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An MRI Study of the Differences in the Rate of
Thrombolysis Between Red Blood Cell-Rich and
Platelet-Rich Components of Venous Thrombi
Ex Vivo

Jernej Vidmar, MD,1,2 Aleš Blinc, MD,3 Eduard Kralj, MD,4 Jože Balažic, MD,4

Franci Bajd, BS,2 and Igor Serša, PhD2,5*

Purpose: To test whether T1-weighted MRI can detect the
differences in the rate of thrombolysis induced by
recombinant tissue plasminogen activator (rt-PA) between
platelet-rich regions and red blood cell (RBC)-rich regions
of venous thrombi ex vivo.

Materials and Methods: Each of 21 venous thrombi ex
vivo (8 pulmonary emboli and 13 in situ thrombi) was dis-
sected along the longitudinal axis. Half of it was analyzed
for the presence of platelet, fibrin, and RBC components
by immunohistochemistry and the other half was imaged
serially by high-resolution T1-weighted three-dimensional
MRI to assess the progression of thrombolysis. The MR
images were analyzed for proportions of the remaining
platelet-rich and RBC-rich regions.

Results: Laminated platelet-rich regions, corresponding
to Zahn lines, were confirmed immunohistochemically
and by MRI in 18/21 venous thrombi. In T1-weighted MR
images (TE/TR ¼ 10/105 ms) the mean signal intensity of
platelet-rich regions was on average 2.3 higher than that
of RBC-rich regions. The rate of thrombolysis in platelet-
rich regions was on average 30% lower than in RBC-rich
regions. After 120 min of thrombolysis the proportion of
lysed platelet-rich regions was 0.27 6 0.04 versus 0.40 6
0.08 in RBC regions, which resulted in 1.4% decrease of
lysed thrombus volume per 1% increase of platelet-rich
content.

Conclusion: Venous thrombi are most often composed
of interspersed platelet-rich and RBC-rich regions.
T1-weighted MRI is capable of noninvasive discrimination

between those two components of venous thrombi ex vivo
which have a different susceptibility to thrombolysis by
rt-PA.
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DEEP VENOUS THROMBOSIS and pulmonary embo-
lism are two interrelated conditions that involve either
propagation or embolization of venous thrombi. The
spectrum of pulmonary emboli ranges from the clini-
cally unsuspected, to massive embolisms causing
death, which is why noninvasive diagnostic methods
for early detection of embolism are of great impor-
tance. Among these, MRI is a very promising method
due to its excellent soft tissue contrast and increasing
spatial and temporal resolution.

Thrombolytic therapy has an important role in dis-
solving massive pulmonary emboli (1,2), as well as in
treating myocardial infarction if primary percutaneous
coronary angioplasty is not available (3), resulting in
faster improvement in perfusion, hemodynamic alter-
ations and gas exchange. Several extensive random-
ized and controlled trials, considered thrombolysis as
a method of choice in treatment of massive pulmonary
embolism (4,5), while recently its use is becoming
highly accredited in treatment of acute ischemic
stroke (6). Successful thrombolytic treatment depends
on pharmacological and biophysical properties of
thrombolytic agents as well as on the properties of
clots (7). Because thrombolytic treatment is always
accompanied by the hazard of secondary hemorrhage
(8) assessment of venous thrombi susceptibility to
thrombolysis before treatment would be of a great
importance.

Pathohistological analysis of arterial thrombi often
reveals layered inclusions of platelets known as Zahn
lines. However, it is generally believed that such inclu-
sions can rarely be found in venous thrombi. In fact,
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prevalence of platelet inclusions in thrombi may be
higher than anticipated by the conventional histologi-
cal observations (9), which may be due to the poor
availability of efficient high-resolution noninvasive
techniques for thrombi investigation. MRI is a power-
ful tool for the characterization of the layered pulmo-
nary emboli structure (10). Venous thrombi are com-
posed of the fibrin meshwork with entrapped red
blood cells (RBCs) and extracellular space filled with
serum, while platelets regroup into tight aggregates
lacking serum, essentially mimicking solid tissue
structure, rich with cellular proteins that enhance
T1-relaxation. Therefore, RBC-rich and platelet-rich
region of thrombi can be efficiently discriminated
based on their NMR relaxation and diffusion proper-
ties (11,12).

