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Abstract

Resumo

Left ventricular function assessment by free-breathing
magnetic resonance sequence with multiple excitations

Avaliacdo da funcdo ventricular esquerda pela sequéncia de ressondncia magnética
sem apneia e com multiplas excitacées

*

Edson Minoru Nakano', David Carlos Shigueoka?, Gilberto Szarf3, Rogério Zaia Pinetti*,
José Eduardo Mourdo Santos®, Denis Szejnfeld*, Anténio Barbieri®

OBJECTIVE: To evaluate the efficacy of free-breathing magnetic resonance sequence with three excitations
in the determination of ventricular volumes and masses in individuals without breath-holding. MATERIALS
AND METHODS: Left ventricular volumes and masses determined in 32 healthy volunteers through two cine
magnetic resonance imaging sequences were compared: the first sequence, traditionally utilized and considered
as a standard, performed under apnea, with a single excitation, and the second one, with free-breathing and
three excitations. Three observers at different levels of experience evaluated the agreement and reproducibility.
Intraclass correlation coefficient, paired #-test, Bland-Altman plots and sign test were utilized for statistical
analysis. RESULTS: According to the two most experienced observers, intraclass correlation coefficients
were > 0.913, the paired t-test demonstrated P values > 0.05, Bland-Altman plots had differences randomly
distributed around zero and the sign test descriptive levels were > 0.05. CONCLUSION: The sequence
evaluated presents an excellent agreement and reproducibility as compared with the standard sequence,
and can be utilized in patients with respiratory limitations.

Keywords: Heart; Ventricular function; Magnetic resonance imaging.

OBJETIVO: Avaliar a eficacia da sequéncia de ressondancia magnética com trés excitacdes, para obtencao
de volumes e massas ventriculares, em individuos com respiracéo livre, sem apneia. MATERIAIS E METO-
DOS: Em 32 voluntarios sadios, foram comparados os volumes e massas do ventriculo esquerdo, obtidos
por meio de duas sequéncias de ressonancia magnética em modo cine. A primeira, tradicionalmente utilizada
e considerada padrdo, em apneia e com excitacdo Unica, e a segunda, em respiracdo livre e com trés exci-
tacGes. Trés leitores, com diferentes niveis de experiéncia, testaram a concordancia e a reprodutibilidade.
Para a analise estatistica foram utilizados o coeficiente de correlacédo intraclasse, o teste t-pareado, os gra-
ficos de Bland-Altman e o teste do sinal. RESULTADOS: Para os dois observadores mais experientes, os
coeficientes de correlacédo intraclasse foram superiores a 0,913, assim como os niveis descritivos do teste
t-pareado acima de 0,05, os graficos de Bland-Altman com as diferencas distribuidas aleatoriamente em torno
do zero e o teste do sinal com seu nivel descritivo superior a 0,05. CONCLUSAO: A sequéncia testada apre-
senta 6tima concordéncia e reprodutibilidade em relacdo a sequéncia padrdo, podendo ser aplicada em indi-
viduos com limitacGes respiratérias.

Unitermos: Coracao; Funcao ventricular; Imagem por ressonancia magnética.
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INTRODUCTION

An accurate evaluation of left ventricu-
lar systolic function (LV SF) isessential for
the diagnosis, management and follow-up
of several cardiac and extracardiac dis-
eases't?),

This evauation can be performed by
means of an invasive technique such as
cineventriculography® and other lessinva-
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sivetechnicquessuch asechocardiography,
radionuclide ventricul ography, single pho-
ton emission computed tomography
(SPECT) and positron emission tomogra-
phy (PET)®, magnetic resonance imaging
(MRN® and, most recently, by computed
tomography (CT).

Currently, MRI isconsidered astheref-
erence method in the study of LV SF for its
accuracy in the ventricular volume evalu-
ation and high reproducibility. However,
the MRI reliability inthe LV SF calculation
depends on the acquisition of images free
of motion artifactsthat degradeimagesand
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impair the delimitation between the myo-
cardium and the ventricular cavity. Among
the most common motion artifacts, onecan
mention therespiratory artifactsthat can be
eliminated by means of apnea during im-
ages acquisition.

In somesituations, with the current MRI
parametersoptimized for LV SF evaluation,
the sequence duration exceeds the breath-
hold capability of the patient. In these
cases, therequired breath-hold time may be
shortened, decreasing the spatial and/or
temporal resolution of theimages. The dis-
advantage of such practiceisthat the defi-
nition of the ventricular end-systole is
based on non-reliable functional data®?.
Another hypothesis is the free-breathing
acquisition with real-time sequences®®t,
However, these are recent innovations still
to be made widely available.

