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— Abstract —

The chest radiographs and angiograms were retrospectively evaluated in 47 patients with pulmonary atresia
(PA) and ventricular septal defect (VSD) to determine the characteristic findings of major aortopulmonary
collateral arteries (MAPCAs) on the chest radiographs. Of 47 patients, 23 had MAPCAs and 24 had only
PDA for blood supply of whole right and left lung. Chest radiographs enabled identification of 16 of 23 pa-
tients with MAPCAs. The most common finding of MAPCAs was inappropriately large peripheral pulmonary
vasculature (n = 16, 69.6%). The other findings were tortuosity of pulmonary vasculature (n =12, 52.2%),
focal unevendistribution of pulmonary vasculature (n =12, 52.2%), and two descending pulmonary arteries
(n=4,17.4%). When chest radiographé showed two or more findings of MAPCAs, MAPCAs could be dif-
ferentiated from PDA with statistical significance (p<0.005). It is concluded that chest radiographs may help
to identify MAPCAs before angiography if two-dimensional echocardiography suggests PA with VSD.
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In the cases of pulmonary atresia (PA) with
ventricular septal defect (VSD), the lungs are
usually supplied by patent ductus arteriosus
(PDA), major aortopulmonary collateral arteries
(MAPCAS), and acquired collateral arteries. The
angiograms should provide information about
the sources of the pulmonary blood supply and
the detailed anatomy of the central pulmonary
artery and of the intrapulmonary pulmonary
artery. When the MAPCAs are the sources of
supply,
angiography should be performed, because this

the pulmonary blood selective

is essential for diagnosis and for determining
operability and surgical approach. The
angiography usually requires laye quantity of
contrast materials and is a time-consuming pro-
cedure. If the angiographers know the sources
of the pulmonary blood supply before car-
dioangiography, they may take appropriate
angiographic approach to save time. Although
two-dimensional echocaridography is a good
noninvasive mean of evaluating PA with VSD,
it is limited in the evaluation of collateral blood
supply. To authors’ knowledge, although the
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angiographic, pathologic findings, and
hemodynamic changes of MAPCAs have well
been documented (1-6), diagnostic evaluation of
these patients with chest radiographs have not
been reproted previously. The purpose of our
work was to recognize the characteristic findings
of MAPCAs on the chest radiographs of the pa-
tients with PA and VSD that was previously

diagnosed by angiography.

MATERIALS AND METHODS

Fifty patients had PA with VSD and one pa-
tient had tetralogy of Fallot with severe pulmonry
stenosis. Of these 51 patients, 23 patients had
MAPCAs, 24 patients had PDA, two patients
had only acquired collateral arteries and two pa-
tients had systemic-pulmonary shunt. The last
four patients were excluded in this review,
because the chest radiographs of these patients
would not exactly be representative of the fin-
dings of MAPCAs. The patients consisted of 26
males and 21 females, and the age ranged from
one month to 32 years old (mean:3.36 years).

In the cases with MAPCAs, all patients
(n=23) had aortograms and selective
angiograms of at least one MAPCA. The aor-
tograms were obtained in anteroposterior
(AP;N = 16) or elongated right anterior oblique
(RAO;n=7) view and selective angiograms
wholly in AP view. In the cases with PDA, all
patients had aortograms with AP (n=18) or
RAO view (n =6). The RAO view obtained in
30 to 45 degrees right anterior oblique view with
30 to 45 degrees caudocranial angulation. The
chest

posteroanterior only. The interval between chest

radiographs were obtained in
radiographic and anglographic examinations
ranged one to three days (mean:1.2days). All
chest radiographs were reviewed in random
order, and separately from the corresponding
angiograms by two observers, without the
knowledge of the presence of MAPCAs or PDA.

A conclusion was reached by consensus.

Emphasis was given to the following features:
(1) inappropriately large peripheral pulmonary
vasculature compared with the adjacent
pulmonary vasculatures, (2) focal uneven-
distribution of pulmonary vasculature, (3) two
descending pulmonary arteries (the one lying in-
feromedial and the other lying superomedial to
the bronchus intermedius), and (4) tortuosity of
pulmonary vasculature. We used the term ‘“focal
unevendistribution’” when the pulmonary
vascularity was increased or decreased in less
than half lung field and asymmetrical to the op-
posite lung field. We compared these chest
radiographic findings with the findings of aor-

tograms and selective angiograms.

