





ABSTRACT

Background
One third of patients with acute stroke have aphasia. The majority receive speech and
language therapy (SLT). There is evidence for a beneficial effect of SLT on restoring
communication, but it is unknown whether and how efficacy of SLT is influenced by timing of
treatment. We studied whether SLT early after stroke by way of intensive cognitive-linguistic
treatment (CLT) is more effective than no SLT in the Rotterdam Aphasia Therapy Study
(RATS) — 3, a multicenter randomized single-blind trial.

Methods
Stroke patients with first-ever aphasia were randomized within two weeks of onset to either
four weeks of early intensive CLT (one hour/day) or no language treatment. Hereafter, both
groups received regular SLT. Primary outcome was the score on the Amsterdam-Nijmegen
Everyday Language Test (ANELT), measuring everyday verbal communication, four weeks
after randomization. Secondary outcomes were ANELT at three and six months. The study
was powered to detect a clinically relevant difference of four points on the ANELT.

Results
Of the 152 included patients, 80 patients were allocated to intervention. Median treatment
intensity in the intervention group was 24.5 hours. The adjusted difference between groups
in mean ANELT scores four weeks after randomization was 0.39, 95% Cl: -2.70 to 3.47, p =
0.81. No statistically significant differences were found at three and six months after
randomization either.

Conclusion
Four weeks of intensive CLT initiated within two weeks of stroke is not more effective than
no language treatment for the recovery of aphasia due to stroke. Our results exclude a
clinically relevant effect of very early CLT on everyday language.
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INTRODUCTION

Aphasia occurs in about one third of stroke patients and has severe consequences for verbal
communication and quality of life.” 2 Several randomized controlled trials (RCT) have
reported a benefit of speech and language therapy (SLT) over no treatment for patients with
aphasia due to stroke.® Hence, most patients receive SLT as part of their rehabilitation
program.

The relationship between timing of SLT, i.e. the interval between stroke onset and start
of treatment, and its efficacy is unclear.” In a meta-analysis comparing studies with different
starting points of SLT, the average effect size in studies evaluating treatment initiated in the
first three months after stroke was larger than that in studies performed in a later stage.’
However, this analysis was mainly based on uncontrolled and non-randomized studies. The
efficacy of early initiated SLT has been studied in four trials with contradictory findings; two
large studies were neutral, but two smaller studies suggested an effect of early treatment.®”
The need for more research on the effect of timing of SLT was explicitly accentuated in a
Cochrane review on efficacy of SLT for aphasia due to stroke.°

In the early phase after stroke, impairment-based cognitive-linguistic treatment (CLT) is
often preferred over other types of SLT, as it targets specific linguistic functions, supposedly
stimulating functional neural networks.”*** As most recovery occurs within the first three
months after stroke,” ***° standard practice early after stroke often comprises CLT."” When
linguistic performance reaches a plateau, SLT may be continued with compensatory
treatment instead of CLT.

There is some evidence suggesting that high-intensity treatment may be more effective
than less frequent therapy.a' 1819 However, the feasibility of high-intensity treatment is
questionable, as in several trials compliance with treatment was significantly lower in
intervention groups with intensive language treatment.?

Experts in language rehabilitation suggest a best practice regimen of early initiated
intensive CLT."* ¥ Scientific evidence underpinning this recommendation is frail. The
objective of the Rotterdam Aphasia Therapy Study (RATS) — 3 was to study whether early
intensive CLT for four weeks is more effective than no language treatment in the first four to
six weeks after stroke, and whether this approach generates a long-lasting benefit.

METHODS

Essential elements of the study design are described below. Detailed methods were
published elsewhere.”® RATS-3 is a prospective multicenter controlled clinical trial with
randomized treatment allocation, open label treatment and blinded evaluation of the
primary outcome measure (PROBE design).”* Thus, after randomization both patients and
therapists were aware of the allocated treatment. Fourteen regional networks for integrated
stroke care comprising a total of 23 hospitals and 66 rehabilitation facilities across the
Netherlands participated (Appendix 1). Within two weeks of stroke onset, patients were
randomized to four weeks of either intensive CLT or no language treatment. After the four
weeks, both groups received regular SLT.

The study protocol was approved by the Medical Ethical Committee of the Erasmus MC
(MEC-2005-347) and the study was registered in the Netherlands Trial Register (NTR3271).
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Participants
Speech and language therapists (SL-therapists) from participating centers checked eligibility
criteria (Table 1) and requested informed consent from patients and/or their proxy.
Information about RATS-3 was provided to patients and their relatives orally and on paper,
including simplified information leaflets adapted to people with aphasia.

Patients who were not eligible or who did not consent to participation were not
registered.

Table 1. Eligibility criteria for RATS-3

Inclusion criteria:
1. Aphasia after stroke, diagnosed by a neurologist or rehabilitation physician and SL-therapist

2. Aphasia ascertained with shortened Token Test (score<29) or Aphasia Severity Rating Scale
(score<5)
Testable with Screeling

Treatment can be started within two weeks after stroke onset

3
4
5. Age 18-85 years
6 Language near-native Dutch
7

Life expectancy of more than six months

Exclusion criteria:

1. Pre-existing aphasia
2. Subarachnoid/subdural hemorrhage/hematoma
3. Language therapy is not feasible because of:

» Severe dysarthria

» Premorbid dementia

» llliteracy

Severe developmental dyslexia

Severe visual perceptual disorders

v v v

Recent psychiatric history

Randomization
The trial coordinator verified inclusion criteria and, after written informed consent was
obtained, included and randomized participants within two weeks of stroke onset.
Independent trial assistants concealed computer-generated allocation sequences in
consecutively numbered, opaque, sealed envelopes. Randomization was stratified according
to baseline aphasia severity (Aphasia Severity Rating Scale: ASRS score 0 to 2 = severe; ASRS
score 3 to 4 = moderate/mild) and including center.

