Vigorimeter and the arm
disability scale values, thus demonstrating the validity of the Vigorimeter (in stable group,
Spearman rank test: r=-0.52 to -0.62; p<0.0005; in longitudinal group, random effect linear
regression analyses: R=0.62-0.64, p<0.0001). In the stable group, good inter-/intra-observer
agreements were demonstrated for the Vigorimeter (Anova: R=0.95-0.97). Standardised
response mean (SRM) scores were high in the longitudinal group, indicating good
responsiveness for this device (SRM=0.8).

Conclusions: This study provides clinically useful grip strength reference values using the
Vigorimeter. The validity, reliability, and responsiveness are provided for this easily
applicable instrument in patients with immune-mediated polyneuropathies. The results
emphasise the value of the Vigorimeter in assessing outcome at the impairment level and
indirectly at the disability level due to its association with the arm disability scale.
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Introduction

The Medical Research Council (MRC) scale is primarily being used to assess muscle
strength in neuromuscular disease (1). Interpreting assessments by the MRC scale is
sometimes complex, because this scale has a non-linear pattern with a broad range. Perhaps,
the biggest disadvantage of the MRC scale is that not all muscles can be appropriately
measured using this instrument. An example is assessing strength of the small muscles
embracing hand function. This is particularly of importance when distal weakness
predominates, as generally oceurs in patients with polyneuropathies like Guillain-Barré
syndrome (GBS} and chronic inflammatory demyelinating polyneuropathy (CIDP).
Especially, when evaluating therapeutic responses at the impairment level, assessment of
muscles involving hand function gives important information. Grip strength, reflecting distal
strength and upper limb function, is a prognostic indicator of clinical and functional
recovery and is useful in monitoring the effect of treatment (2-6).

Among the instruments developed to measure grip strength quantitatively, portable
dynamometers are the most popular among neurologists and rehabilitation physicians. One
of these instruments is the Vigorimeter (Martin, Tuttlingen, Germany) (7.8). Reference
values for this instrument have been provided for right-handed healthy individuals (9-15).
However, in these studies various age groups were investigated with varying methodologies.
For example, anthropometric data were not systematically examined, number of trials for
each hand and resting periods between trials varied considerably, and various arm/hand/body
positions were used. These observations hamper the general applicability of the obtained
normal values. To date, no study has covered the evaluation of grip strength by the
Vigorimeter in ages ranging from childhood to the elderly, and only a limited number of
papers have addressed the clinical usefulness of this instrument (2,3,6,16,17). The
Vigorimeter has been applied only twice in patients with immune-mediated
polyneuropathies (2.6). A good correlation was obtained between grip strength and MRC
sumscore values in a group of 11 patients with GBS, thus demonstrating the validity of the
Vigorimeter (2). However, a more extensive clinical evaluation of the Vigorimeter is
required in patients with immune-mediated polyneuropathies before its general use as an
impairment outcome measure in these disorders is recommended (18-20).

Prompted by these considerations, we collected grip strength values and personal variables
(length, weight, hand-circumference, and hand-dominance)} in a large group of healthy
controls with a wide age span to determine new reference grip strength values. Additionally,
the validity, reliability, and responsiveness of the Vigorimeter were investigated in patients
with GBS, CIDP or a polyneuropathy assoctated with a monoclonal gammopathy of
undetermined significance (MGUSP) (18,19,21,22). The obtained grip strength values in the
patients group were related to an arm disability scale (23). This was essential, not only for
the validation of the Vigorimeter, but also to investigate whether grip strength could be used
as an indicator of disease activity at the disability outcomne level (20).
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Participants and methods

Healthy controls

We recruited 530 healthy controls from hospital personnel, relatives and friends
accompanying patients at our outpatient clinic, and healthy elderly, living in the village of
Nicuw-Vennep as part of the municipality of Haarlemmermeer, The Netherlands. There was
a door-to-door mailing and an article was published in a local newspaper (see addendung,
page 86), explaining the purpose and significance of the study. Attempts were made to
obtain participants representing a wide variety of social and occupational backgrounds.
Children and adolescents were recruited at one primary and one high school. The eligibility
criteria were clear conscious, independence in activities of daily living, socially active,
sufficient vision, absence of any impairment affecting upper limb function, and normal
physical development in children as reported by parents. Neurological examination was
performed in all participants with special regard to the upper limb functions. Healthy
individuals were stratified for age and gender and 10 age groups (5-9, 10-14, 15-19, 20-29,
wees 10-79, = 80) were formed, each group consisting of 50-55 participants. The first three
age groups had a smaller age-range to register the rapid change in grip strength during
growth more accurately.

Patients

We recruited 113 clinically stable patients (83 with GBS, 22 with CIDP, 8 with MGUSP)
from the Rotterdam immune-mediated polyneuropathy databank and the Dutch GBS study
group (stable group). These selected patients still had residual signs or symptoms of their
illness, representing a broad range of disability. Nine CIDP patients required interval
treatment ranging from weeks to months, with intravenous immunoglobulin (IVIg). With
this therapy their clinical condition was stable for more than 6 months.

Twenty consecutive patients with recently diagnosed GBS (n = 7) or CIDP (n = 13) were
enrolled to investigate the responsiveness of the Vigorimeter to clinical changes over time
(longitudinal group). All patients with GBS and CIDP met the international research criteria
for their illness (24,25). The diagnosis MGUSP was established after excluding all possible
underlying causes for the gammopathy and polyneuropathy (26). Patients were excluded
from participation if there was ary concomitant disease that might interfere with general
strength and physical functioning.

Assessment tools/scales

The Vigorimeter (Martin, Tuttlingen, Germany) is an instrument that has been used to
measure grip strength although, strictly speaking, it measures the air-pressure in the bulb and
not force (see appendix I, page 206) (7-14, 17). The pressure in the bulb is registered on a
manometer via a rubber junction tube and expressed in kiloPascals (kPa). According to the
manufacturer’s recornmendation, the small bulb was used in the ages up to 10 years and the
medium-sized bulb in the remaining participants.

The arm disability scale comprises a good functional description of the arms in a checklist
form suitable for interviewing patients (23). Daily arm activities like dressing the upper part
of the body, doing/undoing buttons and zips, washing and brushing hair, using a knife and
fork, and turning a key in a lock are scored as being “not affected”, “affected but not
prevented” or “prevented”. Subsequently, these results are translated into an arm grade. The
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score range is from 0 (normal arm abilities) to 5 (severe symptoms and signs in both arms
preventing all purposeful movements). Hence, this scale provides a general score for both
arms. The arm disability scale is a subset of the more comprehensive Guy’s neurological
disability scale (23).

Test procedures

General aspects. All participants including the parents of the children gave informed
consent for the study. All assessments took place in a quiet and temperature-controlled room
(approximately 20° C) during daytime. Participants were examined according to the
assessment recommendations by the American Society of Hand Therapists (27). All children
were seated in appropriately sized chairs that allowed their feet to be flat on the floor. The
investigator placed the child in the standardised position and encouraged the child to remain
in that position. The bulb was positioned in the palm of the participant’s hand with the air
tube extending out between the individual’s thumb and index finger, and with the fingers
wrapped around the bulb so that the fingers touched the surface of the bulb as much as
possible. Three grip strength measurements with maximuwm voluntary contractions for each
hand were taken in alternating order. Between each trial a pause of 30 seconds was assigned,
The results of three trials for each hand were averaged and considered the grip strength score
for that particular hand. Half of the controls in each age group started with right hand grip
assessment, and the other half with left hand grip measures, to control for the effect of order.
Healthy controls were interviewed before using the Vigorimeter by one investigator (ISTM).
Anthropometric data (body weight, height, hand-circumference) and hand-dominance were
collected. Hand circumference was assessed using a measuring tape that was circularly
applied at the distal ends of the metacarpals of digit 2 to 5. For the purpose of this study,
hand-dominance was defined as the preferred hand for use. In children, hand dominance was
determined by asking the participants to throw a ball or use a writing implement.
Examination of the controls took place at our outpatient clinic or at the homes of the elderly;
children were investigated at their schools.

Validity and Reliability. Twenty-eight different pairs of examiners were formed by two
neurologists and six residents in neurclogy for the assessment of validity and reliability of
the Vigorimeter in the stable group of 113 patients. Preceding the study, all investigators
received instructions in assessing the outcome measures. Twenty-seven {“variable™) couples
examined 68 patients (2 to 3 patients per couple). The remaining 45 patients were
investigated by the “experienced” couple (ISIM + JPAS). These two authors investigated the
effect of training and thus a possible increase in interobserver and intraobserver reliability
when using the Vigorimeter more often.

The patients were examined on two different occasions at our outpatient clinic. During the
first visit the two members of an appointed pair performed their scores independently and
consecutively (usually within 2 hours) (interobserver measures). Within 2 to 4 weeks, the
patient returned for a second visit and one investigator of the earlier assigned pair examined
the patient again, without having access to previous results (intraobserver values). The
assessments sequence at entry and the examination at the second visit were equally
distributed among members of an assigned couple. Overall, each member of a couple
examined the same number of patients as their partner. The scales were assessed at each visit
in all patients. For the validity studies, only the recruited scales’ values at one visit were
used.
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Responsiveness. Twenty patients were longitudinally examined by the same clinician (ISTM)
and the Vigorimeter and arm disability scale were assessed at study entry and 8 to 13 times
in each patient during follow-up. There was a standard follow-up schedule (week 0, 2, 4, §,
12, 16, 21, 26, 32, 40, and 52) with additional clinical investigations if necessary. At each
visit, the patients were requested to judge whether their clinical condition deteriorated (grade
1), remained stable (grade 2) or improved (grade 3) when compared with the last visit
(“clinical-judgement scores™). At study entry, the patients reflected their clinical condition
against their physical status within the two weeks before the start of the study. The study
took place between March 1997 and January 1999 and was part of a more comprehensive
research on clinical outcome measures in patients with immune-mediated polyneuropathies
on behalf of the INCAT-group.

Statistics

Reference values. Grip strength reference values (median and 0.05 quantile values,
corresponding to a specificity of 95%) were calculated in the healthy controls, depending
primarily on age and sex using quantile regression analyses with restricted cubic spline
functions on age (28,29). These methods were performed to overcome the skewed
distribution of grip strength values conditional on age and sex and to identify the regression
curves that best fitted the data (28,29). Quantile regression analyses were also performed in
the control group to determine which personal variable(s), in addition to age and gender,
predict grip strength the best. These regressions were performed in each gender for the
dominant and non-dominant hands separately. These grip strength values in each gender
were the dependent variables and age, hand-circumference, length, and weight were the
independent variables.

Validity and Reliability. In the stable group, correlation between grip strength and arm
disability scale was analysed using Spearman’s rank correlation coefficient. Also, random
effects linear regression analyses of grip strength on the arm disability scale values was
performed in the longitudinal group, taking into account the association of the data caused
by the longitudinal structure. The latter was achieved using the program “xtreg” in STATA
6.0 (StataCorp. 1997, Stata Statistical Software: Release 5.0. College Station, TX), which is
based upon a cross-sectional time-series regression model as described by Dwyer and
Feinleib (30). The interobserver and intraobserver reliability for the obtained grip strength
values in the stable group of patients was quantified by estimation of the intraclass
correlation coefficient using a one-way random effects analysis-of-variance model for the
two investigator (“experienced” and “variable™) groups.

Responsiveness. Responsiveness was investigated by calculating the standardised response
mean (SRIM) scores for grip strength at various arbitrarily chosen occasions during follow-
up {(weeks 4, 12, 26, 40, 52) (31). SRM is equal to the mean change in score divided by the
standard deviation of the change in score (SRM = Wi - wo/SD(Ui - o) W = mean grip
strength value of the longitudinally examined group at week = i; llo = mean grip strength
value at week = 0 [entry]) (31). A value between 0.5 and 0.8 is considered moderate, and =
0.8 as high responsiveness (31,32). For each patient, the differences between all two
consecutive grip strength values were calculated (grip strength at visit-f minus grip strength
at visit-(i-1)). These differences were associated with the corresponding clinical-judgement
scores {deterioration, stable or improvement) using “xtreg” (30). All analyses were
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performed using Stata 6.0 for Windows 95. A value of p < 0.05 was considered statistically
significant.

Results

General aspects. The whole procedure of interviewing, recruiting personal data, and
assessing grip strength with the Vigorimeter took 5 to 10 minutes in each healthy participant.

According to the investigators and participants, the Vigorimeter was easily administered and
nsed.

Figure 1
Grip strength values with the Vigorimeter for the dominant and
non-dominant hands in healthy males and females
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Legend to Figure 1

A total of 255 healthy males (89% right-handed) and 275 health females (92% right-handed) were examined.
The upper lines in each graph correspond to the calculated median grip strength values. The lower lines in
each graph represent the 0.05 quantile reference values. These values were obtained in each gender
separately using quantile regressions with restricted cubic spline functions (28,29).

Reference values for the Vigorimeter. Of the 551 healthy controls that were interviewed, 530
(275 fernales; 255 males) were enrolled in the study. Twenty-one individuals were excluded
from participation, based on focal abnermalities (e.g. deformities of the forearm due to
fracture, rheumatoid arthritis, Dupuytren’s contracture, hemiparesis, and signs of a
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polyneuropathy). The descriptive data of the healthy participants are presented in table 1.
Most individuals were right-handed (91%). There were almost no differences in grip
strength values between the dominant and non-dominant hands in the whole group of
healthy controls (overall median differences: in healthy males 1 kPa, in healthy females 3
kPa) (figure 1). Based on these findings, only one graph was further developed for each
gender separately to obtain reference values for both hands (table 2). Maximum median grip
strength was observed in either gender at around 30 years. Males were consistently stronger
than females (table 2). Anthropometric variables (hand-circumference, length, and weight)
were consistently higher among men than women (table 1). Quantile regression analyses
showed that the median grip strength values for both sides were associated significantly with
age in both gender and with hand-circumference in men only (p < 0.0001).

Table 1
Descriptive data of the healthv controls
Variables Males Females
Number of participants n=44 =40 n=171 n=48 n=4] =186
Age range [years]; mean (SD) 5-12 13-19 20-93 5-12 13-19 20-93
8.5(2.4) 13.7(1.%) 52.6 (19,9} 8.5 (2.4 156 (1.7 54.2 (20.4)
Hand-dominance Right 40 (91%)  32(80%)  156(91%) 42 (88%) 35 (85%) 175 (94%6)
Left 4 (9%) § (20%) 15 (9%) 6 (12%) 6 (15%) 11 (6%)
Length: mean (SD) range {cm) 138.0 (15.7) 1784 (10.4) 178.9 (8.3) 137.5 (15,7} 166.8 (9.3} 165.5{7.8)
103-168 155-195 159-203 111-168 131-181 146-135
Weight: mean {(SD) range (kg) 32.0(10.5)  62.1(11.6) 79.1(9.8) 32.10L7 56.9 (16.0} 66.8 {10.2)
17-60 37485 55-108 16-62 32.75 46-104
Hand-circumference: mean (SD) 17.1(L.6)  2L1{14)  225(1.0) 16.3 (1.6) 18.8 (1.0) 19.7 (1.0)
range (cm) 14-20.5 17.7-23.5 20.5-26.5 13.8-20.5 16-20.5 16.5-22.3

Validity and Reliability of the Vigorimeter. The stable group of patients (54 females; 59
males; median age 56, range 14-84 years) had a median duration of symptoms 4ll study
onset of 5.1 years. Ninety six percent of the patients were right-handed. The median right-
hand grip strength value in this group was 67 kPa at first and third assessments (range at first
assessment: 0 to 156; at third assessment: ¢ to 152) and 65 (range: 0 to 158) kPa at second
assessment. The median left-hand grip strength value was 65 (range: 0 to 158), 62 (range: 0
to 160), and 62 (range: 0 to 158) kPa at first, second, and third assessment. The median arm
disability scale was 2 at entry (range: 0 to 4). Seven patients were bed bound and 14 required
assistance or a device to walk over short distances. The remaining 92 patients could walk
independently.

A moderate to good comelation was found between the Vigorimeter and the arm disability
scale (ADS) values, thus demonstrating the validity of the Vigorimeter in this group of
patients (“experienced” couple: grip strength right hands versus ADS: r= -0.54, p = 0.0001;
left hands versus ADS: r = -0.52, p = 0.0003; “variable” couples: grip strength right hands
versus ADS: r = -0.57, p < 0.0001; left hands versus ADS: r = -0.62, p < 0.0001). High
interobserver and intraobserver agreements were also demonstrated for the Vigorimeter
(“experienced” couple: inter-observer grip strength right hands: R = 0.97, left hands: R =
0.96; intraobserver right hands: R = 0.96, left hands: R = 0.95; “variable” couples: inter- and
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Table 2

Normal values for quantitative grip strength assessment with the Vigorimeter for both hands in
healthy men and women (kiloPascal)

Age {years) Men Women
0.05 quantile values Median values 0.05 quantile values Median values
pET ape-span per age-span per age-span PET agC-5pan

5-9 42 53 38 48
10-14 59 95 53 73
15-19 72 122 63 90
20-24 29 146 72 106
25-29 101 154 76 112
30-34 116 153 76 112
35-39 115 148 76 109

40 - 44 115 141 74 104
4549 111 134 73 98
50-54 105 126 71 92
55-5% 94 116 67 84
60-64 83 106 63 76

65— 69 74 97 58 71
7074 66 9N 54 &7
75-79 57 82 48 63
80-34 50 75 43 59
285 37 64 35 54

intraobserver values for both hand sides: R = 0.97, except for intraobserver left hands: R =
0.96; p < 0.0001 for all agreements).

Responsiveness of the Vigorimeter. Eight females and twelve males (median age 54.0, range
15 to 70 years) were examined longitudinally. They all were right-handed. At study entry,
four patients were bed bound, one requiring artificial ventilation, and nine patients were
unable to walk independently. All patients experienced general loss of strength. A total of
201 visits were completed during a follow-up period of 40 to 58 (median: 52) weeks.
Nineteen patients completed a one-year follow-up. Except for one GBS patient who only
experienced mild symptoms, all patients received initial treatment with IVig (0.4 g/’kg/day
for 5 consecutive days). All but one patient with CIDP showed good functional
improvement on IVIg during follow-up. The non-responder received a treatment course of
oral prednisone, 100 mg/day for four consecutive weeks. This patient improved also with
this therapy and prednisone was tapered down over five months period to 30 mg on alternate
days.

The GBS patients did not show any deterioration during follow-up. After initial
improvement, all 12 IVIg responsive CIDP patients showed deterioration in their clinical
condition. Consequently, maintenance therapy with TVIg (1 to 2 days 0.4 g/kg/day; intervals:
3 to 21 weeks) was needed to prevent further deterioration and to regain earlier achieved
improvement. Eventually, this resulted in a general improvement of grip strength and
decrement in arm disability during follow-up (figures 2A and 2B). Higher and more normal
grip strength values were noted compared with grip strength measures at entry {figure 3). A
significant association was demonstrated between grip strength and arm disability scale
values in these patients (figures 2C and 2D).

The calculated standardised response mean (SRM) scores for grip strength were good (SRM
values for the right hands: 1.2, 1.1, 1.3, 1.2, and 0.8; for the left hands: 1.0, 0.8, 1.2, 1.3, and
1.1 at weeks 4, 12, 26, 40, and 52). The patients graded their clinical condition 53 times as
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“deteriorating”, 38 times as “stable”, and 110 times as “improving”. These values were
significantly associated with the serially obtained grip strength differences in these patients
(random effects linear regression analyses: R = (.30 for association with right hands; R =
(.46 for association with left hands, p < 0.0001).

Figure 2
Changes of median grip strength for both hands (A) and median arm
disability scale scores (B) over time and their association (C & D)
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Legend to Figure 2

Grip strength = GS; arm disability scale = ADS. Twenty patients (7 GBS, 13 CIDP) were longitudinally
examined. A total of 201 visits were completed. The association between GS and ADS are calculated using
“xtreg” (see section statistics) (30). A decrement in ADS corresponds with improvement.

Discussion

The present study provides reference values for grip strength in males and females for both
hands using the small bulb in healthy children up to 10 years of age and the medium-sized
bulb of the hand-held Vigorimeter in healthy participants 10 years and older. In contrast to
what is usually assumed in the literature, these reference values are not straight linearly or
quadratic refated to age and gender. The relation described in various papers is most
probably due to the smaller age-ranges studied, thus possibly acquiring an incomplete view
of grip strength in relation to age (9-15). Desrosiers and associates reported on two
occasions normative data in healthy individuals age 60 years and older and suggested an
association between quadratic-age and grip strength (9,10). In another study, 436 healthy
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adults aged 16 to 94 years were examined, but unfortunately there was no stratification for
age and gender and no information was provided regarding the healthy state of these adults
(11).

To our knowledge, no study has provided reference values for the Vigorimeter in a cohort of
healthy controls with an age ranging from 5 to 93 years. An equivalent study using the

Figure 3

Longitudinal grip strength changes in twenty patients with immune-
mediated polyneuropathies (right hands)
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Legend to figure 3

Each vertical spike represents a measured grip strength value for the right hand of a patient minus the
corresponding (age and sex matched) 0.05 quantile grip strength reference value (= grip strength change). i
is apparent that most patients improved in time, because most spikes demonstrate a shift toward a (more)
positive grip strength change during follow-up. The left hand grip strength changes were quite equivalent
and are therefore not shown. Note: nineteen patients completed a one-year follow-up.

Jamar dynamometer was however reported by Mathiowetz (33). The graphical presentation
of the reference grip strength values of this device demonstrated approximately the same
shape as seen in the current study for both genders (33). Unfortunately, like in many studies,
these values were obtained by calculating the means of sequential age-portions in healthy
participants (11-15,33). Thus, no consideration was given to the non-Gaussian distribution
of the obtained grip strength values, as recommended by Altman for these kind of data (34).
In addition to age, multivariate quantile regression analyses demonstrated that hand-
circumference was a significant predictor of grip strength in males but not females. The
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obtained grip strength values in the current study were consistently higher in men than
women. This is not surprising, because anthropometric variables were also constantly higher
in men (table 1).

In addition to other reports, the Vigorimeter was demonstrated in the current study to be
easily applicable, quick and user friendly with significant correlation to a functional arm
scale. Good correlation was also demonstrated between this device and the widely used
Jamar dynamometer (9-11). There are however mechanical differences between these two
instruments that accounted for the preferential use of the Vigorimeter in the current study.
We have previously applied the Jamar dynamometer in a group of patients with
polyneuropathies and predominantly distal weakmess. These patients consistently reported
discornfort when assessing grip strength with this device. Like in the arthritic patients, the
Jamar dynamometer caused stress on joints and skin and was less convenient because of its
weight and rigidity (11). High reliability values were demonstrated for the Vigorimeter. The
reproducibility of grip strength was independent of experience with the Vigorimeter,
because the reliability values did not differ between examiners having different degrees of
experience, Solgaard ef ol investigated the accuracy of the Vigorimeter using a “universal
festing machine” that compressed the Vigorimeter with known forces and alse concluded
that it was “very precise” (35).

The usefulness of an outcome instrument not only depends on its simplicity, applicability,
validity, and reliability, but also on its ability to be responsive to clinical changes over time
(21,22). A heuristic and statistic approach in examining responsiveness of a measure has
been proposed (22). Statistical responsiveness captures the ability of an instrument to
measure any change, irrespective of its relevance. Heuristic techniques are based on
comparing changes as assessed by an outcome measure with an external indicator, for
example the chinical-judgement scores by the patient in the current study (21,22). We
examined these two approaches in the responsiveness evaluation of grip strength. In the
longitudinally examined patients, improvement of grip strength was significantly related to
an external criterion, the patients’ clinical-judgement-scores, and the standardised response
mean {SRM) scores for grip strength were equal to or higher than the proposed value of (.8
(31,32). However, these SRM values represent responsiveness within a group of patients. It
is not clear whether substantial discriminative responsiveness scores will be obtained for the
Vigorimeter when evaluating various groups of patients, e.g., in a trial setting comparing a
placebo versus a treated group (36).

Grip strength was also significantly associated with the arm disability values over time.
These findings imply that, although a simple function in itself, grip strength can be applied
as an index of arm functional recovery in patients with immune-mediated polyneuropathies.
Hence, grip strength provides information on impairment and indirectly at disability level of
outcorme.

In conclusion, reference values for grip strength using the bhand-held Vigorimeter are
presented in a large group of healthy participants. The walidity, reliability, and
responsiveness of this easily applicable instrument are demonstrated in patients with
immune-mediated polyneuropathies. The Vigorimeter is a suitable tool for monitoring
treatment efficacy and course of illness in these patients, primarily at the impairment level
and secondary as an indicator at the disability level of putcome.
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Spierzwakte door zenuwaandoeningen
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informatie over ziekteverloop

F.G.A. van der Meché, hoofd van de
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cen
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leiden tot zwakte van verschillende spieren. Het meten van
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meten, Het meten van de knijphkracht
gebewrt met behulp van cen rubber
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Abstract

Objectives: To determine the validity, reliability, and responsiveness of an overall disability
sumscore in immune-mediated polyneuropathies.

Methods: Three impairment measures (MRC sumscore, sensory sumscore, grip strength with
the Vigorimeter) and three disability scales (an overall disability sumscore [ODSS], Hughes’
functional grading scale [f-score], Rankin scale) were assessed in 113 clinically stable
patients (83 who experienced Guillain-Barré syndrome (GBS), 22 with chronic
inflammatory demyelinating polyneuropathy (CIDP), € patients with a gammopathy related
polyneuropathy). The ODSS was also utilised serially in twenty patients with recently
diagnosed GBS (n=7) or CIDP (n=13) and changing clinical conditions. The ODSS
comprises a functional description of arm and leg functions i a checklist form, suitable for
interviewing patients. The arm component addresses daily amm activities and the leg
component highlights problems regarding walking. The validity of the ODSS was examined
by correlation and regression studies with the other measures and its reliability was
investigated by calculating the inter-/intra-observer reliability. Its responsiveness was
analysed using the standardised-responsive-mean (SRM)} technique. Multiple regression
studies were performed to compare the impact of impairment disturbances (independent
variables) on the various disability scales separately (dependent variable).

Results: Good validity (stable group: Spearman’s Rank test: r=-0.45 to -0.74 and r=0.41 to
0.79; longitudinal group: Intraclass correlation coefficient: R=0.69-0.89; p<0.006 for all
associations) and reliability (R=0.90-0.95;p<0.0001) were demonstrated for the ODSS. The
SRM wvalues for the ODSS were high (>0.8), indicating good responsiveness. Impairment
measures accounted for a higher variance-proportion of the ODSS compared with the -
score and Rankin (R*=(.64 versus 0.56 and (.45, respectively).

Conclusion: All clinimetric requirernents were demonstrated for the overall (arm and leg)
disability sumscore in immune-mediated polyneuropathies. Also, this scale adequately
monitored impairment disturbances leading to disability. Its use is therefore suggested in the
evaluation of immune-mediated polyneuropathies.
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Intreduction

Clinical assessment in patients with Guillain-Barré syndrome (GBS), chronic inflammatory
demyelinating polyneuropathy (CIDP), and polyneuropathy associated with a monoclonal
gammopathy of undetermined significance (MGUSP) has been traditionally focused on
impairment and less frequently on disability (1,2). The most commonly used impairment
scales are motor scales based on the Medical Research Council (MRC) grading system and
different sensory outcome measures including various sensation modalities (3). Disability,
on the other hand, has been primarily evaluated using the (modified) Hughes’ functional
grading scale (f-score} and the (modified) Rankin scale (4-7). Regarding the f-score, its
clinimetric properties have been demonstrated in patients with GBS (7). Contrary, no formal
clinimetric evaluation of the Rankin scale has been performed in patients with
polyneuropathies. Despite the simplicity and obvious face validity, the clinical use of the
Hughes’ scale and Rankin scale is somewhat limited, since their emphasis is strongly
directed towards mobility, thus not providing information regarding the arms.

To date, only a limited number of papers have also evaluated specific arm disability entities
in patients with immune-mediated polyneuropathies (8-12). In a recent study, a disability
scale was applied in these conditions that described adequately functional disturbances of
the legs and arms (11). This overall disability sumscore (ODSS), as part of the Guy’s
neurclogical disability scale, demonstrated a significant correlation with the “INCAT”
sensory sumscore, hereby fulfilling its validity (11,13; see appendix I, page 210). However,
further clinimetric evaluation of the ODSS is required before its general use in patients with
immune-mediated polyneurcpathies (14). Prompted by these cbservations, we investigated
the validity, reliability, and responsiveness of the ODSS. Moreover, this scale was compared
with the f-score and Rankin scale to determine which of these disability measures would
have the strongest association with a group of impairment disturbances.

Patients and Methods

Patients

One hundred and thirteen patients (83 GBS, 22 CIDP, § MGUSP) with a stable clinical
condition were recruited from the Rotterdam immume-mediated polyneuropathy databank
and the Dutch GBS study group (stable group). Patients with GBS, CIDP or MGUSP were
recruited, since it was argued that these disorders represent parts of a continuum regarding
their neuromuscular dysfunction pattern (2). The selected patients still had residual
symptoms or signs due to their illness, representing a broad range of disability. Nine CIDP
patients required interval treatment ranging from weeks to months, with intravenous
immunoglobulin (IVIg). With this therapy their clinical condition has been stable for more
than 6 months. Six patients with MGUSP (three with IgG, two with IgM, and one patient
with JgG+igM) had a demyelinating polyneuropathy with minor concurrent axonal damage
in three. An axonal polyneuropathy was diagnosed in the remaining two patients with
MGUSP (one IgA and one IgG type).

Twenty consecutjve patients with recently diagnosed sensory-motor GBS (n = 7) or CIDP (n
= 13) and changing clinical conditions were enrolled to investigate the responsiveness of the
ODSS (longitudinal group). All GBS and CIDP patients met the international criteria for
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their illness (15,16). The diagnosis MGUSP was established after excluding all possible
causes for the gammopathy and polyneuropathy (17).

Assessment tools/scales

The MRC sumscore is a summation of the Medical Research Council grades (range: 0 - 5)
given in full numbers of the following muscle pairs: upper arm abductors, elbow flexors,
wrist extensors, hip flexors, knee extensors, and foot dorsal flexors (7). The MRC sumscore
ranges from 0 (“total paralysis™) to 60 (“normal strength™). Good validity and inter-observer
reliability were provided for this scale in patients with GBS (7).

The “INCAT” sensory sumscore was recently introduced and extensively evaluated in terms
of its clinimetric soundness in patients with immune-mediated polyneuropathies (11). In
brief, this sensory scale comprises pin-prick and vibration sense plus a two-point
discrimination value in the ams and legs and ranges from 0 (“normal sensation™) to 20
(“most severe sensory deficit™) (11).

The Vigorimeter (VM) (Martin, Tuttlingen, Germany) is a hand-held dynamometer to
measure grip strength (8). Good clinimetric properties were demonstrated in patients with
immune-mediated polyneuropathies (8).

The Overall Disability sumscore (ODSS) is composed by a recently published arm and leg
disability scale with a total score ranging from O (“no signs of disability”) to 12 (“most
severe disability score™) (11,13; see appendix II, page 210). The ODSS comprises a good
functional description of the arms and legs in a checklist form suitable for interviewing
patients. Daily arm activities like dressing upper part of the body, doing and undoing buttons
and zips, washing and brushing hair, using a knife and fork and turning a key in a lock are
scored as being “not affected”, “affected but not prevented” or “prevented”. Subsequently,
these results arc translated into an arm grade (score range: 0 [normal arm abilities] to 5
[severe symptoms and signs in both arms preventing all purposeful movements]). The leg
scale highlights problems regarding walking taking into account the use of a device. The
results are also translated into a leg grade (score range: 0 [walking is not affected] to 7
[restricted to wheelchair or bed most of the day, preventing all purposeful movements of the
legs]) (13). The selected arm and leg disability scales are subsets of a more comprehensive
Guy’s neurological disability scale (13). Good clinimetric requirements have been recently
demonstrated for all components of the Guy’s scale in patients with multiple sclerosis (13).
The Modified Hughes’ functional grading scale {f~score) assesses the functional ability of
the patients with a strong emphasis on mobility (7). The f-score of the patients included in
this study ranged from 0 (no symptoms or signs) to 5 (requiring artificial ventilation for at
least part of the day) (7).

The Rankin scale has been primanly used in patients with stroke (6). The grades of this scale
range from: 0 (no symptoms at all) to 5 (severe disability, bedridden, incontinent, and
requiring constant nursing care and attention) (6). No formal clinimetric evaluation has been
performed in patients with immune-mediated polyneuropathies.

Test procedures

General aspects. All participants gave informed consent before the study. All measures were
obtained in a quiet and comfortably warm room at our outpatient clinic. The assessments
were performed in a random order. For the assessment of general strength, a standardised
joint and limb position as well as the point at which counter-force was administered was
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defined before the start of the study and taken at examination of each muscle group (page
205). Sensory modalities were examined in triplicate under the earlier prescribed standard
conditions with the patients lying in supine position (11). For the assessment of grip strength
with the VM, all patients were examined according to the standard conditions described
before (8,18).

The study took place between December 1998 and January 2000 and was performed on
behalf of the “Inflammatory Newropathy Cause And Treatment (INCAT) group”, a
collaborating force of European senior neurologists with special interest in neuro-
immunological illnesses.

Validity and Reliability. Validity of the ODSS scale was investigated by correlation and
regression studies with the other outcome measures. For the assessment of reliability and
construct validity of the selected scales in the stable group of 113 patients, two neurologists
and six experienced residents in neurology formed 28 different couples. Preceding the study,
all investigators received instructions in assessing the outcome measures. Twenty-seven
(“variable™) couples investigated a total of 68 patients (2-3 patients for each couple). The
“experienced” couple (IM+JS) examined the remaining 45 stable patients. The latter couple
was formed to examine the effect of training (and thus a possible increase in reliability)
when using the ODSS often.

The patients were examined on two different occasions at our outpatient clinic. During the
first visit the two members of an appointed pair performed their scores independently and
consecutively (usually within 2 hours) (inter-observer measures). Within 2-4 weeks, the
patient returned for a second visit and only one investigator of the earlier assigned pair
examined the patient again (intra-observer values) without having access to previous results.
The assessments sequence at entry and the examination at the second visit were equally
distributed among the members of an assigned couple. Eventually, each member of a couple
examined the approximately same number of patients, With the exception of the f-score, all
scales were assessed at each visit in all patients. For the validity and the regression model
studies, only the recruited scales’ values at one visit were used.

Responsiveness. Twenty consecutive patients were longitudinally examined by the same
clinician {(IM). The ODSS was assessed at study entry and at the weeks 2, 4, &, 12, 16, 21,
26, 32, 40, and 32 of follow-up with additional clinical investigations if necessary.

Statistics

Validity and Reliabilify. In the stable group, correlation between ODSS and the other
outcome measures was analysed using Spearman’s Rank correlation test. Also, random
effects lincar regression analyses were performed of the ODSS on the other scales in the
longitudinal group, taking into account the association of the data caused by the longitudinal
structure. The latter was achieved using the program “xtreg” in STATA 6.0 (StataCorp.
1997. Stata Statistical Software: Release 6.0. College Station, TX), which is based upon a
cross-sectional time-series regression model as described by Dwyer and Feinleib (19). The
inter- and intra-rater reliability of the ODSS was quantified by estimation of the intraclass
correlation coefficient using a one-way random effects analysis-of-variance model for the
two investigator (“experienced” and *variable™) groups.

Responsiveness. Responsiveness was investigated by calculating the standardised response
mean (SRM) scores for the ODSS at various arbitrarily chosen occasions during follow-up
(weeks 12, 26, 40, 52) (20). SRM is equal to the mean change in score divided by the
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standard deviation of the change in score (SRM = Wi - uo/SD(Ui - uo); Wi = mean ODSS
value of the longitudinally examined group at week = i; o = mean ODSS value at week =0
[entry]) {20). A value between 0.5 and 0.8 is considered moderate, and 0.8 or greater as high
responsiveness (20,21). All analyses were performed using Stata 6.0 for Windows 95, A
value of p < 0.05 was considered statistically significant.

Comparative study. In the stable group, uni~- and multivariate linear regression analyses were
performed to determine which disability measure (ODSS, f-score, or Rankin scale;
dependent varable) had the strongest association with a group of impairment measures
(MRC sumscore, “INCAT” Sensory sumscore, Grip strength by the Vigorimeter;
independent group). If necessary, a transformation of the dependent variable (for example by
logarithmic conversion) was performed to obtain a normal distribution. Univariate
regression studies were primarily performed, striving for the best fit between the dependent
and independent variable. This was achieved through systematic evaluation of constructed
graphs with linear regression studies that included a restricted cubic spline function on the
independent variable (22). Subsequently, multivariate linear regression analyses were
performed, with a backward stepwise eliminating strategy to construct the final models.

