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Effect of Endocardial
Trabeculae on Left
Ventricular Measurements and
Measurement Reproducibility
at Cardiovascular MR
Imaging1

PURPOSE: To prospectively assess the effect of including or excluding endocardial
trabeculae in left ventricular (LV) measurements and the reproducibility of these
measurements at cine cardiovascular magnetic resonance (MR) imaging with true
fast imaging with steady-state precession (FISP).

MATERIALS AND METHODS: The study was approved by the local ethics com-
mittee, and each subject gave informed consent before participating. Twenty
healthy subjects and 20 consecutive patients underwent 1.5-T cardiovascular MR
imaging. Seven to 12 short-axis views encompassing the entire LV were acquired by
using true FISP. Endocardial and epicardial contours were traced manually. The data
sets in each patient were analyzed twice: with inclusion of endocardial trabeculae in
the LV cavity volume and with exclusion of endocardial trabeculae from the cavity
volume. On the basis of these two contour sets, the end-diastolic (ED) and end-
systolic (ES) LV volumes, ejection fraction (EF), and LV mass were calculated.
Additionally, interobserver and interexamination reproducibility was assessed by
using Bland-Altman analysis.

RESULTS: Compared with exclusion of trabeculae, inclusion of trabeculae in the LV
cavity volume resulted in significantly larger ED and ES LV volumes (mean differ-
ences, 21 mL � 11 [standard deviation] and 19 mL � 33, respectively; P � .001) and
lower EFs (mean difference, �2% � 2; P � .001). The calculated LV mass was
significantly smaller with inclusion than with exclusion of trabeculae (mean differ-
ence, �21 g � 12; P � .001). All interobserver and interexamination limits of
agreement based on inclusion of trabeculae, except those for EF measurements,
were superior to those based on exclusion of trabeculae. At measurement repro-
ducibility comparisons, differences in interobserver ED LV volume and LV mass and
interexamination LV mass were statistically significant, favoring the inclusion of
trabeculae in the LV cavity volume.

CONCLUSION: Trabeculae significantly affect quantifications of LV volume and
mass. The superior reproducibility of LV measurements with the inclusion of endo-
cardial trabeculae in the cavity volume favors this tracing algorithm for clinical use.
© RSNA, 2005

Left ventricular (LV) volumes and LV mass are powerful predictors of the prognosis
associated with a variety of cardiovascular diseases (1–3). Therefore, the accurate measure-
ment of these parameters is important for risk stratification and clinical management.

Cardiovascular magnetic resonance (MR) imaging performed by using conventional
cine gradient-echo (ie, breath-hold segmented fast low-angle shot) sequences is an estab-
lished reference standard for the assessment of LV volume and mass (4–6). Recent tech-
nical improvements have enabled the implementation of an alternative to the gradient-
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echo cardiovascular MR imaging pulse
sequence: true fast imaging with steady-
state precession (FISP) (7). The true FISP
sequence has become the technique of
choice for assessing regional and global
cardiac function because it yields sub-
stantially improved blood-tissue contrast
and high temporal and spatial resolution
(8,9). Use of this technique facilitates ex-
cellent endocardial border definition
throughout the entire cardiac cycle and
easier delineation of the borders, partic-
ularly in areas affected by slow blood
flow, such as the regions around the pap-
illary muscles and the LV trabeculae (10).
Moreover, true FISP MR imaging allows
visualization of even small endocardial
trabeculae, which often could not be de-
picted by using conventional gradient-
echo sequences owing to the lower
blood-myocardium contrast and the
lower spatial resolution.

The summation-of-sections method is
the established reference standard for as-
sessing LV volume and mass. At present,
however, there is no clear consensus as to
which tracing method for outlining the
papillary muscles and the endocardial
trabeculae should be used to achieve the
most reliable and reproducible results.
Thus, the aims of our study were to pro-
spectively assess the effect of including or
excluding endocardial trabeculae in LV
measurements and to evaluate the repro-
ducibility of these measurements at cine
cardiovascular MR imaging performed
with true FISP.