Baseline tests
At baseline, a short test battery was conducted including the Screeling, the 36-item Token
Test and a semi-standardized interview for eliciting spontaneous speech, which was rated
with the ASRS.?’ An experienced SL-therapist blinded to treatment allocation classified the
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spontaneous speech samples as fluent or non-fluent. Baseline characteristics and the Barthel
Index were recorded, as well as treatment with intravenous alteplase, as this is associated
with rapid recovery from stroke.?

Intervention
Patients in the intervention group were to receive at least one hour of CLT every day of the
week for a period of four weeks. The hour of treatment could be delivered in more than one
session per day, if preferable. We chose an intervention period of four weeks for three
reasons. First, intervention in the control group had to reflect usual care in the Netherlands,
where SLT for aphasia starts on average three to six weeks after onset. Second, we
specifically aimed to study the effect of early initiated treatment. With a maximal inclusion
period of two weeks and a four-week intervention period this early phase was not exceeded.
Lastly, we expected that a longer intervention with high intensity would be too burdensome
for many patients.

Treatment was directed at semantics using the therapy program BOX?® and/or phonology
using the therapy program FIKS®*, to improve word finding deficits. Participating SL-
therapists had ample experience in using both Dutch therapy programs and carefully
selected exercises for face-to-face treatment and homework, registered as part of the total
amount of treatment provided. Treatment could be delivered at the local treatment facility
or at home, whatever was most convenient for patients.

The control group received no language treatment during the first four weeks after
randomization. Minimal counseling was allowed, aimed at preventing communication
problems and included elaborate information about aphasia and providing communication
advice. Concise diagnostics for therapy goal setting was allowed also.

The trial coordinator had at least two-weekly contact with the SL-therapists to ensure no
treatment was provided in the control group and to monitor compliance in the intervention
group. After four weeks, further SLT was left to the discretion of the local SL-therapist in
both groups.

Assessments

An extensive linguistic test protocol was conducted at three time points; four weeks, three
months and six months after randomization, with the following tests for language and
communication: Amsterdam-Nijmegen Everyday Language Test (ANELT) for everyday
functional verbal communication,® a semi-standardized interview from the Aachen Aphasia
Test (AAT) rated with the reliable and valid ordered categorical six-point ASRS; the Screeling,
the Token Test, and the Boston Naming Test. The battery also included tests for semantic
processing: Semantic Association Test (SAT), verbal version; Comprehensive Aphasia Test
(CAT), word comprehension; and Category Fluency; and for phonological processing:
Nonword repetition and Auditory Lexical Decision from the Psycholinguistic Assessment of
Language Processing in Aphasia (PALPA) and Letter Fluency. In addition, we assessed general
functional outcome with the EQ-5D-3L for quality of life, and the modified Rankin Scale
(mRS) and Barthel Index for level of independency.

Outcomes

Primary outcome was the ANELT-A score ‘understandability’ (score range: 10 to 50, higher
scores equal better performance), measuring the adequacy of verbal communication, four
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weeks after randomization. This valid and reliable test was chosen to verify whether the
impairment-based CLT generalizes to everyday communication.?® All ANELTs were audio-
recorded and rated by five experienced and additionally trained independent assessors,
blinded to intervention and time point. Each ANELT was scored by two assessors. If scores of
the two assessors differed more than six points, they were asked to rate the test again
without providing them details about the direction of the differences. The mean of these
two scores was used for analyses. In case of persistent differences between assessors, the
scores were averaged with the score of a third independent assessor, who was unaware of
other scores. Secondary outcomes were scores on the linguistic tests, EQ-5D-3L and mRS at
four weeks, and scores on the ANELT-A, the linguistic tests, EQ-5D-3L, and mRS at three and
six months after randomization.

Sample size
We considered a four-point difference between both groups on the ANELT-A a clinically
worthwhile treatment effect. This is 50% of the critical difference for individual
improvement and half a standard deviation of average ANELT-A scores in previous RATS
trials.”>?” We estimated that a sample of 150 participants would provide 84% power to find
a statistically significant treatment effect at a 5% two-sided significance level.

Blinding and data safety
To ensure data safety and blinding, the primary outcome for each patient was scored by two
of the five independent assessors, who were blinded to treatment allocation and time point.
Furthermore, data were collected in four separate anonymized databases, which were
merged after patient inclusion and data collection were completed. Hence, during data
collection the trial coordinator could only access individual patient data. Scores on the
primary outcome measure remained masked for the entire RATS-3 investigator team until
data collection was completed.

An independent assessor verified a random sample of 10% of all participants’ files, by
comparing all data points in the databases with the original source files. Apart from minor
inaccuracies, no critical errors endangering data quality were found. Yet, all data points were
checked against source data again by the study coordinator, further minimizing errors.

The trial was not overseen by a data monitoring committee, as this concerned a non-
medical intervention study without anticipated adverse events.

