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ABSTRACT

Purpose: Aphasia is a debilitating chronic acquired language disorder that impacts heavily
on a person’s life. Behavioural treatments aim to remediate language processing skills or to
enhance communication between the person with aphasia and others, and a number of
different treatments are efficacious. However, it is unclear how much of a particular
treatment a person needs in order to optimise recovery of language and communication skills
following stroke.

Materials and methods: Systematic search for and meta-analysis of experimental studies
that directly compared different amounts of the same behavioural aphasia treatment,
following PRISMA guidelines.

Results: Treatment dose research in aphasia is an emerging area. Just six studies comparing
different doses of the same intervention met all criteria for inclusion. Evidence from these
studies was synthesised and meta-analysed, where possible. Meta-analyses were inconclusive
due to limited data; however, there are indications that suggest increased dose may confer
greater improvement on language and communication measures, but with diminishing returns
over time. Aphasia severity and chronicity may affect dose-response relationships.
Conclusions: There is currently insufficient evidence to determine the effect of dose on
treatment response. A dedicated and coordinated research agenda is required to

systematically explore dose-response relationships in post-stroke aphasia interventions.

Word count: 7,442 (including abstract, tables, figures, and citations, ex bibliography
and supplementary material)

Keywords: Aphasia, stroke, treatment, dose, meta-analysis
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INTRODUCTION

Aphasia is a common and significant acquired communication disability which affects
up to 40% of stroke survivors [1] and persists as a chronic condition in up to 50% of cases [2-
4]. Aphasia is associated with an increased risk of mortality [5], higher healthcare costs [6],
negative consequences for personal relationships, vocational participation, and economic
independence [3, 7], and poorer health-related quality of life than many other debilitating
health conditions including Alzheimer’s disease and cancer [8]. Aphasia treatments have
been shown to improve language skills, social participation, and quality of life [9]; however,
people with aphasia may not be receiving enough therapy to maximise recovery of language
skills and communication following stroke (e.g., [10-15]) despite suggestions that higher
doses of treatment may lead to better recovery [9, 10, 16, 17]. Finding the right dose of
aphasia treatment is important for treatment prescription, refining research agendas, and will

impact service delivery and health policy.

Dose conceptualisation and the dose/intensity confound

Treatment dose can be conceptualised in two ways: as the amount of time spent in
therapy and as the number of therapeutic elements provided or received over an intervention
period [18, 19]. In the absence of consensus definitions but informed by Baker [18], the

following concepts and definitions will be referred to in this review:

Therapeutic element The basic unit of therapy; either a therapeutic input or a client act.

Session dose A quantitative measure of the therapeutic content provided in a
session, in minutes or therapeutic elements.

Session intensity The rate at which therapeutic elements are provided in a session, e.g.,

300 naming attempts per hour.
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Session frequency The number of therapy sessions per week.
Total dose Amount of therapy provided or received over an intervention period, in
time or therapeutic inputs, e.g., total hours, total number of therapeutic

elements.

The total dose of treatment is equal to the session dose x session frequency x
intervention duration [18, 20]. Hours of therapy is a convenient measure; it is economical to
capture, is easy to calculate and compare from one study to the next, has clinical relevance
and is easily understood by consumers and policy makers, and is the most commonly
reported measure of treatment dose in aphasia intervention studies [19]. Conversely,
conceptualising, measuring, and reporting dose as a collection of therapeutic elements may
allow more refined inspection of dose-response relationships for a given intervention [18,
21]. There are many potential therapeutic elements for any given intervention. These include
inputs such as the presentation of therapy stimuli, clinician-delivered cues, clinician-
generated responses, and feedback/reinforcement. Client acts may include accurate,
inaccurate and self-corrected responses, and the use of self-cueing strategies. Therapeutic
elements may contain the active ingredients of treatment which “teach or enhance new
learning and behaviour” [17, p.71]. Closer examination of these active ingredients may
ultimately enhance our understanding of the mechanisms of action that transform received
treatment into improved health and wellbeing [22]. Once identified, maximising delivery of
active ingredients has the potential to increase treatment efficiency and effectiveness.
However, measuring dose in terms of therapeutic elements can be more difficult and labour-
intensive to capture.

A number of reviews have examined the literature for evidence of dose-related

treatment effects. In 2003, Bhogal and colleagues asserted that when it comes to the impact
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of aphasia treatment on recovery of language and communication functions, “more is better”
[23]. In their synthesis of findings, studies that demonstrated a statistically significant
positive treatment effect provided a total of 98.4 hours of therapy or more, whereas
ineffective studies provided a total of 43.6 hours of therapy or less [16]. Although based on
few studies (n = 8), the assertion that “more is better” has heavily influenced the subsequent
examination of dose-response in aphasia research.

The “more is better” finding was not conclusively supported by Brady and colleagues
[9] who meta-analysed group-level outcome data from five randomised controlled trials
(RCTs) in which participants received either a higher dose (range 27 — 208 hours) or lower
dose (range 5 — 78 hours) of treatment. Brady and colleagues found that people with aphasia
who received a higher dose of treatment had significantly better functional communication,
although this finding was based on data from just one RCT [24]. However, there were no
statistically significant findings regarding the effect of dose on measures of receptive or
expressive language, or aphasia severity. Overall, the lower dose condition resulted in
significantly fewer dropouts and better treatment adherence.

