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In Vive R1-Enhancement Mapping of Canine
Myocardium Using CeMRI With GA(ABE-DTTA) in
an Acute Ischemia-Reperfusion Model

P. Kiss, MD,* P. Suranyi, MD,*3 T. Simor, MD, PhD,*-®> N.H. Saab-lsmail, PhD,1+®
A. Elgavish, PhD,>** L. Hejjel, MD,™* and G.A. Elgavish, PhD*-%*

Purpose: To demonstrate the usefulness of normalized
AR1 (AR1;) mapping in myocardial tissue following the
administration of the contrast agent {CA) GA(ABE-DTTA).

Materials and Methods: Ischemia-reperfusion experiments
were carried out in 11 dogs. The method exploited the rela-
tively long tissue lifetime of GA(ABE-DTTA)}, and thus no fast
R1 measurement technique was needed. Myocardial perfu-
sion was determined with colored microspheres (MP).

Results: With varying extent of ischemia, impaired wall
motion (WM) and lower AR1, values were detected in the
ischemic sectors, as opposed to the nonischemic sectors
where normal WM and higher AR1, were observed. Based
on the AR1,, data from the myocardial perfusion assay and
the AR, maps were compared in the ischemic sectors. A
correlation analysis of these two parameters demonstrated
a significant correlation (R = 0.694, P < 0.005}, validating
the AR1,-mapping method for the guantitation of ischemia.
Similarly, pairwise correlations were found for the MP,
AR1,, and wall thickening (WT) values in the same areas.
Based on the correlation between AR1, and MP, AR, maps
caleulated with a pixel-by-pixel resolution can be converted
to similarly high-resolution myocardial perfusion maps.

Conclusion: These results suggest that the extent of the
severity of ischemia can be quantitatively represented by
AR, maps obtained in the presence of our CA.

Eey Words: myocardial ischemia; contrast agent; myocar-
dial perfusion; MRI; Rl mapping
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ISCHEMIC HEART DISEASE remains the leading cause
of death in western societies (1). A noninvasive imaging
method to visualize acute myocardial ischemia is highly
desirable (2—4). The technigques currently used, such as
contrast-enhanced (CE) cardiac ultrasound, techne-
tinum-99m-tetrafosmin  single-photon emission com-
puied tomographic (SPECT) imaging, and thallium-201
myocardial tomography, are not optimal for accurate
localization or, more importantly, quantitative determi-
nation of myocardial underperfusion (5). Presently, cor-
onary angiography provides the most accurate informa-
tion for the differential diagnosis of acute myocardial
ischemia. This method, however, carries significant
risks and cannot be repeated as often as MRI (6,7).
ceMRI can visualize myocardial ischemia with less risk
(8,9); however, current cardiac ceMRI techniques could
be improved regarding of spatial resolution and cover-
age. In this work we present results obtained by Rl
mapping, which in conjunction with a contrast agent
{CA) with a long lifetime in tissue, Gd(ABE-DTTA). pro-
vides quantitative pixel-by-pixel information on myo-
cardial underperfusion.

In the differential diagnosis of acute myocardial isch-
emia, cardiac MRI has played an increasingly important
role in visualizing perfusion abnormalities. With the
use of blood oxygen level-dependent {(BOLD) MRI, myo-
cardial ischemia can be detected without using CAs
(10). However, to precisely delineate the ischemic area
in the myocardium, the use of MRI CAs is required
(11~13). Based on differences in the distribution of a CA
between healthy and ischemic regions, ceMRI shoutd
he able to detect and accurately assess myocardial un-
derperfusion.

McNamara et al {14) used Gd-DTPA to detect myocar-
dial ischemia in a canine heart model. Since then Gd-
DTPA has remained the most frequently used MRI CA
for detecting acute myocardial ischemia in clinical
practice (15), although some investigators have used
other agents in their experimental and human studies
(16-21).

MRI CAs display wash-in and wash-out kinetics that
reflect myocardial perfusion (MP} abnormalities (22).
The application of a first-pass technique to detect myo-
cardial ischemia in a rat heart model was reported by
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Atkinson et al (23). The same authors also visualized
myocardial ischemia in patients with coronary disease
by first-pass kinetics using Gd-DTPA (24). To date, this
is the best MRI technique for detecting myocardial per-
fusion (24). However, first-pass techniques are not op-
timal in terms of spatial resolution and coverage due to
short duration of contrast.

