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Quantitative evaluation
of right heart hemody-
namics by thallium-201
myocardial scintigraphy
in infants and children
with congenital heart
disease
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Summary

Thallium-201 myocardial scintigraphy was done in 46 pediatric patients with congenital heart
disease and 18 normals, whose ages ranged from 2 months to 13 years. The qualitative and quantitative
analysis of right heart hemodynamics were performed by comparing with the findings of cardiac
catheterization and echocardiography in 39 of these 64 patients.

Multi-gated diastolic images of 1,500 heart beats were obtained 5 minutes after rapid intravenous
injection of 60 xCijkg of thallium-201 chloride. Scintigrams were taken from the anterior view, left
anterior oblique view at 30°, 45° and 60°, and lateral view. Among these 5 views the image, which demon-
strated the inter-relationships of the left ventricle, interventricular septum and right ventricle most
clearly, was used for this study. The technique of analysis involved assignment of 4 regions of interest
over the upper mediastinum, left ventricular free wall, interventricular septum and right ventricular
free wall on the graphic display of the computer-processed scintigram. The activities of right ventricular
free wall (Wy) and left ventricular free wall (W_) were determined by subtraction of the activity of
background (Bx). Furthermore, the ratio of myocardial blood flow (MBF) to cardiac output (CO) was
obtained by the method proposed by Ishii and his associates.?

Imaging of the right ventricular free wall was possible in all patients except 2 patients; one with
tricuspid atresia and another with Uhl’s anomaly. These 39 patients were divided into 5 different hemo-
dynamic groups; normal, left ventricular volume overload with pulmonary hypertension (LVVL ¢ PH),
left ventricular volume overload without pulmonary hypertension (LVVL § PH), right ventricular pres-
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sure overload (RVPL), right ventricular volume overload (RVVL), and others. Each scintigram of these
different hemodynamic groups showed the different morphologic characteristics of the images of left
ventricular free wall, interventricular septum and right ventricular free wall. In normals, MBF/CO
showed an inverse correlation with body surface area (r=—0.85). While MBF/CO was significantly
high in LVVL & PH (p<0.001) and RVPL (< p0.001), the ratio was low in RVVL (p<0.05). In addi-
tion, MBF/CO was well correlated with right ventricular systolic pressure (r=0.80). Both Wy/By and
Wx/Wy, were significantly high in LVVL & PH and RVPL, respctively (all p<0.001). Wg/W,, showed
a good correlation with right ventricular systolic pressure and right and left ventricular mass ratio, re-
spectively (r=0.77 and r=0.80).

In conclusion, thallium-201 myocardial scintigraphy was considered to be useful for the noninvasive
quantitative evaluation of right heart performance in infants and children with congenital heart

disease.
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Thallium-201 (TI1-201) myocardial scinti-
graphy has been widely used for the diagnosis
of myocardial infarction in adults>~% and re-
cently its diagnostic value has been reported in
infants and children with anomalous origin of
the left coronary artery from the pulmonary
artery>® and myocardial infarction following
mucocutaneous lymph node syndrome?. Al-
though there have been several reports®~1 in
which TI1-201 scintigraphy was utilized for the
evaluation of the right heart hemodynamics,

Table 1. Materials

Control 18
TF 10
VSD 7
ASD 6
PDA 5
TA 2
PS 1
p.o. TF 4
Misc. 11
Total 64

TF=tetralogy of Fallot; VSD=ventricular septal
defect; ASD =atrial septal defect; PDA =patent duc-
tus arteriosus; T'A =tricuspid atresia; PS=pulmonary
stenosis; p.o. TF=postoperation of TF; Misc=
miscellaneous.

these studies were qualitative or semiquantita-
tive. The present study was performed to eval-
uate right heart hemodynamics quantitatively
in infants and children with congenital heart
disease by comparing the findings of T1-201
scintigraphy with those of cardiac catheteriza-
tion and echocardiography.

OBk

Fig. 1. Diagrammatic representation of four
regions of interest on the images on the graphic
display.