A number of limitations of these reviews necessitate the current review. First,
examination of dose-response relationships may be confounded when simultaneously
comparing different interventions. For example, two of the five studies included in Brady et
al. [9] dose analyses compared different amounts of different treatments: the VERSE I trial
[24] compared VERSE therapy to usual care, and Denes et al. [25] compared a
conversational approach focused on auditory comprehension to standard speech and language
therapy based on a stimulation approach. Differences between treatments may obscure the
effect of dose on treatment outcomes and, therefore, the validity of making dose comparisons

across interventions is questionable.
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Second, the examination of dose effects in post-stroke aphasia is an emerging
research area. As such, findings from small-scale Phase I exploratory experiments that have
yet to be scaled up to large-scale Phase II group studies may contribute important knowledge
to guide future examination of dose-response relationships. Small-scale experimental studies
were not included in previous dose effect reviews.

Another limitation of these dose explorations is the conceptualisation of dose as ‘the
amount of time spent receiving therapy’. As has been previously argued [e.g., [26, 27],
measuring the dose of aphasia intervention in hours is inadequate because of the inherent
inaccurate assumption that all hours of treatment are equal. Clinically, one hour of treatment
to the next may comprise a variety of different tasks targeting different goals requiring the
provision of a different number and combination of therapeutic elements. In research,
especially in large pragmatic trials, it is difficult to know how often different therapeutic
elements are being provided unless treatment details are clearly reported and monitored.
Therefore, measuring the dose of complex interventions only in hours makes it impossible to
examine responses to specific therapeutic elements.

Despite this, measuring and reporting total hours remains the most common approach.
A scoping review found that of 112 aphasia intervention studies reporting dose, 96% (n =
108) reported hours while only 27% (n = 30) reported therapeutic elements in sufficient detail
that total dose could be calculated, the latter more frequently reported for naming treatment
studies [19]. A recent review of naming treatment studies [28] found that time spent in
treatment does not correlate with treatment outcomes and that the number of words treated in
therapy correlates with the number of words learned (for a similar finding, [see [29]). A
limitation of Thomas and colleagues’ [28] high-quality review is that the authors chose to
focus their exploration on the relationship between stimulus set size and treatment outcomes

without exploring other parameters that might reveal dose-response relationships. This is
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despite a number of recent naming treatment studies having systematically manipulated or
measured therapeutic elements to examine dose-response relationships [e.g., [30-32]; for a
review [see [19]). More careful attention to therapeutic elements is needed if the relationship
of dose to aphasia treatment outcomes is to be understood.

The final major limitation of all dose studies to date is that treatment dose is
consistently confounded with treatment intensity [33]. In the aphasia literature, intensity has
come to be synonymous with frequency and means the rate at which a particular dose is
provided: it is the quotient of dose over time. Dose and intensity are, therefore,
interdependent. For example, in studies comparing massed to distributed practice (dose-
controlled studies of intensity [e.g., [34]), the session dose is static while the session
frequency and intervention duration are manipulated relative to each other to produce the
same total dose (e.g., 1 hour per session, 4-5 sessions per week, 3 weeks = 14 hours
compared to 1 hour per session, 1-2 sessions per week for 8 weeks = 14 hours). This raises
the question: are observed differences in treatment effects attributable to different session
frequency or different intervention duration, or both? Likewise, in dose-effect studies, the
challenge with manipulating the total dose is that two of the three schedule parameters (i.e.,
session dose, session frequency, intervention duration) must change. This dose/intensity
relationship also exists at the session level; high session dose vs low session dose
comparisons also compare high session intensity to low session intensity if the session
duration is constant. Again, we are faced with the issue of determining which parameter, if
any, confers the treatment effect. It is possible, perhaps probable, that the overall impact on
outcome is a result of the interaction between a number of these variables [27].

In summary, there are signals emerging from the aphasia intervention literature
regarding dose-response relationships but the evidence has been scant, at times contradictory,

and overall, inconclusive. Traditional methods for measuring treatment dose may lack the
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specificity required to adequately investigate these relationships. Furthermore, existing
evidence comes from a small number of studies which employed different treatment
paradigms with heterogenous samples, most of which did not directly compare different
doses of the same intervention. Only a small number of studies have analysed the
comparative effects of different doses of the same therapy within each study [19]. To our

knowledge, there is no published meta-analysis of data from these dose-effect studies.

AIMS
The primary aim of this review is to examine the current evidence for dose effects in
behavioural post-stroke aphasia interventions. We aim to answer the following questions by
meta-analysing data from experimental studies that directly compare different amounts of the
same intervention:
1) Does a larger dose of intervention result in better language and communication
outcomes for people with aphasia following stoke?
2) Does time post stroke impact dose effects?
3) Are there specific person-level characteristics that help explain variability in dose-
response relationships?

4) Is there evidence of dose effects in specific language or communication interventions?

METHODS

Search strategy

A comprehensive and systematic search was undertaken in June, 2019 for peer-reviewed
randomized controlled studies, quasi-experimental studies, and single-case design studies,
which reported the amount of behavioural aphasia therapy provided, and investigated the

dose-response relationship of that intervention on language impairment and communication
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activity/participation for adults with aphasia following stroke. The search was replicated and
the yield updated in September, 2020.

