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Abstract
Background: To determine if patients without dobutamine induced left ventricular wall motion
abnormalities (WMA) but an increased LV end-diastolic wall thickness (EDWT) exhibit a favorable
cardiac prognosis.

Results: Between 1999 and 2001, 175 patients underwent a dobutamine stress cardiovascular
magnetic resonance (DCMR) procedure utilizing gradient-echo cines. Participants had a LV ejection
fraction >55% without evidence of an inducible WMA during peak dobutamine/atropine stress.
After an average of 5.5 years, all participants were contacted and medical records were reviewed
to determine the post-DCMR occurrence of cardiac death, myocardial infarction (MI), and unstable
angina (USA) or congestive heart failure (CHF) warranting hospitalization.

In a multivariate analysis, that took into account Framingham and other risk factors associated with
cardiac events, a cine gradient-echo derived LV EDWT ≥12 mm was associated independently with
an increase in cardiac death and MI (HR 6.0, p = 0.0016), and the combined end point of MI, cardiac
death, and USA or CHF warranting hospitalization (HR 3.0, p = 0.0005).

Conclusion: Similar to echocardiography, CMR measures of increased LV wall thickness should
be considered a risk factor for cardiac events in individuals receiving negative reports of inducible
ischemia after dobutamine stress. Additional prognostic studies of the importance of LV wall
thickness and mass measured with steady-state free precession techniques are warranted.
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Background
Left ventricular (LV) wall motion abnormalities (WMA)
induced during intravenous dobutamine are associated
with flow limiting epicardial coronary artery stenoses, and
predict future cardiac events including myocardial infarc-
tion (MI) and cardiac death [1-4]. Typically, if resting LV
end-diastolic wall thickness (EDWT) is normal, the
absence of dobutamine inducible WMA identifies a group
of individuals with a low risk of experiencing future car-
diac events [5,6]. Importantly however, in individuals
with increased resting LV EDWT, the sensitivity of dob-
utamine induced LV WMA for identifying flow limiting
epicardial stenoses is low (36%) [7]. Also, data from
Framingham have shown that increased LV EDWT itself is
an independent predictor of cardiac events [8]. To date, it
remains uncertain whether individuals with increased
resting LV EDWT and an absence of inducible LV WMA
during intravenous dobutamine remain at a relatively low
risk of developing a future cardiac event.

This study was performed to determine if the absence of
inducible WMA during intravenous dobutamine would
be associated with a favorable cardiac prognosis regardless
of resting LV EDWT. To address this question, we meas-
ured LV EDWT and performed extensive follow-up on
individuals undergoing dobutamine stress cardiovascular
magnetic resonance (DCMR) examinations with cine
white blood fast-gradient echo techniques.

Methods
Population and Study Design
The study complies with the Declaration of Helsinki, and
was approved by the Institutional Review Board at the
Wake Forest University School of Medicine. All patients
gave both verbal (for performing follow-up question-
naire) and written (for CMR and later for review of medi-
cal records) informed consent. Between 1997 and 2001,
175 consecutive participants with a LV ejection fraction
>55%, and no inducible LV WMA indicative of ischemia
in any of 17 myocardial segments during DCMR were
enrolled in the study. After DCMR, participants blinded to
DCMR test results performed the outcomes analysis.

Dobutamine/Atropine Cardiovascular Magnetic 
Resonance
As previously described [3,5], images were obtained on a
Horizon 1.5T whole-body imaging system (General Elec-
tric Medical Systems) using cine white blood spoiled gra-
dient-echo imaging with a 256 × 128 matrix, a 3548-cm
field of view, a 4-ms echo time, a 10-ms repetition time, a
20-degree flip angle, an 8-mm slice thickness, a 40-ms
temporal resolution, and 8 to 12 second periods of breath
holding. Each of the patients received atropine if they
were unable to obtain 80% maximum predicted heart rate
for age (n = 95). Findings of this heart rate response have

been shown at our institution to be 83% sensitive and
83% specific for identifying >50% coronary arterial lumi-
nal narrowings during dobutamine/atropine stress, and
have been shown to forecast future cardiac events [3,5].

At rest and during graded doses of dobutamine/atropine
stress, LV wall motion was confirmed as normal across all
17 myocardial segments [5]. The resting LV ejection frac-
tion was measured using a biplane area-length technique
[9]. According to previously published techniques, the
posterior and septal wall thicknesses were measured at the
level of the LV minor dimension, at the mitral chordae
level using the end-diastolic, left ventricular 3-chamber
(equivalent to transthoracic echocardiography parasternal
long-axis) view (Figure 1) [10]. At the time of testing, the
occurrence of a prior Q-wave myocardial infarction [11],
and the presence of cardiac risk factors [including a his-
tory of diabetes [12], smoking, coronary revasculariza-
tion, elevated total cholesterol [13], and hypertension
[14] were recorded.