Several in vitro studies concluded that MRI of clots
enables the assessment of their retraction and can
discriminate between RBC-rich regions and platelet-
rich layers mixed with fibrin (10,13,14). However, MRI
has not yet been used to assess differences of lysabil-
ity between platelet-rich and RBC-rich regions. Plate-
let-rich clot regions are less susceptible to thromboly-
sis than RBC-rich clot regions due to the several
biochemical factors (15) and much higher compaction
of platelets in comparison to red blood cells. First
attempts to follow the progression of thrombolysis in
vivo have already been made, however, without effi-
cient discrimination between platelet-rich and RBC-
rich regions (16).

The aim of our study was to test whether high-reso-
lution T1-weighted MRI could be used for quantitative
and spatial assessment of RBC-rich versus platelet-
rich regions of venous thrombi ex vivo and to detect
the differences in lysability between these two regions
during thrombolysis by recombinant tissue plasmino-
gen activator (rt-PA).

MATERIALS AND METHODS

Venous Thrombi

Twenty-one thrombi (13 in situ venous thrombi and 8
pulmonary emboli) were acquired within 48 h after
death in routine post mortem autopsies of 11 patients
who died of massive pulmonary embolism. The study
did not interfere with the course of autopsy, and its
protocol has been approved by the Ethical Committee
of the national Ministry of Health. The samples were
carefully removed from the surrounding vascular mate-
rial, rinsed with isotonic saline of 0.9% w/v of NaCl,
pH 7.4 and divided into two parts. The first part was
subjected to prompt examination by MRI during throm-
bolysis, while the second part was analyzed by immu-
nohistochemical staining to platelets, fibrin, and RBCs.
According to the histological age determination all sam-
ples qualified to the phase I thrombotic material (17).

Conditions of Thrombolysis

Thrombolysis of thrombi was performed in an artifi-
cial perfusion system using a remodeled transfusion
set (Emiltek, Italy). The samples were incubated in

the latticed closet of the transfusion set, which was
connected by a flexible hose to a peristaltic pump that
generated plasma flow of 1.1 6 0.3 mL/s. The hose
connecting the pump to the thrombus was 1.7 m long
(3.4 m to the sample and back) and had a 3-mm inner
diameter. In each experiment, the artificial perfusion
system was filled with approximately 250 mL of single
donor blood plasma of a matching AB0 blood group.
The thrombi were perfused in four 30-min runs of the
perfusion system interspersed with 30 min interrup-
tions of flow for MR scanning (Fig. 1). Each thrombus
was placed into the MR magnet and connected to the
perfusion system with plasma to which the fibrin-spe-
cific thrombolytic agent rt-PA (Actilyse, Boehringer
Ingelheim, Germany) was added in a final concentra-
tion of 2 mg/mL, except for three control thrombi that
were perfused by plasma without rt-PA. In all experi-
ments, plasma was thermo-regulated to body temper-
ature (37�C). To evaluate the permeation of thrombi
by the lytic plasma during thrombolysis, the MRI con-
trast agent Gd-DTPA (Magnevist, Schering AG, Berlin,
Germany) was added in a concentration of 0.1 mmol
/kg to plasma containing rt-PA in four thrombolytic
experiments, which were performed only to assess
permeation with the thrombolytic agent and formation
of reperfusion channels during thrombolysis.

MRI

MRI was performed on a 2.35 Tesla (T) horizontal bore
superconducting magnet (Oxford, UK) equipped
with microimaging accessories (Bruker, Ettlingen,
Germany) and a TecMag spectrometer (Houston, TX).
Thrombolysis was followed by serial three-dimensional
(3D) T1-weighted MRI using the 3D spin-echo imaging
sequence. Imaging parameters were the following:
echo time 10 ms, repetition time 105 ms, imaging ma-
trix 64 � 128 � 256, field of view 20 mm � 20 mm �
40 mm and imaging time 30 min; no signal averaging
was used. To minimize the scan time, the frequency
encoding direction was set along the largest matrix
direction (256), which coincided with the longitudinal
direction of the thrombus. Serial MRI was performed
in five 30-min imaging blocks, each followed by a
thrombolytic block, that is, a 30-min run of the
peristaltic pump triggered by the MR spectrometer.
Therefore, the total experiment time was four and a
half hours. During MR scans perfusion was switched
off to prevent MR images from motion artifacts.