RESULTS

On angiograms, confluent pulmonary artery
was seen In 15 (65.2%) and nonconfluent
pulmonary artery in eight (34.8 %) of the 23 pa-
tients with MAPCAs. The numbers of MAPCAs
ranged from one to four (mean:2.3), with two
(n =10) or three (n = 9) being the most common.
All patients with PDA had confluent pulmonary
artery and no demonstrable MAPCAs.

The most common chest radiographic abnor-
mality of MAPCAs was an inappropriately large
peripheral pulmonary vasculature (Fig. 1), seen

Table 1. Comparision of Results from MAPCAs with
Results from PDA

MAPCAs PDA
(n=23) (n=24)

Inappropriately large

peripheral pulmonary

vasculature 16(69.6 %) 1(4.2%)
Focal unevendistibution

of pulmonary

vasculature 12(53.2%)  3(12.5%)

Tortuosity of

pulmonary vasculature 12(52.2%) 2(8.3%)
Two descending
pulmonary artery 4(17.4%) 0(0.0%)

— 876 —



Sung Jin Kim, et al : The Major Aortopulmonary Collateral Arteries in Pulmonary Atresia with Ventricular Septal Defect

a

Fig. 1. Eight-year-old male patient with pulmonary atresia with ventricular septal defect. (a) The pulmonary
vascularity is markedly increased on right side but decreased on left. Abnormally large vessel (arrow) is seen
at the right upper lung field. (b) Aortogram shows confluent pulmonary artery and at least two MAPCAs.
The poststenotic portion of pulmonary artery (arrow) supplied by MAPCA is markedly dilated and exactly
correlated with the abnormally large vessel seen on chest radiograph.

a b

Fig. 2. Eighteen-year-old female patient. (a) The chest radiograph shows decreased pulmonary vascularity
on both lungs. Two tortuous vessels are seen at the right cardiophrenic angle area (arrow). (b) Aortogram
shows many small acquired collateral arteries. A MAPCA supplies the tortuous vessels seen on the chest
radiograph (arrow).
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in 16 (69.6%) patients, but this finding was
found in only one of 24 patients with PDA (Table
1). Interestingly, this vessel often was not con-
verted to the hilum. A tortuosity of pulmonary
vasculature (n = 12) and focal unevendistribution
of pulmonary vasculature (n = 12) were also com-
mon findings of MAPCAs (Fig. 2,3). These two
findings were accompanied with inappropriate-
ly large peripheral pulmonary vasculature, but,
in the patients with PDA, these two findings were
very uncommon, seen in only three and two of
24 patients. Two of the three patients showing
tortuosity of the pulmonary vasculature had
pulmonary hypertension. And one of the two pa-
tients with focal unefendistribution of pulmonary
vasculature had extensive acquired collateral
arteries. Although the finding of two descending
pulmonary arteries was found in only four pa-
tients, this was the most specific finding of MAP-
CAs not demonstrated in the patients with PDA.
This finding was well correlated angiographically
MAPCA and the
pulmonary artery supplied. The one lying

with the course of the

superolateral to the bronchus intermedius was
true interlobar artery, but the other lying in-
feromedial to the bronchus intermedius arose

from the MAPCA (Fig. 4).

Sixteen (69.6 %) of the 23 patients with MAP-
CAs and only one (4.2%) patient with PDA had
abnormalities in two or more of the four findings.
Thus, if the chest radiographs showed two or
more findings of MAPCAs in the patients with
PA and VSD, the possibility of the presence of
MAPCAs had statistical significance (X2 = 19.01,
1df, p<0.005). of the 16 patients with two or
more findings of the MAPCAs, nine had con-
fluent pulmonary artery (9/15, 60 %) and seven
had nonconfluent pulmonary artery (7/8,
87.5%), but difference between these two groups

did not achieve statistical significance (X* =0.79,
1df, p>0.1).