MATERIALS AND METHODS

Study Population

The study population consisted of 40
subjects (31 men, nine women). Twenty
subjects (15 men, five women; mean
age � standard deviation [SD], 30 years �
8; age range, 20–58 years) were healthy
volunteers with no known risk factors for
or history of cardiovascular disease, nor-
mal cardiac dimensions and geometry,
and normal systolic function at echocar-
diography. The other 20 subjects (16
men, four women; mean age, 58 years �
15; age range, 38–75 years) were consec-
utive patients with known histories of
heart disease and impaired systolic func-
tion (mean ejection fraction [EF], 40% �
16) who were examined from January to
May 2003. All patients underwent elec-
trocardiography, including levocardio-
graphy; echocardiography; and coronary
angiography. Ten patients had dilated
cardiomyopathy; six patients, ischemic
cardiomyopathy; and four patients, hy-

pertension-related heart disease. There
was no statistically significant difference
in sex between the volunteers and the
patients, but there was a significant dif-
ference in age between the two groups.
Each subject gave written informed con-
sent before participating in the study, ac-
cording to the requirements of the local
ethics committee of VU University Med-
ical Center, which approved our study.

Image Acquisition

All MR imaging examinations were
performed by using a 1.5-T whole-body
system (Magnetom Sonata; Siemens Med-
ical Systems, Erlangen, Germany). A ded-
icated four-element, phased-array cardiac
coil was used. The MR images were ac-
quired during repeated end-expiratory
breath holds. Scout MR images were ob-
tained to plan the acquisition of the fi-
nal double-oblique long- and short-axis
views. Electrocardiographically gated
cine MR images were then acquired by
using a segmented steady-state preces-

sion sequence—true FISP—and the fol-
lowing parameters: 3.2/1.2 (repetition
time msec/echo time msec), 35-msec
temporal resolution, 1.4 � 1.8-mm in-
plane spatial resolution, and 5-mm sec-
tion thickness. Seven to 12 short-axis
views that were 1 cm apart and encom-
passed the entire LV were acquired. The
time required to obtain the short-axis
sections ranged between 10 and 15 min-
utes.

Image Analysis and Determination
of LV Parameters

The MR images were transferred to a
separate workstation (Sun Sparcstation;
Sun Microsystems, Mountain View, Calif).
Image analysis was performed by using the
MASS software package (Medis, Leiden, the
Netherlands), as previously reported (11).
The cine loops were reviewed, and the end-
diastolic (ED) and end-systolic (ES) frames
were identified for each short-axis section
position. The ED frame was defined as the
frame showing the largest cavity area, and

Figure 1. Single short-axis-view true FISP MR images (3.2/1.2) ob-
tained in patient with impaired LV systolic function. (a) ED (left) and
ES (right) images show inclusion of trabeculae in LV cavity volume.
(b) ED (left) and ES (right) images show exclusion of trabeculae from
LV cavity volume. The effect of trabeculae on the drawing of endo-
cardial border contours is evident.
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the ES frame was defined as the frame
showing the smallest cavity area. The most
basal section was the section that at ED
and ES still showed a wall thickness that
was compatible with the LV myocardium
and that extended over at least 50% of the
myocardial circumference. At ES, this most
basal section could also show a part of the
LV outflow tract or the mitral valve leaflets.
The most basal section could differ by one
section position between ED and ES.

In each patient, the first observer (T.P.,
with 4 years experience in cardiac MR
imaging) determined the ED and ES
frames, as well as the number and end-
section position of short-axis sections
used for the analysis, according to the
described criteria. This information was
subsequently used by the second ob-
server (M.S., with 3 years experience in
cardiac MR imaging).

Epicardial and endocardial contours
were outlined manually on each ED and
ES short-axis-view MR image. For each
patient and image section, the contrast
and brightness settings were optimized

to achieve the best possible contrast be-
tween the myocardium and the LV cav-
ity. The papillary muscles were outlined
separately and included in the myocar-
dial mass. The papillary muscles were
identified on the long- and short-axis MR
images, and their location and extent
were correlated with each other. On the
basal sections, the papillary muscles were
usually disconnected from the LV wall
and could be easily identified. On the
more apical sections, where the papillary
muscles were attached to the wall, it was
sometimes difficult to clearly differenti-
ate these muscles from the trabeculae.
When the papillary muscles could not be
clearly distinguished from the trabeculae,
they were treated as trabeculae.

