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LETTER TO THE EDITOR

Moving Beyond Linear Formulas for Left Ventricular Mass in Aortic Valve
Replacement
Kegan J. Moneghetti, MBBSa,b,c, Sara Bouajila, MDa,b, Yukari Kobayashi, MDa,b, Juyong Brian Kim, MD, MPHa,b,
William F. Fearon, MDa,b, and Francois Haddad, MDa,b

aDivision of Cardiovascular Medicine, Stanford University School of Medicine, Stanford, California, USA; bStanford Cardiovascular Institute, Stanford,
California, USA; cDepartment of Medicine, St. Vincent’s Hospital, University of Melbourne, Victoria, Australia

In the well-performed study of Kadkhodayan and collea-
gues, the investigators suggest the use of the Devereux
formula, which relies on linear measurements of left ven-
tricular (LV) dimensions, leads to an overestimate of LV
mass regression, particularly in surgical aortic valve repla-
cement (SAVR) patients.1 Serial measurements presented
in 211 patients undergoing AVR provided clear evidence
of the limitations of this widely used method to assess LV
mass.

It is well established that assessment of LV mass is more
precise and reliable by magnetic resonance imaging (MRI),
when compared to echocardiography.2 Using this method, the
reader usually assesses short-axis images on a per-slice basis
by applying Simpson’s method, producing a value of LV mass.
Large population data have suggested normative values using
this technique, though it is limited in geriatric populations.3,4

As Kadkhodayan and colleagues suggest it is not surprising
that the use of a linear formula on echocardiography would
not accurately represent LV remodelling post aortic value
replacement.

Use of MRI to assess LV remodeling post Transcatheter
Aortic Valve Replacement (TAVR) is of course impractical,
not only due to time and expense, but also due to the co-
morbidities associated with aortic stenosis in these patients.
Three-dimensional echocardiography also provides chal-
lenges, as echocardiographic windows and definition can
be difficult to optimize in this cohort, particularly post-
surgery. Recently our group reported changes in LV mass
in a cohort of 128 patient undergoing TAVR.5 In order to
address the concerns of the Devereux formula we used the
area-length method as described by the American Society of
Echocardiography.6 In addition, we used a threshold of 5%
difference between diastolic and systolic calculation of LV
mass as a quality metric. While only assessed at a single
level, this methodology more closely represents calculation
of LV mass by MRI, adding desirable qualities that may
better represent left ventricular remodelling: (1)

Measurements in end-diastole that can be affected in cases
with paradoxical septal motion or a prominent basal sep-
tum can be reduced as area is used as opposed to a series of
linear measurements; (2) It allows easier identification of
the papillary muscles and septal band which often contri-
bute to variability; (3) The formula avoids raising linear
measurements to the power of 3, thus reducing the ampli-
fication of errors in measurement; and (4) A single para-
sternal short axis view and apical four chamber view are
usually acquired as part of a basic echocardiographic pro-
tocol. Using this strategy, our normative values for LV mass
and end systolic volume sit between previously published
MRI values (Table 1). Obviously the area-length method,
has its limitations. The cylinder shape that the formula is
based on does not truly reflect the spherical structure that
is the LV and a foreshortened apical image could result in
an underestimation of LV mass.

In summary, while known limitations in the linear LV
mass formula pose a challenge, particularly in elderly patients
undergoing AVR, the area-length method is an immediate
echocardiographic option available to investigations that
may partially address these concerns.

CONTACT Kegan J. Moneghetti keganm@stanford.edu 300 Pasteur Drive, Stanford, CA 94305, USA; Francois Haddad fhaddad@stanford.edu 300 Pasteur
Drive, Stanford, CA 94305, USA.

Table 1. Reported distribution of LV end systolic volume index and LV mass
index.

LVESVI (ml/m2) LVMI (g/m2)

Male Female Male Female

MESA Healthy Cohort3,a 25 ± 9 18 ± 5 85 ± 15 67 ± 11
Stanford BPCLb 33 ± 8 28 ± 8 72 ± 13 65 ± 14
UK BioBank4,a 36 ± 8 29 ± 6 53 ± 9 42 ± 7
ASE Guidelines6,b 21 ± 5 16 ± 4 50–102c 44–88c

Note. aMRI-derived values.
bEchocardiographic-derived values from area length method.
cReference ranges, otherwise values reported represent mean ± standard deviation.
LVESVI, left ventricular end systolic volume index; LVMI, left ventricular
mass index; MESA, Multi-Ethnic Study of Atherosclerosis; BPCL,
Biomarker and Phenotype Core Laboratory; ASE, American Society of
Echocardiography.
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