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Aims To determine the interobserver variability for identifying inducible left ventricular (LV) wall
motion abnormalities during high-dose dobutamine/atropine stress cardiovascular magnetic resonance
(DSMR).
Methods and results Four readers from various institutions were supplied with the image data from 150
consecutive DSMR examinations and asked to grade wall motion and image quality throughout graded
doses of dobutamine infusion administered to achieve 85% of the maximum age-predicted heart rate.
Inducible ischaemia was identified if more than one segment demonstrated a new or worsening LV wall
motion abnormality, and significant stenosis was defined as �50% luminal diameter reduction by quanti-
tative contrast coronary angiography. Seventy-seven patients (51%) had luminal narrowings �50%.
Diagnostic performance (sensitivity, specificity, diagnostic accuracy) of all readers was 78.2, 87.0 and
82.5%. Disagreement between two readers occurred in every seventh examination. Agreement on the
presence or absence of inducible wall motion abnormalities was moderate (mean kappa value 0.59,
range 0.52–0.76). Diagnostic performance and disagreement were independent of the presence of
luminal narrowings �50% or the number of diseased coronary vessels. Image quality was regarded
excellent in 89.3% of standard views.
Conclusion In the setting of multiple observers from different institutions performing a diagnostic reading
of DSMR examinations carried out at a single centre, the interobserver variability was low for identifying
inducible LV wall motion abnormalities indicative of coronary arterial luminal narrowings �50%.
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Introduction

Cardiovascular magnetic resonance (CMR) has gained wide-
spread acceptance for assessment of global and regional
left ventricular (LV) function at rest and exhibits low inter-
and intraobserver variability for the assessment of LV
volumes and regional wall motion.1 Recently, CMR has been
implemented during pharmacological stress [dobutamine
stress magnetic resonance (DSMR)] for the detection of indu-
cible wall motion abnormalities due to flow-limiting coronary

arterial luminal narrowings. Clinically, DSMR has proven to be
safe, feasible, accurate, and reliable for identifying myo-
cardial ischaemia and has been used successfully in limited
patient populations to determine cardiac prognosis.2–7

Importantly, however, the interobserver variability for
identifying inducible LV wall motion abnormalities during
ischaemia has not been established. This issue is important
because a low interobserver variability would allow appli-
cation of a standardized DSMR test in serial patient
studies. In particular, if DSMR were to be utilized in multi-
centre trials, unanimous reader decisions regarding the
presence of inducible wall motion abnormalitites would
increase the consistency of the data.
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Accordingly, we assessed the interobserver variability of
DSMR among four readers from various institutions. We
excluded any information on patient history or stress
testing.

Methods

Study population

The study was conducted in accordance with the standards of the
Charité and Virchow-Klinikum Ethics Committee. Between January
2002 and July 2003, a total number of 162 consecutive patients
with chest pain referred to the German Heart Institute for clinically
indicated cardiac catheterization were screened for study inclusion
and 150 patients willingly agreed to give written informed consent
for prior DSMR testing. Patients were eligible if they had suspected
or known coronary artery disease (CAD) (with or without prior per-
cutaneous revascularization or a history of previous myocardial
infarction). Patients with prior coronary surgery or typical contrain-
dications for MR imaging and administration of dobutamine were not
considered. All study participants were instructed to refrain from
b-blockers and antianginal medication at least 24 h prior to the
CMR study.

Magnetic resonance study

CMR was performed with the patient in the supine position using a
1.5 T MR scanner (Philips Intera CV, Best, The Netherlands) equipped
with a PowerTrak6000 gradient system (23 mT/m; 219 ms rise time),
a five-element phased array coil and software package release 9.
Cardiac synchronization was performed using four electrodes
placed on the left anterior hemithorax (Vector-ECG).

Magnetic resonance imaging technique

For cine imaging, a steady-state free precession sequence was used
during an end-expiratory breathhold of 4–6 s in combination with
parallel image acquisition (SENSE) and retrospective gating (25
phases/cardiac cycle, repetition time 2.7 ms, echo time 1.4 ms,
flip angle 608). Typical in plane spatial resolution was
1.8 � 1.8 mm2 with a slice thickness of 8 mm.

Scan procedure

The following standardized scheme for image planning was rigorously
applied by the technician performing the scan procedure: (i) rapid
multislice survey, (ii) expiratory, single-angulated, single-slice cine
scan intersecting the apex and the coaptation point of the mitral
valve on a transverse view, (iii) expiratory, double-angulated long-
axis cine scan intersecting the apex and the coaptation point of
the mitral valve planned on the previously acquired single-angulated
view, (iv) expiratory cine imaging of three short-axis views acquired
at 25, 50, and 75% of the distance between the epicardial border of
the LV apex and the coaptation of the mitral valve (end-systolic
phase), (v) expiratory cine imaging of four-, five-chamber views
planned on the equatorial short-axis orientation.

