











ABSTRACT

Objective
To investigate the effect of intra-arterial treatment (IAT) on early recovery from aphasia in
acute ischemic stroke. We hypothesized that the early effect of IAT on aphasia is smaller
than the effect on motor deficits.

Methods

We included patients with aphasia from the Multicenter Randomized Clinical Trial of
Endovascular Treatment for Acute Ischemic Stroke in the Netherlands (MR CLEAN), in which
500 patients with a proximal anterior circulation stroke were randomized to usual care plus
IAT (<6 hours after stroke, mainly stent retrievers) or usual care alone. We estimated the
effect of IAT on the shift on the NIH Stroke Scale (NIHSS) item language and the NIHSS item
motor arm at 24 hours and one week after stroke with multivariable ordinal logistic
regression as a common odds ratio, adjusted for prognostic variables (acOR). Differences
between the effect of IAT on aphasia and on motor deficits were tested in a multilevel model
with a multiplicative interaction term.

Results
Of the 288 patients with aphasia, 126 were assigned to IAT and 162 to usual care alone. The
acOR for improvement of language score at 24 hours was 1.65 (95% confidence interval, Cl:
1.05 to 2.60), and at one week 1.86 (95% Cl: 1.18 to 2.94). The acOR for improvement of
motor deficit at 24 hours was 2.44 (95% Cl: 1.54 to 3.88), and at one week 2.32 (95% Cl: 1.43
to 3.77). The effect of IAT on language deficits was significantly different from the effect on
motor deficits at 24 hours and one week (p = 0.01 and p = 0.01).

Conclusion
IAT results in better early recovery from aphasia than usual care alone. The early effect of
IAT on aphasia is smaller than the effect on motor deficits. This study provides Class Il
evidence that for patients with acute ischemic stroke IAT increases early recovery from
aphasia and that the early effect on aphasia, as measured by the NIHSS, is smaller than the
effect on motor deficits.
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INTRODUCTION

Recently, several randomized clinical trials showed that intra-arterial treatment (IAT) with
retrievable stents for patients with acute ischemic stroke (AIS) caused by a proximal
intracranial occlusion in the anterior circulation is safe and improves functional outcome at
90 days.l'5

Aphasia is diagnosed in 15% to 40% of patients at ischemic stroke onset. Stroke
patients with aphasia have increased mortality,” decreased functional recovery,® and
reduced probability to return to work,> and they have a higher risk of depression,®
compared to those without aphasia.’ Clinical observations and previous studies suggest that
language deficits in AlS do not respond as rapidly to reperfusion therapy as other neurologic
deficits, especially upper limb paresis.>**® To our knowledge, no study thus far has assessed
the effect of IAT on aphasia.

Our first aim was to determine whether usual care plus IAT would be more effective than
usual care alone for the early recovery from aphasia in patients with AIS. The second aim
was to evaluate whether the effect of IAT on early aphasia recovery differed from the effect
on early motor deficit recovery.

6-11

METHODS

Study design

For this study, we used data from the Multicenter Randomized Clinical Trial of Endovascular
Treatment for Acute Ischemic Stroke in the Netherlands (MR CLEAN),1 a randomized,
pragmatic phase Ill, multicenter clinical trial with a Prospective Randomized Open Blinded
Endpoint (PROBE) design,'” among 500 AIS patients with a proximal intracranial arterial
occlusion of the anterior circulation. In this trial, usual care plus IAT (mainly with retrievable
stents) was compared with usual care alone. Usual care in MR CLEAN could include
intravenous administration of alteplase. The MR CLEAN study design has been described in
detail elsewhere.™®

Participants
Patient characteristics and intervention details for MR CLEAN have been extensively
described previously.! For this study, we selected all patients with aphasia at baseline,
affirmed with a deficit on the item language (item 9) of the NIH Stroke Scale (NIHSS).
Patients who were comatose at baseline (defined as a score of 3 on the item orientation,
item 1A of the NIHSS) were excluded.

Clinical and radiologic assessment

All patients underwent clinical assessment at baseline, which included demographics, risk
factors, medical history, pre-stroke modified Rankin Scale score (mRS), and NIHSS score.
Assessment of the NIHSS score was repeated after 24 hours and at one week (range 5 to 7
days) or discharge. Investigators were trained to conduct the NIHSS. The NIHSS consists of
standardized items, with good interrater reliability.*> ?° The imaging committee evaluated
the baseline vessel images (CT angiography, magnetic resonance angiography, or digital
subtraction angiography) to ascertain the location of the occlusion.
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Outcomes
The first outcome was the score on the item language of the NIHSS at 24 hours and at one
week. This item was scored by asking the patient to name items, perform a complex picture
description task (cookie theft), and perform a repetition task, according to the NIHSS
manual.?* Scores on the language item range from 0 to 3, with a score of 0 indicating no
aphasia; 1 = mild to moderate aphasia; 2 = severe aphasia; and 3 = mute or global aphasia.

To evaluate the difference with the effect of IAT on motor arm deficits, we used the
NIHSS item motor arm at 24 hours and at one week. The item motor arm (item 5) was
measured by determining motor arm strength contralateral to the affected hemisphere. The
patient was asked to extend the arms 90° and hold this for ten seconds. Scores on this item
range from 0 to 4, with a score of 0 indicating no drift; 1 = drift; 2 = some effort against
gravity; 3 = no effort against gravity; and 4 = no movement.

Statistical analyses
Missing values for baseline variables that were used to adjust the regression models were
imputed with mean or mode, as applicable. Single missing values of items on the NIHSS at 24
hours and at one week were imputed by mode. The percentage of single imputed data was
0.28%. There were no single missing values on the items language and motor arm at 24
hours and at one week. Patients who died within seven days after stroke onset were given
the worse score for missing values on the items language (score 3) and motor arm (score 4).
Patients who were lost to follow-up because of early discharge and did not die within seven
days after stroke onset were not included in the analyses.