Right ventricular trabeculations arising
from the interventricular septum and the
epicardial fat were excluded from the LV
mass. So that the effect of trabeculae on
LV parameter measurements could be
specifically assessed and the variability
associated with manual tracing of the
epicardial borders and the papillary mus-

cles could be minimized, we changed
neither the boundaries of the epicardium
nor the contours of the papillary muscles
during the tracing of the endocardium
with either method (with trabeculae in-
cluded and with trabeculae excluded).
However, to minimize observer bias,
there was a time interval of at least 1
week between the two tracing conven-
tion–based analyses of each data set.
Thus, only the contours of the epicardial
boundaries and of the papillary muscles
were stored. The following tracing con-
ventions were used:

Inclusion of trabeculae in LV cavity vol-
ume.—Trabeculum was defined as a struc-
ture 1.5 mm or larger in diameter that
was protruding into the LV cavity and
was attached to the LV wall. During trac-
ing of the endocardial borders, in a sep-
arate window there was always a contin-
uous movie display of the section being
evaluated so that the trabeculae could be
visually followed during contraction and
relaxation. This display enabled better
differentiation of the LV trabeculae from

TABLE 1
LV Parameters Measured at MR Imaging

Parameter* Outer Contours† Inner Contours†
Absolute

Difference†
Percentage
Difference

Limits of
Agreement P Value

Healthy volunteers
ED LV mass (g) 135 � 32 149 � 43 �14 � 5 10 �24 to 4 �.001
EDV (mL) 154 � 42 138 � 33 16 � 8 11 0 to 32 �.001
ESV (mL) 61 � 16 53 � 14 9 � 5 15 �1 to 19 �.001
EF (%) 59 � 4 61 � 4 �2 � 2 3 �6 to 2 �.05

Patients
ED LV mass (g) 186 � 50 214 � 59 �28 � 13 14 �54 to �2 �.001
EDV (mL) 234 � 94 206 � 88 27 � 10 12 7 to 47 �.001
ESV (mL) 155 � 98 133 � 94 29 � 45 20 �61 to 119 �.001
EF (%) 38 � 16 40 � 17 �2 � 3 4 �8 to 4 �.05

All subjects
ED LV mass (g) 160 � 52 181 � 61 �21 � 12 12 �45 to 3 �.001
EDV (mL) 193 � 81 171 � 75 21 � 11 12 �1 to 43 �.001
ESV (mL) 107 � 84 91 � 78 19 � 33 19 �47 to 85 �.001
EF (%) 49 � 16 51 � 17 �2 � 2 4 �6 to 2 �.001

Note.—Measurements of LV parameters included the trabeculae (outer contours) and excluded the trabeculae (inner contours) from the cavity volume.
* EDV � ED LV volume, ESV � ES LV volume.
† Data are mean values � SDs.

TABLE 2
Interobserver Reproducibility of Measurements in 40 Subjects

Measurement*

Outer Contours Inner Contours

P ValueMean � SD Limits of Agreement RC Mean � SD Limits of Agreement RC

EDV (mL) �3.7 � 5.4 �14.3 to 7.0 14 0.4 � 10.1 �19.0 to 20.0 20 .05
ESV (mL) �4.8 � 6.8 �18.0 to 8.5 16 �1.5 � 8.5 �18.0 to 15.0 17 .36
EF (%) 1.2 � 2.8 �4.4 to 6.8 6 �0.7 � 2.4 �5.3 to 4.0 5 .11
LV mass (g) 3.8 � 6.0 �7.8 to 15.5 14 1.7 � 9.0 �16.0 to 19.5 18 .03

Note.—RC � repeatibility coefficient.
* EDV � ED LV volume, ESV � ES LV volume.
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the LV wall, particularly on the ES
frames. During endocardial tracing, tra-
beculae were included in the LV cavity
volume. This inclusion resulted in a
smooth endocardial contour that was al-
most parallel to the epicardial contour.
An example of tracing performed by us-
ing this inclusion (outer-contour) con-
vention is depicted in Figure 1a.

