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ABSTRACT

Magnetic resonance first-pass (MRFP) imaging awaits longitudinal clinical trials
for quantification of myocardial perfusion. The purpose of this study was to assess
inter- and intraobserver agreement of this method. Seventeen MRFP studies (14
rest and 3 under adenosine-induced hyperemia) from 14 patients were acquired.
Two observers visually graded study quality. Each study was subdivided into eight
regions. Both observers analyzed all 17 studies (8 � 17 � 136 regions) for interob-
server agreement. Each observer then analyzed 10 of the 17 studies a second time
(2 � 8 � 10 � 160 regions) for intraobserver agreement. Signal intensity curves
were obtained with Argus software (Siemens, Iselin, NJ). The maximum amplitude
of the impulse response function (Rmax ) and the change of signal intensity (∆SImax)
of the contrast bolus were determined. Intraclass correlation coefficient was used
to determine intra- and interobserver agreement. The quality was good or excellent
in 14 studies. Intraobserver agreement of Rmax and ∆SImax were good (0.85 and 0.80,
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n � 160). Interobserver agreement of Rmax was fair (0.55, n � 136) but improved
after exclusion of poor-quality studies (0.88, n � 112). Interobserver agreement
of ∆SImax was good (0.73) and improved less than Rmax with study quality (0.83).
Interobserver agreement for Rmax in individual myocardial regions before and after
exclusion of studies with poor quality changed most markedly in lateral and poste-
rior regions (0.69 and 0.65 vs. 0.97 and 0.94), where signal-to-noise ratios were
reduced compared with anteroseptal regions (p � 0.01). Analysis of MRFP images
provides good intraobserver agreement. Interobserver agreement of the quantitative
perfusion analysis is good under the premise of good image quality.
Key Words: Image analysis; Interobserver agreement; Ischemic heart disease;
Perfusion imaging; Signal-to-noise ratio

INTRODUCTION

In regard to newly developed therapeutic revasculari-
zation methods, an accurate and clinically applicable
noninvasive method for quantification of myocardial
blood flow is required. The invasive nature of coronary
angiography and the limited spatial resolution of nuclear
imaging make these methods appear less eligible for re-
peated assessment of often mild changes in myocardial
perfusion. Magnetic resonance first-pass (MRFP) im-
aging has recently been validated as a versatile noninva-
sive clinical tool to quantify myocardial blood flow (1)
and to assess collateral flow (2) and angiogenesis (3).

Both the analysis of MR perfusion studies and myo-
cardial blood flow quantification rely on dedicated car-
diac perfusion analysis software and model-constrained
deconvolution (4,5) . Despite the introduction of quanti-
tative perfusion modeling (1,4), image analysis depends
on operator interaction and subjective assessment of
myocardial perfusion images. The reliability of this quan-
titative perfusion analysis is unknown. Knowledge about
the reliability of the data analysis would be important in
regard to longitudinal clinical trials using MRFP perfu-
sion imaging.

In the present study, inter- and intraobserver agree-
ment were determined by repeated analysis of MR perfu-
sion studies from patients with a variety of cardiac pa-
thologies. Additionally, the impact of image quality on
intra- and interobserver agreement was assessed.

MATERIALS AND METHODS

Patients

A person not further involved in the study selected
randomly 17 nonconsecutive MRFP imaging studies of
14 patients (10 men and 4 women; mean age, 62 � 10
years; range, 41–77 years). These patients, together with
other patients, were enrolled in clinical studies for which

they were referred to our institution between January and
August 1999. Myocardial perfusion was assessed in nine
patients with single or multivessel coronary artery dis-
ease (four patients with previous bypass surgery), in three
patients with microvascular dysfunction (coronary Dopp-
ler flow reserve � 2.5), and in two patients with nonisch-
emic cardiomyopathy. Table 1 shows baseline hemody-
namic data and body mass index. In all patients, their
diagnosis was established by conventional tests (left heart
catheter, coronary angiogram, intracoronary Doppler-
flow measurement; n � 3). At the time of the study, all
patients were in stable clinical conditions without signs
of heart failure or acute myocardial ischemia. Informed
consent was acquired for all participants, in accordance
with the requirements of the Institutional Review Board
for Protection of Human Subjects at the University of
Minnesota.

