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Noninvasive classifica-
tion and detailed mor-
phological diagnosis of
tricuspid atresia by two-
dimensional echocardio-

graphy
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Summary

Thirty cases with various types of tricuspid atresia (TA) were studied to classify the diseased
states according to the Keith and Edwards’ classification and to investigate the detail of morphological
abnormality using two-dimensional echocardiography (2-DE) (Table 1). The finding of unilateral
atrioventricular valve atresia was obtained from the apical four-chamber view (Fig. 2). The typing
of TA (type I or II) was diagnosed by 2-DE with a maneuver of shifting the short-axis echo plane
of the posterior great artery (GA) from the base of the GA to the cephalad direction (Fig. 3). Patients
with TA who showed an initial extension of the anterior GA was classified as type I (Fig. 4), and those
who showed that of the posterior GA as type II (Fig. 5). GA’s spatial structures diagnosed by 2-DE
were in accurate agreement with those confirmed by angiograms (Table 2) without false positive or
false negative case. In both type I and II, the diameter of the pulmonary valve ring was smaller than
that of the aorta in cases with subtype (a) and (b). The ratio of diameter of the pulmonary valve ring
to aortic valve ring (PA/Ao) in these subtypes was 1.0 or less, whereas it was 1.0 or more in subtype
(c) (Figs. 6 and 7). The pulsed Doppler echocardiography was helpful to differentiate subtype (a) from
the subtype (b) by detecting a continuous reversed (toward) flow with the wide frequency band and
without a systolic foward (away) flow (Fig. 8). The information concerning the ventricular outflow tract
to the PA was more useful in type II than in type I (Table 3). Twenty-seven out of 30 cases showed
the malalignment of the interventricular septum to the interatrial septum. The remainder three cases
showed usual alignment of atria and ventricles which was considered to have membraneous atresia or
imperforated tricuspid valve (Fig. 9). Three cases with aneurysms of the interatrial septum were
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observed (Fig. 10). Other special forms were also diagnosed by 2-DE. A case with special form of TA
type I with the absent pulmonary valve showed the protrusion of the interventricular septum toward
the left ventricle and delayed opacification of the right ventricle about five cardiac cycles after the
appearance of contrast echoes in the left ventricle by peripheral contrast injection (Fig. 11). Another
case of special form was associated with L-malposition of the aorta.

In conclusion, TA is accurately classified and the detail of the anatomy is fully appreciated by

above-mentioned systematic approaches with a use of 2-DE including contrast method.
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Table 1. Study materials

Type I 18
Type 11 10
Type III 0
Other form 2
Total 30
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. TA without TGA

II. TA with d-TGA

. TA with I-TGA
(a) pulmonary or subpulmonary stenosis

(b) subaortic stenosis

Fig. 1. Classification of tricuspid atresia. (modified from Kieth? and Edwards®)

).9.4.23913.

Fig. 2. Two-dimensional echocardiographic finding of the apical four-chamber view in
a patient with tricuspid atresia type I (b) (muscular atresia).
The interventricular septum is not identified to align usually to the interatrial septum.
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Fig. 3. Schematic illustration of ultrasonic
beam sections for diagnosis of spatial structures
of the great arteries.

This schema is illustrated in a case with normal
spiral great arteries. For example, the short-axis
view of the posterior GA is firstly obtained, then
the beam section is shifted toward the head with
perpendicular direction to its own axis (Plane +1
to +4). Plane +1: short-axis view of the posterior
GA at the level of posterior semilunar valve. Plane
+2: short-axis view of the posterior GA at the level
of anterior semilunar valve. Plane +3: the beam
section where the posterior extension of either GA
is observed initially. Plane +4: the beam section
where the other GA is also extended posteriorly at
the more cranial level than Plane +3.
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Table 2. Two-dimensional echocardiographic
findings of tricuspid atresia (GA

structures)
Type I (a) n=2 D-spiral 2 (100%)
(b) n=12  D-spiral 12 (100%)
(c) n=4 D-spiral 4 (100%)
Type II (a) n=1 D-parallel 1 (100%)
(b) n=6 D-parallel 5 (83%)
AP-parallel 1 (17%)
(c) n=3 D-parallel 2 (67%)
AP-parallel 1 (33%)
Other form n=2 D-spiral 1

L-parallel 1

n=30
All of these echocardiographic findings concerning
spatial structures of the great arteries are finally com-
patible with angiographic findings.
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Fig. 4. Two-dimensional echocardiographic findings of short-axis sections depicted in
Fig. 3 in a case with tricuspid atresia type I (b).

Two GA’s are positioned leftward, anteriorly and superiorly, and rightward, posteriorly and in-
feriorly as shown in Plane +1 to +2. The left anterior GA is initially extended posteriorly at Plane
+3. Right posterior GA is also extended at Plane +4. From these findings, the spatial structure of
the GA’s is recognized as normal spiral relationship (symbolized as D-spiral in the text).
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Fig. 5. Two-dimensional echocardiographic findings of short-axis sections of the GA’s.

Planes +2 to +4 from a patient with tricuspid atresia type II (b).

Two kinds of GA are positioned anteriorly and superiorly or posteriorly and inferiorly as shown
in Plane +2. The posterior GA is initially extended posteriorly at Plane +3. Remaining anterior
GA also shows posterior extension at Plane +4. From these findings, the spatial structures of the
two GA is recognized as antero-posterior and parallel (symbolized as AP-parallel in the text).