All analyses were based on the intention-to-treat principle. The primary effect estimate
was the adjusted common odds ratio (acOR) for a shift in the direction of a better outcome
on the item language. The acOR estimates the likelihood that IAT would lead to lower NIHSS
scores, as compared with usual care alone (shift analysis).?? This ratio was estimated with
multivariable ordinal logistic regression. Estimates were adjusted for age, stroke severity
(total NIHSS score) at baseline, history of ischemic stroke, atrial fibrillation, diabetes mellitus,
carotid top occlusion, and time from stroke onset to randomization. The acOR for the effect
of IAT on the item motor arm was estimated similarly.

In order to summarize the data, we plotted proportions of patients with good outcome
at 24 hours and one week. Good outcome was defined, both for aphasia and for motor arm
deficit, as a score of 0 or 1 on the NIHSS item. For further analyses, the total distribution of
scores was used.

To evaluate whether there is a differential effect of IAT on language versus motor arm
recovery, two records per patient were created in the database, one with the language
outcome and one with the motor arm outcome. We then fitted a multilevel model with a
random intercept for patient, to account for the correlation within patients, and a
multiplicative interaction between outcome type and treatment. Since common odds ratios
were used, the scales with different ranges could be accurately compared, because they
represent weighted averages of odds ratios for each possible dichotomization of the ordinal
scale. This analysis was conducted with and without imputed data.

The adjusted and unadjusted odds ratios are reported with 95% confidence intervals
(95% ClI) to indicate statistical precision. All analyses were performed using Stata/SE
statistical package, version 13.1 (StataCorp, College Station, TX).
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Standard protocol approvals, registrations, and patient consents
This study is a post-hoc study of MR CLEAN. The trial protocol has been approved by a
central medical ethics committee and the research board of each participating center.”® MR
CLEAN is registered in the Dutch trial register (NTR1804) and in the ISRCTN register
(ISRCTN10888758). Written informed consent was obtained from all participants or their
legal representatives before randomization.

RESULTS

Study population
We identified 289 patients with a language score of >0 at baseline. One comatose patient
was excluded. In total, 288 patients were selected for analyses, of whom 126 (44%) had
been assigned to the intervention group and 162 (56%) to the control group. One patient
received IAT after being assigned to the control group. IAT was never initiated in 12 patients
(9.5%) assigned to the intervention group. Baseline characteristics were similar in the two
treatment groups (Table 1).

Imputation
After 24 hours and one week, respectively, nine and 37 patients had died and were imputed
with a maximum score of 3 on the item language and 4 on the item motor arm. Seven
patients at 24 hours and 16 patients at one week were lost to follow-up and were not
included in the analyses.

Effect of IAT on language function

There was a shift in the distribution of language scores in favor of IAT at both 24 hours and
one week. The acORs for improvement were 1.65 at 24 hours (95% Cl: 1.05 to 2.60) and 1.86
at one week (95% Cl: 1.18 to 2.94) (Table 2). The shift towards better outcomes in favor of
the intervention was consistent for all categories of the item language (Figure 1). At 24
hours, 13% of the patients in the intervention group had no aphasia versus 4% in the control
group (acOR: 3.51, 95% CI: 1.28 to 9.67) and at one week these percentages were 21%
versus 10% (acOR: 2.45,95% Cl: 1.17 to 5.10) (Table 2).
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Table 1. Baseline characteristics of the study population

Characteristics Intervention Control
(n=126) (n=162)

Age in years, median (IQR) 65 (56-76) 66 (58-76)
Male sex, n (%) 75 (60%) 105 (65%)
Total NIHSS score®, median (IQR) 20 (16-23) 21 (16-23)
NIHSS score item language, n (%)

1 15 (12%) 13 (8%)

2 41 (33%) 54 (33%)

3 70 (56%) 95 (59%)
NIHSS score item motor arm?, n (%)

0 3(2%) 4 (3%)

1 10 (8%) 14 (9%)

2 19 (15%) 14 (9%)

3 14 (11%) 24 (15%)

4 80 (64%) 106 (65%)
Pre-stroke modified Rankin score®, n (%)

0 104 (83%) 128 (79%)

1 10 (8%) 18 (11%)

2 8 (6%) 9 (6%)

>2 4 (3%) 7 (4%)
History of ischemic stroke, n (%) 13 (10%) 17 (11%)
Atrial fibrillation, n (%) 34 (27%) 51 (25%)
Diabetes mellitus, n (%) 24 (19%) 20 (12%)
Systolic blood pressure, mm Hg, mean (SD) 147 (28) 145 (23)
Location of stroke in left hemisphere, n (%) 114 (91%) 148 (91%)
Carotid top occlusion, n (%) 34 (27%) 43 (27%)
Treatment with IV alteplase, n (%) 112 (89%) 142 (88%)
Time from stroke onset to start of IV alteplase, min

Median (IQR) 94 (70-108) 100 (65-116)
Time from stroke onset to randomization, min

Median (IQR) 208 (158-249) 212 (159-264)
Time from stroke onset to IAT, min

Median (IQR) 266 (215-315) n.a.

Abbreviations: n = number; IQR = interquartile range; n.a. = not applicable; NIHSS = NIH Stroke Scale; SD =
standard deviation; IV = intravenous.

¢ Scores on the NIHSS (a 15-item scale) range from 0 to 42, with higher scores indicating more severe
neurologic deficits.

“ NIHSS score on the item motor arm was measured on the arm contralateral to the affected hemisphere.

