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The Magnetization Transfer Effect In Cerebral Infarction

Jordan M. Prager, Jordan D. Rosenblum, Daniel C. Huddle, Cheryl K. Diamond, and Charles E. Metz

PURPOSE: To estimate the age of cerebral infarcts using magnetization transfer. METHODS:
Twelve patients with radiographically and clinically documented cortical and subcortical cerebral
infarctions underwent MR imaging on a 0.1T magnet. Magnetization transfer contrast images were
generated by application of off-resonance pulses to every other repetition time on intermediate-
weighted images. The magnetization transfer effect was calculated by obtaining an intensity value
in the region of interest within the infarcted area. RESULTS: The data show a pattern in which the
magnetization transfer effect decreases as the chronicity of the infarct increases. Infarcts less than
1 week old had an average magnetization transfer effect of 0.35. Those more than 1 week and less
than 1 month old average 0.30. Infarcts more than 1 month and specifically those more than 1 year
old averaged 0.16 or less. CONCLUSION: Magnetization transfer offers the potential to estimate

the age of cerebral infarcts.
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Strokes are the third most common cause of
death after heart disease and cancer and are a
major cause of chronic disability (1, 2). Acute
thrombus formation and arterial occlusion ac-
count for approximately 70% of these (3).

The risk factors and pathophysiology of
strokes are well documented. Classification
systems for acute strokes based on etiology
have even been implemented (4, 5). There are
exhaustive data on treatment of strokes, but
clinicians have yet to agree on a standardized
form of therapy. This stems in part from the
potential hazards of anticoagulation or throm-
bolytic agents and inconclusive data on their
effectiveness (6, 7). Underlying this controversy
is the commonly shared belief that outcome can
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be altered significantly by early initiation of
therapy (3, 4, 8).

Magnetic resonance (MR) has significantly
aided in earlier detection of lesions; however,
current imaging methods often do not provide
an accurate estimate of infarct age (especially
for subcortical lesions), which is very important
when planning treatment strategy. A tool that
could separate acute infarcts from chronic in-
farcts has potential to help guide therapeutic
decisions concerning anticoagulation in the
acute setting. Recently, magnetization transfer
was introduced as a new way to generate con-
trast with MR (9). The contrast-to-noise ratio is
increased over conventional MR. We examined
magnetization transfer as a means of estimating
the age of cerebral infarcts.

Materials and Methods

Patient selection was based on demonstration of in-
farct(s) by routine MR or computed tomography (CT) and
appropriate clinical history. Fourteen studies were per-
formed on 12 patients (7 men, 5 women, ranging in age
from 39 to 80 years) with infarcts of known age. All pa-
tients had been admitted to the neurology service before
entering the study. Lesions were classified as cortical or
subcortical. When possible, sequential studies were
obtained.

All studies were performed on a 0.1T magnet (Instru-
mentarium, Helsinki, Finland). Routine T1 sagittal images
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were obtained as localizers with T2 axial images obtained
through the region of infarction. A gradient-echo sequence
(1700/30 [repetition time/echo time], flip angle 90°) was
used with application of an off-resonance pulse alter-
nately, to every other repetition time. The off-resonance
pulse was centered 7.2 kHz from the Larmor frequency
with an amplitude of 0.35G for 300ms. Intensity values
were obtained by placing a cursor on the region of interest
within the area of infarction. The largest region of interest
possible was used; when a lesion was irregular in shape, an
average value was obtained from multiple random sam-
ples. Values with the lowest standard deviation were se-
lected when regions of interest were near the periphery of
a lesion to minimize partial volume effects. The imaging
effect from a saturating off-resonance pulse is a decrease
in signal intensity; the decrease in signal varies according
to tissue type. The magnetization transfer effect (MTe) was
described by the index [[(m)-I(mt)]/I(m), where [(m) is the
lesion intensity on the mask (no off-resonance pulse) and
I[(mt) is the intensity on the magnetic transfer image. The
MTe number reflects the percent signal decrease caused
by the off-resonance pulse. The MTe number corresponds
to the value magnetization transfer ratio described by other
authors (10). MTe is more descriptive and not confused
with the ratio used by physicists to describe magnetization
transfer, that is I,/

Results

Results are shown graphically and demon-
strate a pattern in which MTe decreases with
increasing infarct age (Fig 1). The MTe value for
infarcts less than 1 week of age averaged 0.35

Fig 1. MTe versus infarct age. There is a
decrease in MTe with increase in infarct age.
Lesions older than 1 year show the most
significant decrease in MTe. The range of
MTe for normal gray and white matter is
indicated by the shaded areas.
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(0.30 to 0.40), whereas those between 1 week
and 1 month averaged 0.30 (0.28 to 0.36).
Infarcts more than 1 year old showed the most
substantial decrease in MTe, measuring less
than 0.16. Areas of chronic encephalomalacia/
porencephaly showed no appreciable MTe with
values of approximately 0.01 to 0.03, similar to
measurements of cerebral spinal fluid (CSF). A
previous study of five healthy volunteers on this
unit showed the range of normal gray matter to
be 0.36 to 0.39 and normal white matter 0.40 to
0.45. MTe for cortical lesions was within the
normal range in two patients and below normal
values in the remaining lesions. MTe for subcor-
tical lesions was always below normal values.
Although no difference between acute, sub-
acute, and chronic subcortical infarcts often is
evident on visual analysis, there is a difference
in the numerical value of the calculated MTe.
Typical subcortical and cortical lesions are
shown in Figures 2A and B.

