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Abstract
Background—This study was performed to determine the utility of dobutamine stress test
results for predicting myocardial infarction (MI) and cardiac death in patients with chest pain and
left ventricular hypertrophy (LVH).

Methods and Results—Three hundred fifty-three (353) participants, aged 64±12 years (54%
men) underwent dobutamine cardiovascular magnetic resonance (DCMR) stress testing and then
were followed for 6±2 (range 0.5 to 11.5) years to assess the post-DCMR occurrence of MI or
cardiac death. Left ventricular mass and the presence or absence of ischemia were determined;
LVH was defined as > 96 g/m2 in men and > 77 g/m2 in women. LVH was present in 62
participants (18 % of the men and 17% of the women, p=0.90). Seventy-one (20%) participants
experienced a MI or cardiac death during follow-up. The MI and cardiac death rate was more
frequent in those with versus without LVH (32% vs. 17%, p=0.009). In multivariable analysis that
accounted for the presence of pre-existing coronary artery disease, hypertension, diabetes, stress
induced ischemia, and reduced LVEF, LVH was an independent predictor of MI and cardiac death
(hazard ratio = 1.99, 95% confidence interval = 1.13-3.50; p=0.02).

Conclusions—Left ventricular hypertrophy is predictive of future MI and cardiac death in
patients with or without inducible ischemia during dobutamine cardiac stress testing. As a result,
LVH should be reported in those referred for dobutamine cardiac stress tests, particularly those
without inducible ischemia, in whom otherwise one would assume a favorable cardiac prognosis.
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Introduction
In those with chest pain referred for dobutamine stress testing, the absence of inducible
ischemia has been shown to confer a low risk of future adverse cardiac events.1 More
recently, left ventricular hypertrophy (LVH), a strong, independent predictor of
cardiovascular events and all-cause mortality,2,3 has become a relatively frequent finding in
patients with chest pain referred for noninvasive dobutamine cardiac stress testing. At
present, it is unknown whether the absence of inducible LV wall motion abnormalities
indicative of ischemia (that normally carries a favorable prognosis in the absence of LVH)
confers a negative cardiac prognosis in patients with LVH. The purpose of this study was to
determine the importance of LVH in patients with chest pain referred for dobutamine
cardiovascular stress testing procedures.

Methods
Our study was approved by the Institutional Review Board at the Wake Forest University
School of Medicine, and all participants provided informed consent. Between 1997 and
2004, 362 dobutamine cardiovascular magnetic resonance (DCMR) studies were performed
to diagnose inducible ischemia in which left ventricular wall motion (LVWM) was
visualized throughout testing and left ventricular (LV) mass could be measured from the
acquired images. Patients’ routine use of medications, including beta-receptor antagonists,
was not altered before testing. Comprehensive demographic data regarding health status and
medication use were collected at the time of testing. For the purposes of our study, prior
myocardial infarction (MI), hypertension (HTN), diabetes (DM), and hypercholesterolemia
were defined according to previously published criteria.1 The study was designed as a
prospective cohort analysis in which cardiac outcomes were assessed after participants
received stress DCMR.