Using the Preferred Reporting Items for Systematic reviews and Meta-Analysis
Guidelines (PRISMA, [35]), the following databases were searched, with no language or date
limits set: PubMed, Medline, EMBASE, CINAHL, PsycINFO, and Cochrane Library. Table
1 shows search terms for the key domains of post-stroke aphasia, intervention, and dose,
identified from relevant literature. These search domains were combined using the AND
operator, and the terms within each domain combined using OR. Search terms were modified
in line with individual database subject headings. An example of the final search strategy is
provided in Appendix A. Reference lists of included studies were examined to identify
additional studies not captured during the systematic search.

< Table 1 Search terms relating to treatment dose in aphasia >

Selecting studies

Figure 1 shows a PRISMA flow diagram detailing the results of study identification,
screening, eligibility, and inclusion. The search yield was imported into Rayyan online
software [36] and duplicates removed using software and manual checking. Titles and
abstracts were then screened by the first author as per the inclusion criteria to determine
eligibility for full text review. Exclusion criteria are listed in figure 1. Twenty percent of full
texts were re-screened by a second reviewer (JEP) for inclusion, achieving 95% agreement
between reviewers. Inconsistencies were discussed and resolved, and inclusion criteria

refined to improve accurate classification.

Inclusion criteria
o Full text peer-reviewed journal article in English

e Includes adults presenting with post-stroke aphasia, at any time after stroke

10
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e Reports primary data from behavioural treatment targeting language impairment or
communication activity/participation

e Measures and reports the amount of treatment provided

e Provides a comparative analysis of the effect of different amounts of the same

intervention

Study categorisation and methodological quality appraisal

Studies were categorised and appraised by the first and fourth authors, reaching
consensus through discussion where necessary. Included articles were categorised by study
type using the Oxford Centre for Evidence Based Medicine levels of evidence [37]. Single-
case methodologies are commonly used in aphasia research; however, the OCEBM fails to
distinguish experimental from non-experimental single-case designs. Single-case
experimental designs (i.e., multiple baseline, withdrawal/reversal, alternating treatments, and
changing criterion designs) provide a method for understanding causal relationships in
complex behavioural interventions, whereas non-experimental pre/post designs and case
studies do not [38]. Therefore, the RoBiNT manual [38] was used to further classify single-
case designs. Methodological rigour was assessed using the PEDro-P scale [39] for RCT and
quasi-RCT, and the RoBiNT scale [38] for single-case designs. Pre/post case series were
excluded from further analysis as these provide a low level of evidence due to a lack of

experimental control [38].

Data extraction and analysis
Data were entered into a spreadsheet including participant characteristics, treatment

type, outcome measures, therapy schedule, and results. Data extraction was completed by two

11
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reviewers (SRH, JEP) and compared for accuracy. Where data were unavailable, study
authors were contacted. Table 2 shows the data items extracted from each paper.

< Table 2 Data items extracted from selected studies >

Effect size calculation

While the initial intention was to meta-analyse effect sizes derived from mean change
scores of primary outcomes in group studies, this was not possible due to insufficient
comparable studies at the group study level. Where possible, group study effect sizes as
reported by each study are reported below (see Results). For studies employing a single-case
design, Tau-U was calculated based on individual patient naming accuracy data. Tau-U
measures the degree of improvement across adjacent treatment phases by measuring the
proportion of data points in the treatment phase that are above data in the baseline, adjusting
for trend in the baseline phase [40] and is considered superior to other non-overlap measures
when handling small data sets [41]. Raw data were manually extracted from single-case
design case charts using online software (https://apps.automeris.io/wpd/). Tau-U was
adjusted for baseline trend if Tau for the baseline phase exceeded 0.4 and a trend was

apparent by visual inspection [40].

RESULTS
The literature search yielded 4,223 unique articles. Of those, 16 articles reporting on
15 studies met the inclusion criteria outlined for this review (figure 1).

< Figure 1 PRISMA flow diagram showing the study selection process >

Levels of evidence
The included studies comprise four RCTs [42-45], one quasi-RCT in which

participants were sequentially allocated to cohorts that had been randomly assigned to

12
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different treatment arms [46], and three quasi-experimental “AB with follow up” single-case
designs [31, 32, 47]. Eight non-experimental pre/post case series were not appropriate for the

meta-analysis given the low level of evidence of these designs [21, 29, 30, 48-52].

Methodological quality
Figure 2 and figure 3 show the quality ratings for controlled trials (PEDro-P) and

single-case designs (RoBiNT). Only findings from studies considered moderate to high
quality were considered in further analysis. Cut-off scores for moderate to high quality
studies are 5 points and above for the PEDro-P scale [53]. Benchmark cut-off scores for
single-case designs have yet to be established. However, in a paper examining the reliability
of the RoBiNT scale [38] the mean score of included studies was 12 points. This score has
been used in lieu of formalised benchmarks in a previous systematic review in aphasia [54]
and was adopted for this review.

