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Cerebral Infarction: Assessment of Patterns Using Ultra-Fast MR Contrast Imaging 

Charles Lee, 1 Bruce L. Dean, 1 John E. Kirsch, 1 Val M. Runge, 1 Robert J . Dempsey,2 RobertS. Howard II , 1 and 
Luther C. Pettigrew,3 

Summary: We describe a rapid MR imaging technique, applying 
functional analysis to images obtained during the tissue transit 
of injected contrast material into the cerebral circulation, which 
has potential for assessment of the altered hemodynamics in 
cerebral ischemia. This technique utilized turbo-FLASH imaging 
maximizing the T1 relaxivity properties of gadopentetate di
meglumine with positive contrast enhancement. 

Index terms: Brain, infarction; Magnetic resonance, contrast 
enhancement 

Materials and Methods 

Nineteen healthy subjects and 13 patients with clinical , 
computed tomography (CT), and magnetic resonance (MR) 
evidence of stroke were studied on a 1.5 T Siemen's 
Magnetom 63SP (Siemens Medical Systems, Iselin , NJ) 
following a 0.1 mmol/kg bolus of gadopentetate dimeglu
mine. Turbo-FLASH imaging was performed using a rec
tangular profile, nonselective preparatory 180° inversion 
pulse with an effective inversion time of 529 ms to achieve 
a heavily Tl-weighted scan (Fig. 1). Imaging parameters 
included a TR/TE/excitation of 8/4/1 and a flip angle of 
10°, 1-cm thick slices, field of view = 25 em, and a 128 X 
128 matrix (in-plane spatial resolution= 2.0 X 2.0 mm). 

Twenty images were obtained with an acquisition time 
of 1.06 sec per image, interscan delay of 1.6 sec, and a 
total imaging time of 51.6 sec. Four images were obtained 
prior to contrast injection to allow the precontrast longitu
dinal magnetization to reach a steady state from acquisition 
to acquisition, and also to establish a baseline, precontrast 
signal intensity. 

ROI (region of interest) measurements were obtained of 
the gray and white matter bilaterally, and the superior 
sagittal sinus in the healthy and stroke patients. The nor
mal, contralateral hemisphere was measured for compari
son in the stroke patients. The resulting serial ROI meas
urements were used to plot a time-signal intensity curve. 

Signal intensity change (.6. S.l.) was expressed as a per
centage change increase using the equation (6): .6. S.l. = 
[(S.I.)peak- (S.I.)baseline]/ (S.I.)baseline X 100. 

A relative assessment of flow was made by calculating 
the rate of signal intensity change from the baseline to 
peak intensity. The observed signal intensity change was 
divided by the time required to reach maximum peak [(.6. 
S.l./ .6. time)Maxl· The rate of signal intensity change per 
time unit reflects the rate at which the contrast was deliv
ered and thus approximates flow . 

Results 

In the healthy group of subjects the mean ~ 
S.l. of gray matter was 53.1 % (SD = 11.7%) on 
the right, and 55.9% (SD = 9.3 %) on the left, 
and of the white matter was 10.4% (SD = 2.3%). 
There was no statistically significant difference 
between the calculated right and left gray matter 
~ S.l. in the normals with a mean difference of 
7% ± 3%. The t-value was 1.7, whereas statis
tically significant differences should have had a 
t-value of 2.1 at the 95% level. 

In the acute strokes there was marked decrease 
in the ~ S.l. and the (~ S.I./ ~ time)Max, as well 
as delay in the maximum signal intensity peak 
compared to the contralateral hemisphere. In the 
subacute strokes there were no delays in the 
signal intensity peak, and moderate decrease in 
the ~ S.l. and the (~ S.I./ ~ time)Max· However, 
there were subacute strokes that demonstrated 
an increase in ~ S.l. and the (~ S.I./ ~ time)Max 
appearing as areas of increased signal on the 
subtraction images. Similar increase in ~ S.l. and 
(~ S.I./ ~ time)Max were also noted in the pen-
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Fig. 1. Diagram of turbo-FLASH pulse sequence used with heavy T1-weighting but no spoiler gradient. 
Fig. 2. Time-intensity curve comparing normal and stroke hemisphere with ROI of the gray matter of this subacute stroke with 

hyperemia. The first four frames were obtained prior to contrast injection. The fourth frame value is the baseline signal intensity. The 
longitudinal magnetization from the first 180° inversion pulse has not fully recovered by the time of the second 180° inversion pulse. 
The resulting signal produced by the second inversion pulse is less than the first. Contrast was injected at the beginning of the fourth 
frame (ie, 10 sec). There is increase in the signal intensity change and of the slope on the stroke side compared with the normal side 
without any differences in the time-to-peak intensity between the two hemispheres. 

