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Abstract
Purpose

In a prior publication, loss of myocardial bounce was highly associated with systolic and diastolic
dysfunction. The bounce is the rapid change in LV volume at the end of diastole during atrial contraction
just prior to systolic ejection. This study attempts to determine if bounce is associated with diastolic
dysfunction determined by echocardiography.

Methods

135 patients with an echocardiogram and a cardiac MR were selected with 38% of those paired of studies
within three months of each other. The bounce was graded by 3 blinded observers into categories of
0=none, 1=minimal/reduced, and 2=normal bounce.

Results

Inter-reader agreement was summarized using the intraclass correlation coe�cient (ICC) and ratings was
moderate [ICC 0.60, 95% con�dence interval (0.51-0.68)]. The sensitivity and speci�city of lack of bounce
(grade 0 or 1) as a screen for diastolic dysfunction on echo were 89% and 47%, respectively.

Conclusion

The simple observation of a normal myocardial bounce in MRs was predictive of normal diastolic
function and lack of was highly associated with dysfunction determined via echocardiography. Systolic
function remains normal in some of these patients and this �nding may represent diastolic dysfunction.
Further studies examining the relationship between bounce with different types of diastolic function is
needed. This updated study con�rms myocardial bounce seen on various cardiac imaging modalities
may be a simple useful tool for detecting cardiac dysfunction.

Introduction
The prevalence of heart failure in the U.S. is increasing, and it is expected that more than 8 million
patients will develop heart failure within the next decade. Echocardiography remains the study of choice
for the evaluation of heart failure, and the evaluation of diastolic function in particular depends upon
Doppler evaluation including waveforms taken at the mitral valve [1–3].

The mechanics of myocardial contraction and relaxation are well known [4]. The more the myocardium
stretches during diastole [5], the more it contracts during systole [6–8]. In our prior study, we estimated
that the ventricular wall stretch or loading that occurs at end diastole accounts for 15 to 20% of ejection
volume [9].
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It is helpful to separately consider the events of early and late diastole. In early diastole, the ventricle
continues to achieve relaxation, and any slowing of that process will affect early �lling. By late diastole,
relaxation of the ventricle is complete, and �lling is determined by the stiffness of the myocardium and
vigor of the atrial contraction. Diastolic dysfunction can affect either or both parts of diastole. Doppler
echocardiography of the transmitral �ow demonstrates an early diastolic �ow called the E wave and a
late �ow called the A wave, caused by atrial contraction. In normal functioning hearts, the E wave is of
greater velocity than A wave, indicating that atrial contraction contributes a smaller amount of �lling to
the left ventricle compared to that which occurs early. There are other measures of diastolic function
obtained at echocardiography, one of the most popular being the ratio of the E wave velocity to the mitral
annular velocity (e’), or the E/e’ ratio [12–15].

The interpretation of cardiac MR has generally not paid much attention to diagnosing diastolic
dysfunction [16]. We have repeatedly observed that healthy adult hearts demonstrate a de�nite
myocardial bounce seen as a rapid change in LV volume at the end of diastole that occurs secondary to
atrial contraction just prior to systolic ejection. Given its simplicity, the purpose of this study attempts to
determine if the simple observation of the myocardial bounce can be utilized as a screening tool for
diastolic dysfunction when compared with echocardiographic report as the standard of disease
detection.

Materials And Methods
Following IRB approval, study #STUDY0000327, a search of the echocardiography and cardiac MR
databases were undertaken from January 2010 through July 2020 to determine the number of patients
that underwent both exams. These were further re�ned using the following inclusion criteria: Age over 17
years, diastolic function assessments at echocardiography including E/e’ and E/A ratios, and a cardiac
MR that included a short axis stack. The study excluded echocardiograms where diastolic function was
not assessed, those with a mass, thrombus, myocardial infarct, arrhythmias including atrial �brillation,
the presence of a signi�cant congenital defect, pulmonary venous mapping or MR aortic studies. All
patients had echocardiographic reports and charts were reviewed for correlation.

All MR images were obtained on Philips Achieva 1.5T (Amsterdam, Holland). The short axis stack and
four chamber views were reviewed. The MR protocol was as follows: Slices total: 12, Slice orientation:
Short axis, 4 Chamber Technique: bFFE, Acquisition mode: CARTESIAN, Fat suppression: None, Total
scan duration: 00:32.0, Act. TR/TE (shifted) (ms): 2.7 / 1.37, Scan time / BH:00:10.7, FOV MPS (mm):
300 x 300, ACQ matrix M x P: 200 x 200, TFE factor: 14, TFE shots: 3, TFE dur. shot / acq (ms): 38.3 /
38.3, TFE shot interval (ms): 38.3, Act. Phase acq (%): 69.6, Local torso SAR: < 92%, Whole body SAR /
level: < 2.3 W/kg / 1st level.