Only the results that included the right hand grip strength values will be presented, since
these findings turn out to be similar to the regressions that incorporated the left hand values.

Table 1

Basic characteristics of patients with immune-mediated polyneuropathies
Stable group of patients (n = 113; GBS 83, CIDP 22, MGUSF 8)

Median age at start of the study (range) [years] 56 (14 ~ 84)
Median MRC sumscore {score range: { — 60} 54 (18 -60)
Median "/NCAT™ Sensory sumscore (score mnge: 0 — 20) 3(0-18)
Median grip strength values with the Vigorimeter {score range: 0 — 160 kPz)
Right hands 65 (0 — 158}
Left hands 62 (0 — 160}
Median Overall Disability sumscore (seore range: 0 — 12)
At entry 40-11)
Second visit 4{0-12)
Third visit 30-12)
Median f-scere (score range: 0 - 5) 2(l-4)
Median Rankin scors (score range: 0~ 5) 2(0-4)
Longitudinal group of patients (n = 20; GBS 7, CIDP 13)
Median age at start of the study (range) [years] 54{15-170)
Median Overall Disability sumscore (seore range: 0 - 12)
At entry S5(3-11)
At 12 weeks of follow-ap 3{0-10.5)
At 26 weeks of follow-up 2.5(0-9.5
At 40 weeks of follow-up 2(0-9
At 52 weeks of followsup 2(0-9
Legend to Table 1

GBS = Guillain-Barré syndrome; CIDP = chronic inflarnmatory demyelinating polyneuropathy; MGUSP =
polyneuropathy associated with a monoclonal gammopathy of undetermined significance. INCAT =
inflammatory neuropathy canse and treatment group.

Results

General aspects. All eight examiners who investigated the patients concluded that the
selected ODSS was easily applicable and required less than two minutes for completion. The
stable group of patients (54 females and 59 males) had a median duration of symptoms till
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onset of the study of 5.1 vears. Seven of these patients were bed-bound and fourteen
required assistance or a device to walk short distances. The remaining 92 patients could
walk independently. The corresponding median values and ranges for all scales in these
patients are presented in table 1.

Validity, inter- and intra-observer Reliability. The correlation studies between the ODSS
and other scales and reliability values of the ODSS in the stable group of patients are
presented in Table 2. Significant validity and good reliability were demonstrated for the
ODSS by the “experienced” and “variable” couples of investigators (Table 2). In the
longitudinal group, significant associations were also obtained between the ODSS and other
measures (ODSS versus MRC sumscore: Random effects analysis-of-variance, R=0.89;
versus Sensory sumscore: R=0.74; versus grip strength: R=0.72 [right hands] and R=0.69
[left bands]; versus f-score: R=0.86; versus Rankin: R=0.88; p<0.0001 for all associations).

Table 2

Validity and reliability analyses of the Overall disability sumscore (ODS8) in a stable group of
patients with immune-mediated polyneuropathies (n=113)

“Experienced"” couple of examiners “Variable™ couples of examiners
(couple number 13 45 patients) (couples numnber 2-28; 68 paticnts)
Validity Spearman rank correlation p-value Spearman rank correlation p-value
coefficient (r) coefficient (r)
Overall Disability sumscore versus
MRC sumscore -0.45 0.002 -0.71 <0.0001
“INCAT™ sensory sumscore 0.41 0.006 0.56 <0,0001
Grip strengh by the Vigorimeter
Right hands -0.54 0.0002 -0.7¢ <0.0001
Left hands -0.53 0.0002 -0.74 <0,0901
Fescore 0.78 <0.0001 0.74 <0.0001
Rarkin 0.78 <0.0001 0.79 <0001
Reliability Intraclass correlation cocfficient (R) p-value Intraclass correlation coctficient (R) p-value
Overall Disability sumscore
Inter-chserver agreements 0.95 <0.0001 0.90 <0.0001
Intra-observer agreements 0.95 <0.0001 0.93 =0.0001

Responsiveness. Eight females and twelve males were examined longitudinally, At study
entry, four patients were bed-bound, one requiring artificial ventilation, and nine patients
were unable to walk independently. All patients experienced general loss of strength,
sensory disturbances, and deficit in daily functional activities. Two hundred and one visits
were completed during a follow-up period of 40 to 58 (median: 52) weeks. Nineteen patients
completed a one-year follow-up. With the exception of one GBS patient who only
experienced mild symptoms, all patients received initial treatment with IVIg (0.4
grams/kilogram body weight/day for 5 consecutive days). All but one patient with CIDP
showed good functional improvement on IVIg during follow-up. The non-responder
received a treatment course of oral prednisone and also demonstrated improvement. The
GBS patients did not show any deterioration during follow-up and irnproved gradually over
time. After initial improvement, all 12 IVIg responsive CIDP patients needed interval
therapy with IVIg (1-2 days 0.4 grams/kg/day; intervals: 3 - 21 weeks) to maintain earlier
achieved improvement. Eventually, all patients demonstrated during follow-up a general
decrement in impairments and improvement of functional abilities. Improvement in the
longitudinal group resulted in a general reduction in the ODSS values (indicating
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improvement) {median values: 3, 2.5, 2, 2 at weeks 12, 26, 40, and 52, respectively)
compared with the median entry value of 5 (Wilcoxon signed-rank test: p<0.0008 for all
comparisons). Good SRM scores were obtained for the ODSS in these patients (SRM
values: 1.2, 1.5, 1.4, and 1.4 at weeks 12, 26, 40, and 52, respectively).

Comparative study. The MRC sumscore was the strongest predictor of disability compared
with the grip strength (Vigorimeter) and sensory sumscore (univariate linear regression
analyses; on ODSS: MRC sumscore, R>=0.45; grip strength, R*>=0.40; sensory sumscore,
R*=0.21; regressions on the f-score: MRC sumscore, R>=0.43; grip strength, R*=(.34;
sensory sumscore, R*=0.16; regressions on the Rankin: MRC sumscore, R?=(0.34; grip
strength, R*=0.24; sensory sumscore, R*=0.14). Overall, a higher proportion of variance in
disability, explained by the impairment measures, was captured by the ODSS compared with
the f-score and Rankin (Figure).

Figure

Patients’ level of disability explained by impairment variables (MRC sumscore,
Vigorimeter, Sensory sumscore) in immune-mediated polyneuropathies
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Legend to Figure

In the stable group (n=113), multivariate regression anslyses were performed of the disability scales
separately (overall disability sumscore [ODSS], Hughes” functional grading scale [f-score], or Rankin scale;
dependent variable) on the group of impairment measures (MRC sumscore, “/NCAT” Sensory sumscore, and
grip strength by the Vigorimeter; independent group). The “Predicted values” were obtained from these
regressions. Only the results that included the right hand grip strength values were presented, since these
findings turn out te be similar to the regressions that incorporated the left hand values.

Discussion

In the current study, the clinimetric requirements like being easily applicable, valid, reliable,
and responsive to clinical changes over time are demonstrated for the overall disability scale
{ODSS) in patients with immune-mediated sensory-motor polyneuropathies (14). As stated
earlier, this scale highlights not only problems regarding walking, but also addresses daily
arm activities. In these conditions, its concept is therefore more comprehensive than the
widely used Hughes® functional grading scale (fiscore) and Rankin scale, who are mainly
directed towards mobility, not providing information on the arms (4,6). Also, general loss of
strength and sensory deficit leading to disability was better monitored by the ODSS
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compared with the f-score and Rankin scale. Hence, the preference use of the ODSS is
suggested for evaluation of outcome at the disability level in these conditions.

The impairment variables explained two third of the disability, as registered by the ODSS.
This finding implicates that other clinical impairment variables should be considered in
future studies as possible contributors to disability. Variables like general fatigue and
depression have been advocated as important events in patients with immune-mediated
polyneurcpathies that may lead to functional deficit (23-25). Lennon and associates reported
six reasons for persistent disability in patients with Guillain-Barré syndrome (25). These
were: muscle weakness, sensory dysfunction, contractures, fatigue, other medical conditions,
and psychological factors like anxiety, depression, and motivation {25).

In the current study, weakness, as measured with the MRC sumscore, was the most
important independent explanatory factor of the patients’ level of disability. This finding is
consistent with a recent paper, addressing outcorne in various forms of polyneuropathy (26).
With respect to the aims of the current study, some methodological issues should be
addressed. First, the obtained SRM scores for the ODSS only demonstrated within-group
responsiveness. It is not clear whether substantial discriminative responsiveness scores will
be obtained for the ODSS when evaluating various groups of patients, e.g. in a trial setting
comparing a placebo versus a treated group (27). Second, uni- and multivariate linear
regression analyses of the f-score and Rankin scale were performed, despite the fact that
these outcome measures are ordinal constructed. An ordinal logit estimation model, as
described by the program “ologit” in Stata 6.0, was also applied on these ordinal variables,
but since the description of these analyses were rather complex and the results quite similar
to the linear regression studies, we decided to present the data as such to strive for clarity.

In conclusion, the simplicity, validity, reliability, and responsiveness are demonstrated for
the overall (arm plus leg) disability sumscore in patients with immune-mediated
polyneuropathies. Also, impairment leading to disability was better monitored by the overall
disability sumscore compared with other tested disability measures. Hence, the use of the
overall disability sumscore is suggested for monitoring outcome at the disability level in
mmmune-mediated polyneuropathies.
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Abstract

Objectives: The effect of Interferon-Bla (Rebif®) was studied in patients with chronic motor
neuropathies not improving after conventional treatments like immunoglobulins, steroids,
cyclophosphamide or plasma exchange.

Methods: A prospective open study was performed with duration of 6 to 12 months. Three
patients with a multifocal motor neuropathy and one patient with a pure motor form of chronic
inflammatory demyelinating polyneuropathy were enrolled. Three patients had anti-GM1
antibodies. Treatment consisted of subcutaneous injections of Rebif (6 MIL), three times a
week, Primary outcome was assessed at the disability level using the Nine-hole peg, the Ten-
metre walking test, and the modified Rankin scale. Secondary outcome was measured at the
impairment level using a slightly modified MRC Sumscore.

Resuits: All patients showed a significant improvement on the modified MRC sumscore. The
time required to walk 10 meters and to fulfil the Nine-hole peg test was also significantly
reduced in the first three months in most patients. However, the translation of these results to
functional improvement on the modified Rankin scale was only seen in two patients. There
were no severe adverse events. Motor conduction blocks were partially restored in one patient
only. Anti-GM] antibody titres did not change.

Conclusion: These findings indicate that severely affected patients with chronic motor
neuropathies not responding to conventional therapies may improve when treated with
interferon-Bia. From this study it is suggested that interferon-fla should be administered in
patients with chronic motor neuropathies for a period up to 3 months before deciding to cease
treatment. A controlled trial is necessary to confirm these findings.
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Introduction

Multifocal motor neuropathy is a chronic immune-mediated demyelinating neurepathy (1,2).
Patients with multifocal motor neuropathy mostly have a stepwise progression of
asymmetrical muscle weakness and amyotrophy localised in the anatomical distribution
areas of peripheral nerves. Sensory symptoms are generally not present. The
electrophysiological hallmark of multifocal motor neuropathy is persistent conduction block.
Most patients with multifocal motor neuropathy have high titre antibodies against the
ganglioside GM1 (1,2). Clinically, multifocal motor newropathy is also described as an
asymmetrical pure motor variant of chronic inflammatory demyelinating polyneuropathy
with multifocal motor conduction blocks. Especially, during the evolution of multifocal
motor neurcpathy the multifocal character may gradually evolve in a more or less
symmetrical pattern, clinically resembling the motor form of chronic inflammatory
demyelinating polyneuropathy. Pathological studies have also linked multifocal motor
neuropathy to chrenic inflammatory demyelinating polyneuropathy (3.,4).

The first line of treatment of patients with multifocal motor neuropathy constitutes high
dosage of intravenous immunoglobulines (TVIg) (5,6). Initial reports suggested benefit from
treatment with cyclophosphamide (1,7). However, not all patients do improve after these
treatments. At least in the group of non-responders, there is a need for new treatment
modalities. Such a new treatment might be interferon-fla (IFN-B1a).

The main objective of this study was to investigate whether treatment with IFN-Bla results
firstly in improvement at the level of disability and secondary at the impairment level in
severely affected patients with chronic motor neuropathies not improving after conventional
therapies such as IVIg, cyclophosphamide, steroids, or plasma exchange. Additionally, the
influence of IFN-fla on neurophysiological findings and anti-GM1 antibody titres was
investigated.

Patients and methods

Patients’ characteristics (table) and therapy

Four patients entered this prospective open study. Three patients were diagnosed as having
multifocal motor neuropathy based on the clinical and electrophysiological characteristics
for multifocal motor neuropathy (2). The fourth patient had a chronic symmetrical pure
motor neuropathy with rapidly evolving symptoms at onset in the lower limbs. This patient,
met the clinical, electrophysiological, and CSF criteria for the diagnosis chronic
inflammatory demyelinating polyneuropathy (8). Immunofixation in this patient, however,
showed an IgM-lambda and an lgG-kappa monoclonal gammopathy. Extended
haematological investigation showed no other abnormalities.

Two patients with multifocal motor neuropathy and the patient with chronic inflammatory
demyelinating polyneuropathy had IgM anti-GM1 antibodies. Anti-MAG (myelin associated
glycoprotein) antibedies were absent in the patient with chronic inflammatory demyelinating
polyneuropathy. The duration of the symptoms ranged from 7 to 9 years before the start of
Interferon-Bla treatment. All patients developed marked amyotrophy and their ambulation
also decreased gradually during the disease period. At entry to this study, one patient was
almost always wheelchair dependent and two patients needed a walking stick and ankle
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Table
Clinical data before onset of treatment with Interferon-B1a (Rebif)

Patient Age/ Diagnoesis  Onset of Initially affected  Duration Previous treatments Anti-GM1
Gender SYInpioms Motor nerves of iliness antibodics

1 39M MMN UL/DVA L Radial/T Ulnar 9 years Wigi/Cyciophos (2x) */Predn’ +
R Radiaf Cyclophos™+Predn’/TVIg +Mpreds®  (1:12.500)

2 6O/F MMN UL/D/A R Median/L Ulnar § yoars Vg (3x) ! -

3 S3/F MMN UL/D/A L Ulnar 7 years VI (2x)'/ 1VIg'+ Mpredn® +

(1:200)

4 34/M CIDP LL/D>P/S  L4R Posteriortibizl  $ycars  [VIg (3x)/IVIg'+Mpredn'/Predn’/PE® -+

and Peroncal Cyclophos™+Predn’/Cyelophos™ (1:12.800)

Legends to Table

M=male; F=female; MMN=multifocal motor neuropathy: CIDP=chronic inflammatory demyelinating
polyneuropathy; UL=upper limb; LL=lower limb; D=distal; P=proximal; A=asymmetrical; S=symmetrical;
L=left; R=right; IVIg=intravenous immuneglobulin: Cyclophos=cyclophosphamide;
(M)Predn=(Methyl)prednisolone; PE=plasma exchange; =0.4g/kg body weight/day for 5 days: *=0.5g/day
intravenous for 14 days; “°=0.15g/day orally for half a year; *=monthly 0.5g/day orally for 4 days, for half a
year; *=60-80mg/day orally for 6 weeks, thereafter tapering 1o zero in half a year; *=0.5g/day for 5 days; *=2
exchange sessions (each 2.5 litres plasma)y/week for 5 consecutive weeks.

orthesis at both sites to cover short distances and a wheelchair for longer distances. Patient
number 3 did not experience many problems when walking very short distances, but she
noticed that her legs gave way after walking for 5 to 10 minutes. Her walking endurance was
also deteriorating and she could walk outdoors for only 15 minutes. The patients received
different types of therapy during the course of their illness, but despite these treatment
efforts none showed clinical improvement. The study was approved by the medical ethical
committee of our hospital and took place between February 1996 and September 1997. All
patients gave informed consent. No immunosuppressive drugs were administered within the
3 months prior to the study. IFN-Bla (Rebif*; Serono Benelux) was self-administered at a
dosage of 6 million IU, three times a week for half a year and then, if clinical improvement
was found (defined as at least ome point improvement on the modified Rankin), the
treatment was continued for an additional period of six months. To minimise the chance of
adverse events a lower dose of 1.2 MIU Rebif was administered during the first week and
3.0 MIU during the second week. Thereafter the full dosage was given. Acetaminophen
(500-1000 mg/day) was administered prophylactically during the first 6 weeks of treatment
to ameliorate known constitutional symptoms of IFN-f1a.

Climcal assessment

Primary outcome was assessed at the disability level using the Nine-hole peg test, the Ten-
metre walking test, and the modified Rankin scale (9-11). All patients received training in
fulfilling the Nine-hole peg test before the start of the study to exclude any training effect.
Secondary outcome was measured at the impairment level using the MRC sumscore, which
was slightly modified (12). The following muscle pairs were examined: upper arm
abduectors, elbow flexors, wrist extensors, interosseus muscles, hip flexors, knee extensors,
foot plantar flexors and foot dorsal flexors (score range: 0-80). All tests were assessed under
pre-defined standard conditions. The scales were applied at entry and once a week in weeks
2, 4,6, 8,10, 12, 16, 21, 26 in all patients, three months after stopping IFN-B1a in two
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patients and in weeks 32, 42, and 52 in the other two patients. Two investigators (IM/PD)
did the follow-up assessments, each examining two patients. All measurements were
compared with the baseline findings for each patient. Adverse events were recorded.

Additional investigations

Routine physical examination and laboratory studies, including enzyme linked
immunosorbent assay (Elisa) tests for antibodies against the ganglioside GM1 were
performed within two weeks before the start of the study and subsequently five times during
treatment period (13). Electromyography was performed under standard conditions using
supramaximal stimulation by the same examiner (JM) within two weeks before day 1, and
consecutively 3 to 5 times during therapy time. Nerve conduction velocities and compound
muscle action potential (CMAPs) were examined in eight motor nerves (four of the upper
and four of the lower limbs). The examination always included the affected nerve(s)
resulting in impairment.

Statistical analysis

Conventional linear and linear spline (piecewise method) regression analyses were used to
evaluate the obtained serial data for the Nine-hole peg and the Ten-metre walking test (14).
The knots of the linear spline functions were taken at week 12 of treatment, based on the
clinical picture that was observed. This will be further discussed. All analyses were
performed using Stata 5.0 for Windows 95 (Stata Statistical Software: Release 5.0. 702
University Drive East, College station, TX: Stata Corporation 1997). A p-value < 0.05 was
considered to be significant.

Results

After approximately 2 to 4 weeks of treatment the patients reported some improvement in
walking and their daily manual skills. A maximum improvement was reached around 3
months of therapy, with hereafter a stabilisation or only minimal clinical improvement. None
of the patients experienced deterioration during treatment.

Manual skills such as washing and brushing hair, dressing upper part of the body,
doing/undoing buttons and =zips, and opeming a jar or a bottle were more easily
accomplished. The time needed to fulfil the Nine-hole peg test by the most affected hand of
each patient was significantly reduced in all patients during the first 12 weeks of treatment
(figure 1). Improvement was also seen in the other less affected hands in the first 12 weeks,
but this was significant only in patient number 3 {p = 0.003).

Improvement in ambulation consisted of a more easily walking pattern in all patients. All
patients claimed to need less assistance of another person and used their aid(s) less then they
were used to. An ability to walk for a longer time was also experienced by two patients. The
time required to walk 10 meters was significantly reduced in three patients in the first 3
months (figure 2). Although ambulation improvement in patient number 3 was not
significant, her endurance improved considerably within the first 3 months of treatment as
she could walk for more than two hours in the woods. The Rankin score also changed
notably in this patient, from 3 to 1 around three months of therapy. Although the other 3
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Figure 1
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Legends to Figure 1
Most affected hand of each patient. Analysis performed using linear spline regression methods with the
knots of the linear spline functions taken at 12 weeks.

patients showed improvement at the level of impairment and disability, the Rankin score
only improved in patient number 2 (from 4—3). The Rankin score of the other two patients
remained 3. Based on these results, we decided to discontinue IFN-Bla in the patients 1 and
4 with unchanged Rankin score after 6 months. Patient number 4 remained stable at all
levels of measuring outcome during the next three months. Patient number 1 experienced
slight deterioration in strength, dexterity, and mobility, but his Rankin score remained
unchanged. The IFN-Bla treatment was continued for another 6 months in two patients
(number 2 and 3).

Conventional linear regression analysis demonstrated significant improvement in muscle
strength in all patients during the course of treatment (p < 0.001 for patients 1 to 3; p=0.04
for patient 4). The MRC sumscore increased from 40 to 53, 53 to 60, 69 to 73 and 49 to 57,
respectively in patients 1 to 4.

All patients had motor conduction blocks (MCBs), outside usual nerve compression sites in
various merves, ranging from 35% to 94%. Only the patient with chromic inflammatory
demyelinating polyneuropathy had a marked partial decrease of the motor conduction blocks
in the right ulnar (82%—37%), left ulnar (70%—24%), and left median nerve (94%—53%).
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Figure 2
Ten meters walking test
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Analysis performed using linear spline regression methods with the knots of the linear spline functions taken
at 12 weeks.

Motor nerve conduction velocities did not improve. Anti-GM1 antibody fitres did not
change. The recorded side effects of IFN-f1a were flu-like symptoms, fever, sweating, and
erythema at the injection sites. These disappeared gradually within 2 months. The drug was
well tolerated. Physical examination and routine blood and urine analysis remained normal.

Discussion

In this open prospective study, treatment with IFN-Bla (Rebif) induced clinical
improvement in the first 3 months of therapy in all 4 patients with severe chronic motor
neuropathies not improving after conventional therapies. All patients remained stable during
the follow-up treatment period. However, improvement on the modified Rankin was only
observed in two patients. A possible explanation for this finding is that the grading
definitions of the modified Rankin are very broad classifications of disability and therefore
rather insensitive to detect improvement as observed on the other scales used. A similar
finding was noted in a recent publication studying the effect of IVIg in chronic inflammatory
demyelinating polyneuropathy (15). Patient 3 seemed to be less profoundly affected than the
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other patients. She especially had less severe amyotrophy, which probably explains her
better score on the modified Rankin scale. The response to treatment, therefore, seems to be
correlated with the degree of being affected and the severity of amyotrophy.

Improvement after IFN-B1a was also recently observed by Choudhary et al. in 2 patient with
an 8-year history of a relapsing and remitting sensory-motor chronic inflammatory
demyelinating polyneuropathy, not responding to various conventional treatments (16). This
patient received 3 MIU of IFN-B1a, three times a week. Improvement began 2 weeks after
administration and, as in our patients a maximum was reached after 12 weeks, Other reports
have also shown a possible therapeutic effect of this group of regulatory cytokines in chronic
immune-mediated neuropathies (17-19). The present study provides some support for the
effectiveness of IFN-fla in patients with chronic immune-mediated neuropathies,
particularly in patients with multifocal motor neuropathy.

A poor correlation between clinical improvement and neurophysiological data, as seen in
this study, has also been reported by others (35,6,20). One of the possible explanations for
this discrepancy is fluctuation in temporal dispersion, which may result in alterations of the
form of the CMAPs (20). Another possible cause is that restored conduction blocks located
at the most proximal nerve segments may not be detected by neurophysiological studies.

The pathophysiologic mechanism of action of IFN-B in chronic immune-mediated
neuropathies is not known. Presently, the knowledge regarding its immunoleigeal effects is
mainly derived from studies on multiple sclerosis (21,22). IFN-B may counteract the effects
of TFN-gamma such as downregulation of major histocompatibility (MHC) class IT antigen
expression on neurcendothelial cells (21,22). This may be of importance since upregulation
of MHC class 1l molecules on endoneurial cells has been demonstrated in chronic
inflammatory demyelinating polyneuropathy (23). Other immunomodulating effects of IFN-
B that may be significant in multifocal motor neuropathy and chronic inflammatory
demyelinating polyneuropathy include enhancement of T-suppressor cell function, reduction
of T-cell activation and the production of IFN-gamma, downregulation of the production of
certain cytokines such as tumour necrosis factor alpha, and induction of the production and
secretion of interleukin-4 and interleukin-10 (21,22,24),

No severe adverse events were recorded and fortunately none of the patients deteriorated
during the administration of IFN-Bla. This suggests that IFN-Bla presumably can be
prescribed safely in patients with a chronic motor neuropathy. It is suggested, if patients
respond to treatment with IFN-Bla, that improvement generally starts after 2-4 weeks. If
there is no improvement after about 3 months, therapy should be discontinued.

In conclusion, our findings indicate that severely affected patients with chronic immune-
mediated motor neuropathies not responding to conventional treatments may show
improvement when treated with IFN-fla. A controlled trial is required to confirm these
findings.
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Abstract

Objectives: Development and clinimetric evaluation of a new handicap scale in immune-
mediated polyneuropathies.

Methods: The Rotterdam nine items handicap scale (RIHS9) was constructed based on
literature evaluation of potential items using the World Health Organisation Handicap scale
as a framework, suggestions and judgement by patients who suffered from Guillain-Barré
syndrome (GBS), chronic inflammatory demyelinating polyneuropathy (CIDP), or a
garmmopathy related peolyneuropathy (MGUSP), and clinical experience by a panel of
neurologists. Subsequently, the RIHSS and two other measures (Rankin scale, Hughes’
functional grading scale {f-score]) were assessed in 113 clinically stable patients (GBS 83,
CIDP 22, MGUSP 8). The RIHSS and Rankin scale were also utilised longitudinally in
twenty patients with recently diagnosed GBS (n=7) or CIDP (p=13) and changing clinical
condittons. The validity of the RITHS9 was examined in patients with various degrees of
disease severity (f-score subgroups) (discriminant ability) and by correlation studies with the
Rankin scale. The reliability of the RIHS9 was determined by calculating the inter-/intra-
observer agreements and its responsiveness was analysed using the standardised-responsive-
mean (SRM) technique.

Results: Good discriminatory abilities were obtained for the RIHSS. Patients with a worse
chnical state (higher f-score values) had significantly more handicap distwrbances (lower
RIHS9 values). Good correlation was found between the RIHS9 and Rankin scale (stable
group: Spearman’s Rank test: r=-0.76 to -0.78; longitudinal group: Intraclass correlation
coefficient: R=0.83; p<0.0001 for all assoctations). The RIHS9 demonstrated good
reliability (R=0.89-0.98; p<0.0001) and high responsiveness values (SRM>0.8). In contrast
with the Rankin scale, the RIHS9 provided not only information regarding mobility, but also
highlighted the dimensions physical independence, occupation, and social integration.
Conclusion: The Rotterdam nine items handicap scale is demenstrated to be simple, valid,
reliable, and responsive in patients with immune-mediated polyneuropathies. Its use is
therefore suggested for evaluating outcome at the handicap level in these conditions.
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Introduction

Defining and evaluating impairments and disabilities can be useful for diagnosis,
implementation of a specific therapy or rehabilitation intervention, and understanding how
illness has its impact on patients’ daily lives (1,2). It is therefore not surprising that patients
with Guillain-Barré syndrome (GBS), chronic inflammatory demyelinating polyneuropathy
(CIDP) or a polyneuropathy associated with a monoclonal gammopathy of undetermined
significance (MGUSP) have been traditionally investigated at the impairment and disability
levels of outcome (2,3). However, these disorders tend to have a long-term adverse impact
on patients’ lives and it was therefore argued that more emphasis should also be directed
towards the evaluation of patients” participation in social activities (4-7). Assessing outcome
according to the World Health Organisation (WHO) at the level of “handicap® (soon to be
renamed ‘participation’), as the ultimate goal of societal integration, would eventually
provide a more comprehensive view on the functionality of patients, since handicap
incorporates mobility, physical dependence, economic self-sufficiency, occupation, social
participation, and social norms (2,7). For people with impairments or disabilities, the
successful return to activities like travelling, fulfilling a job, performing a hobby, and
interacting with others in daily life could be seen as the biggest goal in the process of
recuperation. The WHQO defines handicap as a disadvantage for a given individual, resulting
from impairment or disability that limits or prevents the fulfilment of a role that is normal
(depending on age, sex and social and cultural factors) for the individual (2).

Surprisingly, to date only one study m patients with immune-mediated polyneuropathies
examined outcome at the handicap level (4). Several other papers exarnining these and other
forms of polyneuropathy have claimed the assessment of handicap using the {modified)
Rankin scale (8-12). However, the Rankin ‘handicap’ scale is a global functional index with
a strong emphasis on physical disability, in particular mobility, and is therefore not suitable
for assessing handicap, as defined by the WHO (2.13).

By reviewing the English literature, only a few instruments have been reported that purely
assess handicap {7,14-17). The advantages and in particular their shortcomings have been
recently highlighted (7). Also, none of these outcome measures have been evaluated in terms
of their psychometric soundness in patients with immune-mediated polyneuropathies
(18,19). The aim of our study was to construct a new handicap scale and to evaluate this
measure for its time to be completed, its validity, reliability, and responsiveness in patients
with immune-mediated polyneuropathies (18,19).

Methods

Phase I

International criteria for scale development.

International criteria for the development of outcome measures have been postulated and

were tecently thoroughly described by Streiner and Norman (18-21). These criteria are:

— Devising the items: literature search and critical review through key informant interviews
of potential items that might be relevant for the construction of an outcome measure, in
this case items that reflect handicap activities.



Clinimetric evaluation of the Rotterdam nine items handicap scale 109

— The constructed scale should be easily applicable, requiring a minimum time to be
completed (18,19);
— Also, it should be valid, reliable, and responsive to relevant changes over time (18,19).
By reviewing the literature, we recruited items that might plausibly be included in the new
handicap scale (2,14-16). The ICIDH taxonomy was used as a foundation (2). In particular,
the handicap dimensions “mobility”, “physical independence”, “occupation”, and “social
integration™ were considered, thereby avoiding overlap with impairment and disability areas
(2). Various items related to these dimensions were chosen taking into account the clinical
spectrumn of sensory-motor immune-mediated polyneuropathies (3). Efforts were made to
describe most items in a simplistic, non-ambiguous, way. Subsequently, an open telephone
interview was performed with twelve patients (GBS 9, CIDP 3) asking questions related to
handicap activities and checking whether the selected items were relevant to them. Also,
these items were mailed to a group of thirty-eight (GBS 25, CIDP 9, MGUSP 4) patients that
judged each selected item separately on its significance in measuring part of their social
activities. If needed, items were added to or excluded from the selected item-list. All patients
fulfilled these requests and the obtained information was examined and if necessary
incorporated to form the first draft of the Rotterdam Handicap scale.
In addition, this draft was thoroughly evaluated by a group of 13 senior neurologists, all
members of the Inflammatory Neuropathy Cause And Treatment (INCAT) group, a
collaborating force of European neurologists with special interest in neuro-immunological
illnesses. The clinical applicability and relevance of all selected items were analysed, based
on their personal experience and clinical view. Changes were made according to their
suggestions. To strive for clarity, the experts suggested a distinction between tasks or
activities that were fulfilled indoors or outdoors, because it was believed that these might
require different efforts from the patient. For example, leisure activities indoors (such as
“reading a newspaper, using telephone™) would most probably require different efforts from
the patient to accomplish compared with leisure activities outdoors (such as “going to
meetings, theatre, concert, etcetera”). Also, guidelines for specific patients’ related
circumstances were provided and eventually the final form of the Rotterdam 9 Items scale
(RIHSY) was presented for psychometric evaluation in immune-mediated polyneuropathies
{(see Appendix III, page 213-216).

Phase IT

Patients

One bundred and thirteen patients (83 GBS, 22 CIDP, 8 MGUSP) with a stable clinical
condition were recruited from the Rotterdam immune-mediated polyneuropathy databank
and the Dutch GBS study group (stable group). Patients with GBS, CIDP or MGUSP were
recruited, since it was argued that these disorders represent parts of a continuum regarding
their neuromuscular dysfunction pattern (3). The selected patients still had residual
symptoms or signs due to their illness, representing a broad range of disability. Nine CIDP
patients required interval treatment ranging from weeks to months, with intravenous
immunoglobulin (IVIg). With this therapy their clinical condition has been stable for more
than 6 months. Six patients with MGUSP (three with [gG, two with IgM, and one patient
with IgG+IgM) had an associated demyelinating polyneuropathy with minor concurrent
axonal damage in three. An axonal polyneuropathy was diagnosed in the remaining two
patients with MGUSP (one IgA and one IgG type).
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Twenty consecutive patients with recently diagnosed sensory-motor GBS (n= 7) or CIDP (n
= 13) and changing clinical conditions were enrolled to investigate the responsiveness of the
RIHS? {(Jongitudinal group). All GBS and CIDP patients met the international criteria for
their illness (22,23). The diagnosis MGUSP was established after excluding all possible
causes for the gammopathy and polyneuropathy (24).

Assessment tools/scales description

The Rotterdam 9 Items handicap scale (RIHS9) comprises 9 inquiries with answers ranging
from 1 (“unable to fulfil tasks/activities™) to 4 (“complete fulfilment of tasks/activities™).
Since not all items are necessarily applicable to all patients, an answer “0” (“not applicable™)
was added to the nine inquiries. To avoid the formation of various subgroups of patients
with different amounts of applicable items (for example: a subgroup with 9 applicable items
[raw score-range: 9-36], another with § [raw score-range: 8-32], etcetera), all initial raw
scores were multiplied by 9/(%-number of not applicable items). Hence, the final RIHS9
score-range was independent of the amount of applicable items and extended from 9
(“‘unable to fulfil any applicable task or activity™) to 36 (“‘able to fulfil all applicable tasks or
activities™).

The Modified Hughes’ functional grading scale (f-score) assesses the functional ability of
patients with a strong emphasis on mobility (25). The f-score of the patients included in this
study ranged from 0 to 5. An f-score of 0 indicates normal health (no symptoms or signs); 1,
denotes having minor neurclogical symptoms or signs and able to run; 2, able to walk at
least 10 meters, but unable to run; 3, able to walk 10 meters with a walker or support; 4,
bedridden or chair bound (unable to walk 10 meters with a walker or support); 5, requiring
artificial ventilation for at least part of the day (25). Good psychometric requirements were
fulfilled for this scale (25).

The Rankin scale has been primarily used in patients with stroke (8). The grades of this scale
range from 0 to 5. A Rankin score 0 indicates no symptoms at all; 1, no significant disability
despite symptoms: able to carry out all usnal duties and activities; 2, slight disability: unable
to carry out all previous activities but able to look after own affairs without assistance; 3,
moderate disability: requiring some help, but able to walk without assistance; 4, moderately
severe disability: unable to walk without assistance or unable to attend to own bodily needs
without assistance; and 5, severe disability: bedridden, incontinent, and requiring constant
nursing care and attention (8). No formal psychometric evaluation has been performed in
patients with immune-mediated polyneuropathies.

Psychometric test procedures

General aspects. All participants gave informed consent before the study. All measures were
obtained in a quiet and comfortably warm room at our outpatient clinic. The assessments
were performed in a random order. The time to complete the RIHSY was recorded at each
assessment (in seconds). The study took place between December 1998 and January 2000
and was performed on behalf of the INCAT group™.

Validity and Reliability. Vartous aspects of validity were evaluated for the RTHS9 (18,19).
“Validity by assumption” {(i.e., face and content validity) was obtained for this scale, by
reviewing and judging all aspects of the RIHSS by the INCAT expert panel of neurologists
(18,19). The discriminant validity of the RTHSY was investigated by examining various
subgroups of stable patients with different degrees of clinical state. The f-score was used to
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form the various subgroups (25). In particular, we examined whether there would be a
difference in handicap, as assessed by the RIHS9, when comparing patients who could walk
independently (f-score < 2) versus those who required help or were bed or chair bound (f-
score > 2). Also, the correlation between the RIHS9 and Rankin scale was evaluated in both
stable and longitudinal groups of patients.

For the assessment of reliability in the stable group of 113 patients, two neurologists and six
experienced residents in neurology formed 28 different couples. Preceding the study, all
investigators received instructions in assessing the RIHS9. Twenty-seven (“variable’™)
couples investigated a total of 68 patients (2-3 patients for each couple). The remaining 45
stable patients were examined by the “experienced” couple (IM+IS). The latter couple was
formed to examine the effect of training (and thus a possible increase in reliability) when
using the RIHSY often.

The patients were examined on two different occasions at our outpatient clinic. During the
first visit the two members of an appointed pair performed their scores independently and
consecutively (usually within 2 hours) (inter-observer measures). Within 2-4 weeks, the
patient returned for a second visit and only one investigator of the earlier assigned pair
examined the patient again (intra-observer values) without having access to previous results,
The asscssments sequence at entry and the examination at the second visit were equally
distributed among the members of an assigned couple. Eventually, each member of a couple
examined approximately the same nuwmber of patients. With exception of the f~score, the
RIHS9 and Rankin scale were assessed at each visit in all patients. For the validity studies,
only the recruited scales’ values at one visit were used.