Statistical analyses
Primary analyses were performed on intention-to-treat basis. In addition, on-treatment
analyses were performed, with on-treatment being defined for the intervention group as
having accomplished at least the intended intensity of 28 hours in four weeks and for the
control group as having received no language treatment during four weeks after
randomization. We used linear regression to analyze the treatment effect as a mean
difference in ANELT-A scores between the intervention and control group four weeks after
randomization, adjusted for age (years), sex, education (high or low), baseline aphasia
severity (ASRS score), type of stroke (ischemic or hemorrhagic), location of stroke (right or
left hemisphere) and baseline Barthel Index score. Linear regression was also used to analyze
the effect of treatment on the specific linguistic measures and measures of general
functional outcome at four weeks, three months and six months after randomization, with
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the same adjustments as in the primary analysis. For the ordered categorical variable mRS
we used multivariable ordinal logistic regression.

Handling of missing data
Standard simple imputation techniques were used to impute missing baseline variables;
study mean for continuous variables and study mode for binary and categorical data.
Patients who died during the intervention period were assigned the worst score on all
outcome measures and this score was carried forward during follow-up. Subjects with
missing values at a certain time point were excluded from analyses at that time point.
Statistical analyses were performed using IBM SPSS software version 23.0.

Post-hoc subgroup analyses
Post-hoc subgroup analyses were conducted with the ANELT-A four weeks after
randomization per covariate used for baseline adjustment in the regression analyses. We
also compared treatment effects in patients treated with intravenous alteplase and those
who were not, and in patients with and without a cardiac source of emboli.

Synthesis of evidence

In order to put our findings into perspective we have performed a concise meta-analysis of
the available evidence on the topic of early initiated SLT. In December of 2015, we searched
PubMed and the Cochrane Library for studies published between 1990 and 2015 with the
search terms: aphasia, stroke, treatment, therapy, rehabilitation, acute, early and timing. We
selected randomized controlled trials on early initiated SLT for aphasia due to stroke, i.e. the
largest part of the treatment was provided within four weeks of stroke onset. Only RCTs
comparing early treatment to no treatment, or early intensive treatment to no treatment or
usual care were selected. We have used results from the primary outcomes reported in the
selected studies and our primary outcome for the meta-analysis by standardizing the mean
differences between study arms.

RESULTS

From 1 January 2012 until 2 December 2014 we included 153 participants with first-ever
aphasia due to stroke, of whom 80 were allocated to the intervention group (Figure 1). One
participant in the control group was excluded after randomization, because more detailed
assessment revealed that a brain tumor had been misdiagnosed as hemorrhagic infarct. The
baseline distribution of clinical characteristics was similar for both groups (Table 2).

In the intervention group, two patients died in the intervention period, and in the control
group one patient died in the intervention period and one just afterwards, before testing
could be performed (Figure 1). During follow-up, in each group two patients died. Five
participants from the intervention group did not receive the allocated treatment; one was
very ill and four refused intensive treatment. In the control group, ten participants refused
deferred treatment and received regular SLT. The trial coordinator did not interfere with
treatment, and details on the content of SLT provided to these patients were not recorded.
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Figure 1. Flow-chart Rotterdam Aphasia Therapy Study — 3
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Table 2. Baseline characteristics of participants in RATS-3

Intervention group  Control group

(n=80) (n=72)
Age in years, mean (SD) 66 (12) 66 (12)
Male sex, n (%) 48 (60%) 37 (51%)
Handedness, n (%)
Right 63 (79%) 61 (85%)
Left 6 (8%) 7 (10%)
Ambidextrous 5 (6%) 1(1%)
Unknown 6 (8%) 3 (4%)
Level of education, n (%)
No/unfinished elementary school 3(4%) 0
Elementary school 13 (16%) 11 (15%)
Unfinished junior secondary vocational education 4 (5%) 8 (11%)
Junior secondary vocational education 27 (34%) 13 (18%)
Total low education 47 (59%) 32 (44%)
Senior vocational education 17 (21%) 16 (22%)
Higher education 13 (16%) 18 (25%)
University 2 (3%) 3 (4%)
Total high education 32 (40%) 37 (51%)
Unknown 1(1%) 3 (4%)
Type of stroke, n (%)
Ischemic 60 (75%) 61 (85%)
Hemorrhagic 20 (25%) 11 (15%)
Location of lesion, n (%)
Left hemisphere 77 (96%) 69 (96%)
Right hemisphere 3 (4%) 3 (4%)
Treatment with intravenous alteplase, n (%)
Yes 28 (35%) 16 (22%)
No 50 (63%) 55 (76%)
Unknown 2 (3%) 1(1%)
Time between stroke and randomization 8(1-18) 8 (2-15)
in days, mean (range)
Time between stroke and start treatment 12 (5-22) n.a.
in days, mean (range)
Barthel Index score, median (IQR) 15 (6-20) 17 (7.5-20)
Aphasia severity, n (%)
Severe (ASRS score =0to 2) 44 (55%) 30 (42%)
Mild-moderate (ASRS score = 3 to 4) 36 (45%) 42 (58%)
Fluency, n (%)
Fluent aphasia 26 (33%) 30 (42%)
Non-fluent aphasia 52 (65%) 42 (58%)
Missing 2 (3%) 0

Abbreviations: n = number; SD = standard deviation; IQR = Interquartile Range; ASRS = Aphasia Severity Rating
Scale; n.a. = not applicable.
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Number of patients

Compliance
A treatment intensity of 28 hours in four weeks in the intervention group was achieved by 23
of 80 patients (29%). The median treatment intensity was 24.5 hours in four weeks (IQR: 19
to 29) (Figure 2).