Image Acquisition

Quantitative imaging was performed on a commer-
cially available 1.5-T whole body system (VISION, Sie-
mens Medical Systems, Erlangen, Germany) using a

Table 1

Ejection Fraction (EF), Heart Rate (HR), and Body Mass
Index (BMI) of the Study Population

HR
EF (%) (1/min) BMI*

Whole study population* 54.5 � 9.8 59 � 9.0 29.9 � 6.5
Study population with:

EF � 50% (n � 4) 46.3 � 3.1
EF � 50% (n � 10) 62.8 � 5.9
BMI � 30 (n � 3) 36.8 � 3.7
BMI 25–30 (n � 6) 27.8 � 0.6
BMI � 25 (n � 5) 22.6 � 3.1

*Values are means � SD.
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four-channel phased-array body coil. Multislice imaging
with four slices in a double-oblique short-axis orientation
was performed using a snapshot-fast low angle single
shot sequence with linear k-space ordering. The in-plane
resolution was 2–3 mm with an acquisition time of 160–
235 msec per slice. The sequence was set to the follow-
ing: repetition time 2.5 msec per phase encoding step,
echo time 1.2 msec, flip angle α � 18 degrees, matrix
size 60–90 � 128 (phase encoding � readout points), a
rectangular field of view of 280–330 mm, a slice thick-
ness of 10 mm, and an interslice gap of 3–5 mm.

Studies were obtained during an antecubital bolus in-
jection of 4–7 ml gadolinium-DTPA (0.03 mmol/kg
body weight). The preloaded contrast bolus was flushed
through the intravenous line with 15 ml normal saline
at a rate of 10 ml/sec using a power injector (Medrad,
Pittsburgh, PA). Image acquisition was electrocardio-
gram (ECG)-gated, and acquisition started 10 msec after
the end of a nonselective saturation-recovery magnetiza-
tion preparation that was triggered by the detection of
an R wave. Image acquisition was started 3–4 heartbeats
before injection of the contrast material, and 40 images
per slice were obtained to follow the contrast bolus
through the circulation. ECG gating allowed acquisition
of images at a fixed time point in the cardiac cycle, and
the myocardial wall motion appeared frozen.

Fourteen rest and 3 hyperemic first-pass perfusion
studies acquired in the left ventricular (LV) short axis
were included in the analysis. Hyperemia was induced as
part of the study protocol in three patients (one patient
with microvascular dysfunction, one with cardiomyopa-
thy, and one with previous bypass surgery) by increasing
doses (70–100–140 µg/kg/min) of intravenous adeno-
sine over a period of 4 min and constant monitoring with
consecutive image acquisition. Indication for hyperemic
imaging was the detection of regional or global ischemia.

Assessment of Image Quality

The quality of each study was graded individually as
excellent, good, or poor by consensus of each of the two
observers according to the criteria outlined in Table 2.
The observers considered the dispersion of the contrast
bolus in the left ventricle, the endo-/epicardial border de-
lineation, trigger artifacts, and patient stature (body mass
index) and cooperation. A body mass index � 30 was
rated as 0. A contrast bolus was rated as 0 if the time
interval between half-maximal contrast enhancement in
the left ventricle from the up to the down slope of the
signal intensity curve was more than 16 heartbeats. Trig-
ger artifacts were rated as 0 if different phases of the

Table 2

Criteria and Scheme for the Evaluation of Image Quality

Parameter Yes No Image Quality

Dispersed contrast bolus in left 0 1
ventricle

Excellent, 4
Restricted endo-/epicardial bor- 0 1

der delineation
Good, 2–3

Trigger artifacts 0 1
Poor, 0–1

Patient parameters (increased 0 1
BMI)

BMI, body mass index.

cardiac cycle were acquired during scanning. In this case,
the myocardial contours had different circumferences in
consecutive image frames. This complicated the auto-
mated segmentation algorithm and therefore required ad-
ditional user intervention for an optimal contour-border
match. An example of a study with good and a study with
poor quality are shown in Fig. 1.

Image Analysis

The studies were archived to an optical disk and trans-
ferred to a SPARC 10 Workstation (Sun Microsystems,
Mountain View, CA). For analysis, a mid-LV slice was
selected from each patient study.

The studies were analyzed and regional transmural
signal/time intensity curves were obtained using the Ar-
gus Cardiac Image Analysis software (Siemens, Iselin,
NJ). The two observers were blinded to the results ob-
tained by the other observer and analyzed the studies by
following a set protocol. For interobserver agreement,
observer 1 and 2 analyzed 17 studies. For intraobserver
agreement, observers 1 and 2 each analyzed the first 10
of the 17 studies a second time. The second analysis was
done 1 week after the initial analysis.

