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ABSTRACT
Background: Recent studies have emphasized the importance of
initial aphasia severity as a determinant of aphasia recovery.
However, data on predictors of initial post-stroke aphasia severity
itself are far from adequate in the available literature.
Aims: The objective of the present study was to enumerate the
predictors of initial aphasia severity following stroke.
Methods & Procedures: Bengali version of Western Aphasia
Battery (BWAB), a validated instrument, was used for language
examination. All patients were examined for language deficit dur-
ing the first week after stroke. Severity was estimated by deducing
aphasia quotient (AQ) and considering the severity scale as per
BWAB. Lesion assessment was carried out by magnetic resonance
imaging (3T) in ischemic stroke (if no contraindications were found)
and computed tomography in hemorrhagic stroke. Demographic
factors (age, gender, bilingualism, and number of years of formal
education), lesion-related factors (type of stroke, lesion volume,
cortical versus sub-cortical location, and site of lesion), and initial
aphasia type were independent variables, whereas initial aphasia
severity (non-severe, AQ = 50 or more; severe, AQ <50) was the
dependent variable. Appropriate statistical tests were applied for
the analysis of collected data. Among the 515 screened participants
with first-ever acute stroke, 208 presented aphasia.
Outcomes & Results: On univariate analysis, the factors found to
be associated with higher initial severity were monolingualism (p =
.014), hemorrhagic stroke (p < .001), larger lesion volume (p < .001),
cortico-subcortical mixed stroke lesion (p < .001), and a non-fluent
type of aphasia (p < .001). As per binary logistic regression analysis,
independent predictors of higher severity were higher volume of
lesion (p < .001, OR = 1.651), hemorrhagic stroke (p = .004, OR =
11.987), and non-fluent aphasia (p = .012, OR = 4.796). The overall
predictive value of the regression model was 90.4%.
Conclusion: The most significant determinants of initial aphasia
severity in our sample of stroke patients were lesion-related factors
and non-fluent aphasia.
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Introduction

Aphasia is considered among the most common focal neurologic deficits that occur
following strokes. Different institution-based studies worldwide have reported the inci-
dence of post-stroke aphasia to be between 20% and 41% (Dickey et al., 2010; Flowers
et al., 2016; Pauranik et al., 2019; Pedersen, Vinter, & Olsen, 2004). As far as the Indian
scenario is concerned, studies on epidemiological aspects of post-stroke aphasia are few.
A study on post-stroke aphasia in Hindi-speaking participants of northern India revealed
a frequency of around 28% (Bohra et al., 2015). A similar recent study performed by the
authors on speakers of the Bengali language in eastern India found that the incidence of
post-stroke aphasia is close to 40% (Lahiri et al., 2019).

The severity of post-stroke aphasia is usually measured in terms of aphasia quotient
(AQ) with lower scores indicating more severe magnitude of language dysfunction. As per
Western Aphasia Battery Bengali adaptation (BWAB) (Keshree, Kumar, Basu, Chakrabarty,
& Kishore, 2013), aphasia severity is graded as mild, moderate, severe, or very severe
according to the AQ. In the Copenhagen Aphasia Study (Pedersen et al., 2004), a trend
towards a higher magnitude of post-stroke aphasia severity was observed. The Indian
study by Bohra et al. (2015), performed on Hindi-speaking participants with stroke, also
documented severe grade aphasia in the majority of the sample. On the contrary, some
other studies have demonstrated a lower overall severity of language dysfunction follow-
ing stroke. For instance, studies by Kertesz and Sheppard (1981) and Engelter et al. (2006)
documented a tendency towards less severe degree of post-stroke aphasia. It seems that
the time point at which language assessment is performed has a bearing on the severity
data elaborated in different studies across the globe.