Outcomes
Within 7 years of the DCMR exam, each participant was
contacted to determine the post-procedure occurrence of
cardiac events. All persons were contacted initially by
phone or personal interview. If deceased, the next of kin
was contacted. Questions were administered to identify
the possibility of myocardial infarction (MI), unstable
angina (USA) or congestive heart failure (CHF). Any

In accordance with the American Society of Echocardiogra-phy, posterior (green line) and septal (red line) left ventricu-lar wall thickness was measured in the left ventricular long axis view at end diastole at approximately the level of the mitral valve leaflet tips (LV = left ventricle; LA = left atrium; and Ao = aorta)Figure 1
In accordance with the American Society of Echocar-
diography, posterior (green line) and septal (red line) 
left ventricular wall thickness was measured in the 
left ventricular long axis view at end diastole at 
approximately the level of the mitral valve leaflet 
tips (LV = left ventricle; LA = left atrium; and Ao = 
aorta).
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change in physical state, medical condition, or medica-
tionwas confirmed in all cases by review of the partici-
pant's medical records. If an event was suspected or
identified during contact with the participant, medical
records from the site of the event were obtained and con-
firmation of the event was determined according to data
collected from the medical record. Established, published
criteria were utilized to define events. Hard events were
defined as cardiac death (death in the presenceof acute
MI, significant cardiac arrhythmia, or refractory CHF [15],
or MI (angina of >30 minutes durationand either ≥ 2 mm
ST segment elevation in 2 consecutive ECG leadsor a rise
in cardiac enzymes including creatine kinase level MB
fraction cardiac troponin-I above normal limits) [16].
Electrocardiographic, enzymatic, or autopsy data were
used tosubstantiate cardiac mortality. Any events were
defined as hard events and/or USA, or CHF warranting
hospital admission. In the case of 2 simultaneouscardiac
events, the worst event was chosen (cardiac death>MI>
USA>CHF).

Statistical Analysis
After all records were obtained, a statistical analysis was
conducted using SAS 9.1 (SAS Institute, Cary, NC) for
Windows. Based on previously published criteria, partici-
pants were dichotomized into those with a LV EDWT < or
≥12 mm [15]. In this study, we determined LV EDWT in
the septum, posterior wall, and the average of the two. The
average LV EDWT of the septal and posterior walls served
as the primary outcome measure. All grouped data were
expressed as mean ± SD. Independent predictors of events
were identified using univariate and multivariate Cox pro-
portional hazards regression models. The risk of a given
variable was expressed by a hazard ratio (HR) with corre-
sponding 95% CIs. A variable was considered significant
if the null hypothesis of no contribution could be rejected
at a probability value of <0.05. The probability of the pres-
ence or absence of hard events as a function of follow-up
duration was estimated by the Kaplan-Meier method and
compared between groups by use of the log-rank test.
Unadjusted, Framingham adjusted, and additional car-
diac MI risk factor adjusted Cox proportional hazard
regression models were used to predict cardiac events.

To determine the intra observer variability for measuring
LV EDWT, a randomly selected sample of 20 participants
was analyzed twice separated by 1 year. To determine inter
observer agreement in measures of LV EDWT, this same
sample from 20 participants was analyzed by a separate
individual. In both the intra and inter observer compari-
sons, repeat assessments were performed in an unpaired
fashion blinded to the results of prior analyses.

The authors had full access to the data and take responsi-
bility for its integrity.

Results
Contact was made with all 175 patients; their clinical data
are displayed in Table 1. Those with an average (septal
and posterior wall) LV EDWT ≥12 mm were older, and
exhibited more prior CAD, hypertension, diabetes, and
lung disease. Overall, the amount of dobutamine admin-
istered was 30 ± 10 μg/kg/min and did not differ between
those with and without a LV EDWT < or ≥12 mm. Rest and
stress hemodynamic assessments at the time of DCMR
stress were similar for those with or without LV EDWT <
or ≥12 mm (Table 2).

Over the 5.5 average years of follow-up, the rate of hard
events was 8.4% (Table 3). The 5.5 year hard event rate
was 3.2% for the patients with a LV EDWT <12 mm com-
pared to 20.3% for those with a LV EDWT ≥12 mm. The
EDWT for the posterior wall averaged 12 ± 3 mm in par-
ticipants with no events, and 14 ± 3 mm in participants
with any events (p < 0.001). Similarly, the septal wall
thickness in patients without events was 12 ± 3 mm com-
pared to 14 ± 4 mm for those with any events (p < 0.001).
The septal and posterior wall thickness among the partic-
ipants were highly correlated (r = 0.76, p = 0.001). There
was no difference in the predictive accuracy of the septal,
posterior, or combined average of the wall thickness for
identifying those at risk of future cardiac events.

