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Patterns of Recovery From Aphasia
in the First 2 Weeks After Stroke
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Purpose: Recovery from aphasia after stroke has a
decelerating trajectory, with the greatest gains taking
place early and the slope of change decreasing over time.
Despite its importance, little is known regarding evolution
of language function in the early postonset period. The
goal of this study was to characterize the dynamics and
nature of recovery of language function in the acute and
early subacute phases of stroke.

Method: Twenty-one patients with aphasia were evaluated
every 2-3 days for the first 15 days after onset of acute
ischemic or hemorrhagic stroke. Language function was
assessed at each time point with the Quick Aphasia Battery
(Wilson, Eriksson, Schneck, & Lucanie, 2018), which yields
an overall summary score and a multidimensional profile of
7 different language domains.

Results: On a 10-point scale, overall language function
improved by a mean of 1.07 points per week, confidence
interval [0.46, 1.71], with 19 of 21 patients showing positive

changes. The trajectory of recovery was approximately linear
over this time period. There was significant variability across
patients, and patients with more impaired language function
at Day 2 poststroke experienced greater improvements over
the subsequent 2 weeks. Patterns of recovery differed
across language domains, with consistent improvements in
word finding, grammatical construction, repetition, and reading,
but less consistent improvements in word comprehension
and sentence comprehension.

Conclusion: Overall language function typically improves
substantially and steadily during the first 2 weeks after
stroke, driven mostly by recovery of expressive language.
Information on the trajectory of early recovery will increase
the accuracy of prognoses and establish baseline
expectations against which to evaluate the efficacy of
interventions.

Supplemental Material: https://doi.org/10.23641/asha.
7811876

phasia is one of the most common and debilitat-

ing consequences of stroke affecting the dominant

hemisphere. Most individuals with aphasia expe-
rience some degree of recovery of language function after a
stroke. In the early acute period (first ~48 hr), reperfusion
of the ischemic penumbra can sometimes lead to rapid
resolution of aphasic symptoms (Hillis et al., 2002). In the
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longer term, the trajectory of recovery is decelerating, with
the greatest gains taking place early and the slope of
change decreasing over time (Basso, 1992; Culton, 1969;
Demeurisse et al., 1980; Kertesz & McCabe, 1977; Laska,
Hellblom, Murray, Kahan, & von Arbin, 2001; Lendrem &
Lincoln, 1985; Nicholas, Helm-Estabrooks, Ward-Lonergan,
& Morgan, 1993; Porch, 1981; Shewan & Kertesz, 1984;
Swinburn, Porter, & Howard, 2004; Wertz et al., 1981).
Most studies of recovery from aphasia after stroke
have initially recruited patients at least 2 weeks to 1 month
postonset. Therefore, little is known regarding the evolu-
tion of language function prior to that, within the first
2 weeks. This is an important gap because the few studies
that have reported data on this phase indicate that many
patients make substantial gains during this period. Three
detailed longitudinal studies of one to three cases have doc-
umented daily recovery of language function in the first
2 weeks (Mohr, 1973; Holland et al., 1985; Yagata et al.
2017); however, the small number of cases makes it diffi-
cult to generalize these findings. A number of cohort studies
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have included two or more time points within the first
2 weeks (Cloutman, Newhart, Davis, Heidler-Gary, &
Hillis, 2009; Denier et al., 2016, 2015; El Hachioui et al.,
2013; El Hachioui, van de Sandt-Koenderman, Dippel,
Koudstaal, & Visch-Brink, 2011; Furlanis et al., 2018;
Hartman, 1981; Hillis & Heidler, 2002; Hillis et al., 2006,
2002; Maas et al., 2012; Mattioli et al., 2014; Pashek &
Holland, 1988; Pedersen, Jorgensen, Nakayama, Raaschou,
& Olsen, 1995). Although all of these studies documented
varying extents of recovery from aphasia in the early post-
onset phase, only a few studies included more than two
early time points (Denier et al., 2016, 2015; Furlanis et al.,
2018; Pashek & Holland, 1988), and only a few studies
evaluated aphasia in sufficient detail to be able to report
patterns of recovery separately across different language
domains (E1 Hachioui et al., 2013, 2011; Furlanis et al.,
2018; Mattioli et al., 2014).

