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Dobutamine stress MRI.

Part I. Safety and feasibility
of dobutamine cardiovascular magnetic
resonance in patients suspected

of myocardial ischemia

Abstract The aim of the study was
to evaluate safety and feasibility of
dobutamine cardiovascular magnetic
resonance (CMR) in patients with
proven or suspected coronary artery
disease. Dobutamine CMR was eval-
uated retrospectively in 400 consecu-
tive patients with suspicion of myo-
cardial ischemia. Dobutamine was
infused using an incremental proto-
col up to 40 pg/kg body weight per
minute. All anti-anginal medication
was stopped 4 days before the CMR
study and infusion time of dobuta-
mine was 6 min per stage. Hemody-
namic data, CMR findings and side
effects were reported. Patients with
contraindications to CMR (metallic
implants and claustrophobia) were
excluded from analysis. Dobutamine
CMR was successfully performed in
355 (89%) patients. Forty-five (11%)
patients could not be investigated ad-
equately because of non-cardiac side

effects in 29 (7%) and cardiac side
effects in 16 (4%) patients. Hypoten-
sion (1.5%) and arrhythmias (1%)
were the most frequent cardiac side
effects. One patient developed a se-
vere complication (ventricular fibril-
lation) at the end of the study. There
were no myocardial infarctions or
fatal complications of the stress test.
The most frequent non-cardiac side
effects were nausea, vomiting and
claustrophobia. Age >70 years, prior
myocardial infarction and rest wall
motion abnormalities showed no
significant differences with side
effects (P>0.05). Dobutamine CMR
is safe and feasible in patients with
suspicion of myocardial ischemia.

Keywords Magnetic resonance
imaging - Myocardium - Stress -
Ischemia - Dobutamine

Introduction

Dobutamine cardiovascular magnetic resonance imaging
(CMR) is used to identify wall motion abnormalities of
the left ventricle, indicative of myocardial ischemia in
patients with proven or suspected coronary artery disease
[1-4]. According to international guidelines, dobutamine
is used to analyze wall motion abnormalities, while
adenosine is mainly used to analyze perfusion abnormal-
ities of the myocardium [5, 6]. Recent studies show that
CMR is gaining an important role in diagnosing patients
suspected of coronary artery disease [7-9]. With the use
of myocardial tagging, dobutamine CMR has emerged as

a reliable modality to detect myocardial ischemia and
provide prognostic information as well [4, 10]. The pres-
ence of resting wall motion abnormalities (RWMA), in
the absence of myocardial ischemia, has been shown to
be a high risk factor for the development of future major
cardiac adverse events [4]; however, the relation of
RWMA to side effects during the dobutamine CMR
study is unknown. No large clinical experience for the
evaluation of side effects during dobutamine CMR has
been reported so far. The purpose of the present study
was to assess the safety and feasibility of dobutamine
CMR over a period of 4 years at a single center.
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Materials and methods

Study population

Between August 1999 and July 2003, 400 consecutive dobutamine
CMR studies were acquired in our institution. Demographic and
hemodynamic data were collected retrospectively. The patients
were recruited from the outpatient clinic of the Department of
Cardiology. All patients had chest pain and an inconclusive diag-
nosis of myocardial ischemia by means of history, ECG recording
at rest and, if performed, during a bicycle exercise test. Patients
with an acute coronary syndrome, atrial fibrillation, severe arterial
hypertension (>220/120 mmHg), CMR-incompatible metallic im-
plants or known claustrophobia were excluded from analysis.
Many patients had known coronary artery disease, including pre-
vious myocardial infarction (37%), previous coronary revascular-
ization (19%) or were receiving beta blockers (58%). Diabetes
mellitus was present in 16% of the patients (Table 1). The local
Ethical Committee approved the study protocol.