The outcome always remains an important concern for a clinician dealing with post-
stroke aphasia. Contemporary studies have highlighted the importance of initial aphasia
severity following a stroke as a determinant of outcome in terms of residual language
deficit. One such study is by Lazar et al. (2010) where the authors have not only elaborated
that initial severity predicts the outcome of aphasia butalso designated it as the strongest
predictor of outcome. Newer studies, however, suggest that the severity of aphasia may not
be the most relevant factor in predicting outcome, suggesting that some linguistic aspects
of initial language impairment may be more relevant, for instance, phonology score
(El Hachioui et al., 2013; Glize et al., 2017; Nouwens et al., 2018). A recent study has
documented that the single-word repetition score in the early post-stroke phase is a good
predictor of long-term outcome in aphasia after ischemic stroke (Tábuas-Pereira et al., 2019).

Nevertheless, studies are limited in number when it comes to elaborating the
predictors of initial aphasia severity itself. In a recent paper, Marebwa et al. (2017)
reported that chronic post-stroke aphasia severity is determined by the fragmentation
of residual white matter networks. The analysis of determinants of initial stroke aphasia
severity, however, has rarely been approached in literature. To the best of our knowl-
edge, no similar study from the Indian sub-continent is available in literature till date.
The importance of knowing the determinants of aphasia severity in acute stroke
cannot be undermined, not only because it will help in prognostication but also
because it will enable recognizing cases that require more intense rehabilitation
measures.
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Therefore, in the background of inadequate literature support, we set out to examine
the factors that might affect initial aphasia severity after stroke. The aim of the present
study, which is part of a larger study on post-stroke aphasia (Lahiri et al., 2019), was to
explore the determinants of the initial severity of language dysfunction following stroke
among Bengali-speaking patients of eastern India.

Materials & methods

We performed an observational study in the stroke unit of a tertiary care neurology centre
of eastern India on participants with first-ever stroke over a period of two years (between
2016 and 2018). The present study was initiated with prior approval received from the
Institutional Ethics Committee.

Participants

Consecutive patients with first-ever acute stroke presenting to our stroke unit were
recruited for the present study. The inclusion criteria were as follows: (1) conscious (as
per the WHO definition) at the time of language examination; (2) adult (more than
18 years) literate subjects with aphasia after first-ever stroke; and (3) speakers of the
Bengali language (which means any person capable to communicate in and understand
Bengali language in his/her pre-morbid state). The following exclusion criteria were
applied: (1) aphasia as consequence of vascular catastrophe inside intra-cranial space-
occupying lesion; (2) non-linguistic cognitive disturbance affecting language assessment,
including confusion, apathy, significant attention disturbances, and other difficulties
impairing patient’s evaluation; (3) documented or suspected dementia; (4) pre-morbid
psychiatric illness hindering communication (for example, personality disorder); and
(5) abuse of alcohol or drug (Lahiri et al., 2019).

During the study period, 607 patients of first-ever acute stroke were collected, of whom
92 were excluded for the following reasons: death before first language assessment (33);
severe systemic complications during early post-stroke period (25); severe dysarthria or
anarthria making speech impossible or unintelligible and, consequently, hindering lan-
guage assessment (15); complete resolution of language deficit before initial assessment
(12); and extensive bilateral micro-vascular ischemic changes (7).

In the index study, the definition of bilingualism was as follows: the ability to commu-
nicate in two or more languages during interaction with other speakers of these same
languages (Mohanty, 1994). This definition takes into account the ability for active
language usage rather than grammatical proficiency and, therefore, is in alignment with
the current concepts of bilingualism as life-long activity in contrast to passive learning
(Bak, 2016).

Language examination

The BWAB, a validated scale for assessing the language function in adults, was used to
determine the presence, severity, and type of aphasia. The parameters of BWAB are as
following: Spontaneous Speech, Comprehension, Repetition, Naming, and AQ. The AQ is
an estimate of the severity of aphasia and is a combined score based on the oral–auditory
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language subscales of Fluency, Comprehension, Repetition, and Naming. AQ below 93.8 is
taken as the quantitative cut-off for aphasia diagnosis. For the purpose of the index study,
initial language examination was performed between 3rd and 7th day following stroke in
each of the recruited patients.