Bk=activity of the background; Wr=activity of
the right ventricular free wall; Ws=activity of the
interventricular septum; Wl=activity of the left ven-
tricular free wall.
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Patients and Methods

TI-201 scintigraphy was performed in 46
patients with congenital heart disease and in
18 normals as shown in Table 1. Eighteen
normals included 15 patients with mucocutane-
ous lymph node syndrome having no aneurysms
of the coronary arteries cofirmed by selective
coronary angiography, and 3 patients with small
ventricular septal defect with Q,/Q,<1.3. Their
ages ranged from 2 months to 13 years.

The myocardial scintigraphy and quantitative
analysis were performed using 2 Toshiba Gam-

Right ventricular T1-201 scan in children

ma Camera GCA-402 and Toshiba computer
TOSBAC-40C. Images were taken 5 minutes
after rapid intravenous injection of 60 xCi/kg of
TI1-201 chloride in the anterior view, left an-
terior oblique views at 30° 45° 60° and left
lateral view. Multi-gated diastolic images of
1,500 heart beats were obtained at 80 keV of
energy with 30 percent of window width. The
quantitative study was done in 39 of these 64
patients and they were divided into six sub-
groups; normal, left ventricular volume overload
with pulmonary hypertension (LVVL & PH),
left ventricular volume overload without pul-

Fig. 2. Thallium-201 scintigram of a patient with atrial septal defect.
ASD=atrial septal defect; BSA=body surface area; MBF/CO=myocardial blood flow/cardiac

output; RV=right ventricle; LV=left ventricle.
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monary hypertension (LVVL § PH), right ven-
tricular pressure overload (RVPL), right ven-
tricular volume overload (RVVL), and others.
The technique of analysis involved assign-
ment of four regions of interest (ROIs) on the
graphic display of the computer-processed scin-
tigrams as shown in Fig. 1. For this study the
image, which demonstrated the inter-relation-
ships of the right ventricular free wall, interven-
tricular septum and left ventricular free wall
most clearly, was chosen from these five views.
The ROI of background was selected over the
upper mediastinum. The other three ROIs

LIPS PLV

were determined at the points of the right ven-
tricular and left ventricular free walls and the
interventricular septum on the line parallel to
the X axis of the display and with the maximum
distance between the right ventricular and left
ventricular free walls. Each ROI contained 3 x3
matrix of elements and the activity of each ROI
was represented as a total of these 9 matrix of
elements. The activities of the ROIs of the left
ventricular free wall (W), right ventricular free
wall (W) and interventricular septum (W)
were calculated by subtraction of the activity of
background (Bx). Furthermore, the ROIs of

Fig. 3. Thallium-201 scintigram of a patient with ventricular septal defect.
VSD =ventricular septal defect; BSA=body surface area; MBF/CO=myocardial blood flow/

cardiac output.
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the whole heart and the background were de-
fined and the ratio of myocardial blocod flow
(MBF) to cardiac output (CO) was obtained by
the method proposed by Ishii and his associ-
ates?.

In the patients in which cardiac catheteri-
zation and echocardiography were performed,
right ventricular systolic pressure (RVSP) was
determined by a catheter tip micromanometer.
Right ventricular mass (RVM) was calculated
by combination of angiographic right ventricu-
lar image and echocardiographic right ventricu-
lar anterior wall according to the method of
Arcilla and his associates'®?. Right ventricular
end diastolic volume (RVV) was obtained by
Simpson’s method!®, left ventricular end dias-
tolic volumes (LVV) by area-length method!¥
and left ventricular mass (LVM) by Rackley’s
method!®. These findings were compared with
those of T1-201 myocardial scintigraphy.

Right ventricular T'1-201 scan in children

Results

The images of the right ventricular free wall
were obtained in all patients except for 2 patients
(tricuspid atresia and Uhl’s anomaly). Firstly,
we studied the morphologic characteristics of
the T1-201 images in the different hemodynamic
groups. The scintigram of a patient with atrial
septal defect showed the dilated right ventricu-
lar cavity and convex interventricular septum
toward the right ventricle, but the uptake of the
right ventricular free wall was lesser than that
of the left ventricular free wall (Fig. 2). Fig. 3
demonstrated the dilated left ventricular cavity
and normal-sized right ventricle in a patient
with ventricular septal defect. In contrast, in
a patient with ventricular septal defect with
mean pulmonary pressure of 70 mmHg, the
uptake of the right ventricular free wall was
markedly increased and the interventricular

hypertension.
VSD+PH=ventricular septal defect with pulmonary hypertension; BSA=body surface area;
MBF/CO =myocardial blood flow/cardiac output.
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Fig. 5. Thallium-201 scintigram of a patient with tetralogy of Fallot.
RV=right ventricle; LV=left ventricle; TOF=tetralogy of Fallot; BSA=body surface area;