Figure 2. Distribution of treatment intensity in the intervention group
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» Fatigue:n=5

Concomitant illness: n =8
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Died during intervention period: n = 2
Unknown:n=7
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Intention-to-treat analysis

The mean score on the primary outcome, the ANELT-A at four weeks, was 33.2 in the
intervention group and 36.2 in the control group, with a difference of -3.01; 95% Cl: -7.15 to
1.14. Baseline aphasia severity and baseline Barthel Index were strong prognostic factors in
the regression model (Table 3). The adjusted mean difference in scores on the ANELT-A was
0.39; 95% Cl: -2.70 to 3.47, p = 0.81 (Figure 3). There were also no statistically significant
differences on the ANELT-A between groups at three months (adjusted difference = 0.54,
95% Cl: -3.04 to 4.12, p = 0.77) and six months after randomization (adjusted difference = -
0.41, 95% Cl: -3.70 to 2.89, p = 0.81) (Figure 3).

Table 3. Prognostic factors in the linear regression model with ANELT-A at four weeks as outcome

6 95% ClI p-value
Sex (female or male) -2.08 [-5.17 - 1.02] 0.19
Age 0.02 [-0.10-0.15] 0.74
Type of stroke (hemorrhagic or ischemic) 1.46 [-2.39-5.31] 0.45
Location stroke (right or left hemisphere) 0.35 [-7.16 — 7.85] 0.93
Education (high or low) 2.64 [-0.47 - 5.75] 0.10
Barthel Index score (0-20) 0.37 [0.11-0.62] 0.01*
Aphasia Severity Rating Scale score (0-5) 5.90 [4.58 —7.23] <0.01*

Abbreviations: 8 = unstandardized difference; 95% Cl = 95% confidence interval.
* Statistically significant at a 95% confidence level.

No statistically significant treatment effects were observed on the linguistic tests and on
the measures for general functional outcome, at any time point (Table 4).
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Figure 3. Differences in outcome and treatment effect between intervention and control on the
ANELT-A

Adjusted differences:
4 weeks® =0.39, 95%Cl: [-2.70 to 3.47], p = 0.81
3 months = 0.54, 95%Cl: [-3.04 to 4.12], p=0.77
6 months =-0.41, 95%Cl: [-3.70 to 2.89], p=0.81

4 weeks =5.41,95%Cl:[1.52 t0 9.31], p = 0.01*
3 months = 4.02, 95%Cl: [[0.57 to 8.60], p = 0.09
6 months = 2.44, 95%Cl: [-2.01 to 6.89], p = 0.28
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* Statistically significant at a 95% confidence level.
0 Primary outcome.
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Table 4. Differences in outcome and treatment effect between intervention and control on
secondary outcomes: intention-to-treat analyses

Intervention Control Unadjusted Adjusted p-value
mean (SD) mean (SD) difference difference
[95% Cl] [95% CI]
-0.86 1.09
4weeks | 21.2(7.9) 22.1(7.8) (350-178] [.127-3.45] 0.36
SAT verbal -1.41 -0.34
(0-30) 3months | 22.7(7.6) 24.1(6.2) [381-099] [2.58-191] 0.77
6 months | 23.0(7.3) 24.2 (6.6) E_13'2750_ 1.20] f2'1421 _218) 0.92
4 weeks 12.6 (11.0)  15.9(11.9) [373123 _0.50] 30069 .06 0.97
Category i : : :
Fluency -4.13 -1.50
(no. words/ 3 months | 16.2 (11.0) 20.3(12.8) [-8.26 — 0.00] [-4.86 — 1.86] 0.38
minute) -4.56 -1.77
6 months | 16.5(11.7)  21.1(13.3) [_é 98 - -0.13] [_5' 47-1.93] 0.35
0.12 1.40
4 weeks | 25.0(6.9) 24.9 (7.4) [226-250] [0.93-3.72] 0.24
CAT -0.96 -0.10
(030) 3 months | 25.5(6.6) 26.4 (6.0) [311-120] [2.20-2.01] 0.93
6 months | 25.8 (7.0) 27.0(5.4) E-lélfo— 1.05] fz'4656_ 1.76] 0.69
-1.76 -0.39
bALPA 4 weeks | 16.6(7.6) 18.3 (6.3) [4.10-058] [2.46-167] 0.71
Nonword -2.15 -1.02
repetition 3 months | 16.9(7.6) 19.1 (6.0) [-4.52  0.22] [-3.04 - 0.99] 0.32
(0-24) -1. -0.
6 months | 16.7 (7.5) 18.6 (5.7) [_149206_0 46] [?27;1_ 1.34] 0.47
-2.62 -0.29
Letter 4weeks | 11.4(9.6) 14.0 (10.9) [6.04-080] [3.25-2.67] 0.85
Fluency -4.33 -2.19
(no. words / 3months | 12.8(9.7) 17.1(12.6) [8.19--047] [5.65-128] 0.21
minute) -
6 months | 15.0(10.4)  17.3(12.5) [_2:359_ 1.69] ?_‘S;_ 3.64] 0.98
-3.61 -1.46
PALPA Aweeks | 67.2(184)  708(146) 0% 1 on  (go1_399 60
Auditory
. -4.23 -2.18
II.)eX|.cz:1I 3 months | 68.1(17.6) 72.3(14.2) (:9.78 - 1.32] [7.57-3.22] 0.43
ecision
-3.64 -1.79
(0-80) . . . . .
6 months | 68.7 (18.4)  72.3(14.3) [0.50-2.22]  [7.63—4.05] 0.55
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4weeks |28.6(17.9)  31.4(20.4) E?é?i _3.29] [1_';29 678 23
?0'20) 3months | 33.0(17.7)  37.5(18.3) fig.zsl _1.76] i-léé865 3.9 0.59
6 months | 34.9(18.0)  39.5(17.9) fi?fss _1.74] i_lé?:S _428) 0.65
4weeks |20.9(10.4)  23.7(10.3) i-zéf.s_jo _062] i?i.lss _278) 0.94
(T:';ee')’ Test | 3 months | 23.3(106)  26.0(9.3) [267157 —067] fff?s 15 055
6 months | 23.7(10.9)  26.7(9.1) Ei’ﬂ% 057] f:;z —2.25] 0.59
4weeks |[0.79(0.11)  0.81(0.11) E?d?ozs 0.02] i?d?()ls 0.02] 0.48
(E(?_SD%L 3months | 0.82(0.12)  0.81(0.13) ?—60.%)3 _0.05] ?_‘332 _0.06] 0.32
6 months | 0.82 (0.13)  0.82(0.13) fcfols _0.04] i?(')?ols _0.04] 0.78
4weeks |3 } E?d.zszo -0.36] i?d(.)(slz Y
(4
gf) 3months | 2 2 E?d.zsfz ~0.36] 36?27 —o070] 0%
6months | 2 2 i?d.z; -0.38] f(')?770 —o0s7 084

