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ABSTRACT

MRI AND CT ANALYSIS OF
OCCLUSIVE INFARCT IN ADULT STROKE

By

Neva Leslie Frumkin

Previous studies claim that the brain imaging technique of
magnetic resonance imaging (MRI> is the method of choice over computed
tomography (CT) for the detection and visualization of stroke. The
purpose of this study was to investigate, more specifically, the
comparison between lesion size and location of occlusive stroke as
demonstrated by CT and MRI.

Data from ten adults, above the age of 20 years, was analyzed in
this retrospective study. The subjects were identified to have a
single occlusive cerebrovascular accident in either hemisphere on
computed tomography, with a confirmed diagnosis of occlusive stroke on
a follow-up magnetic resonance imaging study. Three radiologists
outlined the boundary of the lesion on all of the CT and MRI images
and identified which anatomical structures were involved in the lesion
as visualized on each modality.

The analyses led to the conclusions that, in the first few weeks
poststroke, the number of reported areas of brain involvement in an
occlusive lesion does not differ statistically on the two imaging
modalities. The reported location of the lesion also does not differ
for lesions which are small, in one lobe of the brain, on or near the

cortex, or in a deep structure with circumscribed boundaries. MRI,



however, seemed to allow for a more specific description of the
involved areas of the lesion, particularly when located on the border
of two different lobes or in deep structures in and around the basal
gangltia. It was also found that there was not a statistically
significant difference between the size of lesion as visualized on the
two modalities. Although not statistically significant, there was a
tendency on MRl for more areas to be reported as involved in the
lesion and for lesions to be larger,

On the basis of the current investigation, it is likely that
future MRI studies correlating lesion size and location with aphasia
will generally confirm the findings of previous CT research. Magnetic
resonance imaging may allow for a more specific description of the
involved areas with lesions located on the border of two different
lobes or in deep structures in and around the basal ganglia, along

with a more precise determination of lesion extent.
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CHAPTER 1

Introduction and Statement of the Problem

Introduction

Neuroimaging

Before the late 1940s, the technique available for imaging the
anatomy of the body and head was traditional shadow radiography also
known as plain x-ray (Oldendorf, 1985). A radiograph, or x-ray,
depicted the amount of x-radiation that passed through the body
(Trapnell, 1967). The amount of obstructed, or attenuated, x-ray was
determined by the density of body structures through which the
radiation passed and these differences in densities allowed for visual
differentiation of anatomical entities.

For disorders of the central nervous system, the value of plain
radiographs as a diagnostic tool has always been especially limited
(Straub, 1984; Trapnell, 1967). The resolution of traditional
radiographs of the brain are limited to depicting differences in
attenuation values which are more than two percent (Katz, 1984; Martin
& Brust, 1985). For example, the gray and white matter of the brain
cannot be distinguished due to their similar absorption of x-rays.
Cerebrospinal fluid and soft tissues, which constitute the bulk of the
central nervous system, have similar radiographic densiiies and
differentiation between these anatomical entities is also limited.

Plain radiographs of the head showed only abnormally dense or



abnormally thin areas within soft tissue, and their effects on the
surrounding skull (Trapnell). Finer distinctions in densities were
not visible on the traditional plain film radiographs. The problem of
superimposition of structures was another major shortcoming of the
technique (Katz, 1984).

Since the late 1940s, two imaging techniques have become
clinically available which have revolutionized the field of
neuroradiology. The brain imaging techniques of computed tomography
(CT) and magnetic resonance imaging (MRI) have substantially improved
the selection of tools available for the diagnostic and clinical
management of central nervous system disease.

Computed tomography is based on the use of radiation and has been
available for clinical use since the late 1940°s. CT detects
radiation that has passed through the body at multiple angles and
then, with the aid of a computer, reconstructs a cross section of
absorbtion values for the section of the body or head being studied
(Villafana, 1983). CT allows visualization of the anatomy and
pathology of the central nervous system based on the structural
densities of the area of study.

Magnetic resonance imaging has been available for clinical use
since the late 1970’s and is based on the use of magnetic forces both
within and outside the body. MR images depict densities of spinning
nuclei within structures being studied, in addition to other magnetic
properties of the nuclei. Each tissue in the body consists of a
different composition of nuclei and these variations allow MRI to be
sensitive to differences between body tissues. MR images can be

directly obtained in unlimited planes of angle and, since there are no



moving nuclei in bone, visualization of anatomical structures is not
obscured by bone artifacts on the images (Bydder et al., 1982).
Strengths and weaknesses of the CT and MR imaging techniques have
a bearing on which is the more valid procedure for visualizing
specific disease entities. Numerous studies have been done which
compare the techniques of CT and MRI in their depiction of CNS
disease, specifically stroke (Brown, Hesselink, & Rothrock, 1988;
Bydder et al., 1982; DeWitt et al., 1984; Kinkel, Kinkel, & Jacobs,
1984; Kistler, Buonanno, Roh, & Davis, 1986). Typically, these
studies have investigated the two imaging techniques in regard to
their sensitivity and specificity to disease (Brant-Zawadzki et al.,
1983; Haughton et al., 1984). Sensitivity is defined as "the
proportion of diseased patients who are reported positive" and
specificity as "the proportion of patients free of the disease who are
reported negative" (Freedman, 1987). There is a paucity of detailed,
quantitative comparisons between the two imaging techniques in regard

to their ability to localize or determine the extent of lesions.

Neuroimaging, Stroke, and Aphasia

Computed tomography is currently the most commonly used
radiological study done for the evaluation of stroke (Wang, Lin, &
Rumbaugh, 1988). Information gained from computerized tomography is
routinely used in patient medical management. Furthermore,
information from computed tomography has also been used in the
formulation of theories which are used to guide the clinical
management of speech and language consequences of stroke, namely

aphasia.



CT research has had a significant impact on many aspects of the
study of brain-behavior relationships in aphasia. The most frequent
topic in aphasia to be studied with the use of computed tomography
brain imaging has been recovery (Yarnell, Monroe, & Sobel, 1974;
Kertesz, Harlock, & Coates, 1979; Naeser, Helm-Estabrooks, Haas,
Auerbach, & Srinivasan, 1987). The next most frequent area of CT
aphasia research has been localization of lesion and classification of
aphasia types (Naeser & Hayward, 1978; Mazzocchi & Vignolo, 1979).
Recently, attention has begun to focus on noncortical lesions
producing aphasia (Damasio, Damasio, Rizzo, Varney, & Gersh, 1982;
Naeser et al., 1982). A thorough review of these studies and others

can be found in Chapter 11, Background and Review of the Literature.

Statement of the Problem

Theories regarding brain-behavior relationships should be based
on the most accurate and advanced information available regarding the
brain and its relationship to language. The present revolution in
neurodiagnostic procedures is significantly increasing the information
available in the understanding of this relationship. With the
emerging use of magnetic resonance imaging in the evaluation of
stroke, more specific information is becoming available for the study
of brain-behavior relationships in aphasia. Currently, MRI
information is beginning to accumulate along with the more traditional
CT information. Less attention, however, has been directed to
quantitative comparisons between the two techniques.