As the initial step of the data analysis, the user selected
the image with the brightest contrast between the LV cav-
ity and the myocardium (Fig. 2, step 1) as a reference
image. The observer then drew endocardial and epicar-
dial contours on this image (Fig. 2, step 2). The automatic
segmentation algorithm matched matched the contours of
the endocardial and epicardial borders to all remaining
images of the study so that the contours in each frame
were at the same position as in the reference image. Usu-
ally, only a few manual corrections had to be applied to
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Figure 1. Images with poor (top) and good (bottom) quality.
Both images show the maximal contrast enhancement of the
left ventricle in the individual study. The upper image shows
only weak contrast enhancement with consecutively reduced
endocardial border delineation. Furthermore, signal inhomoge-
neities with reduced signal in the posterolateral wall are seen
(black arrow).

the automatic positioning of the endocardial and epicar-
dial contours for satisfactory matching.

The LV myocardial ring was then divided into eight
sectors of equal size. In seven of the 17 studies, 9 regions
were analyzed with three anterior regions instead of two.
To allow for anatomic matching from repeated analysis
of the same study, the reference sector was defined at the
anterior junction of the epicardium of the left and right
ventricle in every study (Fig. 2, step 3). Spatially aver-
aged image intensity values were used to calculate signal
intensity versus time data.

Assessment of Signal-to-Noise Ratio

The signal-to-noise ratios were determined once in ev-
ery study by one observer. The observer then drew re-
gions of interest in the anteroseptal (signal), the postero-
lateral region (signal), and a region outside the body

(noise) in three precontrast images. Signal and noise were
measured once in each of the precontrast images. The
resulting three values were averaged.

Contrast Dosage

A low dosage (0.03 mmol/kg) Gd-DTPA for quantita-
tive perfusion studies was used. This was because MR
contrast agents such as Gd-DTPA show a linear relation
between contrast concentration and progression of signal
intensity only in a dose range of 0.2 to 2.0 mmol/l (6,7).

Perfusion Modeling

Model-constrained deconvolution was used to calcu-
late the maximum amplitude of the impulse response
(Rmax) and the maximum change of signal intensity
(∆SImax ) of the contrast bolus (8):

m(t) � cin (t) � R(t)

where m(t) is the mass of the contrast material detected
by MR and cin (t) is the input function represented by the
tissue signal curve in the left ventricle. The input function
is mandatory for the quantitative analysis of the tissue
signal curves because of varying hemodynamic condi-
tions and the characteristics of the contrast bolus. R(t) is
constrained to the shape of a Fermi function, which pro-
vides an appropriate parameterized measure of the tissue
impulse response function (9) (Figs. 3 and 4); R(t) can
be used as a measure of flow.

Statistical Analysis

Intra- and interobserver agreements were determined
with the intraclass correlation coefficient (R) by using
repeated measurement analysis of variance (ANOVA)
(10,11).

R �
σ2

sub

σ2
sub � σ2

obs � σ2
err

where σ2
sub is the within-subject variation, σ2

obs is the vari-
ance between observations, and σ2

err is error variance (typ-
ical error).

R is expressed as a number between 0 and 1. A value
between 0.7 and 0.9 was defined as a good agreement
between observations. The interpretation of R is further
facilitated by reporting the precision of the subjective
scoring represented by the standard error of the measure-
ment (s.e.m.) defined in terms of SD of Rmax and ∆SImax :

s.e.m. � SD � (1 � R)1/2
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Figure 2. Perfusion analysis with dedicated cardiac software. (Top left) The image with the brightest contrast enhancement in the
LV cavity of the individual study was chosen (step 1) and (top right) endocardial (arrow) and epicardial (arrow) borders were drawn
in this image (step 2). An automated edge detection algorithm applied the segmentation to the remainder of the image frames (not
shown). (Bottom left) Eight sectors were chosen with the reference sector at the right–left ventricle border (step 3). (Bottom right)
The program then calculates the signal/time-intensity values (step 4) (raw values before applying the fitting algorithm are plotted).

Precision of measurements was further defined by the
95% confidence interval (CI). The relationship between
sample size (N ) and the CI is

N � (Zα/2 /CI)2 � 3

where Z � 1.96 for 95% CI. R was determined for the
entire ring and for the separate myocardial regions before
and after exclusion of studies with poor quality.

