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tract.”
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Abstract

Geometrical measurements of angiocardiograms of the common outflow tract (COT) of 13
patients were made to determine in which cases internal conduit repair was feasible, and under
which conditions a patch enlargement of the COT was indicated. In the pulmonary stenosis (PS)
group, the area of the narrowest cross-section of the COT was significantly smaller than that in
the pulmonary hypertension (PH) group (p less than 0.025). In the PS group, the area was rarely
sufficient to be shared by systemic and pulmonary circulation. Therefore, stenosis in the outflow
tract to the pulmonary artery will occur if the intraventricular tunnel technique is applied, without
patch enlargement of this portion, to patients with PS. On the contrary, the cross-sectional areas
of the COT and pulmonary arteries were significantly larger in the PH group than in the PS group.
Accordingly, the intracardiac conduit operation may be possible in such patients without a patch
enlargement, even in young patients if other intracardiac conditions allow. Preoperative angio-
cardiographic evaluation of the COT is helpful in preoperatively selecting the proper operative
procedure for this anomaly.

KEYWORDS: double-outlet right ventricle, angiocardiography, common outflow tract, intraven-
tricular tunnel technique, patch enlargement

*PMID: 2718771 [PubMed - indexed for MEDLINE]
Copyright (C) OKAYAMA UNIVERSITY MEDICAL SCHOOL



Nawa et a.: Angiocardiographic quantitative evaluation of double-outlet right

Acta Med Okayama 43 (1) 65-72 (1989)

Angiocardiographic Quantitative Evaluation of Double-Outlet Right
Ventricle : Special Reference to the Morphology of the Common

Outflow Tract.

Sugato Nawa™, Makoto Yamada, Ei ji Sugawara, Kohichi Kino, and Shigeru Teramoto

Second Department of Surgery, Okayama University Medical School, Okayama 700, Japan

Geometrical measurements of angiocardiograms of the common outflow tract
(COT) of 13 patients were made to determine in which cases internal conduit repair
was feasible, and under which conditions a patch enlargement of the COT was
indicated. In the pulmonary stenosis (PS) group, the area of the marrowest cross-
section of the COT was significantly smaller than that in the pulmonary hyper-
tension (PH) group (p <0.025). In the PS group, the area was rarely sufficient to
be shared by systemic and pulmonary circulation. Therefore, stenosis in the outflow
tract to the pulmonary artery will occur if the intraventricular tunnel technique is
applied, without patch enlargement of this portion, to patients with PS. On the
contrary, the cross-sectional areas of the COT and pulmonary arteries were signifi-
cantly larger in the PH group than in the PS group. Accordingly, the intracardiac
conduit operation may be possible in such patients without a patch enlargement, even
in young patients if other intracardiac conditions allow. Preoperative angiocardio-
graphic evaluation of the COT is helpful in preoperatively selecting the proper

operative procedure for this anomaly.

Key words : double-outlet right ventricle, angiocardiography, common outflow tract, intra-
ventricular tunnel technique, patch enlargement

Witham coined the phrase double-outlet
right ventricle (DORV) in 1957 (1). Since
then, much research has been done to define
the anomaly as a distinct entity (2). Lev
(3) and Kawashima (4) indicated that the
various conotruncal malformations formed
a continuous spectrum, rather than being
distinct and separate entities. Therefore,
preoperative evaluation of each case of
DORYV is necessary to select the best oper-
ative procedure. Many procedures have
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been developed since the successful repair
by Kirklin et al.(5). Intraventricular re-
routing through a baffle is now the most
common operative method, and results with
this procedure are particularly satisfactory
in patients with subaortic ventricular septal
defect (VSD) (6). It has not been clearly
demonstrated, however, under what anatom-
ical conditions intraventricular tunnel re-
pair is possible. We undertook this study to
clarify what geometrical dimensions allowed
the intraventricular rerouting technique.
We also studied how to avoid postoperative
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stenosis in the pulmonary part of the right
ventricular outflow tract.

Methods

The definition of DORV used in this study was
that of Lev (3) and Pacifico et al.(7). The
classification referring to pulmonary stenosis ( PS)
and/or pulmonary hypertension ( PH) was based on
the relationship of VSD to the great arteries.

Patients.  During the past eleven years, we
experienced a total of thirteen patients with DORV
(Table 1). The mean age at the time of the angio-
cardiographic study was four years and ten months,
ranging from 0.1 to 21.0 years. Of the patients
with PS, three had undergone one or two palliative
operations. None of the patients with PH re-
ceived pulmonary artery banding. Corrective
surgery was performed for five of the patients
with PS, and three of those with PH.

