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The Correlation Between Ventricular
Shape and Branching Pattern of its
Outgoing Great Artery and Thelr
Functional Implications
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Abstract

Throughout the surgical history to repair
transposition of the great arteries in the past
half-century, human has |learned that the right
ventricle cannot replace the | eft ventricle as a
systemic pumping chamber. The shape of
normal right ventricle is totally different from
that of left ventricle, trapezoid of the former
versus pear-form of the latter. Yet the
functional implications of the shape were
seldom explained in the past. The pulmonary
trunk branches early into right and left
pulmonary arteries. While the relatively
late-branching of the aorta dictates its
pumping chamber to become a pear-shaped
left ventricle. We carried out a magnetic

resonance imaging study on 10 normal
persons, to see whether left lower vertex of
the trapezoid right ventricle sendsits blood
into lower right pulmonary artery, while
relatively higher right lower vertex into
higher left pulmonary artery. The results
showed the shape of ventriclesisrelated with
its outgoing arterial branching pattern. This
inferenceis helpful to judge those patients
with congenitally corrected transposition is
justified to undergo double switch operation
according to the shape of ventricles, i.e. those
with incompl ete transition.

Keywords: trapezoid right ventricle, pear-form
left ventricle, early branching
pulmonary trunk, relatively
late-branching aorta, and complete
transposition of the great arteries.

= ~Background & Purpose

Throughout the surgical history to repair
transposition of the great arteriesin the past
half-century, human has learned that right
ventricle cannot replace the left ventricle (LV)
as a systemic pumping chamber [1-3]. At
present, arterial switch operation has become
the repair of choice for transposition of the
great arteries (TGA) with or without
ventricular septal defect [1,4]. Yet in certain
cases done properly, those with the Mustard
or Senning operation has proved to have
excellent results [5-8]. For congenitally
corrected transposition, conventional repair
or anatomical repair (double switch)
remained in debate [9-11]. The ventricles
must have adapted themselvesto an
unnatural role in cases survived after
non-anatomical repair. The shape of normal
right ventricle (RV) istotally different from
that of LV, trapezoid of the former versus
pear-form of the latter [12]. Y et the



functional implication of the ventricular
shape was seldom explained in the past. The
pulmonary trunk branches early into right and
left pulmonary arteries. While the relatively
late-branching of the aorta dictates its
pumping chamber to become a pear-shaped
LV. In an effort to understand the necessity
of the RV to send the venous blood to each
lung through the bilateral pulmonary arteries
dictates the shape of RV to be trapezoid, we
carried out a magnetic resonance imaging
study on 10 normal human.

= ~ Methods

A 1.5-T Simens Magnetom Vision
System (Simens AG, Erlanger, Germany),
with a 25 mT/m maximum gradient strength
and aminimum gradient rise time of 600 us
was used. All had normal sinus rhythm and
was examined in a body phased-array coil
using prospective el ectrocardiographic
triggering. For localization, T1-weighted spin
echo sequences in the transverse, coronal and
sagittal planes were performed. Sections with
perpendicular to the flow direction of the left
pulmonary artery (LPA) and right pulmonary
artery (RPA) were simultaneously examined
by acine-MRI gradient echo sequence. The
repetition time was 45 msec, echo timewas 7
msec and flip angle was 40 degrees. Only
90% of a cardiac cycle was measured due to
the limitation of the scanner. The matrix was
168 by 256, field of view was 289 by 330,
and dlice thickness10 mm. No pre-saturation
pulse cine-MRI gradient echo sequence was
performed first for the baseline and control
data. Then, a pre-saturation pulse (virtually
black due) with linear band of 50 mm width
was created on the apex of the RV (Figure 1).

For quantitative flow anaysis, we used
a post-processing package provided by the
manufacturer with the following procedure:
positioning a region-of-interest (ROI) that
covering the whole area of the RPA and LPA,
repositioning the ROI on each imagesin
different phases, calculation of mean inside
the ROI versus time. We measured both RPA
and LPA twice and used the average datafor
further statistical analysis. In order to get
signa change of bilateral pulmonary arteries

after use of virtual due, signal in the cross
section of each PA at the same cardiac cycle
without pre-saturation minus that with ones.
The positive data indicated there had been
virtual black dye flowing through and
lowering down the signal. In addition,
because we had only pre-saturated the blood
at the apex of the RV, this positive result
means this flowing blood coming from the
apex of the RV. Conversdly, if it presented
negative data, this represents the blood
passing through this PA section was
originating from the part other than apex. The
fresh spin coming outside the field-of-view
of examination bring the high signal intensity,
because of never been excited, contributed
the rise of the signal.

