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=Abstract=

Non-invasive Fdiow—-up of Pulmonary artery by EBT
Other Palliatrve Shunt Operatin

Min Jung Kim, M.D.*, Young Hwan Park, M.D.** Yoo Sun Hong, M.D.**,
Jong Kyun Lee, M.D.***, Kyu Ok Choe, M.D.*, Bum Koo Cho, M.D.**

Background: To assess the accuracy of Electron-Beam Tomography(EBT) in following
evaluation of the pulmonary vascular system after a shunt operation in the cyanotic con-
genital heart disease with pulmonary stenosis or pulmonary atresia. Material and Method:
Sixteen patients(M:F=11:5) who received Blalock-Taussig(n=8), bidirectional cavo-pulmonary
shunt(n=10), and unifocalization(n=2) were included in the study. We evaluated the patency
of the shunt, the morphology of intrapericardial and hilar pulmonary arteries(PA), peripheral
pulmonary vascularity by background lung attenuation, and the abundance of arterial &
venous collateral. Angiography(n=12) and echocardiography(n=20) were used as the gold
standard for the comparison of EBT results. Result: EBT was consistent with angiogram/
echo in 100% of the evaluation for the patency of the shunt, and in 12(by angiogram,
100%) and 19(by echo, 95%) for the detection the hypoplasia, stenosis or interruption of
central PA. In measuring the dimension of PA, EBT and angiogram correlated(r=0.91) better
than EBT-echo(r=0.88) or echo-angiogram(r=0.72). Abundant systemic arterial collateral were
noted in 4 and venous collateral in 3 cases. In evaluating the peripheral pulmonary
vascularity, the homogenous and normal-ranged lung attenuation(n=6), decreased but homo-
genous attenuation(n=1), segment-by-segment heterogencous attenuation(n=3), homogenous but
asymmetrical attenuation(n=3), and venous congestion(n=2) were observed and 12 of them
were compatible with the blood flow pattern revealed by cardiac catheterization. Conclusion:
EBT was accurate in the integrated evaluation of the pulmonary vascular system after the
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shunt, including the patency of the shunt operation, the morphology and dimension of the
central and hilar PAs and the loco-regional pulmonary flow in the lung parenchyma. It
suggests the useful information about the need of secondary shunt operation, the proper
fiming time for total repair, and the need of interventional procedure prior to total repair.

Key word : 1. Congenital heart discase
2. Palliative surgery
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Table 1. The basic cardiac defects of patients and the
type of shunt performed.
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Table 2. Comparison of dimension of hilar PAs and their
correlation coefficients{+significance; p<0.0.1)

Case No Shunt type Basic cardiac defects

DORV with VSD, PS,

1 BT shunt . .
LPA interruption

2 (B)* PA with VSD

3 LE ECD with unbalanced
ventricles, PA

4 TOF

5 PA with VSD

6 PA with VSD

7 PA with VSD, MAPCA

8 Unifocalization RI, SV, PS, MAPCA

9 L1, ECD, PA, MAPCA

10 BCPS LI, SV(RV type), PS

11 TA, PA, VSD, LPA interruption,

12 ECD with unbalanced ventricles,
PS

13 LI, SV with PA

14 Rl, TAPVR, ECD, PA

15 PA with intact 1VS

16 RI, TAPVR ECD PS

*BT: Blalock-Taussig, DORV: Double oullet nohl vu]trldc FCD
Endocardial cushion defect, TVS; Interventricular septum, LI Left
isomerism, LPA: Left pulmonary artery, MAPCA; Major
aortopulmonary collateral artery, PA; Pulmonary atresia, RI; Right
isomerism, PS; Pulmonary stenosis, RV; Right ventricle, SV;
Single ventricle, TAPVR:; Total anomalous pumonary venous
return, TA; Tricuspid atresia, TOF: Tetraloy ot Fallot, VSD;
Ventricular  septal defect, BCPS:  bidirectional  cavo-pulmonary
shunt, (B); bilateral
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Fig. 1. A 5 month-old girlicase 2} had pulmonary atresia with VSD and a junctional stenosis of left pulmonary artery(LPAJ.
Bilateral BT shunts were performed. A. A slice just above the aortic arch. The lumen of right BT shunt(white arrow) is not
enhanced al all by contrast material, while the lumen of left BT shuntlwhite-etched black arrows) becomes densely en-
hanced, suggestive of shunt occlusion of the right, but patency of the left. Another round structure(P) medial to the patent left

BT shunt is still patent ductus arteriosus. B.

18 mm lower to the slice A. Patent right BT shunt and PDA(P) are seen. C. 24

mm lower to slice A. Although MPA is hypoplastic, right and left pulmonary arteries are confluent each other. A juxta-ductal
stenosis{(small black arrows) is noted at the proximal LPA. The distal and hilar LPA is dilated because of preferential blood
flow to the left via left BT shunt, while blood flow to the right is limited by juxta—ductal stenosis. D. Lung window setting of
mid-lung reveals diffusely decreased lung attenuation of right compared to the left. This suggests the lung perfusion to the
right via left BT shunt become diminished because of juxta-ductal stenosis at the LPA result in asymmetric distribution of the

pulmonary blood flow.