The proportion of participants free of both hard and any
cardiac events is shown in Figure 2. A LV EDWT ≥12 mm
was predictive of both any and hard events in a) the unad-
justed model, b) the Framingham risk factor adjusted
model, and c) after adjustment for factors associated with
CAD, MI, and cardiac events (Figure 3 and Table 4). We
also performed analyses treating LV EDWT as a continu-
ous, as opposed to dichotomous (< or ≥12 mm thick) var-
iable. Using the proportional hazard wall thickness as a
continuous variable demonstrated a significant trend of
increasing risk of hard events (p = 0.004) and any events
(p = 0.001) with increasing LV EDWT.

The intra observer correlation of LV EDWT was 0.73, and
the inter observer assessment of LV EDWT was 0.77.

Discussion
Prior studies have found that increased LV EDWT during
a dobutamine stress test is associated with a decreased
sensitivity for detecting flow limiting coronary arterial
luminal narrowings detected with contrast coronary angi-
ography [7]. Other studies have identified an association
between the presence of LV hypertrophy or increased LV
EDWT and an adverse cardiac prognosis [8,17-19]. In
many countries, dobutamine stress echocardiography is
performed widely for individuals suspected to have or
possessing coronary arteriosclerosis, MI, or CHF. Individ-
uals without inducible LV WMA are ascribed a favorable
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Table 1: Demographic data

LV EDWT LV EDWT p-value

Total ≤12 mm >12 mm

n = 175 n = 98 n = 77

Patient Characteristics
Age (yrs) 69 (± 12) 65 (± 15) 71 (± 10) 0.013
Gender Women, Men 102 73.0 63 35.0 39 38.0 0.07
Weight (kg) 92.2 (± 23.4) 90.6 (± 23.0) 94.3 (± 23.7) 0.32
BSA (m2) 2.3 (± 0.7) 2.1 (± 0.7) 2.4 (± 0.8) 0.56
Wall Thickness 12.3 (± 3.1) 9.2 (± 0.8) 16.0 (± 2.4) 0.0001

Historical Information
Prior CAD 81 (50.0%) 41 (41.8%) 40 (51.9%) 0.190
Prior Revascularization 28 (16.0%) 10 (10.2%) 18 (23.4%) 0.018
Hypertension 112 (64.0%) 52 (53.1%) 60 (77.9%) 0.0006
Diabetes Melitus 51 (29.1%) 23 (23.5%) 28 (36.4%) 0.063
Hyperlipidemia 89 (50.9%) 46 (46.9%) 43 (55.8%) 0.240
Smoking 64 (36.6%) 31 (31.6%) 33 (42.9%) 0.130
Asthma/COPD 39 (22.3%) 16 (16.3%) 23 (29.9%) 0.033

Medications
Digoxin 9 (5.1%) 6 (6.1%) 3 (3.9%) 0.51
Vasodilator 14 (8.0%) 7 (7.1%) 28 (36.4%) 0.64
Diuretic 60 (34.3%) 32 (32.7%) 28 (36.4%) 0.61
Beta Blocker 54 (30.9%) 23 (23.5%) 31 (40.3%) 0.017
Calcium Antagonist 32 (18.3%) 13 (13.3%) 19 (24.7%) 0.053
ASA 82 (46.9%) 43 (43.9%) 39 (50.6%) 0.38
Nitrate 45 (25.7%) 20 (20.4%) 25 (32.5%) 0.071
ACE Inhibitor 39 (22.3%) 16 (16.3%) 23 (29.9%) 0.033
Anti-Coagulation 15 (8.6%) 4 (4.1%) 11 (14.3%) 0.017
Statin 65 (37.1%) 28 (28.6%) 37 (48.1%) 0.0079

Abbreviations: ACE, angiotensin converting enzyme; ASA, aspirin, BSA; body surface area; CAD, coronary artery disease; CHF, congestive heart 
failure; COPD, chronic obstructive airways disease, LV EDWT, left ventricular end-diastolic wall thickness.

