
Vol.:(0123456789)1 3

The International Journal of Cardiovascular Imaging 
https://doi.org/10.1007/s10554-019-01682-x

ORIGINAL PAPER

Aortic regurgitation assessment by cardiovascular magnetic 
resonance imaging and transthoracic echocardiography: 
intermodality disagreement impacting on prediction of post‑surgical 
left ventricular remodeling

Ulf Neisius1  · Connie W. Tsao1 · Thomas H. Hauser1 · Apranta D. Patel1 · Patrick Pierce1 · Eyal Ben‑Assa1,2 · 
Reza Nezafat1 · Warren J. Manning1,3

Received: 12 February 2019 / Accepted: 31 July 2019 
© Springer Nature B.V. 2019

Abstract
Transthoracic echocardiography (TTE) is the primary clinical imaging modality for the assessment of patients with isolated 
aortic regurgitation (AR) in whom TTE’s linear left ventricular (LV) dimension is used to assess disease severity to guide 
aortic valve replacement (AVR), yet TTE is relatively limited with regards to its integrated semi-quantitative/qualitative 
approach. We therefore compared TTE and cardiovascular magnetic resonance (CMR) assessment of isolated AR and inves-
tigated each modality’s ability to predict LV remodeling after AVR. AR severity grading by CMR and TTE were compared 
in 101 consecutive patients referred for CMR assessment of chronic AR. LV end-diastolic diameter and end-systolic diam-
eter measurements by both modalities were compared. Twenty-four patients subsequently had isolated AVR. The pre-AVR 
estimates of regurgitation severity by CMR and TTE were correlated with favorable post-AVR LV remodeling. AR severity 
grade agreement between CMR and TTE was moderate (ρ = 0.317, P = 0.001). TTE underestimated CMR LV end-diastolic 
and LV end-systolic diameter by 6.6 mm (P < 0.001, CI 5.8–7.7) and 5.9 mm (P < 0.001, CI 4.1–7.6), respectively. The cor-
relation of post-AVR LV remodeling with CMR AR grade (ρ = 0.578, P = 0.004) and AR volumes (R = 0.664, P < 0.001) 
was stronger in comparison to TTE (ρ = 0.511, P = 0.011; R = 0.318, P = 0.2). In chronic AR, CMR provides more prognos-
tic relevant information than TTE in assessing AR severity. CMR should be considered in the management of chronic AR 
patients being considered for AVR.

Keywords Aortic regurgitation · Aortic valve surgery · Observer variation · Remodeling · Magnetic resonance imaging · 
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TTE  Transthoracic echocardiography
SCMR  Society for Cardiovascular Magnetic 

Resonance

Introduction

Transthoracic echocardiography (TTE) is the clinical stand-
ard to assess aortic regurgitation (AR) severity [1]. Contem-
porary guidelines [1, 2] recommend cardiovascular mag-
netic resonance imaging (CMR) in patients with significant 
disease and suboptimal TTE images, which acknowledges 
CMR’s superior capacity to quantify AR volume and regur-
gitant fraction by direct measurement of aortic blood flow 
[3, 4] and to accurately compare right ventricular (RV) and 
left ventricular (LV) stroke volumes [3]. However the cited 
evidence is predominantly based on prospective recruit-
ment of unselected patients assessed by TTE [5] and the 
investigation of a patient cohort where CMR assessment of 
AR severity was deemed clinically necessary could provide 
further evidence.

Accurate quantification of AR severity and LV dimen-
sions is crucial in this patient cohort considering the recom-
mendation for aortic valve replacement (AVR) in asympto-
matic patients with severe AR with a reduced LV ejection 
fraction or increased LV dimensions [1, 6]. The improved 
reproducibility of AR volume and regurgitant fraction meas-
urements by CMR [5] and CMR being the non-invasive 
gold-standard of ventricular volumes and systolic function 
assessment [7], indicate a potential routine diagnostic role of 
CMR for anatomical LV assessment in these patients. In the 
absence of CMR based evidence and taking into account that 
CMR and TTE LV dimension measurements can differ [8], 
both modalities’ relationship of LV dimensions is relevant 
for CMR interpretation.