Signal intensity enhancement (SIE) is dependent on
CA concentration in the myocardial volume element
represented by the correspending image area, but not
in a linear fashion. SIE is not an intrinsic parameter;
rather, it depends on the pulse sequence and acquisi-
tion parameters used. The intrinsic physical parameter
that is enhanced in linear proportion with CA concen-
tration is the paramagnetic relaxation rate enhance-
ment, AR1, which is the difference between the inverse
T1 in the presence vs. the absence of CA. Using ARI to
determine regional CA concentration liberates this de-
termination from dependence on extraneous experi-
mental factors (field inhomogeneities, preparation
pulse errors, saturation, coil effect, etc.). The AR ob-
tained from a region of interest {ROI) that represents a
given myocardial volume element actually represents
the CA conceniration averaged over that volume ele-
ment. Thus, a ARL map of the heart in ceMRI is a
faithful representation of CA distribution with a spatial
resolution down to the voxel-by-voxel level.

To benefit most from ceMRI, several techniques were
developed to investigate myocardial perfusion defects
(25) and pathologies in brain (26) including first-pass
perfusion imaging (24). However, the accuracy of per-
fusion detection with this method is limited because it
utilizes MRI Sls. Since the SI of a given pixel in an MR
image may be distorted by the factors detailed above, an
SI-based image of the myocardium following CA admin-
istration may provide inaccurate quantitative informa-
tion about the location and severity of myoccardial un-
derperfusion. Thus an RI-map-based approach would
be preferable. Unfortunately, however, with the MRI
instruments presently used in the clinic, the acquisi-
tion of images using inversion recovery (IR) for a typical
RI map currently requires 15 minuites of scanning time
per tomographic slice. Thus, the myocardial lifetime of
the CAs presently used in the clinic is too short to
obtain an R1 map of the left ventricle {LV) with IR. To
solve this problem we developed an agent that remains
in tissue long enough to allow the generation of a R1
map.

We successfully applied this tissue-persistent myo-
cardial CA, GABME-DTTA), to a ferret myocardial isch-
ernia model (27). Because of its relatively long lifetime in
the myocardium, the contrast between the ischemic
and nonischemic regions remained significant during
the entire 30-minute ischemic period. Qur current, re-
lated agent, GA{ABE-DTTA) (28}, retains the MRI qual-
" ities of GA(BME-DTTA) but it is preferable over the
latter because of improved water solubility, We used
it successfully in previous studies fo detect myocardial
underperfusion (29,30). Its relatively long lifetime in the
myocardium allows its use for R1 mapping of the entire
LV.
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MATERIALS AND METHODS
Canine Preparation

Eleven male mongrel dogs weighing 17-19 kg were used
in our study. AcgKnowledge v3.7.2 software running on
a Toshiba notebook PC connected to an MP100A
(Biopac Systems Inc., CA, USA) was used to record ECG
and pressure. Anesthesia was started with an initial
1.V. bolus of sodium pentobarbital (25 mg/kg). The dogs
were intubated and mechanically ventilated. Body tem-
perature was maintained. An LV. line was inserted to
administer infusion and pentobarbital. Both femoral
arteries were cannulated to obtain arterial blood sam-
ples during microsphere (M#) injections and to monitor
blood pressure. Blood pressure and ECG were contin-
uously recorded. A left-side thoracotomy was per-
formed. A l-cm-long section of the left anterior de-
scending coronary artery (LAD) was isolated from its
bed. A silk tie was placed around the LAD to allow
occlusion to create ischemia. The aperture of the tho-
racotomy was closed to restore roughly a normal ana-
tomical situation. To ascertain whether the size of the
ischemic region was large cnough, a 20-second zero-
flow ischemia test was performed, monitored by ECG.

Experimental Protocol

Control short-axis MR images were acquired, Ms of the
first color were injected, and a blood sample was taken.
Subsequently, zero-flow ischemia was created by pull-
ing the ligature tight, and the CA was injected. At that
time, Ma of the second color were injected and a blood
sample was taken. Cine and IR MR images were col-
lected starting at the 10th minufe of the 30-minute
ischemic period. At the end of the 30-minute period of
ischemia, the LAD ligature was removed to allow 40
minutes of reperfusion. Mg of the third color were In-
jected in the stxth minute of the reperfusion peried, and
a blood sample and MR images were taken. At the end
of the reperfusion period the animals were euthanized.
In Fig. 1 the timeline of our experimental protocol is
illustrated.

