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Formula to Correct Left Ventricular Ejection Fraction in Patients with 
Mitral Valve Regurgitation

Fórmula para corregir la fracción de expulsión del ventrículo izquierdo en pacientes con 
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ABSTRACT

Left ventricular ejection fraction is a key measurement for the assessment of systolic function. In case of mitral valve insufficiency, 
part of the ejected volume regurgitates to the left atrium, the anterograde volume is less than expected, and the ejection fraction 
maintains a value that does not adequately represent the inotropic state. This does not allow certain patients with heart failure to be 
correctly classified and treated, especially regarding the indication of devices (resynchronization therapy and defibrillator implant). 
Based on the calculation of the regurgitant fraction, we propose a simple formula to make a “correction” of the ejection fraction in 
this type of cases. The corrected ejection fraction was tested in a group of consecutive outpatients. The study confirmed that 54% of 
patients have their prognosis and/or treatment modified when applying the proposed formula.
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RESUMEN

La fracción de expulsión del ventrículo izquierdo es una medición clave para la valoración de su función sistólica. En caso de insufi-
ciencia valvular mitral, parte del volumen eyectado se regurgita hacia el atrio izquierdo, el volumen anterógrado es menor que el su-
puesto y la fracción de expulsión se mantiene en un valor que no representa adecuadamente el estado inotrópico. Esto no permite que 
ciertos pacientes con falla cardíaca puedan ser correctamente clasificados y tratados, en especial en cuanto se refiere a la indicación 
de dispositivos (terapia de resincronización, implante de desfibriladores). Tomando como base el cálculo de la fracción regurgitante 
se propone una sencilla fórmula para hacer una “corrección” de la fracción de expulsión en este tipo de casos y se puso a prueba 
en un grupo de pacientes ambulatorios citados consecutivamente. Se confirma que en un 54% de pacientes se ven modificados su 
pronóstico, su tratamiento o ambos al aplicarse la fórmula propuesta.
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AICD		  Automatic implantable cardioverter defibrillator

EROA		  Effective regurgitant orifice area

LVEF		  Left ventricular ejection fraction

cLVEF		  “Corrected” ejection fraction

LVESV		  Left ventricular end-systolic volume

RF		  Regurgitant fraction

VTI MR	 Jet velocity-time integral of mitral regurgitation

PISA		  Proximal isovelocity surface area

CRT		  Cardiac resynchronization therapy

SV		  Stroke volume

MVSV		  Mitral stroke volume

RSV		  Regurgitant stroke volume

LVEDV		 Left ventricular end-diastolic volume

Abbreviations 
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INTRODUCTION
Left ventricular ejection fraction (LVEF) is a common-
ly used parameter to assess ventricular systolic func-
tion, stratify risk and predict survival. (1) Thus, LVEF 
cutoff values have been established to classify patients 
with heart failure, (1, 2) diagnosis of cardiotoxicity (3) 
and for decision-making of device implantation: auto-
matic implantable cardioverter defibrillators (AICD) 
and cardiac resynchronization therapy (CRT). (4) De-
spite its relevance, LVEF depends markedly on left 
ventricular preload and afterload conditions (5) and 
is not a measure of contractility; however, it is a tool 
usually used due to its easy application in clinical 
practice.

In mitral valve regurgitation, a fraction of the 
stroke volume (SV) is returned to the left atrium dur-
ing ventricular systole. Therefore, the effective SV 
is lower than that measured from the difference be-
tween end-diastolic and end-systolic volumes using 
the Simpson rule or area-length methods. Because 
the impedance of the incompetent mitral valve and 
the left ventricular atrium will always be much low-
er than that of the aortic valve, a normal LVEF does 
not accurately reflect the already indirectly assessed 
left ventricular systolic function, since despite a poor 
contractile reserve, ventricular backward flow is pos-
sible because it goes to a chamber with very inferior 
pressure, even with severely high atrial filling pres-
sures. Moderate to severe mitral regurgitations, very 
frequent in patients with heart failure, (6) usually 
mask a significantly greater pump function impair-
ment (Figure 1). The literature clearly describes how 
to estimate the regurgitant blood volume to the left 
atrium in each systole and how to calculate the regur-
gitant fraction (RF), expressed as percentage. (7-10) 
It is intuitive to deduct from one (1.0) the value of the 
RF in mitral valve insufficiency to know the percent 
magnitude that should be subtracted from the total 
ejected volume. If LVEF is multiplied by this value it 
would give the corrected or anterograde LVEF. (11) 
Based on these concepts, the following method using 
echocardiography has been used to correct LVEF in 
patients with mitral regurgitation.