< Figure 2 PEDro-P scale scores for included group studies with cut-off score >5 >

< Figure 3 RoBiNT scale scores for included single case design studies with cut-off score

>[2 >

Study characteristics

Appendix B contains the study characteristics for the six studies that met all criteria
for inclusion, level of evidence, and methodological rigour. Studies reported data on 323
participants (153 men, 170 women) with a mean reported age of 62 (SD 7). One study
recruited participants across the acute-subacute phase and five in the chronic phase of
recovery. All six studies investigated impairment-level lexical retrieval interventions with
two RCTs [42, 43] including additional aspects of functional communication rehabilitation

and educational counselling. Five studies investigated change in language impairment as the

13
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primary outcome, as measured on standardised aphasia test batteries (i.e., WAB AQ, Aachen
Aphasia Test) or by confrontation naming. One study measured changes in functional
communication skills using the Amsterdam-Nijmegen Everyday Language Test (ANELT) as
the primary outcome [43]. Four studies included secondary outcomes that measured some
aspect of functional communication either using a standardised tool (e.g., ANELT) or
measures of informativeness (e.g., content information units in a narrative task) in an attempt

to quantify generalisation of treatment effects.

Treatment schedule and total dose
Table 3 and table 4 show the treatment schedule of each included study. The total

number of hours of treatment provided ranged between six and 60 hours. The prescribed
doses and actual amount of treatment received are noted for each group within these studies.
Participants in the Bakheit study received less treatment than prescribed and those in the
Breitenstein study generally received more. The three RCTs were primarily designed to
investigate the effects of treatment intensity which was achieved by manipulating session
frequency (i.e., weekly intensity) and intervention duration across groups. However, relevant
to this systematic review, each also explored the effect of different doses received between
groups or at different time points within groups. In addition to reporting treatment duration,
two studies [31, 32] also reported total number of therapeutic elements provided (total
number of naming attempts) which ranged from 1,200 to 3,200 across participants.

< Table 3 Treatment schedules for studies included in analysis which reported total dose in

hours >
< Table 4 Treatment schedules for studies included in analysis which reported total dose in

hours and therapeutic elements >

14
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Dose effects

Evidence from studies reporting dose in hours

Two large, high quality pragmatic RCTs provide conflicting evidence of dose effects
in speech and language interventions. In the early phase of recovery, Bakheit and colleagues
[42] found no significant difference between participants randomly assigned to receive 60
hours (intensive group, n = 51) compared to 24 hours (conventional group, n = 48) of
individualised language intervention over 12 weeks. None of the participants in the intensive
group received the full dose of treatment. Subgroup analysis of 13 participants from the
intensive group who attended over 80% of prescribed sessions (receiving a mean dose of 51.6
hours compared to 19.2 hours in the conventional group) also failed to demonstrate between-
group difference in language performance (WAB AQ) at any timepoint following
intervention (raw data unavailable, correspondence with authors 26/2/2020).

In contrast, Breitenstein and colleagues [43] found significant effects following an
average of 31 hours of speech and language therapy (intervention group, n = 78) vs. 4.5 hours
(control group treatment deferral, n = 78) over three weeks in the chronic phase of recovery
(Cohen’s d = 0.58, p = 0.0004). In addition, secondary within-group analysis of a subgroup of
participants (n = 39) who received an additional three-week block of therapy showed that the
mean change in ANELT A-scale score was roughly one point larger after a median of six
weeks of intensive therapy (IQR 5-7) than after the initial three weeks of intensive therapy
(mean ANELT A-scale at 3-week timepoint: 3.32 points [SD 5.64], 95% CI 1.35 - 5.29 vs. at
6-week timepoint: 4.23 points [4.28], 2.74 - 5.73). These results suggest that a double-dose of
intensive patient-specific intervention confers, on average, approximately 30% increased

improvement as measured on the ANELT A-scale in the chronic phase.
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Two studies investigated the effect of a double-dose of constraint-based therapy. Stahl
and colleagues [45] conducted an RCT comparing high intensity Intensive Language Action
Therapy (ILAT) (4 hours a day for two 2-week therapy periods) versus low intensity (2 hours
a day, two 2-week blocks) for people in the chronic phase of recovery post stroke (n = 30).
The two groups received different total doses (48 and 24 hours, respectively) at different
intensities. Results demonstrated statistically significant improvements in language and
communication outcomes for both groups (0.4 < Cohen’s d < 1.4) but no significant
interaction of time and group [F(3, 78) = 0.80, NS] suggesting that, while both groups
improved, there was no added benefit of receiving an additional 24 hours of ILAT within a
four-week treatment period.

Mozeiko and colleagues [47] investigated the effect of a double administration (total
dose: 60 hours) of modified Constraint-Induced Language Therapy (CILT) in a small (n = 4)
quasi-experimental “AB with follow up” design. Naming accuracy and informativeness
measures were compared to baseline performance after each of the two treatment phases and
effect sizes calculated for each phase. Close inspection of reported effect sizes reveals
variable treatment responses across participants (table 5).

< Table 5 Busk & Serlin’s d effect size ranges by treatment outcome reported in

Mozeiko et al., [47] >

Evidence from studies reporting dose as a count of therapeutic elements

Two studies employing single-case designs investigated the effect of computer-
assisted cued picture naming treatment on measures of language impairment in the chronic
phase of post-stroke recovery.

