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Abstract

Background: The accuracy of valvular regurgitation assessment is uncertain by SSFP cine MR imaging. In this study we
compared performance of cine images with Doppler echocardiography (echo) in a large prospective cohort.

Methods: We prospectively recruited 205 subjects who underwent MRI within 2 hours of echo. Regurgitation was
assessed qualitatively and graded as none (0), trace (0.5), mild (1), mild to moderate (1.5), moderate (2.0), moderate to
severe (2.5) and severe (3.0) by echo and by cine MRI. Grading from echo was used as reference.

Results: Prevalence of the mitral (MR), tricuspid (TR), aortic (AR) and pulmonic (PR) regurgitation was 79%, 87%, 29%
and 58% by echo, respectively. When regurgitation was absent the agreement between MRI and echo was good: 86%,
79%, 99% and 96% for MR, TR, AR and PR, respectively. However, few cases were detected by MRI for lesions 1+ or
less: 16%, 29%, 10% and 2%, respectively. Detection of significant regurgitation (> 1.5+) by MRI was reliable, 97%, 93%,
90% and 100%, with 25%, 14%, 30% and 33% underestimation of severity present, respectively while overestimation was
rare.

Conclusion: SSFP cine MRI is reliable in detecting the absence or significant (> 1.5+) regurgitant lesions but limited for
mild or trivial diseases.
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1 Introduction

Cardiac Magnetic Resonance (CMR) Imaging has emerged as an important modality in the evaluation of patients with
cardiomyopathy in whom valvular regurgitant abnormalities are highly prevalent. Traditionally, echocardiography (echo)
has been the major imaging modality in assessing regurgitant valvular lesions which is subjected to operator variability in

qualitative assessment. While phase contrast imaging of CMR is well validated in quantitative regurgitant assessment /' %!
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routine performance of phase contrast imaging adds to the scan time and breath-hold. Moreover, multiple concomitant
valvular lesions commonly present in patients with cardiomyopathy complicate the quantitative assessment. Before the
advent of balanced steady state free-precession (SSFP) sequence gradient echo sequence was the dominant sequence in
cine imaging and was demonstrated to be effective in qualitative assessment of regurgitant lesions by assessing the signal
void due to spin dephasing in moving protons ['*'*). While SSFP cine images is feasible in evaluating regurgitant valvular

disease !

prospective study is lacking. Given the growing number of CMR in which SSFP cine is part of the routine
protocol it can be clinically valuable if SSFP cine can provide qualitative evaluation of regurgitant lesion. In this study we
compared diagnostic performance of SSFP cine MRI with Doppler echo in the qualitative assessment of regurgitant

valvular diseases in a large prospectively recruited cohort.

2 Material and methods

The study subjects were pooled from two ongoing clinical research protocols which were approved by the Institution
Review Board. Written Informed Consent was obtained from all participants. One protocol recruited subjects with
cardiomyopathy of various etiologies including ischemic, dilated, infiltrative and hypertrophic cardiomyopathy. The
second protocol recruited subjects with smoking history or with chronic obstructive pulmonary disease aged 20 to 85 years.
Exclusions included claustrophobia; prosthetic valves or valvular apparatus; pacemaker/defibrillator implantation; or
other metallic hazards. To test the performance of CMR on normal valves a small number (N = 12) of normal volunteers
were also included who had a normal ECG and echo. All participants underwent CMR within two hours of echo.

2.1 Cardiac MRI

CMR was performed with a Siemens 1.5 Tesla scanner (Siemens, Malvern, PA) using 8-element phased array surface coil.
Cardiac structure and function were evaluated using balanced SSFP cine imaging in contiguous short axis slices and
standard 2, 3, 4 chamber views, as well as longitudinal view of the right ventricular outflow tract. The images were
acquired with retrospective ECG gating during breath-hold. The typical sequence specifications were as follows: field of
view 240 mm x 240 mm, slice thickness of 8§ mm with no interslice gap for short axis views or 6 mm thickness for
longitudinal planes. TR (repetition time) 3.1 ms, TE (echo time) 1.34, temporal resolution 30-40 ms, flip angle of 70° and
in-plane resolution of 1.3 mm X 1.3 mm. Left and right ventricular volume and function were assessed using commercially
available software (QMass by Medis, Netherland).