In this study, we recruited acute stroke patients in
the first few days after ischemic stroke or primary intra-
cerebral hemorrhage and assessed their language function
every 2-3 days for the first 2 weeks, typically at the
bedside. We aimed to address five specific questions about
the dynamics and nature of language recovery over this
late acute/early subacute time period: (a) What is the rate
of recovery of language function? (b) Does recovery al-
ready show a decelerating curve during this time period?
(c) How variable are patients in terms of rate of recovery?
(d) Is initial severity (at 2 days) predictive of the subse-
quent rate of recovery? (¢) How similar are the dynamics
of recovery across different language domains (word
finding, grammatical construction, etc.)? A better under-
standing of the dynamics of early language recovery has
the potential to improve the accuracy of prognoses and to
establish baseline expectations against which to evaluate
the efficacy of interventions.

Method
Participants

Patients who were seen by the stroke services at two
certified primary stroke centers—The University of Arizona
Medical Center between late December 2014 and the end
of February 2016 and Tucson Medical Center between mid-
October 2015 and February 2016—were screened for eligi-
bility. The study was approved by the institutional review
board at The University of Arizona, and all participants
were compensated for their time.

The inclusion criteria were as follows: (a) acute ischemic
stroke or primary intracerebral hemorrhage confirmed on
magnetic resonance imaging (MRI) or computed tomography
(CT); (b) stroke localized to left hemisphere supratentorial
regions (i.e., cortex, cortical white matter, basal ganglia,
thalamus) with no involvement of the right hemisphere, brain-
stem, or cerebellum; (c) aged 18-90 years; and (d) fluent and
literate in English premorbidly. The exclusion criteria were
as follows: (a) previous stroke, except for asymptomatic
lacunar strokes or microhemorrhages; (b) dementia or

impaired cognitive or language function at baseline for any
other reason; and (c) major psychiatric disorders.

Ninety-one patients met all criteria. Of those, 13 were
too medically unstable or severely impaired to be testable
at any point during their hospitalization, and 11 were unable
to be approached for situational reasons (usually rapid dis-
charge due to minimal symptoms). The remaining 67 patients
were approached at their bedside by a speech-language
pathologist. After learning about the study, 58 patients
(or their authorized representatives) provided written in-
formed consent to participate, whereas nine declined.

Of the 58 participants, 28 presented with aphasia on
initial evaluation, and two or more data points were ob-
tained for 21 of the 28; these patients were included in the
analyses reported here. For the remaining seven, follow-up
data were not obtained for situational reasons, so these
patients were not included in the study. For the 30 patients
without aphasia, a second evaluation was performed when-
ever practical, 2 weeks or more after stroke onset; 17 of
these 30 patients completed this second evaluation and
were included in our analyses.

Demographic and medical history information was
obtained from interviews with patients and/or their caregivers,
as well as from medical records. Clinical information about
the stroke was obtained from medical records (see Table 1).