To better define the clinical role of cardiac CMR in the 
described population [1, 2], we identified a group of patients 
referred for CMR assessment of chronic AR to compare TTE 
and CMR AR grading as well as LV dimension measure-
ments. We hypothesized that CMR grading would be a better 
predictor of favorable LV remodeling [9] after AVR in this 
cohort and as such would provide evidence for contemporary 
guideline recommendations [1, 2].

Material and methods

One-hundred and one consecutive patients referred for 
CMR to assess isolated chronic AR severity and who had 
a contemporary (< 6 months) TTE were identified from 
our electronic CMR reporting database. All CMR scans 
were conducted at Beth Israel Deaconess Medical Center, 
Boston, US between July 2001 and November 2017. The 

cohort contained no patient with more than mild aortic 
stenosis or primary cardiomyopathies. For post-surgical 
LV-remodeling assessment, the time interval was extended 
to 12 months. Cases with more than mild mitral regurgita-
tion (n = 16) were excluded. Surgery was indicated in the 
context of aortic root dilatation or isolated AR. The study 
was approved by the hospital’s Committee for Clinical 
Investigations/Institutional Review Board which waived 
informed consent.

TTE

TTE was conducted with conventional two-dimensional 
guided color flow and pulse-wave Doppler imaging in 
accordance with American Society of Echocardiography 
guidelines [2]. AR severity was assessed by an integrated 
approach [1, 6] and interpreted by a level 2 or 3 trained 
reader who had passed the National Board of Echocardiog-
raphy Special Competence in Echocardiography examina-
tion. AR was graded on TTE images according to American 
Heart Association/American College of Cardiology guide-
lines [1]. TTE files were re-evaluated to allow interobserver 
agreement (C.T., 10 years of TTE experience), LV volume 
(Simpson’s biplane method) assessment, and AR volume 
assessment (U.N., 11 years of TTE experience). The latter 
was calculated based on comparison of mitral valve with LV 
outflow tract stroke volume by pulse wave Doppler or the 
proximal isovelocity surface area technique, as appropriate. 
Proximal isovelocity surface area was measured in the api-
cal five-chamber or parasternal long axis view with lower 
Nyquist limit set at 40 cm/s [2]. Peak AR jet velocity and 
velocity time integral were determined using continuous-
wave Doppler across the aortic valve.

CMR

CMR was performed using a commercial 1.5  T scan-
ner (Achieva, Philips Healthcare, Best, The Netherlands) 
equipped with a 5- or 32-element cardiac coil. Breath-hold, 
retrospectively electrocardiogram-gated cine, balanced 
steady state free-precision images were acquired in the LV 
2- and 4-chamber long-axis views, and a short-axis stack 
covering the entire LV (8-mm slices with 2-mm gaps), as 
previously described [10]. A free breathing, electrocardi-
ogram-triggered, phase-contrast velocity-encoded CMR 
sequence of the cross-sectional aorta was acquired in the 
axial plane at the level of the pulmonary artery bifurcation. 
Sequence parameters were repetition time 15 ms, echo time 
6.5 ms, flip angle 30°, field-of-view 320 × 210  mm2, matrix 
120 × 120. Respiratory motion compensation was accom-
plished with the use of multiple signal averages (NSA = 4).
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Image analysis

CMR images were analyzed using ViewForm software 
(Release 4, Philips Healthcare). LV and RV volumes were 
evaluated by manual segmentation of the short-axis CMR 
images. LV dimensions were measured in the short-axis 
view at the level of the chordae. LV volumes were meas-
ured by manual tracing the end-diastolic and end-systolic 
endocardial contours in each slice and applying a summation 
of discs method. The LV ejection fraction was calculated as: 
[LV end-diastolic volume (LVEDV) − LV end-systolic vol-
ume (LVESV)]/LVEDV. Aortic flow values were measured 
with the resident semi-automated algorithm. AR volume was 
directly calculated from the aortic flow curve by integrat-
ing the diastolic reverse flow. AR fraction was taken from 
the phase contrast data as the ratio of AR volume and LV 
stroke volume. In addition to CMR categories suggested by 
Gelfand et al. (mild, ≤ 15%; moderate, 16 to < 26%; moder-
ate-severe, 26 to 48%; severe, > 48%) [10], AR fraction was 
categorized using TTE thresholds as recommended by the 
American Society of Echocardiography/Society for Cardio-
vascular Magnetic Resonance (ASE/SCMR) (mild, < 30%; 
moderate, 30 to < 50%; severe ≥ 50%) [2]. Threshold values 
best reflecting on TTE AR grades were used for subsequent 
analyses. Readers blinded to the patients’ clinical data and 
the initial study interpretation assessed the interobserver 
variability of AR severity in a subset of 60 (TTE) and 43 
(CMR) patients.