2.2 Echocardiography

A transthoracic color Doppler echo was obtained by experienced technologists using a Philips IE33 echocardiograph
(Andover, MA). Echo protocol was performed according to American Society of Echocardiography guidelines in standard

views 18],

2.3 Qualitative evaluation of regurgitant valvular lesions

Valvular regurgitation scoring by CMR and Echo was performed with consensus reading by two independent experienced
readers in their field. CMR and echo images were evaluated for the presence and extent of the regurgitant lesions following
American Society of Echocardiography guidelines including visualization of the origin of the regurgitation jet and its
width (vena contracta) and the spatial orientation of the regurgitant jet area in the receiving chamber ', The visual
assessment of CMR followed echo guidelines taking into account of the regurgitant jet origin and width. Scoring scale for
regurgitation was defined as: 0 = no regurgitation; 0.5 = trace regurgitation; 1.0 = mild regurgitation; 1.5 = mild to
moderate regurgitation; 2.0 = moderate regurgitation; 2.5 = moderate to severe regurgitation; 3.0 = severe regurgitation.
This scoring scale was used for both modalities (CMR and Echo). Due to low prevalence of stenotic disease (6 subjects
with aortic stenosis), analyses were performed only to compare the regurgitant lesions.
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3 Statistical analysis

Continuous data is summarized by mean + standard deviation. Categorical data is presented as N (percent). Concordance
data was obtained using Echo as the reference standard. CMR grading less than or equal to 0.5 of echo grading was
considered concordant. P-values for the concordance data were generated by a nonparametric bootstrap resampling
approach ', For each of mitral (MR), tricuspid (TR), aortic (AR) and pulmonic (PR) regurgitation, the echo data was
randomly permuted among the patients. These scores were subtracted from the original CMR score and the percentage of
differences less than or equal to 0.5 was computed. This process was repeated 2,000 times to generate an empirical
distribution of the differences under the null hypothesis of no association between the echo and CMR variables. A p-value
was computed by comparing the actual percent of patients with echo and CMR pairs within 0.5 grading of each other to the
bootstrapped distribution. CMR grading less than or equal to 1.0 of echo grading was defined as underestimation and
greater than or equal to 1.0 of echo grading overestimation. The level of agreement between CMR and echo assessment
was assessed using nonparametric statistics of Krippendorff’s alpha index !'*!. In addition, a weighted kappa with weights
chosen to reflect the categories of agree/disagree was computed along with its 95% confidence interval. P-values less
than .05 were deemed statistically significant. SAS 9.3 (SAS Institute, Inc, Cary, NC) was used for all statistical analyses.

4 Results

Of the 205 subjects included in the analysis the mean age was 56 years and 71% were male. Left ventricular dysfunction
(ejection fraction < 50%) was present in 77 (38%) subjects. The details of the participants’ characteristics are shown in
Table 1. The prevalence of MR, TR, AR and PR were 79%, 87%, 29% and 58% as detected by echo respectively.

Table 1. Characteristics of the participants (N = 205)

Variable Mean £ SD or N (%)
Age (years) 56+ 14
Male 146 (71%)
Hypertension 87 (42%)
Diabetes millitus 28 (14%)
Dyslipidemia 76 (37%)
History of heart failure 41 (20%)
Body mass index (kg/m?) 28+£5
Heart rate (bpm) 66 £ 14
Systolic blood pressure (mmHg) 132 +£21
Diastolic blood pressure (mmHg) 75+ 13
Left ventricular end diastolic volume (ml/m?) 86 +27
Left ventricular end systolic volume (ml/ m?) 45 £25
Left ventricular ejection fraction (%) 50+12
Right ventricular end diastolic volume (ml/ m?) 73+£21
RlIght ventricular end systolic volume (ml/ m?) 35+11
Right ventricular ejection fraction (%) 52+9