Language Evaluation

All language evaluations were performed by a speech-
language pathologist. Patients were approached as soon as
practical after admission, but at least 1 day after stroke.
For the 21 included patients with aphasia, the initial approach
was on mean Day 2.7 + 1.3 (standard deviation) after
stroke (three patients on Day 1, eight on Day 2, five on
Day 3, three on Day 4, one on Day 5, one on Day 6). The
first subtest of the Quick Aphasia Battery (QAB; Wilson,
Eriksson, Schneck, & Lucanie, 2018) was administered,
which aims to determine whether patients are testable, de-
fined as medically stable and able to stay awake, maintain
attention, and attempt to follow commands. At initial
approach, 16 of 21 patients were testable, so the remain-
der of the QAB was administered. When patients were
not testable, we visited them again every 2-3 days until
they were testable. After the first language evaluation, we
attempted to evaluate patients every 2-3 days until Day 15
poststroke. Across patients, the mean number of evalua-
tions where patients were testable within the first 15 days
was 4.0 £ 1.4 (five patients had two evaluations, two had
three, five had four, seven had five, two had six). Most
patients were discharged during this time, and for 13 of the
21 patients, one or more of the final evaluations were ob-
tained in inpatient rehabilitation facilities. The total num-
ber of testable evaluations per day for the first 15 days
was one, six, five, eight, eight, five, 10, four, eight, four, six,
six, four, five, and three. On the stroke units, all patients
were seen most days by speech-language pathologists. The
priorities at that time were generally administering swallow-
ing evaluations; making changes to diet if needed;
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Table 1. Demographic, medical history, and stroke information.

Aphasia No aphasia
No. of patients 21 17
Age (years) 65.2 + 18.4 (32-87) 63.8 + 13.6 (35-85)
Sex (M/F) 16/5 11/6
Handedness (R/L/ambi) 20/1/0 14/2/1
Education (years) 14.0 £ 2.4 (9-18) 16.5 £ 1.8 (12-19) *(p =.001)
Native English speaker 17 (81.0%) 14 (82.4%)
Hypertension 15 (71.4%) 11 (64.7%)
Diabetes mellitus 7 (33.3%) 4 (23.5%)
Hyperlipidemia 7 (33.3%) 6 (35.3%)
Coronary artery disease 7 (33.3%) 1(5.9%)
Cardiac arrhythmia 2 (9.5%) 2 (11.8%)
Atrial fibrillation 5 (23.8%) 2 (11.8%)
Myocardial infarction 7 (33.3%) 1(5.9%)
Tobacco use 3 (14.3%) 4 (23.5%)
Antiplatelet medications 10 (47.6%) 7 (41.2%)
Anticoagulant medications (4.8%) 1(5.9%)
NIH Stroke Scale 9.5+ 7.3 (1-26) 25+24(0-9) *(p =.001)
Stroke subtype *(p =.011)
Ischemic
Large artery atherosclerosis 2 (9.5%) (0.0%)
Cardioembolism 6 (28.6%) 1(5.9%)
Small vessel occlusion 0 (0.0%) 4 (23.5%)
Cryptogenic/multiple 6 (28.6%) 10 (58.8%)
Hemorrhagic 7 (33.3%) 2 (11.8%)
TPA 6 (28.6%) 3(17.6%)
Endovascular therapy 3 (14.3%) 1(5.9%)
Hemorrhagic transformation 3 (14.3%) 0 (0.0%)

Note. Values shown are counts, percentages, or mean + standard deviation (range). Groups were compared with t tests, Fisher’s exact test,
or chi-square test as appropriate. M = male; F = female; R = right; L = left; ambi = ambidextrous; NIH = National Institutes of Health; TPA =

tissue plasminogen activator.
*0 < .05.

providing compensatory strategies and techniques with re-
gard to dysphagia; and administering speech, language, and
cognitive evaluations and reevaluations relevant to deter-
mining rehabilitation needs. Some patients were provided
with communication boards, but patients did not generally
receive significant speech-language therapy. Most of the
patients who went to inpatient rehabilitation facilities be-
gan to receive daily speech-language therapy at that time.
For the 17 included patients without aphasia, the ini-
tial data point was obtained 2.0 + 1.1 days (range: 1-4 days)
after stroke. One follow-up evaluation was obtained for
each patient, at mean Day 23.4 + 10.3 (range: 14-50 days).
Language function was evaluated with the QAB,
which provides a reliable and multidimensional assessment
of language function in less than 20 min in most stroke
patients (Wilson et al., 2018). The QAB is an impairment-
based aphasia battery designed for the research context
of acute stroke recovery. It is made up of eight subtests,
each comprising sets of items that probe different language
domains, vary in difficulty, and are scored with a graded
system to maximize the informativeness of each item.
From the eight subtests, eight summary measures are de-
rived (including an overall summary measure), which