Surgical Methods. The basic surgical procedure

was the creation of an internal conduit ( 1C) from
VSD to the aortic ostium ( Table 1). PS was con-
comitantly relieved by infundibular cardiomyectomy
in four cases and by pulmonary valvulotomy in
three cases. Enlargement with an outflow patch
was used in only one case (Case 6). The Damus
method (9) was  applied to one case (Case 12),
and a modification of the Fontan operation (10)
was applied to another case (Case 11).
Angiocardiographic evaluation method. For the
evaluation of the COT, anteroposterior and later-
al biplane projections of biventriculograms were
obtained preoperatively. The external diameter of
the catheter used was measured at the diaphrag-
matic level to calculate the magnification rate.
The diameter of the pulmonary arterial outflow
tract (DPAOT), the diameter of the pulmonary
annulus, and that of the aortic annulus (DAoA)
were measured in accordance with the report by
Blackstone et al.(11). The narrowest point of
the main pulmonary artery was measured at the

Table 1 Characteristics of patients, operaitve procedures, and results
Cases” " :::fo.( yeax:t) o Sex Type” VSD® PAP® Pr((e)\[/)i‘ous I;())r;())ecx;:itui;':: Of:;?]ttisve

1 1.8 2.2 F SDD SA PH - IC Dead
2 0.1 1.8 M SDD SA PS - IC, IM, PVT Alive
3 10.4 - M SLL NC PsS BT, PVT - -
4 5.0 - M NDD NC PS - - -
5 0.2 - F SDD DC PS - - -
6 8.1 9.5 F SDD SA PS BT 1IC, IM, OTP, PVT Dead
7 0.6 - M ILD NC PH - - -
8 21.0 21.3 F ILL SA PSs - IC, IM, PVT Alive
9 0.3 1.0 M SDD DC PH - IC Dead
10 2.0 2.4 M SDD SA PS - IC, IM Alive
11 10.8 10.9 F SDD NC PS BT Fontan’s op. (10) Dead
12 2.3 2.1 F SDD SP PH - Damus’s op. (9) Dead
13 0.4 - M SDD SA PH - - -

a: Cases 3,4,5,7, and 13 did not undergo corrective surgery.

b: Van Praagh's terminology (8).

¢: Relatjonship of VSD to the great arteries.

d: Pulmonary arterial pressure (PAP) is expressed as PS or PH.

Abbreviations : angio, angiocardiography ; op.,

operation ; VSD,

defect ; F, female ; SA, sub-

ventricular septal

aortic ; PH, pulmonary hypertension ; IC, internal conduit ; M, male ; PS, pulmonary stenosis ; IM, infundibular

myectomy ; PVT, pulmonary valvulotomy ; NC, non-committed ; BT, Blalock-Taussig shunt ; DC, doubly c¢ommitted ;

OTP, outflow tract patch ; SP, subpulmonary.
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Fig. 1

Geometrical evaluation of angiocardiograms of the right ventricular outflow tract. Abbreviations : Ao,

aorta ; PA, pulmonary artery ; 2R, aortic annular diameter ; 2r, pulmonary annular diameter ; a, distance between
the two annuli ; a, the smallest diameter of the common outflow tract (COT) in the anteroposterior projection ; £,
the smallest sagittal diameter of the COT at the same level as the line B ; S, the cross-sectional area of the COT at
the level of the line A ; X, the residual area to the pulmonary artery obtained by S minus zR’* ; COTa, the cross-
sectional area of the COT at the level of the line B ; IC, internal conduit ; AoAa, aortic annular area given by zR*; Y,
residual area to the pulmonary artery at the level of the line B obtained by COTa minus 7R%

systolic phase, as was the DPAOT. These diam-
eters were used to calculated the cross-sectional
area of the pulmonary arterial outflow tract
(PAOTa) and that of the aortic annulus (AoAa)
under ihe assumption that the transsectional shape
of these portions were truely circular. The
anteroposterior projection was used whenever pos-
sible, but occasionally the lateral projection was
also used if the details were clearly shown on it.
From diameters obtained, the cross-sectional
areas of the right pulmonary artery (RPAa), the
left pulmonary artery, and the main pulmonary
artery (PAa) were calculated. These values were
compared with the respective areas of the normal
heart obtained from equations below (12-14). The
mean value (PAa) of the cross-sectional areas of
the right and left pulmonary arteries was also cal-
culated, and was compared with the RPAa of the
normal heart.