DCMR procedure
DCMR was performed according to previously published techniques1 using single-slice,
multi-phase gradient-echo images of the left ventricle acquired on a Horizon 1.5T whole-
body imaging system (General Electric Medical Systems) at rest and then after dobutamine
was infused to achieve 80% of the maximum predicted heart rate response for age. Image
parameters included a 256 × 128 matrix, a 35 to 48 cm field of view, a 10-ms repetition
time, a 4-ms echo time, a 20-degree flip angle, an 8 mm thick slice, and a 40-ms temporal
resolution. Images were analyzed during and directly after the examination with the use of a
software program designed for display of DCMR in multi-window, synchronized format.
Inducible LVWM abnormalities were defined as deterioration of LVWM (with the
exception of akinesis to dyskinesis) in any myocardial segment observed in 2 orthogonal
planes of the left ventricle during infusion of dobutamine.1,4 The resting left ventricular
ejection fraction (LVEF) was measured using a bi-plane area-length technique.5 Left
ventricular mass was calculated from wall thickness measurements using a truncated
ellipsoid technique6,7 that was indexed to body surface area (BSA).8 Papillary muscle mass
was included in the LV cavity and excluded from the LV mass determination. According to
previously published techniques, threshold values of LV mass (96 g/m2, and 77 g/m2, in
men and women, respectively) were used to define LVH.8 Alternative analyses were also
performed that defined LVH according to values indexed by height.8
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Follow-up
Personnel blinded to DCMR stress testing results contacted each subject (or if deceased, an
immediate family member) to determine whether cardiac events had occurred since their
DCMR test. The date of the contact was used to calculate follow-up times. All events were
confirmed by review of the participants’ medical record or death certificate. Hard events
were defined as MI (angina of ≥ 30 min duration, and either ≥ 2 mm, or 1mm ST-segment
elevation in men and women, respectively, in 2 consecutive electrocardiographic leads, or
detection of a rise in cardiac biomarkers (troponin-I) with at least one value above the 99th
percentile of the upper reference limit),9 or cardiac death (death in the presence of acute
coronary syndrome, significant cardiac arrhythmia, or refractory congestive heart failure
(CHF)). Electrocardiographic (ECG), enzymatic, or autopsy data were used to substantiate
cardiac events including (when available) cardiac mortality.

Statistical analysis
Differences in baseline characteristics stratified by LVH were compared using Chi-square
and Student’s t-tests for categorical and continuous characteristics, respectively. Kaplan-
Meier methods were used to estimate the probability of hard cardiac events as a function of
five years of follow-up and unadjusted differences were compared using log-rank test with
weight given during these five years. Multivariable Cox proportional hazards regression
models were performed to identify independent predictors of the time to cardiac events.
Factors known to predict of cardiovascular events that were recorded were included in the
model. The risk of a given variable was expressed by a hazard ratio (HR) with
corresponding 95% confidence intervals. Variables were considered significant if the null
hypothesis of no contribution could be rejected at the 5% two-sided level of significance. In
addition to the primary analysis of comparing time to hard events between those with and
without hypertrophy, secondary analyses estimated the increase risk associated with
hypertrophy in subgroups defined by prior MI, ischemia, and LVEF<40; although,
preliminarily there was felt somewhat insufficient power to detect clinically important
hazard ratios with the number of events per subgroup.

Results
Of the 362 patients who underwent DCMR, and had follow-up, 9 underwent immediate
(within 4 weeks) coronary artery revascularization and were excluded from further analysis
in order to avoid the possibility of a hard event resulting from a revascularization procedure.
This exclusion resulted in a study population of 353 participants; LVH was present in 62
participants or 17.6% of the study population including 18% of the men and 17% of the
women (p=0.90). The demographic and clinical characteristics of the participants are shown
in Table 1. The age (63 versus 64 years, p=0.80), gender (men 55% versus 54%, p=0.90)
and body mass index (31 g/m2 versus 31 g/m2, p=0.91) were similar between those with or
without LVH.

Fifty-four participants (37 with inducible ischemia, 12 upon receipt of maximal stress, and 5
with angina) did not achieve 80% of the maximum predicted heart rate response for age.
Participants with LVH exhibited more DM; prior history of MI, CHF, and smoking were
similar between the groups. Hypertension was prevalent in all study participants and trended
higher in those with LVH. Overall, renin-angiotensin converting enzyme inhibitors were
prescribed more frequently in participants with LVH (26% versus 48%, p=0.007). Both
participant groups did not differ according to resting heart rate and blood pressure values.

For the study participants, the LV mass index (LVMI) averaged 69±22g/m2. LV mass was
greater in men versus women even after accounting for BSA (75±21 g/m2 versus 63±21 g/
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m2, p<0.001), respectively. Mean LVMI was 62±13 g/m2 in patients without LVH versus
105±19 g/m2 in patients with LVH (p<0.001). Compared to those without LVH, patients
with LVH had a lower LVEF (48±14% vs. 57±12%, p<0.001) and a higher prevalence of
inducible ischemia during DCMR (48% vs. 27% with ischemia, p=0.001). In 27% of
patients (17 of 62) with LVH, the resting wall motion was normal, whereas in patients
without LVH, 49% (136 of 279) had no segmental wall motion abnormalities (p=0.02).