constitute a multidimensional profile of language function,
quantifying strengths and weaknesses across core language
domains. In a validation study (Wilson et al., 2018), all
measures showed good or excellent test—retest reliability in
a cohort of individuals with chronic poststroke aphasia
(overall summary measure: intraclass correlation coeffi-
cient = .98) and excellent interrater reliability (overall sum-
mary measure: intraclass correlation coefficient = .99).
Sensitivity and specificity for diagnosis of aphasia were
91 and .95, respectively. Concurrent validity was estab-
lished with respect to the widely used Western Aphasia
Battery (Kertesz, 2007).

Each language evaluation was transcribed and scored
offline by one of four speech-language pathologist re-
searchers (who had not administered the evaluation). The
longitudinal series of evaluations for each patient were
always scored by the same researcher.

Neuroimaging

Acute stroke lesions were manually delineated on
standard clinical MRI or CT scans. Ischemic infarcts were
drawn on diffusion-weighted scans, whereas hemorrhages
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were generally drawn on gradient echo sequences; CT
scans were used when MRI was unavailable. Anatomical
and lesion images were normalized to Montreal Neuro-
logical Institute (MNTI) space using the clinical toolbox
in SPM12 (Rorden, Bonilha, Fridriksson, Bender, &
Karnath, 2012). The normalized lesion images were then
overlaid.

Statistical Analysis

To characterize the trajectory of recovery of overall
language function, a mixed model was fit using the Ime4
package (Bates, Méchler, Bolker, & Walker, 2015) in R (R
Core Team, 2018). Only the patients with aphasia and
only Days 2 through 15 were included in the model. The
dependent measure was the QAB summary measure of
overall language function. Time postonset was specified
as a fixed effect. Random intercepts and slopes were in-
cluded for each patient, and a correlation was modeled be-
tween intercepts and slopes. This model was compared to
(a) a model without a fixed effect of time postonset to
determine whether there was a positive trajectory of recov-
ery, (b) a model including a second-degree polynomial
term to determine whether the slope of recovery was lin-
ear, (c) a model without random slopes to determine
whether there was meaningful variability among patients,
and (d) a model without a correlation between intercepts
and slopes to determine whether initial severity was pre-
dictive of recovery rate. p Values were obtained by likeli-
hood ratio tests (LRTs) comparing pairs of models. Null
distributions for the LRT statistic 2(/g—/r), where /x is the
log likelihood of the full model and /x is the log likeli-
hood of the reduced model, were derived using a paramet-
ric bootstrap approach (Faraway, 2016).

These same analyses were then repeated for each
of the seven language domains. Recovery slopes were
compared between receptive and expressive domains and
between each pair of domains; these contrasts were cor-
rected for multiple comparisons based on false discovery
rate.

Results

The 21 patients with aphasia all had lesions in peri-
sylvian language regions or the white matter and/or sub-
cortical structures underlying them (see Figure 1). The
17 patients without aphasia mostly had very small lesions,
and the few lesions that were larger were not localized to
perisylvian cortex (see Figure 1). Lesion volumes were
greater in patients with aphasia (M = 44.1 + 50.3 cm?, range:
1.7-228.0 cm®) than patients without aphasia (2.8 + 5.0 cm?,
range: 0.1-18.1 cm?; 7 test, p = .002).

Trajectories of early recovery for overall language
function and seven language domains are shown in Figure 2.
The fitted slopes are reported in Table 2 and depicted in
Figure 3, associated statistics are shown in Table 2, and
the complete data set is provided in Supplemental Mate-
rial S1. On a 10-point scale, overall language function

improved a mean of 1.07 points per week, confidence interval
[0.46, 1.71], LRT = 10.150; p = .007, with 19 of 21 patients
with aphasia showing positive trajectories.

