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What should be defined as good outcome in stroke trials: a mRs of 0-1 or 0-2?Chapter 7

Studies have shown that sample size requirements of trials using mRs-based endpoints are smal-

ler than BI-based endpoints without loss of statistical power.7 A ‘favorable’ outcome defined as 

mRs grades 0-1 or grades 0-2 are estimated to be more powerful than dichotomization at higher 

grades.1, 8-10 Concerns over dichotomized endpoints concentrates on the insensitivity for changes 

which are clearly clinical relevant and the decreasing statistical power to detect differences between 

interventions.11,12 Moreover, varying the cutoff points significantly changes the percentage of indivi-

duals who are deemed to have good outcome, which consequently may lead to a different interpre-

tation of the results of a trial.9 For instance, the primary analysis in the European Cooperative Acute 

Stroke Study (ECASS) assessment of recombinant tissue plasminogen activator (rtPA) did not show 

a beneficial effect, though post hoc analysis that varied the endpoints for favorable outcome on the 

mRs demonstrated differences which were statistically significant. 

Besides statistical concerns to make a well-considered decision about defining the endpoint, it is 

also important to know the clinical meaning of a dichotomized mRs, especially the clinical difference 

between mRs 1 and mRs 2. We therefore examined each mRs grade by comparison with a sensi-

tive, generic disability scale measuring a broad range of activities (Academic Medical Center Linear 

Disability Scale (ALDS)).13

Materials and Methods

Subjects

The study group consisted of 152 patients six months post stroke. Patients were consecutively 

admitted to the stroke unit of the Academic Medical Center, Amsterdam, the Netherlands between 

January 2004 and May 2005. All patients had a confirmed stroke, defined as a rapid onset neuro-

logical deficit reflecting a focal disturbance of cerebral function of vascular origin, persisting for >24 

hours. Stroke was diagnosed by clinical assessment and by a CT/MRI scan. Both first and recurrent 

strokes were included. Baseline assessments at admission included stroke severity by the NIH Stro-

ke Scale (NIHSS),14 and stroke type (ischemic or hemorrhagic). Ischemic stroke was categorized 

by the TOAST classification; large artery atherosclerosis, cardioembolism, small-artery occlusion, 

other or unusual causes, and undetermined etiology.15 Experienced neurologists were certified in 

the use of the NIHSS scale. Thirty three patients who died after discharge from the stroke unit were 

still included in (part of) the analyses. Three trained nurses evaluated the disability level using first the 

mRs and next the ALDS by telephone interview six months after patients were treated at the stroke 

unit. If subjects were unable to answer the questions due to cognitive problems or severe illness, a 

relative or caretaker was interviewed on their behalf.

Abstract

Background and Purpose: Good outcome in stroke trials has been defined as a modified Rankin 

scale (mRs) score of 0-1 or 0-2. The aim of this study was to investigate the clinical meaning of 

these two dichotomies. 

Methods: We studied 152 patients six months post stroke using the mRs and a new disability mea-

sure the AMC Linear Disability Scale (ALDS) item bank. Descriptive statistics were used to show the 

ALDS scores by the levels of the mRs. To investigate the clinical meaning of the different definitions 

of good outcome, the mean probability to perform activities of daily life (ADL) of all mRs grades and 

these two dichotomies was calculated.  

Results: The ability to perform difficult ALDS items declined gradual with increasing mRs grade. 

When favorable outcome is defined as mRs 0-1, 15% of the cohort has a good outcome; of these 

patients 84% were likely to perform outdoor activities. If good outcome is defined as mRs 0-2, the 

percentage of patients with good outcome increased to 37%, whereas 66% of these patients were 

likely to perform outdoor activities.

 

Conclusion: If good outcome is defined as the ability to perform outdoor activities mRs 0-1 should 

be chosen. If complex ADL are considered as good outcome mRs 0-2 is the outcome measure of 

choice. Independent of which outcome measure will be chosen, the treatment effect in clinical trials 

must be large before good outcome is achieved. Therefore, it is likely that clinical important treat-

ment effects can be missed in clinical trials with both these mRs endpoints. 

Introduction

The lack of consensus regarding what should be considered a clinically meaningful effect on out-

come in stroke patients strongly hinders the design, interpretation, and comparison in stroke trials.1 

Two important outcomes for clinical investigations are changes in the stroke scale used and, more 

relevant to patients, the proportion of surviving patients who regain functional independence after 

stroke as measured with a disability scale or functional index.2 

In clinical trials, the most widely used disability measures are the Barthel Index (BI)3 and the modi-

fied Rankin scale (mRs).4,5 However, there is disagreement on how these scales should be used to 

determine outcome in clinical trials.1,6 Many stroke researchers prefer a dichotomous mRs score 

reflecting poor versus good outcome. Although, there is little consensus on the optimal cutoff point 

which is often arbitrarily selected and not validated.1,7 
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subset of items using IRT analysis. For clarity, we only presented 26 items from the item bank.