The diastolic loading is de�ned as the rapid change over a time period of 100 to 120 ms in LV volume
that occurs at the end of diastole secondary to atrial contraction just prior to systolic ejection. All images
were reviewed by 3 blinded graders, one with 15 years of experience performing cardiac MR, one medical
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student with 1 year experience, and one with no experience. After the �rst round of independent review of
10 cases with discrepant reads (5 grade 0, 1 grade 1, 4 grade 2), they were revisited by two readers (CR,
TJD) who viewed the cine loop together and to ensure consensus. An echo report that listed diastolic
function as normal was interpreted as normal, an echo report that commented on diastolic dysfunction,
increased �lling pressures, impaired ventricular relaxation, or reduction in ventricular compliance were all
scored as presence of diastolic dysfunction.

Consistency of individual bounce ratings was assessed using the intraclass correlation coe�cient (ICC).
The ICC command in Stata version 16 [33] was used to estimate the ICC using a two-way mixed effects
model, which corresponds to ICC (3,1) in [34].

Results
135 patients’ cardiac MR and echocardiography exams met the inclusion criteria and were graded as
following: 0 = no bounce; 1 = minimal/reduced bounce; 2 = strong/normal bounce. At time of exam,
patient characteristics and other variables are presented in (Table I). Clinical indications for the cardiac
MR included: shortness of breath, dyspnea on exertion, or chest pain. The cohort included 68 females, 67
males, age ranged from 18–82 (Median: 53), E/A ratio ranged from 0.45–8.4 (Mean: 1.65) and E/e’
ranged from 2.2–34.06 (Mean: 13.07). Sensitivity 0.89, speci�city 0.47, PPV 0.70, NPV 0.75 for bounce
grades 0 or 1 (screen positive for diastolic dysfunction) versus 2 (screen negative for diastolic
dysfunction) compared to standard of diastolic dysfunction determination by echocardiography report.

E/A and E/e’ distributions versus degree of bounce are shown in Figs. 1 and 2. There was no signi�cant
change difference in the E/A or E/e’ ratios related to the degree of bounce.

Inter-reader agreement
Inter-reader agreement is summarized in (Table 2), using the ICC. Overall agreement was moderate with
ICC = 0.60 (95% CI: 0.51–0.68).

Bounce grade vs. summary report from echocardiography
The distribution for bounce grade vs the �nal impression of all the data in the echocardiography report is
summarized in (Table 3).

Bounce Grade as Screening Test vs. Echo Report Diastolic
Dysfunction as Standard of Disease State
The sensitivity and speci�city of bounce grading as a screening test are summarized in (Table 4). Bounce
grades of 0 or 1 as a positive screen for diastolic dysfunction, with Bounce 2 as negative screen for
diastolic dysfunction. Echo report as standard for diastolic dysfunction adjudication (disease state). 

Discussion
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Our data indicates that the end diastole myocardial bounce is reliably appreciated between three blinded
observers. Overall agreement was moderate with ICC = 0.60 (95% CI: 0.51–0.68).

This study examined whether the presence, reduction or absence of the myocardial bounce seen during
atrial contraction at end diastole seen on one mid-ventricular slice on cardiac MR corresponds to diastolic
dysfunction determined on echocardiography report. Very few studies have been performed that compare
cardiac MR to echocardiography directly [17–19]. We obtained reasonable sensitivities for diastolic
dysfunction when grade 0 and 1 were combined and compared to grade 2. Late �lling contributes to
preload while a decrease can also indicate increased left ventricular stiffness or atrial dysfunction. Loss
or decrease in myocardial bounce would make sense if there is decreased late �lling. If there is slowed
relaxation, which is another representation of diastolic function, that would primarily affect early diastole,
and can even cause increased late �lling.

In most of the prior publications on the evaluation of diastolic dysfunction with cardiac MR, no
evaluation of heart �lling such as we have outlined was discussed. Studies of diastolic function with
echocardiography have concluded that in patients with HF, there is evidence of both systolic and diastolic
dysfunction [23, 24]. Although little has been reported on myocardial bounce seen on cardiac MR and
echocardiography, several recent studies have discussed using geometric changes in hearts and its
relationship to cardiac function. Ramos et al. and Mordi et al. concluded extracellular volume (ECV) [25,
26] and global longitudinal strain (GLS) were associated with HFpEF [27]. Chen used native T1 relaxation
times to evaluate the hemodynamics of pulmonary hypertension [28]. De Jesus measured myocardial
elastography in patients with mitral regurgitation to predict post-surgical repair outcomes [29]. Kim and
Zeng evaluated left ventricular geometry to predict response to percutaneous mitral valve repair [30, 31].
While elegant, these highly advanced MR techniques require additional scanning and processing time.
The observation of the presence or absence of the end diastolic myocardial bounce can be made readily
after minimal training in every case without any extra MR sequences.