Severity of aphasia

The severity of aphasia in the present study was determined by AQ. The magnitude of
severity was semi-quantified as follows: mild (AQ = 76–93.8), moderate (AQ = 51–75),
severe (AQ = 26–50), and very severe (AQ = 25 or less). Then, the participants were further
classified into non-severe (AQ = 50 or more) and severe group (AQ = less than 50).

Brain imaging

Brain imaging for ischemic strokes in our study was performed by using Siemens 3T MRI
machine (MagnetomVerio DOT, 16 channels) with a standard quadrature head coil.
A computed tomography (CT) scan (Philips, 16 slice) was utilized for initial brain imaging
of patients suffering from hemorrhagic stroke. Three patients with ischemic stroke, who
had contraindications (artificial metallic heart valve or permanent pacemaker) for MRI,
were evaluated by CT scan.

Visual analysis was performed in SiemensR Syngo viewer for lesion assessments, and
the images were read by neuro-radiologists to pinpoint the location of the lesion. The
definition of infarcted tissue was as following: tissue having abnormal high signal on T2-
weighted and/or fluid attenuated inversion recovery sequences (FLAIR) images. Diffusion-
weighted imaging was employed for detection and localization of acute infarct in cases
where MRI was performed within 48 h post-stroke. The location and extent of the lesion
were determined in reference to the sulcal anatomy. Cortical and mixed lesions were
localized to the extent of lobes and gyri according to standard sulcal anatomy by studying
axial, coronal, and sagittal sections of the brain in T2-weighted and diffusion-weighted
sequence. Similarly, for hemorrhagic stroke, CT brain was studied in 3 orthogonal planes
to determine the location and extent of lesions.

Lesion volume was calculated by using standard ABC/2 method in CT scan images for
intracerebral hemorrhage (Kothari et al., 1996) and in MR images (DWI or FLAIR) for
ischemic stroke (Sims et al., 2009). For subjects with ischemic stroke and contraindication
for MRI, infarct volume was estimated by ASPECT scoring and CT perfusion score
(Gaudinski et al., 2008).

Statistical analysis

Statistical analyses were conducted using IBM SPSS Statistics (version 25.0). Demographic
factors (age, gender, bilingual status, and number of years of formal education), lesion-
related factors (type of stroke, lesion volume, and cortical versus sub-cortical location),
and initial aphasia type were independent variables, whereas initial aphasia severity (non-
severe, AQ = 50 or more; severe, AQ<50) was dependent variable. Univariate analysis for
categorical variable (gender, bilingual status, type of stroke, location of lesion, and initial
aphasia type) was performed by employing Chi-square and Fischer’s exact tests (as
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applicable) and for continuous variables (age, number of years of formal education, and
lesion volume) were performed using Students’ t-tests or non-parametric tests (Mann–
Whitney U test) as applicable. Binary logistic regression analysis was carried out to
evaluate the factors associated with severe aphasia (AQ <50).

Results

During the study period, 515 screened cases (after exclusion of 92 cases) of the first-ever
stroke were included, among which 208 patients presented with aphasia. The mean age
of patients with aphasia was 52.19 years (SD = 10.96) with a male/female ratio of 2.25:1.
The ratio of ischemic/hemorrhagic stroke in our sample of participants with aphasia was
1.97:1 (67:34). The proportion of participants presenting aphasia between ischemic and
hemorrhagic stroke did not differ significantly (0.40 versus 0.39). Among 208 participants
with aphasia, 53 (25.48%) qualified as bilingual and the remaining 155 were monolingual.

In the study population, 35 (16.8%) patients had mild aphasia, 5 (2.4%) patients had
moderate aphasia, 4 (1.9%) patients had severe aphasia, and 164 (78.8%) patients had
very severe magnitude aphasia. Thus, the majority of patients in our sample revealed very
severe grade language dysfunction.