One of the ways of minimizing motion
artifacts on aMRI study is to increase the
number of excitationsor the number of sig-
nal average. Thus, motion-corrected free-
breathing images acquisition without the
utilization of real-time sequences can be
achieved by increasing the number of ex-
citations(generally tothree). Thedisadvan-
tage of this technique is the lower quality
of theimages as compared with those of the
standard breath-hold sequences.

The present study is aimed at evaluat-
ing the efficacy of sequenceswith ahigher
number of excitations (number of signal
average) inthecalculation of the LV SFand
left ventricular mass in patients with free-
breathing, without apnea.

MATERIALSAND METHODS

The present study included 32 (17 male
and 15 female) healthy individuasin the
age range between 23 and 48 years (mean,
32.4 years) with no previous history of
cardiac or pulmonary disease.

The examinations were performed in
Siemens (Siemens Medical Systems; Er-
langen, Germany) high-field 1.5tesaMRI
units Magnetom Symphony (n = 22) and
Magnetom Avanto (n = 10) models. The
maximum gradient amplitude was 30 mT/
m (Symphony) and 45 mT/m (Avanto) and
the slew rate, 75 T/m/s (Symphony) and
200 T/m/s (Avanto). The body coil was
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utilized as transmitter, and the posterior
spina coil aswell as the anterior two-ele-
ment surface phased-array coil (Sym-
phony) and the six-element surface phased-
array coil as receivers,

The calculation of ventricular volume
and mass was based on 9 to 11 slices (sec-
tions) perpendicular to the interventricular
septum in the short axis plane, fromtheleft
ventricle base to the apex. Segmented fast
imaging with steady-state precession
(TRUE-FISP) sequence was utilized with
ECG-gating in cine mode. Each section
was acquired during 6- to 11-second expi-
ratory apneaand presented atemporal reso-
lution around 30 ms and spatial resolution
on the imaging plane of 2.1 X 1.4 mm.
Slice thicknesswas 8 mm at 2 mm interval
(Figure 1).

After the acquisition of this set of left
ventricular short axisimages considered as
a standard in the ventricular function cal-
culation, a new sequence was performed
with the same parameters, except for the
higher number of excitations (n = 3 exci-
tations [SNEX]) and without breath-hold-
ing. Neither type of respiratory belt/syn-
chronizer nor paramagnetic contrast agent
was utilized.

Left ventricular short axisimages were
analyzed on aworkstation with adedicated
software for ventricular mass and volume
calculations(Leonardo—Argusand Viewer;
Siemens Medical Solutions, Erlangen,
Germany), by threeradiol ogistswith differ-
ent experience levels. The observer 1 had
four-year experience, the observer 2, two-
month experience, and the observer 3, five-
year experience in cardiac MRI.

The observer 1 classified the sequences
quality into three categories. excellent,
good and poor. Excellent corresponded to
demonstration of well defined myocardia
edgesand blood inthe ventricular cavity on
al of the imaging sections; good corre-
sponded to distorted and ill-defined en-
docardia limitson up to threeimaging sec-
tions; and poor corresponded to ill-defined
images on more than four sections.

Initially, asemi-automatic algorithm for
myocardia edgesdefinitionwasutilizedin
the left ventricular delineation. In cases
where correction was required, the en-
docardial and epicardial limits would be

manually adjusted and delineated. In this
process, the papillary muscleswere consid-
ered as part of the ventricular cavity. The
intermethod agreement (standard sequence
versus 3NEX sequences) was eva uated by
means of a second reading randomly per-
formed by the same observer 30 days after
the first reading.

The statistical analysis was performed
with the intraclass correlation coefficient,
the paired t-test, Bland-Altman plots and
thesigntest. Thesignificancelevel adopted
was 5% (a = 0.05).

The research project was submitted,
analyzed and approved by the Committee
for Ethics in Research of Universidade
Federal de Sao Paulo/Hospital S&o Paulo,
S&o Paulo, Brazil.

RESULTS

Among the 32 individuals evaluated
with the standard sequence, 29 presented
images with excellent quality and three
with good quality. In the evaluation with
the 3 NEX sequence, 10 individuals had
imageswith excellent quality, 14 with good
quality, and eight with poor quality.