Exclusion of trabeculae from LV cavity
volume.—With use of the exclusion (in-
ner-contour) tracing method, trabeculae
were excluded from the LV cavity vol-
ume. The same definition of trabeculum
was applied, and a movie display was
available. Structures smaller than 1.5 mm
in diameter, structures not clearly at-
tached to the myocardial wall, and struc-
tures with a faint appearance on the car-
diovascular MR images were not consid-

ered to be trabeculae. The resulting
endocardial contour had an irregular, ser-
rated shape and was clearly distinct from
the smooth epicardial contour. An exam-
ple of tracing performed by using the in-
ner-contour convention is depicted in
Figure 1b.

On the basis of these two contour sets,
the ED and ES LV volumes, EF, and LV
mass at ED were calculated. ED and ES LV
volumes were calculated by using a mod-
ification of the Simpson rule. The EF was
calculated as follows: EF � [(EDV � ESV)/
EDV] � 100%, where EDV is the ED LV
volume and ESV is the ES LV volume. The
LV mass (MLV) was calculated from the
diastolic phase as follows: MLV � 1.05 �
(Vepi � Vendo), where Vepi is the epicar-
dial volume and Vendo is the endocardial
volume. The average image analysis time

was 40 minutes per subject (ie, per group
of subject images).

To assess interobserver measurement
reproducibility, a second independent
and blinded observer (M.S.) repeated the
LV measurements in each data set by us-
ing the same two tracing conventions.
This observer was blinded to the subject
details (ie, patient names, ages, and med-
ical histories) and to the first observer’s
findings. For assessment of interexamina-
tion measurement variability, six sub-
jects returned for repeat MR imaging at
least 1 week after the first examination.

Statistical Analyses

Data are presented as means � SDs.
The two tracing algorithms were com-
pared in terms of LV volume and mass

Figure 2. Bland-Altman plots depict interobserver agreement regarding LV measurements obtained when trabeculae were included in (a, c, e, and
g) or excluded from (b, d, f, and h) the LV cavity volume. On each plot, solid line represents mean value of the differences in measurements between
the two observers, dotted lines represent �2 SDs, and shaded areas represent confidence intervals. The mean value of the two measurements is
plotted along the x-axis, and the difference (observer 1 measurement minus observer 2 measurement) is plotted along the y-axis. EDV � ED LV
volume, ESV � ES LV volume (Fig 2 continues).
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measurements by using the paired t test.
Agreement between the two tracing algo-
rithms was assessed by using the method
described by Bland and Altman (12). In-
terobserver measurement reproducibility
also was assessed by using Bland-Altman
analysis, which yielded the mean differ-
ence, the limits of agreement of the mean
difference (difference � 1.96 SDs), and
the corresponding 95% confidence inter-
vals. Moreover, the coefficients of repeat-
ability for each tracing algorithm and for
the preceding parameters (ED volume, ES
volume, EF, and LV mass) were assessed,
with the coefficient of repeatability cal-
culated as two times the SDs of the dif-
ferences between the two measurements.
Similarly, interexamination measurement
reproducibility was assessed by using
Bland-Altman analysis. In addition, the co-
efficient of variability (equal to the SD of
the difference between the two measure-

ments divided by the mean of the two
measurements, expressed as a percentage)
was calculated.

The statistical significance of differ-
ences in interobserver and interexam-
ination reproducibility was assessed by
using an extension of the Bland-Altman
method. A log transformation of the
squared differences between the two
measurements was performed. If the
squared difference was zero, it was re-
placed by half of the next smallest value.
A two-tailed paired t test of the logged
squared differences for the two tracing
algorithms (12,13) could then be per-
formed. At all comparisons, P � .05 was
considered to indicate a significant differ-
ence.