O Scores on the modified Rankin scale of functional disability range from 0: no symptoms to 6: death. A score of
2 or less indicates functional independence.
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Table 2. Effect of IAT on language function

Outcome Intervention  Control Effect variable Unadjusted  Adjusted
value value
[95% Cl] [95% Cl]
NIHSS item language n =126 n =155 Common odds 1.58 1.65
at24 h® ratio [1.02-2.44] [1.05-2.60]
Score of 0, n (%) 16 (13%) 6 (4%) Odds ratio 3.61 3.51
[1.37-9.53] [1.28-9.67]
Scoreof 0to1,n (%) 33 (26%) 28 (18%) Odds ratio 1.61 1.59
[0.91-2.85] [0.85-2.98]
Scoresof 0to 2, n (%) 76 (60%) 79 (51%) Odds ratio 1.46 1.54
[0.91-2.35] [0.92—2.59]
NIHSS item language n=121 n=151 Common odds 1.78 1.86
at 1 week® ratio [1.15-2.76] [1.18-2.94]
Score of 0, n (%) 25 (21%) 15 (10%) Odds ratio 2.36 2.45
[1.18-4.71] [1.17-5.10]
Scoreof 0to1,n (%) 52 (43%) 41 (27%) Odds ratio 2.02 2.21
[1.22-3.36] [1.25-3.94]
Scoresof 0to 2, n (%) 81 (67%) 87 (58%) Odds ratio 1.49 1.55
[0.91-2.45] [0.89—2.70]

Abbreviations: IAT = intra-arterial treatment; 95% Cl = 95% confidence interval; n = number; NIHSS = NIH Stroke

Scale.

¢ The NIHSS score was not available for seven patients who were lost to follow-up at 24 hours and did not die

within seven days after stroke.

~ The NIHSS score was not available for 16 patients who were lost to follow-up at one week and did not die

within seven days after stroke.
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Figure 1. Distribution of scores on the item language of the NIH Stroke Scale (NIHSS) in the intention-
to-treat population
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Distribution of scores on the item language of the NIHSS at 24 hours (A) and one week (B) after stroke. Scores
range from 0 to 3. At 24 hours, 4% of the patients in the control group had a score of 0.
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Percentage of patients with

Effect of IAT on aphasia versus motor arm deficits
We visualized the effects of treatment by plotting proportions of patients with good
outcome (score 0 or 1 on the items motor arm and language) at 24 hours and one week. At
baseline, the proportions of patients with little or no language or motor deficits in the
intervention group were similar. At 24 hours, more patients had a good outcome on the item
motor arm than on the item language, but at one week these proportions were again equal

(Figure 2).

Figure 2. Good outcome scores of language and motor arm
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10% NIHSS item 'language’ (control)
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Days since stroke

Proportions of patients with good outcome (score 0 or 1) on the item language and on the item motor arm at

24 hours and at one week.

Proportions displayed at day six are based on the NIH Stroke Scale (NIHSS) scores measured at five to seven

days or discharge if earlier.

We observed a shift in the distribution of all scores for the NIHSS item motor arm in favor
of IAT. Figure 3 shows acORs for the language item and the motor arm item. At 24 hours, the
acOR was 1.65 (95% Cl: 1.05 to 2.60) for the item language and 2.44 (95% Cl: 1.54 to 3.88)
for the item motor arm, in favor of the intervention, meaning that chances of improvement
of one or more points on the NIHSS are larger for motor function than for aphasia. The
difference between these two ratios was statistically significant (p = 0.01). At one week after
stroke, the acOR was 1.86 (95% Cl: 1.18 to 2.94) for the item language and 2.32 (95% Cl: 1.43
to 3.77) for the item motor arm. This difference was also significant (p = 0.01). Treatment
effects on the NIHSS item motor leg were similar (data not shown).
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Figure 3. Effect of IAT on aphasia versus motor arm deficits

5
p=0.01° p=0.014
4
- 3.88 - 377
cg 3 7.94
O wm
E = - 2,60 ¢ 244
£z - 4222
oo
< 1.86
b 1.65 il
1.54 L 143
1 L 105 1.18
0
NIHSS item NIHSS item NIHSS item NIHSS item
‘language’ ‘'motor arm’ 'language’ 'motor arm’
24 hours 5 to 7 days or discharge

Adjusted common odds ratios for improvement, expressed by a shift on the overall categories of the items
language and motor arm at 24 hours and at one week, between intervention and control group.

Abbreviations: NIHSS = NIH Stroke Scale.

¢ p-value for interaction between treatment and outcome (language or motor arm) at 24 hours.

4 p-value for interaction between treatment and outcome (language or motor arm) at one week.

Repeated analyses without imputed data yielded slightly more significant differential
effects (differential effect between scores on items language and motor arm at 24 hours: p =
0.00, and at one week: p = 0.01).

DISCUSSION

This study shows that in patients with AIS caused by a proximal intracranial arterial occlusion
of the anterior circulation, greater improvement of aphasia in the first week can be
accomplished when IAT is added to usual care within six hours after stroke onset. Second,
we showed that early recovery of aphasia was less than the early recovery of motor
function.

In the acute phase, rapid recovery can be attained within hours to days by rapid
reperfusion of brain tissue.?> Subacute recovery follows and is thought to be primarily due to
neural reorganization, which is complex and can take several weeks to months.?

With the addition of IAT to usual care, recovery of aphasia is accelerated. This is
important because aphasia can be severely socially disabling and can affect daily life
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tremendously.”® ** * Faster recovery will also reduce the substantial costs associated with

post-stroke care and communication rehabilitation. The 1-year cost of caring for stroke
patients with aphasia was on average $1,700 more than the cost of caring for stroke patients
without aphasia.?*

Visualizing proportions of patients with good outcome on language and motor items
after IAT shows that the proportions with good outcome are divergent at 24 hours, but at
one week these proportions are similar. However, analyzing the results by ordinal logistic
regression, we found that the early effect of IAT on aphasia remains smaller than the effect
on motor arm deficit both at 24 hours and at one week, taking into consideration all
categories of deficit. Hence, although the outcome at one week is similar for language and
motor functioning, the trajectory of recovery differs after IAT from usual care, which is most
likely an effect of IAT.