The cross-sectional area of the right pulmonary
artery of the normal heart (N-RPAa) was calcu-
lated by :

Produced by The Berkeley Electronic Press, 1989

N-RPAa = —0.3546+2.7989-(BSA),
where BSA is the body surface area.

The cross-sectional area of the main pulmonary
artery of the normal heart (N-PAa) was calculat-
ed by :

N-PAa = —0.536 +4.035-(BSA).

The diameter of the pulmonary arterial outflow
tract of the normal heart (N-DPAOT) was calcu-
lated by :

N-DPAOT = 15.29+11.42-log:o BSA).

The diameter of the aortic annulus of the nor-

mal heart (N-DAoA) was calculated by :
N-DAoA = (.967 +3.51 - logid BSA).

Fig. 1 shows the method of angiocardiographic
evaluation of the COT. The line A is drawn
from the right margin of the aortic annulus to the
left margin of the pulmonary annulus. The aortic
annular diameter (DAoA) is indicated as 2R, and
the pulmonary annular diameter as 2r. The dis-
tance between the two annuli is shown as a; this
does not represent the conal septal thickness.
The cross-sectional area of the COT (S) at the
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level of the line A was geometrically calculated.
The area of the residual orifice to the pulmonary
artery is indicated by X (S minus 7R?, the area
covered by oblique lines in the upper right figure)
under the supposition that the internal baffle is
placed so that the internal tunnel has the same
cross-sectional area as the AoAa, that is 7R
The line B indicates the narrowest part of the
COT, where the smallest diameter (@) of the
COT is found at the end-systole in the anteropos-
terior projections. The line B'in the lateral
projection is at the same level as the line B, and is
where the sagittal diameter of the COT at the
end-systole (B) is found. The cross-sectional
area of the COT at the level of the line B, indicated
as COTa, was also calculated geometrically, un-
der the assumption that the transsectional shape
of this portion was elliptical with the longest
diameter of @ and the shortest one of £, as
shown in the lower right figure. The cross-
sectional area of the internal tunnel, which is
created so as to have the same cross-sectional
area as the AoAa (7R%), is labeled IC and cov-
ered with oblique lines slanting down to the left.
The residual area of the COTa (labeled Y and
covered with oblique lines slanting down to the
right) after tunnel formation is calculated by the
COTa minus AoAa. S and COTa were standard-
ized using the body surface area of each case, and
were then expressed as SI and COTal in cm’/m’.
Variables were evaluated by dividing the sub-
jects into two groups, the PS and PH groups.
The data were comparatively analyzed with Stu-
dent’s unpaired ¢ test, and a p<0.05 was consid-
ered to be statistically significant. All data are
presented as means +standard deviation (SD).

Results

Some values in Case 1 were not avail-
able because of poor angiocardiograms. The
distal pulmonary arterial size was evaluated
by the ratios RPAa to N-RPAa (RPAa/N-
RPAa), and PAa to the N-RPAa (PAa/N-
RPAa). RPAa/N-RPAa in the PH group
was 1.87+0.31, which was significantly
larger than 0.88 0.50 of the PS group (p
<0.01). PAa/N-RPAa in the PH group

was also statistically larger than that of the
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PS group (1.71£0.29 vs. 0.85%0.38,
p<0.05; Fig. 2). The size of the prox-
imal part of the pulmonary artery was eval-
uated by the ratios PAa to N-PAa (PAa/N-
PAa), and DPAOT to N-DPAOT (DPAOT/
N-DPAOT) (Fig. 3). PAa/N-PAa was sig-
nificantly smaller in the PS group than
in the PH group (1.00%0.62 vs. 3.14
+1.01, p<0.01), and DPAOT/N-DPAOT
was markedly larger in the PH group. The
aortic size was evaluated by the ratio DAoA
to N-DAoA (DAoA/N-DAoA), which was
1.20+0.08 in the PH group and 1.44 £
0.26 in the PS group, there being no sig-
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Fig. 2 Evaluation of the size of distal pulmonary arte-

ries. Open circles indicate the values for the patients
with pulmonary hypertension, and closed circles for those
with pulmonary stenosis. a, Patients who did not undergo
corrective surgery ; b, Patient operated upon with the
Fontan procedure (10) ; c, Patient who received a patch
enlargement of the COT. Means given at right with bars
to represent+ SD. Abbreviations : RPAa, cross-sectional
area of the right main pulmonary artery ; N-RPAa, the
RPAa of the normal heart (12) ; PAa, mean value of
the cross-sectional areas of the right and left pulmonary
arteries ; COT, common outflow tract. *** p<0.01;
* p<0.05.
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nificant difference (Fig. 4). The ratio £
to DAoA was calculated to be 1.45+0.34
in the PH group and 0.80+0.10 in the PS
group ; the difference was significant (p<
0.005).