During a mean follow up of 6±2 (range 0.5 to 11.5) years, 138 participants or 39% of the
participants experienced at least 1 cardiac event. Of these 138 participants, 71 (51%)
experienced a hard event (including 32 subjects with non-fatal MIs and 39 subjects with
cardiac deaths). The hard cardiac event rate at 5 years was greater in patients with LVH than
in those without LVH (32% vs. 14%, p=0.003). Men and women with LVH had similar 5-
year hard cardiac event rates (20% vs.16%, p=0.31). As shown in Figure 1, LVH was
associated with a reduced event-free survival for hard events (p<0.001).

As shown in Figure 2, among participants with a history of prior MI, the risk of hard cardiac
events was greater in participants with LVH (HR=2.34; p=0.01; 5-year hard event value of
48% versus 23% without LVH); for those without prior MI, the risk of hard events was also
higher in those with LVH (HR=2.31; p=0.05; 5-year event rate of 22% versus 10% in those
without LVH). Among participants with or without inducible ischemia, participants with
LVH experienced more hard cardiac events (HR=1.88 [5-year event rate of 41% versus 23%
in those without LVH] and 2.67 [5-year event rate of 28% in those without ischemia versus
11% in those without LVH]); however, it was only statistically significant in the non-
ischemic group (p=0.08 and 0.01, respectively, Figure 3). When analysis was performed to
evaluate participants with a LVEF ≥ 40%, or < 40%, the incidence of hard cardiac events
was higher in participants with LVH for both groups (HR=2.21 [5-year event rate of 27%
versus 13% in those without LVH] and 1.94 [5-year event rate of 54% versus 30% in those
without LVH]); but was only statistically significant in those with a LVEF ≥40% (p=0.02
and 0.19, respectively, Figure 4).

The univariable and multivariable HRs for cardiac events are displayed in Table 2. After
adjustment for age, gender, body mass index, and other risk factors for cardiac events, LVH,
inducible ischemia, and prior history of MI were independent predictors of an increased risk
of hard cardiac events. Eight subjects exhibited a biphasic response during dobutamine
stress. The incidence of hard events at 5 years was 40% in these 8 subjects compared with a
26% (p=0.61 for difference) incidence of hard events in individuals with ischemia that did
not exhibit a biphasic response.

If LV mass indexed to body surface area was treated as a continuous rather than a
dichotomous variable, there remained a significant association between LV mass and
cardiac events (p<0.03). Analyses were performed to determine whether different indices of
LV mass were predictive of cardiac events after accounting for the results of dobutamine
stress. As shown in Table 3, all measures of LVH were predictive of MI or cardiac death.

Discussion
The major finding of this study relates to the importance of LVH in individuals with chest
pain that are referred for dobutamine stress tests. The results of this study indicate that LVH
is an independent predictor of cardiovascular events in patients with chest pain referred for
dobutamine stress testing. This is true regardless of whether LV mass is indexed to BSA or
height. Importantly, in those without inducible LV wall motion abnormalities indicative of
ischemia during dobutamine stress, the presence of LVH portends a poor cardiac prognosis.
This finding is important given that in the absence of inducible LV wall motion
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abnormalities indicative of ischemia, often termed a “negative” stress test result, these
negative dobutamine stress results are frequently used to ascribe a low risk of future MI or
cardiac death. The results of this study indicate clearly that individuals with chest pain and
LVH that have no inducible LV wall motion abnormalities during dobutamine, continue to
be at risk of MI and cardiac death.

