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Purpose: Aphasia intervention research aims to improve communication and quality of life
outcomes for people with aphasia. However, few studies have evaluated the translation and
implementation of evidence-based aphasia interventions to clinical practice. Treatment dosage
may be difficult to translate to clinical settings and a mismatch between dosage in research and
clinical practice threatens to attenuate intervention effectiveness. The purpose of this study is to
quantify a potential research-practice dosage gap in outpatient aphasia rehabilitation.
Methods: This study utilized a two-part approach. First, we estimated clinical treatment dosage
in an episode of care (i.e., treatment provided from outpatient assessment to discharge) via
utilization in a regional provider in the United States. Second, we undertook a scoping review
of aphasia interventions published from 2009-2019 to estimate the typical dosage used in the
current aphasia literature.
Results: Outpatient clinical episodes of care included a median of 10 treatment sessions and
a mean of 14.8 sessions (interquartile range: 5-20 sessions). Sessions occurred 1-2 times a
week over 4-14 weeks. The median total hours of treatment was 7.5 hours (interquartile range:
3.75-15 hours). In contrast, published interventions administered a greater treatment dosage,
consisting of a median of 20 hours of treatment (interquartile range: 12-32 hours) over the
course of 15 sessions (interquartile range: 10-24 sessions) approximately three times per week.
Conclusions: Results demonstrate a meaningful research-practice dosage gap, particularly in
total treatment hours and weekly treatment intensity. This gap highlights the potential for atten-
uation of effectiveness from research to outpatient settings. Future translational research should
consider clinical dosage constraints and take steps to facilitate intervention implementation,
particularly with regard to dosage. Conversely, healthcare advocacy and continued development
of alternative delivery methods are necessary for the successful implementation of treatments
with dosage that is incompatible with current clinical contexts. Pragmatic, implementation-
focused trials are recommended to evaluate and optimize treatment effectiveness in outpatient
clinical settings.
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Introduction

The fundamental goal of aphasia rehabilitation research is
to improve communication and quality of life outcomes for
people with aphasia. Intervention research targeting these
outcomes ranges from proof of concept, feasibility studies
to large effectiveness trials, primarily conducted in academic
research settings. However, few studies have evaluated how
well-established aphasia interventions translate into everyday
clinical practice settings (Roberts et al., 2020). Substantial
differences between clinical research and clinical practice
settings may reduce treatment fidelity for evidence-based
interventions in clinical settings and risk attenuating treatment
effectiveness in clinical practice (Bauer et al., 2015). This
phenomenon is described as “voltage drop” in the field of
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implementation science (Chambers et al., 2013). Given
that the ultimate goal of aphasia rehabilitation research is
to improve outcomes for people with aphasia, we need to
carefully consider how well our laboratory-based treatment
studies are calibrated for the clinical practice settings in which
they are routinely applied. In other words, can published
aphasia interventions be implemented with reasonable fidelity
in routine clinical practice?

Translating treatment dosage from clinical research to clinical
practice settings can be especially challenging and is one
potential source of voltage drop in aphasia rehabilitation.
Broadly, treatment dose refers to the amount of treatment
given during an intervention and is a critical element of every
aphasia intervention, regardless of setting. A framework
published by Warren et al., (2007) and extended by Baker
(2012) further divides dose in behavioral interventions into
sub-components. Dose-form describes the treatment task,
including the therapeutic inputs, active ingredients, and client
responses. Session dose is the total number of times the
dose-form is provided in a single treatment session. In
many studies, session dose is estimated in terms of the
minutes or hours of treatment provided (i.e., session duration).
Session frequency describes how often treatment sessions
occur (i.e., twice weekly). Together, session dose or session
duration and frequency make up treatment intensity, or the
amount of treatment provided in a given period of time.
Treatment duration characterizes the total length of the
treatment, typically in weeks or months. The total dose
(i.e., cumulative treatment intensity) can be estimated by
multiplying session dose by session frequency and treatment
duration (e.g., 100 trials x 2 sessions per week x 4 weeks) or
a similar combination of these parameters.

Aphasia treatment studies employ a wide range of treatment
intensity and total dose. Evans et al. (2020), Kendal et
al. (2019), and Conlon et al. (2020) provided approximately
60 hours of treatment across from three, six, or fifteen weeks.
Other studies have used a more modest dosage, intentionally
selected to approximate local clinical practice settings. For
example, a number of studies by Conroy, Carragher, and
colleagues have implemented treatment one to two times per
week for six to eight weeks (Carragher et al., 2013; Conroy et
al., 2018). The role of dosage in aphasia treatment research
is unlikely to be as straightforward as “more is better.” The
optimal treatment dosage for different aphasia interventions
remains an area of open inquiry (e.g., Cherney, 2012; Conlon
et al., 2020; Dignam et al., 2015; Mozeiko et al., 2016).

In pursuit of synthesizing dose-response relationships in the
aphasia treatment literature, Harvey and colleagues (2020b)
found significant variability in the reporting of different
dose parameters and challenges with synthesizing dosage
in the aggregate. Studies reviewed by Harvey et al. included
between one and 100 total hours with a modal dosage of 30

hours, but were not further specified.

Even less is known about the typical dosage in clinical
practice settings. While clinical aphasia services are often
described as limited, relatively few published studies have
quantitatively described treatment dosage in clinical episodes
of care (i.e., speech-language pathology services provided
in a given setting from assessment to discharge). Dosage in
intensive, comprehensive aphasia programs is often described
in analyses of clinical outcomes (e.g., Winans-Mitrik et al.,
2014). Speech-language pathology service utilization in
inpatient rehabilitation settings has been previously reported
for people with aphasia (Hardy et al., 2019). However, there
is little empirical data on the typical dosage received in
outpatient settings, defined as ambulatory care provided to
individuals with aphasia after they are discharged home.

Katz and colleagues (2000) surveyed 175 clinicians in 4
countries and found that clinicians in the United States
private sector reported providing the most outpatient sessions,
between one and twenty, with a mean of 9 sessions. Shifts
in service delivery to managed care models and healthcare
reform may have influenced this estimate over the past
20 years. A recent study focused on access to outpatient
rehabilitation services in general stroke survivors reported
that Medicare beneficiaries receive an average of 8 total
hours of outpatient speech-language pathology services within
the first year after stroke (Skolarus et al., 2017). Given
that only approximately one-third of stroke survivors have
aphasia (Laska et al., 2001), it’s not clear how well this
finding represents the treatment services received by all stroke
survivors with aphasia.