44—



Fig. 6. Measurement of the ratio of the pulmon-
ary arterial valve to the aortic root (mPA/Ao ratio).

In cases with spiral GA, the transverse internal
diameters are measured. In cases with parallel GA,
the anteroposterior internal diameters are measured.
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Fig. 7. mPA/Ao ratio in cases with various
types of tricuspid atresia.

In cases with type I(a), I(b), II(a), and 1I(b), the
mPA/Ao ratio is below 1.0. In cases with type I(c)
and type II(c), the mPA /Ao ratio is beyond 1.0.

BRFPIGE L VKR E L 2> Tz, JliBIR & KEh
koS % Fig. 6 (<R3 CRAIL, PA/Ao
e LTl Uiegss, 18, DEonwFhiTE
WTh, @) 7213 (b) Blick i3 PA/Ao Hiz
Ly bEfEZETRL, (o) BoEdicapic] X
D LEfEE R L (Fig. 7). L7ch->T PAJAo
Feass T8 I1 I3 % subtype (a) 72
(b) & (c) #XBF5Z LAARETH - 1.
(@) & (b), +7bb HEARES 2>, MR
Z22 7 OEERZETE, WiEOT 2 -0 A TEARAT
3 C, BB DT & KT & w3 b v,
BRI MGG HAMES 0B I3 BB I3 2 50, Th
TURTAARGEERD Y, ZoLHEERER S
L CTHMBNRIRE P FEEST 22 LD 20
X o A, KEEIR»6 02 T2 b
a—i, HAENEASALR - RZT—ENEHRATH
St Thbb, KRrbDa2 L FF X b
a—ETE, @Y, MBR~o=2 b7 2 b=
—HBor 47, (@) BT RBIRE Y ©
FhE Y LiBh, (b) BTk, &%, KBko%
Ny E#HcHoie. Fig. 8 2liBhRES &
5 Type I (a) Tz« RF5—xza—7T

— S



BR, &BH &R &E»

2-DE

( Doppler)

Fig. 8. Pulsed Doppler echocardiographic findings in a patient with tricuspid atresia
of type I (a).

The pulsed Doppler echocardiogram obtained from the main pulmonary artery is shown. No
systolic forward (away) flow is found in the main pulmonary artery, but the continuous reversed
(toward) flow with a wide frequency band is found.
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Table 3. Two-dimensional echocardiographic findings concerning the pulmonary artery

in tricuspid atresia

Outflow

confluence

Type I  (a) n=2 0 (0%)
(b) n=12 6 (509%

(c) n=4 4 (100%)

Type II (a) n=1 0 (0%)
(b) n=6 6 (1009%

(c) n=3 3 (100%)

Visualization
of the P-valve

1 (50%)

5 (42%)
4 (100%)
0 (0%)

6 (100%)
3 (100%)

P-valve
motion

0 (0%)
2 (17%)
4 (100%)
0 (0%
6 (100%)
3 (100%)

P-valve Poststenotic
doming dilatation
0 (0%) 0 (0%)
0 (0%) 0 (0%
0 (0%) 0 (0%)
0 (0%) 0 (0%)
3 (50%) 4 (67%)
1 (33%) 1 (33%)
n=28

In 6 out of 12 cases (509%) of type I(b), the confluence between the right ventricular outflow tract and the main
pulmonary artery is not confirmed by two-dimensional echocardiography alone. In all cases of type II(b), the

communication from the left ventricular outflow tract to the main pulmonary artery is clearly visualized and

confirmed by two-dimensional echocardiography. In addition to these findings, the doming of the pulmonary valve
and/or poststenotic dilatation of the main pulmonary artery are seen in fairly large percentage of tricuspid atresia

of type II(b).
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Fig. 9. Tricuspid atresia with usually aligned atrioventricular connection.

The interventricular septum seems to contact with the interatrial septum at almost the same point
of the central fibrous body in the apical four-chamber view of the two-dimensional echocardiogram.
Some valve like motion is also observed at the part of the imperforated tricuspid valve. The membra-

nous atresia is suspected.
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Fig. 10. Tricuspid atresia with an aneurysm of the interatrial septum.
Three cases with aneurysms of the interatrial septum are found in our series of 30 cases with tri-

cuspid atresia.
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Fig. 11. Echocardiographic findings in a patient who is classified as a special form of

tricuspid atresia.

This case is diagnosed as tricuspid atresia without VSD associated with the absent pulmonary valve.
The two-dimensional echocardiogram shows an aneurysmal protrusion of the interventricular septum
toward the left ventricle (upper panel). Delayed oppacification of the right ventricle (three arrows in

RV) via aorta, patent ductus arteriosus and main pulmonary artery is observed about five cardiac

cycles after the appearance of contrast echoes in the left ventricle (lower panel: left-sided small arrow).
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Table 4. Two-dimensional echocardiographic
findings concerning atrioventricular
alignment in tricuspid atresia

Mal- Usual
alignment  alignment
Type I (a) n=2 2 0
(b) n=12 12 0
(c) n=4 4 0
Type II (a) n=1 1 0
(b) n=6 2
(c) n=3 3 0
Other form n=2 1 1
n=30

Three cases with usually aligned atrioventricular
connections are found in all 30 cases of TA by two-
dimensional echocardiography. Two of them are
type 1I(b), and a remainder case has a special form
of type I(a) with the absent pulmonary valve.
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