Table 2: Hemodynamic data

Hemodynamic Data Total LV EDWT LV EDWT p-value

≤12 mm >12 mm

Rest

Heart Rate (bpm) 73 ± 18 73 ± 17 73 ± 20 0.99
Systolic Blood Pressure (mmHg) 136 ± 38 134 ± 35 138 ± 43 0.48
Diastolic Blood Pressure (mmHg) 76 ± 22 75 ± 20 77 ± 25 0.48

Stress

Heart Rate (bpm) 129 ± 28 131 ± 30 126 ± 27 0.30
Systolic Blood Pressure (mmHg) 143 ± 42 143 ± 40 143 ± 47 0.93
Diastolic Blood Pressure (mmHg) 74 ± 24 73 ± 21 76 ± 27 0.59

Abbreviations: bpm, blood pressure measure; mmHg, millimeters of mercury; LV EDWT, left ventricular end-diastolic wall thickness.
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prognosis, and thus often are not referred for aggressive
risk management. Given the prevalence of risk factors
such as hypertension, and an abnormal increase in LV
EDWT in these patients, we felt it important to determine
if the favorable prognosis in patients with a negative dob-
utamine stress test and a normal resting LV EDWT would
occur in patients with a negative dobutamine stress test
and an increase in resting LV EDWT. Our results indicate
that in the absence of inducible LV WMA during intrave-
nous dobutamine, either an average, a septal, or a poste-
rior LV EDWT ≥12 mm measured in the 3-chamber
(similar to echocardiographic parasternal long-axis view)
using gradient-echo techniques was associated independ-
ently with future adverse cardiovascular events (Figure 2).

Four possibilities could explain our results. First, with
dobutamine stress echocardiography, previous investiga-
tors have noted an inability to visualize all myocardial
wall segments during cardiac stress testing procedures
[3,5], and thus one potentially can miss visualization of
an inducible LV wall motion abnormality indicative of
ischemia (a known risk factor for cardiac events) during
intravenous dobutamine. For this reason, we utilized
CMR because of previously reported high image quality
and ability to assess both LV EDWT and WMA throughout
the course of a dobutamine infusion [3-6]. In the current
study, LV wall motion was visualized throughout the
course of testing in all segments for all participants; and
thus, inadvertently missing a stress induced LV wall
motion abnormality due to suboptimal image quality is
not felt to be the cause of the poor prognosis observed
within the participants of the current study.

Second, as shown in Table 1, the participants that experi-
enced an increased incidence of cardiovascular events also
exhibited many illnesses or clinical conditions, including
hypertension, advanced age, prior coronary artery disease
and diabetes, that have been associated previously with an
adverse cardiac prognosis [11-14]. Importantly however,

Table 3: Table of events

Total LV EDWT LV EDWT p-value

≤12 mm >12 mm

Hard Events 16 (8.4%) 3 (3.2%) 13 (20.3%) 0.0015
Cardiac Deaths 12 (6.4%) 3 (3.2%) 9 (13.2%) 0.025
Myocardial Infarction 4 (2.2%) 0 (0.0%) 4 (5.5%) 0.022

Non Hard Event Hospital Admissions 26 (12%) 12 (12.2%) 14 (22.2%) 0.37
Congestive Heart Failure 2 (1.1%) 0 (0.0%) 2 (2.7%) 0.11
Unstable-Angina 24 (13.1%) 12 (12.2%) 12 (15.6%) 0.4

Abbreviation: LV EDWT, left ventricular end-diastolic wall thickness

Kaplan-Meier survival curves for participants free from any cardiac event (Panel A), or a hard cardiac event (Panel B)Figure 2
Kaplan-Meier survival curves for participants free 
from any cardiac event (Panel A), or a hard cardiac 
event (Panel B). Graphs for individuals with and without 
LV end-diastolic wall thickness >12 mm are shown.
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after serial adjustments utilizing multivariate models that
included Framingham risk factors (age, gender, smoking,
hypertension, elevated cholesterol) and other clinical
conditions associated with adverse cardiac events, the
presence of a LV EDWT ≥12 mm was a predictor of an
adverse cardiac prognosis independent of the association
that our participants may have had with known risk fac-
tors for adverse cardiac events. Thus, these analyses sup-
port the notion that LV EDWT is an independent risk
factor, and that the poor prognosis identified in our par-
ticipants was not due to confounding from a variable

already known to be associated with adverse cardiovascu-
lar risk.

Third, Smart, et al [7], have shown that in individuals with
increased LV EDWT, the utility of dobutamine induced
WMA for identifying inducible ischemia in patients with
single vessel coronary artery disease is substantially
reduced [7]. This is thought secondary to enhanced epi-
cardial contraction in the thickened wall that can over-
come the loss of contraction that may occur as
endocardial tissue becomes ischemic during stress [7]. It

Hazard ratios from multivariate analyses for average LV end-diastolic wall thickness >12 mm for any (Panel A) and hard (Panel B) cardiac eventsFigure 3
Hazard ratios from multivariate analyses for average LV end-diastolic wall thickness >12 mm for any (Panel A) 
and hard (Panel B) cardiac events. As shown, the top row represents the unadjusted Cox proportional hazard model, the 
second row represents the Cox proportional hazard model adjusted for Framingham risk factors, and the last row represents 
the Cox proportional hazard model adjusted for Framingham risk factors and other factors associated with cardiac events.
Page 6 of 9
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may be that our participants with increased LV EDWT
exhibited myocardial ischemia in endocardial regions due
to undiagnosed CAD. In turn, this unidentified inducible
ischemia could have accounted for their future cardiac
events. Addressing this point could occur with gadolin-
ium enhanced first-pass dobutamine perfusion tech-
niques [20].