The effect of treatment with intravenous alteplase on early recovery from aphasia
compared to other neurologic deficits has been examined previously, but treatment effects
are difficult to compare as these studies present results from different time points and had
no control group. In a study among 53 patients with an acute middle cerebral artery (MCA)
stroke syndrome, aphasia recovered more slowly than limb motor deficit during treatment
with tissue plasminogen activator (tPA).** In another study in which NIHSS scores were
measured 120 minutes after intravenous tPA treatment in 113 patients with MCA occlusion
it was found that aphasia responded less than the other impairments.”> A retrospective
cohort study among 243 patients showed a better recovery from other neurologic deficits
than aphasia at 24 hours in patients with severe strokes.'® On the other hand, in another
study, similar improvement of aphasia and limb motor deficit was found at 24 hours and one
week after stroke in 109 patients who were mainly treated with intravenous thrombolysis.™
This last study is difficult to compare with the other studies because of the use of composite
NIHSS scores by combining the language item with items for cognitive functioning, which
were not specifically designed to test language.

There is a tight link between language and motor systems. The recovery of these two
systems operates on similar principles,?® so theoretically, aphasia and motor arm deficit
contralateral to the affected hemisphere would be expected to show the same recovery
pattern. Clinical observations, however, suggest that language deficits in AIS do not respond
as rapidly to IAT as motor deficits, which was confirmed by our findings. The most plausible
explanation is that the recovery of language processing is more complex than the recovery
of the measured motor functions.”® There is increasing evidence for a neural
multifunctionality in the recovery from aphasia, i.e. an interaction between the neural
networks engaged in linguistic and nonlinguistic cognitive and emotional functions.? Further
improvement of language deficits may require time and language therapy. It is reassuring,
however, that the proportions of patients with good outcome are similar for motor and
language deficits at one week after stroke.

It is remarkable that 58% of the AIS patients in MR CLEAN (288 of 500) had aphasia,
compared to 15% to 40% in earlier studies.>™ A probable explanation is that only patients
with a proven proximal occlusion were included in the present study, while in other studies
imaging of intracranial vessels was not routinely performed, resulting in inclusion of patients
with more distal occlusions. It is known that the more proximal the occlusion, the higher the
risk of aphasia, especially in case of an occlusion of the MCA.*°

25-27
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While other studies have reported left lateralized language functioning in at least 96% of
the individuals, in the present study only 91% of the aphasic patients had a stroke in the left
hemisphere.za' 3 This implies an uncommonly high proportion of patients with crossed
aphasia in our study. However, in the previously cited study among 109 aphasia patients, a
similar percentage of patients with aphasia due to left hemisphere stroke of 94% was
found.'® The authors ascribe this to the very early evaluation of their study, as crossed
aphasia tends to recover more rapidly.>**® In the current study, language deficits were also
evaluated in an early stage.

This study has several methodologic limitations. At first, randomization was slightly
unbalanced for this post-hoc analysis, because of block size and multiple stratifications in MR
CLEAN. This resulted in more patients in the control group than in the intervention group.

Second, in our study the presence of pre-stroke aphasia and pre-stroke motor deficits
were not documented. Although we could not rule out preexisting aphasia and motor
deficits, the pre-stroke mRS score of 0 in 80% of the patients and the rate of 90% without
previous stroke suggests that pre-stroke aphasia and pre-stroke motor deficits were not
likely. Higher pre-stroke mRS scores were evenly distributed between the intervention and
control group.

Third, the follow-up time of at most seven days after stroke is relatively short to study
recovery of neurologic deficits. However, in this first week great improvement of aphasia
was observed, especially in patients who were treated with IAT. This therapy induces early
reperfusion, occurring within the first hours after stroke. The first week after stroke already
gives a good impression of the effect of IAT on the recovery from aphasia. Differences in
functioning after this period can be also attributed to adaptation, learning, or rehabilitation,
which obscures the effect of IAT on these changes. However, as the recovery from language
deficits can be observed up to several weeks after stroke onset, it would have been
worthwhile to extend the follow-up period in subsequent studies.>®

Finally, this study was not specifically designed to investigate and compare language and
motor deficits as it is a post-hoc analysis of a randomized trial. The NIHSS provides a coarse
categorization for aphasia severity with only four categories, designed to merely detect
aphasia and roughly assess the severity. Nevertheless, NIHSS examination is proven to be
reliable in the setting of acute stroke evaluation.’ The assessment of language and motor
function is among the most reliable test items.?° In addition, more advanced tests are
difficult to apply in the acute phase after stroke, because these tests are more time-
consuming. However, more specific research of treatment effect on different language
modalities is needed. A well-known and validated screening tool that can be administered
without special training is the Frenchay Aphasia Screening Test, measuring comprehension,
expression, reading, and writing in only ten minutes.*’

Methodologic strengths of this study are the multicenter character, randomized
treatment group assignments, and open-label treatment. The broad inclusion criteria led to
a wide generalizability of our results. Research on the implementation of IAT is ongoing.
Although the positive effect of IAT on functional outcome has been shown, the effects on
specific domains are unknown. As yet, studies on aphasia recovery are scarce, so these
results are fairly unique.
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CONCLUSION

We found that IAT within six hours after stroke onset results in better early recovery from
aphasia than usual care alone in patients with a proximal intracranial arterial occlusion of the
anterior circulation. Our hypothesis that the very early effect of IAT on aphasia would be
smaller than the effect on motor deficit was confirmed, supporting the notion that language,
as a more complex function, recovers more slowly than motor function.
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ABSTRACT

Objective
To externally validate the SPEAK model for the prediction of long-term outcome of aphasia
caused by stroke.