The cross-sectional area of the COT at
the level of the line A, i.e., SI, was 9.42
+0.29 cm’/m’ in the PH group and 7.04
em’/m’ in the PS group ; the difference was
not significant. The cross-sectional area at
the level of the line B, i.e., COTal, was 8.23
+1.96 em’/m’ in the PH group and 4.16 £
1.83 em’/m’ in the PS group. This dif-
ference was statistically signficant (p <
0.025) (Fig. 5).

The ratio X to N-PAOTa (X/N-PAOTa)
was 3.37%0.38 and 1.311£0.47 .in the
PH and PS groups, respectively. This dif-
ference was significant (p<0.005) (Fig.
6). However, the residual area at this
level (line A) was sufficiently large in most
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of the size of the proximal part of
pulmonary arteries. Symbols are the same as in Fig. 2.
Abbreviations : PAa, cross-sectional area of the main
pulmonary artery ; N-PAa, the PAa of the normal heart
(13) ; DPAOT, diameter of the pulmonary arterial out-
fiow tract ; N-DPAOT, DPAOT of the normal heart
(14). *** p<0.01; **** p<0.005.

Fig. 3  Evaluation
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Fig. 4 The aortic annular diameter and comparison
with the sagittal diameter of the common outflow tract
(8). Symbols are the same as in Fig. 2. Abbrevia-
tions : DAoA, diameter of the aortic annulus ; N-DAoA,

DAoA of the normal heart (14) ; B, sagittal diameter of
the common outflow tract (Fig. 1) ; NS, not significant.
**xx p<0.005.
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Fig. 5 Evaluation of the cross-sectional area of the

right ventricular outflow tract. Symbols are the same as
in Fig. 2. Abbreviations : Sl, S standardized according
to the body surface area (See Fig. 1) COTal, stan-
dardized value of COTa (See Fig. 1) ; NS, not signifi-
cant. **, p<0.025.
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of the COT, pulmonary annulus, or both
indicated.
this study was to clarify what intracardiac,

were The ultimate purpose of
geometrical dimensions allowed or prohibit-
ed intraventricular tunnel repair.

It is generally considered that the funda-
mental policy for surgical managements of
PS associated with various cardiac anoma-
lies is based on that for PS in the tetralogy
of Fallot. From our experience with the
tetralogy of Fallot, we have considered
that a palliative operation is indicated when
RPAa/N-RPAa is less than 0.36, or when
PAa/N-RPAa is less than 0.32 (15,16).
Accordingly, with only the size of distal
pulmonary arteries as a criterion, complete
repair of the DORV was contraindicated in
few cases of this series. The size of the
main pulmonary artery and its orifice were
sufficient in most of the cases. However,
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Fig. 6 Evaluation of residual cross-sectional area of

the right ventricular outflow tract to the pulmonary circu-
lation after the internal conduit operation. Symbols are
the same as in Fig. 1. Abbreviations : N-PAOTa, trans-
sectional area of the pulmonary arterial outflow tract of
the normal heart (14) ; OTP, outflow tract patch. ****,
p <0.005.

cases of the PS group not to cause an out-
flow tract stenosis to the pulmonary artery,
since X/N-PAOTa was larger than 1.0.
On the contrary, Y/N-PAOTa in the PH
group (2.6210.80) was significanlly dif-
ferent from that in the PS group (—0.10
+0.70) (p<0.005). It was revealed that
the residual area to the pulmonary circula-
tion at this level (line B) was very restrict-
ed in the PS group, since Y/N-PAOTa was
much smaller than 1.0 (Fig. 6).