Outpatient services are a crucial component of the continuum
of care, facilitating the transition from inpatient rehabilitation
to long-term adaptation for stroke survivors with new
impairments and often-altered independence. Outpatient
providers are the “last stop” in the rehabilitation medical
model for people with aphasia. Additionally, outpatient
clinical practice must accommodate a wide range of pragmatic
barriers to service delivery. There is a great deal of
variation in funding and insurance coverage for outpatient
speech-language pathology services, which affects access
to outpatient rehabilitation providers (Ostwald et al., 2009).
Until recently, the Centers for Medicare and Medicaid
Services placed clear restrictions on the amount of funding
available to Medicare beneficiaries for outpatient services
(Ortolan, 2017). Outpatient clinical services also require the
person with aphasia to have access to consistent transportation
to the clinic, which can be challenging for stroke survivors
who cannot drive after their stroke (Ing et al., 2014).
Furthermore, outpatient services can be constrained by
clinician availability and productivity requirements (Hinckley
et al., 2013; Sarno, 2004). Unlike clinical research, the
amount of time available to clinicians and their clients is
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unlikely to be solely dedicated to a single therapy approach,
which would be unlikely to address all facets of aphasia
recovery.

Overall, a mismatch in treatment dosage between clinical
research and outpatient clinical practice may have significant,
negative consequences for outcomes in everyday clinical
practice for people with aphasia. Such a mismatch is a clear
threat to the external validity and effective implementation of
aphasia intervention research: if an evidence-based treatment
protocol provides an estimate of a treatment effect at one dose,
it may not engender clinically significant changes at a lesser
dose. However, neither typical dosage in clinical research nor
outpatient clinical practice have been sufficiently quantified
to evaluate the scope of this potential problem. Therefore, the
overarching purpose of this study is to evaluate this potential
research-practice dosage gap.

This study utilized a two-part approach. First, we analyzed
clinical billing data from a large, regional rehabilitation
provider to estimate parameters of treatment dosage for people
with aphasia in outpatient clinical settings. This was intended
to serve as a proxy measure for similar settings across the
US. Second, we undertook a scoping review of aphasia
interventions published over a 10-year period (2009-2019) to
calculate general parameters of treatment dosage across the
contemporary aphasia treatment literature. We report on the
findings for each of these sub-studies, followed by a general
comparison between the two sources of data. Our research
questions are as follows:

1. What is the typical treatment dose received by people
with aphasia in an episode of care in outpatient
rehabilitation clinical settings?

2. What is the typical treatment dose administered to
people with aphasia in contemporary clinical aphasia
studies?

3. To what extent is the dosage in contemporary aphasia
treatment research aligned with current outpatient
clinical practice settings?

Methods

Question 1: What is the typical treatment dose received by
people with aphasia in an episode of care in outpatient reha-
bilitation clinical settings?

To estimate treatment dosage in outpatient clinical practice
settings, deidentified speech-language pathology utilization
data was extracted from billing records from the Center for
Rehab Services at the University of Pittsburgh Medical Center
from 2009-2019 for records with ICD diagnoses of stroke and
aphasia. The Centers for Rehabilitation Services (CRS) is
a major outpatient neurorehabilitation provider with more
than 20 clinics across Western Pennsylvania. CRS provides
comprehensive outpatient rehabilitation services across a large

number of neurological and orthopedic conditions, including
stroke. Data extraction was undertaken in collaboration with
the Health Record Research Request Service at the University
of Pittsburgh, a service in the Department of Biomedical
Informatics that provisions clinical data for research purposes.
While the initial goal was to extract utilization across a
10-year time span to match study 2, data were only available
from 2014 on due to the transition to a new electronic medical
record vendor.

Patient records were limited to those with an existing
diagnosis of ICD-9 or ICD-10 stroke and a diagnosis
of aphasia after 2012, along with at least one billed
speech-language pathology evaluation and 1 billed
speech-language pathology treatment from an outpatient CRS
speech-language pathology department. Codes used to define
the study cohort were developed in collaboration with the
Health Record Research Request service and are reported in
Appendix 1.

Evaluations were defined by Current Procedural Terminology
(CPT) codes used by speech-language pathologists for the
evaluation of aphasia (CPT: 92523, 92506, or 96105) within
two years of the first dated stroke or aphasia diagnosis.
Treatment sessions (i.e., each billed visit) were defined
solely by the treatment code 92507 (Treatment of speech,
language, voice, communication, and or auditory processing
disorder; individual), which is billed for aphasia treatment
sessions typically lasting 45 minutes in CRS clinics. Patient
records containing CPT codes utilized for cognitive rehab
were excluded to minimize the odds of including episodes of
care focused on post-stroke cognitive-communication deficits.
These exclusionary CPT codes consisted of 97532, 97127,
and G0515. This exclusion criterion eliminated <5% of
encounters; the vast majority of treatment sessions were billed
under 92507.

Dosage was estimated for each episode of care, which we
defined as all sessions from qualifying patient records from
the initial evaluation to the last treatment session. As there
is no billed code for treatment discharge, the last treatment
session in an episode of care was defined as a treatment
session followed by 60 days without a billed speech-language
pathology session. If a new evaluation occurred within the
60-day window, the following sessions were considered to
be part of a new episode of care, as evaluation codes are not
typically billed for reevaluations. Notwithstanding, additional
evaluations within the 60-day window were rare in this
dataset.

After establishing patient-level episodes of care, we calculated
summary statistics for patient demographics included in the
final dataset: age, sex, and race. Therapy utilization was
mapped to variables of treatment dosage define here as the
total number of billed treatment sessions in the episode of care,
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the average weekly frequency of billed treatment sessions,
the total number of hours of treatment in the episode of
care, the number of hours of treatment per week, and the
total duration of the episode of care, in weeks. Calculations
of weekly frequency excluded episodes of care with less
than four sessions to minimize outstanding influence from
brief episodes of care with low frequency. Both weekly
frequency and total treatment duration were calculated from
the interval between the first and last treatment session and
did not include the time between evaluation and the first
treatment session. After mapping treatment sessions to
dosage, summary statistics were calculated for each variable.
We also calculated the percentage of people with aphasia who
received more than one episode of care and the total number
of sessions received per patient in the first two years regardless
of the encounter.

Question 2: What is the typical treatment dose administered
to people with aphasia in contemporary clinical aphasia stud-
ies?

A scoping review was used to quantify the typical treatment
dose administered in aphasia intervention research. This
review format was chosen as the focus was to broadly
characterize aphasiologists’ selection of treatment dosage,
regardless of study design, quality, or outcomes. The
scoping review format was particularly advantageous in
methodologically examining the “extent, range, and nature” of
aphasia research activity in a way that allowed us to generate
summary quantitative information (Arksey & O’Malley,
2005). Arksey and O’Malley’s scoping review framework
was used to outline the methodology in the following five
stages. The protocol was pre-registered prior to the initiation
of the review (https://osf.io/uyxr3).