There was good agreement between CMR and echo when regurgitation was absent (see Table 1). However, CMR was
limited in detecting trivial and mild (< 1.0) regurgitant lesions (see Table 2). There were false positive findings by CMR
where CMR detected trace or mild regurgitant (1+) lesions in 3%, 3%, 0.5% and 1.5% of mitral, tricuspid, aortic and
pulmonic valve evaluations (see Table 3) when echo did not detect any regurgitant lesions. CMR detected the presence of
regurgitation in more than 90% of the cases with significant regurgitation (> 1.5+) (see Table 4). Concordance with echo
was found in more than 60% of those cases. Discrepancy was all due to underestimation by CMR and overestimation was
absent. CMR Grading less than echo by 1.0 accounted for all cases with underestimation but 3 lesions (1 MR, 1 AR and 1
PR) in which underestimation was 1.5 grading less than echo. Examples of regurgitation lesions detected by echo and
CMR are shown in Figures 1 through 6.
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Table 2. Agreement of SSFP cine MRI with echocardiography on mild or no regurgitant lesions

Regurgitant severity

Lesion type 0 0.5-1.0
Mitral regurgitation 86% (36/44) 16% (20/125)
Tricuspid regurgitation 79% (23/29) 29% (43/148)
Aortic regurgitation 99% (143/144) 10% (4/39)
Pulmonic regurgitation 96% (82/85) 2% (2/101)

Table 3. Number of false positive readings by MRI

Regurgitant severity

Lesion type 0.5 1.0 1.5
Mitral regurgitation 2 3 1
Tricuspid regurgitation 2 4 0
Aortic regurgitation 0 1 0
Pulmonic regurgitation 0 3 0

Total

W =

Table 4. Performance of SSFP cine MRI on detecting significant regurgitant lesions (> 1.5+)

Lesion type Overall detection Concordant* Underestimation**
Mitral regurgitation 97% (25/36) 69% (25/36) 25% (9/36)
Tricuspid regurgitation 93% (26/28) 75% (21/28) 14% (5/28)

Aortic regurgitation 90% (18/20) 60% (12/20) 30% (6/20)
Pulmonic regurgitation 100% (6/6) 67% (4/6) 33% (2/6)

* Lesion severity within 0.5 grading;
** Lesion severity by MRI was at less 1.0 grading or less than by echocardiography.

Figure 1. Mild aortic regurgitation by echocardiogram (left) in a parasternal long plane and by cardiac MRI (right) in 3-cahmber

view

Overall, the concordance defined as CMR grading within 0.5 of echo grading was 78%, 78%, 88% and 85% for MR, TR,
AR and PR, respectively (all p values <.01). Krippendorff’s alpha index for ordinal data was 0.57, 0.51, 0.75 and 0.17 and

weighted kappa was 0.44, 0.38, 0.56 and 0.17 for MR, TR, AR and PR respectively.
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Figure 3. Mild to moderate pulmonic regugitation by echocardiogram (left) in parasternal short plane and by cardiac MRI (right) in
right ventricular outflow tract view

Figure 4. Mild mitral regurgitation by echocardiogram (left) in parasternal long plane and mild to moderate mitral regurgitation by
cardiac MRI (right) in 3-chamber view
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Figure 6. Mild tricuspid regurgitation by echocardiogram (left) and no significant regurgitation by cardiac MRI (right) in 4-chamber
views

5 Discussion

In this study, we compared the diagnostic performance of SSFP cine MRI with Doppler echo in the qualitative assessment
of valvular regurgitant lesions. We found that in more than three quarter of the cases (77%-88%), the regurgitation severity
readings on CMR were within 0.5 grading score of the readings by echo for all four valves. CMR was reliable in detecting
the absence or significant (> 1.5+) regurgitant lesions but limited for mild or trivial diseases. The main source of
discrepancy was underestimation of regurgitant severity by 1.0 grading by CMR assessment. Underestimation by > 1.0
grading or overestimation was rare.