On univariate analysis, the following factors were associated with higher initial severity-
monolingualism, Χ2 (2, N = 208) = 8.546, p = .014; hemorrhagic stroke, Χ2 (1, N = 208) = 13.423,
p < .001; larger volume of lesion, p < .001; cortico-subcortical mixed lesion, Χ2(4, N = 208) =
27.278, p < .001; and non-fluent type of aphasia, Χ2(2, N = 208) = 9.485, p < .001. (see Table 1)

In binary logistic regression, the most robust predictors of higher severity were higher
volume of lesion (p < .001, OR = 1.651), hemorrhagic stroke (p = .004, OR = 11.987), and
non-fluent aphasia (p = .012, OR = 4.796). The overall predictive value of the regression
model was found to be 90.4%. (see Table 2)

Table 2. Univariate analysis of the factors predicting initial aphasia severity.
Parameters Non-severe Severe P-value

Age 51.1 (SD = 11.79) 52.44 (SD = 1.07) .308
Male/female 31/9 113/55 .207
Education 8.65 (SD = 5.06) 7.59 (SD = 4.85) .122
Monolingual/bilingual 23/17 132/36 .014
Ischemic/hemorrhagic 37/3 105/63 <.001
Non-fluent/fluent 20/20 141/27 <.001
Location
Cortical 17 45

Sub-cortical 20 42
Mixed 3 81 <.001

Volume 6.9 (SD = 4.05) 18.08 (SD = 1.54) <.001

Table 1. Logistic regression of the factors predicting initial severity of
aphasia.
Parameters Significance OR 95% CI

Hemorrhagic stroke 0.004 11.987 2.243–64.049
Higher lesion volume <0.001 1.651 1.316–2.072
Non-fluent aphasia 0.012 4.796 1.405–16.367
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Discussion

The present study is a continuation of the previous study by the authors on the incidence
and types of aphasia in Bengali-speaking subjects following stroke (Lahiri et al., 2019). To
the best of our knowledge, studies exploring the determinants of initial post-stroke
aphasia severity are very few in the available literature, and no similar study is available
from the Indian subcontinent till date.

The severity of aphasia in the present study was measured as per the BWAB scale of
severity, and the majority of our patients (78.8%) were found to have very severe grade
aphasia. This observation is congruent with other studies in the area. In the study by Bohra
et al. (2015), which included both acute and chronic post-stroke aphasic Hindi-speaking
participants, severe aphasia (AQ <50) was found in 70% of the cases. A trend towards
more severe aphasia was also observed in the Copenhagen aphasia study (Pedersen et al.,
2004). Kertesz and Sheppard (1981), however, demonstrated a trend towards a less severe
degree of post-stroke aphasia. Similarly, Engelter et al. (2006) documented that only
around one-fourth of their sample of post-stroke patients had severe aphasia. It is
probable that early assessment of language function after a stroke may reveal lower AQ
and basically represent a premature stage of language recovery following vascular injury.
Thus, the heterogeneity among the study results on this subject may actually represent
variability in the time frame of language assessment.

In our study, the severity magnitude, measured in terms of AQ, was significantly lower
(p < .05) in sub-cortical aphasia compared to cortical and mixed cortico-subcortical
groups. In a study by Kirk and Kertesz (1994), in which sub-cortical aphasia was compared
to cortical aphasia, no significant difference between the severity of cortical and sub-
cortical groups was observed. A recent study by Kang et al. (2010), however, showed
higher mean AQ in pure sub-cortical than cortical strokes. Although the difference in AQ
between cortical and sub-cortical groups did not reach statistical significance in this study
(Kang et al., 2010), a hint towards lesser severity of sub-cortical aphasia was observable,
which is in agreement with findings of the present study.

An attempt to explore predictors of initial aphasia severity was made in the present
study. Demographic factors, stroke-related factors, and initial type of aphasia in terms of
non-fluent versus fluent type were analyzed as possible determinants: people with
monolingual status hemorrhagic stroke, larger volume of lesion, cortico-subcortical
mixed lesion, and non-fluent type of aphasia were observed to have severe grade
language dysfunction.