Methods
We used data from RATS-3, a multicenter RCT with inclusion criteria similar to SPEAK, an
observational prospective study. Baseline assessment in SPEAK was four days after stroke
and in RATS-3 eight days. Outcome of the SPEAK model was the Aphasia Severity Rating
Scale (ASRS) at 1 year, dichotomized into good (score of 4 or 5) and poor outcome (score <4).
In RATS-3 ASRS scores at one year were not available, but we could use six month ASRS
scores as outcome. Model performance was assessed with calibration and discrimination.

Results

We included 131 stroke patients with first-ever aphasia. At six months, 86 of 124 patients
(68%) had a good outcome, whereas the model predicted 88%. Discrimination of the model
was good with an AUC of 0.87 (95% Cl: 0.81 to 0.94), but calibration was unsatisfactory. The
model overestimated the probability of good outcome (calibration-in-the-large a = -1.98)
and the effect of the predictors was weaker in the validation data than in the derivation data
(calibration slope 8 = 0.88). We therefore recalibrated the model to correctly predict good
outcome at six months.

Conclusion
After further external validation, the updated SPEAK model, SPEAK-6, may be used in daily
practice to discriminate between stroke patients with good and patients with poor outcome
of aphasia at six months after stroke. The original model, renamed SPEAK-12, needs further
external validation. This study provides Class Il evidence that the SPEAK model has good
discriminative properties.

58 | Chapter 3.2



INTRODUCTION

Aphasia occurs in approximately 30% of stroke patients and has a strong impact on everyday
communication and daily functioning.  Shortly after stroke, patients and their family are
faced with major uncertainties regarding recovery of communication. Consequently, there is
a need for individual estimation of the expected recovery. Adequate personal prognosis may
also contribute to optimizing individual care, which is important as medical and paramedical
care becomes increasingly personalized.® Prediction of aphasia outcome in aphasia due to
stroke is often based on models that consist of determinants identified in a single dataset,
e.g. age, sex, aphasia severity and subtype; site, size and type of the lesion; vascular risk
factors and stroke severity.**! Before a model can be used in daily practice, it should be
externally validated.> * This means that the generalizability of a model is assessed in
different cohorts with more recent recruitment (temporal validation), from other institutions
(geographical validation), and by different researchers.® To our knowledge, none of the few
available prognostic models predicting aphasia recovery has been externally validated.***®

Previously, our group has constructed a prognostic model for the outcome of aphasia
due to stroke. The model was derived from the dataset of the Sequential Prognostic
Evaluation of Aphasia after stroKe (SPEAK) study, and performed well.** Aim of the current
study was to externally validate the SPEAK model in an independent, yet comparable cohort
of stroke patients with aphasia.

METHODS

The SPEAK model

SPEAK was an observational prospective study in 147 patients with aphasia due to stroke
conducted between 2007 and 2009 in the Netherlands.* Demographic, stroke-related and
linguistic characteristics of 130 participants, collected within six days after stroke, were used
to construct a model predicting good aphasia outcome one year after stroke, defined by a
score of 4 or 5 on the Aphasia Severity Rating Scale (ASRS) from the Boston Diagnostic
Aphasia Examination.!” This scale is often used for rating communicative ability in (semi-)
spontaneous speech. The Screeling, an aphasia screening test designed to assess the core
linguistic components semantics, phonology and syntax in the acute phase after onset, was
also used in the model.*®?° For detailed methods, results and discussion we refer to the
original paper.”® The final SPEAK model contained six baseline variables: Screeling
Phonology score, Barthel Index score, age, level of education (high/low), infarction with a
cardio-embolic source (yes/no) and intracerebral hemorrhage (yes/no) (Box 1). This model
explained 55.7% of the variance in the dataset. Internal validity of the model was good, with
an AUC (area under the receiver operation characteristic (ROC) curve) of 0.89.*
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Box 1. The SPEAK model

P(ASRS=4o0r5)=¢"/(1+¢€)

y =2.04 + 0.27(Phonology score) + 0.10(Barthel score) — 0.06(age) — 0.76(education level) +
0.27(cardio-embolic infarction) + 2.18(intracerebral hemorrhage)
e =2.718 (constant)

Variables:

Phonology Score: score on Screeling subpart Phonology (score range: 0-24)

Barthel score: score on Barthel Index (score range: 0-20)

Age: age at stroke

Educational level: high = 0 (junior high school or middle vocational education up to university), low
=1 (unfinished elementary school up to sophomore high school or lower vocational education)
Cardio-embolic infarction: yes =1, no =0

Intracerebral hemorrhage: yes =1, no =0

Validation
For external validation of the SPEAK model we used data from the Rotterdam Aphasia
Therapy Study (RATS) — 3, a randomized controlled trial (RCT) studying the efficacy of early
initiated intensive cognitive-linguistic treatment for aphasia due to stroke, conducted
between 2012 and 2014.%% *2 RATS-3 was approved by an independent medical ethical
review board. Details about the study design, methods and results have been reported
elsewhere and a summary will be provided below.?" %2

Participants and recruitment
A total of 23 hospitals and 66 neurorehabilitation institutions across the Netherlands
participated in RATS-3. The majority of participating institutions and local investigators (90%)
differed from those involved in SPEAK. In- and exclusion criteria for both studies are
presented in Table 1.
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Table 1. In- and exclusion criteria for participants in RATS-3 and in the SPEAK cohort

RATS-3 SPEAK
Inclusion First-ever aphasia due to stroke First-ever aphasia due to stroke
Aphasia ascertained by a speech and Aphasia ascertained by a neurologist and
language therapist using the 36-item a speech and language therapist
Token Test” and a score <5 on the ASRS
Testable with the ScreelLing A score below the cut-off point of the
Token Test and/or the Screeling
Within two weeks of stroke onset Within two to six days of stroke onset
Age between 18 and 85 Adult
Language near-native Dutch Language near-native Dutch