MBF/CO =myocardial blood flow/cardiac output.

septum was straight (Fig. 4). Small left ventricu-
lar image, narrow right ventricular outflow tract
and straight interventricular septum were dem-
onstrated in the scintigram of a patient with
tetralogy of Fallot (Fig. 5).

Secondly, we performed the quantitative
analysis of the T1-201 myocardial scintigraphy.
The MBF/CO demonstrated a good inverse
correlation with body surface area (r=—0.85)
in normals as shown in Fig.6 and a good
positive correlation with RVSP (r=0.80) as
shown in Fig.7. Its value was significantly
high in the groups of LVVL ¢ PH and RVPL

(p<0.001, p<0.001), and low in the group of
RVVL (p<0.001) (Fig. 8). The Wr/Bk showed
significantly high value in the groups of LVVL
¢ PH and RVPL (p<0.001, p<0.001), respec-
tively (Fig.9). There was a poor correlation
between RVM/RVV and W,/Byx (r=0.57) as
demonstrated in Fig. 10. Fig. 11 showed sig-
nificantly high value of the Wg/W, in the
groups of LVVL ¢ PH and RVPL (p<0.001,
p<0.001), respectively. The Wg/W,correlated
well with RVSP (r=0.77) and RVM/LVM
(r=0.80) as shown in Fig. 12 and Fig. 13.
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Fig. 8. Mpyocardial blood flow/cardiac output
in four different hemodynamic groups.

Shaded area shows the mean+1SD of normals.

MBF/CO=myocardial blood flow/cardiac output;
LVVL & PH=left ventricular volume overload with
pulmonary hypertension; LVVL § PH=left ventricu-
lar volume overload without pulmonary hyperten-
sion; RVPL=right ventricular pressure overload;
RVVL=right ventricular volume overload.
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Fig.7. Correlation between myocardial blood flow/cardiac output and right ventricular

systolic pressure.

MBF/CO=myocardial blood flow/cardiac output; RVSP=right ventricular systolic pressure;
VSD=ventricular septal defect; PDA=patent ductus arteriosus; TF=tetralogy of Fallot; PS=
pulmonary stenosis; ASD =atrial septal defect; Misc=miscellaneous.
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Fig. 9. Activity of the right ventricular free
wall/activity of the background in four different
hemodynamic groups.

Shaded area shows the mean+1SD of normals.

Wr/Bg =activity of the right ventricular free wall/
activity of the background; LV VL & PH=left ven-
tricular volume overload with pulmonary hyperten-
sion; LV VL 5§ PH=left ventricular volume overload
without pulmonary hypertension; RV PL =right ven-
tricular pressure overload; RV VL =right ventricular
volume overload.

Discussion

It is important to define the ROIs precisely
for the quantitative analysis of hemodynamics
using T1-201 myocardial scintigraphy. For this
purpose, multi-gated disatolic images of 1,500
heart beats were obtained and the ROIs were
assigned on the graphic display of computer-
processed images using the above-mentioned
method.

In this study, images of the right ventricular
free wall could be obtained in almost all patients.
On the contrary, it has been reported that the
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Fig. 10. Correlation between the ratio of ac-
tivity of the right ventricular free wall to activity
of the background and the ratio of right ven-
tricular mass to right ventricular volume.
Wg/Bg =activity of the right ventricular free wall/
activity of the background; RVM/RVV=right ven-
tricular mass/right ventricular volume; VSD=ven-
tricular septal defect; PDA =patent ductus arteriosus;
TF=tetralogy of Fallot; PS=pulmonary stenosis;
ASD=atrial septal defect; Misc=miscellaneous.