Figure 1. Experimental time points. A 4.5-hour experiment
was divided between five MRI scans interspersed with
four 30-min thrombolytic perfusion blocks. [Color figure
can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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Immunohistochemistry

One longitudinal half of each thrombus was immuno-
histochemically verified for the presence of platelet-
rich and RBC-rich regions. The samples were fixed in
10% buffered formalin, cut longitudinally and embed-
ded in paraffin. Multiple 5-mm-thick sections were cut
from each sample. The sections were initially stained
with hematoxylin/eosin (HE) to obtain histology of the
thrombi. Subsequently, the sections were immunohis-
tochemically stained using monoclonal antibodies
against platelet components (anti-b-3 integrin Anti-
Human CD61, DakoCytomation, Denmark) and RBCs
(Anti-Human Glycophorin A, DakoCytomation, Den-
mark), while fibrin layers were demonstrated histo-
chemically using acid Picro-Mallory stain as described
previously (1,10,11). Immunohistochemical staining
was performed using a Ventana Benchmark auto-
matic stainer with the streptavidin-biotin peroxidase
complex and diaminobenzidine tetrahydro-chloride as
chromogen.

Image Analysis

Images of representative longitudinal sections of
thrombi were analyzed on the 8-bit grey scale using
ImageJ software (National Institutes of Health, Be-
thesda, MD). To make the image signal independent
of the spectrometer gain, MR images were automati-
cally normalized to the brightest image voxel, to which
value 255 was assigned. The cutoff value between the
platelet-rich and RBC-rich regions was set to 110,
which is according to the studies presented in (10,11)
an expected average of RBC and platelet signal inten-
sities and therefore enables optimal discrimination
between the regions. All voxels below and above the
cutoff value were counted and the proportion of voxels
in bright and dark regions was calculated for each 3D
image of the serial set. The proportion of nonlysed
voxels was calculated using voxel counter software
from 3D MR images of each thrombus in the study.
Differences between proportions of nonlysed platelet-
rich and RBC-rich regions were tested for statistical
significance by the t-test for independent samples
(SigmaPlot, Systat Software, Chicago, IL). The correla-
tion between the lysability outcome and the propor-
tion of platelet-rich regions was tested by the Pearson
coefficient. Progression of the thrombolytic agent into
the thrombus was estimated by subtraction of the
subsequent contrast enhanced MR images that was
followed by masking, that is, zeroing the region out-
side the automatically traced thrombus outline. The
outline corresponded to the second image of the pair.

RESULTS

A detailed structure of a representative venous throm-
bus ex vivo before thrombolysis in a form of
delineated bright platelet-rich regions and darker
RBC-rich regions can clearly be seen in T1-weighted
MR images (Fig. 2a). Semi-quantitative comparison of
the MR images to immunohistochemical staining of
the same thrombus (Fig. 2d–g) show that bright

regions in MR images correspond to laminations of
coalescent platelets mixed with fibrin meshwork,
known as Zahn lines (10,11,18,19). Such bright pat-
terns in T1-weighted MR images, as in the example in
Figure 2, were found in 18 of 21 samples. All 18 cases
were confirmed as Zahn lines by pathology, using im-
munohistochemical staining.

The acquired T1-weighted MR images had an aver-
age signal intensity of 156 6 23 in platelet-rich
regions and 67 6 12 in RBC-rich regions (in 8-bit
grayscale image). The latter was found somewhat dif-
ferent between venous thrombi and pulmonary emboli
(58 6 9 in thrombi versus 96 6 10 in emboli), while
no significant platelet signal intensity difference was
found between the two. Comparison between the ini-
tial and the final T1-weighted MR image after 120 min
of thrombolysis (five 30-min MR scans interspersed
with four 30-min thrombolytic blocks) showed that
the proportion of lysed platelet-rich regions was 0.27
6 0.04 while the proportion of lysed RBC-rich regions
was 0.40 6 0.08. The time course of the proportion of
nonlysed regions is shown in the graph in Figure 3a.
Comparison between the dissolution curves of plate-
let-rich and RBC-rich regions indicated that the dif-
ference between the curves increased linearly with
time within first 60 min of thrombolysis due to ineffi-
cient thrombolysis of platelet-rich regions, and then
became constant due to slowed thrombolysis of the
RBC-rich regions. Differences between proportions of
nonlysed platelet-rich and RBC-rich regions were stat-
istically significant for each thrombolytic block (P <
0.025). The difference in platelet content between ve-
nous thrombi and pulmonary emboli was not statisti-
cally significant and there were no differences in dis-
solution properties between the two. The outcome of
thrombolysis in thrombi was influenced by the initial
proportion of platelet-rich regions (Fig. 3b), that is,
high initial platelet-rich region proportions resulted in
less efficient overall thrombolysis. Specifically, a 1%
increase of platelet-rich content resulted in a 1.4%
decrease of lysed thrombus volume. This follows from
the linear regression analysis between the initial pro-
portion of platelets (x) and the final proportion of non-
lysed thrombus (y) which yielded: y ¼ b þ a x with a
¼ 1.42 6 0.33 and b ¼ 0.66 6 0.03; the correspond-
ing correlation coefficient was r ¼ 0.734 (P ¼
0.000529).