Responsiveness. Twenty consecutive patients were longitudinally examined by the same
clinician (IM). The RIHS9 and Rankin scale were assessed at study entry and at the weeks 2,
4,8, 12, 16, 21, 26, 32, 40, and 52 of follow-up with additional clinical investigations if
nECessary.

Statistics

Validity and Reliability. In the stable group, the discriminant validity of the RIHS9 was
investigated by quantile regression analyses on the f-score patients’ subgroups (f-score = 1
to fuscore = 4) (26). The median RIHS9 scores in these subgroups were compared, using
design variables (0 to 1) representing each subgroup. The design variables were defined in
an appropriate manner, making it possible to test (by the likelihood ratio test) the hypothesis
that the median RIHSY values were different for all fescore subgroups and decreased with
increasing f-score values, Box plots, with the upper and lower adjacent values defined
according to Tukey, were applied to visualise these observations (also see legend to Figure
for explanation of the various components of a box plot) (27). Also, differences in median
RIHS?Y values and at the single-item level of this scale were investigated in patients who
could walk independently (f-score < 2) versus those being dependent or unable to walk (f-
score > 2) (Mann-Whitmey U test).

In the stable group, the correlation between the RIHS9 and Rankin scale was examined
using Spearman’s Rank correlation test. Also, random effects linear regression analyses
were performed of the RIHSY on the Rankin scale in the longitudinal group, taking into
account the association of the data caused by the longitudinal structure. The latter was
achieved using the program “xtreg” in STATA 6.0 (StataCorp. 1997. Stata Statistical
Software: Release 6.0. College Station, TX), which is based upon a cross-sectional time-
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series regression model as described by Dwyer and Feinleib (28). The inter- and intra-rater
reliability of the RIHSY was quantified by estimation of the intraclass correlation coefficient
using a one-way random effects analysis-of-variance model (Anova) for the two investigator
(“experienced” and “variable™) groups.

Responsiveness. Responsiveness was investigated by calculating the standardised response
mean (SRM) scores for the RIHS9 at various arbitrarily chosen occasions during follow-up
(weeks 12, 26, 40, 52) (29). SRM is equal to the mean change in score divided by the
standard deviation of the change in score (29). A value between 0.5 and 0.8 is considered
moderate, and 0.8 or greater as high responsiveness (29,30). All analyses were performed
using Stata 6.0 for Windows 95. A value of p < 0.05 was considered statistically significant.

Tabie 1

Basic characteristics of patients with immune-mediated polyneuropathies
Stable group of patients (n=113; GBS 83, CIDP 22, MGUSP &

Median age at start of the study (range) Tycars] 56 (14 - 84)
Median Rotterdam § Itemns Handicap scale (score range: 9 — 36}

At entry 315 {14 - 36)

Second visit 3L5(13-36)

Third visit 3L5(16-36)
Median Rankin score at entry (score range: 0 — 5) 2(0-4)
Hughes® functional grading scale at entry (score range: 1 - 4)

1 51 (45%)

2 41 (36%)

3 14 (129%)

4 7 (6%)
Longitadinal group of patients (n = 20; GBS 7, CIDP 13}
Median age at start of the study {fange) [years] 54 (15710

Legend to Table 1

GBS = Guillain-Barré syndrome; CIDP = chronic inflarnmatory demyelinating pelyneuropathy; MGUSP =
polyneuropathy associated with a monoclonal gammopathy of undetermined significance. INCAT =
inflammatory neuropathy cause and treatment group.

Resuits

General aspects. The whole effort of literature review, recruitment of potential items,
mterviews and judgements by the patients of the selected items, and evaluation by an expect
panel of neurologists, was accomplished in approximately six months with the Rotterdam 9
Items Handicap Scale (RIHSY) as the final outcome (see Appendix I, page 213-216).
Subsequently, the RIHS9 was psychometrically evalnated in the selected patients in the
current study. A median time of 3.5 (range: 0.5 to 11.5) minutes was needed to complete the
RIHSS9.

The basic characteristics of the patients selected for the psychometric study of the RIHSO are
presented in Table 1. The stable group of patients (54 females and 59 males) had a median
duration of symptoms till onset of the study of 5.1 years. Seven of these patients were
bed/chair bound and fourteen required assistance or a device to walk short distances. The
remaining 92 patients could walk independently. The corresponding values and ranges for
the scales in these patients are presented in Table 1.
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Validity, inter- and intra-observer Reliability. By the likelihood ratio test, it was
demonstrated that the median RIHS9 values were different between all subgroups (Figure
A). This test also revealed that the subgroup f-score=1 had a higher median RIHS9 value
compared with the other subgroups (Figure A; f-score=1: 34; f=score=2: 30; f-score=3: 23;
f-score=4: 19; quantile regression analyses combined with likelihood ratio test: p < 0.0001
for all comparisons). The median RIHSS value in the independent ambulatory subgroup of
patients (f-score < 2) was significantly higher than the median value for dependent subgroup
{(f-score 3 & 4) (Figure B; independent ambulatory: median RIHSS value 33; dependent:
22.5; Mann Whitney U test: p < 0.0001). This difference was also reflected in all item-level

Figure

Rotterdam 9 Items handicap scale scores (RIHS9) in stable patients with
immune-mediated polyneuropathies with various levels of clinical state

RUISY values

A
9 -
f-score=1 T-score=2 fscore=3  f-Rcore=d Independent ambulatory Dependent ambulatery or
n=51 =41 n=14 =7 T-s¢orey=183 unable to walk

n=92 fscores=384
=21

Legend to Figure

Box plots demonstrating the obtained Rotterdam 9 items handicap scale (RIHS9) scores in the various
subgroups of patients with different degrees of disease severity (A: based on the f-scores] to 4; B: based on
independent ambulatory [f-score < 2] versus dependent ambulatory/unable to walk subgroups [f-score > 2]).
As noted in Figure A: The median RIHSS values decreased significantly with increasing f~score (worse
clinical state) (Likelthood Ratio-test combined with quantile regression analysis: p < 0.0001 for all
comparisons). The independent ambulatory subgroup of patients dernonstrated a higher median RIHS9 score
compared with the dependent ambulatory/not able to walk subgroup (Mann Whitmey U test: p < 0.0001).

comparisons (Table 2). At all item levels, the dependent ambulatory subgroup of stable
patients (f-score > 2) had significantly lower values (indicating more handicap) compared
with the independent ambulatory patients (Mann-Whitney U test: p < 0.04 for all
COmparisons).

In the stable group, 24% of the patients returned to their previous full-time job or study
(item “being able to work or to study”). In the longitudinally examined patients, 20% of the
patients were able at entry to fulfil their previous work or study as before. At one-year
follow-up, this number increased to 60%.

In the stable group of patients, a significant correlation was seen between the RIHS9 and the
Rankin scale (Spearman’s Rank correlation test, for the “experienced” couple: r = -0.78; for
the “variable” couples: r=-0.76; p < 0.0001 for both correlations). A good correlation was
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Table 2

Single-item comparisons in a group of stable patients with immune-mediated polyneuropathies and
various degrees of clinical state

Rotterdam 9 Iterns handicap scale Independent ambulatory subgroup  Needing support to waltk/unable to walk subgroup
(f-score < 2) {f-score > 2)
(n=92% n=21}*
Percentape of patients with maximurn Percentage of patients with maximum

Jrems score (%) score (Yo}
Mobility indoors 92/92 (100) 2021 (35)
Mobility outdoors 81/92 (88) 4/20 20)
Kitchen tasks 68/89 (76) 3/16 (19)
Domestic tasks indoors 59/86 (69) 0712 (0)
Domestic tasks outdoors 50/90 (56) 1/18 (6)
Letsure activities indoors 70/92 (76) 1221 (57
Leisure activities outdoors 39/90 (43) 0/19 (4
Able to drive a car-po by bus-ride a bicycle 68/92 (74} 0/20 (0
Able 10 work or study 17/59 (29} [VARE(S]
Legend to Table 2

Maximuzm score = able to fulfil all tasks or activities related to the question asked. For the description of the
items: see appendix III, pages 213-216; * implies that not all items were necessarily applicable to all
patients. Therefore, the amount of patients per each item could vary.

also obtained between these scales in the longitudinally examined patients (“xtreg™: R =
0.83; p < 0.0001). Good reliability values were demonstrated for the RIHSS (Anova,
“experienced” couple: inter-observer: R=0.89; intra-observer: R = 0.93; “variable™ couples,
inter-observer: R = 0.94; intra-observer: R = 0.98; p < 0.0001 for all associations).
Responsiveness. Eight females and twelve males were examined longitudinally (Table 1). At
study entry, four patients were bed bound, one requiring artificial ventilation, and nine
patients were unable to walk independently. All patients experienced deficit in daily
functional activities. Two hundred and one visits were completed during a follow-up period
of 40} to 58 (median: 52) weeks. Nineteen patients completed a one-year follow-up. With the
exception of one GBS patient who only experienced mild symptoms, all patients received
initial treatment with TVIg (0.4 grams/kilogram body weight/day for 5 consecutive days). All
but one patient with CIDP showed good functional improvement on IVIg during follow-up.
The non-responder received a treatment course of oral prednisone, 100 milligrams/day for
four consecutive weeks. This patient also improved with this therapy and prednisone was
tapered down over five months period to 30 milligrams on alternate days. The GBS patients
did not show any deterioration during follow-up and improved gradually over time. After
initial improvement, all 12 IVIg responsive CIDP patients needed interval therapy with IVIg
(1-2 days 0.4 grams/kg/day; intervals: 3 - 21 weeks) to maintain the achieved improvement.
Eventually, all patients demonstrated during follow-up an improvement in functional
abilities. This was reflected in an increase of the RIHS9 values during follow-up {median
values: 33, 35, 35, 34.5, at weeks 12, 26, 40, and 52, respectively) compared with the
median entry value of 20 (Mann Whitney U test: p < 0.001 for all comparisons). Good SRM
scores were obtained for the RIHS9 in these patients (SRM values: 1.1, 1.4, 1.3, and 1.4 at
weeks 12, 26, 40, and 52).

Influence of sex, age, duration of symptoms, and diagrosis on handicap. In the stable group
of patients, sex and duration of symptoms did not have a significant impact on RIHS9 values
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(p > 0.09). However, the RIHSS was significantly related to age with a gradual decrease
with increasing age (Spearman’s Rank correlation: r = -0.23; p =0.02). No differences in
RIHSY values were obtained when comparing patients with GBS versus those with a chronic
course (CIDP/MGUSP).

Discussion

In the current study, the development and psychometric evaluation of a new handicap scale,
the Rotterdam 9 items handicap scale (RIHS9), is presented for patients with immune-
mediated polyneuropathies. Its development was performed under the prescribed
international guidelines for scale construction using the ICIDH taxonomy as a foundation
(18-21). The RIHSY demonstrated itself to be easily applicable and only required a median
time of 3.5 minutes for the evaluation of various handicap items in these conditions.
Because the validity, reliability, and responsiveness of the RIHS9 were also demonstrated in
these disorders, all psychometric essentials were fulfilled (19). The RIHSS clearly
distinguished between patients with various degrees of disease severity. Increasing f-score
values (compatible with more disablement) in patients with immune-mediated
polyneuropathies was accompanied by more handicap disturbances (lower RIHS? values;
see Figure A). Furthermore, the reproducibility of the RIHSY turned out to be independent of
the frequent use of this outcome measure, because the reliability values did not differ
between the “experienced” and “variable” investigative couples. The RIHS9 provided, in
contrast with the Rankin scale, not only information regarding mobility, but also highlighted
the dimensions physical independence, occupation, and social integration.

To date, despite the daunting array of available clinical studies in patients with immune-
mediated polyneuropathies and the growing aim of neurologists to ameliorate handicap on
the long-term, only one study in these disorders have reported on handicap disadvantages
(4). In this study, patients with Guillain-Barré syndrome were examined using the
Environmental status scale (ESS) and the Handicap assessment scale (HAS) to evaluate
outcome at the handicap level (4,31). However, using the ESS can be misleading, because
this scale mixes disability and handicap measures and also demonstrated limited validity
(31). Moreover, information regarding the psychometric requirements for the HAS have not
been provided before its use in these conditions. To our knowledge, the current study is the
first to assess handicap in patients with immune-mediated polyneuropathies using a scale
that has been thoroughly psychometrically evaluated (19).

By reviewing the English literature, only three instruments have been published that purely
assess handicap (14-16). None of these scales have been evaluated in immune-mediated
polyneuropathies. Whiteneck and colleagues quantified handicap using their Craig handicap
assessment and reporting technique (CHART) (14). The validity and reliability of this
CHART were demonstrated in patients with spinal cord injury (14). However. specific
responsiveness evaluation has not been reported. Moreover, the physical independence
subscale of the CHART has been criticised for its assumption that all patients have access to
attendant care, and therefore a patient who does not have help would be scored as
independent (7,15). The community integration questionnaire (CIQ) was developed and
psychometrically evaluated in patients with brain injury (15). However, like the CHART, the
CIQ is a behavioural measure of handicap, since it only measures the time that a patient is



116 Chapter 8

engaged in a particular activity and does not assess whether particular activities or
interactions were successful accomplished (7). The London handicap scale assesses
handicap as outlined by the WHO (2). Tts validity and reliability have been demonstrated in
the healthy elderly, patients with stroke and in inflammatory arthritis (16,17,32). The Effect
size of this scale, a measure of responsiveness, was examined in patients with arthritis, but
turned out to be relatively low (32). Mereover, the dimensions “looking after yourself” and
“work and leisure™ are constructed by a mixture of tasks and activities. In our view, these
tasks and activities would probably require different efforts by patients to fulfil and might
therefore lead to different degrees of handicap disturbances. It is therefore conceivable that
the fulfilment of these enquiries would lead to some confusion. To strive for clarity and to
group items that most probably would require equivalent efforts to fulfil, indoors and
outdoors tasks and activitics were defined in the RIHS9, hence providing a more simplistic
view of patients’ disadvantages at the handicap level.

In the current study, the RIHS9 revealed that only 24% of the stable patients resumed their
previous employment or study. In the longitudinal group, this percentage shifted from 20%
at entry to 60% at one-year of follow-up. Similar findings in alteration of earlier work were
reported in patients with GBS (5,6,33). Age had an inverted correlation with handicap in the
patients at study. This is in accordance with an earlier paper (34).

With tespect to the aims of the current study, some methodological issues should be
addressed. First, the obtained SRM scores for the RIHS9 only demonstrated within-group
responsiveness. It is not clear whether substantial longitudinal discriminative responsiveness
scores will be obtained for the RITHS9 when evaluating various groups of patients, e.g. in a
trial setting comparing a placebo versus a treated group (35). Second, the WHO handicap
dimensions “orientation” and “economic self-sufficiency” were not incorporated in the
RIFHSY development (2). “Orientation” was not incorporated, because immune-mediated
polyneuropathies, as peripheral nervous system disorders, in generally do not cause any
alteration in this dimension. Moreover, the interviewed patients did not address at any time
this entity as being important. “Economic self-sufficiency™, the ability of a patient to sustain
customary socio-economic activity and independence, was initially incorporated in the first
draft of the RIHS9 (2). However, this item was excluded from the final version of this scale,
because it turmed out to be very difficult to measure. Furthermore, it was believed that this
item had an overlap with the item “work/study™.

In conclusion, the development, simplicity, validity, reliability, and responsiveness are
demonstrated for the Rotterdam 9 items handicap scale (RIHS9) in patients with imrnune-
mediated polyneuropathies. The RIHS9 adequately monitored the societal disadvantages in
patients suffering from these disorders and seems therefore suitable for assessing handicap
in these conditions.
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Abstract

Objectives: To determine the prevalence and severity of ongoing fatigue and to investigate
the internal consistency, test-retest reliability, and validity of the Fatigue Severity Scale
(FSS) in patients with immune-mediated polyneuropathies.

Methods: The FSS was assessed in 113 patients who either experienced Guillain-Barré
syndrome in the past or currently have a stable chronic inflammatory demyelinating
polyneuropathy or a polyneuropathy associated with a monoclonal gammopathy of
undetermined significance, and in 113 age and sex matched healthy controls. Data on five
additional scales (MRC sumscore, functional grading scale [f-score], INCAT sensory
sumscore, a short form fatigue scale, medical outcome study 36-items health survey [SF-36])
were obtained in all patients. SF-36 was also assessed in 59 controls.

Results: ‘Severe’ fatigue (= FSS scores > 95" percentile values in controls) was present in
80% of the patients. Fatigue was not significantly related to general strength, sensory
deficits, f-score, and duration of symptoms. ‘Severe’ fatigue was reported in 81 to 8% of
patients with normal strength or sensation. Eighty percent of the patients (controls: 12%)
reported their fatigue being among the three most disabling symptoms. SF-36 health status
scores in the patients group were significantly lower than the obtained values of the controls
and partially related to the FSS scores. Good internal consistency, significant test-retest
reliability, and validity were obtained for the FSS.

Conclusions: Fatigue is a major symptom in patients with immune-mediated
polyneuropathies and may persist for years after apparent recovery. The Fatigue Severity
Scale seems appropriate for assessing fatigue in these patients, because good internal
consistency, test-retest reliability, and validity were demonstrated.
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Introduction

Guillain-Barré syndrome {GBS) and chronic inflammatory demyelinating polyneuropathy
(CIDP) are immune-mediated diseases of the peripheral nervous system primarily
characterised by symmetrical weakness, sensory disturbances, and reduction or loss of
myotatic reflexes (1,2). Although the reported outcome percentages differ, approximately
three-quarters of the patients with GBS or CIDP experience good physical recovery after
adequate therapy (3). However, despite a good clinical improvement, we noticed that many
of these patients still are restricted in their daily and social activities, sometimes consistently
for many years. Moreover, these patients often address fatigue as the most important cause
of their dysfunction. A decrement in their quality of life resulting from fatigue has also been
claimed repeatedly.

Fatigue has been briefly addressed as a complaint in a limited number of GBS cases only
(4,5). Because attention is primarily directed towards weakness and sensory disturbances in
immune-mediated polyneuropathies, it is conceivable that fatigue may have been under-
recognised by neurologists and rehabilitation physicians. To date, no cross-sectional study
has compared the presence and severity of fatigue in these patients with healthy controls.
Prompted by these considerations we investigated the presence and severity of fatigue in a
cross-sectional group of patients with GBS, CIDP or a polyneuropathy associated with a
monoclonal gammopathy of undetermined significance (MGUSP). It was argued that on the
one hand these illnesses represent parts of a spectrum (3). On the other hand, this choice
provided the opportunity to compare fatigue in patients with a more ongoing disease
(CIDP/MGUSP) to those with a residual clinical condition due to GBS in the past. In
addition, the internal consistency, test-retest reliability, and validity of the selected fatigue
scale were examined.

Patients and methods

Participants

A group of 113 patients with a stable clinical condition (83 with GBS, 22 with CIDP, 8 with
MGUSP) were recruited from the Rotterdam immune-mediated polyneuropathy databank
and the Dutch GBS study group (table 1). A stable clinical condition was required to obtain
the highest reliability for the selected fatigue scale. The selected patients still had residual
symptoms or signs resulting from their illmess, representing a broad range of disability
(functional grading score [f-score] at least 1; see also assessment scales; 6). None of the
patients have been treated with steroids or another immume-suppressive agent in the ©
months before the start of the study. Nine CIDP patients required interval treatment ranging
from weeks to months, with intravenous immunoglobulin, With this therapy their clinical
condition has been stable for more than 6 months. The patients with GBS and CIDP met the
international criteria for their illness (1,2). The diagnosis MGUSP was established after
excluding all possible underlying causes for the gammopathy and polyneuropathy (7). Six
patients with MGUSP had an associated demyelinating polyneuropathy with minor
concurrent axonal damage in three. An axonal polymeuropathy was diagnosed in the
remaining two patients with MGUSP. Patients were excluded from participation if there was
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any concomitant disease or use of medication that might cause chronic fatigue. All selected
patients declared only to have experienced mild and transient fatigue prior to their illness.
Controls, stratified for gender and age, were recruited from hospital personnel, companions
(relatives, friends) of patients visiting our outpatient clinic, and volunteers unfamiliar with
the study (see table 1). The controls declared to be healthy, free from any chronic medical
condition, and were not taking medication that could contribute to fatigue.

Assessment scales

The Fatigue severity scale (FSS), a brief and simple self-assessed questionnaire, was
selected and translated into Dutch before its use (8). The FSS is a nine-item questionnaire
with answers ranging from 1 (“strongly disagree™) to 7 (“strongly agree™) for each inquiry.
The mean score of the 9 inquiries ranges from 1 (“no signs of fatigue™) to 7 (“most disabling
fatigue™). Internal consistency, reliability, validity, and sensitivity of the FSS have been
established in patients with systemic lupus erythematosus, multiple sclerosis, and Lyme
disease, but never in patients with immune-mediated polyneuropathies (see appendix [, page
209; reference 8).

The short-form fatigue scale (SFFS), with acceptable validity and reliability, was
administered in order to evaluate the construct convergent validity of the FSS (9). The score
of this scale ranges from 4 (“no signs of fatigue™) to a maximum of 28 points (“most severe
fatigue™). In contrast with the FSS, this scale does not relate fatigue to daily activities.

The MRC sumscore and Functional grading scale (f~score} were applied in the patient group
to measure the physical condition of the patients at the impairment and disability levels (6).
The MRC sumscore ranges from 0 (“paralysis™) to 60 (“normal strength™). For each muscle
group a standardised joint/limb position as well as the point at which counter-force is
administered was pre-defined and taken when assessing muscle strength. The f-score of the
patients included in this study ranges from 1 (“minor neurological symptoms or signs and
able to run”) to 4 (“bed or chair bound™). Good reliability and validity have been
demonstrated for these two scales (6).

The INCAT Sensory sumscore ranges from 0 (“normal sensation™) to 20 (“most severe
sensory deficit”) and is composed by the summation of the following sensation qualities:
pinprick arm grade [range: 0 to 4] -+ vibration arm grade [range: 0 to 4] + pinprick leg grade
[range: 0 to 4] + vibration leg grade [range: 0 to 4] + 2-point discrimination grade [range: 0
to 4]) (10). The vibration examination was performed using the recently validated graduated
Rydel-Seiffer tuning fork and the obtained measures were compared with the reported
vibration threshold normal values (11). Pinprick and vibration sense examination took place
from distal to proximal, and only the highest extension of dysfunction of the most affected
arm and leg was recorded for both qualities. The sites of examination with corresponding
grades were defined as followed: normal (grade 0) or disturbed (grade 1) pinprick or
vibration sense at the dorsum distal interphalangeal joint of the index finger or hallux; an
abnormal sense at the ulnar styloid process or medial malleolus (grade 2), at the medial
humerus epicondyle or patella (grade 3), and at acromioclavicular joint or anterior superior
iliac spine (grade 4). For the 2-point discrimination quality, a sliding esthesiometer was used
where the exact measurable distance in millimetres could be read on the instrument. This
instrurnent was assessed in a ‘static” manner at the ventral side, distal phalanx of the index
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finger, and the corresponding grades were arbitrarily chosen (grade 0: < 4mm; grade 1: 5 to
9mm; grade 2: 10 to 14mm; grade 3: 15 to 19mm; grade 4: = 20mm) (10).

The medical outcomes study 36-item short form health survey (SF-36), a generic health
status questionnaire, consists of 36 items, assigned to the domains of physical functioning
[10 items], role functioning-physical [4], role functioning-emotional [3], social functioning
[2], body pain [2], mental health [5], vitality [4], general health perception [5], and change in
health which is scored separately (12). The numbers of response categories per item range
from two to six. Each domain has a scoring range from 0 to 100. A high score indicates
better health or less body pain. The Dutch version we used was developed as a part of the
IQOLA project, which aims to translate, validate, and norm the SF-36 in a range of
languages and cultural settings (13).

Test procedure

All participants gave informed consent for the study. Participants were lucid and competent
to answer the questionnaires to the best of their ability. All individuals received brief
instructions on how to fill in the fatigue and health status forms. These questionnaires were
answered in random order. Patients were examined at our outpatient clinic, and all scales
were completed at study enrolment. The FSS was mailed 4 to 6 months later to the patients
for a second assessment. The patients were also asked to report whether their clinical
condition had improved, got worse, or remained the same since completing the first
questionnaire. Patients whose health had remained the same were included in the FSS test-
retest reliability analyses. The FSS was completed once by all healthy controls. SF-36 was
self-administered by 59 controls, taking into account the age and sex distribution of the
patients. The study took place between March 1997 and August 1998 and was part of a more
comprehensive outcome assessment research in  patients with immune-mediated
polyneuropathies on behalf of the INCAT group.

Statistics

“Severe” fatigue was arbitrarily defined as a score > FSS 95" percentile in healthy
individuals, The obtained FSS scores in the patients and healthy controls were compared
using the Mann-Whitney U-test (MWU-test) and univariate and multivariate quantile
regression analyses (14). The median FSS values were compared within the categories
(healthy controls, GBS, CIDP, and MGUSP patients) using design variables (0 — 17)
representing each category. The design variables were defined in an appropriate manner,
making it possible to test (by the likelihood ratio test) the hypothesis that the median fatigue
values were equal for the diagnosis CIDP and MGUSP, but unequal to the median fatigue
values in GBS patients and healthy controls, separately. Box plots, with the upper and lower
adjacent values defined according to Tukey, were applied to visualise some of these
observations (also see legend to figure 1 for explanation of the various components of a box
plot) (15).

The mean S¥F-36 subscale values were compared within the three diagnostic categories and
between the whole patients group and healthy controls for each domain. One-way analysis-
of-variance (Anova) with corrections according to Bonferroni multiple-comparison tests
were applied.

The Cronbach’s alpha coefficient was estimated for the FSS in the patients and healthy
participants (16). The test-retest reliability for the recruited FSS values in the
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polyneuropathy patients was quantified by estimation of the intraclass correlation coefficient
using a one-way random effects analysis-of-variance model. The correlation between the
FSS and other scales was analysed using Spearman’s rank correlation test. All analyses were
performed using Stata 5.0 for Windows 95 (Stata Statistical Software: Release 5.0. 702
University Drive East, College station, TX: Stata Corporation 1997). A value of p £ 0.05
was considered statistically significant.

Table 1

Basic characteristics of the participants

Healthy controls (n=113)
Sex, No (%)

Females 54.(47.8%)
Males 59 (52.2%)
Mean age at start of the study, {SD) range [vears] 54.2 (14.8) 18-83

Patients (n=113)
Sex., No (%)

Females 54 (47.8%)

Males 59 (52.2%)
Mean age at start of the study. (8D) range [years] 54.3(15.1) 14-84
Number of patients per diagnosis

GBS 83

CIDP 22

MGUSP 8
Median duration of symptoms i1 onset of study [years]

Overall 5.1

GBS 5.2

CIDP 3.9

MGUSP 3.6
MRC surnscore distribution (score range: 0-60)

<49 25

50-39 66

66 2
f-score distribution (score range: 0-3: in current study: 1-4)

1 51

2 41

3 14

4 7
Sensory sumscore distibution (score range: 0-20)

0 21

1-9 73

10-19 19

20 0

Legend to table 1

The MRC sumscore ranges from 0 (“paralysis™) to 60 (“normal strength™). The functional grading score (f-
score) of the patients in the current study ranges from 1 (“minor neurological symptoms or signs and abie to
run™) to 4 (“bed or chair bound™). The sensory sumscore ranges from 0 (“normal sensation™) to 20 (“most
severe sensory abnormalities™).

Results

Characteristics of participants. The characteristics of all participants are presented in table
1. One hundred and thirteen patients and 113 age and sex matched healthy individuals were
enrolled. The CIDP patients were relatively younger (mean age 45.0 [SD 18.0] years)
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compared with the GBS (mean age 56.1 [SD 13.57 years) and the MGUSP patients (mean
age 66.1 {SD 8.1] years). One hundred and seven of the 113 patients {95%) completed the
second FSS assessment. One hundred and five patients reported a stable clinical condition,
while two reported an improved clinical condition at the second FSS assessment. These two
were excluded from reliability analyses. Two patients died during the interval between the
two measures, and another was hospitalised due to myocardial infarction. The remaining
three patients did not retun the second FSS assessment for various reasons. Fifty-nine
healthy volunteers (29 females; 30 males; mean age 53.5 [SD 13.6] years) completed the SF-
36 questionnaire.

Figure 1

Fatigue in patients with immune-mediated polyneurepathies and healthy
controls (A), related to diagnosis (B) and sex (C)
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Legend to figure 1

Box plots demonstrating the obtained “Fatigue severity scale” (FSS) scores in the healthy controls versus
patients group (A) related to diagnosis (B) and sex (C). HC = healthy controls, HM = healthy males, HF =
healthy females, MP = male patients, FP = female patients. The patients were more fatigued than the healthy
controls (Mann-Whitney U-test, whole patients group versus healthy controls: p < 0.0001). All diagnostic
categories were more fatigued than the healthy conirels (Likelihood Ratio-test combined with quantile
regression analysis: p < 0.0001). The GBS patients had a higher median fatigue valze compared with the
other subgroups and healthy controls (Likelihood Ratio-test combined with quantile regression analysis: p <
0.0001 for the comparisons GBS versus CIDP + MGUSP, and GBS versus healthy controls). Females were
more tired in both groups, but this was enly significant in the patients group (Mann-Whitney U-test; in
healthy controls: p = 0.28; in patients group: p = 0.02).

Explanation of the various components of the box plots: The median (50th percentile) FSS wvalue
corresponds with the horizontal line within the box. The box extends from the first quartile (25th percentile
= x[25]) to the third quartile (75th percentile = x{75]), the so-called inter-quartile range (IQR). The vertical
lines emerging from the box extend to the upper and lower adjacent values. The upper adjacent value is
defined as the largest FSS value less than or equal to x{75] + 1.5 x IQR. The lower adjacent value is defined
as the smatlest FSS value greater than or equal to x[25] - 1.5 x IQR. Measured FSS values more extreme
than the adjacent values are referred to as “outside values’ and are individually plotted (15).

FSS comparison between patients and controls. At entry, the median FSS value in the
patients group was slightly higher (6.1) (corresponding mean value: 5.6 [SD 1.4]) compared
with the median value at the second assessment (5.8) (corresponding mean value: 5.5 [SD
1.47). Unless otherwise stated, further comparisons were made using only the FSS values
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obtained at entry. The median FSS value in the patients group was higher compared with the
result in healthy individuals (median fatigue value 2.9; corresponding mean value: 2.9 [SD
1.1]) (figurel A; MWU-test: p < (.0001). By the Likelihood ratio test it was demonstrated
that the median FSS3 values were equal for the CIDP and MGUSP patients but unequal to the
median fatigue values in healthy controls and GBS patients. This test also revealed that the
(GBS patients had a higher median fatigue value (6.2) compared with the other subgroups
and healthy controls {(CIDP: 5.6; MGUSP: 5.3; healthy controls: 2.9; figure 1B; quantile
regression analyses combined with Likelihood ratio test; p < 0.0001 for the comparisons
GBS versus CIDP + MGUSP, and GBS versus healthy controls).

The FSS 95" percentile in the healthy controls was 5.0. “Severe™ fatigue, arbitrarily defined
as a FSS score = than the FSS 95 percentile in the healthy controls, was demonstrated in 90
of 113 patients (80%). Remarkably, of the patients with a completely recovered general
strength (MRC sumscore = 60) relatively more patients reported a fatigue score that fell
within the severe fatigue range {19 of 22: 86%). Severe fatigue was also reported in 17 of
the 21 (81%) patients with normal sensation (sensory sumscore = (). Six of the 8§ patients
(75%) with both normal general strength and sensation experienced severe fatigue. Eighty
percent of the patients scored 5 or more on the 7-point scale for question 8 (“Fatigue is
among my three most disabling symptoms™) compared with 12% (13/113) of the healthy
controls.

Table 2

Corrclations between the Fatigue Severity Scale (FSS) and SF-36 health status in patients
with immune-mediated polyneuropathies

GBS patients, n=83 CIDP/MGUSP patients, n=30
FSS p-valug FSS p-value
SF-36 domains Spearman's rank Spearman’s rank
correlation coefficient correlation coefficient

Physical functioning -0.21 NS -0.53 0.002
Role functioning-physical -0.17 N§ (.45 0.01
Role functioning-emotional -0.22 0.04 033 NS
Social functioning -0.42 0.0001 -0.24 NS
Body pain -0.23 0.03 0.009 NS
Mental health ~0.30 0.006 -0.35 NS
Vitality -0.57 < 0.0001 -0.50 0.005
General health perceptions -0.40 0.0002 -0.65 0.0001

Legend to table 2
Fatigue in GBS patients was significantly associated with social and emotional domains, but not with the
physical subscales, where as the CIDP/MGUSP patients demeonstrated the contrary. NS = not significant.

FSS correlation with cdinical parameters. General strength, as measured by the MRC
sumscore, the f-score values, and sensory sumscore showed no significant association with
the FSS values (Spearman’s rank correlation test: r = 0.07 to 0.13; p = 0.18). Fatigue score
was not significantly related to age and duration of symptoms in the patients group. Fatigue
in females was consistently higher than in males, but this was only significant in the patients
group {figure 1C; MWU-test in healthy controls: p = 0.28; in patients group: p = 0.02).
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SF-36 evaluation and its association with FSS in patients. The SF-36 values showed no
substantial difference between the three diagnostic categories (GBS, CIDP and MGUSP)
within each domain (Anova with Bonferroni tests: all p-values = 0.46). A separation was
made between the GBS (“acute™ subgroup; n = 83) and the CIDP/MGUSP patients
(“chronic” subgroup; n = 30) based on these results combined with the FSS Likelihood
ratio-test findings (see also results FSS comparison between patients and controls). For all

Figure 2
SF-36 health status in patients with imunune-mediated
polyneuropathies and healthy controls
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Legend to figure 2

Both patients’ subgroups demonstrated a lower score for all SF-36 domains compared with the scores of the
healthy centrols (p < 0.0001 for all domains, except ‘role functioning-emotional’ in the CIDP/MGUSP
patients versus controls: p = 0.03). No statistically significant difference was obtained at all domain leveils
between the GBS and the CIDP/MGUSP patients (all p-values 2 §.27). Analyses were performed using
ANOVA with corrections according to the Bonferroni multiple-comparison tests.

SF-36 domains, both subgroups scored notable lower values compared with the scores
obtained in healthy controls (figure 2; Anova with Bonferroni tests: p < 0.0001 for all
domains, except for the dimension “role functioning-emotional” in the “chronic” subgroup
versus controls: p = 0.03).

The correlations between the FSS and SF-36 domains for the two subgroups are presented in
table 2. In both subgroups, FSS demonstrated the highest significant inverted association
with the domains “general health perception” and “vitality”. Fatigue scores in GBS patients
were significantly associated with the socio-emotional domains, but not with the physical
subscales. Conversely, fatigue values in the “chronic™ subgroup were significantly related to
the physical (but not the socio-emotional) dimensions (table 2, boxes).
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Internal consistency, test-retest reliability, and validity evaluation of the FSS. A good
internal consistency for the FSS was found at both assessments for the whole patient group
(o = 0.93 and 0.95) and in healthy controls (o = 0.84). The FSS demonstrated good test-
retest reliability and acceptable validity for the whole patient group when correlated with the
SFFS and SF-36 “vitality” domain (r = 0.68 and r = -0.56, respactively; p < 0.0001; see also
tables 2 and 3; mean SFFS was 17.6 (8D 7.2), range 4 to 28).

Table 3
Clinimetric evaluation of the Fatigue Severity Scale (FSS) in patients with immune-mediated
polvneuropathies

Patients group (n=113) Tests and results p-value
Internal consistency Cronbach’s alpha

F§S1 0.95 -

FSS2* 0.93 -
Reliability — test/retest Reliability coefficient (Anova)

FSS1-F882 0.36 <0.0601
Validity — construct convergent Spearman’s rank correlation coefficient

F8S correlation with SFFS 0.68 <0.0001
Validity — construct divergent Spearman’s rank comrelation coefficient

FS8 correlation with SF-36 “vitality -0.56 < (.0001

Legend to table 3
FSSI = Fatigue Severity Scale measured at entry. FS82 = Fatigue Severity Scale measured 4 to 6 months

after FSS1. * = 105 of the 113 patients (93%) completed the second FSS assessment, SFFS = short-form
fatigue scale (9).

