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Recurrent massive bleeding from a small
intestinal arteriovenous malformation
after surgery for biliary atresia in an infant:
a case report and literature review
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Abstract
Background: Small intestinal arteriovenous malformation (AVM) can cause bleeding. Most small intestinal AVMs
occur during adulthood, rarely in infancy. We report a case of an infant with hemorrhage due to small intestinal AVM
early and recurrently after Kasai portoenterostomy (PE) for biliary atresia (BA).
Case presentation: A 51-day-old male infant was admitted to our institution for obstructive jaundice. Laparotomic
cholangiography revealed BA (IIIb1μ), and Kasai PE was performed at 60 days of age. On postoperative day 17, he
developed massive melena and severe anemia. Contrast-enhanced computed tomography (CT) revealed that the
jejunum around the PE site was strongly enhanced with enhancing nodules in the arterial phase, and a wide area of
the Roux limb wall was slightly enhanced in the venous phase. As melena continued, emergency laparotomy was
performed. There were no abnormal macroscopic findings at the PE site except for a clot in the Roux limb 5 cm away
from the PE site, and the Roux limb was resected 5 cm. On further investigation, a red spot was detected on the jejunal serosa 30 cm away from the Roux-en-Y anastomosis site. PE and wedge resection for the red spot were performed.
Histopathologically, both specimens indicated AVM. He was jaundice-free 65 days after the first surgery. However, at
7 months of age, he developed massive melena again. Contrast-enhanced CT and upper gastrointestinal endoscopy
revealed no bleeding lesions. Hemorrhagic scintigraphy showed a slight accumulation at the hepatic hilum prompting an emergency surgery. Intraoperative endoscopy detected a bleeding lesion at the PE site, and the Roux limb was
resected (approximately 6 cm). Intraoperative frozen section analysis of the stump of the resected jejunum revealed
no abnormal vessels. PE was performed, and permanent section analysis revealed an AVM in the resected jejunum.
The postoperative course was uneventful without re-bleeding.
Conclusions: We experienced a case of recurrent massive bleeding from small intestinal AVM in an infant after surgery for BA. Intraoperative endoscopy and frozen section analysis helped identify the bleeding lesion and perform a
complete resection of the small intestinal AVM, even after surgery, in the infant.
Keywords: Small intestinal arteriovenous malformation, Small intestinal bleeding, Intraoperative endoscopy, Frozen
section analysis, Infant, Biliary atresia
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Background
After Kasai portoenterostomy (PE) for biliary atresia
(BA), most of the causes of gastrointestinal (GI) bleeding are esophageal varices, which form and bleed as liver
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cirrhosis and portal hypertension progress. In a previous report [1], GI bleeding due to esophageal varices
occurred in 22% of the patients at a median age of
17 months (4 months to 5 years). Meanwhile, early postoperative GI bleeding as a surgical complication is rare
and occurs in 3.1–5.4% of the patients [2, 3].
Herein, we report a rare case of an infant who experienced bleeding from the Roux limb very early after Kasai
PE for BA, before progression of portal hypertension; the
cause was identified as an intestinal arteriovenous malformation (AVM).

Case presentation
A 51-day-old boy was referred to our institution with
jaundice and acholic stool. Physical examination results
were unremarkable, except for skin jaundice. Laboratory analysis revealed total bilirubin, direct bilirubin,
and γ-GTP levels of 6.7 mg/dL (normal: 0.1–1 g/dL),
5.2 mg/dL (normal: 0.1–0.4 g/dL), and 1,295 IU/L (normal: 11–58 IU/L), respectively. These results were indicative of obstructive jaundice and liver disorder, and the
patient was admitted. At 60 days of age, laparotomic
cholangiography revealed BA (IIIb1μ), and Kasai PE was
performed.
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On postoperative day 17, the patient suddenly developed massive melena and was determined to have severe
anemia (hemoglobin level: 6.5 g/dL). His coagulation
data were normal with a prothrombin time-international
normalized ratio of 1.26 (normal: 0.80–1.20) and activated partial thromboplastin time of 37.1 s (control time:
28.0 s).
Contrast-enhanced computed tomography (CT)
revealed that the jejunum near the PE site was partially
and strongly enhanced with enhancing nodules in the
arterial phase, and a wider area of the imported jejunal
wall was enhanced in the venous phase (Fig. 1). Extravasation into the intestines was not detected.
Because the hemorrhage did not stop, an emergency
laparotomy was performed for hemostasis. No bloody
ascites were observed. The PE site was apparently normal, and there were no varices at the surface of the
intestine. The anastomosis of PE was detached, and no
obvious bleeding or lesions were observed at the site of
the anastomotic jejunum. A 5-cm incision was made
vertically from the anastomotic jejunal site, and a blood
clot was found. The Roux limb was resected 5 cm from
the anastomotic site. Further investigation of the small
intestines revealed a red spot (suspected to be an AVM)