Power calculations to assess the sam-
ple sizes needed in this study could not
be performed in advance because no
estimate of the SD of the difference be-

tween the outer- and inner-contour
tracing algorithms was available. How-
ever, after acquiring data from our first
10 subjects, we did perform a power
calculation (two-sided paired t test per-
formed with SAS, version 8.2 software
[SAS Institute, Cary, NC]) on the basis
of the SD estimated from these data.
According to this calculation, the num-
ber of subjects needed to establish a
power of 90% (with � � .05) was 12 for
the comparison between the outer- and
inner-contour tracing conventions per-
formed by one observer. The sample
sizes needed to establish a power of
90% for the assessment of interobserver
agreement on measurements obtained
by using outer-contour tracing (ie, ED
and ES LV volumes, LV mass, and EF)
and a power of 80% for the assessment
of interobserver agreement on measure-
ments obtained by using inner-contour

Figure 2 (continued). Agreement between the two independent observers was better when measurements were obtained with the trabeculae
included in the cavity volume (a, c, e, and g) than when measurements were obtained with the trabeculae excluded from the cavity volume (b, d,
f, and h).
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tracing were 13 and 40 subjects at max-
imum, respectively.

RESULTS

The inclusion of trabeculae in the LV cav-
ity volume (outer-contour method), as
compared with the exclusion of trabecu-
lae (inner-contour method), resulted in
significantly larger ED and ES LV vol-
umes and significantly smaller EF and LV
mass values in all subjects (Table 1).

Analysis of the agreement between
measurements obtained by the two inde-
pendent observers (with each tracing al-
gorithm) was performed (Table 2). The
limits of agreement and corresponding
95% confidence intervals for measure-
ments obtained with the inclusion of tra-
beculae in the LV cavity volume—with
the exception of those for EF measure-
ments—were narrower than those for
measurements obtained with the exclu-
sion of endocardial trabeculae (Fig 2). In
addition, coefficients of repeatability—
with the exception of those for EF calcu-
lations—were lower, indicating better re-
producibility, when measurements that
included trabeculae in the LV cavity vol-
ume were assessed. Differences in the in-
terobserver reproducibility of LV mass
and ED LV volume measurements were
statistically significant, favoring the out-
er-contour convention (Table 2).

Analysis of agreement between the
measurements at two MR imaging exam-
inations obtained by using the two trac-
ing methods was performed (Table 3).
The limits of agreement for measure-
ments obtained with the inclusion of tra-
beculae in the cavity volume—with the
exception of those for EF measure-
ments—were narrower than those for
measurements obtained with the exclu-
sion of endocardial trabeculae. In addi-
tion, coefficients of variability—with the
exception of those for EF calculations—
were better when measurements that in-
cluded trabeculae in the cavity volume

were assessed. Differences in the interex-
amination reproducibility of LV mass
measurements were statistically signifi-
cant, favoring the inclusion of trabeculae
(Table 3).

DISCUSSION

A substantial portion of the myocardial
mass consists of trabecular tissue (14).
This tissue is not appreciated with most
of the in vivo cardiac imaging methods
used to evaluate cardiac function. Car-
diovascular MR imaging performed by
using conventional cine gradient-echo
sequences is the current standard of ref-
erence for assessing ventricular function.
However, true FISP cine cardiovascular
MR imaging, being independent of in-
flow enhancement, has been proved to
yield superior contrast between the myo-
cardium and blood (15) and excellent im-
age quality, and, thus, to enable detailed
visualization of even small endocardial
trabeculae. The effect of endocardial tra-
beculae on the measurement of LV pa-
rameters due to this excellent contrast
between the ventricular cavity and the
surrounding myocardium is not fully
known. Thus, in this study we focused on
the endocardial trabeculae, their influ-
ence on LV measurements, and the re-
producibility of these measurements
with use of true FISP cine MR imaging.

The study results demonstrate that in
patients and healthy subjects, LV trabec-
ulae significantly affect all LV measure-
ments. Compared with the inclusion of
trabeculae in the LV cavity volume, the
exclusion of endocardial trabeculae re-
sulted in systematically smaller LV vol-
umes and larger EF and LV mass values.