Dobutamine CMR protocol

To ensure cardiac response to dobutamine, all anti-anginal medi-
cation was stopped 4 days before the dobutamine-stress CMR ex-
amination. Before the patient entered the CMR suite, the presence
of an acute coronary syndrome was ruled out by a physician. After
the patient was positioned on the scanning table, intravenous ac-
cess was established via an antecubital vein. ECG monitoring
leads, a phased-array surface coil covering the heart and a brachial
blood pressure cuff were applied. A single-lead ECG was continu-
ously monitored on the MRI console. Systolic and diastolic blood
pressures were recorded using an automatic device (Welch-Allyn,
Emro-medical) at baseline and every 3 min throughout the proce-
dure. Blood pressure and heart rate were recorded by the techni-
cians throughout the study. The imaging methodology of dobuta-
mine CMR has been described in detail previously [4]. In brief,
MRI was performed using a standard 1-T system (Impact-Expert,
Siemens Medical Systems, Erlangen). Three short-axis cine
breath-hold CMR images of the left ventricle were taken at rest
and during incremental dosage of dobutamine up to 40 pg/kg/min.
An ECG-triggered segmented gradient-echo pulse sequence was
used: FLASH/TR, 90 ms; TE, 6.1 ms; ¢, 25°; FOV, 325-350 mm;
slice-thickness 8 mm; and matrix 256x256. Tagging was per-
formed with a standard FLASH grid-sequence: TR, 96 ms; TE,
4.4 ms; o, 15°; FOV, 325-350 mm; slice-thickness 8 mm and ma-
trix 256x256. Each cine breath-hold acquisition (one slice) took
15-19 heartbeats and was made in maximum inspiration. If the
heart rate reached 100 beats per minute, the number of phases per
acquisition was decreased to compensate for shortening of RR in-
terval at higher heart rates. The basal plane was taken 1.5 cm be-
low the mitral valves. The midventricular and apical short-axis
views were divided equally over the remaining part of the left ven-
tricle. In case a wall motion abnormality (WMA) was detected at
baseline, infusion was started with 5 pg/kg/min, after which the
dose of dobutamine was increased to 10, 20, 30 and 40 pg/kg/min.
If no WMA was detected at baseline, we started with 10 pg/
kg/min. Imaging began 6 min after each dose increase and re-
quired 3 min per dose increase. Imaging consisted of acquiring
three short-axis cine images (basal, mid-ventricular and apical)
without and two short-axis cine images (basal and mid-ventricu-
lar) with myocardial tagging. The images were scored according
to the guidelines of the American Heart Association [11]. Short-
axis images were divided into multiple segments with six seg-
ments in the basal and midventricular and four segments in the
apical image. Segmental wall motion was qualitatively graded as
1, normal or hyperkinesis; 2, hypokinesis; 3, akinesis; 4, dyskine-
sis. Myocardial ischemia was defined as a new (induced) or wors-

Table 1 Demographic and hemodynamic data (n=355)

Variable Mean or percentage
Age (year) 63+12
Male (%) 71
Prior myocardial infarction (%) 37
Prior revascularization (%) 19
Use of beta blocker (%) 58
Diabetes mellitus 16
Body weight (kg) 77+13
Rest systolic blood pressure (mmHg) 149+26
Peak systolic blood pressure (mmHg) 169+27
Rest heart-rate (bpm) 79+16
Peak heart-rate (bpm) 125+18

11,902+3,506
21,169+4.,444
37.8+5

Rate-pressure product? at rest
Rate-pressure product? at peak stress
Maximum dose dobutamine (pLg/kg/min)

Values are expressed as mean + SD or percentages.
aRate-pressure product = (heart rate X systolic blood pressure).

ening WMA in at least two segments at consecutive planes of the
left ventricle during infusion of dobutamine. The absence of new
or worsening wall motion abnormalities was defined as a negative
dobutamine CMR study. A RWMA was defined as hypokinesia,
akinesia or dyskinesia in one or more short-axis segments at rest.
When new wall motion abnormalities were detected the dobuta-
mine CMR study was followed by coronary angiography.