Analysis of Myocardial Perfusion

The dogs hearts were excised, washed, and bread-sliced
according to the anatomical orientation of the short-
axis MR images (see below). Each slice was cut into
eight or 16 pieces (depending on the mass of the actual
slice} of approximately 1 g each. Each tissue sample
was placed individually in a test tube that contained 1M
KOH for digestion at 60°C for 12 hours. The blood sam-
ples were digested by 2M KOH. Further processing of
tissue and blood samples was carried out as described
by Simor et al (27) to calculate myocardial perfusion as
determined by colored Me.

CA

Agent Preparation

GA(ABE-DTTA) {Fig. 2) was synthesized, and the sam-
ples were prepared as described by Saab at al (28). Each

injectable sample of GA(ABE-DTTA) was prepared by
mixing solutions of GA(ABE-DTTA) and CalABE-DTTA}
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Phase CONTROL ISCHEMIA | REPERFUSION
Treatment Normal Flow inLAD Zero flow in LAD Postisehiemic Mow in LAD
Bluc microspheres ‘ 3" minule: Lemou 3% minate: Eosin
administered microspheres microspleres
adminisicred administered
-
Duration 40 min 30 mmn 40 min
MRI From 10" 10 30" From 10" 10 40" ]
Sequ ences Long and short axis cine Long and shor axis Long undd short axis cine
inzrges ad IR images w/ cine inuges and IR fmages and IR images
Figure 1. Timeline of the ex- varying TI acquired images w/ varying w/ varying TT acquired
TT acquired

perimental protocol.

in a 10:3 ratio. For quality control, the relaxivity of each
such sample was measured, and a relaxivity of 20
sec”! - mM™? (pH 6.4; 20°C, 8.5T) was routinely ob-
tained.

Determination of Relaxivity

A determination of relaxivity was carried out for each
injectable sample of CA to maintain quality control. The
IR method was used to measure T1, A 180° preparation
pulse was followed by a variable delay. The magnetiza-
tion was then sampled by a second pulse, and the
resulting free induction decay (FID) signal was ac-
quired. The magnetization M, for any interpulse delay
time 7 is given by the eguation:

M, = M1 — A" (1)

where Mg and R1 are the magnetization at equilitwium
and the relaxation rate (R1 = 1/T1), respectively, and A
is a constant that depends on the quality of the 180°
pulse and the extent of signal saturation. Under ideal
conditions, A = 2.0. For a series of delay times 7, FID
intensities, or signal intensities when Fourier transfor-
mation is done, are generated and the data are fit to a
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Figure 2. Ligand of the CA, GA(ABE-DTTA}

curve described by Eq. [1]. A three-parameter, no-con-
straint fit is carried out and the R1 is obtained from the
best fit. These measurements were carried out on an
Avance (360 MHz, 8.5T) Bruker NMR spectrometer. For
each sample, R1 is calculated from three consecutive
measurernents.

MRI

Slice Orientations

A seven-slice short-axis image grid was positioned on
the end-diastolic image of a four-chamber, long-axis,
steady-state-free-precession (SSFP) movie. The seven
short-axis tomographic slices were positioned starting
from the level of the aortic valve. A slice thickness of 10
mm was chosen so that the seven slices would cover the
entire LV from apex to base. The duration of the 30-
minute ischemia was insufficient to cover the entire LV.
Thus, based on the anatomic position of the ligature of
LAD, only one of these seven slices was chosen to de-
termine R1. Cine MRI, however, was acquired covering
the entire LV.

Normalized AR Mapping

An IR prepared segmented fast gradient-echo sequence
was used on a 1.5 Tesla GE Signa Horizon CV instru-
ment to determine R1. R1 values were obtained using
the IR method employing eight different TI values.
Short-axis IR images were obtained with the following
parameters: 260-mm FOV, 256 X 256 image matrix,
25° readout flip angle, and 3.32-msec echo time (FE).
TR was determined by the actual heart rate (TR = 3
cardiac cycles). The acquisition of all Tls was timed to
the end-diastolic phase of the cardiac cycle.

The R1 values for each ROI were calculated by curve-
fitting from the TI-dependent SIs using (31):

SI = SI (1 — Ae ™Rl 4 g TRRY (2

Where SI stands for the observed signal intensity, Sl is
the signal intensity at equilibrium, T1 is the inversion
time, and A is a parameter {A = 2} obtained by the
curve-fitting procedure. The rightmost exponential
term corrects for signal saturation (31).
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Two alternative postacquisition calculations with two
different spatial resohitions were carried out: 1) R1 val-
ues were calculated for each myocardial sector serving
as ROI according to the physical sectors in which myo-
cardial perfusion was determined using MPs, and 2) R1
values were calculated with a voxel-by-voxel resolution
(each voxel as an ROJ) exploiting the maximum spatial
resolution potential provided by the equipment and the
imaging pulse sequence.