Progression of thrombolysis in a typical thrombus is
depicted by a set of volume rendered images of seri-
ally acquired T1-weighted MR data (Fig. 4). RBC-rich
regions are presented in red while platelet-rich regions
are presented in yellow color. The comparison of vol-
ume rendered images during thrombolysis shows that
the platelet structures lysed less efficiently than RBC-
rich regions.

Serially acquired T1-weighted images (each was
acquired after a subsequent 30-min thrombolytic
block) in Figure 5 depict transport of the Gd-DTPA-la-
beled plasma into a thrombus during thrombolysis.
Because rt-PA is soluble and because pores are of mi-
crometer dimensions in fibrin clots containing RBCs
(20) it was assumed that the thrombolytic agent and
the contrast agent (molecular mass, 68 kDa and 590
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Da, respectively) had similar transport properties. The
serially acquired image set in Figure 5a clearly indi-
cated a heterogeneous change of the thrombus outline
as well as nonuniform thrombus permeation by the
contrast agent used as a surrogate for the thrombo-
lytic agent. The regression in size (Fig. 5b) was faster
in regions with no, or few platelet structures. The
same regions were also better permeated by the con-
trast agent (Fig. 5c). The thrombus permeation by the
contrast agent was best seen in images obtained by
subtraction of two subsequent images of the serial set
(Fig. 5c). The signal intensity of the subtracted images
is proportional to the difference of Gd-DTPA concen-
trations between the subsequent images and can
therefore serve as an estimate for the efficiency of
permeation.

DISCUSSION

The main result of this study is the indication that
differences in susceptibility to thrombolysis by rt-PA
between platelet-rich regions and RBC-rich regions of
venous thrombi can be clearly shown by MRI ex vivo.
The majority of studied thrombi were not uniform in

structure, but contained a platelet-rich scaffold, that
is, Zahn lines similar to those of arterial thrombi, and
the overall rate of thrombolysis was inversely corre-
lated with the proportion of platelet volume in the
venous thrombi.

The experimental setup and the hypothesis of this
study originated from studies, which showed that
T1-weighted MRI discriminated between compact pla-
telet-rich regions and RBC-rich regions as confirmed
by immunohistochemistry (10,11). Collet and co-
workers demonstrated by confocal microscopy that
thrombolysis was retarded around platelets in a fibrin
network (21). In contrast to confocal microscopy, MRI
has the potential to be used in vivo for assessing the
susceptibility of venous thrombi to thrombolysis and
thus selecting patients who would be most likely to
benefit from this kind of treatment.

The faster rate of thrombolysis of RBC-rich regions
in comparison to platelet-rich regions has several rea-
sons. Thrombolysis is retarded in platelet-rich regions
due to the tight platelet connections by means of gly-
coprotein receptors (GP IIb/IIIa) and fibrinogen as
well as by the lack of serum containing plasminogen
(22–25). On the contrary, thrombolysis is more effi-
cient in RBC-rich regions, which have a loose fibrin

