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Risk prediction has a central role in the clinical care of
patients at risk for cardiovascular disease. Patients with

end-kidney disease receiving maintenance hemodialysis
are at particularly high risk for cardiovascular events, in
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part because of the high prevalence of traditional risk
factors,1 and improved risk stratification is needed. There
is substantial interest in identifying novel risk predictors, as
well as evaluating whether traditional metrics are reliable
and can improve risk prediction (and ultimately patient
care). It is in this context that we view the work by
Kristensen et al2 in this issue of Kidney Medicine. These in-
vestigators demonstrate that for hemodialysis patients with
large fluid fluctuations, left ventricular (LV) mass (LVM)
determined using 1-dimensional (1D) methods are less
reliable than LVM estimated using 2-dimensional (2D)
methods and suggest that the latter be incorporated into
clinical risk assessment for these patients, especially if
echocardiographic imaging is acquired around the time of
large fluid fluctuations.

LVM has long been recognized as an independent pre-
dictor of coronary disease, cardiovascular death, and all-
cause mortality in patients with and without pre-existing
cardiac disease. The Framingham Heart Study group
demonstrated a relative risk of 1.67 in men and 1.60 in
women for a coronary event per each 50-g/m increase in
LVM.3 Koren et al4 later showed increased risk for car-
diovascular events, cardiovascular death, and all-cause
mortality in patients with LVM > 125 g/m2. Further-
more, reducing LVM with treatment of hypertension or
aortic stenosis is associated with lower cardiovascular and
mortality risk.5,6

Although LVM is an important predictor of adverse
events, it is not measured directly. Instead, this parameter
is calculated by multiplying an estimate of myocardial
volume by the density of myocardial tissue (1.05 g/mL).
In contemporary practice, myocardial volume can be
estimated using linear/1D echocardiographic methods, 2D
echocardiographic methods, real-time 3-dimensional (3D)
imaging, or cardiovascular magnetic resonance.7

The 1D echocardiographic method for assessing LVM is
the historical reference standard because of its simplicity
and wide availability.8 One of the earliest methods
(Teichholz), which assumed that the left ventricle was a
sphere, was prone to error because of this assumption
about ventricular shape. The Devereux and Reichek cube
formula and the Penn Convention formula (Fig 1)
improved on this original method and are instead based on
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the assumption that the left ventricle has a prolate ellipsoid
shape. In the study by Kristensen et al, linear measure-
ments (1D) of the end-diastolic interventricular septum,
LV internal diameter, and inferolateral LV wall thickness
were obtained in standard fashion by direct evaluation of
2D images and then LVM was calculated using these for-
mulas (Fig 1).9

Despite major prognostic studies focused on 1D LVM
determinations,10 there are technical reasons to reassess the
accuracy of these estimates. During transthoracic echo-
cardiography, wall thickness and LV internal diameter
must be measured perpendicular to the long axis of the left
ventricle, and even small variations can have significant
effects on LVM because the formulas raise linear mea-
surements to the power of 3. Although the linear method
provides a fair estimation of LVM when the left ventricle is
normally shaped, its accuracy abates in the presence of
dilated ventricles or asymmetric hypertrophy of the left
ventricle.7 As effectively demonstrated by Kristensen et al,
the large fluid shift of hemodialysis causes a statistically
significant difference in end-diastolic LV internal diameter,
subsequently affecting LVM calculations by linear
methods.2

Conversely, 2D echocardiographic methods for assess-
ing LVM are more robust and accurate (and time
consuming) because they require the imager to measure
the total LV area and LV cavity area at the midpapillary
level and divide the left ventricle long axis at the point of
the widest short-axis view, allowing common changes in
LV geometry to be accounted for. The commonly used
formulas for 2D LVM assessment include the truncated
ellipsoid and area-length methods (Fig 1).

Predictably, with fewer simplifying assumptions, 2D
methods allow for partial correction of left ventricle shape
distortions. The drawbacks to 2D methods include the
requirement for better imaging windows, improved
quality of endocardial and epicardial border definition
(often not available in the data presented by Kirstensen
et al), and a lack of studies that assess the prognostic value
of 2D-derived LVM compared with the linear methods.9

Moreover, as opposed to the state-of-the-art 3-
dimensional method that measures LV volumes directly,
2D methods are still affected somewhat by abnormal fea-
tures or changes to cavity shape.

Regardless of the method used, there are several caveats
to using LVM for risk assessment and prognostication. LVM
varies based on age, sex, height, and body surface area,
and because of the high variability among individuals, it
has been difficult to define the normal range of values. The
currently recommended reference ranges were derived
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Figure 1. The 1-dimensional (1D) linear and 2D methods for left ventricular (LV) mass (LVM) measurements. Abbreviations: IVSd,
end-diastolic interventricular septum; LVIDd, end-diastolic LV internal diameter; PWTd, end-diastolic inferolateral LV wall thickness.
Adapted from Armstrong and Ryan.8
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from nondialysis populations and therefore it may not be
appropriate to apply these values to dialysis patients given
different pathophysiologic changes seen in dialysis patients
as compared with the general population.

Beyond measurement accuracy, there are 3 important
clinical questions that are raised by the current work.
The first is whether an accurate assessment of LVM
(likely by 2D or more mature 3D methods) is predictive
of adverse clinical events because previous work has
focused largely on 1D methods.11 Second, because
reproducible cardiac imaging requires technical acquisi-
tion expertise, as well as access to echocardiographers, it
will be important to evaluate whether this marker offers
benefit (ie, improved prediction) over standard (and
524
routinely collected) clinical predictors. Last, it is essential
that investigators work to identify the clinical decisions
that might be informed by this variable and test whether
decisions (and outcomes) can be improved for dialysis
patients, who are among the highest cardiac risk
population.
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