Fourth, the presence of increased LV EDWT may portend
a poor prognosis independent of the presence of coronary
arteriosclerosis. Increases in LV EDWT can result from one
or more of several factors including: increased LV after-
load (due in part to increased vascular stiffness, factors
influencing the neuro-hormonal axis (for example eleva-
tions of renin, angiotensin, or aldosterone), or preexisting
genetic abnormalities [21,22]. Also, preclinical hyper-
trophic cardiomyopathy has been described [23]. Each of
these variables in isolation or in combination with the
other variables are associated with adverse cardiac events.
In addition, their influence on the left ventricle promotes
myocyte hypertrophy (often manifest as increased wall
thickness) which is also an independent predictor of car-
diac events [24]. Since we did not measure factors influ-
encing the neuro-hormonal axis or assess genetic factors
in the current study, we cannot comment on the potential
influence of these variables on our outcomes.

The findings of the current study have several important
clinical implications for the management of patients with
chest pain syndromes. First, the absence of dobutamine
induced WMA in individuals with a resting left ventricular
EDWT of ≥12 mm does not forecast the same cardiac
prognosis as for individuals with a LV EDWT <12 mm. In
fact, in the participants in this study with a LVEF >55%
and no inducible LV WMA, the 2-year hard event free sur-
vival was 89%. In a previous study from our group that
included patients referred for dobutamine stress that
exhibited inducible ischemia and a LVEF >40%, the 2-year

event free survival was 84% [5]. In short, in the setting of
resting LV EDWT ≥12 mm and no inducible WMA, one
should be concerned about not only the presence of unde-
tected CAD (as noted by Smart, et al.)[7], but also that
these individuals may have a poor cardiac prognosis rela-
tive to individuals with a wall thickness <12 mm.

Second, further investigation should be considered to risk
stratify patients with a LV EDWT >12 mm but without
inducible WMA during intravenous dobutamine.
Recently, Paetsch, et al [20], has demonstrated the utility
of vasodilator first pass perfusion imaging in order to
identify perfusion defects at the endocardial level associ-
ated with epicardial coronary artery stenoses. Addition-
ally, in the setting of patients with hypertrophied
ventricles or underlying CAD, Kwong et al.[25], and
Moon et al [26], have shown recently that the presence of
Late gadolinium enhancement is associated with fibrosis
and an adverse cardiac prognosis.

Third, it is important to recognize that we did not measure
left ventricular mass in the current study. Thus, those indi-
viduals with eccentric left ventricular hypertrophy, who
may have normal wall thickness, or those with concentric
remodeling, who may or may not have an absolute
increase in wall thickness depending upon their left ven-
tricular cavity size, are not included in the current analy-
ses. For this reason, these data are somewhat preliminary
and further studies that would understand the relation-
ship between left ventricular hypertrophy and the patterns
of hypertrophy and adverse cardiovascular events are war-
ranted.

Fourth, the study was performed using measures of LV
EDWT derived from cine, gradient-echo white blood
imaging techniques. At 1.5 T, this image acquisition strat-
egy often exhibits flow artifacts along the LV endocardial
surface, particularly in apical views when LV systolic func-
tion is reduced. Though this technique has been used in
large 6000 person population studies such as the Multi-
Ethnic Study of Atherosclerosis [27], newer steady-state
free precession cine white blood imaging techniques are
more frequently used clinically. These data suggest similar
studies should be performed that determine the prognos-
tic importance of routine measures of heart size using
steady-state free precession techniques.