Regurgitant lesions are common in patients with cardiomyopathy. Evident in our series, up to 80% or more cases
demonstrated some degree of MR or TR. As CMR becomes increasingly important in functional and tissue
characterization for various cardiomyopathy regurgitant valvular lesions inevitably are the frequent findings in routine
CMR studies. Phase contrast imaging alone or combined with volumetric assessment is well validated to quantitatively
evaluate regurgitant lesions with high accuracy. However, phase contrast imaging is not without potential errors 2!,

Furthermore it increases scan time and additional breath-holds which can be challenging in some patients if it is done
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systematically. Therefore, qualitative assessment of regurgitant lesions using routinely acquired cine images can be
clinically valuable.

The assessment of regurgitant flow by cine imaging is made feasible through visualization of signal void due to spin
dephasing in moving protons *?. In the early CMR era gradient echo sequence with relatively long echo time was used in
cine imaging which demonstrated excellent sensitivity and specificity in detecting regurgitant jet seen as signal void when
compared to cineangiography or echo !'"*'*!. Gradient echo sequence has since been replaced by more rapid cine imaging
method of balanced SSFP sequence. In SSFP images the flow related signal loss occurs in area where the voxels span a
range of velocities. The signal voids are substantially related to the acceleration of blood rather than the velocity alone 1.
Due to shorter echo time in SSFP imaging there is reduced signal void from turbulent flow therefore lower sensitivity of
detecting regurgitant lesions !"*) when compared to gradient echo sequence. In addition, the visual assessment is also
subjected to slice positioning, partial volume effects and other sequence parameters. Despite broad clinical use of SSFP
cine imaging, there is limited literature systematically evaluating its performance in the assessment of regurgitant lesions
in a prospective cohort. Our findings suggest cine CMR was reliable when regurgitant lesions were absent. However,
CMR appeared to have missed the majority of the cases with trace or mild regurgitation. It is important to recognize that
CMR did not miss any significant lesion (= 1.5) despite underestimation of severity was present. Small numbers of
overestimation was only present in echo negative cases but none in cases with significant regurgitation. While cine CMR
alone is clearly not adequate for patients referred for evaluation of regurgitant valvular disease it is valuable in estimating
regurgitant severity with acceptable accuracy in more than three quarters of the patients. Small underestimation is
relatively common and is the main source of discrepancy from echo evaluation.

We acknowledge the study limitations. While Doppler echo is the most commonly used modality for the evaluation of
regurgitant valvular disease, the accuracy of assessment can be limited and subjected to operator variability when assessed
qualitatively. The accuracy is enhanced when quantitative or semiquantitative measurements are incorporated. In this
study we graded echo regurgitant severity based on qualitative reading alone which is a widely accepted practice in busy
clinical setting. Hence the echo reference may not be set at its highest standard and is subject to reader’s error. However
this approach allows a fair comparison between CMR and echo using qualitative assessment only. Due to small number of
patients with stenotic lesion we are unable to assess the accuracy of SSFP cine MRI in the qualitative evaluation of stenotic
disease. The lack of comprehensive phase contrast imaging precludes the assessment of incremental accuracy of
quantitative CMR evaluation. In the 4 available longitudinal views pulmonic or aortic valve is visualized only in one plane
while mitral valve is seen in 3 views and tricuspid valve in 2. Therefore the accuracy of valvular assessment may vary for
each valve. We are also aware that valvular assessment by SSFP cine CMR is subject to image quality affected by
arrhythmia, ECG gating, real time imaging, artifact from prosthetic valvular apparatus and patient factors such as poor
breath-hold and motions. Findings observed in 1.5 T scanner may not be generalized in higher field magnetic environment.

In conclusion using routine SSFP cine image alone in long axis views CMR can accurately detect regurgitant lesions in
mitral, tricuspid, aortic and pulmonic valves in more than three quarters of cases. Cine CMR is reliable in assessing cases
with absent or significant regurgitant diseases. Relatively small underestimation is the main cause of discrepancy from
echo reading. Our findings suggest that cine CMR can be valuable in routine clinical scan in estimating regurgitant lesions
among patients with prevalent valvular diseases.
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