Discussion

The findings in the curmrent study demonstrate that fatigue is a prominent and highly
disabling symptom in immune-mediated polyneuropathies. Four of five (80%) patients rated
their fatigue as one of the three most disabling symptoms compared with only 12% in the
healthy controls. Also, severe fatigue defined as a score equal to or higher than the FSS 95
percentile in the healthy controls, was present in 80% of the patients. These observations are
consistent with reports on fatigue in other chronic conditions such as multiple sclerosis and
systemic lupus erythematosus (17-20). The current study also demonstrated a difference
with literature findings. The mean FSS score in our patients group was higher than the
reported FSS values in various chronic medical conditions, except in patients with chronic
fatigue syndrome (8,20-29; table 4). This was remarkable, since approximately two-thirds of
the population at study consisted of patients with residual clinical conditions due to GBS
many years (median: 5.2) before the start of this study. Surprisingly, the prevalence of
fatigue was the highest among the GBS patients {figure 1B). Fatigue in these patients was
independent of the time that elapsed since the acute phase of the GBS was experienced.
Despite a good physical recovery, GBS can still be considered as a long-term event causing
a “post-GBS fatigue syndrome™ in most patients that may interfere with functionality. Such
an “illness related fatigue syndrome™ was alse noted in the CIDP/MGUSP patients we
investigated. Variables such as age, duration of the disease, MRC sumscore, f-score, and
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sensory sumscore were not significantly associated with fatigne. Fatigue was only
significantly related to sex in the patients group. Severe fatigue was also highly prevalent in
patients with normal general strength or normal sensory modalities. These results clearly
emphasise that fatigue should be considered as a serious, relatively independent and highly
disabling entity in patients with immune-mediated polyneuropathies, irrespective of clinical
variables or course of time.

The SF-36, a generic health status questionnaire, also clearly distinguished the patient group
from healthy controls, but could not differentiate between the three diagnostic categories
(GBS, CIDP and MGUSP) at all domain levels. The GBS (“acute™) group and the “chronic”
(CIDP/MGUSP) patients had significantly lower scores compared with the controls at all
SF-36 levels (see figure 2). A significantly worse functional status has also been recently
reported by Bemnsen er al. using the sickness impact profile (SIP) health status in 123
patients who had GBS three to six years previously (30). These authors have also concluded
that the psychosocial functioning of the patients was seriously affected, even when the
patients have reached a complete physical recovery or showed only mild residual signs (30).
The socio-emotional dimensions of the SF-36 applied in the cwmrent study are comparable
with the psychosocial categories of the SIP and were fairly associated with fatigue in the
GBS patients (31, table 2). Fatigne presumably contributes to a reduced psychosocial
functioning in GBS patients. Contrary to these findings, fatigue was significantly associated
with the SF-36 physical dimensions in patients with a “chronic” polyneuropathy. Perhaps
these patients are more preoccupied with the potential threat of changes in their physical
statas making them more prone fo relate disabling symptoms such as fatigue to their physical
condition.

As a basis for their study, several papers addressing the influence of fatigue on health status
in chronic disorders have stated that engagement in less physical activities and exercises
may induce de-conditioning, which may explain fatigue leading to decrements in health
status (19,32). Conversely, Pitetti et al reported reduction in daily fatigue with
improvements in activities of daily living following a supervised training program in a 54-
vear old man who had residual deficits for many years after having experienced GBS (33).
An enhancement in functional capacity has also been reported in chronic relapsing GBS
after low intensity aerobic exercise (34). Less engagement in physical activities was also
noted in all patients in the current study compared with healthy controls (see dimensions
“physical functioning” and “role-functioning physical” in figure 2). However, since fatigue
was primarily related to the SF-36 physical domains only in the “chronic” group and not in
the GBS patients, other explanatory factors leading to a reduced health status should also be
considered.

Instruments for measuring outcome must be appropriate to the patient group being studied,
efficient, easy to administer, and user friendly (35). Good reliability and validity are also
necessary (35). In the current study, the FSS demonstrated to be brief and was easily self-
administered with good test-retest reliability, and significant validity. The internal
consistency of the FSS in the patients and healthy controls was higher than the
recommended 0.7 score by Nunmnally (16). Hence, the applicability of the FSS as an
instrument for measuring fatigue is shown in patients with immune-mediated
polyneuropathies. The responsiveness to changes in time of the FSS is currently being
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Table 4

Fatigue severity scale (FSS) scores in current study compared with previously published FSS scores
for other diagnostic groups and healthy controls

F3S
Groups studied; (reference) Number of individuals studied Mean 5D
Immune-mediated polyncuropathies
Current study 113 5.6 1.4

{median: 6.1)

Multiple sclerosis
Krupp et ai,, 1989; () 25 4.8 1.3
Krupp ef al., 1993; (23) 57 5.1 14
Packer er /., 1994 (24) 9 5.2 1.5
Bergamaschi er af.. 1997: (27) 100 4.1 ?
Systemie lupus erythematosus
Krupp er al., 1989; (8) 29 4.7 1.5
Krupp ef al, 1990, (21) 59 4.6 1.5
Austin er el., 1996; (23) 58 4.6 0.4
Wang et al., 1998, (20) 100 5.1 3.1
Chronic fatigue syndrome
Krupp er al., 1993; (23) 72 6.1 0.8
Packer et ., 1994: (24) 13 6.1 0.5
Postpolie syndrome
Packer et g/, 1991: (22) 12 4.8 1.6
Packer et al,, 1994; (24) 23 5.1 1.7
Schanke, 1997; (28) 63 5.6 1.2
Lyme Borreliosts
Ravdin ef af., 1996 (28) 21 4.7 1.7
Sleep disorders
Lichstein et al., 1997; (29) 206 4.8 1.4
Ostcomyelitis
Ravdin ef at.. 1996: (26) 21 3.9 1.3
Healthy controls
Current study 113 29 1.1
Krupp et al., 1989: (8) 20 23 0.7
Krupp et al., 1993: (23) 40 2.8 1.2
Packer er al.. 1994: (24) i1 22 1.1
Ravdin er al,, 1996 (26) 21 29 0.9

Legend to table 4

The mean FSS score of the patients at entry in the current study was higher than the literature values, except
for the reported mean FS3 scores in patients with chronic fatigue syndrome. The mean FSS score of the
patients at the second assessment (4 to 6 months later) in the current study was 5.5 (SD 1.4).

evaluated in a longitudinal study including patients with recently diagnosed GBS and CIDP
with changing clinical course, but has already been established in patients with MS and
Lyme disease (8).

With respect to the aims of the curent study, some methodological issues should be
addressed. First, the selected patients had a stable clinical condition that was necessary for
an optimal FSS reliability evaluation. However, a stable clinical condition was based on the
subjective report by the patient rather than on the patient’s actual clinical evaluation by an
investigator. The latter would probably have resulted in a more accurate judgement of the
clinical condition of the patient. Despite this, an acceptable FSS reliability value still was
obtained. Second, it is unclear whether patients with changing clinical conditions would be
more or less fatigued or whether the associations between FSS and SF-36 subscales would
give different outcomes. Third, it is also unsettled whether fatigue would still not be related
to the various clinical variables when assessed over time. Fourth, interpretation of the results
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should be with some caution, since we did not systematically investigate or control for
possible pathophysiological associated factors with fatigue, such as sleep disturbances,
depression and inactivity leading to deconditioning (19-21,23,29,32-34). Despite these
issues, the cwrrent observations still buttress our clinical experience that fatigue is a
prominent complaint among patients with immune-mediated pelyneuropathies.

In conclusion, fatigue is a highly prevalent and disabling symptom significantly associated
with a reduced health status in patients with immune-mediated polyneuropathies. Further
attention should be directed towards understanding and unravelling the pathophysiclogical
mechanism of fatigue and introducing adequate therapeutic options for these patients.
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Abstract

Background: Quality of life scales assess outcome from patients’ perspectives. It was argued
that these scales complement traditional outcome measures, thereby providing a more
comprehensive view of how illnesses affect patients’ lives.

Objectives: Quality of life was, therefore, examined in immune-mediated polyneuropathies
using the medical-outcome-study 36-items (SF-36). Its psychometric requirements were also
analysed.

Methods: SF-36 and three other measures (MRC sumscore, Sensory sumscore, Hughes’s
functional scale) were assessed in 114 stable patients (83 with Guillain-Barré syndrome
(GBS), 23 with chronic inflammatory demyelinating polyneuropathy (CIDP), § patients with
a gammopathy related polyneuropathy) and serially in 20 patients with recently diagnosed
GBS (n=7) or CIDP (n=13) with changing conditions. The SF-36 values were compared
with reported healthy Dutch community scores (controls). The SF-36 validity and reliability
were examined by correlation and regression studies with the other measures and by
calculating its internal consistency. The standardised-response-mean technique was applied
to determine its responsiveness.

Results: In the stable group, all SF-36 scores were substantially lower (indicating worse
chinical condition) compared with controls® (p<0.0001). Improvement in the longitudinal
group resulted in a gradual shift of all SF-36 scores towards normal values. Acceptable
validity and internal consistency values and high standardised-response-mean scores were
demonstrated for the SF-36. The MRC sumscore and sensory sumscore explained SF-36
values only partially.

Conclusion: The psychometric requirements of the SF-36 are demonstrated in immune-
mediated polyneuropathies. This generic health status complemented traditional strength and
sensory measures and appears to be a potentially valuable instrument for measuring quality
of life in these conditions.
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Introduction

In the last decade, an expenential increase has been witnessed regarding the use of health-
related guality of life measures in clinical studies. This increase was driven by the concept
that traditional clinical and laboratory measures needed to be complemented by measures
that focus on the patients’ concerns, thereby striving for a better understanding on how
patients’ lives are being affected by their disorders and to identify more appropriate forms of
health care (1).

Particularly in diseases with a long-term effect on functionality such as immune-mediated
polyneuropathies, more attention should be paid to the impact of illness and its treatment on
functional, emotional, and social well-being of patients (1). However, despite this growth
only a limited number of clinical reports included a health status measure in the evaluation
of patients with Guillain-Barré syndrome (GBS), chronic inflammatory demyelinating
polyneuropathy (CIDP), or a polyneuropathy associated with a monoclonal gammopathy of
undetermined significance (MGUSP) (2-5). Moreover, none of the applied quality of life
measures was thoroughly evaluated in terms of being valid, reiiable, and responsive to
changes over time before its general use in these illnesses (6).

Prompted by these findings, we investigated quality of life in patients with GBS, CIDP and
MGUSP using the medical outcome study 36-items short-form health status (SF-36) and the
obtained values were compared with the published normal data for the healthy Dutch
community (7-10). This generic health status was chosen because of its brevity and
extensive use in clinical studies. In addition, the association was examined between the SF-
36 and variables like age, duration of symptoms, general strength, sensation, and functional
ability. The discriminatory ability of the SF-36 between groups of patients with various
degrees of functional ability (discriminatory ability) and its reliability were also analysed (6).
Finally, we investigated whether immune-mediated polyneurcopathies would lead not only to
physical deficit, but also to mental disturbances and whether extensive medical guidance
would provide a better quality of life over time.

Patients and methods

Participants

A cross-sectional group of 114 Dutch patients (83 with GBS, 23 with CIDP, § with
MGUSP) with a stable clinical condition were recruited from the Rotterdam immumne-
mediated polyneuropathy databank and the Dutch GBS study group (stable group). These
patients came from all Dutch districts and were treated in various hospitals through out The
Netherlands. The patients did not have any known concomitant disease that might influence
quality of life. These patients still had residual symptoms or signs due to their illness,
representing a broad range of disability: functional grading scale (f-score) ranging from 1 to
4 (see also assessment scales and reference 11). Nine CIDP patients required interval
treatment ranging from weeks to months, with intravencus immunoglobulin (IVIg). With
this therapy their clinical condition has been stable for more than 6 months. Six patients with
MGUSP had an associated demyelinating polyneuropathy with minor concurrent axonal
damage in three. An axonal polyneuropathy was diagnosed in the remaining two patients
with MGUSP.
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Twenty consecutive patients at the university hospital Rotterdam with newly diagnosed GBS
(m =T7) or CIDP (n = 13) and changing clinical conditions were enrolled to investigate
whether the SF-36 captured longitudinal changes in these disorders (longitudinal group).
These patients were also free from any concomitant discase. The baseline f-score values in
these patients ranged from 1 to 5 (see also assessment scales and reference 11). During the
recruitment period, no patients with newly diagnosed MGUSP were seen at our department.
All GBS and CIDP patients met the international criteria for their illness {12,13). The
diagnosis MGUSP was established after excluding all possible causes for the gammopathy
and polyneuropathy (14).

The reported mean (standard deviation [SD]) SF-36 domain scores and summary values for
a random, nationwide sample of 1742 healthy individuals in The Netherlands (976 men, 766
women; mean age 47.6 [18.0], range 16-94 years) was used for the comparison studies with
the SF-36 values in the selected patients groups (9,10).

Assessment scales

The medical owtcome study 36-items short form health survey (SF-36), a generic health
status questionnaire, consists of 36 items, assigned to the domains of physical functioning
[10 items], role functioning-physical [4], role functioning-emotional [3], social functioning
[2], body pain [2], mental health [5], vitality [4], general health perception [5], and change in
health which is scored separately (see appendix IV, page 217-221 and reference 7). The
numbers of response categories per item range from 2 to 6. Each domain has a scoring range
from O to 100. A high score indicates better health or less body pain. The Dutch version of
the SF-36 was used (9). The corresponding physical component summary (PCS) and mental
component summary {MCS) values were also calculated (8).

The Medical Research Council (MRC) sumscore is a summation of the MRC grades given in
full numbers of the following muscle pairs: upper arm abductors, elbow flexors, wrist
extensors, hip flexors, knee extensors, and foot dorsal flexors (11). The MRC sumscore
ranges from 0 (“total paralysis™) to 60 (“normal strength™) (11).

The “INCAT’ sensory sumscore (1SS) was applied to measure general sensory deficit (13).
The ISS comprises vibration and pinprick sense plus a 2-point discrimination value and
ranges from O (“rormal sensation”) to 20 (“most severe sensory deficit™) (15).

The Hughes’ functional grading scale (f-score) assesses the functional ability of the patients
(11). The f-score of the patients included in this study ranged from 0 to 5. An f-score of 0
indicates normal health (no symptoms or signs); 1, denotes having minor neurological
symptorns or signs and able to run; 2, able to walk at least 10 meters, but unable to run; 3,
able to walk 10 meters with a walker or support; 4, bedridden or chair bound (unable to walk
10 meters with a walker or support); 3, requiring artificial ventilation for at least part of the
day (11). Good psychometric properties were demonstrated for all selected scales (8-11,15).
However, SF-36 has not been evaluated in terms of its validity, reliability, and
responsiveness in immune-mediated polyneuropathies.

Test procedures and treatment

All participants gave informed consent before the study. All measures were obtained at our
outpatient climic. The patients received instructions on how to fill in the SF-36. The time to
complete the SF-36 was recorded in fifty participants. The assessments were performed in a
random order. For the assessment of strength, a pre-defined standardised joint and limb
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position as well as the point at which counter-force was administered was taken for each
muscle group. Sensory modalities were examined in triplicate according to the described
standard procedures with the patient lying in supine position (15). In the stable group of
patients, all measures were examined once. Before leaving, all SF-36 items were checked on
possible missing values and if necessary patients were asked to complete the missing
questions.

The longitudinal group of patients was examined by the same clinician (IM) and the MRC
sumscore, ISS, and f-score were assessed randomly at the weeks 0, 2, 4, 8§, 12, 16, 21, 26,
32, 40, and 52 of follow-up in each patient. If necessary, additional clinical investigations
were performed. The SF-36 was concwrrently assessed at the weeks 0, 4, 12, 26, 32, 40, and
52. All SF-36 domains and summary measures were scored as recommended by the SF-36
developers (7,8). Patients were also allowed to contact us between clinical visits for any
question possible related to their illness. Family members of the patients were also
stimulated to participate in the whole process of dealing with the consequences of the
illness.

All but one mildly affected patient were initially treated with IVIg. IVIg demonstrated to be
efficacious in GBS and CIDP (16-19). One IVIg non-responsive CIDP patient received
additional treatment with prednisone (20). The study took place between March 1997 and
September 1999 and was part of a more comprehensive outcome assessment research in
patients with immune-mediated polyneuropathies on behalf of the INCAT-group.

Statistics

Cross-sectional study. In the stable group, mean SF-36 subscales’ and summary (PCS and
MCS) values were compared with the reported mean normal values for the Dutch
community (Student’s t-test for two independent groups) (9,10). Also, the discriminatory
capacity of the SF-36 was examined in two groups of patients with different degrees of
disability (subgroup 1: able to walk independently [f~scores 1 and 2] versus subgroup 2:
needing support to walk or unable to walk [f-scores 3 and 4]). The possible correlation
between MRC sumscore, ISS values, and f-score values with SF-36 domains and summary
measures were caleulated using Spearman’s rank correlation coefficient. Reliability of the
SF-36 subscales and summary measures was estimated by calculating the internal
consistency (Cronbach’s o). According to Nunnally, a o = 0.7 was considered as good
reliability (21). The Cronbach’s ¢ values for the PCS and MCS were calculated using a
covariance matrix for the eight SF-36 dimensions as suggested by Ware and associates (8).
Univariate linear regression analyses were also performed to determine the impact of age,
duration of symptoms till onset of the study, general strength, and sensation (explanatory
variables) on the PCS and MCS values separately (dependent variables). The PCS values
had a Gaussian pattern. A transformation (quadratic form) of the MCS scores was needed to
obtain a normal distribution pattern prior to the regression studies. Through systematic
construction and evaluation of graphs, we strived for the best fit between the explanatory
and dependent variable using restricted cubic spline function on the independent variables in
the regression studies (22). The strength of association between these variables was
presented as R% the fraction of variance explained by the independent variable from the
regression model.

Longitudinal study. In the longitudinally examined patients, mean SF-36 subscales’ and
summary scores were compared also at various arbitrarily chosen occasions of follow-up
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(weeks 0, 12, 26, 52) with the reported SF-36 normal Dutch community values (Student’s t-
test) (9,10). Moreover, random effects univariate linear regression analyses were performed
to investigate the impact of general strength, sensation, and functional ability on the SF-36
scores, taking into account the correlation of the data caused by the longitudinal structure.
The latter was achieved using the program “xtreg” in STATA 6.0 for Windows 95 which is
based upon a cross-sectional time-series regression model as described by Dwyer and
Feinleib (StataCorp. 1997. Stata Statistical Software: Release 6.0. College Station, TX: Stata
Corporation; see also reference 23). Before applying “xtreg”, the distribution patterns of all
variables were examined and where necessary and possible a transformation of the
variable(s) tock place to ascertain a normal distribution. Also, graphics of each clinical
(explanatory) variable and a SF-36 domain or summary measure {dependent variables) were
constructed and examined. If necessary, additional transformation of the variables was
performed (e.g. logarithmic) to obtain the best fit for the regression function. The strength of
association between these variables was presented as R the fraction of variance explained
by the independent variable + “time’-factor from the regression model.

SF-36 responsiveness was estimated at 6 and 12 months of follow-up using the standardised
response mean score (SRM; 24). SRM is equal to the mean change in scores divided by the
standard deviation of change in scores (SRM = (i - po)/SD(Wi - wo); pi = mean scale value
of the longitudinally examined group at week = i; [lo = mean scale value at week = 0 [entry])
(24). A value between 0.5 and 0.8 is considered moderate, and 0.8 or greater as high
responsiveness (24,25). All analyses were performed using Stata 6.0 for Windows 95. A
value of p < 0.05 was considered statistically significant.

Results

Patients” characteristics and general aspects. The basic characteristics of all patients are
presented in Table 1. In the stable group, fourteen patients required assistance or a device to
walk short distances (f-score = 3) and eight patients were bed bound (f-score = 4) (22/114 =
19%; 17 GBS, 3 CIDP, 2 MGUSP). The remaining 92 patients (81%) could walk
independently (f-score < 2; 66 GBS, 20 CIDP, 6 MGUSP; Table 1). At study entry, thirteen
longitudinally examined patients were unable to walk independently (4 GBS, 5 CIDP) or
were bed bound (2 GBS, 2 CIDP), one requiring artificial ventlation. The remaining 7
patients {1 GBS, 6 CIDP) could walk independently.

According to all patients, the SF-36 was easily administered and took 9 (SD 2) minutes for
completion. All SF-36 items were completed. The longitudinally examined patients
contacted us with questions (usually once a week by telephone), especially within the first
three months of their illness. All patients reported having the opportunity to contact us as a
big support in managing the consequences of their illness.

SF-38 scores in stable patients. The mean SF-36 subscales’ values with corresponding mean
PCS and MCS scores for the stable group of 114 patients were notably lower compared with
the reported mean normal values (Figure 1A and 1B; t-test: p < 0.0001). Differences
between independent ambulatory patients (n = 92; f-scores < 2) and those patients who
needed support to walk or could not walk (n = 22; f-scores = 3 and 4) are presented in
Figures 1C and 1D. These differences were primarily reflected in the more physically
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Table 1

Basic characteristics of patients with immune-mediated polyneuropathies

Stable group of patients (n=114; GBS 83, CIDP 23, MGUSP 8)
Sex, No (%)

Females 54 (474%)

Males 60 (53%)
Mean age at start of the study, (SD) range [years) 55.0{15.2) 1484
Mean duration of symptoms till onset of study [years] 6.8(6.7)0.7-28
MRC sumscore 53.2(7.9316-60
Sensory sumscore 44(4.130-15
Funetiona} grading scale (fseore) at entry

fracore =1 51 (45%)

fscore = 2 41 (36%)

fuscore = 3 14 (12%)

frscore =4 § (7%)

Longitudinal group of patients (n=20; GBS 7, CIDP 13}
Sex, No (%)

Fernales $ (40%)
Males 12 (60%;)
Mean age at start of the sudy. (SD) range [ycars] 45,6 (18.5)15-70
Legend to Table I

GBS = Guillian-Barré Syndrome; CIDP = chronic mflarmmatory demyelinating polyneuropathy; MGUSP =
monoclonal gammopathy of undetermined significance associated polyneuropathy.

MRC sumscore range: 0 (“total paralysis™) to 60 (“normal strength™); “INCAT" sensory sumscore range: 0
(“normal sensation™) to 20 (“most severe sensory deficit™); Hughes' functional grading scale (f-score) range:
0 (“no symptoms or signs™) to 5 (“requiring artificial ventilation for at least part of the day™) (11.15).

focused domains (“physical-functioning” and “role-functioning physical”; t-test: p < 0.002;
for the dimension “role-functioning emotional™: p = 0.02; for the remaining subscales: p 2
0.1). The PCS scores clearly distinguished between the two disability subgroups,
demonstrating a lower mean PCS value for the more disabled subgroup (Figure 1D; t-test: p
= 0.0007). No differences between these subgroups were seen for the MCS values (Figure
1D; t-test: p = 0.5).

SF-36 values in longitudinally examined patients. Eight women and twelve men were
examined longitudinally. Two hundred and one visits were completed in these patients. SF-
36 was concurrently assessed in 147 occasions of these 201 visits (5 - 10 visits in each
patient). The follow-up period ranged from 40 — 58 (mean 52) weeks. Nincteen patients
completed a one-year follow-up. All patients experienced general loss of strength, sensory
disturbances, and reported functional deficit. Good clinical improvement was noted during
follow-up in all patients. The GBS patients (n = 7; 6 were treated with IVIg; 1 patient
received no treatment) did not show any deterioration during follow-up. Twelve TVIg
responsive CIDP patients needed interval therapy with IVIg (1-2 days 0.4 grams/kg/day;
intervals: 3 - 21 weeks) to maintain the achieved improvement. One CIDP patient did not
respond on IVIg therapy and was treated with prednisone (initial dose 100 milligrams/day
for 4 weeks, tapered down over 5 months to 30 milligrams every other day). Eventually, all
patients demonstrated during follow-up a general increase in quality of life as shown in
Figure 2. To provide clarity, only the SF-36 values at the weeks 0, 12, 26, and 52 of follow-
up were graphically presented. As can be seen, the SF-36 adequately captured improvement
in these patients, demonstrating a gradual shift of all scores in the whole group towards
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Figure 1

Comparisen of mean SF-36 heaith status profile in a stable group of patients with immune-
mediated polyneuropathies versus mean values for the healthy Dutch community
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Legend to Figure 1

PhF = physical functioning; RFPh = role-functioning physical: RFE = role-functioning emotional; SF =
social functioning: BP = body pain; MH = mental health; Vit = vitality; GHP = general health perception;
PCS = physical component summary score; MCS = mental component summary score. Figure 1A: mean
domains’ values are presented for the whele stable group; Figure 1B: mean component summary scores are
presented for the whole stable group. Mean dimensions and summary measures were notably lower
compared with corresponding values in healthy controls (t-test: p < 0.000] for all comparisons). Figure 1C:
mean domains® values are presented for the two disability subgroups {: f-score < 2: able to walk independent
versus f-scores 3 + 4: able to walk with support or bed bound): Figure 1D: mean component summary scores
are presented for the two disability subgroups. Differences between these two subgroups were especially
reflected in the more physically focused domains (“physical-functioning” and “role-functioning physical™; t-
test: p £ 0.002; for the domain “role-functioning emotional™ p = 4.02; for the remaining dimensions: p =
0.1). The reported mean (SD} SF-36 domain scores with comresponding summary values for a nationwide
sample of 1742 healthy individuals in The Netherlands was used for the comparison studies (9,10).

normal values (Figure 2). At entry, all dimensions and sumrmary measures were notably
lower compared with the comresponding normal values (t-test: p < 0.000f for all
comparisons). Gradual but substantial improvements were seen during treatment and at one
year of follow-up only the domain “physical-functioning™ and PCS differed significantly
from the corresponding normal values (Figure 2). The MRC sumscore and ISS also captured
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Table 2

MRC sumscore, INCAT Sensory sumscore (ISS), and Hughes’ functional grading (f-score) values in
longitudinally examined patients with immune-mediated polyneuropathies

1 At entry At week 12 At week 26 At week 52*
MRC-ss: mean (SD), range 476 (10.4). 13— 58 53.9 (9.7). 28— 60 564 {7.2). 30— 60 57.4 (6). 37— 60
IS5; mean (SD), range 8.8(4.6),1-18 54(53.0-14 37{42.0-12 4.0(5.3).0-~16
f-score 02 7 16 18 17

3-5 13 4 2 2

Legend to Table 2

MRC-ss = MRC sumscore. * = one patient did not complete one year of follow-up. Note: a lower ISS or £~
score connotes less impairment and disability, respectively. Disability grades: f-score < 2: able to walk
independent; f-scores 3 + 4: able fo walk with support or bed bound. MRC sumscore range: 0 (“total
paralysis™) to 60 (“normal strength™); “INCAT™ sensory sumscore range: 0 {(“normal sensation™) to 20
("most severe sensory deficit™); Hughes® functional grading scale (f-score} range: 0 (“no symptoms or
signs™) t0 5 (“requiring artificial ventilation for at least part of the day™) (11,13).

improvement over time (Table 2). Moreover, lower f-score values were seen in most patients
during follow-up, hence representing a better functional status (Table 2).

Clinical variables and their impact on SF-36 PCS and MCS scores. Age was not
significantly related to the PCS and MCS values in both patients’ groups. Also, duration of
symptoms was not significantly correlated with the summary values in the stable group.
General strength and sensory disturbances explained partially the obtained PCS values (in
the stable group: MRC sumscore: fraction explained variation: R? = 0.12; ISS: R2=0.16; in
longitudinal group: MRC sumscore: R? = 0.17; ISS: R? = 0.36; p<0.0001 for all regressions).
MRC sumscore and ISS values were not significantly related to the MCS scores in the stabie
group. In the longitudinally examined patients, both variables had a significant impact on
MCS (MRC sumscore explaining 11% and sensory sumscore 13% of MCS values; p<0.0001
for all regressions).

Validity, Reliability, and Responsiveness of the SF-36. The psychometric requirements for
the SF-36 are presented in Table 3. Poor to good correlation values were obtained between
the SF-36 and other clinical measures. The highest associations were seen between the
physically oriented SF-36 entities, and the MRC sumscore and f-score values (Table 3).
Good internal consistency values were obtained for all SF-36 dimensions and summary
measures. All dimensions and summary measures, except "body pain® and “general health
perception”, had SRM values > 0.8, indicating high responsiveness. Moderate SRM values
(0.4 —0.6) were obtained for “body pain™ and “general health perception” (Table 3).

Discussion

The current study demonstrates the clinical applicability of the SF-36 generic health status in
patients with immune-mediated polyneuropathies. Patients with a stable GBS, CIDP, or
MGUSP for many vears had significantly lower SF-36 scores at all levels, indicating a worse
climical state. Particularly the more physically oriented entities demonstrated lower values
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Figure 2

Meae SF-36 changes in 2 longitudinal group of patients with immune-mediated polyneuropathies
receiving maintenance therapy versus mean values for the healthy Dutch community
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Legend to Figure 2

Figurg 2A: mean domains’ values are presented for the longitudinal group; Figure 2B: mean component
summary measures are presented for the longitudinal group. PhF = physical functioning; RFPh = role-
functioning physical; RFE = role-functioning emotional; SF = social functioning; BP = body pain; MH =
mental health; Vit = vitality; GHP = genera! health perception; PCS = physical component stwnmary score;
MCS = mental component surmmary score. Twenty patients were examined longitudinally. One hundred and
forty seven SE-36 measures were completed. There was a gradual shift of all SF-36 domains and summary
measures towards normal values (I — V). * p < 0.01 for comparison with healthy controls (t-test). The
reported mean (SD) SF-36 domain scores and surmmary measures for a random sampie of 1742 healthy
individuals in The Netherlands was used for the comparison studies (9,10},

compared with the reported normal values for the Dutch community (Figure 1). Patients who
were more disabled had lower scores on the physical measures compared with the less
disabled ones. Similar SF-36 discriminatory findings were demonstrated in a cross-sectional
group of patients with systemic lupus erythematosus (26). Surprisingly, in the current study,
the mental state did not decrease with increasing disability and was almost equivalent to the
conitrols. An unaltered mental state, scored by the SF-36, was also reported in patients with
various forms of chronic peripheral neuropathies (5). Although statistically significant, the
differences in the MCS values between the stable patients and controls were minor and most
probably clinically not relevant. In the longitudinally examined patients, the more mentally
oriented subscales (mental health, social function, body pain) and the MCS values reached
earlier normal values compared with the more physical SF-36 measures (physical function,
role-function physical, PCS) (Figure 2). Comparable results were reported in patients with
rheumatoid arthritis who demonstrated an improvement in psychosocial functionality as the
duration of the disease increased (27,28). It was suggested that in general patients alter their
functional expectations over time and learn to cope with their limitations (28,29). Mental
health and subjective well-being were also by far the least affected in patients with various
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Table 3
Validity, Reliability, and Responsiveness of SF-36 health status in patients with immune-mediated
polvneurcpathies
Validity Reliability Responsiveness
In stable group: Spearman’s rank correlation coefhicient () Internal Standardised Response
In longitudinal group: Random effects lincar regressions (R) consistency mean statistic at:
(Cronbach’s &) 6 months 12 months

Stable group of paticnts (n=114)
SF-36 domains + MRC INCAT Sensory  Functional grading
SUTNIMATY 5COTeS Sumscore SUMSCOre scale (fseore)
PhF 0.60%* -0.41%* -0.76%* 0.95 - -
RFPh 0.20 -0.13 -0.27* 0.85 - -
RFE 0.0t 0.0 0.0t 0.83 - -
SF 0.17 -0.09 -0.17 0.77 - -
BP -0.03 -0.23* -0.08 0.72 - -
MH 0.04 0.03 -0.04 0.87 - -
Vit -0.06 -6.07 -0.01 0.80 - -
GHP G.10 -0.08 -0.18 0.80 - -
PCS 0374 -0.42%* -0.56%* 0.84 - -
MCS -0.09 0.17 0.16 0.90 - -
Longitudinal greup of patients {n=203 147 visits)
PhF 0.81%* -0.45%% -0.85%% - 1.4 1.3
RFPh 0.3 «0.33%* -0.52%% - Li 1.6
RFE (.50 -0.41%4% 0. 43%* - 0.8 1.1
SF 0.68** <0.38*+ -0.68*+ - 0.8 6.9
BP 0.06 -0.40%% -0.24% - 0.4 G.6
MH 0.37%* -0.45%* <0434 - 1.1 1.0
Vit 0.28%* ~0.40%* ~(.35%* - 1.1 0.9
GHP 0.28%+ -0.51%* -0 44%* - 0.5 04
PCS 0.471%* -0.60%* -0.66™* - 1.0 0.9
MCS 0.29%* -(.36%* -0.43%* - 1.1 1.2
Legend to Table 3

PhF = physical functioning; RFPh = role-functioning physical; RFE = role-functioning emoticnal; SF =
social functioning; BP = body pain; MH = mental health; Vit = vitality: GHP = general health perception:
PCS = physical component summary score; MCS = mental component summary score. * p < 0.01; ¥ p <
0.0001.

chronic medical conditions (30). There are, however, exceptions to this statement, since
patients with epilepsy or aids may have an altered emotional well-being and mental
functioning over time (31,32).

In the longitudinally examined patients, chnical improvement over time was also
demonstrated by a gradual shift of all SF-36 values towards the normal values (Figure 2).
The pattern of changes of the SF-36 was more visible in some domains than in others and
therefore it is unlikely that these changes were solely due to regression to the mean. Our
results emphasize that GBS and CIDP have pervasive impacts on patients’ function, both
physical and psychosocial. The SF-36, therefore, complements the traditional viewing of
symptoms, signs, and laboratory studies in these conditions and facilitates the evaluation of
not only physical, but also mental functioning, hereby increasing the physician’s awareness
of the magnitude and extent of their patients’ functional limitations. This knowledge may
lead to early educational interventions of patients and their family about the general course
and prognosis of GBS or CIDP, management of possible fear, anxiety, and other
psychological discomfort (33). The longitudinally examined patients experienced an
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extensive follow-up regime and guidance that most probably contributed to a better
outcome. It was argued that a supportive group of individuals surrounding a patient plays an
important role in the promotion of health and well-being and therefore ultimately in the
evaluation of quality of life of the patient (34). It should be noted, however, that the quality
of life improvement seen in the longitudinally examined patients was most probably related
to & mixture of supportive care and pharmacological therapy with kmown’ efficacy (16-20).
Quality of life was also examined using the SF-36 dimension and summary scores in a
randomised controiled trial evaluating the effect of a home exercise program in a small
sample of patients with chronic peripheral neuropathies (5). The findings in this paper were
congruent with our results. The more physically oriented dimensions plus the PCS scores
were more altered compared with the mentally oriented entities. Also, all SF-36 scores
except for the MCS values were lower than scores previously described for the general
population (5). Another paper investigated quality of life using the Sickness Impact Profile
(SIP) generic health survey in a cross-sectional group of 123 patients who experienced GBS
3 to 6 years earlier (2). In accordance with our findings, the physical and psychosocial
dimensions of the SIP were clearly lower compared with the healthy controls’. Lower
physical functioning with increasing disability was also noted (2).

General strength explained 12-17% and sensory deficit 16-36% of the SF-36 physical
summary scores, which is comparable with earlier findings in various forms of
polyneuropathy (4). In the longitudinally examined patients, general strength and sensory
deficit explained only a small portion of the mental summary scores. These findings
implicate that the SF-36 could be considered as an adjunct outcome measure for future
studies, complementing traditional strength and sensory scales. Moreover, in understanding
what causes a decrement in quality of life in these conditions, other explanatory variables
need to be considered. Variables like depression and fatigue have been advocated as
potential contributors to a decrement in quality of life (33,35).

In the longitudinally examined patients, the SF-36 “mental health” subscale values,
containing various aspects of depression, and the MCS scores during the first 6 months of
follow-up were equivalent to the scores that were reported in mildly depressed patients (36).
Since a significant correlation has been demonstrated between the SF-36 “mental health”
domain, MCS, and a depression scale in patients suffering from depression, it is conceivable
that depression may have contributed to a psychosocial dysfunction in the early phases of
experiencing GBS or CIDP by the longitudinally examined patients (36).

In general, acceptable validity, reliability, and responsiveness were demonstrated for SF-36
dimensions and summary measures in patients with immune-mediated polyneuropathies,
hence emphasizing the clinical applicability of this scale as a generic health status in these
conditions. To our knowledge, this study is the first that evaluated all psychometric
properties of the SF-36 health status in immune-mediated polyneuropathies.