The original units of the ALDS scale are (logistic) regression coefficients, expressed in logits (see Ap-

pendix 3). To make the results easier to interpret, the logit scores are linearly transformed into values 

between 0 (dead) and 100. The value 1 represents the lowest level and the value 100 the highest 

level of functional status possible. 

Statistical analysis

Scores on the ALDS and the estimated probabilities to perform a range of daily activities were cal-

culated using previously published item parameters13 and algorithms implemented in BILOG-MG, 

version 3.022 and SPSS 12.0 for windows. Patient characteristics and the association between 

the scores on the mRs and the ALDS were summarized using descriptive statistics. The correla-

tion between the mRs and ALDS scores was expressed in a Spearman correlation coefficient (rs), 

whereas differences in ALDS scores were analyzed using one-way analysis of variance (ANOVA) 

(n = 119, 33 diseased patients excluded). To illustrate the clinical meaning of the different mRs gra-

des in more detail, the mean estimated probability that patients per grade were able to perform ADL 

activities were calculated and showed graphically. Additionally, we compared mean probabilities to 

perform activities between patients with good and poor outcome defined with mRs cutoffs 0-1 and 

0-2. In this analysis diseased patients (mRs = 6, ALDS = 0) were included. 

Results

Table 1 shows the baseline characteristics, and post stroke mRs and ALDS scores of the 152 

patients. The patients were a prevalent population admitted to a stroke unit. Fifteen percent of the 

patients were rated by proxy respondent. The mean ALDS scores were significantly different for 

each mRs grade (p < 0.0001; Table 1). The correlation between the mRs and the ALDS was very 

high (rs = 0.92). 

Table 2 shows the average probability that patients per mRs grade were able to perform a selec-

tion of items from the ALDS item bank. Patients with a score of mRs 1 were able to perform all 

basic and instrumental ADL; however they were not capable enough to perform all difficult outdoor 

activities. Patients with a mRs 2 score were less likely to perform outdoor activities and the more 

difficult instrumental ADL items but had no problems with basic ADL. Most patients with a score of 

mRs 3 were sufficiently capable to perform basic ADL, but the probability to perform instrumental 

ADL items decreased when the item difficulty increased. On average patients with mRs 4 had ap-

proximately 50% chance to perform basic ADL. Patients with a mRs 5 score showed an even lower 

probability to carry out these basic activities. For example, on group level, patients with a score of 

Modified Rankin Scale (mRs)

The mRs is a concise index of global disability.4,5 It is scored as follows; 0 = no symptoms, 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 one’s 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 and unable to attend to one’s own 

bodily needs without assistance, 5 = severe disability; bedridden, incontinent and requiring constant 

nursing care and attention, 6 = dead.

A literature search of MEDLINE from January 2005 through June 2007 was performed to investigate 

which mRs cutoff points were set as primary or secondary endpoint in randomized clinical trials. 

A search strategy using Medical Subject Heading Cerebrovascular accident and text word Rankin 

scale was used. Only studies in English were included. The literature search retrieved 20 articles; 5 

studies analyzed the mRs ordinal, 7 studies used mRs 0-1 as favorable outcome and 8 studies mRs 

0-2 [references are available on request]. In this study we therefore focused on the endpoints mRs 

0-1 and mRs 0-2 as indicator for favorable outcome.    

The AMC Linear Disability item bank 

The ALDS item bank was developed to quantify functional status in terms of the ability to perform 

basic and complex (instrumental) ADL and difficult outdoor activities using an item response theory 

(IRT) framework.16 Both the item difficulty and the patient’s ability are arranged on a single hierarchi-

cal linear scale. The current version of the item bank consists of 77 items ranging from relatively easy 

to difficult (see Appendix 3 for details).13 Each item describes an ADL, for example ‘get out of bed 

into a chair’, and ‘walk for more than 15 minutes’. Respondents have to rate how they could carry 

out the activity at present using two response options: ‘I can carry out the activity’ and ‘I cannot 

carry out the activity’. The methodology,16,17 the psychometrics of the ALDS in terms of dealing with 

missing data,18 differences between item measurement characteristics in relation to age and sex19 

and the metric properties of the items in mixed types of patient groups (including stroke patients),13, 

20 and the statistical power to detect given effect sizes in clinical trials using IRT outcome scales,21 

have been published previously.