Fig. 3. Time-intensity curve with ROI measurement of the cortex posterior to the area of infarct (penumbra) which demonstrated 
increased signal on the subtracted image. The baseline precontrast signal intensity is the same as the normal side unlike the subacute 
infarct with hyperemia. The overall signal intensity change and slope is higher in the penumbra region suggesting hyperemia. 
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Fig. 4. Simple arithmetic subtraction showing increased signal 
in subacute infarct representing hyperemia. 

Fig. 5. Same patient in Figure 4 . Raw turbo-FLASH image 
shows hypodensity in the area of infarct. 

umbra. No significant Ll S.l. and (Ll S.I./ Ll time)Max 
were noted in the chronic strokes. 

Discussion 

Dynamic functional analysis of the cerebral 
circulation has been attempted by CT and digital 
subtraction angiography, analyzing the change in 
signal intensity in a region of the brain following 
a contrast agent bolus. However, the large vol
umes of iodinated contrast required and its at
tendant side effects, and the long interscan delay 
has limited the usefulness of this technique. 

The subsecond scanning potential of ultra-fast 
gradient echo MR techniques with either positive 
(T1-weighted) or negative (T2* weighted) contrast 
enhancement using gadopentetate dimeglumine 
has the potential for correcting the shortcomings 
of iodinated contrast studies. 

The theory behind the iodinated contrast and 
this turbo-FLASH technique is based on indicator 
dilution curve models (1 , 2). Applying these tech
niques to a population of healthy individuals, we 
were able to observe the cerebral hemodynamics 
of the early biodistribution phase of a first-pass, 
blood pool of gadopentetate dimeglumine. Be
cause of the nondiffusible properties of gadopen
tetate in an intact blood-brain barrier, and the 
relatively linear relation between the dose of con
trast at 0.1 mmol/kg and the degree of T1 relax
ation (3), the measured Ll S.l. correlated with the 
regional blood pool of contrast at the capillary 
level within the cerebral tissue. 

From our initial experience we were able to 
reproduce observations made by others from CT 
(4, 5) and MR techniques (6, 7) regarding cerebral 
ischemia. In acute infarcts with mass effect and 
edema, we observed decreased signal and Ll S.l. 
in the region of stroke. The time to signal intensity 
peak was delayed, and the slope of the peak was 
markedly flattened compared to the contralateral, 
normal side due to compression of arteries and 
impaired delivery of contrast. In chronic infarcts 
there was no observable or else a flattened peak 
due to loss of capillary bed and nonviable cerebral 
tissue. In subacute infarcts there was a normal 
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time to signal intensity peak, but either a normal 
or decreased slope, or else an increased slope 
(Fig. 2). The higher than normal slope was also 
noted in the stroke penumbra (Fig. 3). However, 
the baseline signal was normal in the penumbra 
compared with a below normal baseline in the 
subacute strokes with a higher than normal slope. 
The increased slope may be attributed to luxury 
perfusion and may represent hyperemic changes. 
Subtraction images from the turbo-FLASH 
images (Fig. 4) were most helpful in identifying 
these regions of luxury perfusion that were not 
evident on either the nonsubtracted turbo-FLASH 
images or from the conventional T 1- and T2-
weighted spin-echo images (Fig. 5). 

Based on our preliminary experience, we have 
found that turbo-FLASH MR contrast imaging 
has potential in the evaluation of cerebral ische
mia. We are undertaking studies to determine the 
clinical usefulness of this technique with the fol
lowing modifications-multi-slice imaging, even 
shorter scanning times, scanning with an external 
standard adjacent to the patient, and a longer 
scanning time (from 20 to 40 images). This will 
permit measurement of the jugular vein for ve
nous concentrations, calculation of mean transit 
time and thus regional blood flow, conversion of 
signal intensity to contrast concentration, and 
observation of delayed peaks, although a second 
pass of contrast must be factored in. 
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Because rapid imaging occurs within the first 
minute following contrast injection, turbo-FLASH 
MR imaging is able to look at the hemodynamic 
portion of the contrast delivery with the contrast 
still contained within the arteries before extrava
sation through the damaged blood-brain barrier 
can occur, whereas previous studies with CT 
techniques could only evaluate the contrast ex
travasation portion of the indicator dilution 
curves. 
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