A life expectancy of >six months
Able to tolerate intensive treatment

Exclusion A subarachnoid or subdural hemorrhage
Success or feasibility of intensive
language treatment was severely

threatened by: Presence of one of the following criteria:

» Severe dysarthria » Severe dysarthria

» Premorbid dementia » Pre-stroke dementia (suspected or
confirmed)

» llliteracy » llliteracy

» Severe developmental dyslexia » Developmental dyslexia

» Severe visual perceptual disorders » Severe perceptual disorders of
vision and hearing

» Recent psychiatric history » Psychiatric history

Prognostic variables

Patients with aphasia due to stroke were included in RATS-3 within two weeks of stroke. At
inclusion, the following baseline variables were recorded: age, sex, education level, stroke
type (cerebral infarction or intracerebral hemorrhage) and ischemic stroke subtype (with or
without a cardio-embolic source). Level of independence was estimated with the Barthel
Index, a questionnaire containing ten items about activities of daily life.>* All participants
were tested with the Screeling to detect potential deficits in the basic linguistic
components.’ % Spontaneous speech samples were collected with semi-standardized
interviews according to the Aachen Aphasia Test manual.?® Aphasia severity was assessed by
scoring the spontaneous speech samples with the ASRS.

Outcome

In SPEAK, ASRS scores were used to assess aphasia outcome. This six-point scale is used to
rate spontaneous speech and ranges from 0: “No usable speech or auditory comprehension”
to 5: “Minimal discernible speech handicaps; the patient may have subjective difficulties
which are not apparent to the listener”. The SPEAK model predicts the occurrence of ‘good
outcome’, i.e. an ASRS score of 4 or 5 after one year. In RATS-3 follow-up was at four weeks,
three and six months after randomization. ASRS scores from the RATS-3 cohort at six months
after randomization were used as outcome in the analysis, as this was closest in time to the
original model.
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Statistical analyses
Outcome in the RATS-3 cohort was divided in good (ASRS of 4 or 5) or poor (ASRS <4). To
validate the SPEAK model we assessed discrimination and calibration.* ** 2 For both
analyses predicted probability of a good outcome was calculated using the SPEAK model
(Box 1).

Discriminative properties of the model were summarized with the c index, similar to the
AUC. Good discrimination means that the model is able to reliably distinguish patients with
good aphasia outcome from those with poor outcome.

We assessed the calibration properties of the model by studying to what extent the
predicted probability of aphasia outcome corresponded with the observed outcome. To
construct a calibration plot, we ordered the predicted probabilities of good aphasia outcome
ascendingly and formed five equally large groups. Per group, the mean probability of a good
outcome at six months was calculated, resulting in five predicted risk groups. Subsequently,
in each risk group, proportions were calculated of participants with an observed good
outcome. These proportions were plotted against the mean probability of a good outcome
predicted by the SPEAK model. Outcomes of the linear predictor y, calculated with the SPEAK
model, were used to fit a logistic regression model predicting the dichotomous outcome of
good versus poor outcome to assess calibration-in-the-large and the calibration slope. If
calibration of a model is optimal, the calibration-in-the-large a equals 0 and the calibration
slope 8 equals 1. In case of insufficient calibration we will recalibrate the prognostic model
by adjusting the intercept.

Handling of missing data
For participants with missing outcome scores at six months, scores at three months after
randomization were used. If no scores were available at three months, patients were
excluded. Missing data for the other variables were imputed using simple imputation: for
binary and categorical variables the mode was imputed and means were used for continuous
variables.

RESULTS

No outcome data at six months were available in 28 of 153 participants, and one participant
was excluded because aphasia was later found to be caused by a brain tumor. Reasons for
missing outcome data were death (n = 7), serious illness (n = 4), refusal (n = 16) and
emigration abroad (n = 1). Of these 28 patients, 21 participants were excluded because
outcome at three months was also not available. For 7 participants we used ASRS scores at
three months to impute missing values at six months. Baseline data of patients in the
validation sample (n = 131), as well as those from the SPEAK cohort (n = 147) are provided in
Table 2. Groups differed slightly with respect to the baseline variables sex, level of
education, type of stroke and aphasia severity.
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Table 2. Baseline model parameters of participants in the original SPEAK cohort and in RATS-3

SPEAK cohort (n = 147) RATS-3 cohort (n = 131)
Derivation cohort Validation cohort
Age in years, mean (SD) 67 (15) 65 (12)
Female sex, n (%) 78 (53%) 56 (43%)
Level of education, n (%)
High? 55 (42%) 60 (46%)
Low? 74 (57%) 71 (54%)
Unknown® 2 (2%) 0
Type of stroke, n (%)
Non-cardio-embolic infarction 84 (57%) 81 (62%)
Cardio-embolic infarction 42 (29%) 23 (18%)
Intracerebral hemorrhage 21 (14%) 24 (18%)
Unknown® 0 3 (2%)
Time since onset to inclusion 4 (2-6) 8(1-18)
in days, mean (range)
Barthel Index, median (IQR) © 15 (8-20) 16 (6-20)
ScreelLing Phonology score, 14 (6) 15 (6.5)
mean (SD)©
ASRS scores at baseline, n (%)
Score 0 18 (12%) 17 (13%)
Score 1 28 (19%) 21 (16%)
Score 2 33 (22%) 28 (21%)
Score 3 26 (18%) 38 (29%)
Score 4 27 (18%) 27 (21%)
Score 5 3 (2%) 0
Missing 12 (8%) 0

Abbreviations: n = number; SD = standard deviation; IQR = interquartile range; ASRS = Aphasia Severity Rating
Scale.

¢ High = senior vocational education, higher education or university.

~ Low = no/unfinished elementary school, elementary school, unfinished junior secondary vocational education
or junior secondary vocational education.

B screeling Phonology scores range from 0 to 24.