Dobutamine stress MR protocol

The pharmacological stress protocol followed the previously
described high-dose dobutamine/atropine regimen.4 Briefly, after
acquisition of rest cine scans in the diagnostic standard views
(apical-, mid-, and basal short-axis views, four-, two-, and three-
chamber views), dobutamine was infused intravenously at 3 min
stages at doses of 10, 20, 30, and 40 mg/kg/min and all standard
views were acquired at each level. If target heart rate, defined as
age-predicted submaximal heart rate [(2202 age) � 0.85],
was not reached at the highest dobutamine level, atropine was
applied in 0.25 mg fractions (maximal dose 2 mg). Termination
criteria were as previously published.4,8

Reader characteristics

Four readers (V.A.F.; F.E.R.; W.G.H.; E.N., with expertise in DSMR of
5–10 years involving 3–10 examinations per week) evaluated the
examinations.

Image analysis

The DSMR examinations were anonymized and saved on the hard
disk of four laptop computers being sent to the four readers. A
PC-compatible dedicated viewing software (View Forum, Philips
Medical Systems, The Netherlands) with a synchronized quadscreen
image display was used for review of the DSMR examinations. The
readers were supplied with the DSMR images only, thus being fully
blinded to clinical, angiographic, and pharmacological stress-
related data of the patients.

Each reader performed segmental analysis of LV wall motion by
applying the standard visual scoring system to grade wall motion
abnormalities (1, normokinesis, 2, hypokinesis, 3, akinesis, 4, dys-
kinesis) and documented the reading on a standardized evaluation
sheet (17-segment model).9 Grading was done at rest and during
dobutamine stress at 10 mg/kg/min, 20 mg/kg/min, and maximum
stress level. Ischaemia was defined as more than one segment(s)
showing an inducible wall motion abnormality (i.e. an increase in
the segmental wall motion score of at least one) or a biphasic
response. Other criteria for interpretation were not pre-arranged,
no prior joint training session was organized.

Image quality was graded on a four-point scale as excellent, good,
moderate, or non-diagnostic at each stress level and for each of the
standard views.

Coronary arterial supply of myocardial segments was defined
according to the guidelines of the American Heart Association,9

and for further analysis, the left anterior descending artery (LAD)
and the combined right coronary artery (RCA)/left circumflex
artery (LCX) territory were considered.

Quantitative coronary angiography

Coronary angiography was considered the standard of reference.
The procedure was done according to the angiographic guidelines
using a simultaneous biplane, multidirectional and isocentric X-ray
system. At least two orthogonal views of every major coronary
vessel and its side branches were acquired. Quantitative coronary
angiography (Philips Inturis CardioView, QCA V3.3, Pie Medical
Imaging) was performed off-line at the German Heart Institute
Berlin by an independent observer (.10 years experience) being
unaware of the results of CMR imaging. The contrast-filled catheter
was used for image calibration. The severity of a coronary stenosis
was derived from one single view showing the maximal reduction
in absolute luminal diameter and a significant coronary stenosis
was defined as �50% luminal diameter reduction in vessels with
�2 mm diameter; a significant left main stenosis was considered
double-vessel disease.

Statistical analysis

For all continuous parameters, mean+ standard deviation are
given. The paired Student’s t-test was used to assess statistical sig-
nificance of continuous variables. Group differences for categorical
variables were tested with the x2 or Fisher’s exact test. All tests
were two-tailed; P, 0.05 was considered significant.

Sensitivity, specificity, positive/negative predictive value, and
accuracy were calculated according to the standard definitions. To
correct for possible correlations due to the structure of the data
(four readings in each of 150 patients), confidence limits were cal-
culated from a population-averaged mixed logistic regression model
with patients as random effect and readers as fixed effect. For posi-
tive and negative predictive values, where reference populations
are different between readers, confidence limits were calculated
for each reader separately based on a binomial model as described
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by Clopper and Pearson.10 Readers were compared with respect to
their diagnostic performance using F-tests of two-way analysis of
variance models with the factors patient and reader.

