
27Neurology 한국어판 Vol. 9 No. 1

Thomas H.P. Draak, MD
Els K. Vanhoutte, MD
Sonja I. vanNes,MD, PhD
Kenneth C. Gorson, MD
W. Ludo Van der Pol,

MD, PhD
Nicolette C. Notermans,

MD, PhD
Eduardo Nobile-Orazio,

MD, PhD
Jean-Marc Léger, MD,

PhD
Peter Y.K. Van den Bergh,

MD, PhD
Giuseppe Lauria,MD, PhD
Vera Bril, MD, PhD
Hans Katzberg, MD
Michael P.T. Lunn, MD,

PhD
Jean Pouget, MD, PhD
Anneke J. van der Kooi,

MD, PhD
Angelika F. Hahn, MD,

PhD
Pieter A. van Doorn, MD,

PhD
David R. Cornblath, MD
Leonard H. van den Berg,

MD, PhD
Catharina G. Faber, MD,

PhD
Ingemar S.J. Merkies,

MD, PhD
On behalf of the
PeriNomS Study
Group

염증성 신경병증 예후의 변화
Rasch–반응 비교

Changing outcome in inflammatory neuropathies
Rasch–comparative responsiveness

목적: 길랭-바레증후군(Guillain-Barré syndrome, GBS), 만성염증탈수초다발신경뿌리병증(chronic inflammatory demyelinating 

polyradiculoneuropathy, CIDP), 다발신경병증을 보이는 불분명 의미의 면역 글로불린 M-단일클론 감마글로불린병증

(immunoglobulin M–monoclonal gammopathy of undetermined significance related polyneuropathy, IgM-MGUSP) 환자에

서 환자가 보고하는 Inflammatory Rasch-built Overall Disability Scale (I-RODS)과 광범위하게 사용되는 임상의가 보고하는 

Inflammatory Neuropathy Cause and Treatment-Overall Neuropathy Limitation Scale (INCAT-ONLS)의 반응도를 비교하고자 

하였다.

방법: 137명(GBS: 55, CIDP: 59, IgM-MGUSP: 23)의 환자는 두 가지 척도를 이용한 평가에서 새로 진단되거나 임상적으로 재

발로 분류되었다. GBS/CIDP 환자는 0, 1, 3, 6, 그리고 12개월에 각각 평가하였고, IgM-MGUSP 환자는 0, 3, 그리고 12개월에 

평가하였다. Rasch 분석에 모든 자료를 이용하였고, 개별적인 표준 오차(standard errors, SEs)와 연관된 임상적으로 중요한 

최소한의 차이(minimal clinically important difference, MCID)를 이용하여 두 가지 척도에서 변화의 크기를 각 환자에서 계산하

였다. 반응자는 MCID-SE ≥1.96인 경우로 정의하였다. 두 척도에서 개별적인 점수는 EuroQoL 지표(heuristic responsiveness, 

스스로 확인하는 반응도)와 상관관계가 있었다.

결과: I-RODS에서 GBS/CIDP 환자에서 INCAT-ONLS의 결과와 비교하여 의미 있는 개선이 확인된 비율이 유의하게 높았다. 

IgM-MGUSP에서, 1년 연구기간 동안 반응도가 부족하여 명확한 분리는 불가능하였다. 스스로 확인하는 반응도는 I-RODS에

서 일관되게 높았다.

결론: GBS와 CIDP 환자에서 INCAT-ONLS 장애 척도에 비해 I-RODS는 시간에 따른 임상적으로 의미있는 변화를 더 자주 감

지하였다. I-RODS로 더 민감한 평가가 가능하였다. 따라서 GBS와 CIDP 환자를 대상으로 하는 미래의 임상연구에서 사용될 

수 있을 것이다.
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Rasch-transformed scale (I-RODS vs INCAT-ONLS) in each

of the 137 examined patients separately: (1) their personal

change (personal location at i month minus personal location

at baseline [entry], where i5 1, 3, 6, or 12 months of follow-up

in GBS/CIDP, and 3 and 12 months in IgM-MGUSP); (2) the

corresponding SE of difference related to their individual

change (SEdiff 5 square-root [SEentry
2 1 SEi month

2]); and (3)

the final MCID-SE calculations were computed by dividing the

individual change scores by their corresponding SEdiff (MCID-

SE 5 [personal location at i month minus personal location at

entry]/SEdiff).20 Subsequently, the calculated MCID-SE

findings were divided into the following subgroups: subgroup

1 (clinically important improvement): MCID-SE $1.96;

subgroup 2 (clinically unimportant improvement): 0 ,

MCID-SE , 1.96; subgroup 3 (no change): MCID-SE 5 0;

subgroup 4 (clinically unimportant deterioration): 21.96 ,

MCID-SE , 0; and subgroup 5 (clinically important

deterioration): MCID-SE #21.96.20 Figures e-1 and e-2 on

the Neurology® Web site at Neurology.org explain the use of the

individually obtained SE through Rasch to determine “being a

responder.”

