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Abstract

The purpose of this study was to assess the potential of a new clinical procedure,
based on sound localization, to identify central auditory dysfunction in patients with
unilateral cerebrovascular accident (cva). Left hemispheric cerebrovascular accident
often leads to aphasia. Aphasia is a communication disorder involving receptive and
expressive language impairment. A lack of sensitive, valid and reliable clinical tests has
made difficult the identification of the underlying components of speech comprehension
problems related to aphasia. A large body of animal and human literature has
demonstrated that various sound localization abilities are also impaired by cortical
lesions. To document this non-linguistic auditory ability, binaural masking procedures
were examined along with some of the more traditional speech tests to see how well they
detect central nervous system disorders. Twenty-two patients with right or left unilateral
cva, the experimental group, were tested using a binaural masking task employing
behavioral and electrophysiological approaches. The results obtained from the
experimental group were compared with those from a normal control group matched in
age and hearing sensitivity. The relationship between the speech comprehension
impairment and the performance on the binaural masking tasks was also studied. The
severity of the speech comprehension problem was found to have a highly significant
relationship to the performance of the patients on the behavioral task.
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Chapter One

1. Introduction

Aphasia is a communication disorder that is related to a stroke or a traumatic injury
occurring in the left hemisphere of the brain. Depending on the site of the lesion and its
extent, the aphasic patient can present with a speech comprehension problems. At least
60 to 70 % of all aphasic patients present some degree of deficit in speech comprehension
(Boller, Kim & Mack, 1977). Because of the high prevalence of this dysfunction, the
assessment of speech comprehension is an essential part of most standardized aphasia
batteries (see for example: the Boston Diagnostic Aphasia Examination (BDAE)
(Goodglass & Kaplan, 1983), and the Western Aphasia Battery (WAB) (Kertesz, 1982).
Typically in these diagnostic batteries, the patient is tested with verbal material presented

live by the speech-language pathologist.

Standardized aphasia tests contain linguistic material and requests that vary in
complexity from pointing to a specific picture representing a single word, to more
complex demands using long sentences or short texts. Using these tests, the severity of
the speech comprehension problem is determined solely from the specific level of
linguistic complexity that the aphasic patient can or cannot successfully understand
(Davis, 1993). Within this linguistically oriented framework, the possibility that the left-
hemisphere lesion could also involve central auditory dysfunction is under examined
(Divenyi & Robinson, 1989). Central auditory dysfunction such as reduced temporal
resolution and impaired duration discrimination could also contribute to the severity of
the speech comprehension problems (Schwartz & Tallal, 1980; Divenyi & Robinson,
1989; Thompson & Abel, 1992). Therefore, the patient performance on a speech
comprehension task alone might not be an appropriate index of the severity of the

problem.



In an integrated information processing model of auditory comprehension, McNeil
and Kimelman (1986) suggested that observed speech comprehension deficits in aphasic
patients could be secondary to primary deficits in the auditory processing of the rapid
variations of the intensity, frequency and duration dimensions of speech sounds.
Supporting this, there is evidence that some auditory non-linguistic capabilities are
impaired in aphasic individuals and in dysphasic children (Lackner & Teuber, 1973;
Tallal & Piercy, 1973a, 1973b; Tallal & Piercy, 1974; Tallal & Newcombe, 1978;
Divenyi & Signoret, 1980; Schwartz & Tallal, 1980; Divenyi & Robinson, 1989;
Thompson & Abel, 1992; Abel, Kimelman & Cohen, 1996). The affected auditory
function are said to include, but might not be restricted to, frequency discrimination,
frequency selectivity, discrimination of rapid frequency transition, duration
discrimination, temporal resolution, temporal order discrimination, and detection of tone

within broadband noise.

