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F I G U R E 1 Prevalence and Color Doppler Patterns of Commissural MR
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(A) Prevalence of commissural MR from the surgical view. (B) Representative color Doppler ﬂow patterns of commissural prolapse. (a) V-shaped ﬂow from PMC.
(b) V-shaped ﬂow from ALC. (c) Oblique regurgitant ﬂow from PMC toward the anterolateral direction. (d) Horizontal regurgitant ﬂow from PMC. An online video is
available at: http://jaccimage.acc.org/video/2017/0502_VID1.wmv. MR ¼ mitral regurgitation.

In conclusion, commissural MR has distinctive TTE

planes diagnostic accuracy and outcome implications. J Am Coll Cardiol 2005;

color Doppler ﬂow patterns and can be reliably used

46:302–9.

for detecting commissural MR.

3. Shimizu A, Kasegawa H, Tabata M, Fukui T, Takanashi S. Long-term outcomes of mitral valve repair for isolated commissural prolapse: up to 17-year
experience. Ann Thorac Surg 2015;99:43–7.
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Deﬁnition of Left Ventricular Segments for
Cardiac Magnetic Resonance Imaging

In a combined report from the American Heart Association (AHA), the American College of Cardiology, the
North American Society of Cardiac Imaging, and the
Society

for

Cardiovascular

Magnetic

Resonance,
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a consensus on left ventricular (LV) segmentation
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has been suggested in 2002 (1). This consensus has also
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been applied for cardiac magnetic resonance (CMR) (2).
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The LV is divided into 3 sections: base, mid-cavity,
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and apex; and further subdivided into 17-segments:
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6 basal segments, 6 mid-cavity segments, 4 apical
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segments, and the true apex as segment 17. The 17
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segments correspond to speciﬁc coronary artery
territories (1). This 17-segment model has been
widely and successfully applied for cardiac imaging
providing harmonization and guidance.
However, there are several aspects that warrant
further clariﬁcation, especially for CMR imaging.
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1. The deﬁnition of segments. According to the AHA
guidelines the left ventricle is divided into 6
60-degree segments starting from a right ventricular (RV) insertion point for the base and middle
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F I G U R E 1 Schematic Drawing of Left Ventricular Segments Showing Various Options and the Recommended Consensus
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(A) Deﬁnition of segmentation. (B) Segment 17 (i and ii). Modiﬁed with permission from Cerqueira et al. (1). (C) Deﬁnition of segment 17 results. (D) Deﬁnition of apical,
mid and basal levels results. *With adaptation to long axis changes during the cardiac cycle.

slice. However, it is unclear, whether the anterior

inconsistent and partially based on echocardio-

or inferior RV insertion point should be used

graphic information not fully transferrable to other

(Figures 1Aii and 1Aiii). In addition, various manu-

imaging modalities such as CMR. The recommen-

scripts use both insertion points to delineate the

dations provide 2 different approaches.

septum resulting in nonequiangular segments

a. The left ventricle is divided into 3 equivalent

(Figure 1Ai).

parts

2. The deﬁnition of the apex (segment 17) is shown
in 2 slightly different graphical displays in the
original paper (Figure 1B).
and

apical

the

long

axis

of

the

heart

b. The basal section is the length from the mitral
annulus to the start of the papillary muscle.

3. The division of the left ventricle into basal,
mid-cavity,

along

(Figure 1Di).

sections

is

partially

The mid-cavity is papillary muscle length, and the
apex is beyond the papillary muscle (Figure 1Dii).
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The 2 approaches can yield signiﬁcantly different
results.
The aim of this report is to provide consensus for
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segmenting the left ventricle based on CMR images
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with close alignment to the original report.
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RV insertion points to deﬁne 2 major axes. For the
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basal and mid-cavity level, the septal and the
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lateral area are then further divided using an
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equiangular line generating 6 segments (Figure 1Ai).
Although the resulting segments are not equiangular
and thus represent different amounts of myocardium,
the other alternatives would result in a misalignment
of segments either at the anterior or at the inferior
RV insertion point not consistent with clinical
practice. Of note, the amount of myocardium for
the apical, mid-, and basal slice is also different with
the original suggestion due to the different mass of
each slice.
Segment 17 is deﬁned as the apex of the heart from
the tip of the epicardium to the endocardium. Wall
motion can be described as thickening of this
segment, but no blood volume or endocardial border
is assigned to this segment (Figure 1Ci).
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For deﬁnition of the cardiac levels (base, midcavity, apex), the remainder of the LV volume is
divided into 3 levels with identical thickness. As such,

Myocardial Metabolism in Endurance
Exercise-Induced Left Ventricular

each level describes one-third of the remaining

Hypertrophy

myocardium. These levels are adapted to the cardiac
cycle (i.e., different at end-diastole and end-systole)
following approximately the long axis motion of the

Pathologic forms of left ventricular hypertrophy (LVH)

myocardium (Figure 1Di).

are associated with impaired myocardial metabolic

Any short axis acquired should be assigned to

efﬁciency (MME), the ratio of myocardial work to ox-

the respective level. It should be stated at which

ygen consumption (MVO 2), which may serve as a key

time-point in the cardiac cycle the assignment was

mechanistic link between LVH and the development of

performed. Assignment of short-axis slices may

heart failure syndromes (1,2). At present, myocardial

change over the cardiac cycle accounting for longitu-

metabolism in adaptive forms of left ventricular (LV)

dinal shortening (Figure 1D).

remodeling, speciﬁcally exercise-induced (EI) LVH,
remains incompletely understood. We therefore con-
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ducted a repeated measures, longitudinal pilot study
to determine the impact of EI-LVH on myocardial
metabolism and blood ﬂow (MBF).
Male collegiate rowers (n ¼ 8) were studied at
baseline (college matriculation) and after a 3-month
period of intensive endurance exercise training.
Healthy, normally active (<3 h exercise/week) male
controls (n ¼ 4) were identically studied. Cardiac
positron-emission

tomography

(PET)

(Discovery

Rx VCT, GE Healthcare, Milwaukee, Wisconsin) with
11

C-acetate tracer (20 mCi) and serial imaging over 30

min were used to generate time activity curves
(FlowQuant, TriFoil Imaging, Chatsworth, California)

