
IJC Heart & Vasculature 9 (2015) 43–47

Contents lists available at ScienceDirect

IJC Heart & Vasculature

j ou rna l homepage: ht tp : / /www. journa ls .e lsev ie r .com/ i jc -hear t -and-vascu la ture
Hyperdynamic left ventricle on radionuclide myocardial perfusion
imaging (RNMPI): A marker of diastolic dysfunction in patients
presenting with dyspnea on exertion
Ramakrishna S. Gorantla ⁎, Saeed Ahmed, Dinesh Voruganti, Dhananjai J. Menzies
Division of Cardiovascular Medicine, Bassett Medical Center, Columbia University of Physicians and Surgeons, Cooperstown, NY, United States
⁎ Corresponding author at: Department of Medical Edu
One Atwell Rd, Cooperstown, NY 13326, United States.

E-mail address: ramakrishna.gorantla@bassett.org (R.S

http://dx.doi.org/10.1016/j.ijcha.2015.01.001
2352-9067/© 2015 The Authors. Published by Elsevier Ire
a b s t r a c t
a r t i c l e i n f o
Article history:

Received 24 December 2014
Accepted 2 January 2015
Available online 9 January 2015

Keywords:
Hyperdynamic left ventricle
Stress radionuclide myocardial
perfusion imaging
Diastolic dysfunction
Transthoracic echocardiography

Background:Wehypothesized that among patients presenting with dyspnea on exertion (DOE), thosewhowere
found to have hyperdynamic left ventricle (i.e. LVEF ≥ 70%) on stress radionuclide myocardial perfusion imaging
(RNMPI), are more likely to have features of diastolic dysfunction on transthoracic echocardiography.
Methods: Medical records of 1892 consecutive patients who presented between February 2011 and September
2012 with the chief complaint of DOE and were referred to stress RNMPI were reviewed. Among these, patients
who had no evidence of reversible ischemia and had hyperdynamic left ventricle on perfusion imaging, were
selected and their recent echocardiograms were reviewed for evidence of diastolic dysfunction. Logistic regres-
sion analysis was used to develop an equation to predict diastolic dysfunction with the ejection fraction as the
predictor. A two-way analysis of variance model was used to detect differential patterns of ejection fraction
across diastolic dysfunction and gender.

Results: A hyperdynamic left ventricle identified on stress RNMPI was found to be a significant predictor of dia-
stolic dysfunction on echocardiography in logistic regression analysis (odds ratio = 1.24, 95% CI = 1.13–1.35,
p b 0.0001). A hyperdynamic left ventricle on stress RNMPI has a specificity of 96.77% (CI 83.24–99.46%) and a
positive predictor value of 97.83% (CI 88.43–99.64%) in identifying diastolic dysfunction.
Conclusion: In patients presenting with DOE who have no evidence of reversible ischemia on radionuclide stress
testing but have hyperdynamic left ventricle, a search should be made for alternate cardiac etiology for this
complaint such as diastolic dysfunction and heart failure with preserved ejection fraction.
© 2015 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Objective

Is hyperdynamic left ventricle (defined as left ventricular with an
ejection fraction ≥ 70%) seen on stress RNMPI, in patients presenting
with dyspnea on exertion, a marker of diastolic dysfunction on trans-
thoracic echocardiography?

2. Introduction

Heart failure (HF) is a serious health problem especially in the
United States, with an estimated incidence of 660,000 cases per year
in this country, and a prevalence of more than 5 million (1). The inci-
dence of this complex phenomenon is on the rise especially in the
older population with HF being the most common discharge diagnosis
among patients older than 65 years and also being the primary cause
cation, Bassett Medical Center,

. Gorantla).

land Ltd. This is an open access articl
of re-admissionwithin 60 days (1). As the population ages, HF is expected
to become an even greater public health problem. A new clinical entity
that is gaining prominence in recent times is heart failure with preserved
ejection fraction (HFpEF). In fact, according to various studies, up to 50%of
patients with clinical features suggestive of heart failure have normal or
preserved ejection fraction (2,3). The ADHERE Database revealed that
these patients have almost similar mortality, rates of hospitalization and
impaired quality of life compared to patients who have heart failure
with reduced ejection fraction (4,5). Most of these patients with HFpEF
have abnormalities in diastolic function, i.e. diastolic dysfunction (DD),
seen on transthoracic echocardiography which is characterized by
features such as abnormal left ventricular relaxation and increased left
ventricular chamber stiffness (6).