There currently is no clear consensus
as to which method of tracing the papil-
lary muscles and endocardial trabeculae
should be used to achieve the most reli-
able and reproducible results. Several in-
vestigators have reported normal cardio-
vascular MR imaging indexes of LV vol-

ume and mass that were obtained by
using different tracing conventions. To
our knowledge, Lorenz et al (16) reported
the first normal ranges for LV mass and
volume that were obtained by using a
conventional free-breathing gradient-
echo sequence. Because of signal inten-
sity averaging, a clear delineation of the
endocardial trabeculae was not possible
with use of this technique. In another
study involving the use of a gradient-
echo sequence with breath holding, Mar-
cus et al (11) reported normal LV volume
and mass values. There was a difference
in the ED LV mass values obtained in the
Lorenz et al and Marcus et al studies,
however. This difference may have been
partially related to differences in data ac-
quisition technique (breath holding vs
no breath holding) and study subject age
range between the two studies. A third
main difference between the two studies
was related to the drawn contour of the
endocardial border: Marcus et al (11)
drew a larger contour around the endo-
cardial border, which resulted in lower
LV mass values compared with those in
the Lorenz et al (16) study.

A study by Moon et al (13), in which
FISP and fast low-angle shot MR image
acquisitions were compared for the as-
sessment of LV volume, mass, and func-
tion, revealed small but significant differ-
ences in ED and ES LV volumes and LV
mass between the two techniques. There
were two reasons for these differences:
The endocardial contour was drawn
larger and the epicardial contour was
drawn smaller on the FISP MR images.
On fast low-angle shot MR images, the
papillary muscles can appear larger and
confluent with the myocardium. More-
over, blood between the trabeculations
depicted on fast low-angle shot images
can appear to be a part of the myocar-
dium and thereby result in lower LV vol-
umes and higher LV mass values com-
pared with the values calculated by using
FISP images. These differences in mea-

TABLE 3
Interexamination Reproducibility of Measurements in Six Subjects

Measurement*

Outer Contours Inner Contours

P ValueMean � SD Limits of Agreement CV (%) Mean � SD Limits of Agreement CV (%)

EDV (mL) 4.17 � 5.70 �7.0 to 15.3 3 0.33 � 14.70 �28.0 to 29.0 9 .06
ESV (mL) �1.00 � 6.00 �12.7 to 10.7 8 �6.00 � 8.00 �21.7 to 9.7 11 .36
EF (%) 0 � 2.00 �3.9 to 3.9 3 2.00 � 2.00 �1.9 to 5.9 3 .13
LV mass (g) 1.17 � 5.50 �9.6 to 11.9 4 4.700 � 7.00 �9.0 to 18.0 5 .046

Note.—CV � coefficient of variability.
* EDV � ED LV volume, ESV � ES LV volume.
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surements between conventional gradi-
ent-echo and steady-state precession
pulse sequences were also confirmed in
the recently published study of Alfakih et
al (17).

The importance of including or ex-
cluding the endocardial trabeculae and
the papillary muscles in LV measure-
ments obtained with conventional gradi-
ent-echo pulse sequences was previously
emphasized by Ibrahim et al (18) and
Marcus et al (19). Ibrahim et al used cine
breath-hold gradient-echo cardiovascular
MR imaging to measure the LV volumes,
EF, and LV mass in 52 healthy subjects
and found that the inclusion of the pap-
illary muscles in the blood pool, as com-
pared with the exclusion of the papillary
muscles and the trabeculae, resulted in
systematically higher ED and ES LV vol-
umes and lower LV mass values (P �
.001). The exclusion of trabeculae from
the blood pool resulted in the highest EF
values (P � .001). The findings in our
study are consistent with these results.

Marcus et al (19) measured the LV mass
in 40 healthy subjects and quantified the
portion of the mass that was contributed
by the most basal section and by the en-
docardial trabeculae. The results indi-
cated that the mean contribution to the
ED LV mass from the papillary muscles
was 6 g � 5, or 4% � 3. It was most
striking that the ES LV mass was larger
than the ED LV mass by a mean of 5 g �
9, or 3% � 6, when the most basal sec-
tion and the papillary muscles were in-
cluded in the LV mass measurements.
Marcus et al hypothesized that the endo-
cardial trabeculae were responsible for
the apparent increase in mass during sys-
tole.