Bland-Altman analysis (12) was performed for inter-
observer Rmax and ∆SImax to graphically depict agreement

between two measurements. Variability was given as the
mean of difference of the individual data pair per mean
of the individual data pair.

For comparison of two sets of measurements by one
observer or between the measurements by two observers
and the signal-to-noise ratio of the regions within one
patient (anteroseptal vs. posterolateral), a paired t-test
was used. To compare data (� SE) between two groups
of patients, a t-test for unpaired data was used. A p �
0.05 was considered to be statistically significant.
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Figure 3. Flow chart of the steps involved to create the signal residue curves using the Fermi function model and constrained
deconvolution. First, convolution of the measured LV input function with the Fermi impulse response model creates an estimated
model tissue curve. Second, the estimated model tissue curve is compared with the measured tissue curve. The fitting algorithm then
adjusts the model parameters to minimize the differences between the estimated and the true curves to create the impulse response
function.

RESULTS

Image acquisition was successfully performed in all
patients. All patients tolerated the imaging procedure and
contrast and adenosine administration well. Total study
time per patient was approximately 35–45 min, including
the acquisition of the hyperemic images in three patients.
During adenosine infusion, some patients experienced
shortness of breath (n � 2) or chest discomfort (n � 2).
The study quality was graded as poor in three studies

Figure 4. (a) The graph shows the LV signal-/time-intensity curve, which serves as the input function, and tissue signal-/time-
intensity curves (after fitting the raw values) of two different myocardial regions (solid and dashed). The change in signal intensity
(∆SImax ) was determined based on the fitted curves. (b) Based on the area over height principle, the maximum amplitude of the tissue
impulse response function (Rmax ) is calculated. The impulse response function in red (blue) corresponds to the red (blue) myocardial
signal intensity curve of a. The higher amplitude of the red compared with the blue curve indicates a higher perfusion in the region
represented by the red curve. A.U., arbitrary units.

(18%), good in eight studies (47%), and excellent in six
studies (35%) by agreement of the two observers. Poor
quality was accounted for by a dispersed contrast bolus
in two patients (mean bolus time 21 � 4 heartbeats vs.
12 � 2 in the remaining 12 patients; p � 0.01) and subop-
timal ECG trigger signal due to coughing during image
acquisition and/or increased body mass index in three
patients (mean body mass index 36.8 � 3.7, n � 3). A
total of 136 regions was analyzed for interobserver agree-
ment. The signal residue curves of two regions (1.4%)



ORDER                        REPRINTS

MR First-Pass Perfusion Analysis 253

were excluded due to artifacts induced in the fitting algo-
rithm. For intraobserver agreement, 10 studies (two poor
[20%], five good [50%], three excellent [30%] image
quality, two hyperemia studies) were quantified by each
of the two observers with a total of 2 � 80 regions. None
of these regions had to be excluded. The mean time re-
quired for the analysis of one slice was 25 � 8 min
(range, 20–40 min).

Signal-to-Noise Ratio

Overall, signal-to-noise ratios in the anteroseptal myo-
cardium were significantly higher versus the posterolat-
eral regions (3.7 � 1.5 vs. 2.9 � 1.0, p � 0.01). The
signal-to-noise ratios observed in the posterolateral re-
gion of the studies with excellent to good quality were
significantly higher versus studies with poor quality (3.0
� 0.6 vs. 2.2 � 0.3, p � 0.05).

Intraobserver Agreement

For intraobserver agreement, the means of Rmax and
∆SImax were not significantly different (Rmax: 1.68 � 0.10
and 1.61 � 0.09, p � 0.12; ∆SImax: 22.2 � 0.6 and 22.7 �
0.6, p � 0.08, n � 160). The intraobserver agreement
for Rmax and ∆SImax were good with R � 0.85 and 0.80
(95% CI, 0.72–2.58 and 16.1–28.8, n � 160; variability,
23 � 2% and 11 � 1%). After exclusion of the studies
with poor quality, the means for Rmax and ∆SImax were not
significantly different (1.36 � 0.07 vs. 1.35 � 0.07, p �
0.84, 22.5 � 0.6 vs. 22.4 � 0.6, p � 0.64, n � 112).
The intraobserver agreement for Rmax and ∆SImax increased
from good to excellent (0.85 to 0.93 and 0.80 to 0.93),
whereas the 95% CI decreased (0.96–1.74 and 18.9–
25.9, n � 112; variability, 21 � 2% and 11 � 1%), indi-
cating higher precision.

