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EDITORIAL COMMENT
Mitral Regurgitation
Quantify, Integrate, and Interpret in Context*
Maurice Enriquez-Sarano, MD,a Giovanni Benfari, MD,b,c Benjamin Essayagh, MD,c,d

David Messika-Zeitoun, MD,e Hector Michelena, MDc
MITRAL REGURGITATION:

FREQUENT BUT OFTEN MISUNDERSTOOD

AND UNDERTREATED

Mitral regurgitation (MR) is the most frequent valve
disease in the developed world,1,2 where degenera-
tive (DMR) and functional (FMR) causes predominate,
and in low-income countries, where rheumatic dis-
ease remains prevalent.3 MR heterogeneity affects
presentation, severity, consequences, and treatment,
often creating diagnostic confusion. Indeed, we were
previously taught that symptoms and left ventricle
(LV) function were the diagnostic foci in MR.4 Now
we also evaluate the left atrium (LA),5 hemody-
namics, tricuspid regurgitation,6 right ventricle
function,7 and even hormonal responses.8 All of these
variables are profoundly heterogeneous and affect
outcome in all forms of MR. MR physiologic response
heterogeneity contributes to difficult clinical
decision-making and to MR undertreatment. Indeed,
despite valve repair availability/excellence, MR re-
mains deeply undertreated,9,10 particularly FMR but
also DMR, with excess mortality and heart failure
rates10,11 warranting decisive modification of clinical
processes, particularly with expansion of trans-
catheter therapies that may improve these out-
comes.12 But, at the root of MR evaluation is
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regurgitation severity, measured in cm2 of effective
regurgitant orifice (ERO) and in mL of regurgitant
volume (RVol).13 These measurements ultimately
predict mortality and complication rates.14 Progress
in applying quantitative methods has led to strong,
independent, and incremental prognostic power in
expert hands14 and also in routine practice.15,16 This
progress has allowed advancing the practice to
orderly grading and rigorous quantification.17

This crucial approach is amplified in the case series
reported in this issue of JACC: Case Reports by Faza
et al.18 They present a compelling series of patients
with various MR etiologies, analyzing obstacles to MR
severity assessment, and describing individualized
pathways to diagnosis and treatment. The first case
involves a patient with a flail posterior leaflet where
the flow convergence is difficult to detect due to P3
location. MR quantitation by Echo-Doppler and LV
volumetric methods is complemented by magnetic
resonance imaging. Remarkably, average RVol by 2
echo methods was almost identical to that obtained
by magnetic resonance imaging, confirming MR
severity and need for transcatheter edge-to-edge
repair. The second case involves a patient with
mid-late systolic MR whereby large jet extension
overestimated MR severity and truncated
continuous-wave Doppler was key to diagnosis and
quantitation. The third case is a patient with Mitra-
Clip detachment and MR recurrence. Clip interposi-
tion makes MR assessment tenuous and was
addressed by transesophageal echo. The fourth case
is a patient with multiple jets making cursory MR
assessment by color-flow imaging difficult. The fifth
case is a patient with FMR whereby low RVol may
complicate evaluation. All valve disease and cardiac
imaging specialists should carefully review these
cases to understand the pitfalls and apply the lessons
to their clinical practice.
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FIGURE 1 Imaging Characteristics Affecting the Flow Convergence Assessment

(A) The appearance of the flow convergence in the case of a hemispheric flow convergence. Because color-flow imaging is based on Doppler

effect, with an increasing angle vs the beam of ultrasound, the flow display decreases and disappears at 90 degrees. Thus, a hemispheric flow

convergence will appear as a “ball sitting on the jet.” Furthermore, this Doppler effect underscores the importance of measuring the radius in

the direction of the ultrasound beam. (B) Schematic representation of the effect of the aliasing velocity on the shape of the flow conver-

gence. With too-low aliasing velocity, the flow convergence appears football-like (pale yellow shape) and with too-high aliasing velocity

the flow convergence appears pancake-like. Both are inappropriate for measurement, whereas the intense-yellow medium shape is

appropriate for measurement.
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Evidently, cases can be disputed and lessons
adjusted. For example, in case 1, assessing MR should
involve scanning the entire mitral valve, locating flail
segment and flow convergence and allowing PISA
calculation. Also, incongruous measurements (eg,
pulsed mitral time-velocity-integral) should be wee-
ded out to improve RVol calculations. It is also
important to underscore limitations of calculating
RVol by subtraction of large volumes (with magnetic
resonance imaging or echo) that causes errors-
propagation. In case 2, full quantitation showing
“discordance” of ERO and RVol provides a full phys-
iological picture of partial (Mid-Late) MR. In case 3, a
persistently flail valve is generally easily diagnosed,
but nondetached clips with multiple jets represent
true challenges to MR assessment. Similarly, case 4,
with multiple jets, can be quantified by summation of
regurgitant flows of all jets (by measuring each flow
convergence) to calculate summated ERO/RVol.
Finally, case 5 of FMR demonstrates how FMR and
DMR are different diseases with different scales of
severity. Despite “low” RVol, the authors considered
it severe and worthy of treatment. It is not a mea-
surement error due to regurgitant orifice shape, it is
an obligatory low RVol due to low total stroke volume
with reduced LV function.