METHODS
To calculate the “corrected” EF (cLVEF) it is necessary to 
obtain the regurgitant stroke volume (RSV) by the continu-
ity equation or the flow convergence method, measuring the 
proximal isovelocity surface area (PISA). The latter was the 
method used in the present study. The calculation requires 
the effective regurgitant orifice area (EROA) and the jet ve-
locity-time integral of mitral regurgitation (VTI MR). Then:

RSV = [EROA (cm2) ×VTI MR (cm)]

To assess mitral stroke volume (MVSV) it is necessary to 
calculate the mitral annulus area and the velocity-time inte-
gral of the diastolic jet at the mitral annular level (VTI MV):

MVSV = π (mid-diastolic mitral annulus radio)2 × VTI MV

The regurgitant fraction is thus defined as:

RF = RSV / MVSV

Then, LVEF is corrected as:

cLVEF = LVEF × (1-RF).

The aim of the present study was to apply the cLVEF in 
a series of consecutive patients and confirm that, in certain 
cases, the adjusted value of LVEF could lead to a change in 
the diagnostic and even the therapeutic approach:
-	 that the cLVEF reclassifies the patient in a different cat-

egory of systolic dysfunction;
-	 that reductions of LVEF below 40% allow the diagnosis 

of heart failure with reduced LVEF;
-	 that LVEF below 35% (severe systolic dysfunction) indi-

cates therapies not considered until that moment (AICD, 
CRT, etc.).

Inclusion criteria
-	 Sinus rhythm at the time of the echocardiographic study.
-	 High-quality two-dimensional or three-dimensional im-

ages of left ventricular and valvular planes. 
-	 Well-defined pulsed-Doppler recordings of transmitral 

and transaortic flows in the mitral annular plane and 
the left ventricular outflow tract, as well as mitral regur-
gitant jet with continuous Doppler.

-	 A measurable and symmetric proximal isovelocity hemi-
sphere.

Fig. 2. A. Apical 4-chamber view at end-diastole showing severe 
dilation of both left heart chambers. B: Apical 4-chamber view 
at end-systole. C: Mid-systolic jet of moderate to severe mitral 
regurgitation, with invasion of the pulmonary veins. LVEF: 52%. 
EROA (effective regurgitant orifice area): 0.32 cm2, regurgitant 
fraction: 34.39%. The corrected LVEF drops to 34.1%. A LVEF 
technically in the “preserved” range masks a severe systolic dys-
function, confirmed with a global longitudinal strain of –12% 
(D).
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Exclusion criteria
-	 Mitral stenosis.
-	 Rhythm different from sinus rhythm during the echocar-

diography.
-	 Aortic regurgitation beyond minimal regurgitation, with 

vena contracta >3 mm or EROA >0.1 cm2.
-	 Intracardiac or extracardiac short circuits (recruitment 

will only be allowed in case of patent foramen ovale).
-	 Patients with devices: pacemakers, [AICD or resyn-

chronizers, ventricular assist devices (except in cases 
in which, with an implanted device, all the echocardio-
graphic data was collected in sinus rhythm, with the 
pacemaker completely inhibited)].
Acuson SC2000 (Siemens), Vivid 7 (GE Healthcare), Viv-

id 3 (Pro (GE Healthcare) and Epic 7c (Philips) ultrasound 
machines were used. 

In case of mitral valve regurgitation and once the inclu-
sion criteria are met, the following procedures will be carried 
out:

Measurement of  LVEF according to the procedures fully 
described in the literature (9, 10) using left ventricular end-
diastolic and end-systolic volumes (LVEDV and LVESV) and 
stroke volume (SV). Left ventricular ejection fraction will 
thus be calculated by the biplane area-length method (from 
apical 2- and 4-chamber views) or by three-dimensional 
echocardiography.

The correction of LVEF requires the following data (Fig-
ure 2):
-	 Mitral annular area in mid-diastole in apical 4-cham-

ber projection; VTI MV at the mitral annular level; and 
PISA of the mitral regurgitation jet.