Stage 1: Identifying research questions

The primary aim of this scoping review was to answer the
question, “What is the typical treatment dose administered to
people with aphasia in contemporary clinical aphasia studies?”
We operationalized dosage following the definitions of Warren
et al. (2007) into the number of treatment sessions, the number
of hours per session, the number of sessions per week, the
number of weeks of treatment, and the total number of hours
provided in a single research treatment program, such that
they mapped to statistics collected for each episode of care in
the clinical dataset.

Stage 2: Identifying Relevant Studies

Eligibility criteria for this study were based on several broad
considerations: 1) The scoping review should focus on clinical
populations similar to those included in the larger research
study, which focuses on people with post-stroke aphasia
receiving outpatient services. 2) The time span for the
scoping review should reflect current research practices and

be roughly equivalent to the time period of the clinical data
available for question 1 (2009-2019). 3) The scoping review
should focus on treatment studies whose primary purpose
is to improve some form of communication outcomes for
people with aphasia, such as a language modality, strategy
use, communication effectiveness, or communication quality
of life.

We searched Ovid Medline, Embase via Embase.com,
EBSCO CINAHL, EBSCO ERIC, Ovid PsycINFO, the
Cochrane Database of Systematic Reviews via Wiley, and
Linguistics and Language Behavior Abstracts via ProQuest.
The search strategy was developed by a health sciences
librarian (the fifth author) using a combination of subject
headings and keywords that described aphasia and therapy or
rehabilitation. The full search strategies for all databases are
reported in supplementary materials. The search was limited
to studies published after January 1, 2009, and results were
downloaded from the databases on December 3, 2019. After
the search, duplicate records were removed in EndNote.

Stage 3: Study Selection

Study screening and selection were completed by four
reviewers (first, third, fourth, and sixth authors) using the
review software DistillerSR (Evidence Partners, Ottawa,
Canada). Given the criteria noted above and the large number
of articles, an iterative, multi-level screening process was used.
In level 1, titles and abstracts were screened by the first author
on the basis of two criteria: they (1) evaluated any sort of
behavioral intervention (2) reported that the intervention was
provided to individuals with acquired aphasia (i.e., treatment
studies that did not mention aphasia in the title or abstract
were not included). Five percent of initial abstracts were
reviewed for reliability of inclusion/exclusion by a second
reviewer (third author). The percent agreement for inclusion
was 96%. In level 2, each abstract was independently
screened by two reviewers to determine if (1) The study
examined the effects of a behavioral intervention(s) on a
communication outcome (2) The study intervention was
not specifically targeted to people with aphasia admitted
to a facility (i.e., rehabilitation hospitals or skilled-nursing
facilities). (3) Treatment was not augmented by medication,
brain stimulation, or non-speech-language interventions (e.g.,
acupuncture). Additional planned criteria for level 2 were
moved to level 3 due to limited reporting of this information
in study abstracts. If there was any conflict between reviewers,
the article progressed to a full review in level 3.

After level 2, the aforementioned review team met to review
and refine existing inclusion/exclusion for full article review.
In particular, our discussion focused on a frequently occurring
challenge: how to clearly define an aphasia ‘treatment study’
in a way that is sufficient to answer the proposed questions in
the review. As the focus of this review was not on study

https://osf.io/uyxr3
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Table 1
Scoping review level 3 inclusion and exclusion criteria

Inclusion.Criteria

1. The article reported results from an experimental/prospective study
2. The intervention could reasonably be provided by a speech-language pathologist within the scope of practice
3. The study cohort included only people with aphasia or dyads including people with aphasia (e.g. people with aphasia
and a family member).
4. The study evaluated at least one outcome measure related to communication within the International Classification of
Functioning, Disability and Health (ICF) framework

Exclusion Criteria

1. The article described the outcomes of clinical services or clinical programs.
2. The study cohort included people with other communication disorders without aphasia.
3. The intervention was not specified. Typically described as providing “speech therapy" or "cognitive-linguistic
therapy"
4. The intervention was intended to be provided by a provider other than a speech-language pathologist, such as a
psychologist or acupuncturist
5. The article only reported a study protocol and did not report study results.
6. The intervention was specifically targeted to people with aphasia admitted to a facility (i.e. rehabilitation hospitals or
skilled-nursing facilities).
7. The intervention was augmented by medication, brain stimulation, or non-speech-language interventions (e.g.
acupuncture)

quality and we wanted to minimize bias in our selection
criteria, we elected to cast a wide net for inclusion of articles
in level 3. As a result, criteria for study inclusion in level 3
were broader than initially planned; and are specified in detail
in Table 1.

In level 3, the remaining articles were reviewed in full
by two reviewers to ensure they met all inclusion and
exclusion criteria in Table 1. Disagreement was resolved
through consensus with a third reviewer. At this stage,
conference proceedings and non-peer-reviewed publications
were identified and removed. A number of additional
duplicate articles not identified by EndNote were also
removed at this stage. A PRISMA (Moher et al., 2009) flow
diagram reports study screening and selection for levels 1-3
(Figure 1).

Stage 4: Charting the Data

Key information was extracted from the articles which meet
all eligibility criteria by the first author. Basic information
on the article, the title, authors, source, journal, year of
publication, and participants was extracted. Then for each
article, we extracted parameters of treatment dosage: the
total number of hours of treatment, the total number of
sessions, the duration of each session, the weekly frequency
of sessions, and the number of weeks of treatment. Only
the parameters reported by the authors were extracted, and
calculations of omitted parameters was done post-extraction
where possible (see below). For studies comparing two

treatment conditions unrelated to dosage, we extracted the
average of each parameter across conditions. Additionally,
we extracted five variables pertinent to dosage to characterize
studies included in this review: whether or not each study 1)
was deployed using telehealth, 2) incorporated homework or
home practice, 3) was implemented using specific software
designed for aphasia rehabilitation, 4) reported effect sizes,
and 5) included any treatment in groups or dyads. A second
reviewer extracted data for 5% of included articles to assess
the reliability of data extraction. Percent agreement for
data extraction for sample size, home practice, effect sizes,
dyads, telehealth, and group treatment was 93% (range 82% -
100%). Percent agreement for dosage extraction, calculated
as the percent of studies where both reviewers reported
all dosage parameters as the same, was 92%. The small
number of conflicts (2) in dosage extraction were reviewed
and determined to be the result of reporting ambiguity rather
than extraction error.

Stage 5: Collating, summarizing, and reporting the results.