Statistical analysis

Data were analyzed using SPSS software (version 25.0, 
International Business Machines Corp., Armonk, New York, 
USA). Normality of data distribution was determined using 
the Kolmogorov–Smirnov test and visual inspection of Q–Q 
plots. The two-sample Student’s t test or the Mann Whit-
ney U-test were conducted as appropriate for comparison 
of continuous variables between groups. For comparison of 
categorical data, the Chi-squared test was employed. Lin-
ear regression analysis (Pearson correlation) was used to 
assess the association between LV dimensions measured 
by TTE or CMR followed by Bland–Altman plots compari-
son. Spearman’s rank-order correlation was used to evalu-
ate the relationship between AR categories and continuous 
variables. Correlation coefficients were compared using 
Fisher’s Z-test. The intraclass correlation coefficient (ICC) 
for a 2-way random-effects model with absolute agreement 
was calculated to assess the concordance between TTE and 
CMR for AR severity quantification, as well as the interob-
server reproducibility. ICCs were categorized as excellent 
(ICC ≥ 0.75), good (ICC 0.6–0.74), fair (ICC 0.4–0.59) or 
poor (ICC < 0.40) [11, 12]. One-way analysis of variance or 
the Kruskal–Wallis test by ranks was used as appropriate 

to compare continuous variables among multiple groups. A 
two-sided P < 0.05 was considered statistically significant.

Results

Subject characteristics and CMR findings

The clinical characteristics and baseline TTE/CMR param-
eters are summarized in Table 1 and Supplementary Table 1. 
Of the 101 chronic AR patients and the 24 patients pro-
ceeding to AVR, 84% and 100% had single-valve disease 
(Table 1), 40% and 46% had eccentric AR jets (Fig. 1) and 
37% and 42% had bicuspid aortic valves, respectively. The 
median time between TTE and CMR was 44 days (range 
0–181) for AR and 37 days (range 0–210) for AVR patients.

Intermodality and ‑observer variability

The comparison of CMR (ASE/SCMR or Gelfand thresh-
olds) and TTE AR grading is shown in Table 2A. For ASE/
SCMR criteria, there was agreement with TTE in 43%, 
whilst Gelfand criteria had an agreement with TTE in 69% 
of patients (P < 0.001). Subsequent analyses were therefore 
performed with the latter. There was a modest but signifi-
cant correlation between TTE and CMR grades (ρ = 0.314, 
P = 0.001; ICC = 0.478, 95% CI 0.227–0.647, P = 0.001). 
The interobserver variabilities of AR grades by TTE and 
CMR are shown in Table 2B. CMR’s reproducibility was 
excellent (ICC 0.908, 95% CI 0.821–0.951, P < 0.001), 
whilst TTE reproducibility was poor (ICC 0.229, 95% CI 
− 0.181 to 0.513, P = 0.113).