Patients presenting with dyspnea on exertion are often referred for
stress RNMPI to evaluate for ischemic heart disease. A result citing nor-
mal perfusion and preserved left ventricular ejection fraction (LVEF) on
stress RNMPI has the potential to minimize further evaluation for other
cardiac causes of dyspnea on exertion such as diastolic dysfunction
which might indicate HFpEF in appropriate clinical setting. Some of
e under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijcha.2015.01.001&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.ijcha.2015.01.001
mailto:ramakrishna.gorantla@bassett.org
http://dx.doi.org/10.1016/j.ijcha.2015.01.001
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.sciencedirect.com/science/journal/
http://www.journals.elsevier.com/ijceartnd-culature


44 R.S. Gorantla et al. / IJC Heart & Vasculature 9 (2015) 43–47
these patients with normal perfusion and preserved LVEF on stress
RNMPI, in fact, have hyperdynamic left ventricleswith ejection fractions
more than or equal to 70%. We hypothesized that these patients with
hyperdynamic left ventricles i.e. thosewith left ventricular ejection frac-
tion (LVEF) greater than or equal to 70% on stress RNMPI aremore likely
to have evidence of diastolic dysfunction on transthoracic
echocardiography.

3. Methods

Electronic medical records of 1892 consecutive patients who were
referred for stress RNMPI at our center between February 2011 and
September 2012, were reviewed.

Inclusion criteria

– Patients presenting with the complaint of “dyspnea on exertion” or
“shortness of breath on exertion.”

– Patients should have undergone stress RNMPI for evaluation of this
Fig. 1. Flowchart showing the process by which 1892 patients whose charts we
complaint.
– Patients should have a normal perfusion i.e. no evidence of revers-

ible ischemia and preserved left ventricular ejection fraction
(defined as left ventricular ejection fraction ≥ 50%) on stress
RNMPI. Patients with evidence of prior infarction but currently
having no evidence of reversible ischemia and with preserved
LVEF were included in the study.

– Patients should have undergone an interpretable transthoracic
echocardiography (TTE) within 4months of the stress RNMPI study.

Exclusion criteria

– Patients presenting with complaint/s other than or in addition to
dyspnea or shortness of breath on exertion such as chest pain, or
fatigue. Also patients who had undergone stress testing for other
reasons such as pre-op evaluation, or postcoronary artery bypass
grafting surgery. were also excluded from the study.

– Abnormal stress RNMPI including evidence of reversible ischemia
re reviewed yielded the final 98 patients who were included in the study.



Table 1
Table showing the mean age and gender division of the 98 subjects included in the study
alongwith the type of stress test done, ejection fractions on stress RNMPI and incidence of
diastolic dysfunction on transthoracic echocardiography.
(RNMPI — radionuclide myocardial perfusion imaging).

N %

Total subjects 98
Gender

Male 42 42.9
Female 56 57.1

Age
Mean (SD) 69.1 (11.1)
Range 45–91

Stress test type
Dobutamine stress test 6 6.1
Regadenoson stress test 89 90.8
Exercise stress test 3 3.1

Patient type
Inpatient 2 2.0
Outpatient 96 98.0

Ejection fraction on RNMPI (dichotomous)
b70 52 53.1
≥70 46 46.9

Ejection fraction on RNMPI (continuous)
Mean (SD) 68.2 (11.0)
Range 50–97

Diastolic dysfunction on transthoracic echocardiography
Yes 67 68.4
No 31 31.6

45R.S. Gorantla et al. / IJC Heart & Vasculature 9 (2015) 43–47
(i.e. a positive stress test) or a reduced LVEF below 50%.
– Patients who did not undergo a TTE within 4 months of the stress

RNMPI study. Also patients with uninterpretable TTEs or TTEs with
poor image quality were excluded from the study.

Based on the above inclusion and exclusion criteria a total of 98
patientswere included in the study. The process bywhich 1892 patients
yielded 98 subjects is outlined in Fig. 1.

4. Estimation of left ventricular ejection fraction on stress RNMPI

We shall provide a brief description of how stress RNMPI is per-
formed at our center. The radioisotope used for myocardial perfusion
imaging is Technetium Tc-99 m tetrofosmin (Myoview® kit for the
preparation of Technetium-99 m tetrofosmin injection, GE Healthcare).
This radioisotope is administered intravenously to obtain both resting
and stress myocardial perfusion images. Data acquisition starts at
around 15–30 min after exercise stress and 60–120 min after pharma-
cological stress. Myocardial imaging data was acquired with a dual
headed gamma camera (Siemens® C-Cam) equipped with a low-
energy, high-resolution collimator. A total of 64 images are obtained
over a 180-degree orbit using a 90-degree angle between heads.
Acquisitions are sometimes attenuation-corrected (based on the discre-
tion of the technician) and gated for 16 frames/cardiac cycle. Total
acquisition time is approximately 25 min.