As in previous studies (Cherney, 2012; Harvey et al., 2020b),
we found a large variation in how often and how detailed
dosage was reported across the literature. Furthermore,
while we made efforts to create a flexible data-capture
system, not all studies reported dosage in ways we specified.
Therefore, we implemented the following post-processing
steps. 1) In studies that reported differing intensities between
participants, such as studies comparing dosage between
groups or single-case design studies administering treatment
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Figure 1. PRISMA Diagram describing identification, screening, eligibility, and inclusion.

until a criterion was reached, each dosage parameter was
averaged for the entire study, weighted by the number of
participants receiving that dosage. 2) Parameters reported
in a range were averaged. For instance, a study reporting
that session duration lasted 45minutes-1 hour was counted
as 52.5 minutes. 3) If a study did not report one of the
six collected parameters, it was reported as n/a in the data
extraction process. In post-processing, the dosage parameter
was calculated if other parameters were available. For
example, if a study reported that treatment was provided two
times per week for four weeks for a total of 16 hours, we then
calculated that the intervention included eight sessions which
were two hours in duration. This step was implemented with
every possibility to minimize missing data.

After processing, summary statistics were calculated for each
element of treatment dosage across all studies. We also
calculated the percentage of studies that reported sufficient
information to calculate each treatment variable and the
percentage of studies that included the five additional criteria
noted above. Last, while the results and discussion of this
paper focus on these summary statistics, we also calculated
dosage parameters across studies weighted by sample size to
account for potential differences in dosage between different
study types and sizes, as larger studies are often considered
to substantiate stronger evidence in the literature.

Question 3: To what extent is the dosage in contemporary
aphasia treatment research aligned with current outpatient
clinical practice settings?

After calculating summary statistics for studies 1 and 2,
we employed robust statistical tests to compare dosage
parameters. We compared each dosage parameter, with
the exception of session duration, via a two-sample

difference-in-medians permutation test using the R (R Core
Team, 2020; 4.0.2) package infer (Bray et al., 2020). This
nonparametric test evaluates whether there is a statistical
difference in the medians of two distributions and is
well-suited to this comparison as it does not require data
to be normally distributed and is robust to skewing and
outliers. First, the difference in median values from each
distribution is calculated. Then, a null distribution is
generated via permutation by repeatedly shuffling the data
from both distributions (here, 1000 simulations). The p-value
is estimated by calculating the percentage of simulations
from the null distribution that falls outside the difference
in medians. If less than 5% of the simulated null distribution
falls outside of the difference in medians, we can reject the
null hypothesis that there is no difference in the two median
values. Because session duration in CRS clinics is typically 45
minutes, we utilized a similar one-sample median permutation
test to evaluate whether session duration in the scoping review
was different from 45 minutes.

Results

Question 1: What is the typical treatment dose received by
people with aphasia in an episode of care in outpatient reha-
bilitation clinical settings?

In total, 683 episodes of care across 24 CRS clinics from
2014 to 2019 were included in the final sample (including
602 unique patients). Of these records, 320 were for women,
and 363 were for men, consistent with general findings that
age-specific stroke incidence is higher for men (Reeves et al.,
2008). 82% of people with aphasia in the encounters identified
as white, 13.5% black. People with aphasia identifying as
Filipino, Indian, Japanese, Vietnamese, or “Other Asian”
comprised less than 1% of encounters. Approximately
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Table 2
Outpatient dosage statistics from 2014-2019 for episodes of care with ICD diagnosis
of stroke and aphasia at the Centers for Rehabilitation Services in Western Pennsyl-
vania, US

Variable Mean Median Minimum Q25 Q75 Maximum

Total sessions 14.50 10.00 1.00 5.00 20.00 99.00
Total hours 10.90 7.50 0.80 3.80 15.00 74.30
Hours per week 1.10 1.10 0.30 0.80 1.40 2.60
Sessions per week 1.50 1.40 0.40 1.10 1.80 3.60
Total weeks 10.60 7.70 0.10 4.00 14.60 51.30

Note. Dosage variables are calculated across individual episodes of care. Session
duration is 45 minutes per session for all treatment sessions. A total of 683 episodes
of care were included in the study, 570 of which had more than 4 sessions and were
included in estimates of weekly frequency.

3% were reported as “not specified” or “declined.” Racial
demographics in this sample are relatively consistent with the
general racial makeup of Western Pennsylvania as published
by the 2010 US census, though the general demographics of
stroke survivors with aphasia in Western Pennsylvania are
not known. Age was widely distributed from 14 to 95 years
old with a median age of 63 years old. This age range is
notably lower than general stroke incidence, where about
two-thirds of strokes occur in people 65 years or older (Hall
et al., 2012). We suspect that this difference is likely due
to evaluating utilization within an outpatient setting, which
is associated with younger patients than inpatient or home
health rehabilitation settings (Chan et al., 2009). Older adults
are more likely to be discharged to skilled nursing following
stroke (Nguyen et al., 2015).

Summary statistics for estimates of treatment dosage are
reported in Table 2. The median number of sessions per
encounter was 10 sessions, and the mean number of sessions
per encounter was 14.5 sessions (interquartile range: 5 to
20 total sessions). Of the 683 episodes of care included in
this dataset, 570 consisted of more than three total sessions
and were included in the weekly frequency and intensity
calculations. The median number of sessions per week
was 1.4 sessions/week (interquartile range 1.1-1.8). Last,
the median treatment duration was 7.7 weeks (interquartile
range: 4-14.6). The median number of hours of treatment
was 7.5 hours. Dosage parameters were notable for positive
skewing. Additionally, 10% of patients attended more than
one episode of care in the first two years after the first reported
diagnosis. When estimating the number of sessions for
two years following the initial evaluation collapsing across
episodes of care, the mean was 16.8, and the median was
11 sessions across all encounters. Less than 2% of patients
attended more than two episodes of care.

Question 2: What is the typical treatment dose administered
to people with aphasia in contemporary clinical aphasia stud-

ies?

The comprehensive search identified 8959 potential articles,
and a final total of 303 articles were included. A final
list of articles is reported in supplementary materials.
Included articles provided a wide range of interventions
from short-term treatment paradigms focused on identifying
underlying treatment mechanisms to large-scale group
interventions focused on efficacy. Articles included a range of
study types from single-subject experimental designs to larger,
randomized controlled trials. Studies included a total of 2987
participants. The median age of participants with aphasia
across all articles was 59 years old (range 11-92). 58.4%
of participants were male, and 41.6% of participants were
female. Of the articles included, 78.8% reported sufficient
information to calculate all dosage parameters of interest. We
were able to calculate the total number of hours in 85.8%
of articles, the total number of sessions in 92.1% of articles,
session duration in 82.5% of articles, the weekly frequency in
87.5% of articles, and treatment duration in weeks in 92.4%
of articles.