Abbreviations: SD = standard deviation; 95% Cl = 95% confidence interval; SAT = Semantic Association Test; CAT
= Comprehensive Aphasia Test; PALPA = Psycholinguistic Assessment of Language Processing in Aphasia; BNT =
Boston Naming Test; mRS = modified Rankin Scale.

% Mode is reported for this categorical variable.

On-treatment analysis
In the on-treatment analysis we included all patients of the intervention group who received
at least the prespecified intensity of 28 hours in four weeks (n = 23, 29%) and all subjects in
the control group who did not receive any treatment (n = 62, 86%). Baseline characteristics
of the intervention and control group included in the on-treatment analyses were similar
(Table 5).

When on-treatment criteria were applied, the intervention group reached significantly
higher scores than the control group after four weeks on the primary outcome ANELT-A
(adjusted difference = 5.41, 95% Cl: 1.52 to 9.31, p = 0.01); SAT verbal (adjusted difference =
3.57, 95% Cl: 0.36 to 6.78, p = 0.03) and CAT word comprehension (adjusted difference =
3.64, 95% Cl: 0.58 to 6.69, p = 0.02) (Figure 3, Table 6). On all other outcome measures and
time points results did not differ from those of the intention-to-treat analyses.
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Table 5. Baseline characteristics of participants in the on-treatment analyses

Intervention Control
(n=23) (n=62)
Age in years, mean (SD) 64 (11) 66 (12)
Male sex, n (%) 17 (74%) 31 (50%)
Handedness, n (%)
Right 20 (87%) 53 (86%)
Left 2 (9%) 7 (11%)
Ambidextrous 1(4%) 1(2%)
Unknown 0 1(2%)
Level of education, n (%)
No/unfinished elementary school 1 (4%) 0
Elementary school 3 (13%) 9 (15%)
Unfinished junior secondary vocational 1 (4%) 7 (11%)
education
Junior secondary vocational education 7 (30%) 10 (16%)
Total low education 12 (52%) 28 (45%)
Senior vocational education 4 (17%) 15 (24%)
Higher education 6 (26%) 16 (26%)
University 1 (4%) 3 (5%)
Total high education 11 (48%) 34 (55%)
Unknown 0 2 (3%)
Type of stroke, n (%)
Ischemic 18 (78%) 53 (86%)
Hemorrhagic 5(22%) 9 (15%)
Location of lesion, n (%)
Left hemisphere 22 (96%) 59 (95%)
Right hemisphere 1 (4%) 3 (5%)
Treatment with intravenous alteplase, n (%)
Yes 9 (39%) 16 (26%)
No 14 (61%) 45 (73%)
Unknown 0 1(2%)
Time between stroke and randomization 7 (2-14) 8 (2-15)
in days, mean (range)
Time between stroke and start treatment 11 (6-19) n.a.
in days, mean (range)
Barthel Index Score, median (IQR) 20 (7.5-20) 17 (6-20)
Aphasia severity, n (%)
Severe (ASRS score =0 to 2) 12 (52%) 25 (40%)
Mild-moderate (ASRS score = 3 to 4) 11 (48%) 37 (60%)

Abbreviations: n = number; SD = standard deviation; IQR = Interquartile Range; ASRS = Aphasia Severity Rating
Scale; n.a. = not applicable.
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Table 6. Differences in outcome and treatment effect between intervention and control on
secondary outcomes: on-treatment analyses