Harnish and colleagues [31] reported a case series (n = 8) exploring the effect of a

cued picture naming paradigm on picture naming accuracy using a high session dose in a
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“saturated” practice schedule [27, p.S287]. In this study, each picture (n = 50) was presented
within a protocolised cueing hierarchy allowing eight naming attempts per picture, totalling
400 naming attempts per session. The total dose was 3,200 naming attempts. Within-subject
analysis demonstrated that six participants achieved statistically significant gains in picture
naming accuracy after one treatment session (400 naming attempts). The remaining two
participants achieved significant gains after three sessions (1,200 attempts). Based on change
in confrontation naming accuracy of trained picture items, the overall treatment period
yielded small (n = 5/8), medium (n = 1/8), and large (n = 2/8) Busk and Serlin’s d effect
sizes, as per lexical retrieval benchmarks [55]. Six of the seven participants with follow up
measures maintained these gains on trained items, and two of seven on untrained items, at
approximately 60-days follow up.

Building on these preliminary findings, Off and colleagues [32] compared the effects
of lower- and higher-dose of therapeutic inputs on confrontation naming for people with
chronic aphasia (n = 7). Pictures in the low-dose condition (n = 20) were presented once per
session, whereas pictures in high-dose condition (n = 20) were shown four times. Each
picture presentation involved two naming attempts, one cued and one uncued, resulting in 40
naming attempts per low-dose condition and 160 per high-dose condition per session. The
high-dose condition resulted in large effect sizes for two participants (P1, P7) and a small
effect size for one (P2) whereas the low-dose condition resulted in a medium effect size for
one participant (P7), relative to lexical retrieval benchmarks. All other effect sizes for the
remaining participants and dose conditions were negligible (i.e., d < 4.0).

Tau-U effect sizes were calculated for confrontation naming of treated items
immediately post treatment for these two studies (figure 4). The two dose conditions
administered by Off and colleagues [32] were analysed separately. Therefore, three effect

sizes representing each total dose of naming attempts across the two studies are presented.
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The overlap of 95% Confidence Intervals suggest that cued picture naming therapy is
effective and no dose condition from these two studies is significantly superior.

< Figure 4 Tau-U effect sizes in cued picture naming therapy studies exploring dose effects >

DISCUSSION

The aim of this systematic review was to examine and compare evidence for dose
effects in behavioural treatments for post-stroke aphasia. This review is important to improve
the prescription of treatment for people living with aphasia, to optimise the delivery of
clinical rehabilitation services, and to inform our theoretical understanding of language
processing and recovery following stroke.

The investigation of dose effects in aphasia, and more broadly, stroke rehabilitation, is
an emerging research area [e.g., [56]. This systematic review shows that the current state of
research is exploratory; there is very limited evidence in the published literature regarding
dose effects on impairment-level and activity/participation outcomes, while no evidence from
these experimental studies was found for quality of life outcomes related to treatment dose.
Preliminary attempts to experimentally control dose parameters have been reported and
results from these studies provide a starting point from which to build a focused research
agenda. Although based on limited evidence, there are a number of trends in the literature
that warrant exploration. The results will now be discussed within the context of the existing

literature for each research question addressed in this review.

Does a larger dose of intervention result in better language and communication outcomes for
people with aphasia following stoke?
Unlike previous reviews, the current review specifically set out to examine dose

effects in studies that provided different amounts of the same intervention. Only three studies
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conducted planned comparisons of dose effects and three studies conducted exploratory post-
hoc analysis after participants received different doses through deviations to the prescribed
treatment schedule.

One study conducted in the acute-subacute phase of post-stroke recovery did not find
a dose effect [42]. It has been suggested that the higher dose and more intensive group in this
study did not receive enough treatment to elicit statistically significant treatment effects
relative to the conventional group [57], which may be true given suspicions that behavioural
stroke rehabilitation interventions are under-dosed potentially by several orders of magnitude
[58, 59]. However, higher doses of treatment provided over a short duration may not be
agreeable or tolerable for people in the early stages of recovery after stroke (see below).

Findings are difficult to compare due to the different interventions, outcomes, and
treatment schedules used. Participants in Breitenstein et al. [43] who received more therapy
did so over a longer intervention duration relative to their lower-dose counterparts, while
Stahl et al. [45] purposively increased the number of hours per day for the intensive group
while maintaining a fixed intervention duration. In very broad terms, the data suggest that a
dose of 60 hours of functional, multicomponent, patient-specific intervention provided at 10
hours per week results in marginally better functional communication outcomes than 30
hours [43], while a dose of 48 hours of constraint treatment (ILAT) confers no additional
benefit than 24 hours provided over the same four-week intervention period when treatment
effect is measured using impairment-level outcomes [45]. It is possible that functional
communication may have a higher threshold to show an effect of treatment due to increased
demands on multiple levels of linguistic processing and cognitive skills whereas performance
on impairment-level measures, such as confrontation naming tasks, may reach a ceiling
relatively sooner due to the discrete and specific nature of isolated linguistic processing skills

and tasks [58, 60].
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Furthermore, it was not possible to ascertain from the reported group-level data which
participants were responders and the potential impact of aphasia severity on treatment
response. Like Breitenstein and colleagues, Mozeiko et al. [47] found that additional
treatment blocks may add value for some participants and with a diminished return.
Participants with mild aphasia benefited from the second treatment phase for impairment-
level outcomes but not necessarily for discourse-level measures of informativeness, whereas
severe aphasia may be associated with an opposite pattern of improvement, although the
evidence for this assertion is based on a very small sample. This finding appears
contradictory to Stahl et al. [45], which is curious given both Stahl et al. and Mozeiko et al.
utilised constraint induced therapies. However, both the Mozeiko and Breitenstein studies
provided 25% more treatment hours than Stahl (60 hours vs 48 hours) and perhaps this
demonstrates a dose threshold.