Myocardial Function

To determine myocardial function, cine MR images
were acquired using an SSFP sequence. The applied
parameters were as follows: 260-mm FOV, 128 X 128
image matrix, and 45° flip angle.

Image Analysis

MR Analytical Software System (MASS) version 5.0 (Me-
dis, Leiden, The Netherlands) running on a HP Pavilior:
9600 PC was used for Image analysis. The entire image
set of a single study was scaled and windowed simul-
taneously. The corresponding SI values of a set of IR
images with varying TIs were used to determine the R1
values of the myocardial ROIs. Myocardial function was
determined using data calculated from the SSFP mov-
ies. Following localization of the center point, the endo-
and epicardial contours of the LV muscle in the short-
axis images were detected and manually readjusted. A
0° starting point at the posteroseptal groove was set for
each individual image in the set, Following these initial
settings, the software divided the mass of the LV muscle
into 18 segments where each individual segment was
perpendicular to the centerline.

Function and AR Data Analysis

The MASS program calculated cardiac funetion data,
such as the difference between the end-systolic and
end-diastolic wall thickness {i.e., wall thickening (W),
and the displacement of the end-systolic endocardial
contour (i.e., wall motion (WM)). SI data for each ROI
were also measured using MASS. WT and MRI St data
were derived from the same myccardial volume ele-
ments. Corresponding data tables of WT and SI were
then generated for the entire image set and processed.
An R1 value was calculated for each individual ROI to
generate an R1 map. The R1 enhancement induced by
CA (ARl.J in a given pixel is proportional to the con-
centration of the CA in the vozel represented by that
pixel, as defined by

AR1 ca & rl'[CA] [3}
where r, is the relaxivity of the CA. This CA concentra-
tion is perfusion-dependent, and thus the AR1 value of
a given pixel is proportional to the perfusion in its voxel.
The observed relaxation rate (Rl of a given pixel in
the presence of the CA is the sum of the control relax-
ation rate Rl obtained in the absence of the CA and the
relaxation rate enhancement AR1,, induced by the CA.
Therefore,

Kiss et al.

ARl = Rl,. — Rl, (4

Thus, sectors with AR1 values larger than 0.8 sec™’
represented nonischemic, remote sectors (AR1 op).

To eliminate differences in R1 data among the indi-
vidual dogs due to potential differences in effective CA
tissue uptake, all AR1 values were normalized to the
average of the AR1 values observed in the remote areas
(AR1..) in each individual dog:

AR1, = AR1,/ARI, (5)

In comparison with corresponding MP values, sectors
with AR1, = 80% were considered to represent isch-
emic ROIs (AR1 ).

The calculated values were compiled as a function of
anatomical position. These normalized AR1, data from
all ROJs in a given dog constitute the R1-enhancement
map (AR1,), which represents the myocardial perfusion
distribution.

Regional Function Analysis

A regional function map corresponding to the AR1, map
was generated. The myocardial function of each indi-
vidual sector was also compared with the correspond-
ing myocardial perfusion and AR1, data.

Pixel-by-Pixel Image Analysis

To determine the AR1, values in the myocardium with a
higher spatial resolution, a series of eight superimpos-
able 60 pixel by 60 pixel image sections containing the
LV were selected from the MR images acquired with the
eight different TIs. An automated algorithm was applied
to determine the R1 value in each voxel associated with
each pixel, using Eq. [2].

Perfusion Map

The relaxation rate, consequently the AR1,, of a given
pixel is proportional to the concentration of the CA. This
concentration is perfusion dependent, and thus the
AR1,, value of a given pixel is proportional to the perfu-
sion. Based on this correlation, the pixel-by-pixel AR,
map can be transformed into a pixel-by-pixel perfusion
map (PM).

Percent Perfusion Map (PPM]}

To establish a scale to convert AR1, values to perfusion
values, the pixel with the maximum ARIl, value
(ARlyme) in that myocardium is sought. To calculate
the exact percent perfusion value in each individual
voxel, the following derivation applies:

AR e & Perfusion g,
AR, o Perfusiong, (6)
AR1, = Perfusion

AR1,/AR] . — Perfusion/Perfusionmpey
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Figure 3. Average AR values of ischemic and nonischemic
sectors normalized to the AR values measured during the
ischemic period in the remote sectors.