In the present study, patients were assessed with on average 13 items from the total of 77 items 

from the item bank. Since IRT centers on the measurement properties of individual items, rather 

than the instrument as a whole, it is not necessary for all respondents to be examined using all 

items. The essence and clinimetric strength of an IRT item bank is that the included items (which 

have met the assumptions of an IRT measurement model) allows its users to compare disability 

outcomes measured by different item sets selected from the item bank. Hence, for each patient 

the probability to be able to perform all 77 items from the item bank can be estimated from a small 
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mRs 3 have a 9% chance to walk for more than 15 minutes, patients with mRs 2 57% and patients 

with mRs 1 97%. Therefore, if the cutoff is set at mRs 0-2, the treatment must increase the ability 

level of a patient with a poor outcome of mRs 3 to such an extent that the chance to walk for more 

than 15 minutes increases with 48% to accomplish a good outcome of mRs 2. In case good out-

come is defined as mRs 0-1, patients in the poor outcome category of mRs 2 also have to improve 

significantly to shift to a good outcome of mRs 1; the probability to walk for more than 15 minutes 

has to increase with 40%. These results are graphically summarized in the Figure.

Table 1.       Patient baseline characteristics and post stroke mRs and ALDS scores (n = 152).

Characteristics Mean (SD) or n (%)

Age, y  70.6 (15.0)

Male sex 65 (43%)

First ever stroke 125 (82%)

Stroke type

 Ischemic 126 (83%)

    large artery atherosclerosis 34 (27%)

     cardioembolism 44 (35%)

    small-artery occlusion  32 (25%)

     other or unusual causes 6 (5%)

     undetermined etiology  9 (8%)

 Hemorrhagic 26 (17%) 

NIHSS   9.4 (7.1)

     0-5 (minor) 58 (38%)

     6-13 (moderate) 55 (36%)

      14 (major) 37 (25%)

     not assessed 2 (1%)

ALDS by mRs 6 months post stroke

 0 No symptoms (n = 1) 89.0

 1 No sign of disability (n = 22) 87.5 (2.1)

 2 slight disability (n = 33) 74.9 (8.6)

 3 moderate disability (n = 32) 47.5 (14.1)

 4 moderately severe disability (n = 28) 24.5 (14.9)

 5 severe disability (n = 3) 12.0 (1.0)

 6 dead (n = 33) 0 

NIHSS: NIH stroke scale; ALDS: AMC Linear Disability Score; mRs: modified Rankin scale

           Item content Good outcome   Poor outcome    

  mRs 1        mRs 2      mRs 3        mRs 4     mRs 5 

 Difficult outdoor activities     
1.  ride a bike for at least 2 hours? 41% 3% --- --- ---
2.  carry a bag of shopping upstairs? 79% 16% --- --- ---
3.  go for a walk in the woods? 93% 34% 2% --- ---
4.  travel by local bus or tram? 97% 43% 2% --- ---
5.  walk for more than 15 minutes? 97% 57% 9% 2% ---
6.  walk up a hill or high bridge? 97% 58% 10% 2% ---

 Complex ADL     
7.  cut your toe nails? 96% 62% 14% 3% ---
8.  stand for 10 minutes? 98% 66% 15% 3% ---
9.  walk up a flight of stairs? 99% 77% 20% 4% ---
10.  walk down a flight of stairs? … 84% 22% 5% ---
11.  go for a short walk (15 min)? … 84% 27% 6% ---
12.  change the sheets on a bed?  … 83% 33% 8% ---
13.  fetch a few things from the shop? … 91% 31% 7% ---
14.  have a shower and wash your hair? … 93% 44% 11% ---
15.  pick something up from the floor? … 97% 59% 17% ---
16.  get in and out of a car? … 98% 66% 19% ---
17.  peel and core an apple? … 94% 65% 27% 5%
18.  prepare breakfast or lunch? … 99% 71% 22% 1%

 Basic ADL     
19.  eat a meal at the table? … 97% 73% 31% 6%
20.  sit up (from lying) in bed? … 97% 75% 35% 8%
21.  put long trousers on? … … 92% 40% 2%
22.  sit on the edge of a bed from lying down? … … 89% 50% 15%
23.  put on and take off a coat? … … 96% 53% 9%
24.  get out of bed into a chair? … … 97% 57% 13%
25.  go to the toilet? … … 99% 60% 10%
26.  wash your lower body when taken to sink? … … 99% 64% 14%

Table 2.       Probability that patients per mRs grades were able to perform 

      activities with decreasing difficulty (n = 119). 

…, indicates a probability of > 0.994 
---, indicates a probability of < 0.005
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When choosing the mRs endpoint in clinical trials the researcher has to decide if mRs 2 is defined 

as favorable or unfavorable outcome. If a favorable outcome is defined as mRs 0-1, there were 23 

patients (15%) in our sample with a good outcome. When shifting the endpoint to mRs 0-2, the 

number increased to 56 patients (37%) with a favorable outcome. The mean probability to be able 

to perform outdoor activities for the patient group with a mRs 0-1 score was 84% (Table 3), whereas 

this likelihood decreased to 56% in patients with a mRs 0-2 score. The mean probability to perform 

complex ADL was 99% when defining good outcome in terms of mRs 0-1, compared to an average 

probability of 91% when good outcome was reflected by mRs 0-2.