There has always been a need to quantitatively evaluate and



compare alternative diagnostic approaches (Freedman, 1987; Potchen,
1975). Since the introduction of magnetic resonance imaging, most
clinical studies comparing CT and MRI have reported that MRI is the
method of choice for detecting infarction (Brant-Zawadzki, et al.,
1985; Pykett, Buonanno, Brady, & Kistler, 1983; Sipponen, 1984;
Sipponen et al., 1983). Although studies have been done regarding
sensitivity to disease detection, quantitative comparisons between the
two techniques for determination of lesion location and extent have
not been completed.

In the past, information regarding lesion location and extent,
obtained from computerized tomography, has been used in the
formulation of theories regarding aphasia classification and
prognostic indications for aphasia recovery. With the recent advent
of magnetic resonance imaging as a clinical tool, a quantitative
comparison between stroke information available from CT and MRI is
_ compelling. A difference in the amount and type of information
obtained from CT and MRI might have implications for the accuracy of

currently held beliefs in the field of aphasiology.

Purpose of the Study

The purpose of this retrospective study was to determine if
lesion site and extent information gained by magnetic resonance
imaging was comparable to lesion site and extent information gained by
computed tomography, from images in the axial plane. The study
attempted to quantify the differences between the methods of CT and

MRI in defining size and location of lesion in occlusive stroke.



Research (Questions

1. Is there a significant difference in the number of primary area(s)
of lesion involvement when comparisons are made for MRI and CT axial

image measurements?

2. 1Is there a significant correlation between size of primary lesion

for MRI and CT axial measurements?

3. 1s there a significant difference between the size of lesion on CT

and MRI?



CHAPTER 11

Background and Review of the Literature

The first section of this chapter presents background information
and a review of the literature in regard to the brain imaging
technique of computed tomography. The discussion of the technique of
CT is followed by a review of the literature pertaining to the use of
computed tomography with occlusive infarct in adult stroke. The
second section of this chapter details the same information listed
above, but for the brain imaging technique of magnetic resonance
imaging. A summary of the contrasts between the techniques of CT and
MRI in the depiction of occlusive stroke is followed by a review of CT

and MRI aphasia research.

Computed Tomoqraphy

The mathematical basis for computed tomography, reconstruction of
an object from an infinite set of measurements, was established by an
Austrian mathematician in 1917 (Katz, 1984). For approximately the
next 50 years, scientists attempted to develop and refine a medical
application for the mathematical theory of image reconstruction. It
was not until the late 1960’s when the first practical model of a
computerized reconstructive scanner was developed by Godfrey
Hounsfield and his colleagues in Great Britian (Katz). Hounsfield’s

interest in reconstruction techniques using the computer lead to the



development of the first clinically useful computed tomography scanner
(Seeram, 1982). This advancement in imaging was so significant that
it won its inventors the Nobel Prize for Physiology and Medicine in
1979 (Martin & Brust, 1985). Approximately five years after its
development, in 1973, the first CT brain scanners were installed at
the Mayo Clinic and the Massachusetts General Hospital in the United

States (Seeram).

CT Technique

Computed tomography is a technique in which a computer
reconstructs the internal structure of a selected body section
(Weisberg, Nice, & Katz, 1984.) The method used in computed
tomography is to detect radiation that has passed through the body at
multiple angles and then to mathematically reconstruct a cross section
of absorption values by the use of a computer algorithm (Villafana,
1983). Many narrow beams of x-rays are directed into the selected
body section from multiple directions. The absorption information
generated in CT is collected with the aid of a computer as numerical
values which are eventually converted into a pictoral display
(Oldendorf, 1985). This computerized display is quite different than
the direct x-ray picture taken of a body section in plain radiograph
films.

Attenuation, in which the x-rays are reduced in intensity on
passing through objects, (Carroll, 1985) depends on structural
densities. Although the densities of gray and white matter, blood,
and cerebrospinal fluid differ very little, computer analyzed x-ray

attenvation values as employed in CT allow differentiation (Martin &



Brust, 1985). The distribution of CT attenuation values has been
established on a relative scale with the attenuation of water as a
reference (De Groot, 1984). This scale is measured in Hounsfield
units (HU), named for its inventor. On the two extremes of the scale,
bone and air have values of +1000 and -1000 Hounsfield units (HU),
respectively. Once these attenuation values are obtained, the
numerical image can be converted to a gray scale image in which bone
is represented as white, air is represented as black, and all other
values represent varying shades of gray (Seeram, 1982). UWhite
indicates a structure which is high in density where much of the CT
x-ray beam is absorbed. Black indicates a low density structure where
little of the x-ray beam is absorbed. One Hounsfield unit represents
a 0.1 percent change in attenuation relative to water (Carroll).

Pencil thin x-ray beams are used in CT scanning. These beams are
obtained by a collimation process in which the divergent portion of
the x-ray beam is eliminated. The resulting collimated beams have a
finite width which allows attenuation coefficients to be reconstructed
for specific volume elements, or sections, of the object being scanned
(Seeram, 1982). These volume elements are called voxels. A typical
volume element in CT measures 10 mm. in depth, 1.0 mm in width, and
1.0 mm in length. The voxel is displayed as little squares or picture
elements called pixels on the CT image.

Since computed tomography is based on the use of x-radiation, the
patient is exposed to radiation during the study. There are a number
of variables in the CT scan procedure that influence the dose of
radiation to which the patient is exposed (Seeram, 1982). In general,

the radiation dose is related to the basic imaging parameters of the
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CT unit. These include slice thickness of the images, collimation
levels of the x-ray beams, and x-ray detector efficiency. For
standard operation, most CT units have a maximum entrance dose of
about 2 to S rads, or units of radiation dose, per area of study
(Seeram). Radiation dose does not sum across areas of the body,
however it does significantly increase if the same area is repeatedly
studied (Villafana, 1983).

The standard CT scan image is of the transverse axial plane.
Al though there is not universal agreement on a standard plane of
section, the planes most commonly used are those angled 235 or 35
degrees to an anatomical baseline (Hanaway; Scott, & Strother, 1980).
This zero point, called Reid’s baseline, runs from the superior
orbital rim to the top of the external auditory meatus. The patient
is aligned at the desired angulation relative to Reid’s baseline. The
desired angulation is achieved by tilting the head rest. In the past,
sagittal and coronal CT images could be acquired by removing and
repositioning the patient (Villafana, 1983). More recently, computer
programs have been developed to mathematically reconstruct these other
plane slices using the information obtained from the standard
transverse scans (Villafana). The use of multiplanar reconstruction
may produce artifacts or inaccuracies on the resulting images due to
mathematical problems with data reconstruction (Katz, 1984; Seeram,
1982). Each supplementary study also subjects the patient to
additional doses of radiation (Seeram).