Additionally, we found that 26.8% of studies included some
form of home practice, which was inconsistently included in
the dosage parameters, and adherence was not consistently
tracked. 20.2% of studies utilized a specific app or software
(e.g., AphasiaScripts; Lee & Cherney, 2008) for at least some
aspect of the intervention, and 6.3% utilized telehealth or
videoconferencing. Last, 13.1% of studies included at least
some treatment in groups or dyads, and 45.4% of studies
reported effect sizes. Study statistics are also reported in
Table 3.

Weighted and unweighted mean, median, and interquartile
ranges for each parameter are reported in Table 4.
Distributions for dosage parameters were positively skewed.
In brief, the interquartile range (i.e., the middle 50%) of
published aphasia interventions in our sample provided a
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Table 3
Percent of studies providing sufficient information to
calculate dosage parameters (top) and study charac-
teristics of studies included in the scoping review (bot-
tom).

Dosage.Variable Percent.Reported

Total sessions 0.921
Total hours 0.858
Hours per session 0.825
Hours per week 0.838
Sessions per week 0.875
Total weeks 0.924

Study Characteristic Percent of Studies

Included group or dyad 0.131
Reported effect sizes 0.454
Used specific software or app 0.202
Included home practice 0.268
Utilized telehealth 0.063

median of 20 hours of treatment (interquartile range: 12-30
hours) over the course of a median of 15 sessions (interquartile
range: 10-24 sessions) 2-5 times per week.

Question 3: To what extent is the dosage in contemporary
aphasia treatment research aligned with current outpatient
clinical practice settings?

Permutation tests demonstrated that differences were
significant for all dosage parameters (p < 0.0001) such
that dosage was significantly greater in the scoping review
vs. clinic data for all parameters, except total treatment
duration in weeks, which was significantly greater for clinic
data. The distributions for each dosage parameter and
the overlap between research and clinical estimates are
visualized in Figure 2 using raincloud plots (Allen et al.,
2019). Raincloud plots provide information about individual
observations, patterns across observations, and the central
tendency of a distribution. Unstandardized effect sizes, the
difference in medians, are reported in Table 5. Given the
relatively large sample size, which is powered to detect small
differences, we emphasize interpreting the results in terms
of the effect size, the difference in medians and not p-values
alone (Wasserstein et al., 2019).

Discussion

The overarching purpose of this study was to quantify
a potential dosage research-practice gap between clinical
aphasia research and outpatient clinical practice settings. Such
a gap, if it exists, threatens the external validity and resulting
effectiveness of aphasia interventions in outpatient clinical
settings. To accomplish this aim, we first evaluated billing

data from a major regional outpatient neurorehabilitation
provider to estimate clinical treatment received by people
with aphasia in outpatient clinical settings. Second, we
systematically extracted key parameters of treatment dosage
from the aphasia treatment literature from 2009-2019 and
calculated summary statistics describing the typical treatment
dosage administered in contemporary aphasia treatment
research. Ultimately, we compared the distributions of dosage
between clinical practice and the aphasia treatment research.
In the following, we discuss the results for each of these
research questions and the implications for future research
and clinical practice settings.

Question 1: What is the typical treatment dose received by
people with aphasia in an episode of care in outpatient reha-
bilitation clinical settings?

To answer question 1, we analyzed clinical billing data
as a proxy for clinical treatment dosage. In general, the
distributions derived from billing data appear to reasonably
approximate expectations, given the clinical experience of the
authorship team within CRS and similarly sized outpatient
rehabilitation clinics, and existing reports in the literature
(e.g., Katz et al., 2000; Simmons-Mackie, 2018; Skolarus et
al., 2017).

In general, we found that treatment dosage for stroke survivors
with aphasia is likely to range between 5 and 20 sessions 1-2
times a week over the course of 4-14 weeks. Given that
the typical treatment duration in CRS clinics for aphasia is
45 minutes, the middle 50% of people with aphasia receive
3.75-15 hours of treatment per encounter, with a median of
7.5 hours. These findings approximate previously reported
hours of treatment from Skolarus et a., (2017) for stroke
survivors who are Medicare beneficiaries, which found that
stroke survivors receive approximately 8 hours within the first
year after stroke. The weekly session frequency is consistent
with the 1-2 sessions reported by Simmons-Mackie (2018).
Additionally, we note that the distributions of these dosage
variables are both skewed and highly distributed, such that a
subset of people with aphasia received an extended period of
rehabilitation that is well outside of the interquartile range.
However, even for these people with aphasia who receive
treatment for more than 3-4 months, session frequency was
around two sessions per week.

To date, information on clinical dosage/utilization have been
estimated based on clinician survey, studies focused on
general stroke survivors, and our general knowledge of
insurance limitations, all of which have constrained our
understanding of clinical dosage. While there are a number
of non-trivial limitations to this dataset (discussed below),
we feel confident that this study represents a much-needed
empirical approximation of real-world clinical dosage for
people with aphasia in outpatient clinical settings within the
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Figure 2. Distributions for clinical and research dosage are visualized using raincloud plots. Raincloud plots include a density
plot (top), a box plot with the median, interquartile range, and whiskers extending 1.5 times the interquartile range. Observations
beyond 1.5 times the interquartile range are shown as solid grey dots. Dashed lines visualize differences between the median
between clinical and research distributions. Vertically jittered, raw observations are plotted below each density and box plot
(Allen et al., 2019). Research distributions are averaged across studies. Differences between distributions are significant in all
cases (p <0.0001).
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Table 4
Scoping review dosage statistics averaged across studies (top) and weighted by
study sample size (bottom)

Variable Mean Median Minimum Q25 Q75 Maximum

Total sessions 10.1 15 1 10 23.8 137
Total hours 25.1 20 1 12 30 151.3
Hours per session 1.3 1 0.2 0.9 1.5 4
Hours per week 4.7 3 0.5 2 5 22.9
Sessions per week 3.6 3 0.6 2 5 20
Total weeks 7 6 1 4 8 63.6

Variable Mean Median Minimum Q25 Q75 Maximum

Total sessions 21.6 15 1 10 24.1 137
Total hours 28.9 24.3 1 15 37.4 151.3
Hours per session 1.5 1 0.2 1 2 4
Hours per week 5.7 4 0.5 2.3 7.5 22.9
Sessions per week 4.1 3 0.6 2 5 20
Total weeks 7 6 1 3.5 9 63.6

Note. Dosage variables are calculated across studies. The number of treatment
studies which reported sufficient information to calculate each variable varied, as
follows: Total sessions: 279/303, Total hours: 260/303, Hours per session: 250/303,
Hours per week: 254/303, Sessions per week: 265/303, Total weeks: 280/303.