This study has several limitations. We initially attempted to correlate bounce score with direct
quantitative measures from echocardiography but ran into obstacles. Not every parameter was reported
on every patient’s echocardiogram, hence the differing total numbers of patients for E/A and E/e’ in our
data. E/A and E/e’ ratio can be abnormal when elevated or low [32]. In particular, E/A can be either
increased or decreased depending on the type of diastolic dysfunction. Both values can change as the
heart adapts and it sometimes becomes necessary to perform a Valsalva maneuver to determine if these
are truly normal or pseudo-normal in the setting of known HF. At this time, Valsalva is not part of our
cardiac MR protocol, or routinely part of the echo protocol. While lack of bounce was highly associated
with abnormal diastolic function parameters, a large number of cases with normal E/A and E/e’ showed
abnormal bounce. We suspect this occurs because of the divergence of abnormalities depending on the
type of diastolic dysfunction and because not every parameter on echocardiography will necessarily be
abnormal in patients with heart failure and diastolic dysfunction. If one looks at the �nal
echocardiography reports, which are dependent on all of the parameters rather than just the ones we have
evaluated in this manuscript, much better speci�cities are obtained (Table 4). Long term follow up will be
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necessary to observe the outcomes in these patients. Unfortunately, not every MR was performed within a
few weeks of the echocardiogram with some being delayed by over a year. Lastly, we acquired images at
26 frames per second, but there is evidence that acquiring images at higher frame rates improves the
evaluation of diastolic function [19].

Conclusion
The observation whether myocardial bounce is present or absent is easy to make, requires no advanced
MR sequences, and can be implemented in every case if a four-chamber view and a short axis stack are
obtained. Reduced or absent myocardial bounce during atrial contraction at end diastole on cardiac MR
corresponds to diastolic dysfunction. Our �ndings suggest the assessment of myocardial bounce in
cardiac MR could become a simple and useful tool for diagnosis of early diastolic dysfunction.
Additional studies with long term outcomes in cases with normal echocardiographic measurements are
needed to determine the potential utility of myocardial bounce in the detection of isolated diastolic
dysfunction.
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Table 1 Patient demographics (N=135).
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Variable Value

Sex Female 68
(50.4%)

Male 67
(49.6%)

Age Age range 18 - 82

Age mean MR 51

Age mean Echo 52

Race and Ethnicity White 102

Black or African American 8

Asian 11

Native Hawaiian or Other Paci�c Islander 1

American Indian or Alaska Native 4

Unknown 9

Echo

Parameters

E/A mean 1.65

E/A standard deviation 1.03

E/A range 0.45 - 8.4

E/e’ mean 13.07

E/e’ standard deviation 5.28

E/e’ range 2.20 -
34.06

Time between modalities

38% of exams were within 3 months from
each other 

Median time between MR and Echo
exams (days)

233

Mean time between MR and Echo exams
(days)

360

Time range between MR and Echo exam
(days)

0 - 1309

E/A: Ratio of Early vs. late (atrial) ventricular �lling

E/e’: Ratio of early mitral valve in�ow velocity to mitral annular early diastolic velocity
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Bounce Grade Readers   Agreement

CR EQ TD   ICC (95% CI)

 0: no bounce 57 (43) 58 (43) 62 (46)   0.60 (0.51 – 0.68)

 1: minimal bounce 65 (48) 66 (49) 52 (39)  

 2: normal 12 (9) 10 (8) 20 (15)      

Table 2 Number of cases and percentile within each bounce category graded by each reader and Inter-
reader agreement during the �rst round. 

N=134 (1 patient missing due to no 4-chamber view on MR)

 

 

Table 3 Bounce Grade
vs. Normal and
Abnormal Diastolic

Function per echocardiogram report.

Bounce Grade Normal Diastolic Function

N=57

0: No Bounce  11/57 (19.3%)

0 and 1: Minimal Bounce  30/57 (52.6%)

1: Minimal Bounce  19/57 (33.3%)

2: Normal Bounce  27/57 (47.3%)

Bounce Grade Abnormal Diastolic Function

N=78

0:  No Bounce  33/78 (42.3%)

0 and 1: Minimal Bounce  69/78 (88.5%)

1:  Minimal Bounce  36/78 (46.2%)

2: Normal Bounce  9/78 (11.5%)

 

Table 4 Bounce Grade vs. Diastolic function per echocardiogram report
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Screening Result Abnormal Diastolic
Dysfunction

Normal Diastolic
Dysfunction

Total

Abnormal Bounce Grade 0
or 1

69 30 99

Normal Bounce Grade 2 9 27 36

Total 78 57 135

Sensitivity: 0.89, Speci�city: 0.47

Figures

Figure 1

Box and whisker plots showing the distribution of E/A ratios per bounce grade
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Figure 2

Box and whisker plots showing the distribution of E/e’ ratios per bounce grade
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