During the infusion of dobutamine, the radiologist and cardiol-
ogist were present in the CMR suite, to monitor the condition of
the patient and to evaluate all the images directly. Via a micro-
phone direct contact with the patient was maintained between the
scanning of the images and throughout the examination. A defib-
rillator (not MR compatible) and medication for emergency treat-
ment were present in the preparation room besides the scanner. A
physician (cardiologist) trained in cardiovascular emergencies and
resuscitation was present in the CMR suite. The condition of the
patients was controlled clinically up to 30 min after the end of the
dobutamine infusion.

Criteria for ending the dobutamine-CMR examinations were
development of new wall motion abnormalities indicative for myo-
cardial ischemia, fall of systolic blood pressure of >40 mmHg,
marked hypertension >240/120 mmHg, severe chest pain, arrhyth-
mias and intolerable side effects of dobutamine (nausea, vomiting).

Statistical analysis

Baseline clinical and dobutamine CMR characteristics are given as
the mean value + standard deviation for continuous variables and
as a number (percent) for categorical variables. Patients were clas-
sified according to cardiac and non-cardiac side effects. Differ-
ences in categorical variables were assessed by chi-square analy-
sis. Hemodynamic values were compared using a paired #-test. A
P-value of 0.05 or less was considered to indicate statistical signif-
icance. The target heart rate (THR) rule was defined as 85% of the
maximum exercise heart rate predicted for age and sex (220 minus
age in men; 200 minus age in women) [12]. The THR rule was not
used during the stress studies. Retrospectively, the data of the ac-
quired heart rates were evaluated in relation to the THR rule and
compared with dobutamine CMR findings.
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Results
Hemodynamic data and the target heart-rate rule

Dobutamine CMR was successfully performed in 355
(89%) of the patients. The demographic and hemody-
namic data are shown in Table 1. The rate-pressure prod-
uct during dobutamine CMR increased from 11.902+
3.506 to 21.169+4.444 (P<0.05), heart rate increased
from 79+16 to 125+18 beats per minute (P<0.05) and
systolic blood pressure from 149+26 mmHg to 169+
27 mmHg (P<0.05). The total duration of the CMR
study, including preparation of the patient and scan time,
averaged 48 min (SD 11).

Retrospectively, the peak heart rates were evaluated
according to the THR rule, which is used frequently in
dobutamine stress studies. The values are presented in
Table 2. Differentiation was made in three groups:
THR=+10 beats, >10 beats and <10 beats. The THR was
not reached in 93 (35%) of 261 patients with a negative
dobutamine CMR study. A major part of the positive do-
butamine CMR studies (40%) was found at higher peak
heart rates then calculated by the THR rule.

End points of dobutamine CMR studies

Side effects led to premature termination of the proce-
dure in 45 (11%) dobutamine CMR studies (Table 3).
Out of 355 patients who completed the infusion protocol
without side effects, 94 (26%) had inducible myocardial
ischemia. The mean maximum dose of dobutamine for
detecting ischemia was 33 pg/kg/min (SD 8.3). The ma-
jority of the new wall motion abnormalities (76%) were
detected at high-dose dobutamine (30 pug and 40 pg),
whereas only 24% were detected at low-dose dobuta-
mine (20 pg). The mean maximum dose of dobutamine
of all the patients was 37.8+5 ug/kg/min. Coronary angi-
ography showed significant coronary artery disease in 89
(95%) of these 94 patients. One-vessel disease was
found in 32 (36%), and two-vessel or three-vessel dis-
ease in 57 (64%) of the patients. During the examina-
tions, 211 (59%) of the patients had chest discomfort, but
in only 84 of them (24%) was myocardial ischemia
shown to be present. During the examinations, 84 of 94
(89%) of the patients with ischemia developed angina;
however, 10 (11%) patients did not reveal any pain sen-
sation. Five of them were known to have diabetes melli-
tus.