There have been numerous generations, or models, of CT scanners
developed (Villafana, 1983). Each generation of machine improved upon

the method of computerized data collection (Katz, 1984). The number,
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arrangement, and motion of the x-ray beams and detectors were altered
and refined with each update (Katz). 1In the fourth generation
scanners, which are the machines currently in use, the x-ray tube
moves around the patient and a full circle of detectors remains
stationary. Each detector views a rotating x-ray source which allows
for a higher spatial resolution. Spatial resolution refers to the
ability to discriminate objects of limiting size or proximity (Seeram,
1982). Tomography, as in computed tomography, refers to the use of
moving x-ray tubes, body parts, or x-ray image receptors to
desuperimpose obstructing anatomy from the anatomy of interest

(Carroll, 19893).

CT Study Parameters

Window Settings. The range of x-ray absorption values used for

a CT scan may be manipulated according to what is being examined.
When collecting head scans, control settings such as window width and
window center are at the discretion of the controller (Koehler,
Anderson, & Baxter, 1979). Window width refers to the range of x-ray
absorption values, or the sensitivity setting, selected for a
particular study (de Groot, 1984; Koehler, Anderson, & Baxter).
Window center refers to the center of that segment of the total scale
of absorption values (Koehler, Anderson, & Baxter). The settings
chosen for a particular study determine which portion of the total
available range of CT attenuation values are displayed in the
resulting image. Optimal settings for best visualization of pathology
varies with different scanner models (Weisberg, Nice, & Katz, 1984),.

Generally, since tissue densities in the brain fall within a narrow
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range, control settings for a brain study are chosen in a standard
fashion (Koehler, Anderson, & Baxter). Routine scans of the brain are
usually done at window width settings of 80 to 150 Hounsfield Units
(de Groot). If a window width of +80 is chosen, all attenuation
values higher thap +80 will appear white, those less than 0 will
appear black, and all values between 0 and +80 will appear as shades
of gray (Katz, 1984),

Contrast Enhancement. Computed tomography scans can be obtained
with or without contrast enhancement. Contrast enhancement refers to
the method of improving visualization of certain structures and
tissues by the use of iodinated contrast material (Seeram, 1982), In
a contrast enhanced study, radiopaque contrast material is injected
intravenously prior to collecting a CT scan (Martin & Brust, 1985).
The injection of contrast allows enhancement of regions of the brain
which have either increased vasculature or an impaired blood-brain
barrier, With an intact blood-brain barrier, the brain and its
cerebrospinal fluid is naturally protected against harmful elements
which may be in the blood of the body (Rowland, 1985). The barrier is
a complex combination of morphological and functional characteristics
of brain capillaries (Rowland). In many diseases, the blood-brain
barrier does not function effectively and elements which are typically
excluded from entering the brain can pass through. 1I1f there is a
breakdown in the blood-brain barrier, radiopaque contrast material
injected in a CT study can also pass into the vascular spaces of the
brain (Goldberg, 1983).

Ischemic stroke results in a positive CT scan in 6 to 98 percent

of cases (Goldberg, 1983). Additional information may be obtained if
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CT scans are performed with the injection of intravenous contrast
material. Injection of a contrast material increases the density of
cerebral infarcts which allows for improved visualization of lesion
extent. Contrast-enhanced CT scans detect up to 13 percent of
infarcts which were invisible on noncontrast CT scans (Goldberg).
Contrast enhancement is most effective between approximately the fifth
day poststroke and week three or four (Yock, 1985; Zulch, 1985). By
the third week, up to 95 percent of infarcts will enhance after the
injection of contrast material (Zulch). Time of peak enhancement is
dependent on changes in tissue density and the development of edema
within the brain after stroke (Zulch). It has become almost routine
to perform enhanced scans in many medical centers (Weisberg, Nice, &
Katz, 1984).

Slice Thickness. The thickness of a slice of anatomical

information chosen for a CT study is variable. The thicker the slice,
the more information is mathematically averaged together within the
section. Extremely thin slices (below 1 mm), however, are generally
not possible due to technical restrictions such as the distance of the
x-ray beams, nor advisable due to the dose of radiation inflicted on
the patient (Alexander, Kalender, & Linke, 1984). Furthermore, if
thinner slices are used, more slices need to be studied which
increases the amount of time for an examination (Katz, 1984). Slice
thickness in CT studies can vary between 1 to 10 mm, but for standard
studies is generally set around 10 mm. CT slices are usually
contiguous, or aligned adjacent to each other, with no space between

slices.
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CT and Occlusive Infarct in Adult Stroke

The introduction of computed tomography as a brain imaging
technique greatly enhanced the capabilities for stroke diagnosis and
management. Information gained by CT added significantly to the
kKnowledge available regarding the effect of stroke on the brain.

A CT scan may appear almost or completely normal prior to the
eighth hour after stroke (Wang, Lin, & Rumbaugh, 1988). Then,
depending on the size and location of the infarct, the first evidence
of ischemia may appear. Between the eighth and 24th hour poststroke,
a noncontrast CT may demonstrate a slight hypodense (dark) area with
poor margins and a spotty appearance (Goldberg, 1983). Edema may
cause effacement, or the smoothing over appearance of cortical sulcal
spaces (Weisberg, Nice, & Katz, 1984). During this first 24 hours
there is little or no swelling or mass effect evident (Goldberg,
1983). Small lesions, without significant edema, may not become
apparent until later in the chronic stage when a cystic lesion forms
(Goldberg). Cerebellar and brainstem lesions have a low incidence of
detection because they are small and hidden by bone artifacts.

After a few days, the hypodense area representing infarction
becomes more distinct. It may take on a triangular, rectangular,
trapezoid, round or oval shape depending on the occluded artery and
the vascular territory involved (Bories, Derhy, & Chiras, 1985). The
most common pattern is a wedge-shaped hypodense lesion indicating an
infarct in the territory of the middle cerebral artery (Weisberg,
Nice, & Katz, 1984; Zulch, 198%).

From the third to the fifth day, the low density area becomes

more homogeneous with sharper edges and the area of hypodensity
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increases (Goldberg, 1983). It is during this time that edema and
tissue death are increasing and reaching their maximum. Swelling and
mass effect depend on the size of the infarct. Some degree of mass
effect is reported in 21 to 70 percent of infarcts and is most evident
between the third and fifth days (Goldberg). Swelling, causing mass
effect, and edema begin to decrease after the first week and by the
12th to 21st day are usually completely resolved (Goldberg; Weisberg,
Nice, & Katz, 1984).

During the second and third weeks, curvilinear bands which are
either hyperdense (bright) or isodense (same intensity as surrounding
brain) often develop at the margins of or within the infarcted area
(Goldberg, 1983). These bands are a result of new capillary ingrowth,
improved circulation, or hemorrhage within the infarct. These bands
cause the boundaries of the lesion to become less sharp than on
earlier scans. Due to an increase in density of the lesion on CT
during this time, the lesion may become isodense (the same intensity)
as the surrounding brain making it hard to visualize. This
phenomenon, which may occur during the second or third weeks
poststroke, is called the “fogging effect’ (Bories, Derhy, & Chiras,
1985; Weisberg, Nice, & Katz, 1984)

Starting at approximately one month post stroke and continuing
for two to three months, the resorption phase begins (Weisberg, Nice,
& Katz, 1984). The outline of the infarct becomes sharp and the
hypodense area begins to appear smaller due to absorption of the
necrotic tissue and resolution of edema (Weisberg, Nice, & Katz).
Depending on the size and location of the infarct, atrophy from the

necrotic brain tissue may cause the lateral ventricles to dilate and
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shift toward the infarcted area, and there may be a shift of the brain
midline to the side of the infarct. Atrophic change, demonstrated by
a shrinking of the brain and widening of the sulci, may also be seen
in the overlying cortex to the infarct. Beginning in the fifth week
poststroke, many necrotic infarcts become fluid-filled cysts which
have a low attenuation value on CT similar to cerebrospinal fluid
(Wang, Lin, & Rumbaugh, 1988). By the end of the third month, chronic
brain changes are usually complete and there is usually no further
change in size or appearance of infarcts (Goldberg, 1983; Weisberg,

Nice, & Katz).