The endocardial border is not a sharply
demarcated line between blood and myo-
cardium; rather, it is a trabecular zone
with a complex border. This factor leads
to clinically relevant differences between
measurements obtained by using differ-
ent tracing conventions, as described ear-
lier. Thus, comparing published LV mea-
surement results is very difficult. Addi-
tionally, published normal ranges of
cardiovascular MR imaging–based LV
mass and volume values cannot be easily
adopted because different tracing con-
ventions were used. These differences
emphasize the need for uniform criteria
for outlining the endocardial contour.
Functional true FISP cardiac MR imaging,
as compared with conventional gradient-
echo MR imaging, yields a high level of
endocardial detail and allows easier dis-
crimination of the endocardial borders.
Therefore, true FISP cardiovascular MR

imaging may become the technique of
choice for assessing LV volume and mass.

The clinical value of a specific analysis
method is determined on the basis of not
only the accuracy but also the reproduc-
ibility of the method. Therefore, we
sought to determine whether one of the
two described tracing conventions was
superior to the other in terms of measure-
ment reproducibility. The interobserver
and interexamination reproducibility of
LV volume and mass measurements ob-
tained by including endocardial trabecu-
lae in the LV cavity volume was superior
to that of measurements obtained by ex-
cluding endocardial trabeculae. There are
two main reasons for these differences:
(a) Because of their small size, trabeculae
are difficult to differentiate from the LV
wall, and, thus, tracing is complicated.
(b) The decision of which endocardial tra-
beculae to exclude from the cavity vol-
ume is very challenging and varies con-
siderably, even when experienced ob-
servers perform the tracing.

On the basis of our observations, we
suggest that endocardial trabeculae be
excluded from the myocardial mass and
included in the LV cavity volume. This
tracing convention may be easier to fol-
low for different observers and thus result
in less observer variability. Thus, the su-
perior interobserver and interexamina-
tion reproducibility of measurements ob-
tained by including endocardial trabecu-
lae in the LV cavity volume favors this
tracing algorithm for clinical use.

Another advantage of including tra-
beculae in the LV cavity volume is that
measurements of regional wall thickness
and systolic wall thickening can be ex-
pected to be more realistic. Peters et al
(20) found that measurements of myo-
cardial wall strain derived from tagged
MR images showed correlation between
regions of the trabeculae and the papil-
lary muscles and regions of high strain,
and this correlation led to an overestima-
tion of the function in the lateral wall.

There were limitations to our study.
First, during systole, the trabeculae and
the papillary muscles are less well defined
owing to compression and folding. In the
current study, the compressed trabeculae
appeared as a segment of continuous
myocardial tissue in some regions at ES,
and this made accurate delineation of the
endocardial borders very challenging.
Therefore, a movie display of the section
being evaluated was always available.
This display allowed us to differentiate
the trabeculae from the LV wall at ES by
integrating the visual information ob-
tained continuously during the cardiac

cycle. Nevertheless, identifying the tra-
becular tissue at ES remained difficult in
some cases, which might support the use
of the convention with which endocar-
dial trabeculae are excluded from the LV
cavity volume. In these cases, the inner-
contour convention allowed easier delin-
eation of the endocardial border. This
finding explains the similar coefficients
of reproducibility for measurements of
the ES LV volume and the EF.

Second, the best tracing algorithm is
probably that which is the most accurate
and the most reproducible. Because we
measured LV parameters in vivo, we
were not able to test for accuracy. There-
fore, we sought to assess whether one of
the two described tracing conventions
was superior to the other in terms of re-
producibility. Third, the sample size of
examined subjects in our study was rela-
tively small; however, the sample repre-
sented a population with a wide spec-
trum of cardiac disorders.

In conclusion, endocardial trabeculae
significantly affect the quantification of
LV volume and mass. The superior repro-
ducibility of LV measurements obtained
by including endocardial trabeculae in
the cavity volume favors this tracing al-
gorithm for clinical use. Our findings
may aid in reaching a consensus on uni-
form tracing criteria to standardize car-
diovascular MR imaging measurements
of LV parameters.
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