Strategy 2. We took a more patient-oriented approach to

determine the so-called “heuristic responsiveness” for both

scales.23,24 Heuristic techniques are based on comparing changes

using a scale with an external indicator completed by patients.23,24

In the current study, we have chosen the personal patient-derived

EuroQoL “thermometer,” because this ruler helps patients to

indicate their personal health status (range: 0 [worst state] to

100 [best state]).25 These scores were correlated with the scores

(patient’s ability [logits]) of each individual patient after

subjecting the data for both scales to Rasch.

Statistics for strategy 1. The proportion of patients reaching

clinically important improvement on both scales was compared

in GBS, CIDP, and IgM-MGUSP separately. An accepted

cutoff value for the definition of a clinically important

improvement is $1.963 personal obtained SE, at a chosen

specificity of 95% confidence interval.15,20,22 Subsequently, as

previously described, we created Kaplan–Meier curves to

estimate and compare the cumulative proportion of patients per

illness (overall, and separately in GBS, CIDP, and IgM-MGUSP)

demonstrating significant improvement over time (at 1, 3, 6, and

12 months of follow-up) for both scales (I-RODS vs INCAT-

ONLS).26 The log-rank test was used to examine possible

differences.

Statistics for strategy 2. Univariate regression studies using

splines (to improve data fitting) were performed to determine a

possible correlation between the Rasch-transformed personal

scores and the EuroQoL thermometer for both scales

(correlation presented as R2: the fraction of variance explained

by the independent variables).27

Cross-cultural evaluation of the most responsive scale.
Immune-mediated neuropathies are rare disorders and therefore

most randomized trials in these patients have been completed

through multicenter international studies. A prerequisite is that

outcome measures used internationally in any condition must

overcome general cross-cultural differences.28,29 Thus far, no

outcome measure in inflammatory neuropathy studies has been

cross-culturally validated. In the current study, the person factors

“the Netherlands,” “Europe,” and “culture difference” were used

to determine the cultural validity of the most responsiveness scale

(I-RODS or INCAT-ONLS).28 In essence, data from the various

regions are compared through differential item functioning (DIF)

analyses using the 95th confidence interval boundaries to deter-

mine invariance as has been addressed previously as an acceptable

surrogate marker to examine cultural differences.28 Invariance

suggests that the probability of a patient in one region completing

an item will be the same as the probability of a patient in another

region affirming the same item, given that they are both at the

same trait level (having the same degree of functional deficit).28,30

Software. We performed Rasch analyses using RUMM2030

with a partial credit model as default.31 The I-RODS data were

easily subjected to RUMM2030 because all 24 items are straight-

forward with equal (3) response options. For the INCAT-ONLS,

we took 2 approaches:

1. The arm grade and leg grade scores were subjected to

RUMM2030 as if the INCAT-ONLS was composed by these

2 independent items; this approach was chosen because the

arm and leg grades have been used to detect meaningful

changes after an intervention.

2. The INCAT-ONLS was also redefined to its original 5 arm

activities plus 2 items addressing mobility (1—do you have

walking difficulty: no/yes; and 2—how do you usually mobi-

lize outdoors: independently/with 1 stick/with 2 sticks/with a

wheelchair). These 7 items were subjected to RUMM2030 as

a group of individual items.

Table 1 General characteristics of longitudinal recruited patients (n 5 137)

Diagnosis

GBS CIDP IgM-MGUSP

No. of patients 55 59 23

Age, y

Mean (SD) 53.4 (17.7) 52.7 (14.7) 62.8 (10.6)

Range 19–90 18–79 45–85

Sex, n (%)

Female 18 (32.7) 17 (28.8) 8 (34.8)

Male 37 (67.3) 42 (71.2) 15 (65.2)

Country of assessment, n

The Netherlands 25 20 8

United States 6 11 4

Italy 9 9 3

Spain — 2 —

France 1 4 1

Belgium 2 2 5

United Kingdom 2 2 1

Canada 8 7 1

Brazil 2 2 —

Current medication, %a

IVIg and/or steroids 81.8 67.8 34.8

Plasma exchange 16.4 5.1 17.4

Immunosuppressive — 3.4 13

Other — 10.2 34.8

Abbreviations: CIDP 5 chronic inflammatory demyelinating polyradiculoneuropathy; GBS 5

Guillain-Barré syndrome; IgM-MGUSP 5 immunoglobulin M–monoclonal gammopathy of
undetermined significance related polyneuropathy; IVIg 5 IV immunoglobulin.
a Some missing data on medication use.
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Hence, the I-RODS Rasch data were compared with both

Rasch-transformed (RT-2-item and RT-7-item) INCAT-ONLS

approaches. Further analyses were performed using Stata forWin-

dows XP (version 12.0; StataCorp, College Station, TX). Differ-

ences in possible ceiling and floor percentages between scales were

also examined (x2 test; p value,0.05 was accepted as statistically

significant).