Figure 2. A typical venous thrombus imaged by 3D T1-weighted MRI (a) and corresponding immunohistochemistry (d–g).
MRI can discriminate between layered platelet-rich regions (a, red arrows) and RBC-rich regions of the thrombus, as depicted
with the cutoff threshold image (b) or with the fire lookup table (c). The platelet-rich regions in T1-weighted MR images con-
sistently appeared brighter in comparison to RBC-rich regions. Comparative immunohistochemistry to platelets was done by
b-3 integrin CD61 (d, red arrows), to RBCs by glycophorin A (e, light blue arrows), combined RBC, fibrin and platelet staining
by Picro-Mallory in which RBC-rich regions appear orange, fibrin meshwork red (black arrows) and platelets bluish (f). In
addition, nonspecific HE staining was used as well (g).
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network with abundant extracellular space filled with
serum (20). The platelet structures represented a sort
of a solid and poorly lysable frame that linked the
RBC-rich parts of the thrombi and made them less
susceptible to thrombolysis. Aged thrombi may con-
tain also collagen type III that increases their com-
pactness and impairs the response to thrombolysis
(26). Further discrepancies in dissolution properties
can be attributed to inefficient perfusion into the
thrombus due to platelet coalescence, that is, Zahn
lines, which impede the transport of the thrombolytic
agent (27). In our study, platelet laminations were of-
ten found near the surface of thrombi, thus prevent-
ing efficient permeation of plasma containing rt-PA
into the deeper layers (Fig. 5). Conversely, RBC-rich
regions were well perfused, so that thrombolysis was
efficient in deeper regions, which was demonstrated
by the presence of randomly emerging reperfusion
channels (24,25,28,29). The final proportion of lysed
thrombi depended on the proportion of platelet-rich
regions (Fig. 3b). The correlation coefficient (r ¼
0.734) confirmed a sound concurrence with confocal

microscopy studies of model clots in vitro, where pla-
telets were shown to impede the transport of thrombo-
lytics into the clot (24,27). The correlation could serve
for estimation of thrombolysis outcome if the initial
platelet proportion is known.

In our study, the prevalence of alternating bright
platelet-rich layers (Zahn lines) and darker RBC-rich
regions in venous thrombi, evidenced by both T1-
weighted MRI and immunohistology was 85%. The
results are somewhat surprising, because one could
expect that Zahn lines do not occur often in the ve-
nous system where the flow regime is laminar (30,31).
However, because post mortem accumulations of pla-
telets can occur only on the exposed surface of ve-
nous thrombi (17), the Zahn lines in the core of the
venous thrombi cannot be dismissed as an artifact.

During thrombolysis platelet-rich regions as well as
RBC-rich regions were perfused with the thrombolytic

Figure 3. Dissolution curves (a) for platelet-rich regions
(dashed line) and RBC-rich regions (solid line) of 18 throm-
bolytic experiments (means 6 SD are shown). The curves,
that show proportions of nonlysed thrombi regions, were
obtained from analysis of serially acquired T1-weighted MR
images of thrombi during thrombolysis. The curves indicate
the less efficient thrombolysis in platelet-rich regions in com-
parison to RBC-rich regions. The graph (b) depicts the corre-
lation between the final proportion of nonlysed thrombi and
the initial proportion of platelet-rich regions. [Color figure
can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

Figure 4. Volume rendered 3D MR images in three different
orientations (30� apart around the vertical axis) of a typical
thrombus during thrombolysis with rt-PA. The images, in
30-min thrombolytic blocks (each followed by a 30-min
image scan) depict significantly faster thrombolysis progres-
sion in RBC-rich (red) versus platelet-rich (yellow-green)
regions. Images were manually traced for RBC-rich and pla-
telet-rich regions before volume rendering. [Color figure can
be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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agent that biochemically reduced compactness of the
clots, which resulted in prolongation of T1 relaxation
times and therefore less MR signal in T1-weighted
images. However, the MR signal intensity of platelet-
rich regions was at all times brighter than that of
RBC-rich regions. This allowed reliable discrimination
between the regions based on the signal intensity
analysis.

The parameters used in 3D T1-weighted MRI (echo
time/repetition time ¼ 10/105 ms) are a reasonable
compromise between image contrast and image qual-
ity (10). A shorter repetition time would introduce
heavier T1-weighing but also more image noise,
whereas a longer repetition time would result in less
image contrast but better signal-to-noise ratio (SNR)
and also prolong the scanning time. On modern clini-
cal scanners parallel imaging is available that allows
a substantial scan time reduction at unchanged
image contrast (32,33). For example, use of parallel
imaging with sensitivity encoding (SENSE) with the
parallelization factor of 4 would reduce image scan
time from the present 30 min to only 7 min, which is
already clinically acceptable. Image scan time could
also be shortened by a reduction of image resolution.
However, a resolution below the typical thickness of
platelet laminations would not be acceptable.