The end of the protocol was reached in 261 (74%) of
355 CMR studies after the maximum dose of dobuta-
mine (40 pg/kg/min) and a negative dobutamine CMR
test.

RWMA were detected in 57 (22%) of the 261 patients
with a negative dobutamine CMR study. The patients
with and without side effects were correlated with

Table 2 Dobutamine CMR results if the THR rule was applied:
85% x (200 minus age for women; 220 minus age for men). Ret-
rospective analysis of 355 dobutamine CMR studies

Peak heart rate Neg. CMR Pos. CMR Total

study study
>10 beats of THR 67 (26%) 38 (40%) 105 (30%)
THR=+10 beats 101 (39%) 30 (32%) 131 (37%)
<10 beats of THR 93 (35%) 26 (28%) 119 (33%)
Total 261 (100%) 94 (100%) 355 (100%)

Table 3 Side effects and reasons for test termination

Numbers Dobutamine
(%) level
(mean)

Non-cardiac side effects during study 29(7.3) 27
Nausea and or vomiting 11 (2.8) 31
Claustrophobia 9(2.3) 5
Breath-hold imaging artifacts 6(1.5 23
Anti-anginal medication not stopped 3(0.8) 23
Cardiac side effects during study 16 (4.0) 22
Hypotension 6(15 30
Arrhythmias 4 (1.0) 20
Severe chest pain or shortness of breath 3 (0.8) 20
Hypertension 1(0.3) 20
Aortic dissection type A at start study 1(0.3) 0
Ventricular fibrillation 1(0.3) 40

Dobutamine level at pug/kg/min

Table 4 Characteristics in 400 dobutamine CMR studies

Side No side P-values

effects effects

(n=45) (n=355)
RWMA 7 (16%) 56 (16%)  0.970
Age >70 years 16 36%) 109 31%) 0.624
Prior myocardial infarction 11 (24%) 134 (38%) 0.113
Use of beta-blockers 21 (47%) 207 (58%)  0.185

RWMA rest wall motion abnormalities. p-Values according to the
chi-square analysis.

RWMA, age >70 years, myocardial infarction and use of
beta blockers, 4 days prior to the study (Table 4). No sig-
nificant differences were found between these character-
istics and the appearance of side effects (P>0.05). Nitro-
glycerin during or at the end of the study was required
for four (1%) patients.

Cardiac side effects and test termination

Cardiac side effects and reasons for test termination are
shown in Table 3. One (0.25%; 95% CI 0.000016-0.014)
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major complication (i.e., death, myocardial infarction, or
ventricular fibrillation) occurred in 400 patients. This pa-
tient developed ventricular fibrillation during infusion of
dobutamine (40 pg/kg/min). The patient was successful-
ly resuscitated and recovered well after coronary bypass
grafting.

The most frequent minor complication was symptom-
atic and severe hypotension, which occurred in six (1.4%)
patients. All patients completely recovered, usually after
discontinuation of dobutamine. Two patients required
short-term inpatient observation because of hypotension,
bradycardia and severe chest pain. Treatment consisted of
sublingual nitroglycerine, fluids and observation. Hyper-
tension (systolic blood pressure >220 mmHg) occurred in
one patient. Blood pressure normalized spontaneously af-
ter termination of dobutamine infusion.

Arrhythmias developed in four patients (1%): two pa-
tients with persistent premature ventricular contractions
and two patients with atrial fibrillation. Premature ven-
tricular contractions were seen in six (1.5%) patients,
which disappeared in four of them at a higher dose of
dobutamine. One patient showed shortness of breath at
the onset of the stress study. It was concluded that he had
unstable angina, probably the result of stopping his anti-
anginal medication. The dobutamine CMR study was not
performed and he was admitted to the emergency unit.
He recovered well and no myocardial infarction was
found. No other side effects were seen in the other 399
patients as the result of stopping the medication.