Interobserver Agreement

The means of Rmax for observer 1 (1.40 � 0.07) and
observer 2 (1.52 � 0.08) were significantly different
(p � 0.02, n � 134). After exclusion of the studies with
poor quality, the means were no longer significantly dif-
ferent (1.32 � 0.07 vs. 1.38 � 0.08, p � 0.27, n � 110).
The means of ∆SImax were 21.1 � 0.6 and 21.8 � 0.7
(p � 0.05) for observers 1 and 2. After exclusion of stud-
ies, with poor image quality, ∆SImax was 21.1 � 0.7 for
observer 1 and 21.7 � 0.7 for observer 2 (p � 0.07).

The overall interobserver agreement of Rmax was only
fair with R � 0.55 (95% CI, 0.30–2.58; n � 134; vari-
ability, 23 � 2%). Interobserver agreement and improved

Table 3

Interobserver Agreement of the Maximum Amplitude of the
Impulse Response Function Before and After Exclusion of

Studies with Poor Quality

Rmax Good and
Excellent Image

Total (n � 34) Quality (n � 28)

Region R 95% CI R 95% CI

Anterior 0.81 1.0–2.0 0.94 1.0–1.8
Lateral 0.69 0.4–1.9 0.97 0.8–1.3
Posterior 0.65 0.5–2.3 0.94 0.9–1.7
Septal 0.82 1.0–2.8 0.81 0.8–2.5

Rmax , maximum amplitude of the impulse response function; R, interob-
server agreement; 95% CI, 95% confidence interval.

remarkably when studies with poor quality was excluded
(R � 0.88), together with an increasing precision (95%
CI, 0.84–1.92; n � 112; variability, 21 � 1%). ∆SImax

showed a better interobserver agreement with R � 0.73
(95% CI, 13.4–29.6; n � 134; variability, 14 � 1%) and
improved slightly to 0.83 (95% CI, 14.9–27.8; n � 117;
variability, 13 � 1%) when study quality was considered.
The R values and 95% CI for the individual myocardial
regions are shown in Tables 3 and 4.

The Bland-Altman analysis for Rmax and ∆SImax are
shown in Figs. 5 and 6. There is an increasing scatter
toward higher numbers of Rmax, whereas ∆SImax shows a
more homogenous scatter over the range of data. For Rmax

the variability was 23% and Rmax values and variability
were positively correlated (r � 0.60, p � 0.01), indicat-
ing higher variability with higher Rmax values. The vari-

Table 4

Interobserver Agreement of the Change in Signal Intensity
of the Contrast Bolus Before and After Exclusion of Studies

with Poor Quality

∆SImax Good and Excellent
Image Quality

Total (n � 34) (n � 28)

Region R 95% CI R 95% CI

Anterior 0.77 13.8–28.4 0.77 13.6–29.9
Lateral 0.91 13.5–20.3 0.90 12.0–20.3
Posterior 0.81 15.2–26.9 0.93 17.0–24.0
Septal 0.81 20.5–33.0 0.77 19.8–32.5

∆SImax , change in signal intensity; R, interobserver agreement; 95% CI,
95% confidence interval.



ORDER                        REPRINTS

254 Mühling et al.

Figure 5. Bland-Altman plot of the values calculated for the maximum change of the impulse response function derived from the
analysis of observer 1 (Rmax I) and observer 2 (Rmax II).

Figure 6. Bland-Altman plot of the values calculated for the change in signal intensity derived from the analysis of observer 1
(∆SImax I) and observer 2 (∆SImax II).
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ability of ∆SImax was 13%. The correlation of ∆SImax val-
ues and variability was not as strong (r � 0.29, p � 0.01)
compared with Rmax .

DISCUSSION

Perfusion analysis with quantitative MRFP imaging
provides a new noninvasive technique to quantify myo-
cardial blood flow in patients with coronary artery dis-
ease, microvascular dysfunction, myocardial infarction,
or heart failure (1,4,13). MR has been used to follow up
collateral flow (14) and angiogenesis (3) in animal stud-
ies after treatment with newly developed revasculariza-
tion methods.