Table 5
Difference in medians between research and clinical dosage
and associated p-values from difference-in-medians permu-
tation test.

Variable Difference.in.Medians p

Total sessions 5.00 <0.0001
Total hours 12.50 <0.0001
Hours per session 0.30 <0.0001
Hours per week 2.00 <0.0001
Sessions per week 1.60 <0.0001
Total weeks -1.70 <0.0001

Note. Difference in medians reflects research dosage
– clinical dosage. p value estimated using two-sample
difference-in-medians permutation test. Hours per
session estimated using one-sample difference in medians
permutation test, relative to a 45 minute (0.75 hours)
treatment session.

US healthcare system.

Question 2: What is the typical treatment dose administered
to people with aphasia in contemporary clinical aphasia stud-
ies?

To answer question 2, we systematically extracted key
parameters of treatment dosage from the aphasia treatment
literature from 2009-2019. Consistent with recent work in this
domain, reporting of treatment dose in aphasia rehabilitation

research was highly variable (Harvey et al., 2020b; Pierce
et al., 2020). The clarity and transparency of reporting
on treatment dosage are not ideal, such that researchers
wishing to evaluate or replicate the dosage of a non-trivial
number of published treatment studies may be unable to
do so. We did not attempt to collect any information
regarding dose-form (e.g., the number of repetitions of an
active ingredient) within treatment sessions as this parameter
is not consistently reported and difficult to summarize across
the wide variety of interventions (Harvey et al., 2020b). To
this end, we echo previous recommendations that authors
explicitly and transparently describe treatment dosage when
reporting aphasia interventions using existing frameworks
(Hoffmann et al., 2014).

Not surprisingly, the results of the scoping review reveal
a wide distribution of treatment dosage across the aphasia
literature, from interventions delivered weekly to intensive
protocols which administer treatment for multiple hours per
day, five days per week. In this review, we applied a relatively
broad definition of aphasia intervention, so as not to bias the
results from our preconceptions of what constitutes an aphasia
treatment study. Consequently, we included a number of
interventions that were focused more on theoretical questions
rather than clinical use at the prescribed dosage. For example,
studies by Middleton and Colleagues (e.g., Middleton et
al., 2015) have advanced our understanding of test-related
practice effects and effortful retrieval in anomia in such a
way that they qualified for inclusion, but are unlikely to be
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intended to be implemented in clinical settings in such small
dosages (i.e., approximately one hour of treatment in one
session). On the other hand, we also included a number of
case studies that provided treatment to one or two people with
aphasia for extended durations that are impractical in larger
trials. In the most extreme case, Webster and Gordon (2009)
provided therapy to a person with aphasia for approximately
150 total hours. We account for these outliers by focusing
our interpretation of robust summary statistics (median and
interquartile range) rather than statistics subject to skewing
and outliers. Furthermore, to address concerns that larger
studies constitute stronger evidence for existing interventions,
we also calculated dosage parameters weighted by study
sample size. In this case, dosage estimates are modestly
larger for the weighted dosage parameters (median 24.3 total
hours, interquartile range: 15-37.4 total hours).

It is worth noting that some studies intentionally provided
intensive treatment protocols, whether to evaluate the effects
of high dosage aphasia interventions, or often, with the goal
of producing quick and robust treatment effects sufficient
to identify neurobehavioral correlates of treatment response.
These studies are in contrast to those explicitly provided
at dosages consistent with clinical rehabilitation practice
patterns, or studies that administer treatment via technology
that does not require constant face-to-face contact with a
provider. Broad summary statistics are agnostic to these
nuances in administered treatment dosage. Still, all studies,
regardless of dosage, serve to substantiate the evidence base
for clinical aphasia practice.

Question 3: To what extent is the dosage in contemporary
aphasia treatment research aligned with current outpatient
clinical practice settings?

Having estimated the typical range of dosage in both
outpatient clinical practice settings and quantified the typical
dosage in clinical aphasia research, we turn to a general
comparison of data from these two sources. In the following,
we discuss the implications for current clinical aphasia
services, models of care provision for people with chronic
aphasia, and suggestions for future critical needs which
need to be addressed by the aphasia research and clinical
communities.

On the whole, dosage parameters in clinical practice are less
than what is typically employed in treatment studies, with the
notable exception of total treatment duration. Such findings
are not surprising, and are consistent with anecdotal reports
and scarce clinical data on outpatient therapy utilization. The
total number of treatment hours and the number of treatment
hours per week appears to be particularly disparate between
research and clinical practice, driven by additive differences
in treatment session duration and weekly session frequency.

On the other hand, the total duration of treatment provided

was robustly greater in clinical practice (median: 7.7 weeks;
interquartile range: 4-14.6 weeks) than in clinical research
(median: 6 weeks, interquartile range: 4-8 weeks). These
differences likely reflect the pragmatic constraints of clinical
practice in terms of reimbursement and provider availability.
In general, this finding suggests that people with aphasia
receive a more distributed treatment schedule than much of
the aphasia treatment literature, and that more distributed
practice schedules may be more compatible with outpatient
clinical practice settings. Ongoing work continues to
compare intensive and distributed practice schedules in
aphasia rehabilitation (Conlon et al., 2020; Dignam et al.,
2015), and these schedules are more or less compatible with
different clinical practice settings. For example, intensive
schedules are more compatible with inpatient rehabilitation
settings in the US, as they provide clinical services for up to
3 hours/day across therapy disciplines for 5-6 days/week.
Intensive, comprehensive aphasia programs are also able
to provide high-dose, high-intensity treatment. However,
intensive schedules are rarely compatible with traditional
outpatient settings similar to those described in this study.

This broad comparison between clinical research and
outpatient clinical practice does not consider differences in
research and clinical priorities. For instance, research sessions
are, by design, entirely dedicated to the provision of the target
intervention to equate dosage across participants. Clinicians
manage a more extensive administrative burden and provide
ongoing counseling and goal setting - all of which limit
the time available for a single intervention. The time spent
on a single intervention likely constitutes a fraction of the
total treatment time available. On the other hand, while
home practice does not appear to be the norm in aphasia
interventions in this study, it is utilized relatively often in
clinical settings (Brown et al., 2020). It is possible that
home practice can augment a limited number of sessions in
outpatient settings, but there is little data available to evaluate
whether or not it is sufficiently prescribed or completed to
evaluate this hypothesis.