Fig. 1 Abdominal contrast-enhanced computed tomography performed at 77 days of age. In the arterial phase (A and B on axial, C on sagittal),
nodule-like lesions were strongly enhanced (arrow) near the portoenterostomy site. In the venous phase (D and E on axial, F on sagittal), enhanced
lesions spread to the Roux limb (arrowhead). No dilated vessels and extravasation into the intestinal tract were observed
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on the jejunal wall, which was located 30 cm from the
Roux-en-Y anastomosis. The red spot lesion was wedge
resected, and PE was performed.
Macroscopic examination of the excised Roux limb
specimen showed no abnormal findings, such as ulcer
and tumor. In contrast, microscopic examination
revealed that the AVM comprised aggregates of abnormally shaped vessels showing hemorrhage (Fig. 2). The
lesions were distributed in the submucosal tissue, muscularis propria, and subserosal tissue. These abnormal
vessels markedly dilated and occasionally branched with
hemorrhage in lamina propria (Fig. 2A and B). Each vessel wall showed viable thickness and contained abundant
elastic fibers in the Elastica van Gieson-stained sections
(Fig. 2C and D). The abnormal vessels displayed various
morphologies that mimicked veins or arteries. In addition, some vessels were difficult to interpret due to veinlike or artery-like appearance. Some AVMs penetrated
and fractured the muscularis propria (Fig. 2D).
The patient was jaundice-free at 125 days of age and
was discharged at 145 days of age.
At 7 months of age, massive melena was observed,
and he was re-admitted. Contrast-enhanced CT
revealed no abnormal findings, and upper GI endoscopy revealed no esophageal or gastric varices. Hemorrhagic scintigraphy detected a slight accumulation
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Fig. 3 Hemorrhage scintigraphy. Technetium-99 m-human
serum albumin-diethylenetriaminepenta-acetic acid (740 MBq)
was administered intravenously. The concentration at the
portoenterostomy site (arrow) peaked 24 min after injection. After
60 min, the concentration did not migrate

Fig. 2 Representative microphotographs of jejunal AVM at the firstly resected specimen. A Remarkably dilated blood vessels aggregated in
submucosal tissue. B An abnormal vessel penetrated and separated muscularis propria. C, D Elastica van Gieson staining disclosed that elastic
fibers with variable thickness were included in these vessels of AVM. A, B hematoxylin and eosin; C, D Elastica van Gieson. Magnifications: A ×100,
B ×100, C ×200, D ×100. AVM: arteriovenous malformation
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Fig. 4 Intraoperative endoscopic examination. The endoscope
reached the portoenterostomy site and revealed the left and right
bile outflow orifices (arrowheads) and the bleeding lesion (arrows)

at the hepatic hilum; thus, hemorrhage from the PE
site was suspected (Fig. 3). As a residual lesion of the
AVM was a possible source of the bleeding, we consulted a pathologist preoperatively, planned a frozen section analysis (FSA) for intraoperative margin
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assessment, and performed an emergency surgery. The
jejunal Y-shaped anastomosis was detached, and the
endoscope was inserted. Endoscopy detected bleeding lesions with an erosion of the Roux limb at the PE
site (Fig. 4); there were no other findings in the small
intestine. The PE anastomosis and its mesentery had
no apparent abnormalities, such as varices. The anastomosis was detached, and the Roux limb was resected
approximately 6 cm from the anastomosis. FSA for the
stump of the anal side of the resected jejunum, performed by a pathologist, revealed no vessel abnormality
in the submucosa (Fig. 5A). PE and Y-shaped anastomoses were performed.
Regarding the specimen collected during the second
emergency operation, no obvious AVM was microscopically detected in the surgical stump of the Roux
limb, even in the permanent sections (Fig. 5B). Remnant AVMs were seen with serosal fibrosis and suture
granuloma (Fig. 5C and D). The AVM was localized in
submucosal tissue with hemorrhage in lamina propria
(Fig. 5C). The presence of elastic fibers was confirmed
in these vessel walls in the Elastica van Gieson-stained
section (Fig. 5D).
The postoperative course was uneventful with no rebleeding, and the patient was discharged on postoperative day 15.