Magnetic Resonance Imaging

The use of magnetic resonance imaging in the medical field may be
relatively new, however, scientists have employed the technique of
nuclear magnetic resonance spectroscopy in the laboratory for nearly
40 years. The technique has developed into one of the most important
methods used in chemistry for measuring the atomic constituents of
chemical samples (Gademann, 1984; Martin & Brust, 1985)., The present
surge of interest in medical applications for magnetic resonance
imaging stems from two studies done in the 1970’s. Using rats,
Raymond Damadian (1971) found that magnetic resonance imaging could be
used for discriminating between malignant tumors and normal tissue.
P.C Lauterbur (1973) found that an image of an object qould be
generated by a graphical representation of the spatial distribution of
its properties. These studies, in conjunction with the successful

impact of CT on the field of medical imaging, motivated research in
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the area of magnetic imaging (Kean & Smith, 1984).

The first experimental MRI scan of a human being was performed in
1977 (Bydder & Steiner, 1982). 1In the early 1980’s, after years of
intensive developmental work on the MR imaging systems, the focus of
attention shifted from machine development to clinical results
(Gademann, 1984). In March 1984, the FDA permitted two American
companies to begin commercial sales of the devices to hospitals and

physicians (Bydder & Steiner).

MR] Technique

The technique of magnetic resonance imaging uses the inherent
property of spinning atomic nuclei in the body (Gademann, 1984). A
large superconducting magnet is used to impose a magnetic field on the
object of study (Gademann). Once the nuclei in the section of study
are aligned by the large magnetic field, additional smaller magnets
apply radio frequency (RF) energy to the spinning elements and tilt
them at various angles. The nuclei now spin on a tilted axis to the
main magnetic field. When the RF energy is switched off, MR images
are produced during relaxation of the excited nuclei (Jones et al.,
1985). The relaxing nuclei emit a signal which is computer processed.
These digital data are transformed into pictorial information
demonstrating the brain’s gray and white matter as well as cerebral
spinal fluid. Images reflect the density of the spinning nuclei in
the area of study and the rate at which various substances in the
region relax. These measurements vary according to the composition of

the anatomic regions under study.
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Magnetic resonance systems vary in the strength of their magnetic
field. The strength of the magnet used has a direct influence on the
resolution of images. Tesla refers to the unit of magnetic field
density used in MR imaging (Elster, 1986). One Tesla (T) is equal to
10,000 gauss or 10,000 times the approximate strength of the earth’s
magnetic field on its surface (Elster). MR systems using magnetic
fields greater than 0.5 Tesla are considered high field and those with
magnetic fields less than 0.5 Tesla are considered low field systems.

MR imaging is a noninvasive procedure and does not employ the use
of ionizing radiation (Jones et al.,, 1983). However, the entire
process is based on the use of powerful magnets. Implanted
ferromagnetic objects, (which contain iron) such as surgical clips,
heart valves, orthopedic implants, or cochlear implants are a
contraindication for MR imaging. Most surgical clips, virtually all
modern types of heart valves, and most orthopedic implants are only
weakly if at all ferromagnetic and pose no problems during MR
examination (Pavlicek, 1988), Cardiac pacemaKers have specifically
been identified as a hazard for MR examination (Laakman et al., 1985;
Pavlicek et al., 1983). The major concern with a pacemaker is
possible damage to its electronic components as a result of the strong
MR magnetization (Pavlicek).

MR images are not obscured by bone. There are no spinning nuclei
in bone which would be affected by the magnetic forces applied to the
body, thus no signal is emitted (Gademann, 1984). Due to the fact
that bone does not emit a signal and therefore does not obscure
visualization of other anatomic areas of the brain, infarctions which

are located on or near the cortex, posterior base of the brain or the
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brainstem are well visualized on MRI (Kinkel, Kinkel, & Jacobs, 1984).

Magnetic resonance images reflect the density of spinning nuclei,
and other magnetic properties of the tissues in the body. Since a
variety of information is collected and analyzed in an MR scan, there
can be a higher degree of differentiation between body tissues than
has been possible with other techniques based solely on structural
densities (Bradley, 1986). One of the greatest advantages of MRI is
its unprecedented ability to display differences in gray and white
matter of the brain (Bydder et al., 1982). This sensitivity to
gray/white distinctions allows superb visualization of deep basal
ganglia structures and white matter fibers of the brain.

On all MR scanners, an option exists for obtaining images in
orthogonal, right angle, planes in the human head (Gademann, 1984).
Axial, sagittal, and coronal images are directly obtainable from the
digital data collected during the MR study without the need to
reposition the patient or perform computer reconstructions (Elster,
1986). Unlimited, or oblique planes of study are furthermore
available, depending on the computer software capabilities of the

respective system (Elster).

MRI Study Parameters

The appearance of structures in an MR image is determined by
specific intrinsic characteristics of the tissues being studied and
operator selected extrinsic parameters (Wehrli & Rield-Quick, 1988).
There are three main intrinsic parameters which are specific to each
tissue. After the magnetic forces are applied to the body section of

study, these three parameters determine to a large extent, how the
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resulting images will appear. The three tissue characteristics are:
(1) the density of the spinning nuclei in the area of study (Spin
Density), (2) the time it takes for the nuclei to relax back froum
their tilts to realign with the main magnetic field (T1), and (3) the
time it takes for the nuclei to dephase or lose their coherence with
each other (T2). Each tissue in the body is made up of a different
composition of nuclei. Variations in these three intrinsic factors
are responsible for the extreme sensitivity MRI has to differentiate
between body tissues.

Pulse Sequence and Pulse Time Intervals. In addition to

intrinsic characterisics of body tissues, extrinsic
operator-controlled parameters can also be adjusted in order to gain
different types of information. The appearance of the images can be
adjusted or "weighted" depending on the pattern and timing of the
magnetic pulses applied to the area of study (Crooks et al., 1982).
The sequencing of magnetic pulses can be adjusted to emphasize
different degrees of spin density, T1 or T2 in the resulting image.
Specific adjustments can enhance various characteristics of tissues,
for example, T1 weighted images provide excellent anatomical
differentiation while T2 weighted images are more sensitive to
variations in fluids and pathology.