In summary, when effects of longer treatment duration were observed, the additional
treatment resulted in improvements that were roughly half the size of improvements
associated with the initial dose. This suggests that higher doses (even when tolerated) may be
associated with diminishing returns in the chronic phase (see below). More research is

required to examine correlations between aphasia severity and dose effects.

Two studies demonstrated that manipulation of the delivery of therapeutic elements
has the potential to increase the efficiency of treatments whereby gains in language skills can
be achieved after relatively brief intervention periods [31, 32]. In traditional dose terms, the
preliminary results from Harnish and colleagues [31] suggest that approximately one hour of
cued picture naming treatment is sufficient to elicit modest, statistically significant gains in
naming accuracy for some people with chronic aphasia. The key learnings from these studies

are that treatment dose can be increased independently of treatment duration by increasing
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the number of therapeutic inputs provided within a session of fixed duration and that people
with aphasia across the severity continuum can tolerate these high session doses in the
chronic phase of recovery. However, there is currently insufficient evidence to determine if
higher session dose is superior to lower session dose for acquisition, generalisation, and
maintenance of picture naming skills. Further experimental comparison of low and high dose
conditions is required across larger participant cohorts, follow up periods, and using

measures more closely aligned to impacts on interaction and quality of life.

Does time post stroke impact dose effects?

The feasibility and appropriateness of delivering high doses of language treatment
over a brief intervention duration in the early recovery period following stroke is
questionable [61]. High doses may need to be spread out over a longer duration to reduce
treatment intensity to tolerable levels and to maximise treatment effect [33]. Furthermore,
there are many sequelae of stroke that impact a person’s ability to participate in
neurorehabilitation during the acute/subacute recovery phase. In the Bakheit study, nearly
twice as many people from the intensive group failed to complete the prescribed therapy
protocol (n = 20 intensive, n = 11 conventional); many refused treatment or were too ill to
participate, particularly in the first four weeks of recovery [42]. Providing more than 50 hours
of therapy to this population in the acute-subacute period of recovery therefore appears
neither practical nor appropriate. This study provides a preliminary range estimate of the
maximum tolerable dose of between 20 to 60 hours of treatment during the acute-subacute
period. More evidence is needed to refine this range estimate for the early stages of recovery
following stroke, and to determine if such ranges differ between treatments.

Intervention tolerance may be less of an issue in the chronic phase of recovery. Many

tolerated 48 hours [45] and some up to 60 hours [43, 47] of impairment-based treatment with
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no reported increase in drop outs, refusal to participate, or increased frustration. Likewise,
studies that provided high session doses were also well tolerated [e.g., [31, 32]. Although not
common, some degradation of performance was noted, with 10% of participants in
Breitenstein et al. [43] showing a deterioration of >3 points on the ANELT A-scale after 3
weeks of intensive treatment. While intervention tolerance may be greater in the chronic
phase, some people with aphasia may stop benefitting from treatment before it becomes
intolerable [45]. There is likely to be significant variability in individual tolerance of high

dose, high frequency interventions and this requires investigation.

Are there specific person-level characteristics that help explain variability in dose-response
relationships?

Treatment responsiveness is mediated by factors intrinsic and extrinsic to the person
with aphasia [62]. The mixed findings from studies included in this review may well be
explained by complex interactions between person-related variables such as aphasia severity,
time post stroke, and motivation as well as treatment-related variables such as intervention
type and treatment schedule. Furthermore, domain-general cognitive processes such as ability
to attend, maintain focus, self-monitor, and self-motivate are likely to play a significant role
in intervention tolerance and, therefore, treatment response [63-65]. How and to what extent
these person- and treatment-level variables mediate treatment response is not yet well
understood. Large trials that recruit heterogenous samples have the advantage of producing
conclusions that may be broadly applicable to diverse clinical populations at the expense of
detailed person-level recommendations, [e.g., [42, 43, 45]. In small studies, sample
heterogeneity often complicates the interpretation and synthesis of results while allowing
deeper exploration of factors likely to explain variations in dose-response relationships, [e.g.,

[31, 32, 47].
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Inadequate description and control of person-level and treatment-level factors makes
interpretation of these findings difficult. More experimental research is needed to explore

factors mediating the dose-response relationship.

Is there evidence of dose effects in specific language or communication interventions?

Constraint approaches

Constraint treatments have demonstrated efficacy with a dose of 30 hours provided
over two weeks [e.g., [66, 67]. It remains unclear whether similar treatment effects could be
achieved with lower dose therapy. Results from the two studies comparing different doses of
constraint treatments are inconsistent: Stahl et al. [45] found that 48 hours of ILAT was not
superior to 24 hours over the same treatment period whereas Mozeiko et al. [47] found
positive treatment effects after both treatment phases of modified CILT. Further direct

comparison is required to determine the optimal dose of constraint treatments.

Cued picture naming therapy

Cued picture naming therapy also has demonstrated efficacy and the two studies
employing cued picture naming in this review demonstrated positive treatment effects. While
all participants’ picture naming improved in these studies, with some evidence of
maintenance at follow up, the magnitude of improvement varied across participants and there
is insufficient evidence to determine the optimal dose of cued picture naming therapy for any

particular individual.