© Imputed scores used for analysis: level of education = low; type of stroke = non-cardio-embolic infarction;
Barthel Index score (n = 14) = 13.

In the derivation SPEAK cohort (n = 130), 11% of the patients had an ASRS score of 4 or 5
at baseline (four days after stroke) and 78% had a good outcome after one year. In the RATS-
3 cohort we found a proportion of 21% with a score of 4 or 5 at baseline (eight days after
inclusion) and 68% at six months. This is comparable to the 74% in SPEAK at six months. The
course of ASRS scores in the RATS-3 and SPEAK cohort over time is presented in Figure 1.
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Figure 1. ASRS scores over time in SPEAK and RATS-3
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ASRS scores: 5 = minimal discernible speech handicap, some subjective difficulties that are not obvious to the
listener; 4 = some obvious loss of fluency in speech or facility of comprehension, without significant limitation
in ideas expressed or form of expression; 3 = able to discuss almost all everyday problems with little or no
assistance, reduction of speech and/or comprehension; 2 = conversation about familiar topics is possible with
help from the listener, there are frequent failures to convey an idea; 1 = all communication is through
fragmentary expression, great need for inference, questioning and guessing by listener, limited information
may be conveyed; 0 = no usable speech or auditory comprehension.

Discrimination of the SPEAK model was good, with an AUC of 0.87 (95% confidence
interval, 95% Cl: 0.81 to 0.94). In Figure 2A, the grey line depicts calibration of a
hypothetically perfect model and the 5 dots represent calibration values in the five
subgroups of patients, ordered by increasing predicted probabilities and plotted against the
actual proportions of good outcome. The mean predicted probability of good aphasia
outcome at one year was 88%, while the observed percentage was 68%, but this was
measured at six months. The SPEAK model was too optimistic in predicting good aphasia
outcome, with calibration-in-the-large of a = -1.98. The calibration slope of 8 = 0.88
indicated that the predictor effects were slightly weaker in the validation data than in the
derivation data.
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Figure 2. Calibration plots of the SPEAK model and updated SPEAK model with predicted probabilities
and observed proportions of good aphasia outcome

A. Calibration plot of the original SPEAK model, SPEAK-12
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B. Calibration plot of the updated SPEAK model, SPEAK-6
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As Figure 1 shows that there is still improvement after six months, we assume that the
poor calibration-in-the-large is at least partly due to the different timing of the outcome
measurement; six months versus one year. Thus, we updated the SPEAK model to predict
outcome at six months, instead of one year, by adapting the intercept (Box 2). After revising
the SPEAK model, the calibration slope remained 8 = 0.88, but calibration-in-the-large
improved considerably: a =-0.24 (Figure 2B). We suggest renaming the original SPEAK model
predicting outcome at one year after stroke into SPEAK-12 and naming the updated model
SPEAK-6.

Box 2. The updated SPEAK model, SPEAK-6

P(ASRS=4o0r5)=e"/(1+¢")

y = 0.06 + 0.27(Phonology score) + 0.10(Barthel score) —0.06(age) — 0.76(education level) +
0.27(cardio-embolic infarction) + 2.18(intracerebral hemorrhage)
e =2.718 (constant)

Variables:

Phonology Score: score on Screeling subpart Phonology (score range: 0-24)

Barthel score: score on Barthel Index (score range: 0-20)

Age: age at stroke

Educational level: high = 0 (junior high school or middle vocational education up to university), low
=1 (unfinished elementary school up to sophomore high school or lower vocational education)
Cardio-embolic infarction: yes =1, no =0

Intracerebral hemorrhage: yes =1, no =0

DISCUSSION

We aimed to externally validate the published SPEAK model for the long-term prognosis of
aphasia due to stroke using data from an independent cohort of stroke patients with
aphasia, RATS-3. The SPEAK model performed very well in terms of discrimination. However,
calibration was suboptimal, as it was overoptimistic in predicting good aphasia outcome,
partly due to the difference in timing of the outcome which was one year in SPEAK and six
months in RATS-3. Therefore, we proposed an updated version of the SPEAK model for the
prediction of outcome at six months.

Prognostic models are used in clinical practice to predict possible outcomes or risks of
acquiring certain diseases. To our knowledge, apart from the SPEAK model, only three other
models to predict recovery from aphasia due to stroke have been published.*® One logistic
regression model predicting early clinical improvement in stroke patients with aphasia was
constructed based on findings from CT-angiography and CT-perfusion.™ Clinical applicability
of this model is limited, as these detailed CT-data are rarely available in daily practice.
Another logistic regression model addressed the effect of speech and language therapy (SLT)
on aphasia recovery.'* The authors found that the amount of SLT, added to baseline aphasia
severity and baseline stroke disability significantly affected communication four to five
weeks after stroke. Baseline variables were recorded within two weeks of stroke. Recently, a
model was published predicting everyday communication ability (Amsterdam-Nijmegen
Everyday Language Test; ANELT) at discharge from inpatient rehabilitation based on
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Screeling Phonology and ANELT scores at rehabilitation admission.'® These models predict
outcome of aphasia recovery only in patients treated with SLT, but do not predict outcome
before treatment is initiated. Furthermore, in both studies the cohort included only patients
eligible for intensive treatment.

In order for a prognostic model to be completely valid and reliable, it is important to
evaluate the clinical applicability and generalizability of the model.*® Inclusion criteria in
SPEAK and RATS-3 were not strict, so that both cohorts can be considered representative of
acute stroke patients with aphasia in general. The SPEAK model is valuable for predicting
aphasia outcome early after stroke in clinical practice, as it includes easily available baseline
variables.™ It requires only the Barthel Index score and the ScreeLing Phonology score to be
collected outside clinical routine. The Barthel Index is commonly assessed in the acute
phase, allowing for application of this model without much effort.!