Vendor specific (Cedars-Sinai® Quantitative Gated SPECT software)
computer-enhanced edge detection methods were used to assess the
left ventricular epicardial and endocardial margins during the entire
cardiac cycle. The computer calculated stress global LVEF from the
gated SPECT images using an automated algorithm.

5. Assessment of left ventricular diastolic function on
transthoracic echocardiography

The assessment of the left ventricular diastolic function (i.e. presence
or absence of diastolic dysfunction) was based on the echocardiographic
criteria laid down by the American Society of Echocardiography (7). We
have used four echocardiographic variables to assess the left ventricular
diastolic function as outlined below. All the reference ranges used below
to classify echocardiographic parameters of diastolic function of left
ventricle are age specific keeping in view that the mean age of our
study population was 69.1 years.

• Mitral inflow velocity patterns — the primary measurements of
the mitral inflow used were the peak velocity of early rapid filling
(E-wave) and peak velocity of late diastolic filling due to atrial con-
traction (A-wave), the E/A ratio, deceleration time (DT) of early filling
velocity and the isovolumic relaxation time (IVRT). Mitral E/A ratio of
b0.8, DT N 200 ms and IVRT ≥ 100 ms were chosen as cut offs to indi-
cate the presence of echocardiographic evidence of diastolic dysfunc-
tion (except in patients with pseudonormalized mitral inflow filling
pattern with evidence of diastolic dysfunction based on other echo-
cardiographic variables).

• Pulmonary vein flowvelocity patterns—measurements of pulmonary
venous waveforms included peak systolic (S) velocity, peak antero-
grade diastolic (D) velocity, the S/D ratio and the peak atrial flow
reversal velocity in late diastole. The analysis of pulmonary vein
flow velocities was based on evidence of diastolic dysfunction on
other echocardiographic variables with S N D indicative of impaired
relaxation and S b D of restrictive filling. Other supporting evidence
of diastolic dysfunction was increased peak atrial flow reversal veloc-
ity (N30 cm/s) and increased duration of peak atrial flow reversal
waveform (especially if the duration of pulmonary vein atrial flow
reversal waveform was longer than mitral inflow A waveform).

• Tissue Doppler mitral annular velocities — three distinct longitudinal
mitral annulus velocities were recorded: systolic (S′), early diastolic
(E′) and late diastolic (A′) velocities. A decreased early diastolic mitral
annulus velocity (E′ b 8 cm/s at the septal annulus) and an increased
early rapid mitral inflow velocity (E) to early diastolic mitral annular
velocity (E′) ratio (E/Ez′) were considered to indicate diastolic
dysfunction.

• Color M-mode flow propagation velocity — the mitral-to-apical flow
propagation was measured using the slope method (7,8). Slowing
of flow propagation velocity (b50 cm/s) was considered to indicate
impaired myocardial relaxation or diastolic dysfunction.

Patients were categorized as having diastolic dysfunction if they had
at least 2 of the above echocardiographic variables showing supporting
evidence. The same cardiologist assessed the echocardiograms of all the
included patients.

6. Statistical analysis

A two-way ANOVAmodel was used to detect differential patterns of
ejection fraction across diastolic dysfunction and gender. Logistic re-
gression analysis was used to develop an equation to predict diastolic
dysfunction with the ejection fraction as the predictor. Sensitivity and
specificity were calculated for a series of diastolic dysfunction probabil-
ities, and a receiver–operator characteristic (ROC) curve was construct-
ed. A cutoff value for probability of diastolic dysfunction was chosen
based on optimum sensitivity and specificity. The ejection fraction cor-
responding to this probability was calculated. In addition, the logistic
equation was used to calculate the probability of diastolic dysfunction
corresponding to an ejection fraction of ≥70.

7. Results

A total of 98 subjects were included in this analysis (Table 1).
Ejection fraction was found to be a significant predictor of diastolic

dysfunction in logistic regression analyses (odds ratio = 1.24, 95%
CI = 1.13–1.35, p b 0.0001). The optimal sensitivity and specificity
was detected at a probability of diastolic dysfunction of 0.78, sensitivi-
ty= 71.6%, specificity= 96.8%, which corresponded to an ejection frac-
tion of 66. Using an ejection fraction of 70, the probability of diastolic
dysfunction was 0.87. The area under the ROC curve = 0.873 (Fig. 2).



Fig. 2. ROC curve (ROC— receiver–operator characteristic).

Table 3
Distribution ofmean ejection fraction and incidence of diastolic dysfunction amongmales
and females.