Two different quantitative measures of agreement were used to
allow comparisons to other publications. Cohen’s kappa was
applied to measure agreement between pairs of readers and aver-
aged over all pairs to evaluate overall agreement11 using the follow-
ing grading: 0–0.2 (poor), 0.21–0.4 (fair), 0.41–0.6 (moderate),
0.61–0.8 (substantial), and 0.81–1.0 (nearly perfect). However,
because the kappa coefficient does not allow linear model building
to evaluate the influence of covariates on agreement, an individu-
ally determined measure of disagreement was introduced that
permitted identification of conditions of rather good and rather
moderate agreement. This disagreement measure for 0/1 scale
was determined as follows. First, for each reader, the average
absolute difference to all other readers was calculated. Then, the
reader-specific disagreements were averaged to obtain an overall
measure of disagreement (D). The reported values of D represent
the percentages of disagreement and are to be interpreted as
follows. If disagreement is, for example, 10%, then two randomly
selected readers will disagree in every 10th judgement.

General linear models were applied to evaluate the dependence
of diagnostic performance and disagreement based on the presence
or absence of significant CAD and the number of diseased coronary
vessels.

Data analysis was performed using SPSS for Windows 11.5 (SPSS
Inc.) and STATA 9.0.

Results

Patient characteristics and dobutamine
stress testing

Tables 1 and 2 summarize the clinical and haemodynamic
data. One hundred and twenty-nine (86.0%) out of 150
patients reached target heart rate. The reasons for prema-
ture termination included chest pain and dyspnoea in six
patients (4.2%), hypotension in one (0.7%), transient brady-
cardia in one (0.7%), arrhythmia in four (2.8%), and a new or
worsening wall motion abnormality in nine (6.3%). In 57
patients (38.0%), there were wall motion abnormalities at
rest in at least one segment (45 patients with hypokinesis
and 12 with akinesis).

Diagnostic performance

Table 3 shows the diagnostic performance for all readers and
each single reader (MR1–MR4). The sensitivities of the readers
with regard to single-, double-, and triple-vessel disease were
75.0, 81.7, and 80.4%. In addition, sensitivity for the
detection of inducible wall motion abnormalities being
indicative of coronary luminal narrowing �50% did not signifi-
cantly differ between patients with or without wall motion
abnormalities at rest (81.6 and 75.0%, P ¼ 0.161).

Disagreement in interpretation of DSMR

The values of the disagreement measure D provide the per-
centage of disagreement and are to be interpreted as
follows. If a patient is randomly selected from the study
population, and two readers are randomly selected, then a
disagreement D of, for example, 10% indicates that two
randomly selected readers will disagree in every 10th
judgement.
In the present study, the readers disagreed in all patients

in approximately every seventh case (14.9% of the cases) on
test positivity or negativity. Disagreement of the DSMR

readers was similar in patients with or without CAD (15.2
and 12.7,%, respectively; P ¼ 0.130) and was not signifi-
cantly influenced by the number of diseased coronary
vessels (18.2, 11.0, and 18.8% in single-, double-, and triple-
vessel disease, respectively; P ¼ 0.063).

Agreement in interpretation of DSMR

The average kappa coefficient of agreement regarding the
presence or absence of inducible wall motion was 0.59 for
all readers; the kappa values ranged from 0.52 (MR1 and
MR4) to 0.76 (MR3 and MR4).

Table 2 LV function at rest and haemodynamic
response during dobutamine stress

LV function (at rest)
LVEF (%) 58+ 8
LVEDV (mL) 142+ 36
LVESV (mL) 60+ 20
LVEDD (mm) 50+ 5

Heart rate
At rest (bpm) 69+ 13
Max. stress (bpm) 141+ 13*

Systolic blood pressure
At rest (mmHg) 134+ 23
Max. stress (mmHg) 152+ 34*

Heart rate pressure product
At rest (bpm � mmHg) 9 335+ 2 576
Max. stress (bpm � mmHg) 21 623+ 5 435*

Stress agent dosage during testing
Dobutamine (mg/kg/min) 36.9+ 5.9
Atropine (mg) 0.3+ 0.3

Values are expressed as mean+ SD. Heart rate pressure
product ¼ (heart rate) � (systolic blood pressure). LVEF, LV
ejection fraction; LVEDV, LV end-diastolic volume; LVESV, LV
end-systolic volume; LVEDD, LV end-diastolic diameter.
*P, 0.001 for the comparison of rest vs. stress value.