-	 Registry of aliasing velocity (Nyquist); measurement of 
VTI MV and EROA of mitral regurgitation.

-	 Calculatation of RSV; VMSV and RF.
A total of 52 consecutive ambulatory patients with mi-

tral valve regurgitation, attending the echocardiography 
laboratory at Villavicencio Plaza (San Salvador, El Salvador) 
and ISSSTE in Mérida (Yucatán, Mexico) between Novem-
ber 2017 and March 2018 were prospectively included in the 
study.

Ethical considerations
All echocardiographic procedures were stored in photogra-
phy or digital video format, with a minimum of three cycles. 
All measurements were performed offline and averaged. To 
use, process and eventually publish the collected informa-
tion an informed consent was requested from all patients, 
according to the regulations of the respective Ethics Com-
mittees

RESULTS
Of the 52 patients analyzed, 27 were females (51.9%) 
and mean age was 72.5±15.8 years (range: 35-99 
years). A total of 25 patients (49.1%) had uncorrected 
LVEF ≥53%, considered as normal; the remaining 27 
patients presented subnormal uncorrected LVEF, and 
among them, 14 had LVEF <35% (26.9%). The PISA 
method could not be employed in only three patients 
(5%-8%) due to technical limitations, so in these cas-
es, the method based on the continuity equation was 
used. Mild mitral regurgitation was found in 57.7% of 
cases (EROA <0,3 cm2 and RF <30%, n=32) and se-
vere regurgitation was detected in 8 patients (15.4%).

In 28 patients (54%) the result of LVEF correction 
led to a change in the clinical classification or treat-
ment perspective (Figure 3); this occurred even in cas-
es of mild mitral regurgitation (17 cases, 32.7%). New 
cases of mild ventricular dysfunction (LVEF 40%-
52.99%) were 13=25% of patients; new cases of heart 
failure with reduced LVEF (<40%) were 12=23.1% 
of patients and new cases of heart failure with severe 
systolic dysfunction (LVEF <35%), a subgroup of the 
previous category) were 11=21.1% of patients. 

DISCUSSION
Left ventricular ejection fraction may be normal even 
in patients with important myocardial damage, and 
this has encouraged the search of more sensitive con-
tractility markers, as strain echocardiography. A daily 
example of this practice is the evaluation of patients 
with anticancer chemotherapy, (3) in whom the LVEF 
declines only in advanced myocardial injury. Discord-
ance between LVEF and strain values have already 
been reported in the same patient, in the same study. 
One of the possible explanations for this mismatch 
could be the presence of ischemia, chronic left ventric-
ular pressure or volume overload, or significant mitral 
valve regurgitation. (12)

A careful review of the literature has shown some 
reports suggesting solutions to adjust the LVEF value 
in the presence of mitral regurgitation. (11, 13, 14) 
Our group has generated a simple and operative for-
mula that summarizes and simplifies these proposals.

CONCLUSIONS
An important percentage of consecutive patients with 
mitral regurgitation has cLVEF that reclassifies them 
in different categories of previously undiagnosed sys-
tolic dysfunction and heart failure. The following rec-
ommendations are postulated:
	 In case of mild ventricular dysfunction, even mild 

degrees of mitral regurgitation can reclassify the 
patients.

Fig. 2. Measurements for the calculation of the regurgitant 
fraction in mitral insufficiency by the PISA method. MR: Mitral 
regurgitation. VTI MR: Velocity-time integral of mitral regurgi-
tation. AT: Acceleration time. ET: Ejective time. EROA MR: Effec-
tive regurgitant orifice area of mitral regurgitation. See more 
explanations in the text.

1  VTI MR = 2.102 m
    Vmx MR = 5.16 m/s
    Maximum MR gradient: 106.4 mmHg
    Mean MR gradient: 64.5 mmHg
    AT = 193 mseg
    ET = 564 mseg
    EROA MR = 0.16 cm2

1  MR PISA radio = 0.63 cm
    Assigned velocity of high MR      
    = 0.34 m/s
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	 Moderate mitral regurgitation (RF >30%) should 
be a criterion to correct LVEF in all cases, antici-
pating a very significant reduction of LVEF.

	 The formula should be incorporated to automatic 
calculation packages of the different ultrasound 
machine brands, to avoid offline calculations.
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