The presence of LVH has been shown to reduce the sensitivity of LV wall motion analyses
assessed during dobutamine stress for identifying inducible ischemia due to >50% coronary
arterial luminal narrowings.10 Recently, our group identified that increased LV end-diastolic
wall thickness was associated with MI and cardiac death in individuals with a resting LVEF
>55% and no inducible LV wall motion abnormalities indicative of ischemia after
intravenous dobutamine.11 Participants in the current study included those with chest pain
referred for dobutamine stress to identify LV wall motion abnormalities indicative of
inducible ischemia. All variables known to be associated with a risk of cardiovascular events
recorded in our dataset were included in our models to predict MI or cardiac death. Inclusion
of all variables was performed in order to avoid bias by simply selecting variables that may
have reached statistical significance. In this study, we recognize there is insufficient power
to detect hazard ratios of 1.0 – 2.0 within subgroups of individuals with LVH that exhibited
a significant hazard ratio for cardiac events within our multivariate model. Importantly,
however, we were able to determine that LVH is an independent predictor of adverse
cardiovascular events within our multivariable model that includes known predictors for CV
events.

Results of this study indicate that LVH should be reported in individuals referred for
dobutamine wall motion stress testing. As shown in Figure 3, the adverse prognosis
associated with LVH in individuals without inducible ischemia was similar to those without
LVH and inducible ischemia. Of note, the poor prognosis of those with LVH, but without
ischemia, is also similar to populations with ischemia reported in other MRI stress studies.12

The results of this study raise important concerns for individuals that develop hyperdynamic
wall motion responses during dobutamine echocardiography or CMR, but concomitantly
exhibit LVH. Data from this study indicate that these individuals, while exhibiting no
apparent inducible wall motion abnormalities to suggest an adverse prognosis, do indeed
continue to have an adverse prognosis related to the presence of LVH.

Since image data for participants in this study were acquired primarily before the year 2000,
newer, more rapid acquisitions of myocardial perfusion or delayed enhancement were not
employed during the stress CMR protocol. For this reason, we were unable to determine if
myocardial fibrosis, or dobutamine induced perfusion defects were present in our study
participants. As demonstrated by Kwong et al,13 the presence of delayed enhancement in
patients with chest pain referred for dobutamine stress may serve as a marker of adverse
cardiac prognosis. Perhaps other imaging or bio-markers could be used to identify those at
risk for future cardiac events in patients with chest pain and LVH that are currently referred
for dobutamine wall motion stress tests.

In this study, we performed analyses stratifying our measures of LV mass based on gender.
Several studies have performed similar analyses due to discrepancies in both heart and body
size in men versus women.2,14-15 In those studies, women with LVH were found to have a
higher risk of adverse outcomes compared with men.14 In our study, those with either
gender and LVH exhibited an increase in adverse cardiac outcomes. Differences between
our results and prior studies may be due to the fact we enrolled few black women, and many
of the men had known CAD. Both of these conditions elevate the risk of cardiac events. The
results of this study and others15 indicate that women with LVH and chest pain referred for
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dobutamine stress exhibit an elevated risk of cardiac events in the presence or absence of
dobutamine induced LV wall motion abnormalities indicative of ischemia.

Several criteria have been used previously to define LVH. We found that higher LV mass
indexed to body surface area predicted a 2.1 fold risk of subsequent CV events. In addition
to expressing LVH as a dichotomous variable, we performed analyses using LVH as a
continuous variable. The relationship between LV mass and increased cardiovascular risk
was continuous, even down to values below the conventional cut-off for
echocardiographically detected LVH (nominally at least 125 g/m2 in men and at least 110 g/
m2 in women).16 Previously, Schillaci, et al., have shown a powerful relationship between
LV mass and risk of cardiovascular events over a wide range of LV mass values, even below
the current “upper normal” limits.16

We found that LVMI exhibited similar prognostic importance, whether indexed to BSA or
height. We also assessed LV mass to height ratio of ≥ or < 1 g/cm and found a positive
association for those with a LVMI ≥ 1 and future cardiovascular events (Table 3). This
relatively easily remembered metric could be useful in further clinical studies.