Intervention  Control Unadjusted Adjusted p-value
mean (SD) mean (SD) difference difference
[95% Cl] [95% Cl]
4 weeks |24.8(4.1) 22.1(8.0) [2_'(?;1 _6.14] ?(']5376 _6.78] 0.03*
SAT verbal 1.93 1.92
(030) 3 months | 26.1(2.5) 24.1(6.3) [092-477] [0.88-473] 0.18
6 months | 26.3 (2.5) 24.2 (6.8) [2_'313 _5.30] [2_'329 _5.33] 0.18
4weeks |17.6(11.4)  16.4(12.0) ?—ﬁs—s 9] [1_'36112_6 33] 0.50
Category : : : :
Fluency 1.41 1.03
(no. words/ 3months |22.5(10.0)  21.1(13.0) [485-7.66] [449—6.55] 0.37
minute) 2.46 1.74
6 months |24.1(12.4)  21.6(13.6) [_'4 72-9.63] [_'4 77-8.26] 0.60
4 weeks | 28.0(2.5) 25.0(7.3) [9’_'(()]%)8_ 6.10] ?66:8 _6.69] 0.02*
CAT 1.80 1.99
(0-30) 3 months | 28.1(1.8) 26.3 (6.1) [0.92-452]  [0.72—470) 0.15
6 months | 28.4 (1.9) 27.0(5.6) [1_'3‘;6_4 4] [1_1527_4 271 0.28
1.73 1.79
oALPA 4 weeks | 20.0(3.3) 18.3 (6.5) [111-4.56] [0.86—443] 0.18
Nonword 1.27 0.85
repetition 3 months | 20.6 (2.6) 19.4 (5.9) [137-391] [L52-3.21] 0.48
(0-24) . .
6 months | 20.6 (2.4) 18.6 (5.8) [2_(?576_4 6] [1_5’534_4 o4 0.32
0.67 0.93
Letter 4weeks |15.0(10.7)  14.3(11.2) [470-6.03] [3.85-572] 0.70
Fluency -0.49 -1.12
(no. words / 3 months | 17.0(10.4) 17.4 (13.0) [-6.77 — 5.80] [-6.99 — 4.75] 0.71
minute)
6months |21.0(11.1)  17.5(12.8) [9’.';119 _1021] [2_';36_ 8.87] 0.39
3.07 3.31
PALPA 4 weeks | 73.7(5.9) 706(152)  (Tus gsel [a24-osg O3
Auditory
R 3.46 3.39
Ilsem.c:fil 3 months | 75.3(3.9) 71.9 (14.9) [3.12-10.04] [3.31—10.09] 0.32
ecision
(0-80) 3.48 3.06
6 months | 75.5 (3.6) 72.0 (14.9) [3.62-10.58] [4.21-10.34] 0.40
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4weeks |37.3(146)  31.7(20.0) [5;@7_ La61] f_’lzég_ 1393 011
:30'20) 3months | 41.9(13.7)  38.0(17.9) [3_'3274 1238] ?_‘5’;9 1268 025
6months | 42.7(14.7)  40.0 (17.5) [2_':.29 1176) [3_2.36 Ci3a 0M
4weeks | 24.4(8.0) 24.1(10.2) ([)-j.is 504 [12123 sy 0%
(T:';ee')’ Test | 3 months | 27.8(7.4) 26.5(9.2) [1_'3‘7’24 575 [123?;7 _soa 050
6 months | 29.4 (6.7) 26.9(9.1) [2_'25.%6 _725] [2_'12.39 635 07
4weeks |0.83(0.12)  0.81(0.11) ([)_'(%4 _0.08] ([)_'(?.%)4 005 072
(E(?_SD%L 3months |0.86(0.11)  0.81(0.12) ?_'3;2 _o11] ?_‘323 _0.09] 0.29
6months | 0.87(0.11)  0.83 (0.13) ?-'8.33 o1 ?—60.25 _o0g 053
Aweeks |3 2 ﬁéis -1.33] ?—ﬁl )
¢
gf) 3months | 2 2 33.555 ~1.24] ([)-.04é4 —1377 93
6 months | 2 2 ?_.(5)329 ~1.39] ﬁgéz —157 0%

Abbreviations: SD = standard deviation; 95% Cl = 95% confidence interval; SAT = Semantic Association Test; CAT
= Comprehensive Aphasia Test; PALPA = Psycholinguistic Assessment of Language Processing in Aphasia; BNT =
Boston Naming Test; mRS = modified Rankin Scale.

* Statistically significant at a 95% confidence level.

% Mode is reported for this categorical variable.

Post-hoc subgroup analyses
We also compared treatment effects per covariate used for baseline adjustment and we
compared patients treated with intravenous alteplase and those who were not, and patients
with and without a cardiac source of emboli. There was a statistically significant interaction
between sex and intervention (adjusted 8 = -5.94; 95% Cl: -10.20 to -1.68, p = 0.01), but not
for other subgroups (Figure 4).
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Figure 4. Subgroup comparisons for the ANELT-A at four weeks after randomization

Sex (8= -5.94; 95%CI: -10.20 to -1.68; p,=0.01*)
Male (n=81; 6=3.41; 95%Cl: -0.34 to 7.16)
Female (n=61; 6=-4.57; 95%Cl: -9.97 o 0.83)

Age (8= 1.98; 95%CI: -2.23 t0 6.19; p;=0.35)
Age 18- 66 (n=73; 6=1.12; 95%Cl:-3.81 to 6.05)
Age 67 -85 (n=69; 6=-1.21; 95%Cl: -5.36 to 2.95)
Education level (8= 3.46; 95%Cl: -1.35 to 8.27; p,=0.16)
Low Education (n=35; 6=-3.17; 95%Cl: -10.04 to 3.71)
High Education (n=107; 6=1.53; 95%Cl:-2.13 to 5.19)
Type of stroke (8= 0.21; 95%Cl: -4.58 to 5.00; p;=0.93)
Hemorrhage (n=29; 6=-3.81; 95%Cl:-13.38t0 5.76)
Infarction (n=113; 6=1.11;95%Cl: -2.00 tc 4.22)

Cardio-embolic source (6=-4.87; 95%Cl: -10.76 to 1.03; p~0.11)

Yes (n=23; 6=0.38; 95%Cl: -9.66 to 10.42)
No (n=117; 6=0.84; 95%Cl: -2.74 to 4.41)

Thrombolysis (6= 2.47; 95%Cl: -1.93 to 6.86; p;=0.29)