The notion that clinical providers may experience difficulty
implementing the aphasia evidence base in real-world clinical
settings is not novel. We hope the data presented in this
study begins to quantify clinicians’ challenges in applying
current aphasia rehabilitation research in current clinical
practice settings. In pointing out this research-practice gap,
we offer several recommendations that may help optimize the
translation of treatment dosage to clinical settings.

First, aphasia researchers should be thoughtful about their
selection of dosage regarding the stage of research and
long-term objectives of the research agenda. Treatment
dosage in early-stage research is likely to reflect the
underlying research question, statistical power, and funding
constraints. However, for later-stage research focused on
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improving clinical outcomes, aphasia researchers should
provide a clear justification for deviating from a dosage that is
attainable in clinical settings. For example, high-intensity
treatments might add to the increasing evidence-base for
intensive, comprehensive aphasia programs, a critical step
to justifying the cost of these programs to people with
aphasia and funding sources (Hula et al., 2013). Otherwise,
administering research interventions in dosages attainable in
clinical practice reduces the risk of significant voltage drop
when they are ultimately applied by clinicians.

Second, few large-scale studies have experimentally examined
the effects of dosage on treatment outcomes (e.g., Dignam et
al., 2015). We reiterate previous assertions that determining
the optimal dosage (in terms of treatment intensity and
cumulative treatment dose) of effective treatments should
remain a priority in aphasia research (Harvey et al., 2020a).

Third, if treatments intended for clinical use are more effective
at higher dosages, researchers should take steps to provide
easily accessible materials to facilitate effective home practice
and augment limited face-to-face time with clinicians. While
software and app development might constitute an ideal
method for delivering effective home practice, low-tech
options can be similarly effective. For example, Beeson
and colleagues (2003) have made templates for Copy and
Recall Treatment home practice freely available online.
Edmonds and colleagues (2014) have published clinical
tutorials describing verb network strengthening treatment in
detail, including the dosage of the evidence base. When
designing treatment plans, clinicians should consider dosage
differences between the evidence base for a given treatment
and what amount of total treatment time (face-to-face and
home practice) is feasible for each individual client with
aphasia when making decisions about treatment selection.
Similarly, we encourage clinicians to consider the difference
between their face-to-face time with a client and the published
dosage of a selected treatment as a starting point for the
amount of home practice they might prescribe.

Fourth, once treatment effectiveness has been established
in research settings, it is crucial that researchers further
evaluate treatment effectiveness in real-world clinical
settings through pragmatic trials. Such studies should
be stakeholder-driven, incorporating perspectives of people
with aphasia, caregivers, clinicians, and researchers in
order to identify pragmatic solutions to the challenges
of implementing aphasia interventions in clinical settings.
Currently, implementation work in aphasia rehabilitation and
communication disorders is rare. For example, a recent
study found that less than 1% of all clinical practice studies
published in journals from the American Speech-Language
and Hearing association evaluated the implementation of
clinical research (Roberts et al., 2020). At the moment, the
strongest evidence for current practice patterns and use of

evidence-based practice in clinical settings is likely found in
“usual care” arms of large trials (e.g., Brogan, Ciccone, et al.,
2020; Brogan, Godecke, et al., 2020)

The current findings suggest two diverging directions
for addressing a research-practice dosage gap between
clinical research and clinical practice. As discussed, it
is clear that further research is needed to optimize the
translation of aphasia interventions to current clinical practice
settings. However, if ongoing research establishes that
treatments provided at higher treatment dosage engender
superior outcomes, advocacy will be increasingly critical to
promote access to high-intensity clinical services, whether in
outpatient settings, community aphasia groups, or intensive,
comprehensive aphasia programs.

While our focus was to evaluate a potential research-practice
dosage gap between clinical aphasia research and outpatient
clinical practice settings, it is worth noting that additional
factors need to be considered in order to improve the
quality of translational and implementation aphasia research.
Aphasia intervention research must continue to work towards
specifying the essential, active ingredients (i.e., dose form)
of interventions. Without a clear specification of the active
ingredients, the true dosage of an intervention is unknown.
Understanding which treatment components are critical and
which components are unrelated to treatment response will
make aphasia interventions more efficient for clinical settings
where time is a major limitation (Turkstra et al., 2016). The
importance of treatment dosage also does not supersede the
need for treatments to hold therapeutic value in the first place.
No increase in dosage will make an ineffective treatment
worth using.

While this study compared dosage during a single episode of
care compared to a single instance of research participation,
it is also worth noting that aphasia is a chronic condition
that is rarely completely addressed in a single episode of
care. Therefore, a successful long-term rehabilitation program
likely requires multiple sequential episodes of care, building
upon and augmenting successive gains in function over time
(e.g., Beeson et al., 2019). However, long-term sequential
treatment paradigms are rare in aphasia research. While
people with aphasia respond positively to rehabilitation years
and decades into the chronic phase (e.g., Smania et al., 2010),
there is limited evidence supporting sequential long-term care
models specifically. A more comprehensive understanding of
dosage should take these longer-term temporal considerations
into account.

Limitations

We believe that the clinical and research data generated by
this work provides a much-needed comparison of real-world
clinical dosage in outpatient clinical practice settings to
published treatment research. However, we would like to
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be transparent with regards to the limitations of this data set
and the comparisons made in this study.

First, therapy utilization was estimated from a single provider
in a single region of the United States, and it is not clear how
representative these data are to the US healthcare system as a
whole. Insurance rules and provision often vary from state to
state depending on the insurers which offer coverage in the
state. Western Pennsylvania is also not as diverse as many
other regions of the US, which may positively or negatively
affect utilization. Additionally, CRS is a large rehabilitation
provider that may not be representative of outpatient clinics
nationally. The present findings should be replicated at the
national level.

There are inherent limitations to information provided by
billing data. SLPs primarily use a non-specific billing code
for evaluations provided to people with aphasia (92523), likely
because their evaluations include assessment of domains
outside of language. Thus, the 92523 CPT code may
be preferable over 96105 because 92523 is both a better
representation of the evaluation and because it reimburses
at a higher rate. The CPT treatment code typically used for
aphasia is similarly a catch-all for most adult speech-language
pathology services inclusive of speech, voice, and language.
As such, even though we identified people with diagnoses
of aphasia, it is entirely possible treatment was provided for
other post-stroke communication disorders such as dysarthria
or apraxia of speech. However, treatment for dysphagia and
cognition do have separate CPT codes, and so we suspect
it is unlikely that the sessions captured here were primarily
focused on dysphagia or cognitive-communication disorders.

