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CASE REPORT
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Abstract
Major aortopulmonary collateral arteries (MAPCAs) are unique vessels associated with hypoxia induced by congenital 
heart disease (CHD). Although MAPCAs are essential to supply blood to the lungs, their development and proliferation can 
induce life-threatening complications, such as rupture into the lung. Here, we describe a rare case of esophageal bleeding 
from MAPCAs in a CHD patient, which was successfully treated by transcatheter arterial embolization (TAE). A 16-year-old 
male with CHD experienced a hematemesis and melena after the Bentall procedure to treat valvular heart disease. Emergent 
esophagogastroduodenoscopy revealed spurting bleeding from the middle esophageal vessels; accordingly, endoscopic 
variceal ligation (EVL) was performed. However, he had a hematemesis again after 2 weeks of EVL. The arterial phase 
of dynamic computed tomography indicated that a MAPCA associated with CHD was the origin of bleeding. Hence, TAE 
of this MAPCA with a mixture of n-butyl-2-cyanoacrylate and ethiodized oil was performed to prevent re-bleeding. Color 
Doppler mode in endoscopic ultrasonography via the esophagus revealed mosaic-like signals in MAPCAs located in the 
esophageal wall. This finding was consistent with tortuous MAPCAs accompanied by turbulent blood flow. When clinicians 
encounter CHD patients with unexpected massive esophageal bleeding, bleeding related to MAPCAs should be considered.
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Abbreviations
MAPCA	� Major aortopulmonary collateral artery
CHD	� Congenital heart disease
TAE	� Transcatheter arterial embolization
EVL	� Endoscopic variceal ligation
CT	� Computed tomography
NBCA	� n-Butyl-2-cyanoacrylate
EGD	� Esophagogastroduodenoscopy
EUS	� Endoscopic ultrasonography

GI	� Gastrointestinal
CA	� Celiac artery
SMA	� Superior mesenteric artery

Background

In congenital heart disease (CHD) patients with cyanosis, 
unique arteries called major aortopulmonary collateral 
arteries (MAPCAs) develop to supply blood to the lungs 
[1–4]. MAPCAs are large systemic collateral arteries usu-
ally arising from the descending aorta, branch of the aortic 
arch, and ascending aorta, and less commonly from other 
systemic arteries such as the abdominal, carotid, and coro-
nary arteries [2, 5]. In rare cases, expanded and proliferated 
MAPCAs rupture into the respiratory tract or mediastinum 
[6]. These cases require an interventional radiology proce-
dure, transcatheter arterial embolization (TAE) to prevent 
or stop hemorrhage. To date, however, there have been no 
reports that MAPCAs can induce bleeding into the digestive 
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tract. Here, we describe a case in which TAE was used to 
successfully treat MAPCA rupture into the esophagus in a 
CHD patient with heterotaxy, asplenia syndrome, and single 
ventricle.

Case report

A 16-year-old male with heterotaxy, asplenia syndrome, 
functional single ventricle, pulmonary stenosis, total anom-
alous pulmonary venous return, and MAPCAs underwent 
the Bentall procedure and tricuspid valve replacement to 
improve cardiac function, which had deteriorated due to aor-
tic and tricuspid regurgitation. Due to the paucity of central 
pulmonary arteries, the patient was not considered a can-
didate for the Glenn or Fontan procedures, and no surgical 
interventions had been performed.

One week after this operation, the patient experienced 
hematemesis and melena, and soon developed hypovolemic 
shock. Esophagogastroduodenoscopy (EGD) revealed 
active bleeding from a vessel at the middle of the esopha-
gus. Accordingly, the patient immediately underwent endo-
scopic clipping. However, the bleeding was uncontrollable. 
The patient was intubated and a Sengstaken–Blakemore tube 
was inserted, followed by transfer to our hospital for further 
treatment with the transfusion of blood and albumin.