Males Females p-Value

Total subjects 42 56
Diastolic dysfunction

Yes 21 (50.0%) 46 (82.1%) 0.0007
No 21 (50.0%) 10 (17.9%)

Ejection fraction
Mean 62.0 72.9 b0.0001
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A hyperdynamic left ventricle i.e. with an ejection fraction ≥ 70%, iden-
tified on stress RNMPI, is strongly associated with diastolic dysfunction
on transthoracic echocardiography. A hyperdynamic left ventricle on
stress RNMPI has the specificity of 96.77% (CI 83.24–99.46%) and a pos-
itive predictive value of 97.83% (CI 88.43–99.64%) in identifying
diastolic dysfunction.

7.1. Comparison of males vs. females

Based on the chi-square test, diastolic dysfunction was found to be
significantly more prevalent (p = 0.0007) in females (82.1%) than in
males (50.0%) (Table 3). Via the t-test, mean ejection fraction was
found to be significantly (p b 0.0001) higher for females than for
males (Table 3). These findings are in accordance with the observation
that women are more likely to develop heart failure with preserved
ejection fraction (diastolic dysfunction) than men (9). It is felt that
thismay be becausewomen experiencemore concentric left ventricular
remodeling and less ventricular dilatation in response to systemic arte-
rial hypertension. Also, both ventricular and arterial stiffness increase
with age more in women than in men. The systolic and diastolic func-
tion and functional reserve become more compromised in postmeno-
pausal women than in men of similar age (9).

7.2. Relationship between mean ejection fraction and diastolic dysfunction

A two-way analysis of variance (ANOVA) model was created to de-
tect differential patterns of ejection fraction across diastolic dysfunction
and gender. The interaction term of diastolic dysfunction by gender is
statistically significant (p=0.0106). As shown in Fig. 3, the relationship
between diastolic dysfunction and ejection fraction ismore pronounced
for females than for males.
Table 2
Distribution of intervals of ejection fraction and diastolic dysfunction.

Ejection fraction on
stress RNMPI

N with EF in
this range

N with diastolic dysfunction
on echocardiography

%

50–54 8 0 0
55–59 15 7 46.7
60–64 21 11 52.4
65–69 8 4 50.0
70–74 19 19 100.0
75–79 11 11 100.0
80–84 11 10 90.9
85–89 0 0 0
90–94 5 5 100.0
Themain effect of diastolic dysfunction was significant (p b 0.0001),
indicating that when considering both genders combined, mean EF on
stress RNMPI was significantly higher among those with evidence of
diastolic dysfunction on echocardiography (mean EF = 70.6) as
compared to those with no diastolic dysfunction (mean EF = 59.0).
But it is more appropriate to describe this relationship with respect to
gender because of the significant interaction term (i.e., a differential
relationship across genders).
8. Discussion

Our study has shown that patients who present with the chief
complaint of dyspnea or shortness of breath on exertion and who
have undergone stress radionuclide myocardial perfusion imaging and
are found to have normal perfusion and hyperdynamic left ventricle
(LVEF ≥ 70%) are more likely to have evidence of diastolic dysfunction
on transthoracic echocardiography. This relationship between high
ejection fraction and diastolic dysfunction is more pronounced in
females. Based on these results, referring physicians should have
heightened suspicion of diastolic dysfunction among individuals
(particularly women) with hyperdynamic left ventricle noted on stress
radionuclide myocardial perfusion imaging.

As the prevalence of heart failure with preserved ejection fraction
(and diastolic dysfunction) relative to heart failure with reduced ejec-
tion fraction is expected to increase at the rate of 1% annually, there is
an increased need for information with regard to evaluation, diagnosis
and treatment of this condition.
Fig. 3. The relationship between diastolic dysfunction and mean ejection fraction is more
pronounced for females compared to males (females with diastolic dysfunction have a
greater mean ejection fraction).
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9. Limitations of the study

Aswith any other retrospective study, our study has the potential for
selection bias especially asmost of the patients were selected from clin-
ical referrals for stress myocardial perfusion imaging. Though the echo-
cardiographic parameters of diastolic dysfunction, which we have used
in our study, were based on the guidelines laid down by the American
Society of Echocardiography we have not graded diastolic dysfunction.
This is because we have felt that using a general simple approach for
diagnosing diastolic dysfunction on echocardiography, which we have
used in our trial, has a high feasibility and reproducibility and is thus
more suited for clinical trials. Also ours is a rural health center and so
our study population is older with a mean age of 69 years. This may im-
pact the generalizability of our study.

10. Conclusion

A hyperdynamic left ventricle (ejection fraction ≥ 70%) seen on
stress radionuclide myocardial perfusion imaging bears strong associa-
tionwith diastolic dysfunction and is therefore a marker of heart failure
with preserved ejection fraction in appropriate clinical setting.
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