Non-cardiac side effects and test termination

Non-cardiac side effects occurred in 27 (7%) patients
(Table 3). The most common were nausea and or vomit-
ing (2.8%). In nine of ten patients (mean age 66 years),
nausea started at a dobutamine dose of 30 pg. Claustro-
phobia and breath-hold artifacts are typically CMR-relat-
ed side-effects (3.8%). In three patients there was no
heart rate increase during the study due to the fact that
the beta blocker medication was not stopped before the
study.

Discussion

The present study of 400 consecutive examinations
shows that dobutamine CMR is a safe test and well toler-
ated in the majority of the patients. Feasibility of dobuta-
mine CMR is hampered by claustrophobia and breath-
hold imaging artifacts, which are typical CMR side ef-
fects. In spite of the pretest screening for claustrophobia,
the dobutamine CMR test failed in 2.3% of the patients
because of anxiety. The non-cardiac side effects were
comparable to those reported by other dobutamine CMR
studies [2—4, 10]. If we exclude the typical CMR side ef-

fects, including the patients who did not stop their anti-
anginal medication, the number of non-cardiac side ef-
fects was 2.7%, which is comparable to dobutamine
stress echocardiography (DSE) (3%) [13-15]. The use of
shorter or more open magnets might reduce the number
of patients with claustrophobia in the future.

High-dose dobutamine stress imaging may cause se-
vere complications in about 3 per 1,000, including in-
farction, ventricular fibrillation and sustained ventricular
tachycardia [13—15]. Neither death nor myocardial in-
farction occurred in this study. Ventricular fibrillation
occurred in one patient (0.25%), with good clinical out-
come. This 71-year-old man had diabetes mellitus and a
history of myocardial infarction 2 years before the study.
The cine images at rest showed minor septal wall motion
abnormalities of the left ventricle. The myocardium was
ischemic at a level of 20 pug and we “overstressed” the
patient with higher doses of dobutamine. After review of
the images it was obvious that myocardial ischemia was
already present at 20 pg and 30 pg, which was not noted
during the study. Also, the patient did not report any
chest discomfort or pain during the study, probably the
result of the presence of diabetes. According to our ex-
perience, it is advisable to test safety and emergency pro-
cedures regularly, together with the MR technicians.

The most frequent cardiac side effects in this study
were hypotension and arrhythmias, which were well tol-
erated and comparable to DSE [13-15]. The cardiac side
effects seem not to be the result of stopping all anti-angi-
nal medication 4 days before the study. Only one patient
had unstable angina prior to the dobutamine CMR study
and was admitted for 1 day to the hospital. The dobuta-
mine CMR study, which was performed 2 weeks later,
showed inducible ischemia. Although patients were sub-
jected to a prolonged dobutamine infusion protocol, only
one patient developed hypertension necessitating termi-
nation of the study. The remaining dobutamine-related
side effects seem to be comparable to those reported for
DSE [13-15], which favors a prolonged infusion proto-
col like the one used in this study.

Safety of CMR protocol

The most important limitation of current CMR technolo-
gy is inadequate monitoring and concern over patient
safety. Routine clinical performance of dobutamine
CMR requires detection of arrhythmias and inducible
ischemia [16]. In dobutamine CMR, the ECG is used to
monitor heart rate and rhythm and not to analyze ST seg-
ments to diagnose ischemia. Myocardial ischemia is de-
tected by analyzing changes in systolic wall motion of
the left ventricle, which generally precede ECG changes
and chest pain [17, 18]. Patients must perform repeated
breath-holds of about 612 s throughout the study, which
may hinder communication with the patient. The ac-
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quired images reflect only a short period of wall motion
during the infusion of dobutamine. So the onset of myo-
cardial ischemia can be masked for several minutes.
Stress echocardiography overcomes all the above-men-
tioned safety issues. Real time CMR imaging in the new
generation CMR scanners will overcome this problem
[19, 20]. Continuous evaluation of the left ventricle will
create an additional safety margin for the detection of
ischemia and arrhythmias.