The magnetic forces in MR can be applied in specific sequences of
pulses to enhance certain characteristics of an image (Gademann,
1984). There are virtually unlimited combinations of pulses which may
be applied to a tissue to generate an MR signal (Elster, 1986). The
selection of a pulse sequence is at the core of magnetic resonance

imaging and ultimately affects the detection and characterization of
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lesions (Elster; Posin et al., 1985). All pulse sequences use a
combination of 90 and 180 degree pulses of radiofrequency energy. The
order of these pulses and the time intervals between the pulses are
the parameters which make the various pulse sequences unique (Elster).
The two parameters, which are common to all pulse sequences, are
referred to as: Repetition Time (TR), the time interval between
pulses and Echo Time (TE), the time which elapses between the
excitation pulse and the detection of the resulting, emitted signal
(Gademann). The most typical options for these two time intervals are
TR = 250 - 4000 msec and TE = 20 - 120 msec (Elster).

The Spin-echo pulse sequence is the most common magnet pulse
sequence used in medical imaging applications (Elster, 1986; Wehrli &
Field-Quick, 1988). 1In this sequence, after the nuclei of study are
aligned with the large static magnetic field, they are pulsed by the
radiofrequency (RF) energy at a 90 degree pulse. This is followed by
a time interval (TR) and then a 180 degree pulse. This is followed
again by a time interval and then the signal is measured (TE). The
spin-echo pulse sequence results in the enhancement of the T2
relaxation time, or the time it takes the nuclei to loose their
coherence with each other (Gademann, 1984). Spin-echo images

highlight pathological change such as lesions and edema.

Slice Thickness and Interslice Space, Slice thicknesses from

generally 2 mm to 10 mm are available on commercial MR scanners

(Elster, 1984). As with CT, there is a trade-off betwegn thickness of
slice, signal intensity, and scanning time. Thinner slices, although
they may demonstrate finer anatomical detail, require longer times to

scan (Elster). The signal-to-noise ratio, or the proportion of noise
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to the signal, also gets less desirable as the slices get thinner.
The thicker the slice, however, the more information is averaged into
an image (Wehrli & Field-Quick, 1988), Typical options for slice
thickness are 3, 5, 7, and 10 mm (Elster). Unlike standard CT, MRI
image slices are not contiguous. Since there is some partial
excitation of neighboring tissues outside of the area of study in MR,
it was determined that inserting gaps between the slices was an
effective correction for the overflow of magnetic force. Typically,
an interslice space is 25 to 50 percent of the actual slice thickness
ie. 2.9 mm for a study with S mm slice thickness (Wehrli &

Field-Quick).

Field of View and Acquisition Matrix Size. Field of view (FOV)

and acquisition matrix together determine the size of pixels and
therefore spatial resolution in an MR image (Wehrli & Field-Quick,
1988). Each square of pictorial information on the image is called a
pixel (picture element) (General Electric, 1984). Most MR scanners
offer matrices from 128 X 128 to 256 X 256 (Elster, 19848). This two
dimentional matrix size indicates the number of pixels in a particular
field of view. If a matrix of 256 X 256 is employed, there will be
256 X 256 pixels of pictorial information contained within a section
of view. If the field of view is 24 centimeters, then the 2546 X 234
pixels of information is contained within 24 centimeters. As with the
other operator controlled parameters, there is a trade-off with field
of view and matrix size (Elster). A 256 X 256 matrix will show finer
detail than a 128 X 128 matrix, however scanning time increases and

the signal-to-noise ratio becomes less desirable.
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Number of Excitations. One way to counterbalance the use of a
finer matrix size and maintain the same signal-to-noise ratio, is to
increase the number of times the tissues in a particular section of
the body is sampled (Wehrli & Field-Quick, 1988). Number of
excitations (NEX) refers to the number of times the same area of
tissues is excited. By repeating the number of times an area of
tissue is excited, the signal-to-noise ratio improves and therefore
the quality of the image improves (Elster, 1988; Wehrli &
Field-Quick). At the same time however, each additional NEX increases
the time it takes to complete a scan. Two or four repeated

excitations is typical of most MR studies (Elster).

MRl and Occlusive Infarct in Adult Stroke

The first descriptions of cerebral abnormalities visualized on
magnetic resonance imaging were published in the early 1980‘s (Bydder,
1984). Many of these reports suggested that MRI is more sensitive in
the detection of cerebral pathology than CT (Brant-Zawadzki, et al.,
1983; Brant-Zawadzki, et al., 1985; Bydder & Steiner, 1982). These
early publications included reports that infarction was well
demonstrated on MR.

The strongest determinant of signal change on an MR image during
the period of ischemia and subsequent infarction is the acute increase
in the water content of tissue (Brant-Zawadzki, 1988), Water is
chiefly composed of hydrogen elements (each water molecule has two
hydrogen nuclei), and hydrogen is the nucleus studied in magnetic
resonance (Bradley, 1987). Water is, in fact, the greatest

contributor to the MR signal detected from a voxel of tissue
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(Bradley). MRI is therefore a unique tool for the investigation of
ischemia and infarction because of its sensitivity to changes in water
and therefore its sensitivity to stroke disease (Unger, Littlefield, &
Gado, 1988).

The concentration of brain water starts to change in the first
hours after an ischemic event (Brant-Zawadzki, 1988). There is an
accumulation of water within the cells of the affected area, which is
referred to as cytotoxic edema (Brant-Zawadzki & Kucharczyk, 1987).
Crtotoxic edema is a result of ischemia and is found in association
with acute infarcts (Bradley, 1987). Within the first 30 minutes of
ischemia, there is a 3 to 5 percent increase in the water content in
the area (Brant-Zawadzki & Kucharczyk). These changes in water
content allow MRI to detect pathology within the first hour or two
following vascular occlusion (Brant-Zawadzki).

By the sixth hour, the blood-brain barrier typically begins to
break down which allows additional leakage of water and protein from
the vascular spaces (Brant-Z2awadzki & Kucharczyk, 1987). This
secondary process of edema is called vasogenic edema and continues to
occur for the first few days poststroke producing mass effect in and
around the area of the infarct.

During the initial stage of ischemia, both the T1 (the time it
takes for the nuclei to relax back from their tilts to realign with
the main magnetic field) and the T2 (the time it takes for the nuclei
to dephase or lose their coherence with each other) relaxation rates
are prolonged on MRI indicating the water accumulation (Kinkel,
Kinkel, & Jacobs, 1986). Prolonged relaxation time on a Tl weighted

image will cause the area of ischemia to look like a low intensity
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(dark) zone. On T2 weighted images the area of ischemia will present
as high intensity (bright). T2 images tend to be more sensitive to
changes (cytotoxic edema) at the very earliest hours poststroke
(Moseley, 1988; Sipponen et al., 1983). The ischemic evolution,
including mass effects, progresses for the first three to seven days
and typically stabilizes in the second week (Kinkel, Kinkel, & Jacobs;
Sipponen et al.).

A high percentage of ischemic infarcts may be complicated by
hemorrhage. Up to 42 percent of patients who initially present with
ischemic infarcion develop secondary hemorrhage (Brant-Zawadzki,
1988). Within the evolution of infarction from mass effect to the
resolution stage, usually in the second week following infarction, a
small amount of leaking blood may escape from the cite of damage.
These hemorrhages are generally silent clinically. Acute hemorrhage
within an area of infarction will be demonstrated by an excessive
shortening of T2 relaxation time, or a low signal (dark) area on T2
weighted images. Differentiation between edema and acute hemorrhage
may only be visible on high field MR systems.