RESULTS Patients. The demographics of the 137 pa-
tients are presented in table 1. Nineteen of the 23
patients with IgM-MGUSP had anti-MAG antibodies.
There were a total of 600 patient visits, and 94% of the
patients completed 1-year follow-up.

Comparison I-RODS vs INCAT-ONLS. General aspects.

The I-RODS had overall lower SEs than seen with the
INCAT-ONLS (figure e-3) and also demonstrated sig-
nificantly lower ceiling scores (I-RODS ceiling: 9.5% of
all records; RT-2-item INCAT-ONLS: 17.4%; RT-7-
item INCAT-ONLS: 20.8%; x2 tests: p , 0.001).
Both measures demonstrated minimum floor effects,
but these were not significantly different (I-RODS:

2.9%; 2-item INCAT-ONLS: 1.7%; 7-item INCAT-
ONLS: 2.9%).

Comparison at the individual personal level using

MCID-SE cutoff. A significantly higher cumulative
proportion of patients with GBS/CIDP demonstrated
a meaningful improvement (MCID-SE cutoff $1.96)
when assessed with the I-RODS vs the INCAT-ONLS
(figure 1; p values: p5 0.01 to p, 0.001, favoring the
I-RODS). In IgM-MGUSP, only a small proportion
of these patients reached this cutoff (,20%) in both
scales (figure 1; p 5 0.02 favoring the I-RODS vs
RT-2-item INCAT-ONLS). The responsiveness was
consistently higher in GBS compared with the other
illnesses. At 1-year follow-up, 97% of patients with
GBS reached the MCID-SE cutoff scores using the
I-RODS vs 80% for the RT-2-item INCAT-ONLS
and 82% for the RT-7-item INCAT-ONLS; in CIDP,
these numbers were 42% (I-RODS) vs 20% (RT-2-
item INCAT-ONLS) and 30% (RT-7-item INCAT-
ONLS) (figure 2).

Figure 1 Comparing improvement between the I-RODS vs (A) The RT-2-item INCAT-ONLS and (B) the RT-7-item INCAT-ONLS

A consistently higher proportion of patients reached a significant meaningful improvement (MCID-SE cutoff $1.96) when assessed with the I-RODS vs the
INCAT-ONLS. In patients with IgM-MGUSP, the number of patients with a significant change was very low. CIDP 5 chronic inflammatory demyelinating
polyradiculoneuropathy; GBS 5 Guillain-Barré syndrome; IgM-MGUSP 5 immunoglobulin M–monoclonal gammopathy of undetermined significance related
polyneuropathy; INCAT5 Inflammatory Neuropathy Cause and Treatment; I-RODS5 Inflammatory Rasch-built Overall Disability Scale; MCID-SE5minimal
clinically important difference–standard error; NS5 not significant; ONLS 5 Overall Neuropathy Limitation Scale; RT 5 Rasch-transformed; RT-2 5 Rasch-
transformed INCAT-ONLS composed by 2 items 5 the arm grade with 5 response options and the leg grade with 7 response options; RT-7 5 Rasch-
transformed INCAT-ONLS composed by 7 items: the original 5 arm activities plus 2 items addressing mobility (1—do you have walking difficulty: no/yes; and
2—how do you usually mobilize outdoors: independently/with 1 stick/with 2 sticks/with a wheelchair).
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Figure e-4 presents an overall view of the magni-
tude of changes from another perspective seen of the
I-RODS vs the INCAT-ONLS, being consistently
higher for the I-RODS.

Comparison through heuristic responsiveness. The corre-
lation found between the EuroQol thermometer and

patient’s ability is presented in table 2. The associa-
tion between the I-RODS and EuroQol thermometer
was consistently higher compared with the INCAT-
ONLS-EuroQoL thermometer associations. The ob-
tained values were higher in patients with GBS .

CIDP . IgM-MGUSP.

Figure 2 Comparison in improvement between the I-RODS vs the (A) RT-2-item INCAT-ONLS and (B) RT-7-item INCAT-ONLS

RT-2: Rasch-transformed INCAT-ONLS composed by 2 items: the arm grade with 5 response options and the leg grade with 7 response options. RT-7:
Rasch-transformed INCAT-ONLS composed by 7 items: the original 5 arm activities plus 2 items addressing mobility (1—do you have walking difficulty:
no/yes; and 2—how do you usually mobilize outdoors: independently/with 1 stick/with 2 sticks/with a wheelchair). CIDP 5 chronic inflammatory demyelin-
ating polyradiculoneuropathy; GBS5 Guillain-Barré syndrome; INCAT: Inflammatory Neuropathy Cause and Treatment; I-RODS5 Inflammatory Rasch-built
Overall Disability Scale; MCID-SE 5 minimal clinically important difference–standard error; MGUSP 5 monoclonal gammopathy of undetermined signifi-
cance related polyneuropathy; ONLS 5 Overall Neuropathy Limitation Scale; RT 5 Rasch-transformed.
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