DISCUSSION

In patients with PA and VSD but without
PDA, survival depends on the collateral arteries.
Usually, the MAPCA connects with a segmen-
tal pulmonary artery at the hilum, which is the
only source of blood supply to the segment (1).
The MAPCAs have the high incidence of stenosis
in their course (1-6). The sites of stenosis are

a b

Fig. 3. Seven-year-old male patient. (a) The chest radiograph shows focal decrease in pulmonary vasculari-
ty on left upper lung field and abnormally large vessel without demonatrable left main pulmonary artery
(arrow) at the left hilar area. (b) Aortogram shows markedly decreased vascularity on the left upper lung
field. A large MAPCA supplying left lower lung field does not connect with the left main pulmonary artery.
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a

Fig. 4. One-month-old female patient. (a) The chest radiograph shows two descending pulmonary arteries
on the right (arrow). (b) The one supplied by a MAPCA lies beneath and medial to the bronchus intermedius
(arrow). Whereas, the other lying above and lateral to the bronchus intermedius arises from the right

pulmonary artery.

usually at the MAPCA-pulmonary artery con-
nection and at the origin of MAPCA form the
aorta (1-4). The stenosis prevents full transmis-
sion of flow and pressure from the systemic to
the pulmonary side and protects the distal
pulmonary vascular bed (3,5). When the MAP-
CAs are not stenotic, pulmonary hypertension
is inevitable in the portion of the lung supplied
(2,3). The poststenotic portion of pulmonary
artery is dilated, and often showed sinusoidal
dilatation (1,2,3). The larger the communica-
tion with systemic collateral artery is, the larger
the pulmonary artery within the lung becomes
(1,3).

In our cases, the usual findings of MAPCAs
on chest radiographs were inappropriately large
peripheral pulmonary vasculature, tortuosity of
pulmonary vasculature, and focal uneven-
distribution of pulmonary vasculature. These fin-
dings can be explained by local pulmonary
hypertension due to MAPCAs and poststenotic
dilatation of the pulmonary arteries. We could
demonstrate that these three findings of the
MAPCASs on chest radiographs were well cor-

related with the dilated tortuous pulmonary
arteries connected with MAPCAs, and focal in-
crease or decrease in pulmonary vascularity on
aortograms. Occasionally, inappropriately large
pulmonary vasculature was not convertion to the
hilum or was seen without demonstrable prox-
imal pulmonary artery (Fig. 3). These features
strongly suggested that the inappropriately large
pulmonary vasculature was supplied from MAP-
CAs. Two descending pulmonary arteries, which
was the most specific finding, could be identified
at the right side only. On aortograms, two
parallel descending pulmonary arteries at the
right side were demonstrated in 10 patients. We
could not detect this finding on chest radiographs
in six patients due to overlapped heart shadow.
We think this finding may be more easily iden-
tified on the adequately exposed film or bucky
film.

In our cases with PDA, the patients had only
confluent pulmonary artery, and hardly show-
ed any findings of the MAPCAs. The reason of
these may be that if the PDA is the sole source
of blood supply of the lungs, in contrast to the
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MAPCAs, the patients have fully developed
pulmonary arteries (4). Only one patient with
PDA showed two findings of MAPCAs (inap-
propriately large peripheral pulmonary
vasculature and tortuosity of pulmonary
vasculature), but, even this patient had acquired
collateral arteries.
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F -y FF3Y: =g FAE oA
FEUS L oFoie ARA St w A, AlFH ARAR B
AAR - HAR - QAL 024 - 7ol
HEFE2ARGA F H—HF W =5 52 (major aortopulmonary collateral artery : MAPCA) & 5% &<l
A27& gohl7] At HEHHN AAdFTAAEC] UE A 4TH EAXILY DEFTARE FFH R
BEAstgTh £ 4799 321 F, 23" A E MAPCAZE U™ A 249 o 4 & 7} 45 = B (patent ductus arter-
iosus : PDA)¢] &% # 9] 78 AT FAIUTh DG FFARIY 239 9] &2 F 1694 MAPCAS] EAE
Yold F Qiich, MAPCACIA 71 &3] Bole &2 HAdH oz 2 HAR HE Ao ATHN=16, 69. 6%).
9, AHA Y] HEH(N=1252.2%), T o2 Bldd 2XE5 Bol= HEA(N=12522%), 2 F 719 3t
SEﬁIEDH(N 4,17, 4%) °] MAPCAE AAtete A0t GeFFARINA ol8fd &4 F & ool #EHA
S 739, HY dHFTFYS MAPCAR o, o4zt Ad= FAAQ FoA4S BaAth(p0. 005).
AEHOZ, A AATAZES HehH Yol == Y B, DEFRARIA ol &
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