Divenyi and Robinson (1989) studied the relationship between non-linguistic"
auditory function and impairment of linguistic comprehension in aphasic patients. Their
results revealed an orderly deterioration of 4 out of 7 examined auditory abilities as the
level of language comprehension decreased in aphasic patients. Such a relationship
suggests that specific central auditory dysfunction may parallel or even underlie speech
comprehension problems. These findings also support the idea that even a mild
impairment in central auditory functions may aggravate the genuinely linguistic
impairment of an aphasic patient (Divenyi & Robinson, 1989). Therefore, a rigorous
clinical assessment of the origin and severity of a speech comprehension problem would
have to include both linguistic and auditory aspects (Musiek, Baran & Pinheiro, 1994;
Phillips, 1995).

Aphasic patients presenting symptoms of hearing loss, or auditory-related
complaints are typically sent to audiologists for evaluation. In most cases, the clinical
evaluation will be limited to the peripheral abilities such as hearing acuity determined by
an audiogram. More rarely, the central auditory abilities will also be assessed (Musiek et

al., 1994). Central auditory capabilities are typically evaluated using sensitized speech



tests (Katz, 1962; Speaks & Jerger,1965), temporal pattern recognition tests (Katz &
Pack, 1975; Pinheiro, 1977; Musiek, Baran & Pinheiro, 1990) and auditory evoked
response tests (Hall, 1992; Musiek et al., 1994; McPherson, 1996).

This global clinical approach, while attempting to describe the central auditory
capabilities, presents severe limitations. First, the speech material used in sensitized tests
has been criticized on the basis of its questionable validity and reliability (Huard, 1992;
Amos & Humes, 1998). These tests were primarily designed to identify neurological site-
of-lesions and are now being used to assess central auditory capabilities (Bamford &
Saunders, 1991). This shift in the purpose of testing has also brought a change in the
target population from brain-damaged adults to learning-disabled children. The above
cited reasons cause clinicians and researchers to denounce openly a lack of
standardization of these sensitized speech tests. In addition, a lack of control of
linguistic bias often appears in these tests (Noffsinger & Kurdziel, 1979). For example,
the vocabulary found in tests, first designed for brain-damaged adults, was not adapted
when the tests began to be used with children. As well, with aphasic patients, the
linguistic content of these procedures obscures the identification of specific central
auditory processing problems. Second, the few non-linguistic tests that are available for
clinical evaluation of aphasic patients are [imited to identification of frequency or
duration patterns, and identification of environmental sounds among background noise
(Katz & Pack, 1975; Pinheiro, 1977; Musiek, Baran & Pinheiro, 1990). The relationship
between the results of these non-linguistic tests and language processing is tenuous
(Gollegly & Musiek, 1993; Colson, Robin & Luschei, 1990) . Finally, the use of auditory
evoked potentials in clinical settings is too often limited to site-of-lesion identification
and infrequently directed to dysfunction assessment (McPherson, 1996). Under very
strict technical and instrumental controls, auditory event-related potentials and mismatch
negativity can be used to assess specific auditory capabilities such as frequency, intensity,
or duration discrimination (Kraus, McGee, Carrell & Sharma, 1995; Niitinen, 1995;
Néaatdnen & Alho, 1995). However, such sophisticated techniques are infrequently

encountered and rarely used in clinical settings.



The exclusion or the identification of a central auditory processing disorder in an
aphasic patient is of crucial importance in the selection of an appropriate rehabilitation
strategy. On one hand, the current state of audiological practice and the lack of sensitive,
valid and reliable tests prevents the identification of the precise origin of the
comprehension problem in aphasic patients. On the other hand, the non-specific auditory
component of a speech comprehension deficit is, most of the time, ignored by speech-
language pathologists. As pinpointed by Divenyi and Robinson (1989), this void is so
pronounced that no treatment has been designed so far to explicitly address auditory

processing deficits in aphasic patients.