Perfusion = (AR1,/AR1 . J-Perfusion,,., (7)

Thus, to express the perfusion in any given voxel as a
percent of the maximum perfusion in a particular LV, a
percent perfusion (PP} parameter is calculated from
Eq. [B]:

PP = [AR1,/AR1,p.) 100 (8)

The matrix containing the PP values of all voxels then
yields the PPM. All pixels with negative values were
rounded to zero.

L

‘t',,wv-:'

TI=400 ms' -

Figure 4. Representative LV images in a single
slice from one dog, acquired with a series of
eight Tls varying from 150 to 1100 msec. Ar-
rows point to the edges of the ischemic region.
The ischemic region is labeled with a black or
white “i".
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Statistical Analysis

Data were analyzed using SigmaStat version 3.0 (SPSS,
Inc.). Details of the statistical analysis performed for
each type of results are given below.

RESULTS

Figure 3 depicts the mean * standard error of means of
AR1,, values calculatéd in ischemic (N = 47) and non-
ischermnic (N = 94) sectors of the 11 dogs. By normalizing
the AR1 values (see Materials and Methods section}, all
of the AR1,, values obtained in the 11 dogs were made
animal-independent and thus comparable. Following
CA administration, during the ischemia period a signif-
icant AR1, difference was found between the ischemic
and nonischemic ROIs by the Mann-Whitney rank test
(P < 0.001). Upon reperfusion, the difference not only
decreased, but due to likely hyperemia and a conse-
quently higher CA concentration in the previously isch-
emic myocardium, the AR}, value increased in these
areas compared to the nonischemic areas. This differ-
ence, however, was not significant.

A typical image set from which AR, values were
obtained is shown in Fig. 4. These images of a single LV
tomographic slice were acquired with the eight different
TIs. In images acquired with TIs below the contrast
reversal point, reverse contrast is observed between the
well perfused and ischemic regions, and the ischemic
region is brighter than the nonischemic regions. The
minimum contrast occurs at ~400 msec between the
jschemic and nonischemic regions. At Tls above 400
msec, the contrast becomes positive, i.e. the ischemic
region is darker and the well-perfused region is

TI=1§0 ms

v X4}
TI=700 ms

S . i

&;.a

Tlmilﬂi) ms
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dial sector. Similar grayscales for all parameters were applied
to emphasize the correspondence among the parameters.

brighter. The maximum contrast is observable in im-
ages acquired with Tls between 600 and 800 msec.

In Fig. 5 the AR1,, WT, and WM maps of the same
single tomographic slice from one of the dogs are shown
along with the corresponding MPs. To illustrate the
correspondence among the ARL, map, myocardial

Ischemic sectors
Non-lschemic seciors

Normalized ARIT, (%0)

420 <0.005 1.2
10 I 1.1
100 p<0,005 1.0
20 0.9 a
.80 0.8
52
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40 0.4 =
K
N
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30 0.3 Ew
20 0.2
10 0.1
0.0 S 0.0
Normalized aR1 MP b

Figure 6. Mean values of MP and ARL, during ischeria are  Fignre 8. a: Calculated pixel-by-pixel AR1, map ofthe LV, The
shown. The error bars indicate the standard error of the mean  arrows indicate the edges of the ischemic zone. b: Correspond-
(SEM) calculated by using the total mumber of ischemic and  ing calculated pixel-by-pixel PPM. The arrows indicate the
nonischemic sectors., edges of the ischemic zone.
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perfusion, and the two myocardial function maps,
similar grayscales were used for all four parameters
(Fig. 5).

In Fig. 6 bar graphs of the AR1, values in ischemic
and nonischemic sectors from all dogs are compared
with the corresponding MP bars. A Mann-Whitney rank
test was used to determine the displayed P-values of
this comparison. In Fig. 7 the AR1, data measured in
the ischemic sectors of the 11 dogs are ploited as a
function of the MP values in the corresponding sectors.
The correlation coefficient calculated by using Pear-
son’s product moment correlation is 0.694 (P < 0.005).

Based on the correlation between AR1, and MP, the
myocardial perfusion is calculated from the AR1;, val-
ues. In Fig. 8a the potential of the PPM method is dem-
onstrated by a pixel-by-pixel resolved AR1, map of a
single tomographic slice. Based on validation of the
correlation between AR1,, and MP, a pixel-by-pixel PPM
was calculated in the same slice, and is shown in Fig.
8b.