The analysis of intermethod agreement
in the measurements performed with stan-
dard sequence and 3 NEX sequence dem-
onstrated optimum agreement for the ob-
servers 1 and 3. For al the parameters
evaluated, the intraclass correlation coef-
ficient was > 0.900 and the descriptive
level (P) of the paired t-test, was > 0.05
(Tables 1 and 2). Additionally, in arandom
evaluation of the Bland-Altman plots and
sign test, the authors observed that the dif-
ferences between the standard sequence
and the 3 NEX sequence were distributed
around the zero value with a descriptive
level < 0.05 (Figures 2 and 3). Although
with a high intraclass correlation coeffi-
cient, a full agreement was found for the
observer 2 in relation to ventricular mass
(Table 3). Statistically significant differ-
encewasobserved in relation to mean g ec-
tion fraction, with higher values found in
the measurement with 3 NEX sequence.
Valuesfor ventricular volumes were lower
in the 3 NEX sequence, with descriptive
level (P) < 0.05 for mean ventricular vol-
umes and sign test values (Figure 4).
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Ventricular function assessment by free-breathing MRI with 3 NEX

Figure 1. A,B: Scheduling of sections on left ventricle short axis orthogonal to the interventricular septum. C: Some of the images included in the series of
standard cine MRI sequences in the slice positioning indicated by the arrows on A and B.

Table 1 Correlation between standard sequence and 3 NEX sequence for observer 1.

Mean =+ standard deviation

Parameters Standard 3 NEX t Test (p) ICC Cl 95%
Ejection fraction 65.59 + 5.06 64.95 + 5.31 0.224 0.914 (0.824; 0.958)
End-diastolic volume 136.22 + 29.98 137.54 + 30.47 0.388 0.979 (0.958; 0.990)
End-systolic volume 47.32 = 14.36 48.48 + 14.03 0.207 0.966 (0.931; 0.984)
Ejection volume 88.89 + 18.68 89.07 = 19.92 0.887 0.966 (0.930; 0.983)
Mass 111.19 = 29.35 110.09 = 31.04 0.615 0.957 (0.912; 0.979)

ICC, intraclass correlation coefficient; IC, confidence interval.
Table 2 Correlation between standard sequence and 3 NEX sequence for observer 3.
Mean =+ standard deviation

Parameters Standard 3 NEX t Test (p) ICC Cl 95%
Ejection fraction 65.03 = 4.71 64.35 + 5.53 0.192 0.913 (0.822; 0.958)
End-diastolic volume 128.25 + 28.95 126.86 + 28.07 0.444 0.967 (0.933; 0.984)
End-systolic volume 45.37 + 14.14 45.71 + 14.37 0.658 0.977 (0.952; 0.989)
Ejection volume 82.88 + 17.23 81.15 = 17.11 0.225 0.936 (0.868; 0.969)
Mass 103.98 = 26.20 103.06 + 26.05 0.710 0.924 (0.844; 0.963)

ICC, intraclass correlation coefficient; IC, confidence interval.
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The variability between the measure-
ments by the two sequences, i.e., the per-
centage of the absolute value of the differ-
encein relationto theaverages betweenthe
two measurements for the three observers
is demonstrated on Table 4.

Nakano EM et al.

DISCUSSION

Magnetic resonance imaging is consid-
ered as the most refined method for evalu-
ating the left ventricular systolic perfor-
mance, Thismethod allowsan extremely

effective calculation of ventricular mass
and volume, and seria studieswith highre-
producibility and low variahility because of
abetter contrast between the myocardium
and the ventricular cavity, the absence of
acoustic window limitations, the lower
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mass (E), found by the observer 1 by means of standard sequence and 3 NEX sequence.
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Figure 3. Sign test and Bland-Altman plot for ejection fraction (A), end-diastolic volume (B), end-systolic volume (C), ejection volume (D) and left ventricle
mass (E), found by the observer 3 by means of standard sequence and 3 NEX sequence.
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Figure 4. Sign test and Bland-Altman plot for ejection fraction (A), end-diastolic volume (B), end-systolic volume (C), ejection volume (D) and left ventricle
mass (E), found by the observer 2 by means of standard sequence and 3 NEX sequence.

Table 3 Correlation between standard sequence and 3 NEX sequence for observer 2.