In this context, animal and human research have demonstrated that sound
localization might be an appropriate vehicle for the evaluation of the central auditory
system (Hochster & Kelly, 1981; Jenkins & Masterton, 1982; Jenkins & Merzenich,
1984; Al'tman, Rosenblum & Lvova,1987; Cornelisse & Kelly, 1987; Kavanagh & Kelly,
1987; Cranford, Boose & Moore, 1990; Al'tman & Vaitulevich, 1993; Phillips, 1993;
Poirier, Miljours, Lassonde & Lepore, 1993; Poirier, Lassonde, Villemure, Geoffroy &
Lepore, 1994; Zatorre, Ptito & Villemure, 1995). In animal studies, there is a large
consensus that unilateral lesions of the primary auditory cortex cause a significant free-
field sound localization deficit in the auditory hemifield contralateral to the lesioned
hemisphere. In the same manner, human studies also suggest that cortical lesions disrupt
sound localization performance. In addition, sound localization capabilities seem to be
used, along with other cognitive mechanisms such as selective attention, in a non-optimal
acoustical environment. An example of this occurs when a listener has to focus on one
conversation while surrounded by background conversation (Soli, Nilsson &
Gelnett,1996). This effect, known as the cocktail party effect (Cherry, 1953), seems to
rely on the ability of the central auditory system to achieve this by assigning a specific

spatial channel to the desired speech source of information.

In a listening environment of multiple, simultaneous, speakers, voices come from
various positions in space. Sound localization ability is involved in the selection of the

desired voice, coming from a specific position in space, within a spatial channel



(Middlebrooks & Pettigrew, 1981; Rajan, Aitkin, Irvine & McKay,1990). Other sounds
coming from other surrounding positions in space, would be processed by different
spatial channels. Segregated in this manner, the pertinent auditory information (figure)
and the non-pertinent information (ground) are separated, helping to maintain the salience
of the desired speech source for the linguistic central processor. An impairment in the
spatial channel mechanisms would lead to difficulties in the identification and

comprehension of the stream of language, even in weak background noise.

The non-linguistic nature of sound localization, and its well demonstrated
impairment following cortical lesions, suggests that a test of sound localization has
potential to be a useful clinical instrument to identify aphasic patients with deficits in
central auditory processing. Although the unique central properties of sound localization
are now well recognized, there is currently no available standard clinical test for sound
localization deficits. The present work examines the potential of a clinical procedure,
based on sound localization, to identify central auditory dysfunction in patients with

temporal lobe damage and to compare the outcome with tests of speech comprehension.

The successful application of a sound localization paradigm to identify central
auditory dysfunction in patients with temporal lobe damage could lead to changes in the
focus of the therapy used in speech-language pathology. The sound localization paradigm
is obviously not a speech comprehension test. Nevertheless, a deficit in sound
localization abilities would demonstrate the presence of an auditory dysfunction that
could coexist with the linguistic dysfunction. The simultaneous presence of these
dysfunctions might influence the severity of a demonstrated speech comprehension
problem. Patients with temporal lobe damage suffering from a central auditory
dysfunction, as revealed by a deficit on a sound localization procedure, might benefit less
from a treatment that emphasizes exclusively a linguistic approach. A therapeutic
approach that includes attention to both the central auditory dysfunction and to the
linguistic aspects of the speech comprehension deficit could probably improve the
functional outcome for these patients as compared to the exclusively linguistic approach.

Otherwise, brain-damaged patients that have normal central auditory processing while



showing a speech comprehension deficit would still benefit from the usual treatment
focused on a linguistic-based therapeutic approach. The above examples suggest that the
successful application of a sound localization paradigm to identify central auditory
dysfunction in patients with temporal lobe damage could lead, over the long term, to an
integrated battery of clinical tests and therapeutic approaches. The availability of these
tests and approaches would allow the speech-language pathologist and the audiologist to
delineate the contribution of auditory and linguistic underlying components to an
observed speech comprehension problem and to select the most effective therapeutic

approach.