Significant improvements were observed in four ex-
pressive language domains: word finding, grammatical con-
struction, repetition, and reading. In two of these—word
finding and repetition—all 21 patients improved. In con-
trast, improvements in word comprehension and sentence
comprehension were less consistent and did not reach statis-
tical significance. Speech motor programming was never
impaired in 16 patients (i.e., they had no apraxia of speech),
whereas three patients showed speech motor programming
deficits that did not change over the 2- to 15-day period,
and two patients showed speech motor programming defi-
cits that improved. Because of the small number of patients
with speech motor programming deficits, recovery of
speech motor programming was not analyzed statistically.
Note that 11 patients presented with dysarthria. The sever-
ity of dysarthria did not decrease appreciably over the
study period, except in one patient. Dysarthria does not
contribute to the QAB overall score.

Post hoc tests showed that there was more improve-
ment in the mean of the four production measures (not
including speech motor programming) than the mean of
the two comprehension measures (p < .001); specifically,
word finding, repetition, and grammatical construction all
improved significantly more than sentence comprehension
(p=.037,p=.039, and p < .001, respectively), and gram-
matical construction improved more than word compre-
hension (p = .002).

For overall language function and all language
domains, models incorporating a polynomial term were
not significantly better than models with only linear
slope terms, indicating that all trajectories of recovery
were approximately linear (see Table 3). Note that the
polynomial coefficients for all models were in the direction
of deceleration, and this potential deceleration approached
significance for the domain of word finding (p = .070).

Variability across patients in slopes of recovery can
be observed in Figure 3. This variability was statistically
significant for overall language function, as well as the
domains of word comprehension and grammatical con-
struction (see Table 3). Slopes in other language domains
were no more variable than would be expected by chance
(see Table 3).

The variability of recovery slopes for overall lan-
guage function and grammatical construction was partially
explained by the degree of impairment at Day 2 poststroke,
with patients who were more impaired at Day 2 showing
steeper recovery slopes (overall language function: p = .046;
grammatical construction: p < .001; see Table 3). For the
other domains, there was no association between Day 2
scores and subsequent slopes (see Table 3).

In the 17 patients without aphasia, overall scores and
domain-specific scores were high and remained stable at
the time of the follow-up assessment (see Figure 2), sup-
porting the specificity of the QAB for detecting changes in
language function.
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Figure 1. Lesion overlay maps for patients with aphasia (n = 21) and patients without aphasia (n = 17).
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Discussion

In this study, we addressed five questions about the
dynamics and nature of language recovery over the late
acute/early subacute poststroke period. First, what is the
rate of recovery of language function? We found that be-
tween Day 2 and Day 15 after stroke, individuals with
aphasia improved in overall language function by about
1 point per week on a 10-point scale. This rate of recovery
can be compared to reported rates in four prior studies
by scaling reported rates to a common metric. To do so,
we define scaled points per week (SPPW) as the rate of
recovery per week scaled to a 10-point scale, making the
necessary simplifying assumption that each measurement
instrument spans a continuum from no function to normal
function. Hartman (1981) reported that 14 patients tested
within 1 week of stroke, and then again 1 week later, im-
proved by a mean of 1.8 Porch Index of Communicative
Ability (Porch, 1981) points (a 16-point scale), which corre-
sponds to 1.13 SPPW. El Hachioui et al. (2011) tested 15
patients on mean Day 3 poststroke and mean Day 10. On
the Aphasia Severity Recovery Scale (Goodglass & Kaplan,
1972), patients improved from 1.77 (out of 5) to 2.31 points,
corresponding to 1.08 SPPW. On the Token Test (De Renzi
& Faglioni, 1978), patients improved from 11.89 (out of
36) to 15.81, corresponding to 1.09 SPPW. On the ScreeL-
ing total score, patients improved from 34.31 (out of 72)
to 43.15, corresponding to 1.23 SPPW. In a larger follow-
up study, El Hachioui et al. (2013) tested over 130 patients
on mean Day 4 and mean Day 12 and reported that the
Token Test improved by 3.9 points (out of 36) in ~8 days,
corresponding to 0.95 SPPW. Mattioli et al. (2014) reported