The WT and WM values measured in the ischemic
and nonischemic sectors are shown along with the cor-
responding AR1; and MP values in Fig. 9.

Pairwise correlations were determined between AR1,
and WT, AR1, and WM, and AR1, and MP in all isch-
emic sectors evaluated in 11 dogs using Pearson’s prod-
uct moment correlation. The correlation coefficients
and P values are compiled in Table 1.

Table 1
Pairwise Correlation Between AR1,, MP, WT, and WM Values
from All Ischemic Sectors Evaiuated in 11 Dogs*

Correlation coefficient

Parameters P value
(R)
AR1, vs. MP 0.694 P < 0.005
AR1, vs. WT 0.534 P < Q.005
AR1, vs. WM 0.529 P < 0.005

*The statistical parameters presented here were obtained by Pear-
son's product moment correlation.
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DISCUSSION AND CONCLUSIONS

The present study demonstrates the usefulness of nor-
malized AR1 mapping using GA{ABE-DTTA} for mea-
suring myocardial perfusion and thus quantitatively
delineating the ischernic regions in vivo. The AR1, map
reflects the distribution of the CA conceniration in the
myocardium, and thus it can not only visualize but also
quantify the extent of ischemia in every ROI in the
myocardium. AR1, mapping visualizes R1 increases in-
duced by a CA more effectively than the usual T1-
weighted Sl images. Such mapping, however, requires a
CA with a myocardial lifetime that is long enough to
allow the relatively long acquisitions needed for accu-
rate determination of R1. GA(ABE-DTTA) is a CA whose
sufficiently long myocardial lifetime maintains agent
concentration practically unchanged in the course of a
complete set of R1 acquisitions. Therefore, with this
agent it is possible to generate an accurate Rl mapina
canine model of acute myocardial ischemia.

Due to the differential distribution of the CA in the
ischemic vs. nonischemic myocardium, the AR1, val-
ues were significantly lower in the ischemic regions
than i the nonischemic regions during the ischemic
period. During reperfusion, this difference vanished
(Fig. 3). In the individual experiments the lower AR1
values showed regional correlation with the regional
function parameters assessed by MRI (WT, WM], as well
as with the MP values (Fig. 5). A good correspondence
among the various maps is evident. The underperfused
areas are clearly shown by the AR, map. Good corre-
spondence is observed between the location of the un-
derperfused sectors defined by the AR1, map and that
shown biy the MP map, thus validating the former.

The difference between the mean AR1, valies mea-
sured in the ischemic vs. nonischemic sectors is similar
to that ohserved between the corresponding mean MP
values (Fig. 6).

In our experiments the ischemic areas became clearly
delineated. In these areas a close correlation was found
between the AR1, and the MP values of the correspond-
ing sectors (Fig. 7). A good correlation was observed
between WT and AR1, as well as the WM data vs. AR,
demonstrating accurate localization of the ischemic re-
gions by AR1, mapping.

We have shown the extent to which the AR1, values
obtained after the injection of GA(ABE-DTTA) reftect
myocardial perfusion. Once the correlation between MP
and ARL, has been established, a pixel-by-pixel AR1,
map (Fig. 8a) can be translated into a PP map with the
same resolution (Fig. 8b). It is worth mentioning that
this method can provide even higher spattal resolution
than the postmorterm gold-standard technique, the de-
termination of MP using colored Mgs (the reschution of
which is about 1 cm®). Using the AR1,, map, each AR1,
value leading to the PP map can be obtained from a
0.014 cm® tormographic volume of the myocardium. Us-
ing a color scale spread between the minimum and
maximum values found in the slice, the perfusion in
sach pixel in this calculated map can be clearly pre-
sented. The basis for these correlations is the fact that
voxels with high perfusion values possess high CA con-
centrations, and consequently high AR1, values.

Kiss et al.

By analyzing the mean values of the different param-
eters in Fig. 9, one can observe that both WT and WM
show a roughly proportional difference between the
ischemic and nonischemic sectors similar to that dis-
played by AR1, and MP. As indicated by the P-values
(Table 1), a significant correlation was observed be-
tween AR1, and myocardial perfusion, as well as be-
tween each of the two function parameters and AR1,.

In clinical practice there is a growing need for an
accurate and noninvasive method to determine acute
myocardial perfusion defects. Based on its sufficiently
long myocardial lifetime, GA(ABE-DTTA) is suitable for
use as a cardiac CA, and in cenjunction with an ARl
map can provide quantitative information about myo-
cardial perfusion in ischemia.
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