On arrival, his vital signs were follows: blood pres-
sure, 62/30 mmHg; heart rate, 120 beats/min; body tem-
perature, 37 °C; and oxygen saturation in room air, 90% 
with a ventilator. A physical examination revealed pale 
palpebral conjunctiva, and the abdomen was soft and flat. 
Laboratory data on arrival were as follows: white blood 
cell count, 11,600/µL; hemoglobin, 6.8 g/dL; hematocrit, 
20.5%; platelet count, 105 × 103/µL; PT-INR, 1.58 (under 
warfarinization); fibrinogen, 100 mg/dL; d-dimer, 5.58 µg/
mL; antithrombin-·, 38.9%; fibrin/fibrinogen degrada-
tion products, 11.9 µg/mL; and brain natriuretic peptide, 
1331 pg/mL (Table 1). He underwent emergent EGD and 
rapid blood transfusion simultaneously in the ICU. EGD 
revealed spurting bleeding from the proximal side of a 
vessel with a hemoclip that had been placed at the previ-
ous hospital (Fig. 1a). We suspected rupture of esophageal 
varix, and performed endoscopic variceal ligation (EVL). 
After one ligation of the bleeding point, hemostasis was 
achieved. EGD after 1 week revealed tortuous esophageal 
vessels covering about 70% of the lumen, and the clip 
remained at the distal side of the post-EVL ulcer (Fig. 1b). 
Because these vessels were not large and had no red signs, 
we considered the risk of re-bleeding without additional 
treatment to be low, and food intake was resumed. How-
ever, the patient experienced hematemesis and melena 
again after 2 weeks of EVL. Emergent EGD revealed 
spurting bleeding from the same esophageal vessel at 

the distal side of the post-EVL ulcer, and bleeding was 
again stopped by EVL. Dynamic computed tomography 
(CT) with contrast medium was performed to assess the 
hemodynamics of esophageal varices and the presence of 
portal thrombus. However, there were no findings of liver 
cirrhosis, congestive liver, or portal hypertension such as 
development of esophageal or gastric varices. On the other 
hand, CT revealed multiple vessels that were enhanced in 
the early arterial phase around and within the esophageal 
wall. These vessels were branched from the descending 
aorta, celiac artery (CA), and superior mesenteric artery 
(SMA) and flowed into the pulmonary artery (Fig. 2a). 
Furthermore, the endoscopic clip was attached to one of 
these tortuous vessels in the middle esophagus (Fig. 2b). 
Based on these findings, we determined that the esopha-
geal bleeding was caused by rupture of MAPCAs into the 
esophagus. We believed that MAPCA rupture would not be 
controllable by EVL alone, and posed the risk of massive, 
life-threatening bleeding in the event that these vessels 
ruptured again. Hence, we attempted to perform angiog-
raphy and TAE of MAPCAs.

On angiogram, we observed several MAPCAs branched 
from the aorta, CA, and SMA feeding the lung, one of 
which arose from the CA and ran close to the hemoclip. 
A microcatheter was advanced near the hemoclip, and 
embolization was performed with a 2:3 mixture of n-butyl-
2-cyanoacrylate (NBCA) and ethiodized oil (Lipiodol) after 
confirming rupture of the MAPCA with the clip by digital 
subtraction angiography and enhanced CT during angiog-
raphy (Fig. 2c–e). CT after embolization revealed that Lipi-
odol was deposited at the artery around clip, and the patient 
experienced no abdominal pain or oxygen desaturation. Oral 

Table 1   Laboratory data on arrival

AST aspartate aminotransferase, ALT alanine aminotransferase, 
LDH lactate dehydrogenase, ALP alkaline phosphatase, ·-GTP ·-glu-
tamyl transpeptidase, T.bil total bilirubin, UN urea nitrogen, BNP 
brain natriuretic peptide, WBC white blood cell count, RBC red 
blood cell count, PT-INR prothrombin time-international normalized 
ratio, APTT activated partial thromboplastin time, sec second, AT-· 
antithrombin-·, FDP fibrin/fibrinogen degradation products

AST 37 U/L WBC 11,600/µL

ALT 30 U/L RBC 2.14 × 106/µL
LDH 258 U/L Hemoglobin 6.8 g/dL
ALP 96 U/L Hematocrit 20.5%
γ-GTP 13 U/L Platelet count 105 × 103/µL
Total bilirubin 0.7 mg/dL PT-INR 1.58
Total protein 6.0 g/dL APTT 62.6 s
Albumin 4.9 g/dL Fibrinogen 100 mg/dL
UN 21.6 mg/dL d-dimer 5.58 µg/mL
Creatinine 0.36 mg/dL AT-· 38.9%
BNP 1331 pg/mL FDP 11.9 µg/mL
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intake was resumed, the patient was transferred to the previ-
ous hospital without hematemesis or melena.