a mean improvement of 5.1 points (out of 50) on the
Token Test between Day 2 and Day 16, corresponding to
0.51 SPPW, a lower rate than the other studies, which may
reflect one of the inclusion criteria of the study, which was
that comprehension had to be no more than mildly impaired.
In summary, the rate of recovery during this period is re-
markably consistent across this study and previous com-
parable studies. One caveat to this conclusion is that,
although some researchers have interpreted the Token Test
as a measure of aphasia severity (e.g., El Hachioui et al., 2013,
2011), it is a receptive measure that might alternatively
be compared to our two receptive measures, which
showed a slower rate of recovery.

Second, we asked whether recovery already shows
a decelerating curve during this time period. We did not
observe any statistically significant deceleration of the rate
of recovery in the first 2 weeks. This may reflect lack of
power, but it does appear to be the case that many patients
make greater gains in the second week than the first.
Pashek and Holland (1988) found that aphasia type
evolved (generally from a more severe type to a less severe
type) in 59% of the patients they followed. Of the patients
whose aphasia type evolved, only 20% did so within the
first week, whereas 65% did so by the end of the second
week, emphasizing the substantial and clinically meaning-
ful changes that take place during the second week after
stroke.

After the second week, it is clear that recovery slows
dramatically. El Hachioui et al. (2013) found that from ~12
to ~43 days, Token Test scores improved by 4.4 points
(out of 36) in ~31 days, corresponding to 0.28 SPPW, that
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Figure 2. Trajectories of early recovery for overall language function and seven language domains. All scores range between 0 (no function)
and 10 (normal function). Each patient with aphasia is indicated with a unique arbitrary color, whereas the patients without aphasia are all
shown in light gray. Filled circles indicate language evaluations, which are connected by solid lines. For some patients, additional language
evaluations were obtained after 15 days, in which case lines are shown so that the subsequent trajectory can be observed. Untestable
data points are not shown, so when evaluations begin after the first few days, this implies that the patient was untestable prior to that point.
(a) Quick Aphasia Battery (QAB) overall score. (b) Word comprehension. (c) Sentence comprehension. (d) Word finding. () Grammatical
construction. (f) Speech motor programming. (g) Repetition. (h) Reading.
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Figure 3. The fitted rate of recovery (units/week) for overall
language function and seven language domains. Thick horizontal
lines show the mean, error bars show 95% confidence intervals,
and circles show individual data points. Fitted slopes were derived
from mixed models (fixed effect of time postonset, random intercepts
and slopes for each patient, correlation between intercepts and
slopes), except for speech motor programming where the mixed
model was not appropriate, so slopes were fit individually to
the two patients who showed improvements in this domain.
QAB = Quick Aphasia Battery.

Recovery (units/week)

QAB overall
Word finding
Repetition -
Reading

Word comprehension

Sentence comprehension
Grammatical construction

Speech motor programming

is, less than a third of the rate of change between Days 4
and 12. Hartman (1981) reported that, over a 4-week period
with the second assessment at 27-30 days, patients improved
by 2.96 Porch Index of Communicative Ability points in

Table 2. Slope of recovery in each language domain.

28 days, corresponding to 0.46 SPPW, which, given the much
greater rate of recovery reported within the first 2 weeks,
implies that recovery must decelerate rapidly in the second
half of the first month. Pedersen et al. (1995) showed that
95% of patients with mild aphasia on admission had reached
stable language function after 2 weeks, and the greatest
gains for patients with moderate to severe aphasia were
also observed in the first 2 weeks, though these patients
did not reach stable function until 6 and 10 weeks, respec-
tively. After 1 month, recovery slows further still. For exam-
ple, Swinburn et al. (2004) reported that patients’ mean
aphasia severity assessed with the Comprehensive Aphasia
Test improved from 44.78 (out of 100) at 1 month to 48.88
at 3 months, which corresponds to just 0.05 SPPW.