Non-linear mix effect model were
applied to the data for statistical analysis. For
each patient, variable number of cardiac
cycles was recorded, and blood flow at right
and left pulmonary artery were measured.
The intensity of signal was used as dependent
variable. According to the exploratory
analysis, there are three stages of peak flow
during acycle. A function of timeincluding
mixture of three exponential functionsis
used to model the time pattern of the
intensity recorded at each side of pulmonary
artery. The overall flow volume can be
characterized using the integration of the
function.

z ~ Reaults

The areas under the curve of LPA and
RPA in before and after virtual dye
application are significantly different (Table
1). It shows RPA get more virtual dye (signal
drop) from the RV apex than LPA.

Actually, there are three pulsated flow in
one cardiac cycle (Figure 2). We anayze
these three different waves of flow pattern as
well asthe baseline and find thereisa
significant difference (p<0.05) between
bilateral pulmonary arteries that get the
virtual dye (Table 2). Mgority of the virtual
dye from RV apex ran into RPA.

7 ~ Discussion



From our data, we can say most of the
virtual dye from RV apex will go into RPA.
Conversely, we also can propose that most of
the fresh unsaturated blood in the RV cavity
beside apex run to LPA. By the preferential
destinations of the blood in the RV different
locations, due to the design for minimal
energy lost during traveling through the RV,
so the RV is shaped to be trapezoid. This
finding will be very important for further
design of strategies of surgical correction of
those ventricul o-arterial anomalies. In order
to maintain the trapezoid shape of the RV
and pear-form of the LV (the most nature and
less work loading), the 3D curve of the
pulmonary arterial branches in relationship to
the ascending aorta should be take into
seriously consideration.

- ~ Saf-Evaluation

The result of this one-year project

revealed consistent with the original proposal.

Investigators have established a good

protocol to study the use of the virtual dyein
the flow dynamic of heart by MRI. The
expected goal has successfully achieved by
demonstrating the significant difference of
RV apex flow to LPA and RPA. The result of
this study is clinically applicable. This
information will provide a concept of the
importance of the 3D curve of the pulmonary
arterial tree to surgeon. Besides, the inference
is helpful to judge those patients with
congenitally corrected transposition is
justified to undergo double switch operation
according to the shape of ventricles, i.e. those
with incomplete transition.
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Figure 1. Virtual dye has been applied in the
RV apex with seeing the direct flow of this
black dye in the sequentia images.
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Figure 2. Plots of data of 10 norma subjects adjusted to one cardiac
cycle.



Table 1. Area under the curves of LPA and RPA in before and after virtual dye be
applied in the RV apex.

LPA Areadrop RPA Areadrop

value Percentage Value Percentage

Control 185.1 3214
Dye (+) 160.6 245 13% 253.0 68.4 21%




Table 2. Models compared the control to virtual dye in the RV apex in bilateral
pulmonary arteries.

value se Z p
LPA (-)
min. 143.2 4.1 34.84 0.000
RPA (-)
min. 100.0 5.0 19.96 0.000
LPA (+)
min. -27.6 51 -5.45 0.000
RPA (+)
min. -22.4 7.3 -3.05 0.002
LPA (-)
max. 1 83.1 4.0 21.01 0.000
RPA (-)
max. 1 75.5 5.3 14.14 0.000
LPA (+)
max. 1 9.6 6.4 1.49 0.136
RPA (+)
max. 1 -56.0 7.4 -7.52 0.000
ml 0.23 0.0 48.20 0.000
sl 0.09 0.0 25.70 0.000
LPA (-)
max. 2 61.9 3.2 19.39 0.000
RPA (-)
max. 2 66.3 3.6 18.28 0.000
LPA (+)
max. 2 -11.3 3.8 -2.98 0.003
RPA (+)
max. 2 -55.3 55 -10.00 0.000
m2 0.47 0.0 161.30 0.000
s2 0.18 0.0 30.96 0.000
LPA (-)
max. 3 34.3 3.7 9.23 0.000
RPA (-)
max. 3 9.1 4.1 2.22 0.026
LPA (+)
max. 3 -4.2 3.8 -1.08 0.280
RPA (+)
max. 3 -13.5 5.8 -2.34 0.019
m3 0.91 0.0 283.88 0.000

s3 0.15 0.0 17.75 0.000
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