AR grading association with LV dilatation

LV volume indexes by CMR were correlated with AR vol-
ume (LVEDV/Body Surface Area, R = 0.699; LVESV/body 
surface Area, R = 0.492, P < 0.001 for both) and AR frac-
tion (LVEDV/body surface area, R = 0.599; LVESV/body 
surface area, R = 0.462, P < 0.001 for both) (Suppl. Fig. 1). 
CMR AR severity better reflected CMR baseline LV dilata-
tion (LVEDV, 179 ml [166;201], 238 ml [202;282], 342 ml 
[270;367], P < 0.001; LVESV, 70 ml [49;79], 100 ml [83; 
131], 153 ml [125;178], P < 0.001) in comparison to TTE 
AR severity (LVEDV, 208 ml [173;244], 236 ml [201;286], 
315  ml [253;367], P < 0.001; LVESV, 82  ml [64;115], 
101 ml [82;137], 153 ml [113;181], P = 0.004) (Supplemen-
tary Table 1). The correlation between CMR (vs. TTE) AR 
grade and these markers was stronger (LVEDV, ρ = 0.468 vs. 
ρ = 0.389, both P < 0.001; LVESV, ρ = 0.438 vs. ρ = 0.327, 
both P < 0.001).



 The International Journal of Cardiovascular Imaging

1 3

Comparison of CMR and TTE: LV dimensions and AR 
volumes

TTE and CMR measures of LV end-diastolic dimension 
(LVEDD) and LV end-systolic dimension (LVESD) cor-
related moderately, R = 0.795 and R = 0.613 (P < 0.001 for 
both), respectively. Both CMR LVEDD and LVESD were 
greater than TTE measurements (LVEDD 65 ± 8 mm vs. 
59 ± 7 mm, P < 0.001; LVESD 44 ± 8 mm vs. 38 ± 7 mm, 
P < 0.001). LVEDD and LVESD values were larger by CMR 
in 94% (94 of 99) and 85% (47 of 56) of cases, respectively 
(Fig. 2).

LV remodeling after AVR

Twenty-four patients underwent TTE follow-up after single 
valve correction (surgical AVR, n = 21; transcutaneous AVR, 
n = 1; aortic valve resuspension after aortic root repair, n = 2). 
Nine (38%) of these patients had pre-operative severe AR by 
CMR and 5 (21%) had severe AR by TTE. The median time 
interval between pre-surgical TTE or CMR and AV surgery 
was 126 days (range 21–320) and 72 days (range 16–304), 
respectively. The median time interval between AVR and 
post-surgical TTE was 116 days (range 34–554). The post-
surgical decrease in TTE (biplane Simpson or Teichholtz for-
mula) LVEDV (∆LVEDV), LVESV (∆LVESV) and LVEDD 
(ΔLVEDD) was 61 ± 45  ml, 29 ± 27  ml and 9 ± 8  mm, 
respectively. Post-AVR LV changes correlated with CMR 
AR volume (∆LVEDV, R = 0.667, P < 0.001; ∆LVESV, 
R = 0.474, P = 0.022; ∆LVEDD, R = 0.463, P = 0.023) and 
AR fraction (∆LVEDV, R = 0.626, P = 0.001; ∆LVESV, 
R = 0.477, P = 0.021; ∆LVEDD, R = 0.593, P = 0.002) 
(Fig. 3). The ∆LVEDV was different between patients with 
moderate and severe AR by CMR (6) (P = 0.004) but not 
for TTE (P = 0.057). The correlation of post-surgical LV 
changes with CMR grades (∆LVEDV, ρ = 0.578, P = 0.003; 
∆LVESV, ρ = 0.620, P = 0.002; ΔLVEDD, ρ = 0.529, 
P = 0.008) was stronger in comparison to TTE (∆LVEDV, 
ρ = 0.511, P = 0.011; ∆LVESV, ρ = 0.484, P = 0.019; 

Table 1  Patient clinical and demographic data including baseline for 
surgical group

AR aortic regurgitation, NYHA New York Heart Association

AR cohort Aortic valve 
replacement 
cohort

n = 101 n = 24

Age (years) 54.8 ± 14.7 44.0 [39.3; 62.8]
Gender, m (%) 75 (74.3) 18 (75.0)
Caucasian, n (%) 82 (81.2) 16 (66.7)
Systolic blood pressure (mmHg) 131 ± 17 134 ± 19
Diastolic blood pressure (mmHg) 65 ± 12 63 ± 16
Heart rate (bpm) 68 ± 13 72 ± 13
Body Mass Index (kg/m2) 27.4 ± 6.2 29.5 ± 5.4
Hypertension, n (%) 53 (52.5) 11 (45.8)
Diabetes mellitus, n (%) 9 (8.9) 5 (20.8)
Dyslipidemia, n (%) 39 (38.6) 9 (37.5)
Coronary artery disease, n (%) 15 (14.9) 3 (12.5)
Stroke, n (%) 0 (0) 0 (0)
Dyspnea, n (%) 21 (20.8) 12 (50.0)
NYHA heart failure classification
  Stage II, n (%) 15 (14.9) 9 (37.5)
  Stage III, n (%) 4 (4.0) 2 (8.3)
 Stage IV, n (%) 2 (2.0) 1 (4.2)