Additional emerging factor: Arbitrary dose prescription
To date, all dose prescription has been arbitrary. As Doogan and colleagues note: “It
makes intuitive sense that our trial designs should not be constrained by a set dose when we

have no clear guidance as to what this should be” [29, p.90]. To further our understanding of
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the dose-response relationship, it is critical to identify appropriate individualised doses of
treatment and failure to do so may contribute to inconsistent dose-effect findings. One
possible step toward achieving this long-term goal is to calibrate treatment dose relative to
one or more observable person-level baseline characteristics. In lexical retrieval paradigms,
one such variable is naming response time, that is, the amount of time taken to correctly
name a picture stimulus [68]. In picture naming treatments, there is a theoretical maximum
number of pictures that can be named in a given amount of time for a given individual. It may
be possible to use an individual PWA’s baseline picture naming response times to
theoretically determine a maximum session dose for that individual against which alternative,
lower doses could be calibrated. Within-subject comparison of individualised dose conditions
may elucidate a ‘sweet spot’ at which optimal acquisition and maintenance of picture naming
skills is achieved. Future research should explore individualised calibration of dose relative to

baseline person-level characteristics.

Future directions for research on treatment dose in post-stroke aphasia

Consensus definitions for dose parameters in aphasia interventions are required.
Inconsistent measurement and reporting of dose parameters across the aphasia literature
stems from a lack of standard definitions [19]. Multidisciplinary collaboration across stroke
recovery is required to establish core dose constructs. Consistent use of terminology will
have important implications for the development, implementation, and evaluation of dose
effect studies, for synthesis of data across these studies, for the theoretical exploration of
what drives treatment response in these interventions, for clinical decision-making regarding
service delivery, and for health policy makers. Once consensus definitions are in place,
reporting guidelines (e.g., TIDieR) need to be extended to encourage systematic routine

measurement and reporting of dose parameters.
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More research is required comparing the effects of higher and lower doses of the
same intervention on the acquisition, maintenance, and generalisation of language skills and
communication. As yet, no group-level studies have attempted to comparatively manipulate
therapeutic elements to examine dose effects. Large-scale studies should be informed by
evidence from high-quality single-case experimental design studies exploring which
therapeutic elements confer treatment effects and how these effects are mediated by person-
and treatment-level factors. Furthermore, the use of alternative study designs (e.g., dose
escalation or dose ranging methodologies) should be explored for applicability to aphasia
treatment research.

Finally, sophisticated modelling techniques (e.g., linear mixed effects, Bayesian
approaches) are required to estimate the relative effects of session dose, session frequency,

intervention duration, and treatment intensity on treatment outcomes.

Limitations

There are a number of limitations pertaining to the studies included in the review and

the methods employed in conducting the review.

Limitations of included studies

The small-scale studies included in this review are quasi-experimental. Experimental
small-scale designs are required to explore causal dose-response relationships before scaling
up to Phase II dose feasibility studies and Phase III dose effectiveness studies. Intensity and
dose are confounded in the studies included in this review, meaning that more careful work is
needed to determine what dose effects are independent of intensity. Furthermore, there is an
absence of discussion regarding task difficulty as a parameter of dose and intensity in the

aphasia literature. Ultimately, the small number of disparate studies comparing the effect of
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providing different amounts of the same post-stroke aphasia intervention precluded
conclusive answers to our research questions.
Limitations of review methods

In conducting a recent scoping review [19], we found a number of dose comparison
studies and determined it would be appropriate to attempt meta-analysis of data from these
studies. The decision to conduct meta-analysis was made after considerable work had been
conducted. Therefore, this review was not protocolised or registered with PROSPERO.

Our meta-analysis of single-case data was limited to an exploration of skill
acquisition and did not address maintenance or generalisation. For these studies, we chose to
calculate Tau-U, which is gaining popularity as an adjunct to traditional visual analysis [69].
However, it is only a valid comparison of adjacent phases [40]. In impairment-based aphasia
treatments, the treatment effect is not predicted to resolve in the post-treatment phase,
therefore we could not compare baseline to maintenance phases (e.g., Harnish data). Further,
it was not possible to calculate Tau-U for the Mozeiko study which provided double dose
across different treatment levels with an intervening no-treatment period. Alternative
statistical methods for evaluating, modelling, and synthesising treatment response would

assist future analysis.

CONCLUSION

Treatment dose research in aphasia is an emerging area with few studies comparing
different doses of the same intervention. There are indications in the literature that increased
dose may confer greater improvement on language and communication measures, but with
diminishing returns over time. Large-scale group studies comparing dose effects have used
total hours of treatment as the measure of dose which lacks the specificity to examine dose-

response relationships. Conversely, small-scale studies experimentally exploring therapeutic
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elements provide a test bed for closer examination of person- and treatment-level factors
mediating treatment response. A dedicated and coordinated research agenda is required to

systematically explore dose-response relationships in post-stroke aphasia research.
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Figure captions

Figure 1 PRISMA flow diagram showing the study selection process
Figure 2 PEDro-P scale scores for included group studies with cut-off score >5
Figure 3 RoBiNT scale scores for included single case design studies with cut-off score >12

Figure 4 Tau-U effect sizes in cued picture naming therapy studies exploring dose effects
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820  Table 1 Search terms relating to treatment dose in aphasia