Table 1 Patient demographics

Patient characteristics
Female:male (n) 42:108
Age (years) 61+ 10
Range 31–88

BMI (kg/m2) 27.3+ 3.2
BMI . 25 kg/m2 (n) 113 (75%)

Historical information
Hypertension 122 (81.3%)
Diabetes mellitus 31 (20.7%)
Hyperlipoproteinaemia 120 (80.0%)
History of smoking 75 (50.0%)
CAD in family 58 (38.7%)
Suspected CAD 73 (48.7%)
Known CAD 77 (51.3%)
Previous PCI 68 (45.3%)

Vessel disease
Single 37 (48.1%)
Double 26 (33.8%)
Triple 14 (18.2%)

Values are expressed as n (%), unless otherwise indi-
cated. BMI, body mass index; PCI, percutaneous coronary
intervention.
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For the assignment of inducible wall motion abnormalities
to the LAD or the combined RCA/LCX territory, the ave-
rage kappa value of agreement was 0.51 (range from 0.39
to 0.78).

Image quality of the single-centre image database

Image quality was considered to be good/excellent in 96.4%
of standard views (Figure 1).
Representative examples of DSMR examinations are given

in Figure 2A and B.

Discussion

Our data show that (i) multiple observers from different
institutions performing a diagnostic reading of DSMR
achieve a high diagnostic accuracy in detection of inducible
LV wall motion abnormalities in patients with significant
CAD, (ii) disagreement of experienced DSMR readers
occurs in approximately every seventh case and reader
agreement regarding test positivity or negativity results in
a kappa value of 0.59, (iii) diagnostic performance and
disagreement of experienced DSMR readers are independent
of the presence of CAD and the number of diseased coronary
vessels, and (iv) image quality of the DSMR approach as
routinely used at the single centre is consistently high.
In previous studies using high-dose DSMR, high diagnostic

accuracies have been reported ranging from 82 to 88%,4–6

and its superiority in comparison to dobutamine stress echo-
cardiography has been shown, especially in patients with
suboptimal echocardiographic image quality.4,6

CMR imaging of LV function is technically easy to perform
and has been well standardized with respect to image acqui-
sition strategies. As the technique is now regarded as highly
reproducible and reliable for the assessment of LV function
and wall motion, the variability of visual wall motion
assessment remains the most influential component and
may limit its diagnostic value for detection of patients
with significant CAD.
The diagnostic accuracy achieved in the current, fully

blinded read lies within the range of previously published
data on DSMR4–6 and thus further confirms its reliability in
detection of significant CAD. Importantly, diagnostic accu-
racy and reader disagreement of DSMR were not influenced
by the presence or absence of CAD or the number of dis-
eased vessels. This is an advantage over stress echocardio-
graphy, for which a higher diagnostic accuracy and reader
agreement have been shown in multiple-vessel disease.12

Image quality is regarded as one of the most important
factors for the accuracy of dobutamine stress echocardio-
graphy.13,14 Despite consecutive inclusion of patients, in

the present DSMR study, readers from different institutions
graded .96% of images as excellent/good and only 0.4% of
the standard views were regarded as non-diagnostic.

The paradigm is that excellent endocardial border deli-
neation alone ensures high diagnostic accuracy and excel-
lent reader agreement. In our fully blinded read, the
diagnostic accuracy achieved by DSMR experts was consist-
ently high and did not significantly differ. However, as
reported for stress echocardiography, the readers obviously
applied heterogeneous interpretation criteria leading either
to a markedly specific (MR1 and MR2) or to a more
‘balanced’ reading with similarly high values for sensitivity
and specificity (MR3 and MR4).

This is as well reflected by the agreement of all readers:
though DSMR reader agreement was found to be only moder-
ate (kappa value 0.59), it was clearly higher than that
reported for stress echocardiography using fundamental
imaging (kappa value 0.37, fair agreement) or second harmo-
nic imaging with prior definition of uniform interpretation
criteria (kappa value 0.55, moderate agreement).12,15 Of
note, the kappa value of two DSMR readers was 0.76 (MR3
and MR4), which represents substantial agreement.

It is noteworthy, though, that in face of only moderate
overall reader agreement of DSMR experts, standardized
reading criteria need to be set for DSMR, despite the consist-
ently high diagnostic accuracy achieved in the present study.
The impact of uniform reading and analysis criteria on image
interpretation has been described for other imaging modal-
ities also and generally, a higher agreement could be demon-
strated when these interpretation criteria were followed
(e.g. for myocardial perfusion scintigrams, the kappa value
could be increased from 0.45 to 0.66).16

Table 3 Diagnostic performance of all readers (mean) and each single DSMR Reader (MR1–MR4)