Our study has the following limitations. First, according
to previously published criteria from transthoracic
echocardiography, we selected a dichotomous variable of
< or ≥12 mm in LV EDWT as our primary outcome varia-
ble [10]. Abnormal measures of LV EDWT have not been
well established for gradient-echo or steady-state free pre-
cession CMR. These data suggest that future studies, simi-
lar to those performed with echocardiography, are

Table 4: Multivariate predictors of events expressed as hazard 
ratio (± 95% confidence intervals)

Multivariate
Covariate CV Death/MI Any Event

Age (Years) 1.00 (0.97  1.03) 1.05 (0.99  1.10)
Hypertension 1.32 (0.60  2.90) 0.64 (0.17  2.35)
Receiving Statin 1.14 (0.58  2.25) 0.56 (0.19  1.66)
Diabetes 1.79 (0.94  3.49) 2.99 (0.94  9.56)
Male Gender 1.31 (0.69  2.48) 2.88 (0.85  9.72)
Prior CAD or Revasc. 1.74 (0.90  3.37) 1.58 (0.54  4.62)
Smoking 1.19 (0.63  2.25) 1.33 (0.47  3.77)
Wall Thickness ≥ 12 2.34 (1.15  4.74) 4.28 (1.1016.62)

Abbreviations: CAD, coronary artery disease; Revasc., prior coronary 
artery revascularization procedure.
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warranted to establish prognostic importance of routinely
acquired CMR parameters of wall thickness. Although, the
sample size was not large enough to have good power to
detect moderate size effects, the observed hazard ratios of
6.0 for hard events and 3.0 for any events were large
enough to demonstrate that there is a statistically (and
clinically) significant increased risk of hard or any events
with increased wall thickness.

Second, measures of LV mass using a multi-slice short axis
Simpson's Rule acquisition strategy were not acquired in
the current study. Importantly however, our measures of
LV EDWT are easily acquired and can be reported during
echocardiographic as well as CMR techniques; hence the
clinical applicability of this finding is high. Finally, we are
unable to identify whether there is a threshold of LV
EDWT that confers information regarding cardiac progno-
sis among individuals with different race [28]. The preci-
sion of the magnetic resonance data combined with the
perfect longitudinal follow-up over 7 years allowed us to
draw conclusions from a relatively small sample size, but
the relevance of this measure across individuals of differ-
ent race requires further study.

Conclusion
These data indicate that in those with a LV ejection frac-
tion >55% at rest and no inducible WMA during intrave-
nous dobutamine, a LV EDWT measurement of ≥12 mm
using cine white blood gradient-echo imaging techniques
is associated with adverse cardiac events. Increased LV
wall thickness should be considered a risk factor for car-
diac events in individuals receiving negative reports of
inducible ischemia after dobutamine stress. Additional
prognostic studies of the importance of LV wall thickness
and mass measured with steady-state free precession tech-
niques are warranted.
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ure; DCMR: dobutamine cardiovascular magnetic reso-
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unstable angina; WMA: wall motion abnormalities.

Competing interests
The authors declare that funding for MRI image acquis-
tions were in part supported by NIH R01HL074330 and
NIH General Clinical Research Center M01RR07122
grants and through a small ownership in Prova, Inc., a
company that produces and sells software for cardiac MRI
image display.

Authors' contributions
TFW performed follow-up, designed study and wrote
manuscript; EDA performed follow-up, designed study,

and wrote manuscript; TMM designed study, provided sta-
tistical analysis and edited manuscript; WN designed
study and edited manuscript; KML performed MRI studies
and image analysis, and edited manuscript; CAH enabled
image acquisition and analysis, and edited manuscript;
DWK designed study and edited manuscript; WGH
designed study, performed MRI studies and image analy-
sis, and edited manuscript.

Acknowledgements
North Carolina Baptist Hospital Technology Development Fund (B-03-97/
98);

- funded imaging exams

National Institutes of Health R01HL074330;

- funded image analysis and investigator time

The Claude D. Pepper Older Americans Center, National Institutes of 
Health P30AG21332; and

- funded investigator time

The National Institutes of Health General Clinical Research Center 
M01RR07122.

- funded image acquistion

References
1. Pennell DJ, Underwood SR, Manzara CC, Swanton RH, Walker JM, Ell

PJ, Longmore DB: Magnetic resonance imaging during dob-
utamine stress in coronary artery disease.  Am J Cardiol 1992,
70(1):34-40.

2. van Rugge FP, Wall EE van der, Spanjersberg SJ, de Roos A, Matheijs-
sen NA, Zwinderman AH, van Dijkman PR, Reiber JH, Bruschke AV:
Magnetic resonance imaging during dobutamine stress for
detection and localization of coronary artery disease: Quan-
titative wall motion analysis using a modification of the cen-
terline method.  Circulation 1994, 90(1):127-38.

3. Hundley WG, Hamilton CA, Thomas MS, Herrington DM, Salido TB,
Kitzman DW, Little WC, Link KM: Utility of fast cine magnetic
resonance imaging and display for the detection of myocar-
dial ischemia in patients not well suited for second harmonic
stress echocardiography.  Circulation 1999, 100:1697-1702.

4. Nagel E, Lehmkuhl HB, Bocksch W, Klein C, Vogel U, Frantz E, Ellmer
A, Dreysse S, Fleck E: Noninvasive diagnosis of ischemia-
induced WMA with the use of high-dose dobutamine stress
MRI: Comparison with dobutamine stress echocardiogra-
phy.  Circulation 1999, 99:763-70.