Transthoracic echocardiography 
(TTE)

Aortic regurgitation, n (%)
 Mild 14 (13.9) 2 (8.3)
 Moderate 72 (71.3) 17 (70.8)
 Severe 15 (14.8) 5 (20.8)

Eccentric regurgitant jet, n (%) 40 (39.6) 11 (45.8)
Mild aortic stenosis, n (%) 19 (18.8) 4 (16.7)
Mitral regurgitation, n (%)
 None/trivial 44 (43.7) 8 (33.3)
 Mild 38 (37.6) 16 (66.7)
 Moderate 16 (15.8) 0 (0)

Cardiovascular magnetic resoncane 
(CMR)

Bicuspid aortic valve, n (%) 37 (36.6) 10 (41.7)
Aortic regurgitation, n (%) (10)
 Mild 7 (6.8) 0 (0)
 Moderate 79 (75.7) 15 (62.5)
 Severe 15 (13.6) 9 (37.5)

Regurgitant volume (ml) 40 ± 27 52 ± 28
Regurgitant fraction (%) 32 ± 15 40 ± 13
Mitral regurgitation, n (%) [24]
  None 8 (7.9) 0 (0)
 Mild 82 (81.1) 21 (87.5)

  Moderate 11 (10.9) 3 (12.5)

Fig. 1  A patient with severe aortic regurgitation (AR) with an eccen-
tric regurgitation jet (transthoracic echocardiography [TTE], AR 
fraction = 53%, AR volume = 113 ml; cardiovascular magnetic reso-
nance [CMR], AR fraction = 55%, AR volume = 92 ml) who had iso-
lated aortic valve surgery. Transthoracic color Doppler echocardiog-
raphy (parasternal long axis) in early diastole (a) with eccentric AR 
jet (red arrow). Left ventricular (LV) outflow tract view cine CMR 
(b) in early diastole with flow-related signal void (red arrow) repre-
senting an eccentric AR jet. Phase-contrast cine CMR in the transver 
plane at the level of the pulmonary artery bifurcation (c–d). Depicted 
are systolic magnitude (c), and phase images (d), as well as resulting 
flow curves (e) in the ascending (red), and descending aorta (green). 
TTE (parasternal long and short axis) pre- (f, h) and post aortic valve 
replacement (g, i) with reduction in LV end-diastolic diameter (73 ≥ 
52 mm, red lines)

◂
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ΔLVEDD, ρ = 0.349, P = 0.095). Figure 3 also shows no 
correlation between AR volume by TTE and ΔLVEDV 
(R = 0.318, P = 0.2) or ΔLVESV (R = 0.224, P = 0.442).

Discussion

The current retrospective study aimed to compare TTE and 
CMR assessment of chronic AR, hypothesizing that CMR 
has numerous advantages. The results provide several impor-
tant insights into multimodality AR assessment: (1) there is 
frequent disagreement between TTE and CMR grading; (2) 
the threshold values of AR volume and AR fraction differ 
between TTE and CMR; (3) LV dimensions by TTE under-
estimate CMR measurements; and (4) CMR AR grades 
are numerically stronger associated with post-surgical LV 

remodelling, which supports a role for multimodality imag-
ing in pre-AVR assessment.