There are some methodological issues that should be addressed. First, because the
longitudinally examined group of patients only consisted of 20 patients, it was decided not to
analyse the patients with GBS and CIDP separately. Future studies are required to
investigate the possible discriminatory validity of the SF-36 between these diagnostic
categories and also between these categories and patients with MGUSP. However, we did
pot find any difference in quality of life using the SF-36 between patients with GBS versus
those with CIDP or MGUSP who were stable for many years (35). Second, in the current
study, participation of family members was stimulated in handling the patient’s distress
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caused by GBS or CIDP. A clear definition, however, of a patient’s social network and the
way family members should participate was not defined. Future studies in these conditions
are essential to determine whether various forms of supportive social network (for example,
family guidance alone versus family and psychological support) would lead to different
outcomes. Despite these limitations, the comprehensiveness of the SF-36 generic health
status may help to increase physicians’ awareness, by providing information on functional
health, general well-being, emotional state, and general health perceptions in patients with
immune-mediated polyneuropathies.
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Abstract

Objectives: To determine the validity, reliability, and rank ordering of the responsiveness of selected
impairment and disability scales in sensory-motor immune-mediated polyneuropathies.

Methods: The validity and inter-/intra-observer reliability of three impairment scales (MRC
sumscore, “INCAT™ sensory sumscore, grip strength Vigorimeter) and three disability scales (Nine-
hole peg test, Ten-metre walking test, an overall disability sumscore) were investigated in 113
patients with a stable neurological condition (83 patients who experienced Guillain-Barré syndrome
(GBS) in the past, 22 with chronic inflarnmatory demyelinating pelyneuropathy (CIDP), 8 with a
polyneuropathy associated with a gammopathy of undetermined significance). For the assessment of
responsiveness to clinical changes over time, all scales were utilized serially in twenty patients with
recently diagnosed GBS (n= 7) or CIDP (n = 13) with changing clinical conditions. Responsiveness
was measured using the: (1) Effect size; (2) Standardised response mean; (3) Wilcoxon matched
pairs signed rank test; (4) newly devised Schmitz’ distribution-free responsiveness score; (5)
correlation studies between the scales’ values and patients’ rating of their clinical condition. For the
responsiveness methods 1 to 4, the serially obtained values were plotted against a follow-up period
of 52 weeks and the Area-under-the-curve (AUC) was calculated in each technique. In addition to
literature suggestions regarding responsiveness values for the Effect size and Standardised response
mean methods, good responsiveness was defined as an AUC > 41 (0.8 x 52 weeks) and moderate
responsiveness as an AUC between 26 to 41 (0.5 to 0.8 x 52 weeks).

Results: Fair to good validity was demonstrated for all selected scales (in stable group: Spearman
rank test: r = -0.19 to -0.63 and r = 0.48 to 0.69,p < 0.05; in longitudinally exarnined patients: linear
regression analyses: R = -0.3G to -.089 and R = 0.27 to 0.81,p < 0.0001). Good inter- and intra-
observer reliability was calculated for all scales (Anova: R = 0.85 — 0.99,p < (.0001). In general,
responsiveness techniques ranked the scales consistently. Responsiveness methods enabled the
clinician to choose ameng equally valid and reliable outcome measures. The overall disability
sumscore, MRC sumscore, and grip strength by the Vigorimeter were ranked among the best
responsive scales and demonstrated good mutual association.

Conclusion: Good validity and relfability are provided for the selected impairment and disability
measures. The use of the overall disability sumscore, MRC sumscore, and the Vigorimeter for grip
strength assessment is primarily suggested for assessing outcome in patients with sensory-motor
immune-mediated polyneurcpathies, since these scales demonstrated the highest responsiveness
scores.
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Imtroduction

In 1680, the World Health Organization published a comprehensive framework, staging the
consequences of any disease at various levels of outcome (1). This international
classification of impairments, disabilities, and handicaps (ICTDH) allows evaluation and
staging of clinical rating scales according to the level they represent (1,2). However, the
value of outcome measures, not only depends on this categorization. Scales should also be
appropriate to the patients group at study, brief and easily applicable, user friendly,
communicable, and cost effective (2,3). Moreover, fulfilment of the clinimetric demands,
like being valid, reliable, and responsive to clinical changes over time is required (3,4).
Validity reflects the relation between the concept to be measured and the scale used to assess
that concept. Validity is usually established on expert judgements {(content and face validity),
by demonstrating a high correlation between the scale and a gold standard (criterion vahdity)
or, in the absence of a gold standard, by examining the degree of association between a scale
and other measures (3,4). Reliability addresses the internal congistency in multi-item scales
and the ability of a scale to demonstrate reproducibility of the scores by the same (intra-) or
a different examiner (inter-observer), or by the same patient (test-retest reliability) in case of
self-rating scales (3.4). Responsiveness is defined as the ability of a scale to detect
meaningful clinical changes over time when evaluating the benefits of a medical
intervention {3.5,6). Responsiveness can be assessed within a group of patients receiving the
same therapy or between groups of patients being treated with different therapy regimens
(3,3,6).

Over the last decade, various easily applicable impairment and disability scales have been
devised and used in clinical studies including patients with Guillain-Barré syndrome (GBS),
chronic inflammatory demyelinating polyneuropathy (CIDP) or polyneuropathies associated
with monoclonal gammopathies of undetermined significance (MGUSP). The most
commonly use impairment scales are various motor scales based on the Medical Research
Council (MRC) grading system and different sensory rating scales including wvarious
sensation modalities representing different sensory fibres (7). As disability scales, the
Hughes® disability scale and related meodifications, the (medified) Rankin scale, and the
neurological disability score (NDS) have been used more often (8-12).

Surprisingly, despite the wide use of these scales, studies formally evaluating their
clinimetric requirements are limited and incomplete. Regarding the motor scales, the MRC
sumscore and the motor subset of the NDS are the only motor scales that have been
validated and examined in terms of their reproducibility (9-11). With the exception of the
sensory subset of the NDS, none of the used sensory scales has been subjected to a
comprehensive clinimetric evaluation, The validity and reliability of the NDS sensory subset
were demonstrated in diabetes patients with signs of a polyneuropathy (10,11). Good
internal consistency was recently obtained for this scale in patients with hereditary and other
polyneuropathies (13). The NDS sensory subset is, however, limited since sensory qualities
are only assessed at the index finger and hallux.

The validity and reliability of the Hughes’ disability scale were demonstrated in GBS
patients (9). Despite its wide use in polyneuropathy studies, no formal clinimetric evaluation
of the Rankin scale has been performed in patients with these disorders. Its reliability has
been established in patients with stroke (12). Despite the simplicity and obvious face
validity, the clinical use of the Hughes’ scale and Rankin scale is limited, since their
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emphasis is strongly directed towards mobility, thus not providing information regarding the
arms.

Although validity and reliability have been demonstrated for some of the scales applied in
patients with GBS, CIDP or MGUSP, relative little attention has been addressed towards
their ability to detect clinically meaningful changes, an ability addressed as “responsiveness”
(5,6). In addition, no consensus exists regarding which scale or set of scales reflects most
appropriately the impairment and disability levels in patients with sensory-motor immune-
mediated polyneuropathies.

Prompted by these findings, we evaluated the clinical applicability of existing scales that
purely represented either the impairment or the disability outcome level in patients with
immune-mediated polyneuropathies. This evaluation was performed by the “Inflammatory
Neuropathy Cause and Treatment (JNCAT) group”, a collaborating force of European
neurologists with special interest in immune-mediated polyneuropathies. The INCAT group
evaluated various existing scales in terms of their content and face validity. A set of scales
was selected for further studies. Subsequently, the construct validity, internal consistency in
multi-items scales, inter- and intra-observer reliability for these measures were examined in
patients with GBS, CIDP, and MGUSP (3.4). Also, because no information was available
from the literature regarding which technique captures responsiveness the best of an
outcome measure, we used various knmown responsiveness methods to examine this
clinimetric requirement (5,6). The rank ordering by the responsiveness methods (from best
to worst responsiveness) of the selected scales was investigated to determine whether
responsiveness findings could help the clinician to select impairment en disability scales
with the best responsiveness, among all scales that already demonstrated to be equally valid
and reliable.

Patients and methods

Patients

One hundred and thirieen patients (83 GBS, 22 CIDP, 8 MGUSP) with a stable clinical
condition were recruited from the Rotterdam immune-mediated polyneuropathy databank
and the Dutch GBS study group (stable group). Patients with GBS, CIDP or MGUSP were
recruited, since it was argued that these disorders represent parts of a continuum regarding
their neuromuscular dysfunction pattern (14). The selected patients still had residual
symptoms and/or signs due to their illness, representing a broad range of disability. Nine
CIDP patients required interval treatment ranging from weeks to months, with intravenous
immunoglobulin (TVig). With this therapy their clinical condition has been stable for more
than 6 months. Six patients with MGUSP (three with IgG, two with IgM, and one patient
with IgG+IgM) had an associated demyelinating polyneuropathy with minor concurrent
axonal damage in three. An axonal polyneurcpathy was diagnosed in the remaining two
patients with MGUSP (one IgA and one IgG type).

Twenty consecutive patients with recently diagnosed sensory-motor GBS (n=7) or CIDP (n
= 13) and changing clinical conditions were enrolled to investigate the responsiveness of the
selected scales (longitudinal group). Al GBS and CIDP patients met the international
criteria for their illness (15,16). The diagnosis MGUSP was established after excluding all
possible causes for the gammopathy and polyneuropathy (17).
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Literature review and scales selection

From January 1988 till January 1999 a systematic Medline search was performed reviewing
all impairment and disability methods in clinical neuromuscular studies. A set of twelve
scales was selected representing the impairment and disability levels of outcome, taking into
account the clinical spectrum of patients with GBS, CIDP, and MGUSP (14). This set of
scales was presented to and evaluated by an expert panel consisting of 13 neurologists, all
INCAT members, who selected three impairment and three disability scales for further
clinimetric evaluation in sensory-motor immune-mediated polyneuropathies. Since, strength
and sensation are primarily affected in these conditions, the MRC sumscore and “INCAT”
sensory sumscore were chosen to capture a global view of these impairment entities (9,18).
In addition, distal weakness may predominate in these disorders and therefore the casily
applicable hand-held Vigorimeter (VM) was used to measure grip strength (19). Also, grip
strength has been demonstrated to be a prognostic indicator of clinical and functional
recovery and useful in monitoring the effect of treatment (9,20-23). To assess “focal”
disability, the Nine-hole peg (dexterity) test and the Ten-metre walking (mobility) test were
chosen (2). “Global” (arm + leg) disability was measured using an overall disability
sumscore {24).

Assessment tools/scales

The MRC Sumscore is a summation of the MRC grades (range: 0 - 5) given in full numbers
of the following muscle pairs: upper arm abductors, elbow flexors, wrist extensors, hip
flexors, knee extensors, and foot dorsal flexors (9). The MRC sumscore ranges from 0
{(“total paralysis™) to 60 (“normal strength™) {9). Good validity and inter-observer reliability
are provided for this scale in patients with GBS (9).

The “INCAT” sensory sumscore (I85) was recently introduced and extensively evaluated in
patients with immune-mediated polyneuropathies (18). In brief, the ISS comprises pinprick
and vibration sense plus a two-point discrimination value in the arms and legs and ranges
from 0 (“normal sensation™) to 20 (“most severe sensory deficit™) (18).

The Vigorimeter (VM) (Martin, Tuttlingen, Germany) is a hand-held dynamometer to
measure grip strength (19). The pressure in the bulb is registered on a manometer via a
rubber junction tube and expressed in kiloPascals (kPa). The medium sized bulb was applied
in the selected participants. Good validity for the VM was reported after correlation with the
Jamar dynamometer (25,26). Good reliability and responsiveness values were reported for
this device in healthy individuals and patients with theumatoid arthritis (27,28).

The Nine-hole peg (dexterity) test and the Ten-metre walking (ambulatory) test were
assessed to measure “focal” disability (2). The simplicity, validity, and reliability of these
tests have been demonstrated, particularly in patients with stroke (2).

The Overall disability sumscore (ODSS) is composed by a recently published arm and leg
disability scales with a total score ranging from 0 (“no signs of disability”) to 12 (“most
severe disability score™) (24). It comprises a good functional description of the arms and
legs in a checklist form suitable for interviewing patients. Daily arm activities like dressing
upper part of the body, doing and undoing buttons and zips, washing and brushing hair,
using a knife and fork and turning a key in a lock are scored as being “not affected”,
“affected but not prevented” or “prevented”. Subsequently, these results are translated into
an arm grade (score range: 0 [normal arm abilities] to 5 [severe symptoms and signs in both
arms preventing all purposeful movements]). The leg scale highlights problems regarding
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walking taking into account the use of a device. The results are also tramnslated into a leg
grade {score range: 0 [walking is not affected] to 7 [restricted to wheelchair or bed most of
the day, preventing all purposeful movements of the legs]) (24). The selected arm and leg
disability scales are subsets of a more comprehensive Guy’s neurological disability scale
(24). Good clinimetric requirements have been recently demonstrated for all components of
the Guy’s scale in patients with multiple sclerosis (24).

Test procedures

General aspects. All participants gave informed consent prior to the study. All measures
were obtained in a quiet, comfortably warm, and temperature-controlled room
(approximately 20°C) at our outpatient clinic. The assessments were performed in a random
order. For the assessment of strength, a standardised joint and limb position as well as the
point at which counter-force was administered was defined before the start of the study and
taken at examination of each muscle group (page 205). Sensory modalities were examined in
triplicate under the earlier prescribed standard conditions with the patients lying in supine
position (18).

For the assessment of grip strength with the VM, all patients were examined according to the
assessment recommendations by the American Scciety of Hand Therapists (29). In brief, the
participants were seated with their shoulder adducted and neutrally rotated, elbow flexed at
90°, forearm in neutral position, and wrist between 0° and 30° dorsiflexion and between 0°
and 13° of ulnar deviation (29). Three grip strength measurements with maximum voluntary
contractions for each hand were taken in alternating order. Between each trial a pause of 30
seconds was assigned. The results of three trials for each hand were averaged and considered
the grip strength score for that particular hand.

All patients received training in assessing the Nine-hole peg test prior to the start of the
study in order to exclude any training effect. The patients were asked, under the prescribed
standard conditions, to pick up nine pegs from a tray at table height and place them as
quickly as possible into nine holes in a neighbouring horizontal board. Afier this procedure,
the pegs were removed as fast as possible. These measures were performed for both hands
separately in alternating order and the time required to fulfil these tasks was recorded (in
seconds) (2). Patients were also requested to walk ten meters in a straight line at their
preferential speed, using whatever aid-needed (2). Three measures were completed for each
of these tests and the corresponding time was recorded at each assessment (in seconds). For
each of these two tests, the mean time of completion was calculated by averaging the three
obtained measures. The study took place between January 1999 and January 2000.

Validity and reliability. The first step in the assessment of validity was an extensive
evaluation by the “INCAT” expert panel of reported impairment and disability outcome
measures that were applied in immune-mediated polyneuropathy studies. Eventually, this
panel selected the above-presented scales and instruments. The selection was based on the
presumed conjoint ability of this set of scales t¢ cover the most important clinical aspects of
patients with GBS, CIDP, and MGUSP. Construct validity of the selected scales was
investigated by correlation and regression studies.

For the assessment of reliability and construct validity of the selected scales in the stable
group of 113 patients, two neurologists and six experienced residents in neurology formed
28 different couples. Preceding the study, all investigators received Instructions in assessing
the outcome measures. Twenty-seven (“variable™) couples investigated a total of 68 patients
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(2-3 patients for each couple). The remaining 45 stable patients were investigated by the
“experienced” couple (IM+ JS). The latter couple was formed to examine the effect of
training (and thus a possible increase in reliability) when using the scales often.

The patients were examined on two different occasions at our outpatient clinic. During the
first visit the two members of an appointed pair performed their scores independently and
consecutively (usually within 2 hours) (inter-observer measures). Within 2-4 weeks, the
patient returned for a second visit and only one investigator of the earlier assigned pair
examined the patient again (intra-observer values) without having access to previous results.
The assessments sequence at entry and the examination at the second visit were equally
distributed among the members of an assigned couple. Eventually, each member of a couple
examined the approximately same number of patients. All scales were assessed at each visit
in all patients.

Responsiveness. Twenty consecutive patients were longitudinally examined by the same
clinician (ISJM) and all scales were assessed at study entry and §-13 times during follow-up.
There was a standard follow-up schedule (week 0, 2, 4, 8, 12, 16, 21, 26, 32, 40 and 52) with
additional clinical investigations if necessary. At each visit, the patients were requested to
judge whether their clinical condition deteriorated (grade 1), remained stable {grade 2) or
improved (grade 3) when compared with the last visit (“clinical-judgement scores™). At
study entry, the patients reflected their clinical condition against their physical status within
the two weeks before the start of the study.

Statistics

Validity and Reliability. In the stable group of patients, the correlation between the scales
was analysed using the Spearman rank correlation test. In the longitudinal group, random
effects linear regression analyses between the scales were performed taking into account the
correlation of the data caused by the longitudinal structure. The latter was achieved using the
program “xtreg” in STATA 6.0 for Windows 95 which is based upon a cross-sectional time-
series regression model as described by Dwyer and Feinleib (StataCorp. 1997. Stata
Statistical Software: Release 5.0. College Station, TX: Stata Corporation; see also reference
30). A logarithmic transformation was applied to various scale values prior to the regression
studies to strive for the best fit. This was achieved by systematic evaluation of the possible
correlation between the values of two scales through constructed graphs. Cronbach’s alpha
coefficient was estimated for the MRC sumscore, sensory sumscore, and overall disability
sumscore in both (stable and longitudinal) patients groups (31). The interobserver and
intraobserver reliability for the scales was quantified by estimation of the intraclass
correlation coefficient using a one-way random effects analysis-of-variance model for the
two investigator (“experienced” and “variable™) groups.

Responsiveness. The selected scales’ values could not be always collected at the exact
follow-up date, due to practical patients’ and investigators’ inconveniences. Therefore,
where necessary, interpolation of the data was performed in each patient. Subsequently,
corresponding values for each scale in each patient were calculated for the exact weeks 0, 2,
4, to up to 52. Responsiveness was than evaluated in five ways: (1) effect size, (2)
standardised response mean, (3) Wilcoxon matched pairs signed rank test, (4) Schmitz’
distribution-free responsiveness score, and (5) correlation studies between the scales’” values
and patients’ rating of their clinical condition (“clinical-judgement scores™). The effect size
is the mean change in scores divided by the standard deviation of the baseline scores (effect
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size = (Wi - Lo)/SDuo; Wi = mean scale value of the longitudinally examined group at week =
i; Lo = mean scale value at week = 0 [entry]; see also reference 32). The standardised
response mean is equal to the mean change in scores divided by the standard deviation of
change in scores (standardised response mean = (|17 - wo)/SD(UI - Ko); W = mean scale value
of the longitudinally examined group at week = /; o = mean scale value at week = 0 [entry];
see also reference 33). The Wilcoxon matched pairs signed rank test is the equivalent
distribution-free method of the relative efficiency test postulated by Liang and associates
(34). The Schmitz’ distribution-fre¢ responsiveness score is defined as 1.35 x the median
change in scores divided by the inter-quartile range of change in scores (IQRchange = 75th
percentile - 25th percentile). The last two methods were new and incorporated, since all
available responsiveness methods thus far are based upon parametric statistics. Finally,
change in scores was correlated with an external criterion, the clinical-judgement scores
using “xtreg” (intraclass correlation coefficient [R} are presented) (30).

The obtained responsiveness values for the methods (1) to (4) were serially plotted against
time. Subsequently, the area under the curve (AUC) of each graph was calculated, making it
possible to compare the AUC’s for the selected scales in each responsiveness technique and
therefore obtain a rank ordering. Moreover, these graphs provided information whether the
longitudinally obtained responsiveness values had a more ‘static’ or ‘modulating’ pattern. A
bigger AUC was defined as a higher responsiveness value for the corresponding scale.
Moreover, according to Cohen, an effect size or standardised response mean value between
0.5 and 0.8 is considered moderate, and 0.8 or greater is considered as high responsiveness
(35). Based on these premises, a moderate area-responsiveness was calculated for these two
methods by multiplying 0.5-0.8 with 52 weeks of follow-up. Moderate area-responsiveness
corresponded therefore with an AUC between 26 - 41. Good area-responsiveness for the
effect size and standardised response mean was defined as AUC > 41 (calculated by
multiplying 0.8 with 52 weeks of follow-up).

For each scale, median values at 12, 26, 40, and 52 weeks of follow-up were compared with
the median value at entry (Wilcoxon signed-rank test) to demonstrate possible changes in
time. All analyses were performed using Stata 6.0 for Windows 95. A value of p < 0.05 was
considered statistically significant.

Results

General aspects, Contenr and Face Validity. The selected scales were thoroughly evaluated
by a panel of 13 neurologists who eventually concluded thart they all have content and face
validity. Subsequently, the construct validity, reliability, and responsiveness for these scales
were assessed.

All eight examiners who investigated the patients concluded that the selected scales were
easy in use. The total examination of a patient took twenty to thirty minutes to be completed.
The stable group of patients (54 females; 59 males; median age 56, range 14-84 years) had a
median duration of symptoms till onset of the study of 5.1 years. Seven of these patients
were bed bound and fourteen patients required assistance or a device to walk short distances,
The remaining 92 patients could walk independentty. The corresponding median values and
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Table 1

Median values (range) of impairment and disability measures in the stable group of 113 patients with
sensory-motor immune-medizted polyneuropathies

First assessment Second asscssment Third assessment
MRC-sumscore 36 (16 -60) 54 (18 - 600 56 {16 - 60)
“INCAT” sensory sumscore 3{0~15) 3(0-18) 3{0-18)
GS-RH (kPa) 67 (0-156) 65 (0-138) 67 (0 -152)
GS-LH (kPa) 64 {0 - 158} 62 {0~ 160) 62 (0-158)
9HPT-RH {in scconds) * 244 (15.4-134.7) 23.1 (14.6 - 143.6) 23.7(14.2-144.8)
YHPT-LH (in seconds)* 23.8(15.8-192.2 24.5{17.1-196.2) 236 (152 - 144.8)
1OMWT (in seconds)** 8.3(54-32.0) 8.2{(54-34.0) 8.3(4.6-34.2)
Digability-ss 4(0-1D 4{0-12) 3(0-12)

Legend to Table 1

GS = grip strength; 9HPT = Nine-hole peg test; 10OMWT = 10 meters walking test; RH = Right hands; LH =
Left hands. *Five patients could not fizlfil the Nine-hole peg test. **Seven patients were not able to walk.
The MRC sumscore ranges from 0 (“total paralysis™) to 60 (“normal strength™} (9). The “INCAT" sensory
sumscore ranges from 0 (“rormal sensation™) to 20 {“most severe sensory deficit”) (18). The Vigorimeter
values range from 0 (lowest grip strength) to 160 kiloPascals (kPa) (highest grip strength) (19). The overall
disability sumscore ranges from 0 ("no signs of disability™) to 12 (“most severe disability score™) (24).

ranges for all scales in these patients are presented in table 1. All measures except grip
strength values demonstrated a non-Gaussian distribution.

Construct Validity, Internal consistency, inter- and intra-observer Reliability. The
correlation studies between the selected scales in the stable group and the regression
analyses performed between these measures in the longitudinal group are presented in table
2. In general, moderate to good correlation values were obtained for each scale, thus
demonstrating the validity of all selected scales. In the stable group, the strongest correlation
was obtained between the Ten-metre walking test and the overall disability sumscore (r =
0.69; p < 0.0001). In the longitudinally examined patients the highest association was
demonstrated between the MRC sumscore and the overall disability sumscore (R =0.8%;p <
0.0001).

In the stable group, acceptable internal consistency values were obtained for the multi-item
scales (MRC sumscore: 0.94 at first and third assessments, 0.93 at second assessment;
“INCAT” sensory sumscore: 0.68, 0.73, and 0.71 at first, second, and third assessments,
respectively; overall disability sumscore: 0.72, 0.70, and 0.76 at first, second, and third
assessments, respectively). The internal consistency in the longitudinally examined patients
was 0.96, 0.86, and 0.78 for the MRC sumscore, “INCAT” sensory sumscore, and overall
disability sumscore, respectively. As shown in table 3, good inter- and intra-observer
reliability values were obtained for the scales by the “experienced” and “variable” couples of
investigators (intraclass correlation coefficients ranging from R = 0.85 to 0.99).
Responsiveness. Eight females and twelve males (median age 54.0, range 15 - 70 years)
were examined longitudinally. At study entry, four patients were bed bound, one requiring
artificial ventilation, and nine patients were unable to walk independently. All patients
experienced general loss of strength, sensory disturbances, and deficit in daily functional
activities. Two hundred and one visits were completed during a follow-up period of 40 to 58
(median: 52) weeks. Nineteen patients completed a one-year follow-up. With the exception
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Table 2

Correlation and regression analyses between impairment and disability measures in patients with

sensory-motor immune-mediated polyneuropathies
MRC-ss Sensory-ss GS-RH GS-LH 9HPT-RH OHPT-LH 10MWT

Stable group of patients (n=113)

Sensory-ss ~0.19%*

GS-RH 0.49% 035

GS-LH 0.56% 437* .

9HPT-RH" -0.34% 0.52% -0.46* 45+

SHPT-LH" -035% 0.49% 0.43* .45 -

1OMWT® -0.38* 0.48* -(L51* -0.56* 0.61* 057+

Disability-ss -0.59% 0.50* -0.62* 0.63% 0.59~ 061 0.69*

Longitudinal group of patients (r=20: 201 visits)

Sensory-ss ~0.30%

GS-RH 0.76* -0.46*

GS-LH 0.73% -0.48% -

9HPT-RE™ -0.53% 0.50% 0.63* 054

OHPT-LH -0.58% 0.63* -0.64% -0.59% -

10MWT? -0.63* 0.41* -0.32% 028+ 027+ 0.36%

Disabiliy-ss -0.89% 0.74* 0.72% -0.69% 0.75% 0.81% 0.66%
Legend to Table 2

GS = grip strength; 9HPT = Nine-hole peg test; 10MWT = 10 meters walking test; RH = Right hands: LH =
Left hands; ss = sumscore. **p < 0.05; * p <0.001.

In the stable group: The presented data represent the obtained Spearman rank comrelations (1) at entry
between scales’ values. These correlations were almost identical at second and third assessments and

therefore only once presented. *Five patients could not fulfil the Nine-hole peg test, "Seven patients were not
able to walk.

In the lengitudinal group: The presented data represent the obtained associations between the scales’ values
using the program “xtreg” {se¢ also section Statistics; 30). The values represent intraclass correlation
coefficients (R). “In 2 patients, at six occasions the Nine-hole peg test could not be performed due to
weakness and sensory disturbances. *Five patients were not able to walk at a total of ten measurements.
Note: correlations may be negative or positive.

of one GBS patient who only experienced mild symptoms, all patients received initial
treatment with IVIg (0.4 grams/kilogram body weight/day for 5 consecutive days). All but
one patient with CIDP showed good functional improvement on IVIg during follow-up. The
non-responder received a treatment course of oral prednisone, 100 milligrams/day for four
consecutive weeks. This patient improved also with this therapy and prednisone was tapered
down over five months period to 30 milligrams on alternate days.

The GBS patients did not show any deterioration and improved gradually durmg follow-up.
After initial improvement, all 12 IVIg responsive CIDP patients showed deterioration in
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their clinical condition. Consequently, maintenance therapy with IVIg (1-2 days 04
grams/kg/day; intervals: 3 - 21 weeks) was needed to prevent further detericration and to
regain earlier achieved improvement. Eventually, all patients demonstrated during follow-up
a general decrement in impairment and improvement of functional abilities. Improvement
was detected on all scales as presented in table 4,

The patients graded their clinical condition 53 times as “deteriorating”, 38 times as “stable”
and 110 times as “improving”. Figures 1 and 2 correspond with the standardised response
mean scores and Schmitz® distribution-free responsiveness scores in time. The AUC’s in
these two figures demonstrated that the overall disability sumscore had the highest
responsiveness values followed by the MRC sumscore and Grip strength values obtained
with the Vigorimeter. Also, as can be seen, the serially obtained area-responsiveness values
demonstrated a modulating pattern over time. The calculated AUC’s for the scales in each
responsiveness method and the random effects linear regression studies between the scales’
values and the clinical-judgement scores are presented in table 5. In general, the
responsiveness indices ranked the scales consistently. The overall disability sumscore turned
out to be the best responsive scale. Also, The MRC sumscore, the Vigorimeter, and the
“INCAT” sensory sumscore demonstrated also acceptable responsiveness, reaching effect
size and standardised responsiveness mean AUC’s = 39, The worst responsiveness scores
were obtained in the Nine-hole peg test and Ten-metre walking test (see Figures 1 and 2 and
Table 5). The Ten-metre walking test demonstrated the worst responsiveness area in the
Schmitz’ distribution-free method.

Table 3

Reliability of impairment and disability scales in a stable group of patients with sensory-motor
immune-mediated polyneuropathies

“Experienced” couple of examiners "Variabie™ couples of examiners
(couple number 1) {couples number 2-28)
45 patients 68 parients
Intraclass corrclation cocfficient R + (SD} Intraclass correlation coefficient R + (SD)
{p < 0.0001 for ail associations) {p < 0.0001 for all associations)
Impairment scales Interobserver Intracbscrver Enterobserver Intraobserver
MR sumscore 0.93 {0.02) 0.93 (0.02) 0.56 {0.02) 8.95 £0.008)
“INCAT™ sensory sumscore 0.89 0.82) 0.85 {0.03) 0.86 £0.02) 0.87 (0.02)
Grip strength (Right hands) 0.97 {0.007) 096  {0.008) 0.97 (0.005) 0.57  (6.006)
Grip strength (Left hands) 0.96 {0,009 0.95 {000 0.97 {0.505) 0.96 (0.006)
Disability scales
Nisie-hole peg test (Right hands) 0.93 (0.02) 095 (0.01) 0.96 (0.006) 090  (0.02
Ning-hole peg test (Left hands) 0.93 0.02) 0.59 (0.02) 0.57 (0.004) 0.94 (0.01)
Ten-metre walking test 0.95 {0.02) 0.85 (0.03) 0.93 (0.01) 0,96 {0.007)
Overall disability sumscore 0.95 {0.01) 0.95 (0.01) 0.90 (0.02) 0.93 {0.01)
Discussion

The current study was designed to evaluate a set of impairment and disability scales in order
to provide a more standardised approach in choosing endpoints for clinical trials in sensory-
motor immune-mediated polyneuropathies. The evaluation was focused not only on validity
and reliability, but also reflected the evaluation of the selected scales’ responsiveness to
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clinical changes over time, since of all ¢linimetric requirements this itern has been the least
studied in the evaluation of outcome measures (5).

All selected scales demonstrated acceptable construct validity and reliability, thus reflecting
the good judgement (content and face validity) by the experts’ opinion. Whereas validity and
reliability form the clinimetric core stones of a rating scale, the ability of 2 measure to detect
clinically meaningful changes over time is crucial (2,5,6,36). For clinicians and researchers,
such a measure should discriminate between irrelevant changes (normal fluctuations in the
activity of an illness; “noise™) and clinically meaningful changes on which a treatment
policy can be based (“signal™) (5,6). A statistic and heuristic approach have been proposed
by Liang to examine responsiveness of outcome measures (5). Statistical responsiveness
captures the ability of an instrument to measure any change. Methods 1 to 4 applied in the
current study are examples of statistical responsiveness techniques. Heuristic responsiveness
techniques relate changes as assessed by an outcome measure to an external indicator (e.g.
the clinical-judgement scores by the patients in the current study; see also references 5 and
6). We examined these two approaches using various statistical responsiveness techniques
and regression analyses studies between the selected impairment and disability scales’
values and the clinical-judgement scores (Table 3). Responsiveness enabled us to
differentiate between equally valid and reliable scales and to compare the results of the
various methods applied, particularly between the parametric and non-parametric
responsiveness techniques. The non-parametric methods (Schmitz’  distribution-free
responsiveness scores or Wilcoxon matched pairs signed rank test) applied in the current
study are believed to capture “responsiveness” the best, because all scales except grip
strength by the Vigorimeter demonstrated a non-Gausian distribution pattern (Table 1).

Table 4

Median (95% inter-percentile range) values of impairment and disability scales in Jongitudinally
cxamined patients with sensory-motor immune-mediated polyneuropathies

Al entry At woek 12 At week 26 At week 40 At week 52
MRC-s8 50.5 (14 - 58) 58 (28 - 60Y* 59 (30 - G0Y* 50.5 (32 - 603 60 (37 - 60)*
“NCAT” sensory-ss 75(1-18) 3(0-13.5* 2(0- 12 3¢0-18)% 2{0~16)**
GS-RH 54 (0 - 103} 73 (8. 121)* 81 (12~ 159)* 90 (8 - 160)* 82 (0—160)**
GS-LH 53(0-%54) 756 -120p 79 (9 - 158)* 88 {6 -160)* 87 (0 - 160+
9HPT-RH™ 25.8 (19.5-76,3) 23.8 (15,0 - 96.8)*+ 18,3(15.3-38.2) 19.2 (14,4 - 141.9)* 20.3 (154 - 146>
9HPT-LH™ 29.2(18.2 - 60.5) 26.7 (174 - 88.2)* 20.9 (16.7 -42.5)* 20.5(15.6 - 109)%* 22,1 (15.6 — 145)°
10MWT? 160 (6.3-32.0) 7.4(5.3 - 134" 69 (5.0-15.1)% 6.8(57-11.00* 7.1 (6.1 ~11.3)%*
Disability-ss 53-11 3{0-10.5* 2(0-9.5)* 2{0-0* 200 = gy~

Legend to Table 4

GS = grip strength; 9HPT = Nine-hole peg test; I0MWT = 10 meters walking test; RH = Right hands; LH =
Left hands; ss = sumscore. Twenty patients were examined longitudinaily. Two hundred and one visits were
completed. “In 2 patients, at six occasions the Nine-hole peg test could not be performed due to weakness
and sensory disturbances. ®Five patients were not able to walk at a total of ten measurements. For each scale,
median values at 12, 26, 40, 52 weeks of follow-up were compared with median value at entry (Wilcoxon
signed-rank test). **p < 0.01; *p £ 0.001; " = not significant. Improvement on the MRC sumscore and grip
strength was characterized by an increase in scores.

A reduction in the scores for the “/NCAT™ sensory sumscore, Nine-hole peg test, Ten-metre walking test,
and overall disability sumscore reflected improvement.
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Figure 1

Standardised response mean (SRM) values with corresponding area-under-the-curve (AUC) for impairment
and disability scales in patients with sensory-motor immune-mediated polyneuropathies
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Legend to Figure 1
Moderate area-responsiveness was defined as an AUC between 26 — 41 and good area-responsiveness as
AUC > 41 (see section statistics). A bigger AUC corresponds with higher area-responsiveness.

Hence, complementary to literature findings, these non-parametric methods are more robust
when evaluating responsiveness. The use of the overall disability sumscore, the MRC
sumscore, and the Vigorimeter is primarily recommended in the follow-up of patients with
sensory-motor immune-mediated polyneuropathies, because these scales demonstrated to be
the most responsive ones.

As far as we know, this is the first neurological paper addressing the more dynamic
responsiveness technique of Area-under-the curve for outcome measures. The validity of
this approach however has been demonstrated in rheumatoid arthritis (37). In our view, this
approach has extended the postulated definitions of moderate and good responsiveness by
Cohen for the effect size and standardised response mean methods (35). Also, traditional
papers addressing scales’ responsiveness generally report the responsiveness values at one
or two arbitrarily chosen post-medical intervention moments (32-34,383-40). Thus, no
longitudinal reflection of the “true” responsiveness over time of these measures is provided.
In contrast with the more “static™ approach, the graphical representation in the current study
of the serially obtained responsiveness values demonstrates that responsiveness is a
medulating dynamic entity (Figures 1 and 2).

In the current study, the Ten-metre walking test and the Nine-hole peg test were both easily
applicable with good validity and highest reliability values. However, the responsiveness of
these two scales was very poor (Tables 2, 3, 5 and Figures 1 and 2). This implicates that
good validity and reliability of an outcome measure alone will not suffice to ensure relevant
clinical applicability. The consequence of a less responsive instrument is that the number of
patients that is required to achieve a given statistical power becomes higher (36).
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Figure 2

Schmitz’s distribution-free responsiveness (SRS) values with corresponding area-under-the-curve (AUC)
for impairment and disability scales in patients with sensory-motor immune-mediated polyneuropathies
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Legend to Figure 2
A bigger AUC correspends with a higher area-responsiveness.