Fig. 5 Representative microphotographs of residual AVM in jejunum at the secondarily resected specimen. No AVM in the surgical margin was
confirmed at frozen (A) and permanent (B) sections. C, D A similar AVM was observed in the submucosal tissue in the jejunum around the bleeding
point at the PE site. A–C hematoxylin and eosin; D Elastica van Gieson. Magnifications: A ×100, B ×100, C ×200, D ×200. AVM: arteriovenous
malformation
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Discussion
Small intestinal bleeding accounts for approximately 5%
of all GI bleeding cases and is rarely caused by an AVM
[4]. Most small intestinal AVMs occur during adulthood
and are very rare in early childhood [4, 5]. Etiologically,
AVMs are mostly congenital [6]. In some cases, diagnosis
and treatment are difficult; however, emergency procedures are required if a massive hemorrhage develops.
To consider small intestinal AVM, we planned to
review the literature. The number of case reports of small
intestinal AVM published in English, which had detailed
information, was small [4]. We decided that it would be
better to evaluate many cases to comprehensively understand the etiology, pathogenesis, and treatment of small
intestinal AVMs. For this reason, we conducted a literature survey of Japanese case reports and reviews on small
intestinal AVMs. In this search, we used the words "arteriovenous malformation" and "intestine" in Japanese for
"Ichushi-Web" and in English for "PubMed". Following
the literature search, we found 198 cases of small intestinal AVMs reported during 1976–2020, including our
present case. A summary of the clinical characteristics of
these cases is presented in Table 1. The median age was
59 years; the current case, at 2 months old, is the youngest. Only eight cases (4.0%) were under 18 years of age
as pediatric small intestinal AVMs are rare. Most lesions
were isolated (173 cases, 87.4%), and jejunal lesions were
more common than ileal lesions (98 cases vs. 62 cases).
Multiple or extensive lesions were observed in 25 cases
(12.6%). Sixty-six cases had complications (33.3%); liver
disease was the most common complication observed
[n = 31, 15.7%; cirrhosis (n = 15) and acute or chronic
hepatitis (n = 8)]. Besides our case, only one other case
underwent Kasai PE for BA and developed bleeding at
1 year and 2 months of age; two lesions unrelated to the
Roux-en-Y structure were observed in the small intestine
[7]. It is assumed that increased portal pressure due to
liver disease increased the risk of bleeding from the small
intestinal AVM.
Various imaging devices have been used to localize
the lesions. Traditionally, selective mesenteric angiography has been the most reliable method for diagnosing small intestinal AVMs and can mark lesion sites
during the examination [8]. Recently, multi-detector
CT has been used to identify these lesions [9]. Our literature review of the 198 cases in Japan revealed that
contrast-enhanced CT was performed in 66 cases: CT
findings were observed in 40 cases (Table 1). The characteristic findings on the CT images were: (a) hypervascularity nodules and thickening of the small intestinal
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wall; (b) strong enhancement in the arterial phase and
Table 1 Clinical characteristics of the 198 Japanese cases of
small intestinal arteriovenous malformations
Characteristic

Value

Age -median (range)

59 yr (2 mo–95 yr)

Sex -no. (%)
Male

115 (58.1)

Female

83 (41.9)

Lesion number and location -no. (%)
Isolated lesion

173 (87.4)

  Jejunum

98 (49.5)

  Ileum

62 (31.3)

  Small intestine

13 (6.6)

Multiple or diffuse lesion

25 (12.6)

  Diffuse lesion

3 (1.5)

  Multiple lesions within the small intestine

7 (3.5)

Coexisting lesion other than small intestinea

13 (6.6)

   Large intestine

10 (5.1)

   Duodenum

2 (1.0)

   Stomach

1 (0.5)

   Pancreas

2 (1.0)

   Liver

1 (0.5)

Coexisting conditionsa -no. (%)
Any

66 (33.3)

Liver disease

31 (15.7)

Cardiovascular disease

20 (10.1)

Diabetes mellitus

12 (6.1)

Renal disease

9 (4.5)

Other

21 (10.6)

Examination, n (positiveb/totalc)
Angiography

(124/133)

Contrast-enhanced CT

(40/66)

 Endoscopyd

(59/60)

Treatment, n (%)
Operation

139 (70.2%)

Operation followed IVRe

28 (14.1%)

 IVRe

19 (9.6%)

  Re-bleeding

11

  Perforation

3

Endoscopic hemostasis

5 (2.5%)

  Re-bleeding

9

Conservation

7 (3.5%)

a

Some patients had several diseases or lesions

b

Total number of performed examinations

c

Number of examinations with positive findings

d
Number of examinations including capsule endoscopy, small bowel
endoscopy, and intraoperative endoscopy
e