We do not know the reasons for short treatment encounters
in this dataset. Utilization may be limited due to problems of
access to therapy, such as transportation, insurance coverage,
or financial status. It may be affected by aphasia severity or
time post-onset. In our experience, it is likely that some
encounters reflect instances where a person with aphasia
attended only a few follow-up sessions and subsequently
declined further therapy due to a quick recovery. With
the current approach, we can carefully quantify the amount
of treatment people with aphasia actually receive, but not
whether this dosage was sufficient for their individual needs.
Future work could address this limitation by incorporating a
detailed chart review of individual patient records to identify
reasons for discharge, which is outside the scope of this work.

We also have no way of empirically evaluating diagnosis
date and diagnosis accuracy. Previous research has indicated
that ICD codes are relatively accurate at ‘ruling in’ stroke
diagnosis (Birman-Deych et al., 2005). However, we
are not aware of any evidence to date pertaining to the
accuracy of ICD codes as they pertain to the diagnosis of
aphasia. Still, the presence of stroke and aphasia diagnosis

codes, speech-language evaluations, and the exclusion of
dysphagia and cognitive treatment codes should provide
some confidence that the estimates reported in this study are
reasonably accurate for people with post-stroke aphasia.

With regards to the scoping review, because of the presence of
recently published, comprehensive work, we did not evaluate
the quality of each included study. Instead, we converged on
clear inclusion criteria for aphasia treatment studies which
we felt would set a minimum standard for inclusion. These
criteria excluded studies that were explicitly targeted towards
inpatient rehabilitation settings or applied some adjuvant,
whether stimulation or pharmaceutical, to maximize the
applicability to current outpatient clinical services. Studies
that did not explicitly mention aphasia in the title or abstract
were also excluded (e.g., Beeson et al., 2018). The time
span for the scoping review was limited to 2009-2019 in
order to match the anticipated date range of clinical data
and characterize current trends in dosage over the past 10
years. However, this shortened date range also excluded
many influential aphasia treatment studies published prior to
2009. It’s not clear whether these excluded studies might
have administered different dosages than those included in
this review. There were differences in the included articles
in contrast to the recent scoping review from Harvey et
al. (2020b), which we attribute to differences in our literature
search strategy and inclusion and exclusion criteria.

Conclusion

Successful implementation of aphasia interventions in
real-world clinical practice settings is key to maximizing
treatment outcomes for people with aphasia. In this study, we
compared treatment dosage in recent aphasia rehabilitation
research with an estimate of treatment dosage in outpatient
clinical practice settings. Results demonstrate that treatment
dosage in outpatient clinical practice may be substantially less
than what is typical of the aphasia treatment literature. This
meaningful research-practice gap is particularly apparent in
weekly treatment intensity and the total number of treatment
hours. Because the estimated effect sizes demonstrated in
the aphasia treatment literature are often based on greater
dosage, this mismatch increases the potential for voltage
drop in clinical practice (i.e., the attenuation of intervention
effects from research to clinical settings). It also highlights
the fact that the dosage utilized in current aphasia treatment
literature is likely difficult for clinicians to implement with
reasonable treatment fidelity. Expanding future research
in clinical effectiveness, dissemination, and implementation
science research is recommended to address the substantial
research-practice gap identified in this study.
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Appendix

Appendix 1: Inclusion Criteria for Study 1

Record must have a relevant CPT code billed in a Speech-Language Pathology Department:

CPT evaluation code: 92523, 92506, or 96105

CPT treatment code: 92507

CPT cognitive exclusion code: 97532, 97127, or G0515

And a diagnosis of stroke and aphasia

ICD9: Stroke and Aphasia

438.11, 438.12

ICD-10: Stroke and Aphasia

I69.020, I69.021, I69.120, I69.121, I69.220, I69.221, I69.320, I69.321, I69.820, I69.821, I69.920, I69.921

Or a diagnosis of aphasia and a separate diagnosis of stroke

ICD-9 Aphasia: 784.3

ICD-10 Aphasia: R47.01, R47.02

ICD-9 Stroke:

362.3, 430, 431, 433.01, 433.11, 433.21, 433.31, 433.81, 433.91, 434.01, 434.11, 434.91, 435, 435.0, 435.1, 435.2, 435.3,
435.8, 435.9, 436, 438, 438.0, 438.1, 438.10, 438.11, 438.12, 438.13, 438.14, 438.19, 438.2, 438.20, 438.21, 438.22, 438.3,
438.30, 438.31, 438.32, 438.4, 438.40, 438.41, 438.42, 438.5, 438.50, 438.51, 438.52, 438.53, 438.6, 438.7, 438.8, 438.81,
438.82, 438.83, 438.84, 438.85, 438.89, 438.9

ICD-10 Stroke:

G45, G45.0, G45.1, G45.2, G45.3, G45.4, G45.8, G45.9, I60, I60.0, I60.00, I60.01, I60.02, I60.1, I60.10, I60.11, I60.12, I60.2,
I60.3, I60.30, I60.31, I60.32, I60.4, I60.5, I60.50, I60.51, I60.52, I60.6, I60.7, I60.8, I60.9, I61, I61.0, I61.1, I61.2, I61.3, I61.4,
I61.5, I61.6, I61.8, I61.9, I62, I62.0, I62.00, I62.01, I62.02, I62.03, I62.1, I62.9, I63, I63.0, I63.00, I63.01, I63.011, I63.012,
I63.013, I63.019, I63.02, I63.03, I63.031, I63.032, I63.033, I63.039, I63.09, I63.1, I63.10, I63.11, I63.111, I63.112, I63.113,
I63.119, I63.12, I63.13, I63.131, I63.132, I63.133, I63.139, I63.19, I63.2, I63.20, I63.21, I63.211, I63.212, I63.213, I63.219,
I63.22, I63.23, I63.231, I63.232, I63.233, I63.239, I63.29, I63.3, I63.30, I63.31, I63.311, I63.312, I63.313, I63.319, I63.32,
I63.321, I63.322, I63.323, I63.329, I63.33, I63.331, I63.332, I63.333, I63.339, I63.34, I63.341, I63.342, I63.343, I63.349,
I63.39, I63.4, I63.40, I63.41, I63.411, I63.412, I63.413, I63.419, I63.42, I63.421, I63.422, I63.423, I63.429, I63.43, I63.431,
I63.432, I63.433, I63.439, I63.44, I63.441, I63.442, I63.443, I63.449, I63.49, I63.5, I63.50, I63.51, I63.511, I63.512, I63.513,
I63.519, I63.52, I63.521, I63.522, I63.523, I63.529, I63.53, I63.531, I63.532, I63.533, I63.539, I63.54, I63.541, I63.542,
I63.543, I63.549, I63.59, I63.6, I63.8, I63.81, I63.89, I63.9
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