Table 5

Area-under-the-curve (AUC) values and regression analyses representing responsiveness of
impairment and disability scales in patients with sensory-motor immune-mediated polyneuroepathies

(n=20)
Effect size Standordised response  Wilcoxon matched pairs  Schmim’ dismibution-free Random effects lnecar
fiean sigmed rmnk test reSPOBSIVETIENS SCore repressions with clinicale
Judgement
Scores (R)
Mean change Mean chanpe 1,35 X Madinn change xeg”
SDhbaseline SDcMc __1ORchange
MRCess 3% 58 188 83 0.46
“INCAT sensory-ss 41 50 157 38 .51
GS-RH 55 59 180 49 0.50
GS-LH 47 55 177 46 046
9HPT-RH 27 33 151 33 024
9HPT-LH 37 44 155 39 0.23
LOMWT 35 37 160 i5 .28
Dhsability-ss 61 67 188 88 0.46

Legend to Table 5

GS = grip strength; 9HPT = Nine-hole peg test; 10MWT = 10 meters walking test; RH = Right hands; LH =
Left hands; ss = sumscore. IQR = inter-quartile range (75th percentile minus 25¢h percentile). For the effects
size and standardised response mean methods, moderate area-responsiveness was defined as an AUC
between 26 — 41 and good area-responsiveness as: AUC > 41 (see section statistics). Random effects linear
regression analyses between the scales” values and clinical-judgement scores were performed, taking into
account the correlation of the data caused by the longitudinal structure using a serial regression method
("xtreg”; see section statistics; 30).
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With respect to the aims of the cwrrent study, some methodological issues should be
addressed. First, despite a large amount of visits in the longitudinally examined patients (a
total of 201), this group consisted of only twenty patients. Some caution is required in
interpreting the responsiveness values, since it is not determined whether a larger group of
patients would give the same rank order of the selected scales. Second, not ali available
Impairment and disability scales have been incorporated in the cwrent study. However,
based on the experts” judgement, it is believed that the selected scales covered the main
clinical aspects of patients with GBS, CIDP, and MGUSP taking into account their
simplicity and communicability. Also, because patients with MGUSP have a more indolent
course of their disease compared with patients with GBS or CIDP, it is conceivable that the
selected scales will not demonstrate the same responsiveness values over a short period of
time. Therefore, some caution is required in extrapolating the use of the evaluated measures
in the current study to patients with MGUSP. Third, the obtained responsiveness scores for
the methods (1) to (4) only demonstrated within-group responsiveness for the selected
scales. It is not clear whether substantial discriminative responsiveness scores will be
obtained for these scales when evaluating various groups of patients, for example, in a trial
setting comparing a placebo versus a treated group (36). Also, it should be stated that a
statistically significant difference between treated and control patients does not necessarily
mean a clinically significant difference. Future studies are required in patients with sensory-
motor immune-mediated polyneuropathies to determine the minimal clinical important
difference for the selected outcome measures (41). It has to be determined as well whether
this minimal clinical important difference should be based on experts’ opinion, within-
patients’ or between-patients” judgments (41). Fourth, a scale with the greatest statistical
responsiveness may not always be measuring changes that are most important to patients
(39). For example, the overall disability sumscore had the highest statistical responsiveness,
but did not show the highest association with the patients’ clinical-judgement scores.
Instead, the “INCAT” sensory sumscore demonstrated the highest heuristic responsiveness
with lower statistical responsiveness values as compared with the overall disability
sumscore. The question remains open whether more attention should be focused on the
results related to the patients’ perspective of their illness despite a lower statistical
responsiveness. Moreover, not only an optimal fulfilment of all clinimetric demands will
function as the only passport to include a scale in a study. There may be other reasons as
well to incorporate a scale in a study. For example, a scale can be included in a study if one
wants to gather information regarding a specific quality (e.g. sensory deficit changes over
time related to therapy).

In conclusion, good validity and reliability are demonstrated for a set of impairment and
disability measures in patients with sensory-motor immune-mediated polyneuropathies.
Based upon statistical and heuristic responsiveness methods, a general consistent rank
ordering of the evaluated outcome measures was demonstrated in these conditions, thus
enabling the clinician to choose among equally valid and reliable scales. The use of the
overall disability sumscore, MRC sumscore, and grip strength by the Vigorimeter is
suggested for assessing outcome in patients with sensory-motor immune-mediated
polyneuropathies, since these three outcome measures showed the highest responsiveness
values.
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Abstract

Background: In the postulated framework by the World Health Organization (WHO) — the
‘International classification of impairments, disabilities, and handicaps (ICIDH)’ — various
levels of outcome are suggested to be associated with each other. However, others have
criticised the ICIDH, stating that it only represents a general, non-specific relationship
between its entities.

Objectives: To examine the significance of the ICIDH in immune-mediated
polyneuropathies.

Methods: Four impairment measures (Fatigue severity scale, MRC sumscore, “Incat”
sensory sumscore, grip strength with the Vigorimeter), five disability scales (nine-hole peg
test, ten meters walking test, an overall disability sumscore [ODSS], Hughes® functional
grading scale, Rankin scale), and a handicap scale (Rotterdam 9 items handicap scale
[RIHS9]) were assessed in 113 clinically stable patients (83 who experienced Guillain-Barré
syndrome (GBS), 22 with chronic inflammatory demyelinating polyneuropathy (CIDP), 8
patients with a gammopathy related polyneuropathy). Regression analyses, with backward
and forward stepwise strategies, were performed to determine the correlation between the
various levels of outcome {disability on impairment, handicap on impairment, handicap on
disability, handicap on impairment plus disability).

Results: Impairment measures explained a substantial part of disability (R*=0.64) and about
half of the variance in handicap (R*=0.52). Disability measures demonstrated a stronger
association with handicap (R*=0.76). Combining impairment and disability scales accounted
for 77% of the variance in handicap (RIHS9) scores.

Conclusion: In contrast with some literature suggestions, support for the ICIDH-model is
found in the current study, because significant associations have been demonstrated between
the various levels of outcome in patients with immune-mediated polyneuropathies, Future
studies are, however, required to examine other possibie contributors to patients’ deficits in
daily life in these conditions.
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Introduction

In 1980, The World Health Organization (WHO) described its ‘International classification
of impairments, disabilities, and handicaps (ICIDH)’ model staging the consequences of an
underlying pathology (1). In this model, an association between the various dimensions was
suggested. The WHO defined the disability level as a “a reflection of the consequences of
impairment in terms of functional performance and activity...” (1). Also, the handicap level
was described as “a disadvantage for a given individual, resulting from impairment or a
disability that limits or prevents the fulfilment of a role that is normatl...” (1). Collectively,
the different levels of outcome are referred to as “disablement™.

Impairment and disability measures might be logical in their use and have been the cardinal
targets for physicians to assess outcome in general medicine. However, measuring handicap
should be more performed, particularly in patients with chronic conditions or diseases with
long-term impact on one’s life, because handicap formerly represents the end-stage of the
common disablement pathway (1, 2). Despite the conceptual advance of the ICIDH model,
others have criticised its concept. In particular, it was argued that the suggested association
between Impairment, disability, and handicap, represented only a general, non-specific,
relationship (3,4). A disappointing association between the ICIDH levels was also
demonstrated in cardio-pulmonary conditions (5,6).

The aim of this study was to evaluate the possible linkage between impairment, disability,
and handicap in patients with sensory-motor immune-mediated polyneuropathies, using a set
of scales that covered the greatest part of all ICIDH levels. The ultimate goal was to
determine the proportion of handicap variance explained by the combined impairment and
disability measures. It was believed that these evaluations would provide the knowledge of
how these conditions might have a long-term influence on one’s life. The strength of the
relationship between items representing various levels of outcome would also provide the
extent to which physicians might use an index as a proxy to measure another level of ¢linical
deficit. As an example, grip strength (an impairment measure) was suggested to be an
indirect indicator of arm disability, because it demonstrated a moderate to good association
with an arm disability scale in immune-mediated polyneuropathies (7).

Patients and Methods

Patients

One hundred and thirteen patients (83 GBS, 22 CIDP, 8 MGUSP) with a stable clinical
condition were recruited from the Rotterdam immune-mediated pelyneuropathy databank
and the Dutch GBS study group (stable group). Patients with GBS, CIDP or MGUSP were
recruited, since it was argued that these disorders represent parts of a continuum regarding
their newromuscular dysfunction pattern (8). The selected patients still had residual
symptoms or signs due to their illness, representing a broad range of disability. Nine CIDP
patients required interval treatment ranging from weeks to months, with intravenous
immunoglobulin ([VIg). With this therapy their clinical condition has been stable for more
than 6 months. Six patients with MGUSP (three with IgG, two with IgM, and one patient
with IgG+IgM) had an associated demyelinating polyneuropathy with minor concurrent
axonal damage in three. An axonal polyneuropathy was diagnosed in the remaining two
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patients with MGUSP (one IgA and one IgG type). All GBS and CIDP patients met the
international criteria for their illness (9,10). The diagnosis MGUSP was established after
excluding all possible causes for the gammopathy and polyneuropathy (11).

Assessment tools/scales
The following scales were selected by a panel of 13 expert neurologists, all members of the
Inflammatory Neuropathy Cause And Treatment (INCAT) group — a collaborating force of
European neurologists with special interest in neuro-immunological illnesses. The scales
were selected taking as much as into account the clinical specttum of sensory-motor
immune-mediated polyneuropathies (8). Moreover, most of these scales have been applied in
various immune-mediated polyneuropathy studies.
The recently validated Dutch version of the Farigue Severity Scale (FSS) was used to assess
fatigue (12,13). The FSS is a brief and simple self-assessed questionnaire containing nine
iterns with answers ranging from 1 (“strongly disagree™) to 7 (“strongly agree™) for each
inguiry. The mean score of the 9 inquiries ranges from 1 (“no signs of fatigue™) to 7 (“most
disabling fatigue™) (12,13).
The MRC sumscore is a summation of the Medical Research Council grades (range: 0 - 5)
given in full numbers of the following muscle pairs: upper arm abductors, ¢lbow flexors,
wrist extensors, hip flexors, knee extensors, and foot dorsal flexors. The MRC sumscore
ranges from 0 (“total paralysis™) to 60 (“normal strength™) (14). The subdivision MRC-arms
(range: 0 -30) and MRC-legs (range: 0 - 30) were also incorporated separately in the
univariate regression analyses.
The “INCAT” sensory sumscore (1SS) was recently introduced and extensively evaluated in
terms of its clinimetric soundness in patients with immune-mediated polyneuropathies (15).
In brief, this sensory scale comprises pin-prick and vibration sense plus a two-point
discrimination value in the arms and legs and ranges from 0 (“normal sensation™) to 20
“most severe sensory deficit”) (15). The sensory modalities representing the ISS were also
analysed separately in the univariate regression analyses to determine their impact on
digability and handicap (pin-prick arm + leg, range: 0 [no deficit] — § [maximum deficit];
vibration arm + leg, range: 0 [no deficit] — 8 [maximum deficit]; 2-point discrimination,
range: () [no deficit] — 4 [maximum deficit]).
The Vigorimeter (VM) (Martin, Tuttlingen, Germany) is a hand-held dynamometer to
measure grip strength (7). The medium sized bulb was applied in the selected patients. The
pressure in the bulb is registered on a manometer via a rubber junction tube and expressed in
kiloPascals (kPa; range: 0 - 160) (7).
The Modified Hughes' functional grading scale {f~score) assesses the functional ability of
patients with a strong emphasis on mobility and ranges from 0 (no symptoms or signs) to 5
(requiring artificial ventilation for at least part of the day) (14).
The Overall Disability sumscore (ODSS) is composed by a recently published arm and leg
disability scale with a total score ranging from 0 (“no signs of disability”) to 12 (“most
severe disability score™) (16). The ODSS comprises a good functional description of the
arms and legs in a checklist form suitable for interviewing patients. Daily arm activities like
dressing upper part of the body, doing and undoing buttons and zips, washing and brushing
hair, using a knife and fork and tuming a key in a lock are scored as being “not affected”,
“affected but not prevented” or “prevented”. Subsequently, these results are franslated into
an arm grade (score range: 0 [normal arm abilities] to 5 [severe symptoms and signs in both
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arms preventing all purposeful movements]). The leg scale highlights problems regarding
walking taking into account the use of a device. The results are also translated into a leg
grade (score range: 0 [walking is not affected] to 7 [restricted to wheelchair or bed most of
the day, preventing all purposeful movements of the legs]) (16). The selected arm and leg
disability scales are subsets of a more comprehensive Guy’s neurological disability scale
(16). The ODSS, its arm disability scale and leg disability scale were separately examined in
the univariate regression analyses to determine their association with the handicap level.

The Rankin scale has been primarily used in patients with stroke (17). The grades of this
scale range from: 0 (no symptoms at all) to 5 (severe disability, bedridden, incontinent, and
requiring constant nursing care and attention) (17).

The Nine-hole peg test and the Ten meters walking rest were also applied in all patients to
measure ‘focal disability’ (18-20).

The Rotierdam 9 Items handicap scale (RIHS9) was recently constructed using the
international eriteria for development of outcome measures (21,22). The World Health
Organisation handicap scale was used as a framework for the construction of the RIHS9,
taking into account most of the postulated handicap dimensions by this organisation (1). The
RIHSY comprises 9 inquiries (mobility indoors, mobility outdoors, kitchen tasks, domestic
tasks mdoors, domestic tasks outdoors, leisure activities indoors, leisure activities outdoors,
able to drive a car/go by bus/ride a bicycle, and able to work/study) with raw answers
ranging from 1 (“unable to fulfil a task/activity™) to 4 (“complete fulfilment of a
task/activity™). Since not all items are necessarily applicable to all patients, an answer “0”
{(“not applicable™) was added to all inquiries. To avoid the formation of various subgroups of
patients with different amounts of applicable items (for example: a subgroup with 9
applicable items [raw score-range: 9-36], another with 8 [raw score-range: 8-36], etcetera),
all initial raw scores were multiplied by 9/(9-number of not applicable items). Hence, the
final RIHSY score-range was independent of the amount of applicable items and extended
from 9 (“unable to fulfil any applicable task or activity”) to 36 (“able to fulfil all applicable
tasks and activities™).

Test procedures

All participants gave informed consent before the study. All measures were obtained in a
guiet and comfortably warm room at our outpatient clinic. The assessments were performed
in a random order. All participants received instructions on how to fill in the FSS form. For
the assessment of strength, a standardised joint and limb position as well as the point at
which counter-force was administered was defined before the start of the study and taken at
examination of each muscle group (page 205). Sensory modalities were examined in
triplicate under the earlier prescribed standard conditions with the patients lying in supine
position (13). Grip strength with the Vigorimeter was assessed according to the
recommendations by the American Society of Hand Therapists (23). Three grip strength
measurements with maximum voluntary contractions for each hand were taken in alternating
order. Between each trial a pause of 30 seconds was assigned. The results of three trials for
each hand were averaged and considered the grip strength score for that particular hand.

All patients received training in assessing the nine-hole peg test before the start of the study
to exclude any training effect. The patients were asked, under the prescribed standard
conditions in alternating order for both hands, to pick up nine pegs from a tray at table
height and place them as quickly as possible into nine holes in a neighbouring horizontal
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board. After this procedure, the pegs were removed as fast as possible (18,19). Patients were
also requested to walk ten meters in a straight line at their preferential speed, using whatever
aid needed (18,20). Three measures were completed for each of these tests and the
corresponding time was recorded at each assessment (in seconds). For each test separately,
the mean time of completion was calculated by averaging the three obtained measures.

Statistics

Uni- and multivariate linear regression analyses were performed to determine the association
between impairment, disability, and handicap outcome measures. The ODSS was chosen as
the disability dependent variable in the studies analysing the association with impairment
measures {explanatory variables). The ODSS was chosen because of its comprehensiveness
in monitoring disability compared with the f-score and Rankin scale (14,17). The latter two
scales assess disability with a strong emphasis towards mobility and do not provide
information regarding the arms. The RIHS9 was the dependent variable for the analyses of
impairment and disability measures leading to handicap. A transformation of the dependent
variables (the ODSS: square root; the RIHS9: quadratic transformation) was done to obtain a
normal distribution pattern. Univariate regression studies were primarily performed, striving
for the best fit between the dependent and independent variable through systematic
evaluation of constructed graphs with linear regressions including a restricted cubic spline
function on the independent variable (24). Subsequently, multivariate linear regressions
were carried out for the various linkages (disability on impairment, handicap on impairment,
handicap on disability, handicap on impairment plus disability), using backward eliminating
and forward adding stepwise strategies. The strength of association between the dependent
variable and explanatory variable was presented as R*: the fraction of variance explained by
the independent variables from a regression model.

In the multivariate regression models, only the right hand grip strength and nine-hole peg
values were included and were presented, because these findings turned out to be similar to
the regressions that incorporated the left hand values, All analyses were performed using
Stata 6.0 for Windows 95 (Stata Statistical Software: Release 6.0. 702 University Drive
East, College station, TX: Stata Corporation 1997). A value of p < 0.05 was considered
statistically significant.

Results

General aspects. The group of patients (54 females and 59 males) had a mean duration of
symptoms till onset of the study of 6.9 years. Seven of these patients were bed bound and
fourteen required assistance or a device to walk short distances. The remaining 92 patients
could walk without any support by someone. The corresponding values for all scales in these
patients are listed in Table 1.

Univariate regression studies of impairment leading to disability. The univariate regression
studies are presented in Table 2. The MRC sumscore and grip strength values were the
strongest explanatory variables of disability, accounting each for 40-45% of the variance in
ODSS scores. The MRC score of the legs had a higher impact compared with the score of
the arms (Table 2). The strongest explanatory sensory modality of disability was the ‘2-point
discrimination’ (Table 2). Fatigne had a non-significant impact on disability.
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Table 1

Basic characteristics of patients with immune-mediated polyneuropathies
Stable group of patients (n=113; GBS 83, CIDP 22, MGUSP 8)

Mean age at entry (SD), range [years] 543 (15.1). 14~ 84
Mean duration of symptoms till onset of the study {SD), range [ycars] 6.9(3.1),05-28
Sex distribution [%6]

Males 39(3

Females 54 (48)
Mean Fatigue severity scale at entry (SD). range 56(14).1-7
Mean MRC sumscore at entry (SD), range 533 (7.7).16-560
Mean “INCAT™ Sensory sumscore at entry {SD), range 444.1).0~15
Mean grip strength values with the Vigerimeter at entry (SD). range [kPa)

Right hands 66.9 (33.6), 0 - 156

Left hands 64.9 (32.9), 0158
Mean Overall Disability sumscore at entry (SD), range 3.5(2.250-11
Mean frscore at entry (SD), range 1.8(0.9).1-4
Mean Rankin score at entry (SD), range 21(0.9).0-4
Mean nine-hole peg test at entry (SD), range [in scconds] *

Right hands 31 (20), 15— 135

Left hands 33(25). 16192
Mean ten-meters walking test at entry (SD). range [in scconds) ** 104 (3.8),5-32
Mean Rotterdam nine items hardicap scale at entry (SD), range 29.5(6), 14-36

Legend to Table 1
GBS = Guillain-Barré syndrome: CIDP = chronic inflammatory demyclinating polyncuropathy: MGUSP =
polyneuropathy associated with a2 monoclonal gammopathy of undetermined significance. INCAT = inflammatory

neuropathy cause and treatment group. *Five patients could not filfil the nine-hole peg test. **Seven patients were not
able to walk.

Univariate regression studies of impairment leading to handicap. Approximately 1/3 of
handicap was explained by the MRC sumscore and grip strength, separately. A lower, but
still significant association was obtained between the ISS and RIHSY values (R* = 0.16).
Again, fatigue did not have a significant impact on handicap (Table 2).

Univariate regression studies of disability leading to handicap. The association between
disability measures and handicap were higher compared with the univariate regressions that
included impairment measures. The Overall disability sumscore was the strongest
explanatory variable of handicap, accounting for 65% of the variance in RIHSS values. The
functional grading scale and the Rankin scale were also both highly associated with
handicap. The Nine-hole peg test had the weakest association of all disability measures
(Table 2).

Multivariate regression studies. In the Figure, the conceptual framework of the World
Health Organisation — ‘International classification of impairments, disabilities, and
handicaps (ICIDH)’ — is presented showing the proportion of variances that were obtained
from multivariate regression studies between the various levels of outcome in patients with
immune-mediated polyneuropathies. As can be seen, approximately 2/3 of disability
(assessed by the ODSS) was explained by impairment measures (R*=0.64). Fatigue (FSS)
was the only impairment measure that did not significantly contribute to this model. All
impairment measures remained significantly associated with handicap, accounting for a
combined 52% of variance in RIHS? values (Figure). Disability measures explained 76% of
handicap disturbances. The Rankin scale and ODSS were the strongest contributors to this
model, The Nine-hole peg test and the f-score were eliminated.
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Table 2

Univarfate regression studies demonstrating the association between impairment, disability, and
handicap outcome measures in immune-mediated polyneuropathies (n=113)

Dependent variable = Overazll disabikity Rotterdam 9 Items handicap
sumscore scale
Explanatory variable 1 Y p-value Rz p-value
Fatigue severity scale 0.03 04 0.05 0.1
MRC sumscore 0.45 < 00001 0.35 =< 0.0001
MRC arms 037 <0.0001 (.24 <0.0001
MRC Iegs 0.43 < 0.0001 0.35 < 0.0001
INCAT Scnsory sumscore 6.21 <{.0001 0.16 0.0003
Pin prick arm + leg 0.14 0.0003 0.11 0.002
Vibraton arm + leg 0.10 0.002 0.10 0.004
2 point discrimination 0.19 < (,0001 0.11 0.0062
Grip strength
Right hands .40 <0.0061 0.31 < 0.0001
Left hands G.43 <0.0061 0.39 < 0.0001
Functional grading scale - - 0.59 <(.0001
Cverall disability sumscore - - 0.63 < 0.0001
Axm disability scale - - 0.47 < 0.0001
Leg disability scale - - 0.52 < 0.0001
Nine-hole peg test
Right hands - - 033 < {.0001
Left hands - - 0.40 < 0.0001
Ten meters walking test - - 0.53 < 0.0001
Rankin scale - - 0.63 <0.000%

Combining impairment and disability measures accounted for 77% of the variance in
handicap scores. In this model, the Rankin scale, the ODSS, the ten-meter walking test, and
fatigue (FSS) were the significant explanatory contributors. The values of sensation (ISS),
dexterity (Nine-hole peg test), general strength (MRC sumscore), grip strength
(Vigorimeter), and functional grading scale (f-score) were all excluded, since their
contribution was not significant,

Adding patients’ variables (age, sex, and duration of illness) showed only a minor increase
in proportion of variances explanation (impairment to disability: R?* from 0.64 to 0.67;
impairment to handicap: R* from 0.52 to 0.57; disability to handicap: R? from 0.76 to 0.79;
impairment + disability leading to handicap: R? from 0.77 to 0.80).

Discussion

In the current study, significant and meaningful associations between the various levels of
outcome, as suggested in 1980 by the World Health Organization in their framework —
“International classification of impairments, disabilities, and handicaps (ICIDH)”, are
demonstrated in patients with immune-mediated polyneuropathies (1). These results are in
contrast with literature findings that suggested only a marginal, non-specific association
between the ICIDH levels of outcome (3-6). Harwood and colleagues also demonstrated the
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applicability of the ICIDH model in an outstanding paper addressing the association between
these levels in elderly people (2). Moreover, the results in the current study provided the
knowledge needed to understand the extent to which for example an impairment measure
would contribute to disability or handicap in relation to other impairment variables in these
illnesses. Moreover, physicians could use this information to choose a scale that provides
outcome at its own level and indirect at another level, depending on the strength of
association with other variables. This was also demonstrated in a recent paper addressing
grip strength (Vigorimeter) as an adequate monitoring instrument of outcome at the
impatrment level and indirect at the disability level, because a significant association was
observed between grip strength values and an arm disability scale in patients with immune-
mediated polyneuropathies (7).

Figure
Moultivariate regression studies linking impairment, disability, and handicap in patients with immune-
mediated polyneuropathies (n=113)
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Legend to Figure

The dependent disability and handicap measures are izaficised. The proportion of variance for the dependent
variables (Overall disability sumscore and Rofterdam nine #tems handicap scale at the disability and
handicap levels, respectively) were calculated and expressed in percentages.

In the current study, only 2/3 of disability was explained by impairment measures we used.
The MRC sumscore and grip strength (Vigorimeter) values were the strongest explanatory
variables, which is consistent with earlier reports (25,26). Since the association was not
absolute, other explanatory vanables should be considered as well. In a study evaluating
persistent disability in Guillain-Barré syndrome, muscle weakness, sensory dysfunction,
fatigue, contractures, and psychological factors were found as persistent items that led to
disability (26).

To our knowledge, the current study is the first that analysed the impact of impairment
measures leading to handicap in immune-mediated polyneuropathies. However, only 52% of
the variance in handicap was explained by impairment variables (Table 2), suggesting the
contribution of other explanatory factors. The strongest association was obtained between
the combined impairment and disability measures explaining handicap. Almost 80% of
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handicap variance was explained by these measures, thus supporting the assumed
assoctations given in the ICIDH model (1). However, the association was not absolute and
therefore other explanatory factors should be considered as potential contributors to
handicap. Such factors might be pain, psychological items like anxiety, depression, coping
mechanism, and motivation, social support, and physical condition in terms of endurance
(26-30). The assessment and incorporation of these factors could be cardinal for further
improvement in understanding the consequences of immune-mediated polyneuropathies at
the various levels of outcome. This is one of the main reasons that the WHO is currently
revising its ICIDH model for all diseases and disorders in general (31). Its strive is to
construct a more comprehensive model that also integrates personal and environmental
factors (31). It should also be stated that the obtained associations in the current study were
directly linked to the used scales and might vary if other outcome measures were used.

In conclusion, in the current study, the applicability of the “International classification of
impairments, disabilities, and handicaps’ framework is demonstrated in immune-mediated
polyneuropathies. Further knowledge is provided in understanding the consequences of
these illnesses leading to deficit at the various levels of outcome.
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13.1 The new International Classification of Impairments, Activities, and
Participation (ICIDH-2)

Historically, the exponential growth in health care during the 20% century has brought with it
the need to focus on the “consequences”™ of disease/health conditions rather than the disease
alone. With the improvement in general medicine, the growing importance of chronic
conditions, and the ageing of the population, the “consequences of illnesses” gained in
significance because of the life-long management needs. In particular, the functional
management of an illness became the goal and the use of outcome measures became the
standard for measuring the performance of health care delivery and its effectiveness. The
World Health Organisation (WHO) postulated a framework, the international classification
of impairments, disabilities, and handicaps (ICIDH), to structure outcome measures used in
the evaluation of the consequences of an illness (1). In the current study, various scales and
gadgets were chosen and evaluated to represent purely one of these outcome levels. Also, a
generic quality of life measure was selected (1,2).

Despite the general acceptance of the ICIDH as a detailed and unified system, some remarks
should be addressed. Considerable experience has been gained within the last two decades
using this model in all specialties worldwide (1). However, there is a growing necessity to
revise the ICIDH in the light of new ideas that has emerged on the consequences of a
disease. The graphical representation of the ICIDH model {Chapter 1; figure 2) is helpful in
distinguishing between impairment, disability, and handicap concepts, but:

1

it does not provide adequate information on the relationship between these concepts;

— it does not incorporate health conditions other than illnesses;

~ the arrows linking disease (pathology), impairment, disability, and handicap have
occasionally been interpreted as representing a “causal model” and an indication of
change over time;

— this representation does not allow movement from handicap and disability back to
impairment, and has thus been taken to imply a unidirectional flow from impairment
to the other concepts;

— it does not adequately reflect the role of the social and physical environment in the
consequences of a disease;

— although the original text states that the situation is more complex than a simple

linear progression, this statement needs to be made more clearly — the arrows in the

graphic presentation must be understood as meaning no more than “may lead to”.

Prompted by these observations, the WHO is currently evaluating a new and more
comprehensive version of the ICIDH. The draft of this new multidimensional framework,
named “the International Classifications of Impairments, Activities, and Participation
(ICIDH-2)" integrates the various aspects related to the consequences of a health condition
(e.g. a disease, disorder or injury). The current understanding of interactions within the
ICIDH-2 is presented in the figure. As can be noted, dimensions have been nominated by
“neutral” terms. “Disability” has been replaced by “Activity”, based om the
activities/limitations of a person in daily life. “Handicap” has been reformulated as
“Participation”, hence introducing a positive concept for each dimension. This frame
illustrates also the dynamic interaction among the various dimensions. The draft of this
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ICIDH-2 is available on the Internet (3). In the following, a definition of the various levels is
provided.

~ A health conditior is an alteration of the health status of an individual that may lead
to distress, interference with daily activities, or contact with health services. It may be
a disease (acute or chronic), disorder, injury or trauma, or reflect other health related
states such as pregnancy, ageing, stress, congenital anomaly, or genetic predisposition

— The Impairment dimension is defined as a loss or abnormality of body structure or of
a physiclogical or psychological function. It relates to either body functions or body
structures,

— The Activity dimension is defined as the nature and extent of functioning at the level
of the person. It integrates activities of a person as performed in daily tasks.

— The Participation dimension is defined as the nature and extent of a person’s
involvement in life situations in relation to Impairments, Activities, Health
conditions, and Contextual factors. It represents the consequences of health
conditions at societal level.

Figure

Health condition
(disease/disorder)

; I |

Impairment | <f——p Activity @r—p | Participation

v

Contextual factors
Environmental
Personal

— Contextual factors are defined as the complete background to a person’s life and
living. These factors include environmental factors and personal factors.
Environmental factors are extrinsic to (outside of) the individual (e.g. the arttitude of
society, architectural characteristics, the legal system). Personal factors are intrinsic
to (inside of) the individual and describe on how the consequences of a health status
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is experienced (e.g. gender, age, fitness, lifestyle, habits, coping styles, social
background, education, life experience).

On the Intemet section, various case examples are presented illustrating the interaction and
relationship between all these terms (3). Compared with the 1980 ICIDH model, the ICIDH-
2 model strives for a more comprehensive description of all aspects possible related to an
individual’s reaction on handling the consequences of a health condition. More emphasis is
directed toward a patient’s daily activities and social interactions. The ICIDH-2 is currently
being evaluated in various fields and trials and the final draft is expected in 2001.
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13.2 Summary and future perspectives

In chapter 1, the clinical aspects of the most commonly forms of immune-mediated
polyneuropathies (Guillain-Barré syndrome [GBS], chronic inflammatory demyelinating
polyneuropathy [CIDP], monoclonal gammopathy of undetermined significance
polyneuropathy [MGUSP], multifocal motor neurcpathy [MMN]) are presented. It was
stated that these disorders form a spectrum with no clear-cut boundaries, despite differences
in time course and response to various treatments. A systematic review of all clinical studies
in these conditions, published in the English language between January 1988 and January
1999 that included at least ten patients, demonstrated an enormous array of available and
applied outcome measures. In particular, many scales have been devised and used to
examine general strength, sensory deficit, or functional ability. However, most of these
scales have not been evaluated thoroughly in terms of thetr fulfilment of all clinimetric
requirements, such as being easily applicable, valid, reliable, and responsive to changes over
time. A comprehensive review of the literature findings is presented in this chapter. Also,
relatively little attention has been focused on the consequences of these illnesses,
particularly at the disahility and handicap levels of outcome, and from the patient’s own
perspective as captured by quality of life surveys {1,2). It was concluded that no uniformity
existed regarding which set of scales represented best the different levels of ouicome.

Based on these shortcomings, the Inflammatory Neuropathy Cause And Treatment (INCAT)
group — a ¢ollaborating force ¢of mainly European neurologists with special interest in neuro-
immunological disorders — decided to conduct a study in which a set of scales and gadgets
was selected and evalvated in terms of their clinimetric properties in immune-mediated
polyneuropathies. Two scales were constructed and added to the set of outcome measures
and helped in covering the whole clinical range in these conditions. Moreover, the selected
scales and gadgets represented various entities at different levels of outcome (impairment,
disability, handicap, quality of life), thus providing information on the impact of these
disorders from different angles. Their mutual associations were also examined to determine
the interactions between the various outcome levels. Also, clinically useful normal values
were determined for the selected Martin Vigorimeter and the Rydel-Seiffer graduated tuning
fork.

In chapter 2 clinically useful vibration threshold normative values for the arms and legs are
presented for the graduated Rydel-Seiffer tuning fork. Also, its simplicity, and validity were
demonstrated by correlation with the Vibrameter. A total of 198 healthy controls, stratified
for sex and age, were examined at the index finger, styloid proces, hallux, and internal
malleoltus. Acceptable sensitivity and specificity were demonstrated for the tuning fork when
evaluating a group of mildly affected patients with various forms of polyneuropathy. The
tuning fork detected more abnormalities in the legs compared with the results obtained with
the Vibrameter.

The following should be addressed regarding the sites of examination and obtained vibration
threshold normative values for the Rydel-Seiffer tuning fork. A randomly selected group of
40 (18 men; 22 women; mean age 58.4 [SD 18.6] years) healthy controls was also clinically
examined to obtain vibration values using the Rydel-Seiffer tuning fork at the medial
humerus epicondyle, acromioclavicular joint, patella, and anterior superior iliac spine. The
aim was to determine whether the obtained values would be different than the presented
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clinically useful normative values for the more distal sites of examination with this fork. The
obtained proximal values in this subgroup of healthy controls demonstrated only slight
differences (slightly higher values; data not published) with the presented normative values
for the distal sites of examination. Hence, to strive for clarity, the published vibration
threshold normative values were extrapolated to the more proximal regions of the
extremities.

Although not presented in chapter 2, the influence of length on the vibration values in the
regression analyses was also examined. Length demonstrated an inverted correlation with
the recruited vibration threshold values at all sites of examination, but particularly in the
legs. However, its influence on the final vibration value was negligible compared with age.
The latter remained the strongest predictor of vibration sense values.

In chapter 3, the reliability and responsiveness of the Rydel-Seiffer tuning fork were
demonstrated in patients with immune-mediated polyneuropathies. Thus, all clinimetric
requirements were demonstrated for this fork, by combining these results with literature
findings. The incorporation of this easily applicable instrument in routine neurological
examination was therefore suggested.

Chapter 2 and 3 partially form the basis for the construction and use of the INCAT sensory
sumscore (ISS) in patients with Immune-mediated polyneuropathies, as presented in chapter
4. The use of the ISS was suggested to strive for uniformity in assessing sensory deficit in
these disorders. This scale was easily applicable and required only a median time of 4.5
minutes for completion. Acceptable validity, reliability, and responsiveness were also
demonstrated. Despite its fulfilment of all clinimetric requirements, further improvement of
this scale is possible. In particular, normal values on the two-point discrimination test could
be determined, thus refining the final outcome of this scale. In a paper from Japan, an
increase in distance of two-point discrimination was seen with advancing age. Women had
slightty higher mean values compared with men (4). Also, future studies shouid determine
whether the ISS captures changes over time in patients with MGUSP, since the course in
these patients is more indolent compared with patients with GBS and CIDP.

In chapter 5, clinical useful normative grip strength values for the hand-held Vigorimeter
were presented depending primarily on age and sex. A total of 530 healthy individuals were
investigated, with and age ranging from 5 to 93 years and stratified for age and sex. Also, all
clinimetric requirements were demonstrated for this easily applicable instrument. In the
longitudinally examined patients, higher and more normal grip strength values were
obtained over time. Moreover, the Vigorimeter correlated significantly with an arm
disability scale and provided, therefore, outcome at the impairment level and indirect at the
disability level

In chapter 6, a disability scale was introduced and evaluated in patients with immune-
mediated polyneuropathies. This overall disability sumscore comprises a good functional
description of the arms and legs in a checklist form suitable for interviewing patients. The
arm component addresses daily arm activities and the leg subscale highlights problems
regarding walking taking into account the use of a walking device or support. The
comprehensiveness of this scale is in contrast with the widely used Hughes’ functional
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grading scale (f~score) and Rankin scale, which have a strong emphasis towards mobility
and do not provide information regarding the arms. The validity, reliability, and
responsiveness of the overall disability surnscore were demonstrated. Also, impairment
disturbances like general weakness and sensory deficit leading to disability were better
monitored by the overall disability sumscore compared with the f-score and Rankin scale.

In chapter 7, a prospective open study was performed evaluating outcome at the impairment
and disability levels in patients with chronic motor neuropathies not improving after
conventional therapies who were treated with interferon-B1a. Slight improvement was noted
in all patients on this drug, demonstrating more general strength, and better dexterity and
ambulation. Subjectively, performing datly activities improved also. However, the modified
Rankin scale did not capture improvement in all patients. This was most probably due to the
Iow responsiveness of this scale to capture relevant changes over time. Others using the
Rankin scale also reported similar findings (5).

In chapter 8, the development and clinimetric evaluation of a new handicap scale, the
Rotterdam 9 items handicap scale, was described. Tts construction was accomplished based
on the international guidelines for scales construction using the World Health Organisation’s
handicap dimensions as a framework. Extensive literature review for potential itemns,
suggestions and judgements of the selected items by patients who suffered from immune-
mediated polyneuropathies, and expert opinions by a group of neurologists, were the main
phases in its construction. Subsequently, all clinimetric requirements were demonstrated in
patients with immune-mediated polyneuropathies. A median time of 3.5 minutes was needed
to complete this handicap scale. The use is this scale was therefore suggested for monjtoring
outcome at the handicap level in these conditions. Future studies are however required to
determine which handicap measure will ultimately be more feasible in these conditions.