Chapter Two

2. Review of the literature
2.1. Speech comprehension deficits in aphasia

There is a large body of evidence suggesting that lesions in the left posterior
superior temporal lobe are associated with deficits in speech comprehension in aphasic
patients (Wernicke, 1908; DeRenzi & Vignolo, 1962; Hecaen & Angelergues, 1964;
Luria, 1964; Schuell, Jenkins & Jimenez-Papon, 1964; Geschwind, 1965; Benson &
Patten, 1967; Benson & Geschwind, 1976; Kertesz, Lesk & McCabe, 1977; Naeser &
Hayward, 1978; Kertesz, 1979; Kertesz, Harlock & Coates, 1979; Mazzocchi & Vignolo,
1979; Vignolo, 1979; Albert, Goodglass, Helm, Rubens & Alexander, 198 1; Damasio,
1981; Kertesz, 1983; Selnes, Knopman, Niccum, Rubens & Larson, 1983, Naeser,
Alexander, Helm-Estabrooks, Levine, Laughlin & Geschwind, 1982; Naeser, Helm-
Estabrooks, Haas, Auerbach & Srinivasan, 1987; Gaddie, Naeser, Palumbo & Stiassny-
Eder, 1989). Lesions in the right hemisphere are associated with relatively intact
linguistic skills (Davis, 1993) but are associated with impairment of attention (Myers,
1986). In terms of speech comprehension, the majority of patients with right hemisphere
lesions exhibit results that are statistically different from normal, but the size of the

difference is often meaningless (Black & Strub, 1978; Coughlan & Warrington,1978).

The severity of a speech comprehension deficit might be determined using: 1) tasks
at different linguistic levels (words, sentences and paragraphs, for example) and 2)
information regarding the site and extent of the lesion in relation to the recovery pattern.
The next sections will examine both ways of determining the severity of the speech

comprehension problem.



2.1.1. Assessment of the severity of the speech comprehension deficit using
standardized tests

The Boston Diagnostic Aphasia Examination (BDAE) (Goodglass & Kaplan, 1983)
and the Western Aphasia Battery (WAB) (Kertesz, 1982) were included in this review
because of their widespread clinical use (Davis, 1993). Both batteries approach the
assessment of the severity of a speech comprehension problem via sub‘ests graded for

linguistic complexity.

The Boston Diagnostic Aphasia Examination (BDAE)

The BDAE is used by clinicians and researchers for either identifying clinical
syndromes (Broca, Wernicke, global, conduction, etc.) or as a basis for grouping
experimental subjects according to syndrome. The BDAE has 27 subtests; and the score
of each one is reported on a summary profile sheet in order to obtain a description of
behaviors instead of a composite score for aphasia. An example of a BDAE summary

profile sheet is found in Figure 1.

The second section of the BDAE deals with auditory comprehension. This section
is subdivided into four subtests: word discrimination, body-part identification,
commands, and complex ideational material. The subtests are presented using a simple to
complex task gradient. In the first subtest, the patient is asked to point to pictures
representing objects, actions, letters, numbers, colors and shapes. The next subtest
involves right-left body-part identification. This subtest is not only used as a
comprehension test but also serves to determine left-right discrimination. The third
subtest uses one to five-stage commands. The patient’s ability is rated according to the
level of complexity successfully reached. In the last subtest, paragraphs of increasing
length are read to the patient. The patient must afterwards answer a number of text
comprehension questions. Again, the patient’s ability is rated according to the level of
complexity (paragraph length) successfully reached. In each subtest, the raw score is
converted into percentiles. A mean percentile value for auditory comprehension can be

computed using the percentiles
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Figure 1 - Example of a Boston Diagnostic Aphasia Examination (BDAE)
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obtained from the four subtests. A low mean percentile (mean of around 25 and a range
from 1 to 45) indicates a severe auditory comprehension problem whereas a high

percentile (70 to 100) indicates normal comprehension or a mild deficit.

The BDAE itself was not designed to predict auditory comprehension recovery.
However, it has been applied to document recovery in some formal studies (Naeser et al.,
1987; Gaddie et al., 1989).

The Western Aphasia Battery (WAB)

The WAB is quite similar to the BDAE both in terms of the subtests included in the
auditory verbal comprehension section and its clinical purpose, to classify patients with
regard to the appropriate aphasia syndrome. In addition, the WAB was designed to serve

as a measure of progress related to therapy (Kertesz, 1982).