Disagreement between TTE and CMR AR garding

We found only a modest agreement between TTE and CMR 
AR grading. Of the 15 patients with severe AR by TTE, only 6 
(40%) had severe AR by CMR, independent of the two CMR 
AR grading system used. There are numerous explanations 
for this finding. Popovic et al. summarized the caveats of 
TTE, such as jet width underestimation, measurement error 
accumulation when calculating the regurgitation volume 
based on LV outflow tract and mitral valve inflow volumes, 
and difficulties to assess the proximal regurgitant isovelocity 
surface area, just to name a few [13]. These may explain the 
considerable interobserver variability for TTE AR grading 
observed in our study. Related, the interobserver variability 
of AR relevant parameters [5, 14], and a referral bias towards 

Table 2  Intermodality comparison for AR grading agreement (A) (ASE/SCMR (2) and Gelfand criteria (10)) and interobserver variability (B)

Bold numbers highlight cases with agreement between modalities (A) and readers (B)
Intermodality agreement (A) for TTE with CMR grades by ASE/SCMR (2) (ICC 0.426, 95% CI 0.148–0.613, P < 0.001) and by Gelfand (10) 
(ICC 0.478, 95% CI 0.227–0.647, P < 0.001) was fair.
ASE/SCMR American Society of Echocardiography/Society for Cardiovascular Magnetic Resonance, CI confidence interval, CMR cardiovascu-
lar magnetic resonance, ICC intraclass correlation coefficient, TTE transthoracic echocardiography

A

AR grade CMR (2) CMR (10)

Mild Moderate Severe Mild Moderate Severe

TTE
 Mild 9 4 1 3 10 1
 Moderate 36 28 8 4 60 8
 Severe 2 7 6 0 9 6

n 47 39 15 7 79 15

B

CMR grade CMR reader 1

Mild Moderate Severe

CMR reader 2
 Mild 4 4 0
 Moderate 0 26 1
 Severe 0 0 8

n 4 30 9

TTE grade TTE reader 1

Mild Moderate Severe

TTE reader 2
 Mild 3 22 3
 Moderate 4 22 1
 Severe 0 2 3

n 7 46 7



The International Journal of Cardiovascular Imaging 

1 3

inconclusive TTE cases possibly affected our results. Consid-
ering the excellent reproducibility of CMR AR grading in our 
cohort and other retrospective [15] and prospectively recruited 
patients [5, 16], our findings provide further support for the 
contemporary recommendation to proceed with CMR in cases 
of suboptimal TTE assessment [1, 2].

CMR specific cut‑off values for AR grading

In the absence of sufficient CMR outcome data on AR 
patients, the ASE/SCMR recommends thresholds for CMR 
AR grading by AR volume or AR fraction equivalent to TTE 
cut-off values [2]. As we have shown, this leads to frequent 
mismatch between moderate AR by TTE and mild AR by 
CMR (n = 36, 50% of all moderate AR by TTE). Consid-
ering the clinical importance of this differentiation, CMR 
specific cut-off values appear better suited to provide reason-
able overlap with TTE grading [10, 17, 18]. Accordingly, 
AR volume or AR fraction values allowing optimal predic-
tion of AVR in small cohorts of asymptomatic AR patients 
were found 20 ml or 17% lower than the TTE threshold for 
severe AR [19, 20]. Similarly, Polte et al. [21] found CMR 
AR volume > 40 ml and AR fraction > 30% to be the best 
discriminator between patients with severe AR qualifying 

for guideline recommended surgery [6] and patients with 
moderate AR, both assessed by TTE.

Differences in LV dimension by TTE and CMR

Noteworthy for the clinical application of CMR is also 
the systematic relative underestimation of LVEDD and 
LVESD by TTE in our AR cohort. As supported by clini-
cal recommendation [22, 23], TTE and CMR assessment 
of LVEDD and LVESD differ amongst others in location 
(tip of the mitral valve leaflets vs. basal to the tips of pap-
illary muscles), timing (LVEDD: maximal diameter on 
CMR vs. onset of the R-wave on TTE; LVESD: minimal 
diameter vs. minimal cross-sectional area), and image 
axis (parasternal short axis vs. short axis). Regarding the 
latter, Puntmann et al. observed a similar relationship 
between CMR and TTE parameters where LV dimen-
sions on parasternal long axis CMR images were smaller 
and more conform with TTE than those on short axis 
images [8]. Contemporary guidelines recommend (class 
IIa–b; level B–C) AVR in asymptomatic patients with 
LVESD > 5.0 cm [1, 6] or LVEDD > 6.5 cm [1]/ > 7.0 cm 
[6] based on TTE data. Our findings suggest that CMR and 
TTE measurements in agreement with the contemporary 

Fig. 2  Linear LV dimension comparison between CMR and TTE. Note LVEDD, LV end-diastolic diameter; LVESD, LV end-systolic diameter
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clinical standard are not directly interchangeable in the 
treatment decision process.