The most robust predictors of higher severity, as determined by binary logistic regres-
sion analysis, were higher volume of lesion, hemorrhagic stroke, and non-fluent aphasia.
The overall predictive value of the regression model was found quite high (90.4%). In
Pedersen, Jørgensen, Nakayama, Raaschou, and Olsen (1995) study, the strongest pre-
dictors of low AQ on initial assessment were: side of the stroke, neurological severity, prior
stroke, and age; these factors explained 37% of the total variance in the aphasia score on
admission. To that end, the strength of the presented model is way stronger although it is
applicable only for patients with a first-ever acute stroke.

A number of studies have shown the effect of lesion volume on aphasia recovery.
Slow recovery and poor outcome have been documented in lesions with larger
volume. Unsurprisingly, in the present study, severe grade aphasia (AQ <50) has
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been found strongly associated with larger lesions. It is presumable that large lesion
would mean more widespread damage to the cortex as well as sub-cortical structures
critical for normal language function. In consequence, a severe form of aphasia is well
anticipated in such patients. To that end, hemorrhagic strokes have been observed to
have larger lesion volume in our sample of aphasic participants. This may have
affected BWAB scores through the agency of larger lesion volume and more wide-
spread damage. Additionally, hemorrhagic strokes are known to disobey vascular
territory which may have supplemented the severity of language dysfunction.
Incidentally, the setting of the present study was in Kolkata (India), where hemorrhagic
strokes are much more frequent than in western countries (Das et al., 2007). A curious
aspect of the presented data is that non-fluent type of aphasia is strongly associated
with lower AQ on BWAB, even after adjusting for other variables. It is possible that
BWAB scores, being considerably dependent on fluency aspect of language, may
overestimate the severity in participants with non-fluent aphasia, which is the same
as saying that the AQ is more sensitive to non-fluent than fluent aphasia. Therefore,
the predictive value of non-fluent aphasia may be related to the way the AQ is
designed.

Among the demographic parameters, monolingualism was found associated with
higher severity. The effect of bilingualism on the recovery of cognitive abilities following
stroke has been reported by different studies, well supplemented by the notion of better
cognitive reserve in bilingual subjects. In a very recent paper from south India, Paplikar
et al. (2019) demonstrated that post-stroke aphasia severity was low in bilingual partici-
pants in comparison with their monolingual counterparts, even after adjusting for other
variables. This observation is in keeping with our finding as well. Nevertheless, in our
sample, logistic regression did not reveal bilingualism to affect aphasia severity
independently.

There are some limitations to the present study that need to be discussed. First, most of
our patients belonged to very severe group, which is possibly linked to the study setting
being a tertiary care center. A significant number of participants also belonged to mild
group. However, an attempt was made to minimize this asymmetric distribution of
severity by dividing the population into severe and non-severe groups. Second, the
technique utilized in this research for lesion volume assessment is relatively old. Due to
resource constraints, some of the modern techniques of lesion assessment could not be
employed. Last, the effect of modern stroke treatment on aphasia severity was not
analyzed in the present study, as the number of patients who received thrombolysis
was quite small (n = 5). An additional important limitation refers to the absence of
normalization of the lesions, considering that all the brains are not comparable; however,
this normalization was complex, and we suppose that our general results are anyhow
valid.

Conclusion

An attempt was made in this study to enumerate the factors associated with initial severe
aphasia after stroke. Among the demographic factors, only bilingualism was significantly
associated with less severe grade of aphasia, although it did not stand the test of binary
logistic regression. Cortico-subcortical mixed lesions were also found to result in severe
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aphasia but not independently. Hemorrhagic stroke, larger lesion volume, and non-fluent
aphasia were observed to be independent predictors of initial aphasia severity. Therefore,
the most important determinants of the initial severity of post-stroke aphasia in our
sample were lesion-related factors and aphasia profile itself.
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