5. Hundley WG, Morgan TM, Neagle CM, Hamilton CA, Rerkpattanapi-
pat P, Link KM: Magnetic resonance imaging determination of
cardiac prognosis.  Circulation 2002, 106:2328-33.

6. Jahnke C, Nagel E, Gebker R, Kokocinski T, Kelle S, Manka R, Fleck
E, Paetsch I: Prognostic value of cardiac magnetic resonance
stress tests: Adenosine stress perfusion and dobutamine
stress wall motion imaging.  Circulation 2007, 115(13):1769-76.

7. Smart SC, Knickelbine T, Malik F, Sagar KB: Dobutamine-atropine
stress echocardiography for the detection of coronary artery
disease in patients with left ventricular hypertrophy: Impor-
tance of chamber size and systolic wall stress.  Circulation 2000,
10(3):258-263.

8. Levy D, Anderson KM, Savage DD, Kannel WB, Christiansen JC, Cas-
telli WP: Echocardiographically detected left ventricular
hypertrophy: Prevalence and risk factors.  The Framington Heart
Study, Ann Intern Med 1988, 108:7-13.

9. Lawson MA, Blackwell GG, Davis ND, Roney M, Dell' Italia LJ, Pohost
GM: Accuracy of biplane long-axis left ventricular volume
Page 8 of 9
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1615867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1615867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8025988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8025988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8025988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10525488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10525488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10525488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9989961
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9989961
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9989961
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12403662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12403662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17353441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17353441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17353441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8644665


Journal of Cardiovascular Magnetic Resonance 2009, 11:25 http://www.jcmr-online.com/content/11/1/25
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

determined by cine magnetic resonance imaging in patients
with regional and global dysfunction.  Am J Cardiol 1996,
77(12):1098-1104.

10. Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka
PA, Picard MH, Roman MJ, Seward J, Shanewise J, Solomon S, Spencer
KT, St John Sutton M, Stewart W: Recommendation for chamber
quantification: A report from the American Society of
Echocardiography's Guidelines and Standards Committee
and the Chamber Quantification Writing Group, developed
in conjunction with the European Association of Echocardi-
ography, a branch of the European Society of Cardiology.  J
Am Soc Echocardiogr 2005, 18(12):1440-63.

11. Horan LG, Flowers NC, Johnson JC: Significance of the diagnos-
tic Q wave of myocardial infarction.  Circulation 1971,
43:428-436.

12. National Diabetes Data Group: Classification and diagnosis of
diabetes mellitus and other categories of glucose intoler-
ance.  Diabetes 1979, 28:1039-1057.

13. Third Report of the National Cholesterol Education Pro-
gram (NCEP) Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel III) final report.  Circulation 2002,
106:3143-3421.

14. Whelton PK: Epidemiology of hypertension.  Lancet 1994,
89:1329-1335.

15. Mangano DT, Browner WS, Hollenberg M, London MJ, Tubau JF,
Tateo IM: Association of perioperative myocardial ischemia
with cardiac morbidity and mortality in men undergoing
noncardiac surgery.  N Engl J Med 1990, 323(26):1781-1788.

16. Cannon CP, Battler A, Brindis RG, Cox JL, Ellis SG, Every NR, Fla-
herty JT, Harrington RA, Krumholz HM, Simoons ML, Werf FJ Van
De, Weintraub WS, Mitchell KR, Morrisson SI, Anderson HV, Can-
nom DS, Chitwood WR, Cigarroa JE, Collins-Nakai RI, Ellis SG, Gib-
bons RJ, Grover FL, Heidenreich PA, Khandheria BK, Knoebel SB,
Krumholz HL, Malenka DJ, Mark DB, McKay CR, Passamani ER, Rad-
ford MJ, Riner RN, Schwartz JB, Shaw RE, Shemin RJ, Van Fossen DB,
Verrier ED, Watkins MW, Phoubandith DR, Furnelli T: American
College of Cardiology key data elements and definitions for
measuring the clinical management and outcomes of
patients with acute coronary syndromes: A report of the
American College of Cardiology Task Force on Clinical Data
Standards (Acute Coronary Syndromes Writing Commit-
tee).  J Am Coll Cardiol 2001, 38(7):2114-30.

17. Verdecchia P, Porcellati C, Reboldi G, Gattobigio R, Borgioni C, Pear-
son TA, Ambrosio G: Left ventricular hypertrophy as an inde-
pendent predictor of acute cerebrovascular events in
essential hypertension.  Circulation 2001, 104:2039-2044.