In chapter 9, the impact of fatigue on functionality and quality of life is presented in a group
of clinically stable patients with immune-mediated polyneuropathies. Tt was stated that
fatigue might have been under-recognised by neurologists and other disciplings, because
attention is generally directed towards weakness and sensory deficit in these conditions. This
is the first paper reporting on fatigue in these conditions. Fatigue turned out to be a
prominent and highly disabling symptom in these patients. At least 80% of the patients at
study were severely fatigued and this was irrespective of other clinical parameters such as
weakness, sensory deficit, and duration of illness. Remarkably, fatigue scores in patients
with GBS were significantly associated with the SF-36 socio-emotional dimensions but not
with the physical subscales. Like in the paper by Bemsen ef al., it was concluded that the
psychosocial functioning of patients with GBS was seriously affected, even when the
patients reached a complete physical (wealmess and sensory deficit) recovery or showed
only mild residual signs (6). Conversely, fatigue values in patients with CIDP of MGUSP
were significantly related to the physical but not the socio-emotional SF-36 dimensions. It
was assumed that these patients were more preoccupied with the potential threat of changes
in their physical status, making them prone to relate fatigue to their physical condition.

Despite these results, there all still many questions unanswered. What is the
pathophysiological mechanism of fatigue in these conditions? Are there therapeutic options
for fatigue? Future studies of patients with these illnesses should focus on these items.
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Krupp and Pollina described mechanisms and management strategies of fatigue in
progressive neurclogic disorders (7). In this review paper, various possible
pathophysiological mechanisms, contributing to fatigue were briefly highlighted with
particular interest for the reported treatment options thus far (7). Because great sirmilarity in
patho-immunological mechanismm has been postulated between immune-mediated
polyneuropathies and multiple sclerosis (MS), it is suggested that attention should be
focused on the reatment strategies of fatigue shown to be effective in patients with multiple
sclerosis, such as exercise programs to combat deconditioning and pharmacological therapy
with amantadine (8-11). These therapeutic options could be extrapolated for evaluation in
patients with immune-mediated polyneuropathies suffering from severe fatigue. Other
possible pathophysiologic associated factors with fatigue (for example, social network,
depression, and sleep disturbances) deserve a systematic investigation as well (12-14).
Despite being user-friendly and non-time consuming, valid and reliable, the Fatigue severity
scale (FSS) should be used as a screening instrument alone, because it addresses only the
dimension of subjective feeling of fatigue. It does not provide information regarding the
various ways in which fatigue affects patients’ lives. Therefore, a more comprehensive
assessment of fatigue should be entailed in future studies using multi-dirnensional fatigue
scales alongside the FSS. However, despite these limitations, the FSS provided in the current
study indirect information by correlation with other measures, such as the SF-36 health
survey. Finally, the responsiveness to changes over time of the FSS in longitudinally
examined patients should be examined as well.

In chapter 10, the evaluation of quality of life using the medical outcome stady 36-items
health status (SF-36) is described in patients with immune-mediated polyneuropathies (15).
SF-36 registered adequately the physical and psychosocial shortcomings in these conditions
when compared with the reported normal values for the healthy Dutch community (16,17}
Also, acceptable clinimetric requirements were demonstrated for this scale, thereby
facilitating its general applicability in these conditions. SF-36 enriched physicians’
awareness by providing a more holistic view of the impact of having an immune-mediated
polyneuropathy.

In the longitudinally exarnined patients, gradual improvement was noted at all SF-36 levels
during follow-up. It was suggested that an extensive guidance most probably contributed to
a better outcome in the longitudinally examined patients. Support for this hypothesis was
addressed in a study where a supportive group of individuals surrounding and guiding a
patient played an important role in the promotion of general health (18). However, future
studies should determine whether various pre-defined forms of supportive social network
would lead to different outcomes.

It is of great importance also to evaluate the possible differences in quality of life between
patients with GBS, CIDP, and MGUSP. Finally, a feasibility study of various generic quality
of life measures in patients with immune-mediated polyneuropathies is also needed to
determine which health status fits these conditions best.

Of all clinimetric requirements, responsiveness has been studied the least in general
medicine. Chapter 11 describes a study in which, besides the evaluation of validity and
reliability, various known parametrical responsiveness methods and 2 newly created non-
parametrical responsiveness techniques were compared using scales that purely represented
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either the impairment or disability level of outcome. In general, responsiveness techniques
ranked the evaluated scales consistently and enabled the clinician to choose among equally
valid and reliable outcome measures. The overall disability sumscore, which provides
information on arm and leg functionality, the MRC sumscore, and grip strength as assessed
with the hand-held Vigorimeter, were ranked among the best and demonstrated good mutual
correlations. The use of these outcome measures is, therefore, primarily recommended in the
follow-up of patients with sensory-motor immune mediated polyneuropathies. Also, it was
argued that the non-parametrical methods (Schmitz’s distribution-free responsiveness score
and the Wilcoxon matched pairs signed rank test) increased the correctness when evaluating
responsiveness, because many scales demonstrated a non-Gaussian distribution. Moreover,
in contrast with literature assumptions, the graphical reflection of responsiveness
demonstrated that this entity has a dynamic modulating pattern.

Future studies are required to determine whether a larger group of longitudinally examined
patients would give the same rank order of selected scales. Also, discriminative
responsiveness between groups of patients (for example, between a treated and a control
group) should be mvestigated (19). Attention should not be focused only on the statistical
discriminatory ability of an outcome measure, but also on the concept of its “minimal
clinical important difference” (MCID) (20-23). Statistically significant difference indicates
whether the hypothesis of no difference can be rejected and the MCID is defined as the
smallest difference in score in the domain of interest which patients percetve as beneficial
and which would mandate a change in the patient’s functionality (21,22). To date, no effort
has been put into defining the MCID for the measures most widely used in studies that
examined patients with immune-mediated polyneuropathies. A plausible explanation for this
is that, through repeated use, clinicians develop an intuitive sense of the MCID of a
measure. For example, neurologists familiar with the MRC sumscore would have no
difficulty to specify the clinical significance of a 10% reduction of strength on the MRC
sumscore in a newly diagnosed patient with GBS. These clinicians are able to come to
certain conclusions having observed a large number of patients, and seeing the changes in
function and in clinical course that correspond to the variations in outcome results (21).
Hence, despite the lack of objectivity, an extensive clinical experience with a scale or
measurement instrument should be considered as a feasible and valid method of determining
the significance of changes in applied outcome measure (21). Perhaps, the extensive
experience of clinicians could serve as guidance to determine the MCID of widely used
measures in immune-mediated polyneuropathies. However, no consensus exists regarding
who is to say (the clinician or the patient) what should be considered as minimal clinical
importance (20-23). Therefore, as has been demonstrated in rheumatic illnesses for more
than a decade, efforts should be directed towards organising consensus meetings on outcome
measures in neurology, particularly in the field of immune-mediated polyneuropathies (24).
Expert neurologists and researchers on this field should contribute to these meetings, thereby
striving for ¢clarification of concepts like miniral clinical important difference.

In chapter 12, the linkage between selected impairment, disability, and handicap outcome
measures is demonstrated in patients with immune-mediated polyneuropathies. Hence,
support for the concept of the ‘international classification of impairments, disabilities, and
handicaps’ is found, since acceptable associations were demonstrated between the various
outcome levels (1). Impairment measures explained two-third of disability and about half of
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handicap. The MRC sumscore and grip strength values by the Vigorimeter were the
strongest explanatory varlables in these models. Disability measures explained 76% of
handicap with the overall disability sumscore as the strongest explanatory variable.
Combining impairment and disability scales accounted for 77% of the variance in handicap.
However, since these associations were not absolute, other possible explanatory factors were
suggested for future studies like pain, psychological items such as anxiety, depression,
coping mechanis, and motivation, social support, and physical condition in terms of
endurance. (25-29).

In conclusion, this thesis describes a set of studies in which various selected outcome
measures, representing different levels of outcome and covering the whole clinical range in
patients with immune-mediated polyneuropathies, were evaluated in terms of their
clinimetric requirements. Clinical useful normative values were also provided for the Rydel-
Seiffer tuning fork and the hand-held Martin Vigorimeter. Moreover, not only the
applicability, validity, and reliability of a measure received attention, but also the concept of
being responsive to changes over time was also extensively highlighted. New responsiveness
techniques were introduced and the method of calculating the Area-under-the-curve for
responsiveness was introduced in neuromuscular disorders. Various symptoms were
investigated in these conditions, including fatigue, and the consequences of these disorders
on daily activities, at the societal fimctional level, and guality of life were exammed. Hence,
this thesis could be considered as a basis for further analyses in the clinimetric field in
patients with immune-mediated polyneuropathies.



Summary —~ general discussion — future perspectives 189

References

1.

b2

10.

11

13.

14,

15.

16.

i7.

World Health Organization. International classification of impairments, disabilities, and handicaps.
Geneva: WHO, 1980.

Aaronson NK. Quality of life: What is 1t? How should it be measured? Oncology 1988:2:69-76.
World Health Organization. International classification of impairments, activities, and participations. A
manual of dimensions of disablement and functioning. Beta-2 draft for field trials. Geneva: 1999,

(www.who.clvicidh)

Shimokata H, Kuzuya F, Two-point discrimination test of the skin as an index of sensory ageing.
Gerontology 1995:41:267-272.

Thompson N, Choudhary P, Hughes RAC, er af. A novel trial design to study the effect of intravenous
immunoglobuiin  in chronic inflammatory demyelinating polyradiculoneuropathy. J Neurol
1996;243:280-285.

Bernsen RAJAM, Jacobs HM, de Jager AEJ, ef «f. Residual health status after Guillain-Barré syndrome.
J Neurol Neurosurg Psychiatry 1997:62:637-640.

Krupp LB, Pollinz DA. Mechanisms and management of fatigue in progressive neurological disorders.
Curr Opin Neurol 1996;9:456-460.

Giovannon! G, Hartung HP. The immunopathogenesis of multiple sclerosis and Guillain-Barré
syndrome. Curr Opin Neurol 1996;9:165-177.

Murray TI. Amantadine therapy for fatigue in multiple sclerosis. Can J Neurol Sci 1985;12:251-254.

Rosenberg GA, Appenzeller O. Amantadine, fatigue, and multiple sclerosis. Arch Neurol 1988:45:1104-
1106.

. Petajan JH, Gappmaier E, White AT, ef al. Impact of acrobic training on fitness and quality of life in

multiple sclerosis. Ann Neurol 1996;39:432-441.

. Krupp LB, LaRocca NG, Muir J, er al. A study of fatigue in systemic lupus erythematosus. J Rheumatol

1990:17:1450-1452.

McKinley PS, Quellette SC, Winkel GH. The contributions of disease activity, sleep patterns, and

depression to fatigue in systemic lupus erythematosus. A proposed model. Arthritis Rheumatism
1995;38:826-834.

Lichstein KL, Means MK_ Noe SL, et ¢/. Fatigue and sleep disorders. Behav Res Ther 1997;35:733-740.

Ware Jr. JE, Snow KK, Kosinski M, er o/ SF-36 heaith survey. Manual and interpretation guide.
Boston: The Health Institute, New England Medical Center, 1997.

Aaronsen NK, Muller M, Cohen PDA, et al. Translation, validation, and norming of the Dutch language
version of the SF-36 health survey in community and chrenic disease populations. J Clin Epidemiol
1998,51:1055-1068.

Ware Jr. JE, Gandek B, Kosinski M, et al. The equivalence of SF-36 summary health scores estimated
using standard and country-specific algorithms in 10 countries: results form the IQOLA project. J Clin
Epidemiol 1998;51:1167-1170.



190

18.

19.

Chapter 13

Krol B, Sanderman R, Suurmeijer TPBM. Social support, rheumnatoid arthritis and quality of life:
concepts, measurements and research. Patient Education and Counseling 1993:20:101-120.

Guyatt G, Walter S, Normal G. Measuring change over time: Assessing the usefulness of evaluative
mstruments, J Chron Dis 1987:40:171-178.

. Redelmeier DA, Guyatt GH, Goldstein RS. Assessing the minimal important difference in symptoms: a

comparison of two techniques. J Clin Epidemiol 1996;49:1215-1219.

. Jacschke R, Singer J, Guyatt GH. Measurement of health status. Ascertaining the minimal clinically

important difference. Controlled Clin Trials 1989:10:407-415,

. Wells GA, Tugwell P, Kraag GR, ¢/ ol Minimum important difference between patients with

rheumatoid arthritis: the patient’s perspective. J Rheunatol 1993;20:557-560.

. Wright JG. The minimal ixnportant difference: Who's to say what is important? J Clin Epidemiol

1996:49:1221-1222,

. Arnnonymous. Omeract conference on outcome measures in rheumatoid arthritis clinical trials. J

Rheumatol 1993;20:525-590.

. Lennon SM, Koblar 3, Hughes RAC, et al. Reasons for persistent disability in Guillain-Barré syndrome.

Clin Rehabil 1993:7:1-8.

. Bernsen RAJAM, de Jager AE], Schmitz PIM, et al. Residual physical outcome and daily living 3 to 6

years after Guillain-Barré syndrore, Neurology 1999:53:409-410.

. Nicholas R, Playford ED, Thompson AJ. A retrospective analysis of outcome in severe Guillain-Barré

syndrome following combined necurological and rehabilitation management. Disebil Rechabil
2000:22:451-455.

. Pitettt KH, Barrett PJ, Abbas D. Endurance exercise training in Guillain-Barré syndrome. Arch Phys

Med Rehabil 1993:74:761-765.

. de Jager AEJ, Minderhoud JM. Residual signs in severe Guillain-Barré syndrome: analysis of 57

patients. J Neurol Sci 1991;104:151-156.



Samenvatting 181

Samenvatting

In dit proefschrift worden diverse geselecteerde uitkomstmaten, bestaande it
beoordelingsschalen en onderzoeksinstrumenten, onderzocht op hun klinische
toepasbaarheid bij patidnten met een immmuun-gemedieerde polyneuropathie. Immuun-
gemedieerde polyneuropathieén vormen een spectrum van neurologische ziekten die als
overeenkomst een aantasting van zenuwen in de armen en benen hebben door een stoornis in
het afweersysteem. In hoofdstuk 1 wordt de basis van dit onderzoek stapsgewijs
aangedragen. Als eerste worden de klinische verschijnselen beschreven van de meest
voorkomende immuun-gemedieerde polyneuropathieén, te weten het Guillain-Barré
syndroom (GBS), de chronische vorm hiervan — chronische inflammatoire demyeliniserende
polyneuropathie (CIDP), de polyneuropathie ten gevolge van een afwijkend eiwit in het
bloed; de zogenaamde monoclonale gammopathie van onduidelijke betekenis gerelateerde
polyneuropathie (MGUSP), en de multifocale motore neuropathic (MMN). Deze
ziektebeelden worden gekenmerkt door zwakte en/of gevoelsstoornissen. Eent systematische
evaluatie van de literatuur werd uitgevoerd waarbij alle in de Engelse taal gepubliceerde
klinische studies bij deze aandoeningen tussen januari 1988 tot januari 1999 werden
onderzocht, Vervolgens werd gekeken of de gebruikte uitkomstmaten voldeden aan de
algemene vercisten zoals validiteir (meten wat het hoort te meten), befrouwbaarheid
(dezelfde uitkomst bij herhaaldelijke metingen) en of veranderingen bij de patiénten in de
tijd, bijvoorbeeld ten gevolge van een bepaalde behandeling, geregistreerd werden door de
gebruikte uitkomstmaten (responsief zijn). Deze vereisten worden overkoepeld door de
wetenschappelijke  term “klimimetrie”; de leer die wvanuit het klinisch handelen
uitkomstmaten onderzoekt op hun toepasbaarheid. De meest gebruikte schalen en
instrumenten bleken overwegend gericht te zijn op het meten van de kracht, het gevoel, of
het dagelijkse functioneren van patiénten. Verder bleken de meeste uitkomstmaten niet of
incompleet te voldoen 2an de algemene regels van validiteit en betrouwbaarheid. Qok was er
opvallend weinig onderzocht voor wat betreft de responsiviteit van schalen bij deze
aandoeningen. Sommige schalen waren verder dusdanig opgesteld dat de uiteindelijke
uitkomst niet goed te begrijpen was, doordat bijvoorbeeld verschillende meet-kwaliteiten bij
elkaar gevoegd werden die niet samen geévalueerd konden worden (bijvoorbeeld het meten
en samenvoegen van gevoel + lopen + reflexen). Derhalve voldeden deze schalen niet aan de
internationale richtlijnen zoals opgesteld door de wereld-gezondheidszorg-organisatie, Deze
organisatic heeft een raamwerk gemaakt waarbij metingen bij patiénten gedaan konden
worden op verschillende niveau’s, te weten: impairment (stoornissen aan het lichaam,
bijvoorbeeld zwakte), disability (stoornissen in de zelfzorg, bijvoorbeeld moeite met knopen
dicht-/openmaken) en handicap (stoornissen in het functioneren op sociaal vlak,
bijvoorbeeld niet kunnen werken).

Op basis van deze bevindingen werd als tweede stap een groep van uitkomstmaten gekozen
om het gehele spectrum van patiénten met immuun-gemedieerde polyneuropathieén te
evalueren. Naast impairment, disability en handicap schalen werd ook een algemene
kwaliteit van leven schaal gekozen. Twee schalen werden volgens internationale richtlijnen
geconstrueerd en toegevoegd aan deze set. Voorts werden normaalwaarden verzameld voor
de geselecteerde Martin Vigorimeter (een knijpkracht instrument) en de Rydel-Seiffer
stemvork, welke voorzien is van een schaalverdeling voor kwantitatieve meting van de
vibratiezin.
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Deze studies werden uitgevoerd met de medewerking van en namens de “Inflammatory
Neuropathy Cause And Treatment - INCAT” groep, een samenwerkingsverband van
prominente Europese neurclogen met speciale belangstelling voor immuun-gemedieerde
neurologische aandoeningen.

In hoofdstuk 2 worden normaalwaarden voor de vibratiezin van de armen en benen
beschreven die onderzocht zijn met de Rydel-Seiffer gecalibreerde stemvork. Hierbij werden
in totaal 198 geronde mannen en vrouwen, gelifk verdeeld voor leeftijd en geslacht,
onderzocht. Dit instrument werd ook gebruikt bij een groep patiénten met een lichte vorm
van polyneuropathie om het gebruik in de praktijk te toetsen. Deze stemvork bleek erg
simpel in het toepassing te zijn en vertoonde verder een goede overcemkomst met
vibratiedrempel-waarden zoals verkregen met een electronisch vibratie meet-apparaat.
Hierdoor werd ook de validiteit van de Rydel-Seiffer stemvork bewezen. Zoals eerder
aangegeven, moet een schaal of instrument valide zijn, maar ook betrouwbaar en responsief
op klinische veranderingen van pati€nten in de tijd. Een goede betrouwbaarheid en
responsiviteit van de Rydel-Seiffer stemvork worden beschreven in hoofdstuk 3 bij
patiénten met immuun-gemedieerde polyneuropathieén. Hoofdstukken 2 en 3 zijn
complementair aan elkaar en beschrijven gezamenlijk de gehele klinimetrische evaluatie van
deze stemvork.

De Kklinimetrische evaluatie van de Rydel-Seiffer stemvork vormde deels de basis voor de
constructic van een algemene schaal om gevoelskwaliteiten te meten. Deze wordt in
hoofdstuk 4 beschreven. In deze schaal worden diverse kwaliteiten van het gevoel gemeten.,
te weten pijnzin, vibratiezin en 2-punts discriminatie. Deze schaal werd klinimetrisch
gedvalugerd waarbij alle vereisten vervuld werden. Circa 4.5 minuut was er nodig om deze
vitkomstmaat te meten. De constructiec van deze schaal heeft als uiteindelijke doel het
streven naar uniformiteit bij het meten van gevoelsstoornissen bij patiénten met (immuun-
gemedieerde) polyneuropathieén.

In hoofdstuk 5 worden normaalwaarden voor de knijpkracht gepresenteerd die met de
Martin Vigorimeter zijn verkregen door 530 gezonde mannen en vrouwen te onderzoeken
varirend in leeftijd van 5 tot 93 jaar. Deze gezonde mensen waren gelijk verdeeld voor wat
betreft geslacht en leeftijd. Alle klinimetrische vereisten (validiteit, betrouwbaarheid,
responsiviteit) werden verkregen in patiénten met immuun-gemedieerde polyneuropathieén
en dit handige instrument was ook makkelijk toepasbaar. De nieuwe GBS/CIDP patiénten
die in de tijd werden onderzocht vertoonden meer hoge en vaker normale knijpkracht
waarden in vergelijking met eerdere bevindingen. De Vigorimeter bleek ook een goede
correlatie te vertonen met een arm-zelfzorg schaal en voorzag derhalve ook informatie over
het functioneren van de armen bij deze patiénten.

In hoofdstuk 6 wordt een algemene zelfzorg-schaal geintroduceerd en geévalueerd in
patiénten met immuungemedieerde polyneuropathieén. Deze schaal bestaat uit een goede
beschrijving van de arm en been functies in een handige vragenlijst-vorm welke geschikt is
voor het interviewen van patiénten. Dagelijkse activiteiten van de armen zoals het
aankleden, mes en vork gebruiken, haren wassen en kammen alsmede problemen verbonden
aan het lopen worden goed beschreven. De klinimetrische vereisten van deze zelfzorg schaal
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worden ook in dit hoofdstuk beschreven. Ook bleken stoornissen aan het lichaam die tot
zelfzorg stoornissen kunnen lijden meer adequaat door deze schaal geregistreerd te worden
in tegenstelling tot andere zelfzorg schalen.

In hoofdstuk 7 wordt een klinische studie beschreven waarbij vier patiénten met een puur
motore (alleen zwakte) neuropathie behandeld werden met cen bepaald medicijn (Rebif*:
interferon-beta) dat het afweersysteem beinvloedt. Deze patiénten bleken niet te reageren op
gangbare behandelingsmethoden. Het effect van dit middel werd gemeten op het niveau van
impairment (stoornissen aan het lichaam) en disability (zelfzorgstoornissen). Enige
verbetering in kxacht en functioneren in het dagelijks leven werden bij all patiénten
waargenomen. Eén patiént vertoonde een duidelijke verbetering. Gesuggereerd werd dat dit
middel mogelijk een gunstig effect heeft op de klinische toestand van patiénten met een
motore neuropathie die niet blijken te reageren op gangbare behandelingsmethoden.

De ontwikkeling en klinimetrische evaluatie van een nieuwe ‘handicap’ schaal, de
Rotterdam 9 items handicap schaal, worden beschreven in hoofstuk 8 in patiénten met
immuun-gemedieerde polyneuropathieén. De opzet van deze schaal was gebaseerd op de
internationale criteria voor uitkomstmaten ontwikkeling waarbij de handicap dimensies,
beschreven door de wereld-gezondheidszorg-organisatie, als leidraad gebruikt werden.
Uitvoerige literatuur studie op zoek naar potentiéle items, suggesties en beoordeling van de
geselecteerde items door patiénten met immuun-gemedieerde polyneuropathiegn en
neurologen met speciale belangstelling voor deze aandoeningen, vormden de belangrijkste
steunpiralen voor de constructie van de uiteindelijke handicap schaal. Vervolgens werden
alle klinimetrische vereisten aangetoond in deze aandoeningen waarbij een mediane tijd van
3.5 minuten nodig was om deze uitkomstmaat compleet in te vullen.

In hoefdstuk 9 wordt een studie beschreven waarbij voor het eerst de invioed van
vermoeidheid onderzocht werd op het functioneren en de kwaliteit van het leven in patiénten
met immuum-gemedieerde polyneuropathieén. Ernstige vermoeidheid werd gevonden in een
hoog percentage (80%) van deze patiénten en bleck een ernstig invaliderend symptoom te
zijn. Vermoeidheid bleek op zichzelf te staan en geen relatic te hebben met zwakte,
gevoelsstoomissen of duur van de ziekte. Bij patiénten met GBS bleek vermoeidheid
gerelateerd te zijn aan psychosociale domeinen van de kwaliteit van leven schaal, de SF-36.
In tegenstelling tot deze bevindingen bleek vermoeidheid bij patiénten met een chronische
polyneuropathie (CIDP of MGUSP) eerder een relatie te hebben met de meer fysiek
georiénteerde domeinen van de SF-36. Vanuit deze bevindingen werd verondersteld dat
GBS patiénten de klap van het snel ontwikkelen van neurologische verschijnselen
waarschijnlijk moeizaam te boven komen, terwijl de patiénten met chronische verschijnselen
meer gebukt gaan onder de dreiging van verdere fysieke achternitgang, waardoor zij meer
geneigd zouden zijn om klachten, zoals vermoeidheid, te relateren aan het fysiek lijden.
Voor de evaluatie van vermoeidheid is gebruik gemaakt van een schaal, de zogenaamde:
“Fatigue severity scale”. De simpelheid, wvaliditeit, en betrouwbaarheid van deze
uitkomstmaat werden ook in deze patidnten gedemonstreerd.

In hoofstuk 10 wordt een studie beschreven waarin de kwaliteit van leven wordt onderzocht
bij patiénten met immuun-gemedieerde polyneuropathiegn. De kwaliteit van leven werd
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geregistreerd met behulp van de SF-36 kwaliteit van leven schaal. De verkregen gemiddelde
waarden voor de 8§ SF-36 domeinen alsmede de waarden voor de totale fysieke en mentale
samengestelde eind-onderdelen werden vergeleken met de gerapporteerde gemiddelde
waarden die recentelijk gepubliceerd zijn voor een groep van 1742 gezonde Nederlandse
inwoners. De SF-36 beschreef op ecen adequate manier de algemene tekortkomingen in de
kwaliteit van het bestaan in deze patiénten waardoor een meer compleet beeld verkregen
werd van de grootte en uitgebreidheid van de inslag van deze aandoeningen op iemands
bestaan. Bij de groep patiénten die in de tiid gevolgd werd, werd een geleidelijk herstel op
alle gebieden gevonden, waarbij het mentale gedeelte sneller dan het fysicke de
normaalwaarden grens bereikte. Gesuggereerd werd dat een intensieve begeleiding van deze
patiénten meest waarschijnlijk als een belangrijke bijdrage gezien moest worden bij het
algeheel herstellen van deze pati®nten, naast uiteraard de medicijnen die gegeven zijn.
Voorts werden acceptabele klinimetrische waarden verkregen voor de SF-36 in het geheel.
Op basis hiervan werd geconcludeerd dat deze schaal als adjunct toegepast kon worden bij
patiénten met met immuun-gemedieerde polyneuropathieén.

Van alle klinimetrische vereisten is responsiviteit het minst onderzocht in de geneeskunde.
In heofdstuk 11 wordt cen studie beschreven waarin, naast validiteit en betrouwbaarheid,
verschillende statistische technieken om ‘responsiviteit’ te meten vergeleken worden. Twee
nieuwe, zogenaamde ‘verdelingsvrije’ responsiviteit technieken (lees: technicken die geen
rekening houden met het wel of niet normaal verdeeld zijn van een gemeten kwaliteit),
werden hierbij geintroduceerd. De vergelijking tussen de diverse technieken werd verricht
door gebruik te maken van de geselecteerde impairment en disability schalen. In het
algemeen rangschikten de gebruikte methoden om responsiviteit te meten de schalen steeds
op dezelfde volgorde, waardoor de dokter gemakkelijk kon kiezen tussen schalen die
dezelfde validiteit en betrouwbaarheid bleken te hebben. Van de onderzochte schalen bleken
de “overall disability sumscore”, die informatie verschaft over de functionaliteit van de
armen/handen en benen, the MRC sumscore en de Vigorimeter steeds gerangschikt te zijn
tussen de schalen met de hoogste waarden voor responsiviteit. Voorts bleken deze schalen
onderling goede correlaties te vertonen. Derhalve werd het gebruik van deze schalen primair
gesuggergerd bij de evaluatie van uitkomsten op het niveau van impairment en disability bij
patiénten met immuun-gemedieerde polyneuropathieén.

In hoofdstuk 12 worden de associaties tussen geselecteerde impairment, disability en
handicap schalen beschreven bij patiénten met immwun-gemedieeerde polyneuropathieén.
Deze studie vormt een ondersteuning voor het concept van de “international classification of
impairments, disabilities, and handicaps’, waarin een correlatie tussen de diverse niveau’s
gesuggereerd wordt, Impairment schalen hebben tweederde van disability verklaard en circa
de helft van handicap. De MRC sumscore en de knijpkracht (Vigorimeter) hebben de
grootste bijdrage geleverd in deze modellen. Disability schalen hebben 76% van handicap
verklaard waarbij de overall disability sumscore de belangrijkste verklarende variabele was.
De combinatie van impairment en disability schalen heeft 77% van de gemeten handicap
stoornissen verklaard. Echter, omdat de gevonden associaties miet absoluut waren worden
mogelijke andere verklarende variabelen, zoals pijn, psychologische factoren als angst,
depressie, coping mechanisme, motivatie, sociale ondersteuning en lichamelijke conditie,
aangedragen voor tockomstige studies.
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Uiteindelijk wordt in hoofdstuk 13 naast een samenvatting in de Engelse taal, suggesties
aangedragen voor tockomstige studies op de diverse terreinen.
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Dankwoord

Het is nogal cliché om te zeggen dat je niet in je eentje een proefschrift schnjft, maar het is
wel de werkelijkheid. Als ik by de verdediging sta, dan verdedig ik niet alleen mijn
gedachten die verwerkt zijn in de diverse hoofdstukken, maar alle verwerkte
ondersteuningen van vele anderen. Door dit te beseffen kan ik gerust zeggen dat ik een
enorme steun in de rug ervaar, zelfs bij dit laatste gebeuren. Mijn dank voor al deze mensen
is immens groot dat woorden te kort schieten om dit te beschrijven.

Allereerst wil ik lieve God bedanken voor de inspiratie en het doorzettingsvermogen die hij
mij gegeven heeft. Alleen hij kan weten hoe sterk ik aan mijzelf getwiifeld heb gedurende
de tarbulente periodes van deze studie. Moeilijk was het als ik vanuit mijn eigen optiek kijk.
Echter, door Gods belichte wegen te volgen konden vele op het oog niet overbrugbare
barricades met redelijk gemak overwonnen worden — de ingeving om de vereniging van
GBS patiénten te bellen toen wij niet voldoende patiénten bleken te hebben — ‘s nachts
wakker worden en precies weten wat je schrijven moet - in een richting naar een oplossing
zoeken en pas achteraf beseffen dat deze de juiste richting was — zijn slechts enkele
voorbeelden van begeleiding en ondersteuning van de Heer.

Mijn lieve echtgenote en dochter die met veel geduld en relatief weinig tegensputteren mijn
regelmatig verzuim thuis wisten op te vangen en altijd voor mij klaar stonden, wil ik
bedanken. Miin lieve Els, die praktisch alle artikelen (inclusief mijn dankwoord)
gecontroleerd heeft op grammaticale misconstructies — je weet dat ik dit nooit had kunnen
bewerkstelligen als jij niet in mij geloofde en de nodige steun gaf om mij staande te houden.
Lieve Els, al hetgeen ik als mens bereikt heb komt door jou en doe ik voor jou. Tk wil je
bedanken voor dit alles en hoop met de zegening van God dat wij nog vele jaren in volle
gezondheid van elkaar mogen genieten. Een mooier en krachtiger mens als partner kan
iemand niet wensen. Bedankt lieverd!

Mijn lieve dochter Jamie Alarice Kim: deel van mijn tranen, deel van mijn kloppend hart,
mooi om te zien hoe jij met projecties en dergelijke ook naast mij opgroeit. Bedankt dat jij
mijn leven ook zo verrijkt; God zegen ook jou wegen lieverd en kijk maar wat je later wilt
worden ..... papa vind alles best, als je maar gelukkig bent.

Mijn lieve ouders, die in vrede mogen rusten: Lieve papai i Mabea, Dios kwida bosonan i mi
pensamentu over di bosonan su presencia; danki pa tur kos ku bosonan a ofresemi i pa e
sosten grandi; ku boso aporte tambe mi por bisa ku mi por a logra algu; masha danki pa tur
kos; mi sa ku bosonan lo ta presente tambe.

Aan mijn broers en zusters: Qok bedankt voor jullie ondersteuning en het feit dat jullie ook
in mij geloofden; bij het opsommen van al dit, besef ik hoe rijkelijk ik bedeeld ben met
zoveel broers en zusters; door het verlies van mijn ouders besef ik ook dat onze banden
duidelijker versterkt zijn; ik hoop dat dit voor altijd mag blijven bestaan en dat wij in volle
clorie elkaar mogen steunen in alles.

Prof. dr. F.G.A. van der Meché, beste promotor of beste Frans, bedankt voor het vertrouwen
en ondersteuning die ik van jou in de afgelopen jaren heb gekregen. Dat je mij aannam als
assistent in opleiding zonder veel over mij te weten, de mogelijkheid heb gegeven om mij te
ontplooien tot neuroloog, het feit dat je mij ook geleerd heb onderzoek te verrichten, voor dit
alles wil ik je bedanken. Ondanks het feit dat dit onderzoek als een soort “politicke zet” i
begonnen, ben ik blij dat het geheel onder jou auspicidn zo is vitgepakt. Tk dank je ook Frans
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voor onze persoonlijke gesprekken en je persoonlijke belangstelling in de moeilijke tijden
die ik had.

Dr. P.A. van Doormn, beste Pieter of te wel mijn klinisch georiénteerde co-promoter: Bedankt
dat je mij niet alleen in mijn klinische blik aangescherpt hebt, mijn neurologisch denken en
handelen verrijkt hebt, maar ook voor het feit dat je veel structuur gegeven hebt aan mijn
wetenschappelijke vorming. Ik ben je zeer erkentelijk. Al onze overleggingen en
afwegingen, het geduld dat je moest opbrengen om mij in zo’n taaic materie als meetkunde
te blijven stimuleren, heb ik altijd zeer op prijs gesteld. “The fine-tuning and final touch” van
al het geschreven kon jij beter dan wie dan ook. Velen van ons weten misschien niet wat
Comelis Poortvliet zou zeggen over jou: ........ wij weten het in ieder geval wel! Tk denk
persoonlijk dat het niet onterecht is. Pieter, bedankt voor jou enorme steun en ik hoop dat
wij in de toekomst nog iets op wetenschappelijk gebied gezamenlijk kunnen blijven doen.

Dr. Ir. PIM. Schmitz, beste vriend Paul of te wel mijn statistisch georiénteerde co-
promotor: Gezamenlijk met je klinisch georiénteerde collega co-promotor wisten jullie iets
moois van dit onderzoek te bewerkstelligen. Klinische ide&en hebben en het verzamelen van
gegevens is slechts de basis tot de vorming van een wetenschappelijk huis. Statistiek is in
mijn ogen nog steeds een goochel-truc die voor weinigen weggelegd is. Je enthousiasme, je
vastberadenheid, je creativiteit (lees: gegoochel) om het geheel tot een geordend geheel om
te turnen, zijn slechts enkele aspecten die jouw persoon kenmerken. We hebben vele uren
lachend, serieus filosoferend doorgebracht en gelukkig keihard doorgewerkt. Het resultaat is
nu zichtbaar denk ik. Paul, bedankt voor alles; ik had dit niet kunnen realiseren als je niet zo
vastberaden was. Pas goed op jezelf en nogmaals danki.

Prof. Toyka wil ik bedanken voor zijn advies om de Rydel-Seiffer stemvork te gebruiken.
Prof. Passchier wil ik bedanken voor zijn advies om de SF-36 kwaliteit van leven schaal te
gebruiken. Prof. Hughes bedank ik ook voor de bijdrage die hij heeft geleverd bij het
construeren van de diverse schalen.

De participanten in deze studie wil ik ook bedanken voor hun ondersteuning. In het
bijzonder alle gezonde vrijwilligers uit het AZR, uit de gemeente Haarlemmermeer, met
name uit Nieuw-Vennep, Hoofddorp en Leimuiden, bedankt voor jullie steun. Ook de
onderzoekers dank ik voor hun bijdrage aan het geheel. Ron Meijer, Frank Opstelten,
Johnny Samijn, Wibe Moll en Rinske van Koningsveld hebben uren op de polikliniek
gespendeerd met het afnemen van metingen bij vele patiénten. Bedankt voor jullie steun en
geduld. Speciale dank gaat uit naar Johnny Samijn, die niet alleen mijn directe
onderzoekspartner vormde, maar veel geografisch onderwijs over Nederland (gedurende
onze uitstapjes naar enkele patiénten) aan mij wist over te dragen. Speciale dank ook voor
Rinske voor het starten met het vibratie onderzoek in een periode die voor mij te belastend
was. Jou vastberadenheid werkte als stimulans voor mij.