Whether combined with hemorrhage or not, after approximately the
second week, infarcts evolve in a typical pattern (Brant-Zawadzki,
1988). By the third week and into the chronic stage in the evolution
of the infarct, mass effect and edema begin to resolve and subsequent
atrophy develops (Kinkel, Kinkel, & Jacobs, 1986; Brant-ZawadzKi &
Kucharczyk, 1987). Cells may die in the necrotic areas of the brain
and tissues may become soft due to greater water content.
Encephalomalacia or ‘soft brain’ is demonstrated as high signal

intensity (bright) on T2 weighted images. With lacunar infarcts,
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which are small infarcts that lie in the deeper noncortical parts of

the brain (Fisher, 1982; Mohr, 1982), the brain usually shrinks and a
cyst with cerebrospinal fluid fills in the area. T2 weighted images

demonstrate decreased signal intensity from these cyst areas, similar
to the signal intensity of cerebrospinal fluid in other parts of the

brain (Kinkel, Kinkel, & Jacobs).

Small areas of ‘High Signal Intensity’ (HSI) are a common finding
on MRI in the deep white and deep gray basal ganglia areas of patients
over the age of 45 (Brant-Zawadzki, 1988). The bright areas are
especially common in elderly persons with a history of cerebral
vascular disease risk factors such as hypertension and/or diabetes
(Awad, Spetzler, Hodak, Awad, & Carey, 1984; Fezekas et al., 1988;
Kertesz et al., 1988; Sarpel, Chaudry, & Hindo, 1987). White matter
signal alterations, which represent changes in the water content of
the brain, are thought to represent either areas of demylination or
small subclinical strokes (Agnoli & Feliciani, 1987; Sarpel, Chaudry,
& Hindo). Even in patients without a history of risk factors, 20 to
30 percent of the elderly population display multiple areas of high
signal intensity on MR images (Brant-Zawadzki, 1988).

A possible cause suggested for the small subclinical strokes
and/or demyelination found on MRI in the elderly is decreased blood
flow, or vascular insufficiency, which occurs in the brain with aging
(Braffman et al., 1988), This is especially true in the deep
hemispheric region of the brain where brain perfusion dﬁminishes wi th
aging (Brant-2awadzki & Kucharczyk, 1987). CT has been found to be
much less successful in demonstrating the areas of high signal

intensity found in the brain on MRI (Lechner et al., 1988).
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Summary of the Contrasts Between CT and MR

in their Depiction of Occlusive Stroke

Computed tomography is a technique in which a computer
reconstructs the internal structure of a selected body section. The
method used in computed tomography is to detect radiation that has
passed through the body and then to mathematically reconstruct a cross
section of the area based on the absorption values of the radiation.
Magnetic resonance imaging is a technique which uses the inherent
property of spinning atomic nuclei in the body to obtain information.
MR images are produced during relaxation of nuclei which had been
excited by various magnetic forces. The relaxing nuclei emit a signal
which is computer processed.

There are three major differences in the techniques of CT and MRI
which apply to studies, including those of stroke. Both CT and MRI
parameters can be set for image slice thickness between 1 and 10 mm,
however CT images are typically contiguous whereas MR images are not
but instead have an interslice space between images. Secondly, the
standard CT scan image is in the transverse axial plane. Other planes
of study require either repositioning of the patient or mathmetical
reconstruction of the information obtained in the standard scan. 1In
contrast, on all MRI scanners, the option exists for obtaining images
in orthogonal axial, sagittal, and coronal planes. Some MRI machines
also have the capability to directly collect unlimited or oblique
planes. Lastly, since computed tomography is based on the use of
x-radiation, the patient is exposed to radiation during the CT study.

MRI is a noninvasive procedure which does not employ ionizing
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radiation. Due to the use of powerful magnets however, patients with
implanted metal objects which are made of ferromagnetic materials are
not candidates for MRI.

There are additional differences between the brain imaging
techniques of computed tomography and magnetic resonance which have
specific relevance to the study of stroke. To begin, the only
characteristic which is reflected in a CT image is structural
densities. Structures with densities which differ very little cannot
be differentiated by the technique. In contrast, MRI images reflect
the density of spinning nuclei in the area of study along with
relaxation characteristics of the various tissues after the
application of magnetic forces. This allows MRl to differentiate
between tissues based on their composition. Due to this sensitivity,
MRI can detect changes in water content indicative of ischemia within
the first few hours after stroke whereas a CT scan may appear almost
or completely normal many hours poststroke.

Window settings, or the range of x-ray absorption values, used for
a CT scan may be manipulated according to what is being examined.
This allows the sensitivity setting to be selected from a range of
available attenuation values. In addition, the injection of iodinated
contrast material is employed in CT studies to improve the
visualization of certain structures and tissues. The appearance of
images on MR can be adjusted or ‘weighted’ by manipulating the pattern
and timing of the magnetic pulses applied to the area of study.
Specific adjustments in the operator controlled parameters can enhance
various characteristics of the tissues depending on the nature of the

study. The sensitivity MRI has to the composition of tissues, and the
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ability to adjust the weighting of the image, allows superior
differentiation of gray and white matter both cortically and deep
within the brain.

Bone does not emit a signal on MRI therefore structures are not
obscured by bone artifacts. Infarcts which are located on or near the
cortex, in the posterior base of the brain or in the brainstem are
well visualized on MRI. Cerebellar and brainstem lesions have a low
incidence of detection on CT because they are small and hidden by bone
artifacts.

Due to its superior spatial resolution, MRl is sensitive to
small, deep, areas of subclinical strokes and/or demylination. On CT,
small lesions without significant edema may not become apparent until

later in the chronic stage when a cystic lesion forms.

Aphasia and Lesion Characteristics

Historical Perspective

Prior to the 1800‘s, it was Known that aphasia occurred as a
consequence of various diseases of the brain, but no significant ideas
about lesion characteristics had been advanced (Benton & Joynt, 1940).
The early aphasia literature, as reviewed by Benton (1944) and Benton
and Joynt (1940), consisted mainly of published case studies which
dealt with clinical manifestations and ‘psychopathologic’ conceptions.
The widely held associationist theory of the time suggested that
aphasia was caused by an interruption in the connections between ideas
and their linguistic signs. It was recognized that disease or injury

to the brain caused aphasia, however, specific theories regarding
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localization were absent. The early body of aphasia Knowledge
remained much unchanged throughout the first half of the 19th century
up until the time of Paul Broca and his contemporaries.

Paul Broca’s research is well Known for advancing the study of
aphasia in respect to localization of lesion site (Berker, Berker, &
Smith, 1984). He also called attention to size of lesion as a
variable related to aphasia outcome. 1In his report entitied "On the
site of the faculty of articulated speech®, Broca introduced the term
"aphemie® to describe the loss of articulate speech without paralysis
of the organs of articulation and without the destruction of the
intellect (Berker, Berker, & Smith). He lécalized aphemia to the
third frontal convolution and, for the first time, localized the
speech center to the left hemisphere. Furthermore, Broca reported
that the size of lesion "was not always in direct relation to the
intensity and the impairment of language® (BerKer, Berker, & Smith).