Interventional radiology
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an early return in the venous phase; (c) hyperplastic or
dilatation of the arteries and veins; and (d) extravasation into the intestinal tract. These findings are similar
to the angiographic findings [10]. Furthermore, diagnosis using capsule or double-balloon endoscopy has been
reported since 2000 [11–15]. In almost all cases that
underwent endoscopy, including capsule endoscopy,
small bowel endoscopy, and intraoperative endoscopy,
the lesion could be identified (Table 1).
Recently, the effectiveness of a combination of indocyanine green (which can visualize the intestinal blood
flow) and angiography has been reported [4, 16].
Regarding treatments in the Japanese literature review,
while endoscopic or endovascular treatments are available, 3 of the 5 reports on endoscopic treatment alone
and 12 of the 19 reports on endovascular treatment
alone had recurrence or perforation and required surgery. Therefore, these treatments were uncertain for
hemostasis; surgical resection is the most reliable
option.
Our patient is the youngest reported case of a small
intestinal AVM characterized after PE for BA. We
inferred the mechanism of early bleeding in our patient
as follows: (1) transection of the jejunum for Roux-en-Y
reconstruction blocked the blood circulation in the intestinal wall; (2) the AVM was coincidentally present near
the transected site, and (3) the vessel pressure of the
AVM was elevated, which caused bleeding. Additionally,
although we did not measure portal pressure to prove
portal hypertension at this time, BA resulted in increasing venous return pressure in the portal system, which
may still have been involved in the bleeding. The bleeding
lesion was resected during surgery after the first bleeding; however, the AVM lesion probably remained near
the resected margin and caused the bleeding to recur.
The most common causes of massive bleeding after
BA surgery are varicose veins or mucosal congestion
due to portal hypertension. However, in the absence
of endoscopic findings indicative of varicose veins or
mucosal congestion, and contrast-enhanced CT shows
characteristic findings of AVM, intestinal AVM should
be considered the differential diagnosis. Whether or
not the identified site is prone to varicose veins may
also help in the diagnosis. The most challenging issue in
our case was that neither abnormalities were found on
serosa nor mucosa on AVM lesion. During Kasai PE and
the first emergency operation, the serosa of the small
intestine was normal in appearance except for a red
spot. At the second bleeding, we detected the bleeding point by intraoperative endoscopy; however, the
mucosa near the bleeding point appeared normal, and
no other abnormalities were found in the small intestine on endoscopy or macroscopic investigation. The
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reported devices, such as double-balloon endoscopy
and capsule endoscopy, could not detect the extent
of AVM lesions. Intraoperative FSA has been used to
determine the extent of resection for various diseases
in general [17].
Histopathological findings of small intestinal AVM
are characterized by aberrant vessels with varying
thickness, and the connections between arteries and
veins lack a capillary network; these abnormal vessels
are mainly in the submucosa and spread to the subserosa [6, 18]. Because these histopathological findings of
the intestinal AVM are not highly complicated, intraoperative FSA was valuable and helpful in determining the
extent of intestinal AVM resection.

Conclusions
We experienced an infant case who developed recurrent
massive bleeding from small intestinal AVM after Kasai
PE for BA. Small intestinal lesions, especially in Roux
limbs, are difficult to reach endoscopically. Moreover, it
is difficult to evaluate the spread of AVMs. Intraoperative
endoscopy and FSA are useful for the complete resection
of small intestinal AVMs, even in infants or after surgery.
Abbreviations
AVM: Arteriovenous malformation; BA: Biliary atresia; PE: Portoenterostomy;
FSA: Frozen section analysis; GI: Gastrointestinal; CT: Computed tomography.
Acknowledgements
We would like to thank Editage (www.editage.com) for English language
editing.
Authors’ contributions
WK drafted the manuscript. WK, KK, AT, AM, and KY contributed to patient
care. TN and AH performed the pathological analysis. KK and TN participated
in the revision of the manuscript. All authors have read and approved the final
manuscript.
Funding
No authors received funding for this study.
Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
Not applicable.
Consent for publication
Informed consent was obtained from the patient’s family for the publication
of this manuscript and any accompanying images.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Pediatric Surgery, Tokyo Women’s Medical University Yachiyo
Medical Center, 477‑96 Ohwada‑shinden, Yachiyo, Chiba 276‑8524, Japan.