Study limitations
We recognize the following limitations to our study: first, the majority of our patients were
Caucasian. Reliable evaluation of the relationship of ethnicity in relationship to LV mass
and cardiovascular events during dobutamine stress will require additional study. Second,
research has demonstrated reversal of LVH in patients receiving various antihypertensive
medications. Unfortunately, the role of medications during the time between DCMR and
participants’ events could not be addressed effectively in our study because information
about medication use was limited to that at the time of the DCMR exam. Third, spoiled
gradient-echo sequences were used at the time of data collection with DCMR. We are
uncertain how results obtained with steady state free precession (SSFP) techniques would
compare to those in this study. Fourth, studies were not performed using multislice
determinations of LV volume or mass, or with perfusion or late gadolinium enhancement
techniques. Further studies using these methodologies may offer additional prognostic
information in subjects with suspected LVH. Fifth, the studies main goal was to estimate the
association between hypertrophy and MI or cardiac death. It was not designed with optimal
power to detect potentially important HRs when participants were further divided into
subgroups.

Clinical implications and Conclusion
Patients with chest pain syndromes and LVH that may or may not exhibit inducible wall
motion abnormalities indicative of ischemia during dobutamine stress are at high risk for
future myocardial infarction or cardiac death. LVH should be reported in patients referred
for dobutamine stress testing, and one should not assume a low future risk of MI and cardiac
death in patients with LVH that do not exhibit inducible LV wall motion abnormalities
indicative of ischemia during intravenous dobutamine stress.

Inducible left ventricular wall motion abnormalities (due to flow-limiting epicardial
coronary artery disease [CAD]) observed during dobutamine stress testing are used to
identify individuals with myocardial ischemia and those at risk for future cardiovascular
events. Previously, it has been shown that patients with concentric left ventricular
remodeling or hypertrophy that may have flow-limiting CAD do not exhibit inducible left
ventricular wall motion abnormalities during dobutamine stress. In this study, we
examined the prognostic utility of the absence of dobutamine-induced wall motion
abnormalities for predicting future myocardial infarction or cardiac death. The results

Charoenpanichkit et al. Page 6

Circ Cardiovasc Imaging. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



indicate that those individuals with left ventricular hypertrophy (LVH) and no inducible
wall motion abnormalities during dobutamine exhibit the same adverse cardiovascular
prognosis as individuals with inducible wall motion abnormalities indicative of ischemia
that do not have LVH. These findings suggest that one should identify LVH during
dobutamine stress studies and not assume a favorable cardiovascular risk profile in the
absence of inducible wall motion abnormalities if LVH is present. In this situation, one
should consider other forms of testing to ascertain cardiovascular risk.
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Figure 1.
Kaplan-Meier survival curves for MI and cardiac death in participants with chest pain
referred for dobutamine stress stratified by LVH. Compared to patients without LVH, event
free survival was reduced in participants with LVH.
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Figure 2.
Kaplan-Meier survival curves for MI and cardiac death in participants receiving dobutamine
stress with or without prior history of prior MI stratified by LVH. Compared to patients
without history of prior MI and LVH, event free survival was significantly reduced in
participants with LVH.
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Figure 3.
Kaplan-Meier survival curves for MI and cardiac death in participants receiving dobutamine
stress with or without inducible ischemia, stratified by LVH. Compared to participants
without inducible ischemia and LVH, event free survival was significantly reduced in
participants with LVH. Note the reduced event-free survival in participants with LVH and
no ischemia relative to those without LVH, but with inducible ischemia.
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Figure 4.
Kaplan-Meier survival curves for MI and cardiac death in participants receiving dobutamine
stress with a LVEF < or ≥40%, stratified by LVH. Compared to patients with LVEF≥40%
without LVH, event free survival was reduced in participants with EF< 40% with LVH.
Participants with LVH and a LVEF ≥40% exhibited a similar adverse prognosis as
compared to those with a LVEF <40%.
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Table 1

Baseline Characteristics of the participants*

All LV Hypertrophy
p value†

(n=353) No (n=291) Yes (n=62)

Demographics

Age (yrs) 64±12 64±12 63±12 0.80

Men 191(54) 157(54) 34(55) 0.90

BMI (g/m2) 31±7 31±7 31±8 0.91

Historical Data (%)