Discussion

This study was undertaken to clarify the
preoperative criteria for deciding whether a
complete or palliative operation should be
selected, and to determine under what geo-
metrical circumstances a patch enlargement

http://escholarship.lib.okayama-u.ac.jp/amo/vol 43/iss1/8

PAa/N-PAa was 0.12 and 0.19 in Cases 4
and 11, and DPAOT/N-DPAOT was 0.36
and 0.64 in Cases 3 and 11, respectively.
In Cases 3 and 4, no surgery was done, and
in Case 11 a modification of the Fontan op-
eration was applied. As in this way, when
the case does not meet with the criteria
indicating either corrective surgery on the
tetralogy of Fallot or the Fontan procedure
(17), a palliative operation should be pre-
ferred to a corrective one. In the PH
group, on the contrary, pulmonary annulus
and the distal and main pulmonary arteries
were dilated, and there was no problem con-
cerning the size of pulmonary arteries.

It is necessary to determine where a ste-
nosis in the outflow tract to the pulmonary
artery could develop in cases where tunnel
repair is applied. The sagittal diameter of
the COT (B) was measured and compared
with the DAoA to give the ratio 8/DAoA.
The result of the analysis with this ratio
indicates that the cross-sectional shape of
the tunnel has to be elliptic in order to give
an internal tunnel the same cross-sectional
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area as AoAa. That is, the tunnel will lat-
erally expand and will be anteroposteriorly
compressed as in Fig. 1, even if the patch
roof of the tunnel fully expands anteriorly
to the inner surface of the free wall of the
outflow tract, since B is always smaller
than the aortic annular diameter, i.e., 8/
DA0oA <1.0. Accordingly, the conduit wall
must protrude into the pulmonary part of the
COT. In the present series, the COTa was
statistically smaller in the PS group than
in the PH group, so that Y was significantly
smaller than the N-PAOTa in the PS group.

Although X/N-PAOTa was statistically
smaller in the PS group than in the PH
group, all patients in the former group were
observed to have sufficient cross-sectional
area of the remaining outflow tract to the
pulmonary circulation after the internal tun-
nel operation, except Case 3 in which no
operation has been performed. This obser-
vation indicates that the pulmonary outflow
tract stenosis would not develop at the level
of theline A after tunnel repair. However, the
residual cross-sectional area at the level of
the line B in the COT, represented by Y/N-
PAOTa, was found to be significantly small-
er in the PS group, and consequently post-
operative stenosis in the pulmonary outflow
tract could develop here unless this portion
were enlarged using a patch or some other
procedure. Among the patients with PS
upon whom we operated, Y/N-PAOTa was
the lowest in Case 6, at —1.14, and the
highest in Case 2, at 0.78. By our own
criteria for the tetralogy of Fallot (15,
16), all the patients in the PS group should
have received a patch enlargement of the
outflow tract, although the procedure was
used only in Case 6. However, in spite of
the patch enlargement, the patient died from
low cardiac output. It was thought that the
low cardiac output was caused by the residual
stenosis of newly created outflow tract to the

pulmonary artery (Y/N-PAOTa of —1.14
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in this case) being inadequately narrow
even after the patch enlargement. Other
operative procedures such as extracardiac
conduit operation or a modification of the
Fontan operation should have been perform-
ed in this case. Stewart etal. (2, 19)
also recommended a patch enlargement or an
external conduit operation even when PS
was absent because simple infundibular dis-
section and pulmonary valvulotomy could not
prevent postoperative stenosis of the pul-
monary outflow tract after tunnel repair.
Angiographic evaluation of the outflow tract
as described in the present study should help
surgeons to decide preoperatively whether
to patch or not to patch, and whether the
patch enlargement technique is feasible or
not.

In our cases of PH, the SI, COTal,
X/N-PAOTa, and Y/N-PAOTA were all
large, and none of the unfavorable geome-
tries was present, indicating that there was
no risk of postoperative stenosis in the pul-
monary outflow tract developing after the
intraventricular tunnel operation, although
there remained a problem concerning the
location of VSD (6). Nevertheless, the
operative results in the PH group of our
series were poor, with high pulmonary ar-
terial pressure early after corrective sur-
gery.
vent the development of pulmonary vascular
obstructive disease was not performed in
these cases, and that might account for the
unsatisfactory results in the PH group.
There also may be some question as to
whether intraventricular tunnel repair is
feasible in very young patients. However,
our observation was that the COT in the PH
group had sufficient area to be shared by
both the systemic and pulmonary circulation
even during the early time of life, so that
an intracardiac tunnel operation should be
possible.

It was concluded that preoperative evalu-

Pulmonary artery banding to pre-
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ation of the morphology of the COT as
described herein might help physicians to
select the proper operative procedure for
DORV. It was recommended that the COT
should be enlarged using a patch in most
cases of PS when intraventricular tunnel
repair is to be applied.
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