18. Gardin JM, McClelland R, Kitzman DW, Lima JA, Bommer W, Klop-
fenstein HS, Wong ND, Smith VE, Gottdiener J: M-mode echocar-
diographic predictors of six to seven-year incidence of
coronary heart disease, stroke, congestive heart failure, and
mortality in an elderly cohort (the Cardiovascular Health
Study).  Am J Cardiol 2001, 87:1051-1057.

19. Casale PN, Devereux RB, Milner M, Zullo G, Harshfield GA, Pickering
TG: Value of echocardiographic measurement of left ven-
tricular mass in predicting cardiovascular morbid events in
hypertensive men.  Ann Intern Med 1986, 105:173-178.

20. Paetsch I, Jahnke C, Wahl A, Gebker R, Neuss M, Fleck E, Nagel E:
Comparison of dobutamine stress magnetic resonance, ade-
nosine stress magnetic resonance, and adenosine stress
magnetic resonance perfusion.  Circulation 2004, 110(7):835-42.

21. Kitzman DW, Little WC, Brubaker PH, Anderson RT, Hundley WG,
Marburger CT, Brosnihan B, Morgan TM, Stewart KP: Pathophysio-
logical characterization of isolated diastolic heart failure in
comparison to systolic heart failure.  JAMA 2002,
288(17):2144-50.

22. Richard P, Charron P, Carrier L, Ledeuil C, Cheav T, Pichereau C,
Benaiche A, Isnard R, Dubourg O, Burban M, Gueffet JP, Millaire A,
Desnos M, Schwartz K, Hainque B, Komajda M: EUROGENE
Heart Failure Project. Hypertrophic cardiomyopathy: Dis-
tribution of disease genes, spectrum of mutations, and impli-
cations for a molecular diagnosis strategy.  Circulation 2003,
107(17):2227-32.

23. Nagueh SF, McFalls J, Meyer D, Hill R, Zoghbi WA, Tam JW,
Quiñones MA, Roberts R, Marian AJ: Tissue Doppler imaging
predicts the development of hypertrophic cardiomyopathy

in subjects with subclinical disease.  Circulation 2003,
108:395-398.

24. Muiesan ML, Salvetti M, Paini A, Monteduro C, Galbassini G, Bonzi B,
Poisa P, Belotti E, Agabiti Rosei C, Rizzoni D, Castellano M, Agabiti
Rosei E: Inappropriate left ventricular mass changes during
treatment adversely affects cardiovascular prognosis in
hypertensive patients.  Hypertension 2007, 49(5):1077-83.

25. Kwong RY, Chan AK, Brown KA, Chan CW, Reynolds HG, Tsang S,
Davis RB: Impact of unrecognized myocardial scar detected
by cardiac resonance imaging on event-free survival in
patients presenting with signs or symptoms of coronary
artery disease.  Circulation 2006, 113(23):2733-43.

26. Moon JC, Reed E, Sheppard MN, Elkington AG, Ho SY, Burke M,
Petrou M, Pennell DJ: The histologic basis of late gadolinium
enhancement cardiovascular magnetic resonance in hyper-
trophic cardiomyopathy.  J Am Coll Cardiol 2004, 43(12):2260-64.

27. Bild DE, Bluemke DA, Burke GL, Detrano R, Diez Roux AV, Folsom
AR, Greenland P, JacobsJr DR, Kronmal R, Liu K, Nelson JC, O'Leary
D, Saad MF, Shea S, Szklo M, Tracy RP: Multi-Ethnic Study of
Atherosclerosis: Objectives and design.  Am J of Epidemiol 2002,
156:871-81.

28. Drazner MH, Dries DL, Peshock RM, Cooper RS, Klassen C, Kazi F,
Willett D, Victor RG: Left ventricular hypertrophy is more
prevalent in blacks than whites in the general population: the
Dallas Heart Study.  Hypertension 2005, 46(1):124-29.
Page 9 of 9
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8644665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8644665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16376782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16376782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16376782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5544988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5544988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=510803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=510803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=510803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12485966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12485966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12485966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2247116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2247116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2247116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11738323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11738323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11738323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11673343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11673343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11673343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11348601
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11348601
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11348601
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2942070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2942070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2942070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15289384
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15289384
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15289384
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12413374
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12413374
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12413374
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12707239
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12707239
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12707239
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12860897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12860897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12860897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17372030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17372030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17372030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16754804
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16754804
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16754804
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15193690
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15193690
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15193690
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15939807
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15939807
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15939807
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Results
	Conclusion

	Background
	Methods
	Population and Study Design
	Dobutamine/Atropine Cardiovascular Magnetic Resonance
	Outcomes
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors' contributions
	Acknowledgements
	References