In the auditory verbal comprehension section, the first subtest is a list of yes/no
questions. The second subtest is an auditory word recognition task. The subject is asked
to point to objects, pictures, and body parts. The third and last subtest involves more
complex ideational material to assess multistage instruction comprehension. The subjects
are asked to manipulate objects in front of them (pencil, book and comb). For example, a
subject could be asked to put the pencil on the book while holding the comb in one hand.

Again, the subtests follow a simple to complex task complexity gradient.

The results obtained with the auditory comprehension WAB subtests are rated on a
severity scale. A severe comprehension problem would be indicated by a low score on
the scale (less than 3.9 for global and isolation aphasia) whereas a slight comprehension
problem would be indicated by a high score (between 7 and 10 for anomic aphasia).
Figure 2 illustrates the decision tree provided by the WAB to classify aphasias. A high
and significant correlation (r=0.90) has been found between the BDAE and the WAB for
auditory comprehension performance (Wertz, Deal & Robinson, 1984).
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Aphasiss
NONFLUENT FLUENT
(0-4) (5-10)
Globat Wernicke's
Isolation Transcortical Semoary
Broca’s Conduction
Transcortical Motor Anomic

{Naming: 0-9}

LESS COMPREHENSION MORE COMPREHENSION LESS COMPREHENSION MORE COMPREHENSION

(0-3.9} {4-10) (0-6.9) (7-10)
Globat Broca’s Wernicke's Conduction
Isolation Trans Motor Trans Sensory Anomic
{Naming: 0-6) (Naming-081 /\ /\
POOR REP GOOD REP POOR REP GOOD REP POOR REP GOQD REP POOR REP GOOD REP
{0-4.9) {5-10} (0-7.9) {8-10) (0-2.9} (8-10) (0-6.9) (7-10)
Global isolation Broca’s Teans Motor Wernicke’s Trans Sensory Conduction Anomic

FIGURE 9-3 Decision tree illustrating the manner in which the
WAB classifies aphasias according to scores for fluency, auditory
comprehension, and repetition.

Taken from Davis (1993) A survey of adult aphasia and related language disorders.

Figure 2 - Decision tree provided by the Western Aphasia Battery (WAB) to classify
aphasias
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2.1.1.1. Severity of the speech comprehension problem versus extent of the lesion
and recovery

The use of powerful radioimaging techniques allows the examination of the relation
between speech comprehension deficits and neuroanatomical correlates found in aphasic
patients (Naeser & Hayward, 1978; Kertesz, 1979; Selnes, Niccum & Rubens, 1982;
Selnes et al., 1983; Selnes, Niccum, Knopman & Rubens, 1984). It is generally accepted
that larger lesions are related to poorer speech comprehension. Kertesz (1979) reported a
significant negative correlation between speech comprehension and extent of the lesion in
acute aphasic adults. When looking at the recovery pattern, using a difference compound
score taken from the WAB, Kertesz (1979) found no significant correlation between the
amount of recovery and the repeated WAB speech comprehension score. Early measures
of severity of speech comprehension deficits, in the first week post onset, were also
unrelated to amount of recovery in two earlier studies (Sarno & Levita, 1971; Gloning,
Trappl, Heiss & Quatember, 1976). These results might be associated with the early post
onset time window used in these studies. Such a short interval would not allow enough
time to establish a neurophysiological recovery, which tends to stabilize in aphasic
patients within the first few days to the first month after the cerebral accident (Rubens,
1977).

Selnes and colleagues have conducted carefully controlled prospective studies
examining the relationship between recovery of speech comprehension problems and the
site and extent of the lesion (Selnes et al., 1982; Selnes et al., 1983; Selnes et al., 1984).
Globally, their results showed that most aphasic patients exhibited single word
comprehension deficits at one month post-onset. However, the degree of the deficit was
not predictive of the site of the lesion. Lesions located both inside and outside the
posterior superior temporal lobe, around the auditory cortex, were associated with speech
comprehension problems at one month post onset. For example, some patients with
lesions sparing the posterior superior temporal lobe had severe speech comprehension
problems at one month. At 6 months post onset, these patients regained near-normal

speech comprehension at the single word level. For patients with lesions involving the
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posterior superior temporal lobe, lesion size and location tended to be related to speech
comprehension performance. Lesions, however small, located within the posterior
superior temporal area were always related to more severe and persistent speech

comprehension deficits.