Next, we asked how variable patients are in terms of
rate of recovery and whether initial severity is predictive of
the subsequent rate of recovery. We observed significant
variability between patients in recovery of overall language
function. The striking variability in trajectories of aphasia
recovery after stroke is well known (Kertesz & McCabe,
1977; Laska et al., 2001; Pedersen, Vinter, & Olsen, 2004),
but the determinants of this variability are still not well un-
derstood. Initial scores are one clear predictor: We found
that patients with more severe aphasia at Day 2 made greater
subsequent gains in overall language function. This is con-
sistent with a previous report that patients with poststroke
aphasia regain about 70% of their lost language function
between an initial assessment within the first 3 days after
stroke and a follow-up assessment at 90 days (Lazar et al.,
2010). This reflects in part the fact that patients with greater
deficits have more room to improve.

Finally, we compared the dynamics of recovery
across different language domains. We found that patterns
of recovery differed across domains, with consistent im-
provements in word finding, grammatical construction,
repetition, and reading, but less consistent improvements
in word comprehension and sentence comprehension. Sev-
eral of these differences were statistically significant, in-
cluding a composite contrast between expressive and
receptive language domains. It is noteworthy that the test—
retest reliability of the receptive measures on the QAB is

QAB measure Recovery (units/week) LRT p
QAB overall 1.071, Cl [0.458, 1.709] 10.150 .007*
Word comprehension 0.620, CI [-0.328, 1.556] 1.747 22
Sentence comprehension 0.362, ClI [-0.741, 1.380] 0.471 .52
Word finding 1.174, C1 [0.521, 1.861] 10.530 .006*

Grammatical construction 1.734, Cl [0.425, 3.091] 6.329 .022¢
Speech motor programming 2/5 patients with impairment improved a a

Repetition 1.138, Cl [0.285, 1.942] 6.351 .022¢
Reading 1.014, Cl [0.200, 1.886] 5.736 .024*

Note. p Values reflect comparisons between the main models and reduced models with no fixed effect of time postonset. QAB = Quick
Aphasia Battery; LRT = likelihood ratio test statistic; Cl = confidence interval.

glmprovements in speech motor programming could not be analyzed statistically.

*p < .05.
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Table 3. Details of recovery trajectories in each language domain.

QAB measure Polynomial p Random slopes p Intercept slope p
QAB overall 167 .002* .046*
Word comprehension .160 .026* 123
Sentence comprehension 412 .259 .308

Word finding .070 234 .613
Grammatical construction .849 < .001* <.001*
Speech motor programming a a a
Repetition .166 72 .248
Reading .548 .070 .814

Note. p Values reflect model comparisons between the main models and models with polynomial terms (polynomial p), without random
slopes (random slopes p), and without correlations between random intercepts and slopes (intercept slope p). QAB = Quick Aphasia Battery.

#mprovements in speech motor programming could not be analyzed statistically.

*p < .05.

not as good as the reliability of the expressive measures
(Wilson et al., 2018). However, although this would in-
crease the variability in the estimates of recovery slopes, it
would not account for the significantly lower slopes rela-
tive to expressive measures. It is also noteworthy that
chance performance on receptive measures scales to 0 on
the QAB, based on the assumption that chance perfor-
mance reflects complete impairment. If raw scores were
used as in some other aphasia batteries, the slopes for re-
covery of receptive functions would be even shallower. We
are aware of only a few previous studies that have reported
early recovery rates separately for different language do-
mains (El Hachioui et al., 2013, 2011; Furlanis et al., 2018;
Mattioli et al., 2014); however, none of these studies statis-
tically compared rates across domains. In longer term re-
covery, trajectories of recovery in different language
domains have generally been reported to be quite similar
to one another (e.g., Demeurisse et al., 1980; Swinburn
et al., 2004).