The reliability of discrimination between platelet-rich
and RBC-rich regions, which was in our case deter-
mined by the signal intensity cutoff value of 110,
depends on the SNR of acquired MR images as well as
on the hematocrit level (Ht) of RBC-rich regions; rinsing
of the samples with isotonic saline did not alter tissue
signals because it was not absorbed into the tissue in
quantities that would alter T1 relaxation times. In our
experiments, SNR in RBC-rich regions was equal to 10
while Ht was in the range from 40% to 60%. According
to the results of the study (11) the signal intensity of
RBC-rich regions at Ht ¼ 40% and Ht ¼ 60% differs by
20% in T1-weighted images (TE/TR ¼ 10/120 ms).
Therefore, the safe interval of the cutoff values (within
the 95% confidence interval) in our experiments would
be between the image signal intensities of 100 (the
highest RBC-rich region signal intensity of both,
venous thrombi and pulmonary emboli) and 135 (the
lowest platelet-rich region signal intensity); which is
calculated as the signal intensity of the RBC-rich
regions of 70 multiplied by 1.2, because of Ht variabili-
ty and with it associated possible signal increase by
20%, plus two standard deviation intervals of 15,
while the upper limit equals to the signal intensity of
the platelet-rich regions of 150 minus two standard
deviation intervals of 15.

Figure 5. Serially acquired set of
T1-weighted MR images (a)
depicts a thrombus during
thrombolysis with concomitant
use of rt-PA and the contrast
agent (Gd-DTPA). Thrombolysis
that occurred in randomly
formed reperfusion channels pro-
gressed nonuniformly. The image
set was analyzed for the throm-
bus volume change (b) and the
progression of Gd-DTPA (c). The
volume change was estimated by
superposition of the automati-
cally traced thrombus outlines
encoded in different colors, while
the progression of Gd-DTPA was
assessed by subtraction of two
subsequent images of the serial
set followed by zeroing the region
outside the automatically traced
thrombus outline. [Color figure
can be viewed in the online issue,
which is available at wileyonline
library.com.]
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In addition to T1-weighted imaging that was used
for discrimination between platelet-rich and RBC-rich
regions, there are other potential MRI methods that
may provide efficient discrimination between the
regions as well. These are ADC mapping (12) and
magnetization transfer enhanced MR imaging. The
first method is sensitive to the serum mobility in
thrombi and can, therefore, efficiently detect their re-
traction, while the second method could efficiently
detect serum inclusions between different regions of
venous thrombi.

A limitation of our experiment was the inability to
analyze the samples by immunohistochemistry after
thrombolysis. Sample manipulation (i.e., resection,
staining) before thrombolysis was possible because
there was no effect of rt-PA, which would significantly
alter the form of thrombi. On the other hand, decom-
position of the samples accompanying thrombolysis
did not allow any further immunohistochemical
manipulation as they became too fragile for handling
in immunohistochemical procedures. Venous thrombi
ex vivo were followed for 4 h with a net thrombolytic
time of 2 h to mimic the duration of thrombolytic
treatment for massive pulmonary embolism in clinical
practice. Due to post mortem acquisition of samples,
some thrombi used in our ex vivo study, were exposed
to the thrombolytic treatment before they were
acquired. Therefore, it was likely that they were lack-
ing plasminogen and were less susceptible to ex vivo
thrombolysis. Assessment of the progression of the
thrombolytic agent in thrombi, which was done by
subtraction of subsequent contrast enhanced MR
images, is prone to movement artifacts, that is, the
signal in the subtracted image may appear not only
due to differences in the contrast accumulation, but
also due to the thrombus displacement, which may
occur during thrombolytic blocks.

In conclusion, the results of this study clearly dem-
onstrate the ability of MRI to show the differences in
lysability of platelet-rich and RBC-rich regions of ve-
nous thrombi ex vivo. Further studies are needed to
show whether T1-weighted MRI could reliably predict
the outcome of thrombolytic treatment in vivo. Clini-
cal use of MRI in prognosis of thrombolytic outcome
may soon become available with rapid development of
MRI technology.
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