Mean MR1 MR2 MR3 MR4 P-value

Sensitivity (%) (95% CI) 78.2 71.4 (60.4; 80.4) 74.0 (63.1; 82.5) 81.8 (71.6; 88.9) 85.7 (76.0; 91.9) 0.033
Specificity (%) (95% CI) 87.0 95.9 (88.0; 98.7) 86.3 (76.4; 92.5) 82.2 (71.7; 89.4) 83.6 (73.2; 90.4) 0.019
PPV (%) (95% CI) 86.8 94.8 (85.6; 98.9) 85.1 (74.3; 92.6) 82.9 (72.5; 90.6) 84.6 (74.7; 91.8) 0.205
NPV (%) (95% CI) 79.4 76.1 (66.1; 84.4) 75.9 (65.3; 84.6) 81.1 (70.3; 89.2) 84.7 (74.3; 92.1) 0.465
Accuracy (%) (95% CI) 82.5 83.3 (76.5; 88.5) 80.0 (72.8; 85.6) 82.0 (75.0; 87.4) 84.7 (78.0; 89.6) 0.626

PPV, positive predictive value; NPV, negative predictive value.

Figure 1 Image quality. The bar graphs display the per cent of standard
views judged as non-diagnostic, moderate, good, or excellent.
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It can reasonably be assumed that in clinical routine
further improvements of DSMR accuracy will most likely
rely on (i) implementation of standardized reading criteria
and specific training for DSMR readers and (ii) potential
methods to quantify regional wall motion. In preliminary
studies, it has been shown that the application of myocardial
tagging may help to better characterize the regional myocar-
dial function17,18 and identify additional patients with signifi-
cant CAD.19 Real-time analysis tools for direct visualization of
regional myocardial strain (e.g. FastHARP) are becoming
available and their value is being currently assessed.20,21

Study limitations

Patients with contraindications to CMR imaging (non-
compatible biometallic implants, claustrophobia) were not
included and patients with claustrophobia can account for
as much as 4–6% in a similar population.2,22 Thus, even
though DSMR testing may not be applicable in all patients,
the diagnostic value is high in all eligible patients.
Currently, only a few centres perform DSMR in daily clinical

routine and thus, the number of experienced readers is
limited. The present study did not assess how much and what
kind of training is necessary to achieve the level of an experi-
enced DSMR reader. Further studies are needed to address
this issue in order to provide clear recommendations for a
specific training and to ensure high-quality reading of DSMR.
For our study, we used the angiographically defined coro-

nary diameter reduction as the standard of reference. Yet,
it is known from invasive measurements of coronary flow
reserve that the haemodynamical relevance of coronary

luminal stenoses may vary considerably.23,24 The haemo-
dynamic consequences of stenotic lesions, and thus the resul-
tant ischaemic response of the myocardium, depend on
several other parameters as well, e.g. stenosis morphology
(excentricity), stenosis location (bifurcational lesions) or
the combined flow limiting effects of serial stenoses.25 Our
aim, though, was to predict, whether invasive therapy was
required for a given patient in a routine clinical setting,
and to determine the value of DSMR as a ‘gatekeeper’ for
further invasive testing and therapy.
Commonly, non-invasive testing is conducted prior to

invasive coronary angiography and, thus, the interpreter
is unaware of the coronary dominance type; in addition, it
has been recognized that the inferolateral region exhibits
an extensive overlap of coronary arterial supply correspond-
ing to the RCA and LCX territory.9,26 Thus, for our territorial
analysis, we considered the combined RCA/LCX territory.

Conclusions

In the setting of multiple observers from different insti-
tutions performing a diagnostic reading of DSMR examin-
ations conducted at a single centre, DSMR proved to be a
reliable test for the detection of significant CAD with experi-
enced DSMR readers achieving a high diagnostic accuracy.
Disagreement regarding test positivity or negativity
occurred in every seventh case. DSMR correctly identified
patients with significant CAD independent of the number
of diseased coronary vessels. Image quality of the DSMR
technique as routinely performed at the single centre was
highly rated. When compared with the diagnostic

Figure 2 (A) Cine images of the DSMR examination (apical short axis and four-chamber view) in a patient with single-vessel disease of the LAD. The four readers
showed perfect agreement regarding newly developed wall motion abnormalities in the anterior and anteroseptal segment and the apex (segment 17); for a
synchronized quadscreen movie display, see movie 1 (short-axis view) and movie 2 (four-chamber view). (B) Cine images of the DSMR examination (apical
short axis and four-chamber view) in a patient with triple-vessel disease (significant stenoses of the first diagonal branch, proximal left circumflex, and distal
RCA). The four readers detected newly developed wall motion abnormalities in the lateral wall (apical and equatorial segments). The development of a
mitral regurgitation jet due to ischaemic papillary muscle dysfunction is depicted as well; for a synchronized quadscreen movie display, see movie 3 (short-axis
view) and movie 4 (four-chamber view).
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performance of available techniques, the present DSMR
approach is sufficient to be incorporated into clinical
decision-making in patients with suspected or known CAD.
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