Abb: AAiascending aorta, AAr aortic arch, DA: descending aorta, E; esophageal lumen, LPA; left puimonary artery, MPA;
main pulmonary artery, S; superior vena cava, 1. trachea, P; patent ductus arteriosus, RAA; right atrial appendage, RPA; right

pulmonary artery
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Fig. 2. 11 year-old boy(case 1) with DORV, subpuimonic VSD, PS and interruption of LPA, received left BT shunt. A. LPA
is interrupted from MPA. The gap(<») between main (MPA) and left PA is measured 13 mm and the information is useful for
the surgical design. B. The selective angiogram of left BT shunt (thick arrows) shows interrupted LPA(thin arrows), however,
the gap between main and left PA is difficult to estimate by this projectional imaging. C. Multiple dots-like enhanced
densities(short arrows) around left main bronchus(LMB) are hypertrophied bronchial collateral arteries. D. On selective
angiogram of left internal mammary artery(thick arrows), the vessels are indicated by small arrows corresponds to
hypertrophied bronchial collateral arteries course along the wall of left main and lobar bronchilarrow). E. There are multiple
linear densitiesllong arrows) in subpleural area, perpendicular to pleura. This shadow is suggestive of trans-pleural
systemic-pulmonary collateral arteries. F. On selective angiogram of left lateral thoracic artery(thick arrows), numerous
trans-pleural collateral arteries(thin arrows) are communicated with subpleural puimonary arterioles. The subpleural linear
densities observed by CT are suggestive of transpleural collateral arteries originating from intercostal arteries, anastomosed
with small peripheral pulmonary arterial branches.

Abb: AAiascending aorta, DA; descending aorta, LMB: left main bronchus, MPA; main pulmonary artery, LPA; left puimonary
artery, SVC: superior vena cava, RAA: right atrial appendage., RMB: right main bronchus, RPA; right pulmonary artery
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Fig. 3. 7 year old boy(case 10) with left isomerism, single ventricle and PS. BCPS has been performed. A-C. on EBT,
RSvClblack arrow) is anastomosed with RPA. However, RPA distal to anastomosis was difficult to trace and interpreted as
total occlusion with lobar collapse of the middle lobellarge black or white asterisks). The lung shows collapse-consolidation of
the RML (white asterisk in C), and severe overinflation of the RULRUL). Right azygous(A), left hemiazygous(H) and the
connecting mediastinal veins(C) are all dilated. D. The PA angiogram via left SVC~PA shunt demonstrates occlusion of RUL
PA, hypoplasia of BML PA(thin arrows) probably secondary to the collapse, and patent RLL PAlthick arrows).

On retrospective review of EBT, we could trace right lower lobar pulmonary artery(small black asterisk). Because of
overinflation of RUL and coflapse of RML{white asterisk in CJ, right hium displaces so downward & posteriorly that RLL
pulmonary artery is confused with other mediastinal vessel.

Abb: A; azygous vein, AA; ascending aorta, AV: aortic valve, C: connecting mediastinal vessel, DA; descending aocrta, LA, left
atrium, LPA; left pulmonary artery, RSPV, right superior pulmonary vein, RUL; right upper lobe, SVC; superior vena cava

Tabte 3. Accuracy of each modality

EBT Echo Cath
Sn Sp Ac Sn Sp Ac Sn Sp Ac
2/2 14/14 16/16 1/2 14/14 15/16 22 10710 12/12
Non-confluence
100 100 100 50.0 100 93.8 100 100 100
. 4/4 {212 16/16 2/4 12112 14/16 212 10710 12/12
#Periph PS
100 100 100 50.0 100 87.5 100 100 100
18/18 212 20/20 18/18 072 18/20 14/14 2/2 16/16
Patency of shunt
100 100 100 100.0 0 90.0 100 100 100
. . . 2/2 17/18 19/20 0/3 17/17 17/20 202 14/14 16/16
Anas tic @PA sisfobstruct
nastomotic @ stenosis/obstruction 100 94.4. 95.0 0 0o 850\_,#@_ 100 Al_OO

*Sn;sensitivity, Spispecificity, Aciaccuracy, # peripheral pulmonary stenosis, @pulmonary artery
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Fig. 4A. 7 year-old boylcase 13} with left isomerism, single ventricle with PS. BCPS has been performed. Evenly tapered
puimonary arterial branches and homogenous background attenuation are seen in bilateral lung parenchyma in HRCT. B. 1

year-old boylcase 9) with Lt isomerism, ECD, PA with multifocal supply by MAPCAs.

Unifocalization procedure has been

performed only on the left side. Segment-by-segment heterogeneity of the lung attenuation is noted; posterior segment of
RUL(small white asterisk) shows severe decrease of background lung attenuation but with dilatation and tortuosity of
pulmonary arterial branches, suggesting increase of pulmonary vascular resistence. The lung attenuation of lingular segment of
LUL(large white star) mildly decreases and PA branches are attenuated compared to that of both lower lobes. Angiogram

revealed stenosis of PA branches to this segment.
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Fig. 5. 12 year old boylcase 13} with left isomerism, single ventricle with PS. BCPS has been performed. A, B. Multiple
enhancing vascular structures f{iong white~etched black arrows) are found in mediastinum. The veins in A is the right and
superior superior intercostal veins(arrows). The veins in B are markedly dilated right azygous vein(A), and dilated
hemiazygous(H} and paravertebral venous plexus or other mediastinal veinsiothers). These veins are larger~bored and less
numerous than systemic collateral arteries are. (compare with Fig. 2C). C. In pericardial space, heterogeneusly enhancing
lesion with outer ring-like calcification(short white—etched black arrow) is noted anterior to left superior pulmonary vein. A
necrotic mediastinal abscess was found during operation. Dilated azygous(Al, hemiazygous(H), and multiple mediastinal
veinsllong white-etched black arrows) are also seen. D. On selective venogram of left hemiazygous vein (small thick arrows),
those are compatible to dilated venous collaterals of the paravertebral venous plexus {thin arrows) and azygous system(large
thick arrows).

ABB. AAAscending aorta, AAr aortic arch, DA: Descending aorta, LPA: Left pulmonary artery, MPA; main pulmonary artery,
RPA; right pulmonary artery. S: Superior vena cava.
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