Comparison between 2D and 3D Echocardiography for
Quantitative Assessment of Mitral Regurgitation: Current

Status

Lovhale PS, ¢# a/!"! compared various quantitative parameters
using two- and three-dimensional echocardiography
for patients with mitral regurgitation (MR) and it was a
prospective observational study from a single center, and
all the parameters were measured in the intra-operative
period. To find out the most useful parameter for the
quantification of MR, authors from index article compared
effective regurgitant orifice area (EROA) and regurgitation
volume (RV) by 3D vena contracta (VC) with other
parameters such as 2D-VC, 2D-proximal isovolumetric
surface area (PISA), 3D-PISA with assumption of
hemispherical (HS), or hemi-elliptical (HE) shapes. In
addition, the authors evaluated shapes of regurgitant orifice
in relation to underlying pathological conditions causing
MR. Overall the authors observed a good correlation
between EROA by 3D-VC with other parameters; however,
the best agreement was with 3D-HS method. Moreover, the
correlation was better in organic than functional MR (ef al.).

Mitral valve is a complex structure and unable to analyze
completely with 2D echocardiography alone. Understanding
mitral valve apparatus (MVA) is vital with the growing
demand of various surgical and percutaneous procedures
involving MV. 3D echo has several advantages over 2D
and able of visualize MV leaflets, commissures, annulus
calcifications, and subvalvular structures in different and
unique planes, both from the atrium or ventricle, with
access to “‘en face” views.” With advancement of software,
RT3D can depict the actual saddle shape of the MV and
provides data of several other parameters such as annular
diameters and area, annular height and planarity, leaflet
size, and coaptation geometry.’! Moreover, dynamic nature
of MV leaflets in various pathological conditions best
assessed with 3D in order to differentiate between normal
mobility and tethered leaflets secondary to alteration in left
ventricular geometry."! With advancement of technology,
various 3D-color doppler measurements are feasible,
reproducible, and accurate in quantifying severity of MR.

Several studies have shown superiority of 3D over 2D in
the detailed assessment of MR as well as defining vatrious
patho-mechanism of MR.P As described in the index

article, the severity of MR is often quantified by the
size of 3D-VCA and has shown superior to other echo
parameters.” Since VCA is often not circular, and in fact
ellipsoidal when viewed en face, direct visualization of
VCA is more accurate to calculate EROA and to grade
severity of MR severity.! Moreover, 3D determines exact
location of regurgitant orifice by the size and location of
the flow convergence zone or PISA, and this information
is critical for selection of certain treatment protocol for
MR (percutaneous versus surgical).”’ Authors from the
index article emphasized the importance of determining
the actual shape of the regurgitant orifice to minimize the
errors in grading MR severity and representing EROAs
from all systolic frames instead of single frame. Even
with automated features using 3D unable to avoid errors
in the measurements in certain pathological conditions
causing MR.

Choi ez al. in their prospective comparative study (n = 221)
demonstrated that 2D-PISA method significantly
underestimated RVol compared with the 3D-PISA
method (55.3 £ 19.6 vs 67.4 * 29.1 mL) and the difference
was more significant in patients with severe MR, eccentric
regurgitant jet, and asymmetrical regurgitant orifice.
Authors from index article specifically excluded MR with
eccentric jets and reported importance of knowing the
nature of jets to determine the EROA more accurately."”
There have been reports of overestimates of MR due to
mitral valve prolapse and nonoptimal flow convergence
by 2D and 3D PISA.

The greatest challenge in assessing severity of MR due to
functional MR as many of the 2D methods assumed shape
of the regurgitant orifice as either HS or HE; however,
majority of them have either crescentic or asymmetrical.!'!
3D PISA underestimates EROA by 24% in functional MR
due to elongated geometry of regurgitant orifice compared
to 2D quantitative methods, but EROA measurements
are accurate in majority of patients with MV prolapse
patients.!"?
functional MR with reference to velocity encoded cardiac
magnetic resonance (CMR), reported higher EROA by

I On contrary, Marsan ¢ al. in quantifying



direct measurements using 3D than by 2D methods."

Overall determining the shape of regurgitant orifice takes
priority in quantifying functional MR.

Data from metanalysis of assessing MR severity (n-1187) by
2D and 3D echo parameters showed moderate agreement
and overestimation comparing with CMR. 3D-PISA and
3D-volumetric methods showed the better agreement
with an underestimation of - 3.20 (- 12.33, 5.92) ml, and
overestimation of 3.73 (- 9.17, 16.61) ml, respectively.
2D-volumetric method showed the poorest agreement
and incorrectly estimated severity in severe MR in 38%
compared to 14% by 3D."¥ Several studies showed benefits
of CMR over echocardiography should be considered as
gold standard in severe MVR where uncertainties arise with
other parameters."”!

RT-3D has improved features including captures entire
heart movement in a single beat that overcomes limitations
in multi-beat mode however suffers deteriorations in
spatiotemporal resolution. To conclude 3D echo parameters
are vital to avoid errors in various measurements for
quantifying MR; however, one should clearly document
the size and shape of the acquired regurgitant orifice to
interpret in a meaningful way. Future studies are warranting
to find out whether these 3D echo measurements provide
incremental information to standard 2D echo measures
for predicting outcome after treatment.
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