Yes (n=42; 6=2.15; 95%Cl: -5.49 to 9.79)
No (n=97; 6=-0.05; 95%Cl: -3.73 to 3.63)

Barthel Index Score (8= 2.49; 95%Cl: -2.07 to 7.05; p=0.28)
Low score (0 —15; n=77; 6=0.93; 95%Cl:-3.42 t0 5.28)
High score (16 — 20; n=65; 6=0.18; 95%Cl: -4.80 to 5.15)

Fluency (8=-0.87; 95%Cl: -5.86 to 4.13; p=0.73)
Non-fluent (n=89; 6=-1.29; 95%Cl: -3.11 to 5.70)

Fluent (n=52; 6=-0.91; 95%Cl: -5.43 t0 3.61)

Aphasia severity (6=-2.13; 95%Cl: -7.61 to 3.34; p;=0.44)

Severe aphasia (n=71; 6=-1.15; 95%Cl: -7.27 to 4.96)

Mild-moderate aphasia (n=71; 6=0.01; 95%Cl:-3.61 to 3.63)

*
—
® Adjusted mean differences
— 95%Cl
16 -14 -12 -10 -8 6 -4 -2 4 6 10 12

Favors control

* Statistically significant interaction.
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Synthesis of evidence
We found two RCTs comparing early intensive SLT to no treatment, one comparing early SLT
to no SLT, and one comparing early intensive SLT to usual care.®® We conducted a meta-
analysis with the primary outcomes reported in these trials and our findings (Figure 5). The
effect of early initiated SLT over deferred regular SLT or no treatment was small and not
statistically significant (standardized mean difference =0.21, 95% Cl: -0.13 to 0.56).

Figure 5. Forest plot comparing standardized mean differences between early initiated intensive SLT
and no treatment or usual care

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Rand 95% Cl1
1.1.1 ANELT
Laska etal, 2011 214 1767 53 188 178 85 241% 014 [0.22,0.42] —
MHowwens etal, current study - 3317 1311 75 3618 11.72 BT 254% -0.24 [-0.47,0.09] .
Subtotal (95% CI) 134 122 49.6% -0.05[-0.44, 0.33] oo

Heterogeneity, Tau?= 0.04; Chi*= 2,40, df= 1 (P = 0.12); F= 58%
Testfor overall effect 7= 037 (P =0.79)

1.1.2 AQ from WAB
Godecke etal, 2012 5539 3111 32 3084 3183 27 187% 077 [0.24,1.30] T
Subtotal (95% CI) 32 27 18.7% 0.77[0.24, 1.30] i

Heterogeneity: Mot applicable
Testfor overall effect Z= 2.84 (P=0.005)

1.1.3TOM
Bowen etal, 2012 32 14 72 316 B4 252% 013 -0.20,0.47) ——
Subtotal (95% CI) 72 64 25.2% 0.13[.0.20, 0.47] i

Heterogeneity: Mot applicable
Testfor overall effect Z=0.77 (P = 0.44)

1.1.4 AAT Token Test

Mattioli etal., 2014 41.5 77 6 338 73 [} B.6% 0.95 [-0.28, 2.17] . ===
Subtotal (95% CI) 6 6 6.6% 0.95[-0.28, 2.17] e ——
Heterogeneity: Mot applicable

Testfor overall effect Z=1.52 (P=013)

Total (95% CI) 244 219 100.0% 0.21[-0.13, 0.56] -’

Heterogeneity: Tau®= 0.10; Chi*=12.08, df=4 (P=0.0%; F=67% 52 I1 ] ‘i é
Testfor overall effect Z=1.21 (P=10.23) Favours [control] Favours [experimental]
Testfor subaroup differences: Chi®=7.67 df= 3 {P=0.05), P= 60.9%

Abbreviations: ANELT = Amsterdam-Nijmegen Everyday Language Test; AQ = Aphasia Quotient; WAB = Western
Aphasia Battery; TOM = Therapy Outcome Measure, functional communicative ability; AAT = Aachen Aphasia
Test.

Data derived from the Cochrane Systematic Review™ and original manuscripts.

The figure was made using Review Manager (RevMan). Version 5.3. Copenhagen: The Nordic Cochrane Centre,
The Cochrane Collaboration, 2014.

DISCUSSION

Principal findings
In this multicenter RCT in 152 patients with aphasia due to stroke, we found that four weeks
of early intensive CLT did not result in better everyday verbal communication than no early
language treatment. The 95% Cls for the adjusted differences between groups did not
include the prespecified clinically relevant difference of four points on the ANELT-A, which
allows us to conclude that early intensive CLT is not effective.

This contradicts the findings from two smaller RCTs in which a benefit of early intensive
treatment was reported. In 59 patients, 30 to 80 minutes of impairment-based SLT per
workday for four weeks initiated three days after stroke, improved communication more
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than usual care (<80 minutes per week).” Although nearly 20% of patients in the intervention
group did not achieve the minimum treatment intensity of 150 minutes per week, the
authors conclude that daily treatment is feasible early after stroke and, if tolerated, is
effective for recovery of aphasia. In another study, 12 patients were randomly allocated to
two weeks of either one-hour sessions of impairment-based SLT on workdays starting on
average 2.2 days after stroke or no SLT.® In addition to statistically significant better scores in
the early treatment group on the AAT subparts Naming and Written language processing,
the authors report significant differences between groups in post treatment recruitment of
brain areas on functional MRI-scans. However, this is a very small trial with only six
participants per treatment arm.