Our study had several noteworthy limitations. First,
there were only 21 patients with aphasia included in this
study. This relatively small sample size limits the precision
with which we were able to estimate trajectories of recov-
ery and means that all nonsignificant findings should be
treated with caution because some patterns may be signifi-
cant in a larger sample. Second, although we attempted to
evaluate language function every 2-3 days between Post-
stroke Days 2 through 15, our ability to do so was limited
by situational factors, so the number of data points ac-
quired and their timing differed across patients. However,
the mixed models that we employed allowed us to draw in-
ferences where possible despite the unbalanced nature of
the data (Bates et al., 2015). Third, our analyses were lim-
ited only to time points at which patients were testable,
which was defined as medically stable and able to stay
awake, maintain attention, and attempt to follow com-
mands. Therefore, our findings must be interpreted only
as applying to patients who meet these criteria, leaving
open the question of the natural history of patients who
are more severely impaired. Fourth, we assessed recovery
in terms of reductions in language impairment. However,

from a clinical standpoint, it will be important in future
studies to investigate recovery of communicative efficacy,
which can be expected to be partly, but not wholly, deter-
mined by reductions in impairment of language function.
Fifth, most of the patients received at least some speech-
language therapy; therefore, we cannot determine to what
extent the patterns of recovery we documented were medi-
ated by treatment. It is likely, however, that changes asso-
ciated with physiological restitution during the first 2 weeks
account for the great majority of the observed recovery,
given that behavioral intervention was necessarily lim-
ited. This assumption is in line with findings from several
recent clinical trials that did not report any significant
differences between patients receiving early speech-
language therapy and those experiencing natural recovery
alone (Bowen et al., 2012; Laska, Kahan, Hellblom, Murray,
& von Arbin, 2011; Nouwens et al., 2017). Sixth, we did
not systematically study patients after the first 2 weeks,

so we were unable to establish any relationships between
early patterns of recovery and longer term outcomes. Fu-
ture research is warranted to track patients from the acute
through to the subacute and chronic phases (Lazar et al.,
2010; Maas et al., 2012). Finally, we included patients with
ischemic stroke and primary intracerebral hemorrhage.
The underlying pathophysiology of tissue injury and time
course of recovery likely differs in these two populations;
however, because of the small sample size, we were not
able to compare the two groups.

Our findings have several implications for clinical
practice. Most important, our results provide a clear basis
for prognosis of language recovery within the late acute
and early subacute period, which is highly relevant infor-
mation to share with patients and their caregivers, for
whom questions such as “How long will this last?” and
“When can I expect this to get better?” typically loom
large. The observed rate of recovery of 1 point per week
on a 10-point scale during the first 2 weeks represents a
clinically meaningful rate of improvement, given that 1
point on the QAB corresponds to about 10 points on the
Western Aphasia Battery—Aphasia Quotient (Wilson et al.,
2018), and even a 5-point change in aphasia quotient is
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generally considered clinically meaningful (Hula, Donovan,
Kendall, & Gonzalez-Rothi, 2010). It should also be
helpful to educate patients and their caregivers that gains
will typically slow down after the first 2 weeks and that
comprehension deficits may resolve less rapidly than ex-
pressive deficits, minimizing potential discouragement if
the pace of early recovery is not sustained. However, clini-
cians should never imply that the potential for meaningful
recovery ceases at any particular point because longer term
recovery is certainly possible (Holland, Fromm, Forbes, &
MacWhinney, 2017), especially in the context of intensive
speech-language therapy (Breitenstein et al., 2017). Our
findings also establish baseline expectations against which
to evaluate the efficacy of interventions. It is noteworthy
that, of the three largest clinical trials to date of early
speech-language therapy, Laska et al. (2011) initiated ther-
apy within 2 days of stroke onset, whereas Bowen et al.
(2012) and Nouwens et al. (2017) initiated therapy about

2 weeks after stroke onset. Although our data do not bear
on the question of whether it is better to try to ride the
coattails of rapid early recovery or to begin therapy after
the pace of recovery has begun to slow, our findings do
suggest that these phases are different enough that the po-
tential efficacy of speech-language therapy should proba-
bly be investigated independently in each phase.
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