Association between post‑surgical LV remodelling 
and AR grading

The integrative TTE and quantitative CMR approach are 
both recommended for assessment of AR severity [1, 
2]. It remains uncertain which modality is more accu-
rate. In our cohort proceeding with AVR, we observed 
a stronger correlation of LV remodeling with AR sever-
ity and AR volume measured by CMR. Acknowledging 
multiple influences on LV remodeling [24, 25], the linear 
relationship between LV volume and AR volume or AR 
fraction [15] and LVEDD, LVESD and LV ejection frac-
tion parameters being in the normal range in the majority 
of our patients indicates a significant contribution of AR 
removal. The superior remodeling prediction of CMR AR 
grading and AR volume is also consistent with findings 
in patients with isolated mitral regurgitation proceeding 

to mitral valve surgery published by Uretsky et al. [26]. 
Furthermore, CMR assessment of asymptomatic patients 
with organic mitral regurgitation can better predict adverse 
outcome than TTE derived parameters [27]. Quantitative 
CMR mitral regurgitation grading is based on the subtrac-
tion of aortic forward flow volume from LV volumetric 
stroke volume, while CMR AR grading is based on a sin-
gle measurement. In theory, CMR AR grading is therefore 
more accurate.

A potential overestimation of AR severity by TTE has 
important clinical implications. Current American College 
of Cardiology/American Heart Association [1] as well as 
European Heart Association guidelines [6] recommend sur-
gery for asymptomatic patients with severe chronic AR in 
the presence of LV systolic dysfunction and/or increased LV 
dimensions. Therefore, patients with non-severe AR disease 
can potentially proceed to AVR if wrongly categorized as 
severe AR. Accuracy improvement of AR grading in pre-
surgical assessment will therefore influence timing and indi-
cation of surgeries significantly.

y=1.1x+5.0                                                y=0.5+28.8
R=0.667                                                       R=0.318
P<0.001                                                         P=0.2

y=0.5x+4.8                                                y=0.2+18.6

R=0.474                                                    R=0.224
P=0.022                                                    P=0.442

Fig. 3  Pre-surgical AR volume comparison with ΔLVEDV and 
ΔLVESV for CMR and TTE. Note ΔLVEDV, change in LV end-
diastolic volume post aortic valve replacement (pre-surgical LVEDV 

- post-surgical LVEDV); ΔLVESV, change in LV end-systolic volume 
post aortic valve replacement



The International Journal of Cardiovascular Imaging 

1 3

Limitations

The major limitation of our study is the retrospective 
approach, a non-simultaneous TTE and CMR acquisition, 
and the small study cohort. For instance, the latter contrib-
uted to the non-significant difference (P > 0.05) between 
Spearman’s ρ coefficients when comparing association 
between TTE or CMR AR grades and post-surgical LV 
remodeling (i.e. ∆LVEDV). A large prospective multicenter 
trial is needed to establish if our results can be generalized. 
Based on current clinical practice, only post-surgical TTE 
were available. Also, in patients with aortic root dilatation 
surgery was not indicated for AR alone. Furthermore, our 
study is too small to incorporate outcome analysis.

Conclusion

Among chronic AR patients undergoing TTE and CMR, 
TTE and CMR grading is only modestly interchangeable and 
TTE LV dimensions underestimate corresponding CMR LV 
measurements. CMR AR grading (vs. TTE) is better associ-
ated with LV dilatation. The stronger correlation between 
CMR AR severity (vs. TTE) and post-surgical remodeling 
suggests that CMR improves its prediction. Our data suggest 
a benefit of a multimodality approach, especially for the pre-
surgical assessment of chronic AR patients.
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