Since the time of Broca, ongoing investigation has continued in
the area of localization and size of lesion. Autopsy studies of
lesion location and extent in the 1940‘s were typically based on
young, army veterans with traumatic etiology (Eisenson, 1947;
Eisenson, 1949). Based on his autopsy studies, Eisenson concluded
that no reliable correlation could be made between type of language
dysfunction and site of brain injury. He also deduced that there was
no consistent relationship between the extent of brain injury and the
capacity to relearn language.

During the 1950“s, the study of the brain advanced from trauma
cases with autopsy follow-up to in-vivo studies using electrical

stimulation techniques. Wilder Penfield and Lamar Roberts conducted
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ongoing investigations of the speech and language mechanisms of the
brain with patients who were selected for operations to control
cerebral seizures (Penfield & Roberts, 1959). Based on 72 patients
who were administered speech and language tests during electrical
stimulation of the brain, the following observations were presented:
(1) if the rest of the brain is functioning normally, limited
excisions of any previously damaged part of the left hemisphere may be
followed by only transient aphasia; (2) in order of importance for
speech and language, the posterior temporo-parietal area is primary,
followed by Broca’s area, and the supplementary motor areas; and (3)
persistent aphasia may occur with extensive destruction of the left
hemisphere, particularly in the temporoparietal area (Penfield &
Roberts).

Radiocisotope brain studies were the next advancement made in the
investigation of brain function. During the 1940’s, Benson and
colleagues conducted a series of studies using radioisotope brain scan
information for localization of lesions in patients who were diagnosed
as having cerebral infarction (Benson, 1967; Benson & Patten, 1947).
Benson grouped his patients according to extensive examination
protocols outlining ten expressive characteristics of aphasic speech.
Based on his results, Benson suggested the terms ‘anterior’ and
‘posterior’ to refer to two distinct groups of patients with lesions
anterior or posterior to the Fissure of Rolando. The anterior group,
with lesions in the posterior-frontal cortex, had sparse output
produced with distinct effort, frequent pauses, difficulty initiating
sounds, disturbed rhythm, abnormal stress, dysprosodic verbalization,

and abnormal pronunciation. The posterior group, with lesions
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centered in the parietal or temporal areas, had speech characterized
by normal rate, little or no effort, normal melody, and no problems in
pronunciation but empty converstaion, and paraphasic substitutions.

In the 1970’s, radioisotope studies slowly gave way to anatomical
studies employing the technique of computed tomography. Since that
time, CT research has had a significant impact on many aspects of the

study of brain-behavior relationships in aphasia.

Computed Tomography

Recovery from Aphasia. Beginning in 1976 to the present,

brain-behavior information gained by the use of computed tomography
has advanced theories in many areas of aphasia research. The earliest
and most frequent topic to be studied with computed tomography has
been aphasia recovery. Since 1976 numerous publications have
addressed the relationship between lesion characteristics on CT and
specific aspects of aphasia recovery including: (1) general recovery
(Kertesz, Harlock, & Coates, 1979; Yarnell, Monroe, & Sobel, 1974);
(2) recovery of auditory comprehension (Naeser, Gaddie, Palumbo, &
Stiassny-Eder, submitted; Naeser, Helm-Estabrooks, Haas, Auerbach, &
Srinivasan, 1987; Selnes, Knopman, Niccum, Rubens, & Larson, 1983);
(3) assymetries of the brain and recovery (Pieniadz, Naeser, Koff, &
Levine, 1983); (4) recovery of syntactic comprehension and production
(Naeser, Palumbo, Helm-Estabrooks, Stiassny-Eder, & Albert, 1989;
Tramo, Baynes, & Volpe, 1988); (5) the value of acute CT in recovery
predictions (Murdoch, Afford, Ling, & Ganguley, 19864); and (4)
recovery from subcortical aphasias (Fromm, Holland, Swindell, &

Reinmuth, 198%).
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The aphasia results reported by the researchers for their studies
were fairly straightforward. The results of these studies revealed
that: (1) size, location, and number of lesions on CT had a good
correlation with aphasia outcome (Yarnell et al., 1974); (2) lesion
volume, except where very large or very small, was not closely
associated with outcome (Selnes et al., 1983); (3) lesion size
correlated specifically with recovery of comprehension (Kertesz et
al., 1979); (4) there was a highly significant correlation between
recovery of comprehension and the amount of temporal lobe lesion in
Wernicke’s area but no significant correlation between recovery of
comprehension and total temporoparietal lesion size (Naeser,
Helm-Estabrooks, et al., 1987); (35) atypical occipital asymmetries
were significantly associated with certain aspects of language
recovery (naming, single-word comprehension, and single word
repetition) (Pieniadz et al., 1983); (4) persistent deficits in
syntactic manipulations are associated with anterior perisylvian
lesions (Tramo et al., 1988); (7) acute CT scans have only limited
value in aiding the formulation of a prognosis for aphasia recovery
(Murdoch et al., 1986); (8) language skills recover more rapidly and
completely than do cognitive skills in subcortical lesions and
recovery was most dramatic within the first six to eight weeks after
onset (Fromm et al., 1985); (9) there is a significant difference in
recovery of auditory comprehension in global aphasia for lesions in
Wernicke’s cortical area as compared to subcortical temporal lobe
lesions (Naeser et al., submitted); and (10) lesion extent in
subcortical white matter areas are relevant in predicting potential

for recovery of spontaneous speech (Naeser et al., 1989).
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Traditional Aphasia Classification. The second most frequent

topic in the area of aphasia to be studied with the use of computed
tomography brain imaging is localization of lesion. Early research,
employing young generations of CT technology, tended to conclude that
there was a good correlation between lesion location and aphasia type
based on Geschwind’s Localization Theory, and subsequently the Boston
Diagnostic Aphasia Examination (Goodglass & Kaplan, 1972) (Hayward,
Naeser, & Zatz, 1977; Naeser & Hayward, 1978; Naeser, Hayward,
Laughlin, & 2atz, 1981).,

Later studies began to suggest that although some CT lesion
localizations were compatible with the traditional views of aphasia
classifications, there was not a one-to-one relationship between
specific aphasic syndromes and particular regions within the language
area (Basso, Capitani, Laiacona, & 2anobio, 1985; Basso, Lecours,
Moraschini, & Vanier, 1985; Mazzocchi & Vignolo, 1979; Vignolo, 1984;
Vignolo, Boccardi, & Caverni, 1984; Poeck, de Bleser, & von
Keyserlingk, 1984).