Our study is the first to validate a model for the prognosis of aphasia outcome in an
independent cohort. Determining whether a model generalizes well to patients other than
those in the derivation cohort, is crucial for the application of that model in daily practice.lz'
27,28 30 \we found that the SPEAK model is able to adequately distinguish stroke patients with
aphasia who will recover well with respect to functional verbal communication from patients
who will not. The model appears less accurate when it comes to the comparison of predicted
and actual good outcome.

A first possible explanation may be the different intervention in the two studies. In
SPEAK, patients received usual care and researchers did not interfere with the treatment
provided. In RATS-3, treatment was strictly regulated, as in this RCT patients were randomly
allocated to four weeks of either intensive cognitive-linguistic treatment or no treatment,
starting within two weeks after stroke. After this period both groups received usual care, as
in SPEAK. In RATS-3 we found no effect of this early intervention and both intervention
groups scored equally on all outcomes. Thus, we believe treatment does not explain the
poor calibration.

Second, there was a difference between SPEAK and RATS-3 with respect to the interval
between stroke onset and inclusion of patients. In SPEAK, patients were included on average
four days after onset and in RATS-3 after eight days. This seemingly small difference might in
fact have caused substantial differences in the prognostic effect of the baseline Screeling
and Barthel Index scores. Recovery can occur rapidly early after stroke, as was shown in the
SPEAK cohort, with a statistically significant improvement on the ScreelLing Phonology score
between the first and second week after stroke.*? Hence, these predictors might have
different effects in the RATS-3 cohort, as represented in the suboptimal calibration slope.

Third and most importantly, calibration may likely have been influenced by a different
follow-up duration, which was six months in RATS-3 versus one year in SPEAK. In SPEAK,
ASRS scores improved significantly up to six months after aphasia onset, but no significant
improvement was found between six and twelve months.>> We used this finding for the
design of the present study to justify the earlier time point for the outcome in RATS-3.
Although in SPEAK no statistically significant improvement on the ASRS was found between
six and twelve months after stroke, some improvement still occurred.®® Of the participants
from SPEAK 74% had an ASRS score of 4 or 5 at six months after stroke, which is fairly similar
in RATS-3 at that time point (68%). It is likely that calibration would have been better if the
outcome was determined at twelve months in the RATS-3 cohort, because of the small, but
apparent recovery between six and twelve months after stroke. We therefore suggest an
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updated version, SPEAK-6, to predict outcome at six months. More extensive updating could
imply refitting the models to the new dataset, to obtain new model coefficients. 33°
However, as the model discrimination was good, we updated only the intercept to make the
model applicable to predict outcome at six months, when the average probability of a good
outcome is lower than at one year. We recommend that the updated SPEAK-6 is validated in
the future in new independent datasets.

This study shows again that the external validity of prognostic models in new settings
should always be carefully assessed. However, it should also be noticed that perfect
calibration might in fact be impossible, as it implies that a model perfectly predicts outcome
for all patients.*®

Strengths and limitations
The major limitation of this validation study is the difference in time post onset at which
predictor and outcome data were collected. Strength is that the RATS-3 and SPEAK cohorts
are comparable, due to similar inclusion criteria. However, whereas participation in SPEAK
merely involved periodic language evaluations, RATS-3 was an intervention trial, with either
early intensive treatment or no early treatment. Due to these experimental interventions
many patients refused participation. Also, selection criteria for RATS-3 were slightly stricter
than in SPEAK regarding the potential to receive early intensive treatment. Consequently,
the SPEAK and RATS-3 cohorts might represent slightly different populations of stroke
patients with aphasia, albeit closely related.?’” Therefore, as in all clinical trials, one must be
careful in generalizing the results to all stroke patients with aphasia.?’

Although both the derivation cohort and the validation cohort consist of well over a
hundred participants, sample sizes may be considered rather small for adequate
modelling.?® ¥ This is reflected in the slight imbalance of baseline characteristics between
both study cohorts. This imbalance may underpin the necessity of larger sample sizes to
better reflect the population of stroke patients with aphasia.

A much debated issue is the potential lack of sensitivity of rating scales for analyses of
spontaneous speech in aphasia.’® In the current study, we dichotomized outcome, further
reducing sensitivity. It can be argued that the definition of “good outcome” with an ASRS of
4 or 5 is somewhat optimistic. A score of 4, or sometimes even 5, does not imply full
recovery. Patients with a score of 4 still experience difficulties with word finding or
formulating thoughts into language.

The Screeling is currently only available in Dutch, which severely limits the applicability
of the prediction model. However, translation into other languages should not be very
complicated as the ScreelLing Phonology subscale contains well-known tasks to measure
phonological processing, e.g. repetition, discrimination of minimal pairs, and
phoneme/grapheme conversion.”

Finally, the RATS-3 database contained several missing values. Of the participants who
refused evaluation at six months, three had fully recovered, which may have introduced a
slight bias. Missing values for other variables in the model mostly resulted from
inconsistencies in reporting the scores. We used generally accepted methods for imputation
of the data and for most variables few data were missing (<5%).%® For the Barthel Index 10%
had to be imputed, which is a fairly large proportion. There were no clear reasons for these
missing values, other than clinicians sometimes just forgot to fill out the score form, which in
our view justifies imputation.
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CONCLUSION

The original SPEAK model, renamed SPEAK-12, performs well in predicting language recovery
after one year in patients with aphasia due to stroke. As calibration was initially
unsatisfactory, we propose an updated version of SPEAK-12 for the prediction of the
probability of good language outcome at six months: SPEAK-6. Further external validation of
SPEAK-12 and SPEAK-6 is recommended. Special attention should be given to timing, as time
after stroke onset at which predictors and outcome data are collected appears crucial for
adequate model validation. Our results show that SPEAK-6 may be used in daily practice to
discriminate between stroke patients with good and patients with poor language recovery at
six months after stroke.
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