Feasibility of dobutamine protocol

In this study, a different stress protocol was used com-
pared to the methods in previously reported high-dose
dobutamine CMR studies [2, 3]. To ensure cardial re-
sponse to dobutamine, we stopped all anti-anginal medi-
cation 4 days before the dobutamine CMR examination.
In most imaging protocols, beta blocker medication is
withhold only 1 day before the study and atropine is ap-
plied to increase heart rate in patients who fail to reach
the THR [2, 3, 21]. A recent report showed that the pres-
ence and severity of CAD may be underestimated in pa-
tients receiving beta blocker therapy [22]. Most of our
patients use beta blockers (metoprolol) with long half-
lives (e.g., 20 h) and should be stopped at least 3—4 days
to minimize their activity. The risk of beta blocker with-
drawal, including severe hypertension or an unstable cor-
onary syndrome, is mainly based on literature regarding
propranolol [23-25], which is not used in our institution
for the treatment of angina pectoris and myocardial isch-
emia. In our study, only one patient appeared to have an
acute coronary syndrome before the start of the study.
During the stress studies, the THR rule was not ap-
plied to this group of patients. In cardiac stress testing,
this equation provides an approximation of the maximal
heart rate to be reached at peak aerobic exercise, whereas
dobutamine stress imaging aims to uncover wall motion
abnormalities by increasing contractility and heart rate
and by creating flow heterogeneity between myocardial
regions subtended by normal coronary arteries and those
subtended by stenotic coronary arteries. However, the
variance of the maximal heart rate for any given age is
considerable [26]. The main source of error is that there
is a significant reduction and variability in heart rate
with increasing age, particularly in patients with coro-
nary artery disease [26, 27]. Peak heart rate by itself is
an unreliable index of relative load [12]. The chronotro-
pic and inotropic reserve of the heart defines the myocar-
dial aerobic capacity, which is estimated by the product
of the heart rate and the systolic blood pressure. Mea-
surements of the rate-pressure product during exercise
make it feasible to determine in the individual patient the
threshold of myocardial ischemia [27]. The peak rate-
pressure product in this study was similar to that report-
ed by other dobutamine stress studies [2, 21], which in-

dicate that in this study the stress level was at least as
high as reported in former studies.

Chronotropic incompetence (patients who reached a
submaximal heart rate) according to THR rule was pres-
ent in 33% of the patients (Table 2), which is similar to
previous reports [28]. Elhendy et al. reported that prema-
ture ventricular contractions occurred more commonly in
patients with chronotropic incompetence, with the ex-
ception of other forms of arrhythmias [28], which are
comparable to our findings. In this study, four patients
who revealed a submaximal heart rate response in all
four studies showed temporary premature ventricular
contractions.

In this study, infusion time was prolonged from 3 to
6 min, mainly for imaging reasons. The multiple breath-
hold cine CMR sequences (at least five series per infu-
sion level) could not be made within 3 min, and especial-
ly older patients need a few minutes rest between the in-
fusion levels to avoid breath-hold artifacts. In our experi-
ence, even with the use of a 1.5-T MR system a 3 min
infusion interval is too short to perform all these multiple
breath-hold cine images. Real-time CMR imaging with
sufficient image quality may overcome this problem in
the future [29]. There is also an advantage of this 6 min
infusion protocol. This prolonged dobutamine infusion
protocol induces better steady states of dobutamine. The
effect of the additional stress factor of the prolonged in-
fusion time is unknown, but is probably reflected in the
high number (40%) of positive studies found at a much
higher heart rate than can be calculated by the THR rule.
If we had stopped the study at the reached THR, 40% of
the positive studies would have been missed.

Conclusions

The results of this single-center study of 400 consecutive
studies confirm that the dobutamine CMR protocol is
safe and feasible in patients with known or suspected
coronary artery disease. Because of potential cardiac side
effects, a cardiologist should be present during the stud-
ies to monitor potential arrhythmias and complaints of
the patients.
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