Mean =+ standard deviation

Parameters Standard 3 NEX t Test (p) ICC Cl 95%
Ejection fraction 64.74 = 5.13 65.97 + 5.26 0.029 0.908 (0.811; 0.955)
End-diastolic volume 132.12 + 27.57 123.52 + 28.50 < 0.001 0.965 (0.929; 0.983)
End-systolic volume 47.01 = 13.95 42.42 + 13.26 < 0.001 0.973 (0.944; 0.987)
Ejection volume 85.13 + 16.89 81.10 + 18.10 0.015 0.931 (0.859; 0.966)
Mass 106.12 + 25.90 107.24 + 27.46 0.556 0.958 (0.914; 0.980)
ICC, Intraclass correlation coefficient; Cl, confidence interval.
Table 4 Variability (%) between standard sequence and 3 NEX sequence. and |mp§1r the dellmltaIIQn betwee.n the
— myocardium and the ventricular cavity.
Mean =+ standard deviation Usually, dependi ng on cardiac fre-
Parameters Observer 1 Observer 2 Observer 3 quency, equipment utilized and optimized
arametersa 7-13-second breath-hold isre-
Ejection fraction 3.42 + 3.06 3.93 + 3.24 3.56 = 2.97 pui red to achieve artifacts suporession. In
ession.
End-diastolic volume 5.40 = 4.41 8.21 + 7.28 5.13 + 5.63 d . C . . PP
. children and individuals with reduced ca-
End-systolic volume 8.01 = 7.70 11.87 = 9.47 7.65 = 7.13 citv b se of the underlving di
Ejection volume 6.66 + 4.98 8.94 + 7.64 6.82 + 6.75 Fhe b?/eath holdina duration n)]/ % r i
Mass 9.34 = 7.40 7.49 + 6.32 10.41 = 7.65 9 ay rep

operator dependency, and the utilization of
the Simpson’s method that does not rely on
geometric approximationsto calculate vol-
umes. Thus, it has advantages over tradi-
tionally used methods such as echocar-
diography and SPECT. Additionaly, MRI
is a practically noninvasive method that,

Radiol Bras. 2009 Set/Out;42(5):289-294

differently from cineventriculography,
does not utilize ionizing radiation for im-
ages acquisition.

However, the MRI reliability in the
LV SF calculation depends on the acquisi-
tion of images free of motion (generally
respiratory) artifacts that degrade images

alimiting factor in the acquisition of qual-
ity images. In these cases, adternative tech-
niques can be adopted, with reduction of
the acquisition time and, consequently, of
the breath-holding duration, by means of
manipulation of temporal and spatial reso-
|ution parameters. The disadvantage of this
method istheinfluence on theleft ventricle
functional parameters, particularly with
manipulation of the temporal resolution®.
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Another alternativewould bethe utilization
of real-time sequences that do not require
breath-holding™*®. However, this is a new
technique, requiring technologically ad-
vanced equipment and software that are
still unavailable.

Thus, the authors evaluated the effec-
tiveness of respiratory artifacts reduction
on the sequence traditionally utilized (seg-
mented, ECG-gated TRUE-FISP) inanin-
dividual with free-breathing, and increas-
ing the number of excitations (number of
signal average). In the present study, the
number of excitations of a sequence con-
sidered as the current standard (TRUE-
FI SP) wastriplicated, and the other param-
eters remained unchanged.

The agreement between data regarding
sequences, ventricular volumes (end-dias-
tolic volume and end-systolic volume),
their ratios (gjection fraction and ejection
volume) and myocardia mass obtained by
each observer with the 3 NEX sequence
were compared with those obtained by the
same observer with the standard sequence.

Optimum intermethod (standard se-
quence versus 3NEX sequence) agreement
was found for the two most experienced
observers (1 and 3) in relation to al the
evaluated parameters. For the observer 2
(lessexperienced), in spite of the excellent
correlation for al theevaluated parameters,
afull agreement was observed only in the
calculation of the ventricular mass.

As the standard sequences were re-
peated twice, the variability observed be-
tween the measurements performed with
thesetwo sequencesfor theobservers1and
3wassimilar to thevariability described in
the literature!***. The arithmetic mean of
this variability for the two mentioned ob-
servers was 3.49% for gjection fraction,
5.27% for end-diastolic volume, 7.83%for
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end-systolic volume, 6.74% for ejection
volume and 9.87% for ventricular mass.
For the observer 2, the variability in the
values for volumes was higher, justifying
the absence of agreement for these param-
eters. The higher variability and the ab-
sence of intermethod agreement reported
by the observer 2 can be explained by the
lower quality of images acquired with the
3 NEX sequence and the lower experience
of this observer.

The 3 NEX sequence adds difficulties
in the myocardial limits delineation be-
cause of the lower image quality, although
reproducible and agreeing results can be
achieved by experienced and appropriately
trained observerswith the current standard
sequences.

The present study has not been com-
pleted yet, considering that itsresultswere
based on apopulation of healthy volunteers,
with an assumed and limited variability. Fur-
ther studies involving patients with heart
diseasesare necessary to validate the actua
effectiveness of the 3 NEX sequence.

CONCLUSION

The 3 NEX sequence presents optimum
reproducibility and agreement as compared
with the standard sequence, and can be used
in patients with respiratory limitations.
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