De vereniging spierziekten Nederland, onderdeel GBS patiénten vereniging, wil ik bedanken
voor hun ondersteuning. Zonder deze steun konden wij niet zoveel patiénten recruteren.
Speciale dank gaat uit naar alle patiénten die een bijdrage hebben geleverd in deze studie.
Sommige van jullic waren zelfs uren onderweg om bij ons te zijn. Mede door jullie bijdrage
is het geheel gelukt en zijn wij meerdere keren op het juiste spoor gezet om een bepaalde
onderwerp, bijvoorbeeld vermoeidheid, uit te zoeken. Ik hoop dat dit geheel een bijdrage zal
leveren tot verdere verheldering van jullie lijden.
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Naast Johnny, wil ik in het bijzonder mijn studic-maatje Stef Bakker bedanken voor zijn
steun in vele opzichten. Niet alleen als paranimf, maar ook door de jaren heen wist jij Stef
mij gaande te houden door jou steun als collega en vriend. Ik hoop dat jij ook binnenkort je
thesis kan afronden en dank je nogmaals voor alle steun.

Alle stafleden neurologie van het AZR en oude collega assistenten wil ik bedanken voor hun
steun en bijdrage aan mijn opleiding. De verpleging neurologie van het AZR, de
secretaressen en doktersassistenten wil ik ook bedanken voor hun geduld en onderstenning
gedurende mijn opleiding. In het bijzonder wil ik bedanken Lydia Loman, onze voormalige
octopus-secretaresse, voor haar steun in het begin van mijn wetenschappelijke carnére.
Lydia, wij zijn jou niet vergeten en ik wens je persoonlijk heel veel geluk.

Laurens van Briemen, Ton Mus, Chris Sieradzan, Djo Hasan en Etienne Samson (Algemeen
Dagblad Carribische editie) dank ik voor hun ondersteuning in allerlei technische aspekten
en computer programmatuur, Speciale dank gaat uit naar uitgeverij van Groenigen — Witte
Weekblad® te Nicuw-Vennep, die kosteloos ¢en oproep hebben geplaatst voor de knijplaacht
studie.

Mijn directe collega’s, Roberto Rico en Wim van der Kamp, alsmede onze secretaressen en
ENF-medewerksters, dank ik voor hun steun in de periode van afronding van mijn thesis.
Jacob (Ado) Gravenhorst, Manrique Lodewijks en Earl Esseboom dank ik persoonlijk voor
hun steun als ware vrienden door de jaren heen. Alle kennissen die op een of andere wijze
een bijdrage hebben geleverd aan het realiseren van deze studie en die niet expliciet vermeld
zijn, dank ik middels dit schrijven.
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List of abbreviations

ADS = arm disability scale

AIDP = acute inflammatory demyelinating polyneuropathy

Anova = analysis-of-variance

BP = body pain

CHART = Craig handicap assessment and reporting technique

CIDP = chronic inflammatory demyelinating polyneuropathy

CIQ = community integration questionnaire

CMDN = chronic multifocal demyelinating neuropathy

DM = diabetes mellitus

ES = effect size

ESS = environmental status scale

FP = female patients

F-score = Hughes’ functional grading scale

FSS = fatigue severity scale

GBS = Guillain-Barré syndrome

GHP = general health perception

GS = grip strength

HAS = handicap assessment scale

HC = healthy controls

HF = healthy females

HM = healthy males

ICIDH = international classification of impairments, disabilities, and handicaps

ICIDH-2 = international ¢lassification of impairments, activities, and participation

INCAT = inflammatory neuropathy cause and treatment group

IQR = inter-quartile range

IQRchange = 75" percentile — 25" percentile

1SS = Incat sensory sumscore

Vig = intravenous immunoglobuiin

kPa = kiloPascal

1DS = leg disability scale

1H = left hand

MCS = mental component summary score

MGUS(P) =monoclonal gammopathy of undetermined significance (associated
polyneuropathy)

MH = rental health

MMN = multifocal motor neuropathy

MP = male patients

MRC = medical research council

MS = multiple sclerosis

9HPT = ning hole peg test

ODSS = overall disability sumscore

PCS = physical component summary score

PhF = physical functioning

PNP = polyneuropathy



RA = rheumatoid arthritis

RFE = role functioning — emotional

RFPh =role functioning — physical

RH = right hand

RIHSS = Rotterdam 9 items handicap scale

RS = Rydel-Seiffer

SAIDP = gubacute inflammatory demyelinating polyneuropathy
SD = standard deviation

SDres = residual standard deviation around the mean regression line
SF = social functioning

SF-36 = medical outcome study 36-items short form health survey
SFFS = short form fatigue scale

SIP = gickness impact profile

SLE = gystemic lupus erythematosus

Srce = Spearman’s rank correlation coefficient

SRM = standardised response mean

S8 = sumscore

IOMW(P)T = ten meters walking (performance) test

VAS = visual analogue scale

Vit = vitality

VM = Vigorimeter

WHO = World health organisation
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Appendix I

Impairment scales

Medical Research Council sumscore

Range: @ (total paralysis) to 60 (normal strength})

Muscle strength was assessed of six muscle groups (arm abductors, forearm flexors, wrist extensors, hip
flexors, knee extensors, foot dorsal flexors) at both sides. The MRC scale was used to score each muscle
group and the scores are given in full numbers only. For each muscle group a standardised joint/limb

position as well as the point at which counter-force is administered was pre-defined and taken when
assessing muscle strength.

MRC grades

0 =no movement

1 = palpable contraction, but no visible movement

2 = movement but only with gravity eliminated

3 = movement against gravity (more or less full range)

4 =ovement against resistance, but weaker than normal
5 = normal power

Definition of joint/limb position and point of counter-force for the muscles of the MRC sumscore.
Also, a more extensive definition of some Medical Research Grading scores for various muscle groups

Muscle group Position of the patients Counter-force point of the MRC Definition
Joint/limb starting position investigator arading
Asm zbductars Patient sitting and arms hanging Just proximal to elbow joint Grade 2 Abduction between § - < 90°
aloagside the body {without counter-forer)
Grade 3 90° ahduction against gravity
{without ¢punter-foree)
Forearm flexors Patient sitting and upper arm supperied  Patient’s upper arm bs supporred at Grode 2 Flexion of forearm between O - < 90° (without
In a herizontol plane clbows point of counter-forae: volar counter-forec)
site wrist joint
Grade 3 90° fiexion of arm against gravity (without
countet-forech
“Wrist extensons Putient sitting and forearm supported in Patient™s forearm supported ot the Grade 2 Extension between “hand~drop position” and <
a horizontal plane wvolar site of wrist; point of counter- 45° from borizontal plane
force: dorsal part hund (without counter-force)
Grade 3 At feast 45° extension from horizontal plane
{without counter-Totes)
Hip flexors Patient lying supine nnd leg; fully extended Just proximal to knec joint Grade 2 Hip Flexion < 45° (without counter-forec)
Grade 3 Hip Flexion at lest 45°
{without counter-force)
Knee exdensons Patient ying supine: Hip flexion at 45° Upper leg supported just proximal to Grade 2 Extension between starting point and {il]
kniee joint at dorsal aspect; point of extension
counter-Toree: yust proximal to ankie
Joint
Grade 3 Full exwension
Foot dorsal ficxors Putient sitting Dorsal aspect of foot Grade 2 Dorsal flexion < 20° at ackle joint
(without counter-foree}

Dorsal flexion of ot least 90° ot ankle joint
(without counter-fsree)
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Hand-held Martin Vigorimeter

Range: 0 (no grip strength) to 160 (kiloPascal).

The Vigorimeter is an instrument to measure grip strength., The pressure in the bulb is registered on 2
manometer via a rubber junction tube and expressed in kiloPascals (kPa). According to the manufacturer’s
recommendation, the small bulb was used in the ages up to 10 years and the medium sized bulb was applied
in the remaining participants. Participants were examined according to the assessment recommendations by
the American Society of Hand Therapists (shoulder adducted and neutrally rotated, elbow flexed at 90°,
forearm in neutral position, and wrist between 0° and 30° dorsiflexion and between 0° and 15° of ulnar
deviation). The bulb was positioned in the palm of the participant’s hand with the air tube extending out
between the individual’s thumb and index finger, and with the fingers wrapped around the bulb so that the
fingers touched the surface of the bulb as much as possible.
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Rydel-Seiffer graduated tuning fork

Range: ¢ (minimum vibration score) to 8 (maximum vibration score).

The Rydel-Seiffer tuning fork is a graduated fork that determines the ability of individuals to discriminate
various vibration intensities. The two arms of this tuning fork bear calibrated weights at their extremities.
Once the arms are swinging, the fork vibrates at 64 Hz and the triangles on the weights appear double. The
intersection of these two virtual triangles moves from 0 to 8 in an exponential way with decreasing
vibration-amplitude of the arms. The vibration extinction threshold is considered a5 the nearest value to the
apparent point of intersection of the virtual triangles when the subject indicates that vibration is no longer
perceived.

Sites of examination: index finger (dorsum distal interphalangeal joint), ulner styloid process, medial
humerus epicondyle, acromio—clavicular joint, hallux (dorsum interphalangeal joint), medial malleolus,
patella, anterior superior iliac spine.
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“INCAT?” sensory sumscore

Pinprick Sensation Vibration Sensation 2-point discrimination
Sites of examination -+ Sites of examination + Site of examination +
Corresponding grades Corresponding grades corresponding grades
Arms Legs Arms Legs Index ﬁugerx

( = normal sense { = normal sense 0 = normal sense 0 = normal sense 0 = normal sense

at index finger® at hallux® at index finger® at hallux® (< 4 millimetres)

Abnormal sense Abnormal sense Abnormal sense abnormal sense abnormazl sense

1 =gt index finger® 1= at hallw® 1=atindex finger® 1= at hallux® 1=59mm

2= at wrist® 2 = at ankle? 2 =at wrist® 2 = at ankle? 2=10-14 mm

3 =at elbow® 3 = at knee' 3 = at elbow® 3 = at knee' 3 =15-19 mm

4 = at shoulder™ 4= at proin’ 4 = a1 shoulder” 4 = g1 groin’ 4 = 20 mm or more

Pinprick and vibration sense examination took place from distal to proximal and only the highest extension
of dysfunction of the most affected arm and leg was recorded separately for both qualities.

Pinprick was tested using the sharp end of an esthesiometer. Patients were asked to indicate whether they
experienced the pinprick as normal or abnormal. Paresthesia, dysesthesia or hyperesthesia were scored as
abnermal. We seek for a normal reference point {e.g. sensation at the face), if a patient was experiencing
problems indicating whether the pinprick was normal or not.

Vibration was assessed using the Rydel-Seiffer graduated tuning fork and the obtained values were
compared with the published normative vibration thresheld values.

1SS composition: pinprick arm grade [range: 0-4] + vibration arm grade [range: 0-4] -+ pinprick leg grade

[range: 0-4] + vibration leg grade [range: 0-4) + Z-point discrimination grade [range: 0-4]. Sites of
A& B

examination. =index finger (dorsum distal interphalangeal joint): “=ulnar styloid process; “=medial
humerus epicondyle; *=acromio-clavicular joint: © * “=hallux (dorsum interphalangeal joint); "=medial
malleolus; '=patella; “=anterior superior iliac spine. "=index finger (ventral side; distal phalanx).

1SS Range: 0 (*no sensory deficit™) to 20 (“most severe sensory deficit™).



209

Fatigne severity scale
Range: 0 (no signs of fatigue) to 7 (most disabling fatigue score).

English version

Fatigue severity scale
I=strongly disagree; 2=mainly disagree: 3=partially disagree; 4=do not agree/disagree; S=partially agree; 6=mainly
agree 7=strongly agree (circle one answer per question)
My motivation is lower when I am fatigued
Exercise brings on my fatigue
1 am casily fatigued
Fatigue interferes with my physical functioning
Fatigue causes frequent problems for me
My fatigue prevents sustained physical functioning
Fatigue interferes with carrying out certain duties and responsibilities
Fatigue is among my three most disabling symptoms
Fatigue interferes with my work, family, or socia] life

O o0~ O L W
P I N SR S ]
[ AU (G ST N O S B VI 8 )
[FERN SRR ES R SRS RN GV SURR R VA Y
N A R N N
Ly Lh L th Lh e L La ta
Lo N« AN N = R R = A =}
B R e e e e ]

Patients are instructed to choose a number from 1 to 7 that indicates their degree of agreement with each

statement (1=strongly disagree; 7=strongly agree). The mean of these 9 questions is considered ‘the fatigue
score’ for each patient.

Dutch version

. Fatigue severity scale
I=volledig oneens; 2=grotendeels oneens; 3=gedeeltelijk oneens; 4=niet oneens/niet eens; S=gedeeltelijk eens:
6=protendeels eens 7=volledig eens (omeirkel één keuze per vraag)

1 Tk ben minder gemotiveerd om dingen te doen als ik moe ben 1 2 3 4 5 6 7
2 lichamelijke inspanning leidt tot vermoeidheid 1 2 3 4 5 6 7
3 ik ben snel moe/vermoeid 1 2 3 4 5 6 7
4 moeheid/vermoeidheid belemmert me in mijn lichamelijk functioneren 1 2 3 4 5 6 7
5 moeheid/vermocidheid leidt voor mij vaak tot problemen 1 2 3 4 5 6 7
6 moeheid/vermoeidheid verhindert langdurige lichamelijke inspanning 1 2 3 4 5 é 7
7  moeheid/vermoeidheid beinvlcedt de uitvoering van bepaalde taken en

verplichtingen 2 3 4 3 [ 7
8 moeheid/vermoeidheid behoort tot mijn drie voornaamste klachten 1 ) 3 4 5 5 7
9  Moeheid/vermoeidheid beinvloedt mijn werk, gezinsleven of sociale

activiteiten 1 2 3 4 5 6 7

Patignter worden geinstrueerd om bij elke vraag 1 antwoord te omeirkelen dat het beste past bij hun situatie.
Het gemiddelde van deze 9 vragen wordt berekend en beschouwd als ‘the fatigue score’.
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Appendix i1

Disability scales

Functional grading scale (f-score; Hughes’ disability scale)
The fiunctional grading scale (f-score} assesses the functional ability of the patients.

Functional grading scale

Lo RV, NS VS B (0 g e ]

= normal; no symptoms of signs

= minor neurological symptoms or signs and able to run

= able to walk at least 10 meters, but unable to run

= able to walk 10 meters with a walker or support

= bedridden or chair bound (unable to walk 10 meters with a walker or support)
= requiring artificial ventilation for at least part of the day

= dead

Overall disability sumscore

Arm disability scale — Function checklist Not affected Affected but not Prevented
prevented
Dressing upper part of body (excluding buttons/zips) C o) O
Washing and brushing hair o] & o
Turning a key in a lock o] o) 6]
Using knife and fork (spoon: is applicable if the patient never uses knife and fork) Q (o] (o]
Deing/undoing buttons and zips o] O o]
Arm grade
0= Normal
1= minor symptoms or signs in onc or both arms but not affecting any of the functions listed
2= moderate symptoms or signs in one or both arms affecting but not preventing any of the functions listed
3= severc Symptems of signs in one or both amms preventing at least ene but not all functions listed
4= severe symptoms or signs in both arms preventing all functions listed but some purposeful movements still possible
5= severc symptoms and signs in both arms preventing all purposeful movements
Leg disability scale — Function checklist No Yes Not applicable
Do you have any problem with your walking o} o] o}
Do you use 2 walking aid Q o] Q
How do you do usually get around for about 10 meters
Without aid 0 O o]
With one stick or crutch or holding to someone™s arm o 0 o
With two sticks or crutches or one stick or crutch and holding to someone’s arm C o] o]
With 2 wheelchair e} Cc o]
If you use a wheelchair: can you stand and walk a few steps with help o} o} 0
I you are restricted 1 bed most of the time, are you able to make some purposeful
MOVEMEnts 0 o] [s]
Leg arade
0= Walking is not affected
1= walking iy affected but docs not look abnormmal

2w
3
4=
5o
6=
7=

walks independently but gait looks abnommal

usually uses unilateral support to walk 10 meters (stick. single crutch, one arm - 25 yards)

usuaily uses bilateral support to watk 10 meters (sticks, crutches, two arms - 25 yards)

usually uses wheelchair to travel 10 meters (25 yards)

restricted to wheelchair, unable to stand and walk few steps with help but able to make some purposeful leg movements

restricted to wheelchair or bed most of the day, preventing all purposeful movements of the legs (e.p. unable to reposition the leps in bed)

]

Overall disability sumscore = Armn disability scale (range: 0-5) + Leg disability scale (range: 0-7}

Range: 0 (ne signs of disability) to 12 (maxinmm disability).

For the arm. disability scale: Allocate ome arm grade only by completing the Function checklist. Indicate
whether each function is *affected’, “affected but not prevented’ or ‘prevented’. For the leg disability scale:

Allocate one leg grade only by completing the Functional questions.
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Ten-metres walking test

The patient is asked to walk at his or her own preferred speed, using whatever aid needed [including
personal support if wanted]. They are then asked to walk 10 metres in a straight line. The patient is timed
over the distance in seconds. The result can be reported as the number of seconds taken, or as speed
[metres/second]. Any aid or assistance should be recorded. [Cave: ceiling effect once the patient reached
normal walking speed; it is possible then to consider measuring running speed or endurance].

Nine-hole peg test

Equipraent

9 dowels; 9 mm diameter, 32 mm long,. base with 9 holes [10 mm diam, 15 mm deep] spaced 15 mm apart in
three rows of three holes. Lid to base, with tray 100 mm square and 10 mm deep to hold pegs.

Instructions: A brief interview preceded the test to determine hand dominance. If the patient reported to use
both hands equally, the hand used to write will be considered as the 'dominant’ hand. Both hands were
tested, starting with the dominant hand. The patient had to sit 2t table [in a chair or in bed]. and was asked to
place pegs in holes. The observer timed from start to end, but the stopwatch could alse be stopped at 1
minute and record number of pegs placed was then noted. This instrument is also useful for measuring the
disabling effects of sensory loss and ataxia. Most people complete the test in 18 seconds.
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The Modified Rankin Scale

0 = no symptoms at al

1 = no significant disability despite symptoms: able to carry out all usual duties and activities

2 = slight disability: unable to carry out all previous activities but able to look after own affairs
without assistance

3 = moderate disability: requiring some help, but able to walk without assistance

4 = moderately severe disability: imable to walk without assistance or unable to attend to own

bodily needs without assistance
5 = gsevere disability: bedridden, incontinent, and requiring constant nursing care and attention
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Appendix I

Handicap scale

Rotterdam nine items handicap scale

English version

1. Mobility indoors

Are you able to move from room to room, negotiating doors, carpets and polished surfaces?

0 = not applicable

1 = unable to move between rooms

2 =moves between rooms mostly with help of another person

3 = moves between rooms most of the time independent: sometimes needing help of another person
4 = moves between rooms totally independent

2. Mobility outdoors

Are you able to move outdoors from one place to another, negotiating kerbs and uneven grounds?
0 =not applicable

1 =unable to move outdoors

2 =moves outdoors mostly with help of another person

3 = moves outdoors most of the time independent; sometimes needing help of another person

4 = moves outdoors totally independent

3. Kitchen tasks

Are you able to fulffl tasks like making a pot of tea/coffee, and serving it; are you able to collect items from
a high and low cupboard, refrigerator, etcetera? (other kitchen tasks are also applicabie).

0 = not applicable

1 = unable to fulfil any kitchen task

2 = able to fulfil only a minimum of these tasks; mostly needing help of another person

3 = able to fulfil the vast majority of these tasks independently; sometimes needing help of another person

4 = able to fulfil all kitchen tasks independently

4. Domestic tasks (indoors)

Are you able to fulfil house-cleaning tasks, such as vacuum cleaning, dishwashing, doing the laundry,
dusting, etcetera?

0 = not applicable

1 = unabie to fulfil any domestic tasks indoors

2 = able to fulfil only 2 minimum of these tasks; mostly needing help of another person

3 = able to fulfil the vast majority of these tasks independently; sometimes needing help of another person

4 = able to fulfil all domestic tasks indoors independently

5. Domestic tasks (outdoors)

Are you able to do the shopping, managing the garden, cleaning the car, etcetera?

0 = not applicable

1 =unable to fulfil any domestic tasks outdoors

2 = able to fulfil only a minimum of these tasks; mostly needing help of another person

3 = able to fuifi] the vast majority of these tasks independently; sometimes needing help of another person
4 = able to fulfil all domestic tasks outdoors independently



214

6. Leisure activities (indoors)

Are you able to read a newspaper/magazine or a book, use the telephone, fulfil & hobby (other then
sporting)?

0 = not applicable

1 = unable to fuifil these activities

2 = able to fulfil only a minimum of these activities: mostly needing help of another person

3 = able to fuifil the vast majority of these activities independently; sometimes needing help of another
person

4 = able to fulfil all these activities independently

7. Leisure activities (outdoors)

Are you able to go to a party, theatre, movies, concerts, museums, meetings, participate in sport?

0 =not applicable

1 = unable to fulfil these activities

2 = able to fulfi! only 2 minimum of these activities: mostly needing help of another person

3 = able to fulfil the vast majority of these activities independently; sometimes needing help of another
person

4 = able to fulfil all these activities independently

8. Able to drive a car/go by bus/ride a bicycle

Are you able to drive a car, go on a bus/subway, or ride a bicycle?

¢ = not applicable

1 = unable to fulfil ary of these tasks

2 = able to fulfil only one of these tasks (if needed with help of another person)
3 = able to fulfil two of these tasks (if needed with help of another person)

4 = gble to fulfil all these tasks independently

9. Worlk/study

Are you able to fulfil your prior (before becoming ill) job/study?
0 = not applicable

1 = unable to fulfil prior job/study

2 = able to fulfil (partly) adapted job/study

3 = zble to fulfil partly the prior job/study

4 = gble to fulfil complezely prior job/study

Score-range, guidelines, and formulas for transformation of raw scores to final scores for Rotterdam
9 items handicap scale

The Rotterdam nine items handicap scale score: summation of ail applicable items x 9/{%-number of not
applicable items); score-range: 9 (“umable to fulfil any taskf/activity™) to 36 ("able to fulfil ail
tasks/activities™).

Regarding items 1 and 2: Moving from room to room or outdoors does not necessarily mean that a patient
has the ability to walk. As an example: A patient can also move from one place to another in a wheelchair.

Regarding item &: For example, if a patient does not have a driving license, it was proposed to consider this
part of the question as “being fulfilled”, unless it was clear that this would be absolutely impossible due to
him/her iliness.
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Dutch version

1. Mobiliteit binnenshuis

Kunt u zich verplaatsen van kamer naar kamer, waarbij deuren, drempels, tapijten en/of gladde vloeren
overbrugd worden?

0 = niet van tocpassing

1 = ik kan mij niet verplaatsen van kamer naar kamer

2 = ik verplaats mij meestal met de hulp van iernand anders van kamer naar kamer

3 =ik verplaats mij grotendeels zelfstandig van kamer naar kamer

4 = ik verplaats mij volledig zelfstandig van kamer naar kamer

2. Mobiliteit buitenshuis

Kunt u zich buiten verplaatsen waarbij eventueel trottoirs en oneffenheden overbrugd worden?
0 = niet van toepassing

1 = ik kan mij niet buiten verplaatsen

2 = ik verplaats mij meestal met de hulp van iemand anders buiten

3 =ik verplaats mij grotendeels zelfstandig buiten

4 =ik verplaats mij volledig zelfstandig buiten

3. Keuken taken

Kunt u keuken taken als bijvoorbeeld ecen pot thee/koffie zetten en serveren; bent u hierbij in staat om
voorwerpen uit kasten/lades e.d. te pakken? (andere keuken-activiteiten komen ook in aanmerking).

0 = niet van toepassing

1 =ik kan geen keuken taken uitvoeren

2 = ik voer slechts een deel van de keuken taken uit; meestal heb ik de hulp van iemand anders nodig

3 =ik voer de meeste keuken taken (grotendeels) zelfstandig nit

4 = ik voer alle keuken taken voliedig zelfstandig uit

4. Huishoudelijke taken [binnenshuis)

Kunt u schoonmaak-taken zoals stofzuigen, afwassen, afstoffen, de was doen, ete.?

0 = niet van toepassing

I =ik kan deze taken niet uitvoeren

2 =ik voer slechts een deel van deze taken wit; meestal heb ik de hulp van iemand anders nodig
3 =ik voer de meeste van deze taken (grotendeels) zelfstandig vit

4 = ik voer al deze taken volledig zelfstandig uit

5. Huishoudelijke taken [buitenshuis]

Kunt u boodschappen doen, de tuin bewerken, ramen zemen, auto wassen ete.,?

0 = niet van toepassing

1 =ik kan deze taken niet uitvoeren

2 = ik voer slechts esn deel van deze taken uit; meestal heb ik de hulp van iemand anders nodig
3 = ik voer de meeste van deze taken (grotendeels) zelfstandig wit

4 = ik voer al deze taken volledig zelfstandig uit

6. Ontspanningsactiviteiten [binnenshuis]

Kunt u bijvoorbeeld krant of boek lezen, telefoneren, een hobby uitvoeren?

0 = niet van toepassing

1 = ik kan deze aktiviteiten niet uitvoeren

2 = ik voer slechts een deel van deze aktiviteiten uit; meestal heb ik de hulp van iemand anders nodig
3 = ik voer de meeste van deze aktiviteiten (grotendeels) zelfstandig uit

4 = ik voer al deze aktiviteiten volledig zelfstandig uit
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7. Ontspanningsactiviteiten [buitenshuis]

Bent u in staat om naar een feest, theater, bioscoop, concert, muses of bijeenkomst te gaan?; kunt u sporten?
0 = niet van toepassing

1 = ik kan geen één van deze aktiviteiten nitvoeren

2 = ik voer slechts een deel van deze aktiviteiten uit; meestal heb ik de hulp van iemand anders nodig

3 =ik voer de meeste van deze aktiviteiten (grotendeels) zelfstandig wit

4 = ik voer al deze aktiviteiten volledig zelfstandig uit

8. Auto rijden/de bus nemen/fietsen

Bent u in staat om auto te rijden, de bus/metro te nemen en/of te fietsen?

{ = niet van toepassing

1 = ik kan geen &én van deze aktiviteiten nitvoeren

2 = ik kan slechts één van deze aktiviteiten uitvoeren (gventueel met de hulp van iemand anders)
3 = ik kan twee van deze aktiviteiten uitvoeren {eventueel met Ge hulp van iemand anders)

4 =ik voer deze aktiviteiten volledig zelfstandig uit

9. Werk/studie

Bent u in staat uw eerdere (véér het ziek worden) baan/studie uit te voeren?

0 = niet van toepassing

1 = ik ben met in staat tot het uitvoeren van mijn eerdere baan/studie

2 = ik ben in staat tot het (gedeeltelijk) uitvoeren van aangepast(e) werk/studie
3 =ik ben in staat tot een gedeeltelijk nitvoeren van mijn ¢erdere baan/studie
4 =ik voer mijn eerdere baan/studie volledig uit
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Appendix I'V

Quality of life measure

Medical Qutcome Study Short-form 36 items health survey (SF-36)
The Dutch version was applied in the current study. Published with permission from the Iqola group.

SF- 36 GEZONDHEIDSTOESTAND VRAGENLIJST

INSTRUCTIES: Deze vragenlijst gaat over uw standpunten t.a.v. uw gezondheid. Met behulp van deze gegevens kan
wordern bijzehouden hoe u zich voeit en hoe goed u in staat bent uw gebruikelijke bezigheden uit te voeren,

Beantwoord elke vraag door het antwoord op de aangegeven wijze te markeren, Als u njet zeker weet hoe u cen vraag
moet beantwoorden, geef dan het best mogelijke antwoord.

1. Hoe zou u over het algemeen uw gezondheid noemen:

(omcirkel &én cijfer)

UESECKETIA ... ey veceereanesvamrersennen veeessensssinsessensss vensessesans binsasasssnt bmnesssmnastbusmtsaenddbessmrasattssassessnsts 1
ZEET GOCU curinnrerenccsrnnesecsasranrecsesatssasestossssrenses isses tses ossr sesmes sesassessessannagsassentacs pensesesranens 2
L0 O O U SUS O T U OO TUO PR 3
VAL, oo vevtimeneresstntnanecrest b sasseassstsramre et s e b saasaabaa s st rer et hAdoat e ans P EaE S omra et A b A S raath b b saeatRebh e ree 10 4
SLBEIE c.iucvsrveenrrsrsmrevsenisrssseessrs s rsssmas s e nan s A r e a S en R R brrraE s R ar e e s R e nreas 5

2. Hoe begordeelt u nu uw gezondheid over het algemeen, vergeleken met een iaar geleden?

{omcirke} één cijfer)

Veel beter nu dan ¢6n Jaar ZEICAEN v.oiiierissis i st ssnsesssssserres s s rrs s e 1
Wat beter nu dan een jaar geleden ... i e e e s 2
Ongeveer hetzelfde mu als een Jaar ZEleden .. csererssssvs o srsssesssenss 3

Wat slechter mu dan een jaar geleden.

Veel slecther nu dan een Jaar Zeleden st 5
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3.  De volgende vragen gaan over bezigheden dic u misschien doet op e¢en doorsnee dag. Wordt u door uw
gezondheid op dit moment beperkt bij deze bezigheden? Zo ja, in welke mate?

(omcirkel één cijfer op clke regel)

Ja, Ja, een Nee, hele-
BEZIGHEDEN Ernstig beetje maal niet
beperkt beperkt beperkt

a. Forse inspanning, zoals hardlopen, tillen van zware 1 2 3
voorwetpen, gcn veeleisende sport beocfenen

b, Matige inspanning. zoals een tafel verplaatsen, stofzuigen, 1 2 3
zwemmen of fietsen

c. Boodschappen tillen of dragen 1 2 3

d. Een paar trappen oplopen 1 2 3

e. Eén trap oplopen 1 2 3

f.  Bukken, kniclen of hurken 1 2 3

g Meer dan een kilometer lopen 1 2 3

k.  Een paar honderd meter lopen 1 2 3

i.  Ongeveer honderd meter lopen 1 2 3

J. Uzelf wassen of aankleden i 2 3

4.  Heeft u in de afpelopen 4 weken, een van de volgende probiemen bij uw werk of andere dagelijkse bezigheden
gehad, ten gevolge van yw lichamelijke gezondheid?

(omgirkel één cijfer op elke regel)

YES NO
a.  Ubesteedde minder tijd aan werk of andere bezigheden 1 2
b. U heeft minder bereikt dar u zou willen 1 2
¢. U was beperks in het soort werk of andere bezigheden 1 2
¢. U had moeite om uw werk of andere bezigheden wt te voeren 1 2
(het kostte u bv. exfra inspanning)
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5. Heeft uin de afpglopen 4 weken, cen van de volgende problemen ondervonden bij uw werk of andere dagelijkse
bezigheden ten gevolge van emotionele problemen (zoals depressieve of angstige gevoelens)?

(omcirkel één cijfer op elke regel)

JA NEE
a. U besteedde minder tijd aan werk of andere bezigheden 1 2
b. U heeft minder bereikt dan u zou willen 1 2
e. U deed uw werk of andere bezigheden niet zo zorgvuldig als gewoonlijk 1 2

6. In hoeverre hebben uw lichamelijke gezondheid of emotionele problemen u gedurende de zfpelopen 4 weken
gehinderd in uw norrmale omgang met familie, vrienden of buren, of bij activiteiten in groepsverband?

{omeirkel één cijfer)

HeleTnaal DUET....coieeeer et s tes st sens s shbae s s shs et e bbbt s onesbb s est i bt seemet e assen b seamnanrs 1
ETUZEZINS 1. vosreseersinsrscsersessnsssinsssssassss isssersssetonnssssessnsesanssarssms ossos sesssssesssssanesssssnesasssss senssese 2
INOZAL e iteneiirr s b e s b LT TR Ve e e AR BT b TR AR e 3
VEEL 1riiiiie it enirs it s b bbb s ve SR TR AR ST AR TSR TSR s e d 0 4
HEel CF VEELutieriicrsanesissien it et st e st st st st b s s e b b e e AR e AR S s e st 5

7. Hoewveel lichamelijke pijn heeft u de afgelopen 4 weken pehad?

(omeirkel één cijfer)

BRI st tttce et tes e bt bbb vaens bt e B bbb e S e b 68 bt bbb et e ere bt bememnet 1
HEEL HOBE caeiisee ittt ssm s csss st s ssss st s s sres s et r s st sssmssasses sasmessesang pensrsasassnns 2
LUK t1eretiesnrranssisssmrransessmassesasnr rensesssssenrasastsreserseanss bhomseassss s sssasansssenaos asraenestetsensresrasseresten 3
INOEAL vttt et s s s s e e n s s eae s s e et a et st e e s 4
EITISEIZ, 1vveevemarisascessessnreses smesesrosses sanesresenssansessemnersessontonaissnsassussestessenpenses vesnssessuns sanessseanasssss 5
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8. In welke mate bent u afpglopen 4 weken door pijn gehinderd in uw normale werk (zowel werk buitenshuis als
huishoudelifk werk)?

(omeirkel één cijfer)

HELEMAal MEL. v emeieverssrresascssimsressasensiecrersasetensesssesrarsnsns s antesssnsss masss besbessnsat svsnsarasserasentatesassns 1
En KIEIN DEEHE covarrrrerisisesesiinmeriesssisssesraneastetseseannassasbtsean s sanest sesasnsesessatensassnsn saressnsesssssasares 2
INOEAL .ottt eeemes st e sae s e et res sa et aeneen s e s et ae S e E e S br bR ATt A aL b e AR Lr b s ba s 3
VEEL cotrrer et e ses st sraebs b a b st s s e R 140 £ AR ea it eSS e s et et amrd b e 4
HECL OIF VEEI oottt et raa s b ran st st sasssr st s e b s sane e e 5

9. Deze vragen gaan over hoe u zich voelt en hoe het met u ging in de afselopen 4 weken, Wil a.wb. bij elke vraag
het antwoord geven dat het best benadert hoe u zich voelde. Hoe vaak gedurende de afgelopen 4 weken —

(omeirkel één cijfer op elke regel)

Altijd | Meestal Vaak Soms Zelden Nooit

2. Voelde u zich levelslustig? 1 2 3 4 5 &

b.  Was u erg zenuwachtig? 1 2 3 4 5 6

¢. Zatuzo in de put dat niets u kon 1 2 3 4 5 6
opvrolijken?

d.  Veolde u zich rustig en tevreden? 1 2 3 4 5 6

e. Had u veel cnergie? 1 2 3 4 5 6

f. Voelde u zich somber en 1 2 3 4 5 6
neerslachtig?

o Voelde uzich uitgeput? 1 R EE 4 5 6

T Wasu een gelukkig mens? 1 EEE 4 5 6

1. Voelde u zich moe? 1 2 3 4 3 G
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10. Hoc vaak hebben uw lichamelijke gezondheid of emotionele problemen u gedurende de afgelopen 4 weken
gehinderd bij uw sociale activiteiten (zoals vrienden of famili¢ bezocken, etc.)?

11.

(omeirkel één cijfer)

ATHG 1eiirinrernsecssienresssssst e e saare st st et ek et s SR a4 b R s R nea PSR e Rt 1
IMEESEAL <.oeeeeraerieercruanraroesne e resrasmessonserrsasessesserransotane sarsars seeenrrEres aee e sea e s RenTe s paerE s R s e teare 2
SO 1ioeerirnistieerr s sits e st s e e sb s Ve 0 e b e R b ee a4 b ser et RS e PSR e rer b bon 3
ZBIBIL vttt s m e et ces an bt e het st s s et st e e e et e e sn gt seemne s 4
INOOIT 111 enrecsennessnrsescessmssnsrasesssrssressisenes sassnransens tenstssnsosses srasassessossentsessentossrsnares eeses smarsasensrasen 5

Hoe JUIST of ONJUIST is ¢lk van de volgende uitspraken voor u?

{omeirke!l één cijfer op elke regel)

Yolkomen Grotendeels Weet ik Grotendeels | Volkomen
juist juist niet onjuist onjuist

a. [k lijk wat gemakkelijker zick te 1 2 3 4 5
worden dan andere mensen

b. Ik ben even gezond als andere i 2 3 4 5
mensen die ik ken

c. Ikverwacht dat mijn 1 2 3 4 5
gezondheid achterait zal gazn

d.  Mijn gezondheid is vitstekend i 2 3 4 5
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