However, potential drawbacks in this case series
should not distract from essential facts. In most cases,
the authors, after diagnosing MR mechanism, strove
to measure ERO and RVol to determine appropriate
therapy. Although guidelines propose MR quantita-
tion for difficult cases, we concur with striving to
quantify MR as often as possible, integrating results
with observed cardiac remodeling, possibly remea-
suring in discordant cases, reporting final ERO and
RVol values, and ultimately reporting conclusions
based on ERO and RVol interpretation in the larger
context.



FIGURE 2 Imaging of the Flow Convergence

(A) A desirable flow convergence appropriate for measurement in shape and timing. (B) An undesirable, deformed flow convergence inap-

propriate for measurement.
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THE 3 RULES OF COMPREHENSIVE

ECHOCARDIOGRAPHY:

QUANTIFY, QUANTIFY, QUANTIFY

Although the PISA (flow convergence) method is most
often used because of its direct nature and visual
confirmation of the calculations,13 criticisms are not
infrequent. Yet, MR quantitation is a major difference
between screening echocardiography that only de-
tects MR and comprehensive echocardiography, de-
tailing MR etiologies and mechanisms, fully
quantifying MR, and yielding therapeutic decisions in
conjunction with quantification of MR physiologic
responses (LV, LA, etc). Criticisms are often based on
misconceptions. The regurgitant orifice may appear
larger by color-vena-contracta than by PISA19 but this
difference is mostly due to blooming color pitfall.
Also, noncircular regurgitant orifices are cited as
affecting flow convergence radius. Indeed, with high
aliasing velocity, elliptic orifices would appear with
smaller radii, possibly underestimating MR, but with
lower aliasing velocity, flow convergence is larger and
regurgitant orifice shape has little effect on mea-
surements.20 Practically, what are the appropriate
steps to effective measurements and interpretation of
MR quantitation?

1. Locate the flow convergence center by scanning
thoroughly the mitral valve, which provides also
mechanistic information (eg, P3 flail or anterior
leaflet perforation).

2. With flow convergence located, zoom tightly (no
need to see the entire LA) for precise measurements
then move the color baseline in the direction of the
jet, down in MR imaged transthoracically.

3. Adjust aliasing velocity to obtain the desired flow
convergence shape. The desirable shape is a “ball”
sitting on the jet, reflecting a true flow-hemisphere
(Figure 1A), the sides of which are progressively
lost to visualization toward the 90-degree angle,
due to the Doppler effect. With too-high aliasing
velocity, the flow convergence appears pancake-
like, and with too-low aliasing velocity, it appears
like a football or rugby ball (Figure 1B). If the flow
convergence shape is irredeemably deformed,
reject it (Figure 2). Record long segments of mul-
tiple beats to average and reduce measurement
variability.
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4. Measure flow-convergence radius: The regurgitant
orifice position is marked by the black line of hor-
izontal flow (do not remove color-flow) and the
junction blue-yellow marks the radius upper limit
in the direction of the ultrasound beam. Time the
measurement, not to largest flow convergence but
to peak MR velocity, most often concomitant to
electrocardiogram T-wave (Figure 2A). Integrate
continuous Doppler MR velocity tracing aligned
with regurgitant flow convergence (not jet).

5. Measure 2 flow convergences with double jets. The
common radius is calculated as: R ¼ O(R1

2 þ R2
2) (or

sum Flows, ERO, and RFlow)
6. Calculate ERO and RVol. Confront to flow-volume/

hemodynamics/remodeling. If incoherent, then
remeasure. If possible, consider Quantitative
Doppler LV volume measurements (requires
notable training), examine physiological coher-
ence, and reconcile differences.

7. Understand physiological discordances: For any
given ERO, the RVol will be lower with a stiff LA
and that translates into a lower regurgitant time-
velocity integral due to equalization trend of LV
and LA pressures. This explains usually stronger
outcome prediction by ERO.

8. Interpret ERO and RVol in context: Similar bio-
logical values yield different interpretations in
different contexts (eg, creatinine values inter-
preted by sex/body-size):

� Holosystolic organic MR: severe MR starts at ERO
0.40 cm2, and at 0.60 cm2 may be considered very
severe. But also, ERO 0.30-0.40 cm2 is associated
with notable excess mortality and may require
treatment.15

� Mid-late-systolic MR: disregard ERO (or adjust to
% systole with MR) and consider MR severe for
RVol $60 mL/beat.21

� Functional MR: ERO and RVol are generally
smaller but excess mortality starts at lower ori-
fices and increases exponentially. Recent data
suggest ERO $0.30 cm2 as an appropriate
threshold for severe FMR and 0.20-0.29 cm2 as
moderately severe FMR.16

� Atrial FMR: A poorly know entity with lower ERO
and RVol but generally normal LV function.
Thresholds for severe MR are undefined.11

In summary, for MR, learn the lessons of the cases
presented that underscore versatility, quantification,
integration, and interpretation of ERO and RVol in the
greater context. This approach is crucial for centers
aiming to be Valvular Heart Disease Centers and is the
path forward to address MR undertreatment.
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