The current study demonstrates that MRFP imaging
is a method with good intraobserver (R � 0.80–0.85)
agreement. The interobserver agreement of the quantita-
tive perfusion analysis is highly dependent on image
quality. The R value and precision of the measurement
for Rmax increased remarkably from 0.55 to 0.88 when
studies with poor quality were excluded. When myocar-
dial regions were analyzed individually, the interobserver
agreement for Rmax was 0.81, 0.69, 0.65, and 0.82 for the
anterior, lateral, posterior, and septal regions, respec-
tively, and increased to 0.94, 0.97, 0.94, and 0.81, respec-
tively, in studies with good or excellent quality compared
with all studies. The individual analysis of the myocardial
regions showed that the agreement was predominantly
restricted in the posterior and lateral regions. Those re-
gions have a lower signal-to-noise ratio and are more
prone to image artifacts, whereas the anterior wall and
the septum were affected to a lesser degree. This reflects
the drop-off in sensitivity as a function of distance from
the surface coil elements, which results in a poorer sig-
nal-to-noise ratio in the posterior segments compared
with the anterior segments. Bottomley et al. (15) showed
that the signal-to-noise ratio before contrast in the pos-
terolateral regions of the heart have an average value of
1.47–2.37, whereas the anteroseptal regions have an
average value of 1.98–4.37 relative to a body coil. The
relationship of their values was in good agreement
with results of our study (anteroseptal, 2.02–5.78;
posterolateral, 1.71–4.49).

Several authors demonstrated that optimized coils
could markedly improve the signal-to-noise ratio in car-
diac imaging (15–17). In addition, an increased acquisi-
tion frequency (i.e., higher temporal resolution) and pulse
sequences with higher signal yield, such as a true fast
imaging by steady precession sequence in combination

with newly designed cardiac surface coils, will improve
the achievable signal-to-noise ratio.

The degree to which a reduced signal-to-noise or
contrast-to-noise ratio impairs the quantitative analysis
depends also on the analysis algorithm. Semiquantitative
parameters derived from signal intensity time curves such
as the change in signal intensity (our ∆SImax ) are less sen-
sitive to study quality and noise than the maximum am-
plitude of the impulse response function (Rmax ), a parame-
ter deriving from deconvolution of the tissue curves.

The intra- and interobserver agreements of MRFP im-
aging are in good accordance with data derived from
methods that are already routinely used for myocardial
perfusion imaging. The R scores of planar thallium-201
scintigraphy (18) ranged from 0.72 to 0.91 for all regions
and from 0.54 to 0.92 for individual segments.

Sawada et al. (19) assessed interobserver reproducibil-
ity with positron emission tomography and reported a
higher r value (0.96) compared with our method of
MRFP perfusion imaging. However, this study shows
two main differences compared with our present study.
First, a correlation coefficient (r) instead of an intraclass
correlation coefficient obtained by repeated measurement
ANOVA was used in that study (19), and Brambilla et
al. (18) outlined the advantages of intraclass correlation
coefficient to determine agreement between two mea-
surements. Compared with the determination of inter- or
intraobserver variance or correlation coefficient (r), the
intraclass correlation coefficient based on ANOVA takes
chance agreement, partial disagreement, and systematic
differences into account. A limitation of the inter- or in-
traobserver variance as a measure of R is that it neglects
the variance between subjects (σ2

sub). The correlation co-
efficient (r) does not account for systematic differences
between observers (σ2

obs ).
Second, half of the subjects in the positron emission

tomography study (19) were normal control subjects. The
study quality will be better in a normal population com-
pared with patients with coronary artery disease. We as-
sume that in patients as seen in our study, the contrast-
to-noise ratio may have been reduced by typical patient
characteristics such as obesity or sternal wires.

CONCLUSION AND CLINICAL
IMPLICATION

For good image quality, MRFP imaging showed a
good intraobserver and interobserver agreement. Individ-
ual regions showed a good to excellent interobserver
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agreement, which implies reliable evaluation of MRFP
imaging in patients with individual vessel lesions. Our
results encourage employment of quantitative MRFP im-
aging in longitudinal clinical trials to follow-up myocar-
dial perfusion changes. Perfusion studies assessing in-
terstudy reproducibility of this method are underway.

Because MRFP imaging allows reliable analysis of
myocardial blood flow and accounting for the higher
costs and lower accessibility to positron emission tomog-
raphy centers, cardiac MR imaging might be more advan-
tageous in respect to multicenter clinical perfusion trials.
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