Ten months after discharge, a follow-up EGD revealed 
that the ruptured site had scarred completely, and the size 
of vessel had decreased (Fig.  3a). CT without contrast 
medium revealed a few Lipiodol remnants in the same ves-
sel (Fig. 3b). At the same time, we performed endoscopic 
ultrasonography (EUS) to confirm that these vessels were 
MAPCAs. EUS via esophagus using a GF-UE260-AL5 

(Olympus, Tokyo, Japan) with balloon and dual scanning 
frequencies of 7.5 and 12 MHz revealed many vessels with 
low echoic area under and inside the esophageal wall, some 
of which were near the surface of the esophageal wall. Color 
Doppler mode in EUS revealed mosaic-like signals in these 
vessels (Fig. 3c, d). This finding indicated rapid blood flow 
with turbulence, accompanied by tortuous MAPCAs. No 
further bleeding was noted over 20 months of follow-up after 
the TAE procedure.

Fig. 1   a Emergent esophago-
gastroduodenoscopy (EGD) 
showed spurting bleeding of the 
middle esophageal vessels. b 
EGD showing tortuous esopha-
geal vessels after EVL and the 
hemoclip attached at the distal 
side of the post-EVL ulcer 
(white arrow)

Fig. 2   a Dynamic computed tomography (CT) image with contrast 
medium revealed many vessels contrasted in the early phase around 
the esophagus (coronal plane). These vessels branched from the 
descending aorta, celiac artery, and superior mesenteric artery and 
flowed into the lung (arrow). b The hemoclip was attached to one 

of these tortuous vessels in the middle esophagus (arrow head). c, d 
Angiography of the branch of celiac artery revealed the culprit ves-
sel with the clip (arrow head). e Transcatheter arterial embolization 
(TAE) was performed using a 2:3 mixture of n-butyl-2-cyanoacrylate 
(NBCA) and ethiodized oil
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Discussion

Herein, we report a rare case of MAPCA rupture into the 
esophagus in a patient with asplenia, heterotaxia, and sin-
gle ventricle. In rare cases, MAPCAs induce pulmonary 
bleeding by rupture into the lung [6]. This is the first report 
of MAPCA rupture into the esophagus in a patient with 
CHD. We successfully treated refractory bleeding caused 
by MAPCA rupture by TAE, which was not accompanied 
by adverse events.

MAPCAs are unique collateral arteries associated with 
hypoxia induced by CHD, e.g., pulmonary atresia with ven-
tricular septal defect, asplenia syndrome, or single ventri-
cle. MAPCAs are congenital and systemic-to-pulmonary 
collateral arteries, representing remnants of the embryonic 
ventral splanchnic arteries. They normally regress concomi-
tant with the formation of normal pulmonary arteries during 
gestation. However, in cases of early maldevelopment of the 
pulmonary valve or the central pulmonary arterial system, 
MAPCAs can persist to supply blood to the pulmonary arter-
ies [3, 7]. MAPCAs run near the esophagus on the way to 
the pulmonary arteries. Richard et al. reported that 67% of 
the patients undergoing primary surgical procedures for 

pulmonary atresia/ventricular septal defect/MAPCAs had 
retroesophageal MAPCAs, and that 46% of retroesophageal 
MAPCAs coursed within the muscular fibers of the esopha-
gus (intraesophageal) [8], as was the case in our patient. 
Although MAPCAs that penetrate the esophageal wall have 
the potential to induce esophageal bleeding, to date there 
have been no reports of MAPCA rupture into the esophagus.