The x-axis shows the 26 ALDS items described in table 2. Items 1-6 represents heavy outdoor activities, item 
7-18 complex ADL and item 19-26 basic ADL. The y-axis shows the probability that patients were able to carry 
out the activities. 

Figure         Probability to perform ALDS items per mRs level.
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           Item content  ‘Good’           ‘Poor’            ‘Good’           ‘Poor’   

  mRs 0-1        mRs 2-6        mRs 0-2       mRs 3-6 

 Difficult outdoor activities     
1.  ride a bike for at least 2 hours? 42% 1%  19% ---
2.  carry a bag of shopping upstairs? 79% 4%  42% ---
3.  go for a walk in the woods? 93% 9%  58% 1%
4.  travel by local bus or tram? 97% 12%  65% 1%
5.  walk for more than 15 minutes? 97% 17%  74% 3%
6.  walk up a hill or high bridge? 97% 18%  76% 4%

 Complex ADL     
7.  cut your toe nails? 96% 20%  76% 6%
8.  stand for 10 minutes? 98% 21%  79% 6%
9.  walk up a flight of stairs? 99% 26%  86% 8%
10.  walk down a flight of stairs? 99% 28%  91% 9%
11.  go for a short walk (15 min)? 99% 29%  90% 11%
12.  change the sheets on a bed?  99% 31%  89% 13%
13.  fetch a few things from the shop? … 32%  94% 13%
14.  have a shower and wash your hair? … 37%  96% 18%
15.  pick something up from the floor? … 43%  98% 25%
16.  get in and out of a car? … 47%  99% 27%
17.  peel and core an apple? … 46%  96% 30%
18.  prepare breakfast or lunch? … 48%  99% 30%

 Basic ADL     
19.  eat a meal at the table? … 50%  98% 34%
20.  sit up (from lying) in bed? … 51%  98% 35%
21.  put long trousers on? … 57%  … 42%
22.  sit on the edge of a bed (from lying)? … 59%  … 45%
23.  put on and take off a coat? … 61%  … 48%
24.  get out of bed into a chair? … 62%  … 49%
25.  go to the toilet? … 63%  … 50%
26.  wash your lower body? … 64%  … 52%

Table 3.       Probability that patients with good outcome (mRs 0-1 or mRs 0-2) and

                  patients with poor outcome (mRs 2-6 or mRs 3-6) were able to perform 

                   activities with decreasing difficulty (n = 152, including 33 deceased patients).

…, indicates a probability of > 0.994 
---, indicates a probability of < 0.005
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also be viewed with caution, since some redundant measures count in a multiple way and does not 

separate the different health dimensions in the assessment.30

The correlation between the scores on the mRs scores and the ALDS was almost perfect. Never-

theless, a possible limitation of the study could be that we compared the mRs, with the ALDS and 

not with another frequently used disability measure. Although the mRs was originally conceptualized 

as a handicap measure, the scale is generally considered in stroke research as a global functional 

health index with a strong emphasis on physical disability.31 As a consequence the mRs has a broad 

measurement range and therefore comparison with the BI, measuring basic ADL, or the Frenchay 

Activities Index,32 measuring complex ADL, is likely to be inappropriate due to ceiling and floor ef-

fects of these instruments. A possible suitable instrument could have been the physical dimension 

of the Sickness Impact Profile (SIP), which also measures a broad range of functioning.33 However, 

the SIP is constructed according to the classical test theory resulting in summated item scores 

which hinders a detailed clinical picture of the patient’s ability level.

In summary, this study has provided a better understanding about the clinical meaning of the mRs 

and the arbitrary decision about good and poor outcome. Due to the great discrepancy in ADL 

functioning between the two definitions of favorable outcome, it is not surprising that a change of 

definition can change an insignificant into a significant trial result. The choice between favorable and 

unfavorable outcome appears to be based on the choice between the ability to perform outdoor 

activities (mRs 0-1) or the ability to perform more difficult instrumental ADL activities (mRs 0-2). Mo-

reover, independent of which endpoint will be chosen, the effect of the treatment under investigation 

must be very large to induce a change from poor to good outcome.

It is unrealistic too expect that new treatments in stroke trials lead to a complete and full recovery in 

all patients. Improvement of treatment in medicine comes with small steps. Therefore, it is important 

to use appropriate outcome measurements and to assess improvements that are of significant 

functional benefit, although less than complete recovery.34 
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