Population Intervention Qualifier
Aphasia/ Therapy/ Dose/
Dysphasia/ Intervention/ Dosage/
(aphasia OR dysphasia).ti.ab Treatment/ Amount/
Rehabilitation/ Intensity/
(therap* OR intervention OR Frequency/

treatment OR rehab*).ti.ab

(dose* OR dosage* OR amount™

OR intensi* OR frequenc®).ti.ab

821
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Table 2 Data items extracted from selected studies

Domain

Data items

Study characteristics

Participant

characteristics

Dose characteristics

Results

Author name, year, title, study design, ICF domain (i.e.,
impairment, activity/participation), treatment description,
aphasia chronicity, and key findings relevant to dose

Sample size, age, education, gender, handedness, time post-
onset, actiology, aphasia type and severity, and aphasia severity
rating measure

Session dose (duration and/or elements), session frequency, total
intervention duration, total sessions, total dose (hours), total
dose (elements)

Statistical analyses utilised, acquisition, generalisation,

maintenance
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Table 3 Treatment schedules for studies included in analysis which reported total dose in hours

Study, design, and sample size SESSION DOSE SESSION FREQUENCY INTERVENTION DURATION TOTAL DOSE
In minutes Per week In weeks In time
Bakheit et al. [42] Prescribed, actual mean (SD) Prescribed, actual mean (SD)
RCT
n =51 intensive group (IG) 60 minutes IG: 5x/week, 3.1 (1.4) 12 weeks IG: 60 hours, 35.6 (16.4)

n = 48 conventional group (CG)
Subgroup n = 13 from IG

CG: 2x/week, 1.6 (0.5)
Subgroup: 4.3 (1.0)

CG: 24 hours, 19.3 (6.4)
Subgroup: 51.6 (12.0)

Breitenstein et al. [43]
RCT
n = 78 intervention (IG)
n = 78 control/treatment deferred (CG)

Subgroup n = 34

At least 60 minutes of

individual/group treatment

At least 60 minutes of self-

At least 10 hours per week with

therapist

At least 5 hours per week of self-

Prescribed, actual median (IQR)

IG: At least 3 weeks, 4.8 (IQR 3.0-5.6)
CG: 4.0 (3.0-5.0)

Subgroup: 6 weeks (5-7)

Prescribed, actual median (IQR)

IG: 30 hours, 31 (30-34.5)
CG: 0 hours, 4.5 (3.0-6.8)

Subgroup

n=19 from IG directed treatment directed treatment
IG: 51.8 hours (47.2-58.0)
n =15 from CG
CG: 48.0 hours (44.0-56.8)
Stahl et al. [45]
G1: 4 hours/day, 3x/week Group 1: 48 hours
RCT 60 minutes 2 weeks x 2 =4 weeks
30 G2: 2 hours/day, 3x/week Group 2: 24 hours
n=
Mozeiko et al. [47]
Case series AB+ design 180 minutes Sx/week 2 weeks x 2 = 4 weeks 60 hours
n=4
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826  Table 4 Treatment schedules for studies included in analysis which reported total dose in hours and therapeutic elements

Study, design, and sample SESSION INTERVENTION
SESSION DOSE TOTAL DOSE

size FREQUENCY DURATION

In minutes In therapeutic elements Per week In weeks In time In therapeutic elements
Harnish et al. [31] 50 picture presentations x . )
. . . . . 400 picture presentations
Case series AB+ design 60 minutes 8 naming attempts per picture 4x/week 2 weeks 8 hours )
. . 3200 naming attempts
n=_§ =400 naming attempts per session

20 pictures per dose condition

Picture presentations
Low dose: 120-300

High dose: 480-1200

Low dose condition
1 presentation per picture with 2 naming attempts =

40 naming attempts per session

Off et al. [32] Total: 600-1500
Case series AB+ design ~60 minutes 2-3x/week Up to 5 weeks 6-15 hours
High dose condition .
n=7 Naming attempts

4 presentations per picture with 2 naming attempts =
Low dose: 240-600

High dose: 960-2400
Total: 1200-3000

160 naming attempts per session

Total per session: 100 picture presentations, 200

naming attempts
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Table 5 Busk & Serlin’s d effect size ranges by treatment outcome reported in Mozeiko et al.,

[43]

Outcome

Treatment phase 1

Treatment phase 2

Naming trained

4.33-27.58

-1.06 - 40.31

items Participants with mild aphasia (n = 2) had larger | Only participants with mild aphasia
= ESs than participants with severe aphasia (n =2) | demonstrated a response to second treatment
g’ phase.
g, Naming -0.86-21.92 0.71 —47.06
E untrained items Negligible treatment effect for participants with | Participants with mild aphasia had larger
severe aphasia across both phases. treatment effects after the second treatment
phase than after the first treatment phase.
Average CIUs in | 0.57-9.55 -0.63 —12.22
narrative task
CIUs/min -32.09-10.58 -1.94-12.17
One participant with severe aphasia had large A different participant with severe aphasia had
% ES. Negligible ESs for other participants. One large ES but no effect following first phase.
9]
3 participant with mild aphasia had a marked Negligible ESs for other participants.
a decrease in CIUs/min although visual inspection
suggests this result is due to a single outlier.
% CIUs of total -0.19-2.38 -2.90 — 4.66
word count Negligible ESs for all participants. One participant with mild aphasia had small ES

after second treatment phase. Negligible ESs for

other participants.
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