Meanwhile, it was very difficult to distinguish abnormal 
collateral arteries with developed para-esophageal vessels. 
In this case, EUS demonstrated that some vessels existed 
near the surface of the esophageal wall. MAPCAs might 
contain parts of developed para-esophageal vessels, there-
fore, it was impossible to identify whether the bleeding was 
due to the rupture of perforator from developed para-esoph-
ageal vessels communicated with MAPCAs or direct rupture 
of MAPCAs.

In this case, at first we tried to stop bleeding by EVL 
alone, but the patient experienced vomiting bleeding 
again; therefore, we performed TAE with NBCA and Lip-
iodol. Bleeding of common esophageal varices induced 
by portal hypertension can be treated by EVL. However, 
the blood flow in a MAPCA, which is an abnormal artery 
rather than a vein, is more rapid than that in common 

Fig. 3   Images at 10 months 
after TAE. a EGD revealed that 
the ruptured site had healed 
completely, and the size of ves-
sel had decreased relative to its 
state prior to TAE. b Coronal 
image of CT without contrast 
medium revealed a few deposits 
of ethiodized oil at the vessel 
in the middle esophagus. c 
Endoscopic ultrasound (EUS) 
revealed many vessels with low 
echoic area under and within 
the esophageal wall (two-way 
arrow, esophageal wall). d Ves-
sels exhibiting mosaic signals in 
Color Doppler mode of EUS
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varices; consequently, it is difficult to control MAPCA-
induced bleeding by EVL alone. In pre-postoperative man-
agement of CHD patients, TAE for MAPCAs is often per-
formed to unifocalize the blood flow toward the lungs [9]. 
However, almost no previous reports described the use of 
TAE to treat MAPCAs for preventing bleeding. Although 
MAPCA rupture is very rare, it can lead to severe hemor-
rhage and sudden death [5, 10]. Sharma et al. reported a 
case in which a ruptured aneurysm of a large MAPCA in 
a patient with CHD was treated by TAE with endovascular 
deployment of a vascular plug [6]. In our case, the previ-
ous doctor attached an endoscopic hemoclip to the culprit 
vessel. Therefore, we could identify the culprit artery from 
among several MAPCAs by confirming the clip during 
angiography.

We selected NBCA, rather than coil, as the embolus 
material for TAE under selective cannulation of the micro-
catheter. NBCA is a low-viscosity liquid adhesive mainly 
used in the field of intravascular radiology for the treatment 
of arteriovenous fistulas/malformations and pseudo-aneu-
rysm of the brain [11, 12]. In addition, NBCA is considered 
to be useful as a secondary embolization material in TAE 
conducted emergently to control massive gastrointestinal 
(GI) bleeding [13]. In particular, NBCA is suitable for tor-
tuous or narrowed vessels in which it is difficult to deeply 
insert a microcatheter, or in cases with coagulopathy [14]. 
Because the culprit vessel of this case was extremely tor-
tuous, we anticipated that it would be difficult to perform 
TAE with coils under deep cannulation of the microcatheter. 
Additionally, this case had a number of collateral vessels 
near the bleeding point. Coiling is likely to induce the embo-
lization of only proximal vessels, and blood flow from the 
collateral vessels to the bleeding point can occur. Hence, 
NBCA was the better choice for embolizing the entire culprit 
vessel in this case. Ultimately, TAE with NBCA was per-
formed successfully and safely without complications such 
as severe pain, cerebral infarction, pulmonary embolism, or 
GI ischemia and stenosis.

In conclusion, we encountered a patient with severe 
esophageal bleeding induced by a CHD-associated 
MAPCA, and treated him successfully with TAE. Recent 
reports have shown that the medical and surgical treat-
ment of CHD has advanced remarkably, and over 90% of 
CHD patients survive until adulthood [15, 16]. Therefore, 
we may have the opportunity to treat MAPCA-induced 
hemorrhage in CHD patients, as in this case. When we 
encounter unexpected severe esophageal bleeding resem-
bling variceal rupture in patients with CHD, we should 
consider the possibility of rupture from a MAPCA into 
the esophagus, and add dynamic CT examination to obtain 
detailed information. For treatment of MAPCA bleeding, 
TAE with NBCA and Lipiodol may contribute to hemo-
stasis under the marking of clip.
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