Exceptions to the Localization Theory were illustrated by
patients who demonstrated: fluent aphasia with anterior lesions and
nonfluent aphasia with posterior lesions (Basso, Lecours et al.,
1985); purely anterior or posterior lesions in global aphasia, or,
purely deep lesions in Broca’s aphasia (Mazzocchi & Vignolo, 1979;
Vignolo et al., 1986); regions in the left hemisphere outside of the
classic areas of Broca and Wernicke which were associated with aphasia
(Vignolo, 1984); and crossed-aphasia in which right hemisphere lesions
were associated with classic left hemisphere aphasia characteristics

(Basso, Capitani et al., 1983).
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Sybcortical Lesion Sites and Aphasia. Beginning in the early

1980’s, attention began to focus on noncortical lesions which had an
effect on speech and language after stroke. Researchers suggested
that: lesions involving the anterior 1imb of the internal capsule,
the head of the caudate, and the putamen in the left hemisphere
demonstrated aphasia (Damasio, Damasio, Rizzo, Varney, & Gersh, 1982);
subcortical infarctions with basal ganglia involvement led to
transient aphasia and aphasia was more severe if a cortical lesion was
combined with a basal ganglia lesion (Brunner, Kornhuber, Seemuller,
Suger, & Wallesch, 1982); and left basal ganglia lesions gave rise to
long lasting deficits of language function§ across all expressive
language modalities while thalamic lesions showed impairments of
speech fluency, and white matter lesions alone showed no substantial
effects on language (Wallesch et al., 1983).

Most recently, the role of white matter fiber tracts within the
subcortical basal ganglia reqgion has gained attention. 1t has been
suggested that the extent of deep white matter lesions in one
direction or another of only a few millimetres can have a profound
effect on the resulting language behavior (Alexander, Naeser, &

Patumbo, 1987; Naeser, 1988; Naeser et al., 1982).

Magnetic Resonance Imaging

There is great potential for the use of magnetic resonance
imaging in the study of aphasia (Murdoch, 1988). DeWitt et al. (1984)
noted that the sylvian fissure is so clearly delineated in MRl that

in-vivo anatomical localization is optimal for the study of aphasia
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syndromes. DeWitt, Grek, Buonanno, Levine, & Kistler (1985) reported
that CT may be inadequate in defining the extent of infarction,
whereas MRI with its three planes of view demonstrates more clearly
actual lesion size. Caplan and DeWitt (1988) recently reported that
MRI is superior to CT in demonstrating acute and chronic ischemic
infarction and suggest the use of MR brain imaging as the technique to
determine the localization of aphasia types. Murdoch (1988)
delineates additional advantages MRI has as compared to CT in stroke
management, including: its ability to distinguish gray and white
matter, its sensitivity to early changes associated with stroke, and
its lack of boney artifacts.

At this stage in its clinical development magnetic resonance
imaging has yet to be used extensively in the field of aphasiology
(Albert & Helm-Estabrooks, 1988; Murdoch, 1988). As did the other
brain imaging techniques, magnetic resonance imaging is slowly
entering the field. Three case study research reports have recently
been published in regard to the localization of lesions on MRI and
their correlation with aphasia (DeWitt, Grek, Buonanno, Levine, &
Kistler, 1983; Poncet, Habib, & Robillard, 1987; Tranel, Biller,
Damasio, Adams & Cornell, 1987). Typical of a period of transition,
the research cases report both CT and MRI results.

DeWitt et al. (1985) describe two case reports of patients with
aphasia resulting from stroke. Both patients received CT and MR
imaging studies, with MRl images collected at a plane corresponding to
CT. For Subject 1, a CT scan collected within 24 hours of stroke
demonstrated an infarction located subcortically involving the left

caudate, internal capsule, and lenticular nucleus., MRl showed a large
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area of involvement occupying the entire fronto-insulo-temporal cortex
in addition to medial extension into subcortical white matter, basal
ganglia, and internal capsule.

Subject 2, in the DeWitt et al. (1985) study demonstrated a small
infarction involving the left posterior temporal cortex and adjacent
white matter on CT. MRl demonstrated a greater anteroposterior
extension of the infarct when compared with CT. Both imaging studies
were completed at the time of infarct.

Poncet et al. (1984) report one case of sudden onset of
conduction aphasia in a 70 year old male. Six days poststroke, a CT
scan demonstrated a questionable deep parietal hypodense area. Two
months postonset, an MRI scan demonstrated a well circumscribed lesion
in the deep left parietal white matter, near the insula, and posterior
and superior to the lenticular nucleus.

Tranel et al. (1987) report three cases of acute onset of global
aphasia without accompanying right hemiparesis. The results of brain
imaging studies confirmed discrete lesions, in both the anterior and
posterior language areas for each of the subjects.

On contrast enhanced CT, six days poststroke, two well defined
areas of infarction in the left hemisphere were reported for Case 1.
One lesion was located anteriorly in the frontal lobe, involving the
most superior part of the frontal operculum and extending into the
premotor region. The other lesion was located posteriorly in the
parietal lobe, involving part of the supramarginal gyrus and the
inferior part of the superior parietal lobe. Five months postonset,
an MRI scan demonstrated the same two lesions.

On CT obtained the day of onset, Case 2 had one lesion in the
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parietal region and an ill defined area of another possible infarct in
the left frontal lobe. MRI performed on the same day showed two
discrete lesions, one in the frontal lobe involving the most anterior
and superior portion of the frontal operculum and extending into
prefrontal areas. The other lesion involved the inferior and
posterior portions of the inferior parietal lobe.

On CT and MR] performed three days poststroke, Case 3 had
multiple infarcts located in the left posterior temporoparietal
region, left basal ganglia, left prefrontal region, right corona

radiata, and right posterior occipital lobe.



CHAPTER 111

Me thods

Goal of the Study

The goal of this retrospective study was to investigate,
quantitatively, lesion size and location in occlusive stroke as
demonstrated by the brain imaging techniques of computed tomography
and magnetic resonance imaging. This chapter describes the procedures

that were used to achieve this goal.

Subjects and Subject Selection Process

Subjects

Data from ten adults, above the age of 20 years, was analyzed in
the present investigation. Twenty years was selected as the minimum
age for subject inclusion as it is the approximate age at which the
brain has reached its full adult weight and no longer continues to
grow in size (Brody, 1985). This minimum age criterion was desirable
in order that any variations in brain anatomy during growth and
development, which may be visualized by brain imaging techniques, did
not interfere with the goal of the study. Subjects had a single
occlusive cerebrovascular accident either in the left or right

hemisphere as demonstrated on computed tomography (CT). CT imaging
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was done in the patient’s respective hospital or clinic during the
acute to subacute stage post stroke, ie. up to 21 days postonset.
Subsequent to their CT, a follow-up magnetic resonance imaging (MRI)
study done in the Department of Radiology, Michigan State University
confirmed the diagnosis of occlusive infarct. The follow-up MRI
studies were prescribed by the referring physician either to gain
additional information pertaining to the diagnosis of stroke or to aid
in a differential diagnosis. Five of the final ten subjects were
referred for an MR scan specifically to rule out an infarct after an
abnormal CT was found. Another four of the final ten subjects were
referred for an MR scan because their CT was abnormal and the MR would
provide additional information. The last subject was referred for the
purpose of a differential diagnosis between tumor and stroke.

The aging of an occlusive infarct on neuroimaging is a continuous
process, but in general the first few days to a week after a stroke is
called the acute stage 