right ventricular free wall could be imaged in
only patients with RVVL or RVPL in adults8~10,
Myocardial uptake of T1-201 chloride is propor-
tional to myocardial blood flow and is influ-
enced by heart rate, blood gases and oxygen
consumption!®~!®, Myocardial blood flow in-
creases proportionally to increasing myocar-
dial mass in the patients without the ischemic
changes in chronic heart disease. Feasibility
of good imaging of the right ventricular free
wall in infants and children is probably ex-
plained by tachycardia and physiological right
heart dominance after the newborn period. It
is thought to be also originated from the same
reason that the MBF/CO showed an inverse
correlation with body surface area in normals.
Since the MBF/CO reflects the total myo-
cardial mass, its value depends on right ven-
tricular mass in patients with normal left ven-
tricular mass. The high value for the MBF/
CO in the groups of LVVL ¢ PH and RVPL
represents the increased right ventricular mass,
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Fig. 11. Activity of the right ventricular free
wall/activity of the left ventricular free wall in
four different hemodynamic groups.

Shaded area shows the mean+1SD of normals.

Wpg/wy,=activity of the right ventricular free wall/
activity of the left ventricular free wall; LV VL ¢ PH
=left ventricular volume overload with pulmonary
hypertension; LV VL § PH=left ventricular volume
overload without pulmonary hypertension; RV PL=
right ventricular pressure overload; RV VL =right
ventricular volume overload.

and the low value in the group of RVVL is
based on the hypoplasia of the left ventricle.
Since right ventricular pressure overload re-
sults in an increase of the right ventricular
mass, it is reasonable that the MBF/CO corre-
lates well with right ventricular systolic pres-
sure. The Wpg/Bx is thought to show the
absolute uptake activity of the right ventricular
free wall, and showed high value as increases
of right ventricular mass in the groups of LVVL
¢ PH and RVPL. It is preferable to choose
right ventricular mass instead of right ventricu-
lar systolic pressure in comparison with the
findings of TI-201 myocardial scintigraphy.

Right ventricular T1-201 scan in children

200r

® Control
-] 2 VSD.PDA
b3 » TF.PS
g 2 ASD

& Misc.

a’s
a .
> - * o
= 100} s =
-
o®
L]
a
o n=38
[+ °go o y=87.1x+5.06
T Tee o (o] =077
SRR KN . £<0.001
" N "
o 0.5 1.0 1.5
wWa/W,

Fig. 12, Correlation between the ratio of activity
of the right ventricular free wall to activity of
the left ventricular free wall and right ventri-
cular systolic pressure.

Wg/WL=activity of the right ventricular free wall/
activity of the left ventricular free wall; RVSP=right
ventricular systolic pressure; VSD =ventricular septal
defect; PDA=patent ductus arteriosus; TF=tetra-
logy of Fallot; PS=pulmonary stenosis; ASD=
atrial septal defect; Misc=miscellaneous.
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Fig. 13. Correlation between the ratio of activity
of the right ventricular free wall to activity of
the left ventricular free wall and the ratio of
right ventricular mass to left ventricular mass.

Wpg/Wy=activity of the right ventricular free wall/
activity of the left ventricular free wall; RVM/LVM =
right ventricular mass/left ventricular mass; VSD=
ventricular septal defect; PDA=patent ductus ar-
teriosus; TF=tetralogy of Fallot; PS=pulmonary
stenosis; ASD=atrial septal defect; Misc=miscel-
laneous.
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The RVM/RVV was calculated to normalize
the body size and was compared with Wy/Bg.
The result of a weak correlation and a wide
scattering between these two parameters are
thought to be caused by the influence of
heart rate, blood gases and oxygen consump-
tion over the myocardial uptake of TI-201
chloride, because the Wpg/Bx cannot cancel
these effect. Therefore, the Wg/Wy, in which
Wpg and W, are influenced equally by these
factors, was obtained and was compared with
hemodynamic data. The Wgx/W,, is considered
to be equal to RVM/LVM theoretically and
showed the best correlation in this study.

In summary, T1-201 myocardial scintigraphy
is useful for the non-invasive quantitative evalu-
ation of the right heart hemodynamics in infants
and children with congenital heart disease. The
MBF/CO is a good parameter for the evalua-
tion of the total mass of the heart and so is
Wg/W,, for the evaluation of right ventricular
mass or the left ventricular mass.
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