Our findings are in line with those from two larger RCTs on early initiated SLT. In a trial
among 123 patients, Laska et al. found no effect of three weeks of early intensive
impairment-based SLT on ANELT-A scores three weeks and six months after stroke onset.®
Bowen et al. randomly allocated 170 stroke patients with communication deficits to either
agreed best practice SLT or social support provided by trained volunteers for 16 weeks
starting on average two weeks after stroke onset.® They found no differences regarding
functional communication at follow-up and conclude that SLT is not more effective than
social support. This trial differs from ours, as stroke patients with either aphasia, dysarthria
or both were included, which makes the results difficult to interpret. Furthermore,
treatment intensity was tailored to the individuals’ needs and possibilities. Consequently,
treatment intensity was on average only 1.5 hours per week, which may not have been
sufficient to reach a sizeable treatment effect.> ** *°

While the concept of early language rehabilitation after stroke is attractive, the summary
of evidence in our meta-analysis shows that SLT, whether or not intensive, when started
within four weeks after stroke onset, is not more effective in improving verbal
communication or language functioning, than regular, less intensive or deferred treatment.

Strengths and weaknesses
Strengths of RATS-3 are its large size, multicenter design, a clearly defined clinically relevant
intervention contrast, and representative cohort of patients with aphasia due to stroke. The
treatment programs used in the intervention group are frequently applied in daily practice in
the Netherlands and have good potential to generate an effect on language recovery, as
exercises are directed at facilitating word finding, an essential problem in aphasia.
Consequently, results of our trial are highly generalizable to daily practice. We could have
opted for a more distinct intervention contrast by actively limiting all language related
activities in the control group e.g. reading, writing and computer use, but that would not
reflect daily reality. In fact, our aim was to study whether intensive CLT, added to language
related activities people with aphasia engage in naturally, is effective for the recovery of
aphasia.

Many efficacy studies on impairment-based treatment have used impairment-based
language tests as outcome measures, e.g. naming or word comprehension, as these are
closely related to the intervention being studied.”® However, scores on linguistic tests are
rather artificial and do not necessarily reflect adequate functional communication in daily
life, which should be the ultimate goal of aphasia treatment.’ Therefore, a relevant and
reliable measure of communication, most closely reflecting the patients’ sense of recovery
and return to normal functioning, is preferable.’® Hence, in line with our previous trials, both
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in which we found that improvement on the ANELT-A was correlated with improvement at
the impairment level, we used the ANELT-A as primary outcome measure.™® 2% %’

Our study has limitations. Although we accomplished a high median treatment intensity
of 24.5 hours in four weeks, achieving the intended intensity of 28 hours appeared a major
challenge. Even with a strictly protocolled treatment regimen and highly motivated SL-
therapists who were frequently contacted by the trial coordinator, less than 30% of the
intervention group achieved the requested intensity. Patients were often too tired or ill to
practice one hour per day, even if treatment was spread over the day. Although poor
adherence to the protocol was mainly caused by patient related issues, organizational
problems such as limited availability of therapists, or priority given to motor rehabilitation
also played a role, albeit minor. While this trial was no feasibility study, the results
demonstrate that even if intensive treatment had been found more effective for selected
patients, feasibility is improbable for all stroke patients with aphasia early after onset. This is
in line with findings from the most recent Cochrane review.?

Patient selection seems essential to generate a potential beneficial effect of early
intensive CLT on recovery of aphasia, as the on-treatment analyses did show a limited effect.
However, this finding should be interpreted with great caution, as on-treatment analyses
could only be performed in patients in the intervention group who could tolerate intensive
treatment, whereas the control group comprised both patients who may and may not
tolerate this intensive regimen.

Completeness of follow-up for the primary outcome was 93%, which is in line with other
studies in this field.® At six months after stroke 19% of participants had refused follow-up
testing. This may have reduced the validity of our findings, but the measurements at three
and six month follow-up are secondary outcomes and are in line with the primary outcome.

Implications
Despite the lack of unequivocal proof for a beneficial effect of early SLT, deferring treatment
in aphasia due to stroke has long been considered unethical.”® However, early after stroke,
patients may suffer from concomitant illness or fatigue and may not tolerate intensive
impairment-based treatment. Our findings demonstrate that it is not detrimental to delay
CLT in the first weeks after stroke onset in these vulnerable patients, which also occasionally
happens unintentionally due to waiting lists or lengthy diagnostic pathways.

However, our findings do not justify the conclusion that the work of SL-therapists is
redundant in the first weeks after stroke, as patients with aphasia and their proxies
definitely need guidance and help in coping with their deficits early after stroke. In times of
radical changes in health care policy and budget cutbacks, SL-therapists are urged to utilize
their limited resources effectively for patients with acute stroke. Instead of focusing on
impairment-based treatment, they might better put more emphasis on counseling and
providing communication support, which are essential for coping with communication
problems and prevention of social isolation. CLT may be more effective later in the course of
this disabling condition.

Future research
Future studies should aim to find the optimal timing of commonly used treatment types,
either impairment-based or functional approaches. New studies may be focused on patient
selection also, as results from our on-treatment analyses indicate that some patients might
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benefit from early intensive treatment. International cooperation is one way to conduct
large aphasia trials that allow for more reliable prespecified subgroup analyses, which is of
great importance to identify factors contributing to treatment success and may enable
individualization of SLT.

CONCLUSION

Our study shows that four weeks of intensive CLT aimed at semantic and phonological
processing started within two weeks after stroke onset does not improve the recovery of
aphasia, either in the short or long-term.
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