The data were analyzed to assess the statis-
tical significance of the apparent decrease in
MTe value with infarct age. Because the number
of infarcts in acute, subacute, and chronic cat-
egories was limited and the exact age of some
chronic infarcts was not known, a nonparamet-
ric approach using Spearman’s rank-order cor-
relation coefficient was used (11) to test the
statistical significance of its difference from
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zero. This tests the possibility that the ranking of
infarcts in order according to MTe is attributable
to chance. The corresponding Student’s ¢ sta-
tistic has a value of 2.243, corresponding to
Pequal to or less than .05 with a two-tailed test.
Therefore, when looking at the entire group, it
can be concluded with 95% confidence that the
MTe value varies significantly with infarct age.
Examination of the group of patients with in-
farcts less than 4 weeks old does not show such
a significant relationship, although a trend to-
ward declining MTe with infarct age is sug-
gested. Differences based on age or sex were
not taken into account in calculation of the MTe
values.

Discussion

MR imaging is based on the relative differ-
ence in magnetic relaxation rates and signal
emission from the pool of “free” or unbound
protons within tissues. Magnetization transfer is
based on the interaction between populations of
these mobile protons and restricted protein-
bound protons (12, 13). Magnetization transfer
is generated by applying radio frequency pulses
to saturate the bound protons at a frequency
that varies 5 to 10 kHz from the resonance
frequency of hydrogen protons (9, 12). In this
study, the off-resonance pulse is applied to
every other repetition time during acquisition of
intermediate-weighted images. Magnetization
of the mobile protons is not significantly af-
fected by the off-resonance pulse. Because of
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Fig 2. Sixty-four-year-old man with
an 8-day-old infarct. The intermediate-
weighted image (A) and the magnetization
transfer image (B) demonstrate a large in-
farct in the distribution of the right middle
cerebral artery. Mild effacement of sulci in-
dicates an early subacute infarct.

chemical exchange and cross-relaxation be-
tween the bound and mobile protons, there is a
decrease in the signal emitted from the mobile
protons (9, 13, 14). This effect is greatest in
tissues having a high protein/water ratio.

The contrast-to-noise ratio between gray
matter and CSF is increased by more than 200%
with magnetization transfer than with conven-
tional MR (9). Lesions containing a high water
content appear bright on long-repetition-time
images in relation to the surrounding tissues, in
which signal is suppressed. This is similar to the
appearance of disease on conventional T2-
weighted images. However, lesions will have
greater signal relative to surrounding tissues
than on conventional T2-weighted images. Al-
though there is a quantitative difference be-
tween acute and chronic infarcts, often it is not
seen on the images (Fig 2A and B).

The MTe results of this study correlate with
the histopathologic findings (14) of evolving
cellular to acellular lesions seen with infarction.
Histologic changes are not evident for at least 6
to 12 hours after the initial injury. Ischemia re-
sults in disorganization and disarrangement of
the cytoplasm within the cells. At approxi-
mately 24 to 48 hours, neutrophils pass through
the damaged vascular walls into the surround-
ing tissues. This is followed by infiltration of
lymphocytes and monocytes over the next few
days. The result of cellular and fluid accumula-
tion is increased volume of the infarct, which
reaches a peak by the end of the second week.
As the infarct evolves further, there is progres-
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sive loss of protein and fluid with clearing of the
necrotic debris. By the end of the third week the
volume of the infarct approaches baseline. Dur-
ing the fifth and sixth week, cavitation of the
tissue occurs, with reactive astrocytes sur-
rounding the damaged tissue. In the final stages
of infarction, fibrillary gliosis develops around
the region of necrosis. At this stage, there is
relatively little protein-bound water remaining.
Therefore, during the acute stages of infarction
there is a relatively greater concentration of
“bound” protons, resulting in greater MTe than
what occurs in the chronic stage where there are
more mobile protons. The early changes result-
ing from edema and mass effect and, later, tis-
sue loss, are usually quite apparent with cortical
lesions on routine CT and MR but may be invis-
ible with subcortical lesions.

The major limitation of this study is the small
number of patients. Although a large number of
patients presented with a history of either
“acute” or “chronic” stroke, an inability to date
these accurately by either CT, MR, or clinical
history precluded inclusion of these in the study.
Patients with hemorrhagic lesions were ex-
cluded. Patients who were MR-incompatible be-
cause of metallic implants or other metallic de-
vices or claustrophobia also were excluded.

In summary, the preliminary data, although
limited, show a pattern in which MTe decreases
with infarct age. Infarct age potentially can be
quantitated by this method, thereby providing a
tool that may prove useful in clinical manage-
ment, because appropriate treatment frequently
depends on the age of these lesions. The
method may be especially helpful in the evalu-
ation of subcortical lesions, because the age of
these lesions is often more obscure than the age
of cortical lesions.
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