Kudo et al. surg case rep

(2021) 7:204

2

Department of Pathology, Tokyo Women’s Medical University Yachiyo Medical
Center, 477‑96 Ohwada‑shinden, Yachiyo, Chiba, 276‑8524, Japan.
Received: 20 June 2021 Accepted: 31 August 2021

References
1. Duche M, Ducot B, Tournay E, Fabre M, Cohen J, Jacquemin E, et al.
Prognostic value of endoscopy in children with biliary atresia at risk
for early development of varices and bleeding. Gastroenterology.
2010;139:1952–60.
2. Du M, Wang J, Tang Y, Jiang J, Chen G, Huang Y, et al. Evaluation of perioperative complications in the management of biliary atresia. Front Pediatr.
2020;8:460.
3. Madadi-Sanjani O, Carl N, Longerich T, Petersen C, Andruszkow JH. Inguinal hernias represent the most frequent surgical complication after Kasai
in biliary atresia infants. BioMed Res Int. 2015;2015:383791.
4. Hyo T, Matsuda K, Tamura K, Iwamoto H, Mitani Y, Mizumoto Y, et al. Small
intestinal arteriovenous malformation treated by laparoscopic surgery
using intravenous injection of ICG: case report with literature review. Int J
Surg Case Rep. 2020;74:201–4.
5. Molina AL, Jester T, Nogueira J, CaJacob N. Small intestine polypoid arteriovenous malformation: a stepwise approach to diagnosis in a paediatric
case. BMJ Case Rep. 2018;2018:bcr2018224536.
6. Sakai E, Ohata K, Nakajima A, Matsuhashi N. Diagnosis and therapeutic strategies for small bowel vascular lesions. World J Gastroenterol.
2019;25:2720–33.
7. Kawamitsu T, Nagashima K, Tsuchiya H, Sugiyama T, Ogasawara T, Tei S,
et al. A case report of intestinal A-V malformation in a boy with biliary
atresia. Gastroenterol Surg. 1986;9:245–8.
8. Rizvi AZ, Kaufman JA, Smith P, Silen ML. Solitary arteriovenous malformation of the small intestine. J Am Coll Surg. 2005;200:808–9.
9. Nakabayashi T, Kudo M, Hirasawa T, Kuwano H. Arteriovenous malformation of the jejunum detected by arterial-phase enhanced helical CT, a
case report. Hepatogastroenterology. 2004;51:1066–8.

Page 7 of 7

10. Baum S, Nusbaum M, Blakemore WS, Finkelstein AK. The preoperative
radiographic demonstration of intra-abdominal bleeding from undermined sites by percutaneous selective celiac and superior mesenteric
arteriography. Surgery. 1965;58:797–805.
11. Ota K, Noda J, Akutagawa H, Sugawara N, Nakazawa K, Nishida S, et al.
Massive bleeding from a small intestinal submucosal tumor-like arterial
malformation: an unclassifiable vascular lesion revealed by a detailed
pathological evaluation. Intern Med. 2019;58:3521–3.
12. Uehara K, Yoshioka Y, Ebata T, Yokoyama Y, Nakamura M, Ohmiya N, et al.
Combination therapy with single incision laparoscopic surgery and
double-balloon endoscopy for small intestinal bleeding: report of three
cases. Surg Today. 2013;43:1062–5.
13. Miyasako Y, Kuwai T, Ishaq S. Case of a small intestinal arteriovenous
malformation diagnosed by double-balloon enteroscopy preoperatively.
Dig Endosc. 2019;31:e68–9.
14. Akabane S, Suzuki T, Hinoi T, Shimizu Y, Sudo T, Onoe T, et al. Laparoscopic
treatment for small bowel bleeding after detection by double-balloon
endoscopy: a case report. Int J Surg Case Rep. 2019;59:63–5.
15. Fujii T, Morita H, Sutoh T, Takada T, Tsutsumi S, Kuwano H. Arteriovenous
malformation detected by small bowel endoscopy. Case Rep Gastroenterol. 2014;8:324–8.
16. Ono H, Kusano M, Kawamata F, Danjo Y, Kawakami M, Nagashima K, et al.
Intraoperative localization of arteriovenous malformation of a jejunum
with combined use of angiographic methods and indocyanine green
injection: report of a new technique. Int J Surg Case Rep. 2016;29:137–40.
17. Miedema JR, Hunt HV. Practical issues for frozen section diagnosis in gastrointestinal and liver diseases. J Gastrointestin Liver Dis. 2010;19:181–5.
18. Kido M, Nakamura K, Kuwahara T, Yasui Y, Okajima H, Kurose N, et al.
Arteriovenous malformation that caused prolapse of the colon and was
treated surgically in an infant: a case report. Surg Case Rep. 2020. https://
doi.org/10.1186/s40792-020-00824-x.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