Smoking 150(42) 123(42) 27(44) 0.89

Hypertension 243(69) 197(68) 46(74) 0.56

Diabetes mellitus 126(36) 93(32) 33(53) 0.006

Hypercholesterolemia 194(55) 158(54) 36(58) 0.79

CHF 55(16) 41(14) 14(23) 0.23

Prior MI 126(36) 98(34) 28(45) 0.09

Medication (%)

ACE inhibitor/ARB 107(30) 77(26) 30(48) 0.003

Statin 106(30) 90(31) 16(26) 0.62

β-blocker 123(35) 97(33) 26(42) 0.33

Hemodynamic

Rest HR 73±14 73±14 73±14 0.86

Rest SBP 142±23 141±22 144±26 0.42

Rest DBP 79±13 79±12 78±18 0.83

Peak HR 130±16 131±15 125±18 0.03

Peak SBP 148±27 148±26 149±28 0.87

Peak DBP 77±16 77±16 79±16 0.37

Cardiac MRI

LVEF (%) 55±13 57±12 48±14 <0.001

LV mass(g) 139±47 124±32 207±47 <0.001

LV mass index(g/m2) 69±22 62±13 105±19 <0.001

Inducible ischemia 110(31) 80(27) 30(48) 0.001

Event (%)

Hard event 71(20) 51(17) 20(32) 0.009

Cardiac death 43(12) 27(9) 15(24) <0.001

MI 38(11) 30(10) 7(11) 0.79

For continuous variables, data are presented as mean ± standard deviation. For dichotomous variables, the number and percentage of participants
with the condition are shown.

*
LV hypertrophy defined as LV mass index >96 g/m2 and 77 g/m2 in men and women, respectively.

†
p value for comparison of patients with or without LVH
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Abbreviations: ACE = Angiotensin-converting enzyme; ARB= Angiotensin receptor blocker; BMI= Body mass index; CHF= Congestive heart
failure; DBP = diastolic blood pressure; LVEF= Left ventricular ejection fraction; HR= heart rate; MI= Myocardial infarction; SBP= systolic blood
pressure
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Table 2

The relationship of LV mass to MI and cardiac death.

Model
Univariate Multivariate

HR(95%CI) p Value HR(95%CI) p-value

LVH (g/m2)* 2.59(1.51-4.43) <0.001 1.99(1.13-3.50) 0.02

LVEF < 40% 3.20(1.78-5.76) <0.001 1.90(0.98-3.69) 0.06

Inducible ischemia 2.44(1.47-4.05) <0.001 1.87(1.06-3.31) 0.03

Age ≥ 65 years 1.53(0.91-2.57) 0.10 1.56(0.90-2.71) 0.12

Male gender 1.36(0.81-2.28) 0.24 0.85(0.48-1.50) 0.57

BMI 0.97(0.94-1.01) 0.16 0.98(0.93-1.02) 0.28

Prior Q-wave MI 2.95(1.76-4.93) <0.001 2.72(1.59-4.66) <0.001

Hypercholesterolemia 1.01(0.60-1.67) 0.98 1.04(0.61-1.76) 0.89

Hypertension 1.36(0.76-2.43) 0.30 1.28(0.68-2.40) 0.45

Diabetes mellitus 1.30(0.78-2.18) 0.31 0.86(0.49-1.51) 0.60

Smoking 1.49(0.90-2.47) 0.12 1.35(0.79-2.33) 0.27

Abbreviations: BMI= Body mass index; LVH = Left ventricular hypertrophy; LVEF= Left ventricular ejection fraction; MI= Myocardial
infarction; and MRI=Magnetic resonance imaging.

*
LVH defined as LV mass index >96 g/m2 and 77 g/m2 in men and women, respectively.
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Table 3

The relationship of different indices of LV mass to MI and cardiac death

Model
Unadjusted

HR (95% CI) p-value

LV mass (g) 1.005 (1.00-1.01) 0.03

LV mass /BSA (g/m2) 1.019 (1.019-1.03) <0.001

LV mass/height (g/m) 3.17 (1.40-7.19) 0.005

LV mass /height ≥ or < 1 (g/m) 2.23 (1.30-3.82) 0.003

Abbreviations: BSA = Body surface area; g = grams; m = meters
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