Gaddie et al. (1989), using the BDAE, found two distinct recovery patterns in two
groups of patients studied: one with fronto-parieto-temporal cortical lesions involving
Wernicke's area, and the other with similar lesions, but no cortical involvement of
Wermnicke's area. At one to four months post onset, the two groups did not have
significantly different scores of speech comprehension on the BDAE. At one year post
onset, the patients that had cortical lesions sparing Wernicke's area had recovered
substantially, whereas the patients within the other group had shown significantly less
speech comprehension recovery. These results are in good agreement with a previous
report by Naeser et al. (1987) who studied the relationship between severity of speech
comprehension in Wernicke's aphasia and amount of of temporal lobe damage within
Wenmnicke's area. Their results also showed that speech comprehension recovery is better
six months to one year post onset when the damaged area included less than half of
Wenrnicke's area regardless of the total temporoparietal lesion size. These results are in
agreement with the proposal made by Selnes et al. (1982), who demonstrated that
persistent speech comprehension deficits were associated with lesions in the posterior

superior temporal and infrasylvian supramarginal areas.

The conclusion emerging from the studies presented in this section tend to indicate
that the acute evaluation of a speech comprehension problem in an aphasic patient by
imaging or by speech tests, especially after the initial period following the onset, would
be predictive of neither: 1) the site and the extent of the causative lesion, nor 2) the
potential for recovery. The same research indicates that a better relationship between site,
extent of the lesion and speech comprehension scores is observed when the severity of the

speech comprehension problem is assessed at least 6 months post onset.
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2.1.2. Auditory capabilities and speech comprehension deficit

One important factor that is frequently overlooked in the aphasia literature is the
contribution of the auditory component to the speech comprehension process (Divenyi &
Robinson, 1989). Numerous investigators considered aphasia to be essentially a [anguage
disorder, without involvement of auditory processing deficits (Carpenter & Rutherford,
1973; Varney, 1980; Varney, 1984; Riedel & Studdert-Kennedy, 1985; Blumstein, Katz,
Goodglass, Shrier & Dworetsky, 1985). To the contrary, others found that auditory
processing deficits could be the primary deficit in speech comprehension problems
affecting aphasic patients (Efron, 1963; Swisher & Hirsch, 1972; Lackner & Teuber,
1973; Tallal & Newcombe, 1978; Schwartz & Tallal, 1980; McNeil & Kimelman, 1986;
Divenyi & Robinson, 1989; Thompson & Abel, 1992; Phillips, 1995; Abel et al., 1996).
This controversy is ongoing and the solution remains unclear even though the most recent
pieces of evidence tend to demonstrate that non-linguistic auditory function is indeed
related to the severity of speech comprehension problems in aphasic patients (Divenyi &
Robinson, 1989; Abel et al., 1996).

Efron (1963), and Swisher and Hirsch (1972) studied the perception of the order of
presentation of two non-speech sounds presented in rapid succession in brain-damaged
patients. These subjects could only correctly perceive the order of the two sounds when
there was a certain amount of time between them. Left or right brain-damaged patients
required several hundred milliseconds between the two sounds before being able to
determine the exact order of presentation. Trained normal subjects could correctly
identify the order of presentation with an interstimulus interval of less than 20 ms
(Hirsch, 1959). According to Swisher and Hirsch's results, the observed impairment was
more pronounced in patients with left-hemispheric lesions. The ability to identify the
order of presentation of non-speech signals could theoretically be related to the ability to
form words from segmental units. However, the phonological and semantic context
present in speech stimuli could compensate for an inability to perceive order of
presentation. Therefore, it is not clear that this non-linguistic auditory dysfunction would

cause a speech comprehension dysfunction.






