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Chapter 9
Biliary- Pancreatic System

Cassidy Alexandre, Peter Ells, and Hwajeong Lee

Anatomy and Relevant Vasculature

The right and left hepatic ducts, shortly after leaving the porta hepatis, unite to form
the 2- to 3-cm long hepatic duct, which then joins the cystic duct to form the com-
mon bile duct (CBD), 10 to 15 cm in length. The CBD is partially or fully covered
by pancreatic tissue posteriorly as it descends into the duodenum. In more than 66%
of cases, the CBD and the major pancreatic duct share a common channel, 2 to
7 mm in length. The two ducts unite to form the hepatopancreatic ampulla (ampulla
of Vater), where the distal end of the ampulla opens into the duodenum through the
major duodenal papilla [2]. See Fig. 9.1 for illustration.

Generally, the arterial supply to the pancreas, common bile duct, and adjacent
portions of the duodenum comes from branches of the gastroduodenal, superior
mesenteric, and splenic arteries. The arteries supplying the bile duct include the
posterior superior pancreaticoduodenal artery and gastroduodenal artery, supplying
the retroduodenal part of the duct; cystic artery, supplying the proximal part of the
duct; and right hepatic artery, supplying the middle part of the duct [3].
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Fig. 9.1 The biliary tree [4]. https://link.springer.com/chapter/10.1007/978-1-4939-1884-3_5

Etiologies

Hemobilia arises where there is a fistula between the surrounding vascular struc-
ture and the biliary tree. Bleeding may result from obstruction or injury of any of
the organs or structures associated with the hepatobiliary-pancreatic tract. The
arterial system is usually the source of the bleeding due to relatively greater intra-
vascular pressure creating unidirectional flow into the biliary tree. However, cases
of hemobilia associated with higher venous pressure have been reported in the
presence portal hypertension [5]. Most cases of hemobilia result from an iatrogenic
injury, through inflammation, trauma, or vascular anomalies and can also occur
spontaneously in setting of coagulopathy [6—15]. Malignancy in the hepatobiliary-
pancreatic tract can also contribute to obscure nonvariceal upper GI bleeding as it
has been demonstrated in cases of ampullary and periampullary tumors [16, 17].
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Percutaneous Liver Procedures

Percutaneous liver interventions are of widespread use due to their minimal
invasive approach and they can often be performed in the outpatient setting.
Some of those procedures include liver biopsy, percutaneous transhepatic chol-
angiography (PTC), and percutaneous biliary therapies, including radiofre-
quency ablation. The insertion of a needle through the liver for tissue sampling
or intervention can potentially cause inadvertent injury to interior blood vessels
which are anatomically near the biliary tree. Formation of fistula and communi-
cation between hepatic vasculature and biliary system can ensue. The true inci-
dence of hemobilia due to liver biopsies is unclear. However, a large multicenter
retrospective study on 68,267 biopsies only revealed 4 reported cases of hemo-
bilia but no deaths [18]. It has been reported that there is a higher incidence of
hemobilia with percutaneous transhepatic biliary drainage (PTBD) in compari-
son to percutaneous transhepatic cholangiography (PTC) [19]. This is likely due
to the increased instrumentation and manipulation prior to drain insertion in
PTBD [19].

Hepatobiliary Surgery

Surgery of the hepatobiliary system carries potential risk for hemobilia. Cystic
artery and right hepatic artery pseudoaneurysms leading to hemobilia have
been reported as complications of laparoscopic and open cholecystectomy
[20-22]. Though the exact pathogenesis of the pseudoaneurysm formation has
yet to be determined, it is thought to be related to bile leakage causing blood
vessels irritation and associated peritoneal infection; hence delaying proper
healing of damaged vasculature. Cases of hemobilia have also been reported
with liver transplantation and pancreaticoduodenectomy (Whipple procedure)
[23, 24].

Endoscopic Hepatobiliary Procedures

Bleeding during endoscopic sphincterotomy or post-sphincterotomy is a common
complication, typically from an arterial source associated with the margin of cut
sphincter. This is manifested as bright red blood flowing outward from the lesion to
the duodenum. Anomalous location of the ampulla creates a set of challenges and
difficulties for endoscopic retrograde cholangiopancreatography (ERCP) and is a
risk factor for sphincterotomy associated hemobilia [25]. Other clinical settings
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where ERCP associated hemobilia have been observed include portal biliopathy,
metal biliary stenting, and intrahepatic vascular anomalies associated with heredi-
tary hemorrhagic telangiectasia [26—28]. Portal biliopathy refers to abnormalities of
the biliary system seen as a late complication of portal hypertension in patients with
extrahepatic portal venous obstruction. It gives rise to cavernous transformation of
the blood vessels nearing the biliary tree. In essence, this creates choledochal vari-
ces that can easily damage or rupture especially in setting intraductal manipula-
tions. Spontaneous hemobilia has also been reported in portal biliopathy without
endoscopic intervention. Of note, ERCP-associated hemobilia increases in coagu-
lopathy and biliary stenosis [5].

Accidental Trauma

Liver injury frequently occurs in blunt abdominal trauma victims and the mortal-
ity rate related to the liver injury is estimated to range from 4.1% to 11.7% [29].
When the liver sustains a blunt trauma, a shearing injury of the hepatic artery may
develop resulting in a hepatic pseudoaneurysm [30]. Intraperitoneal hemorrhage
can result if these pseudoaneurysms rupture. They can also drain into the biliary
system leading to hemobilia. Cases of hemobilia are seen in less than 3% of liver
trauma. Hemobilia related abdominal trauma is more common to the pediatric
population [31].

Cholelithiasis

Cholelithiasis can cause minor trauma to the bile duct, hence mild intraductal
bleeding. However, significant hemobilia can occur if the stone erodes through the
hepatoduodenal ligament or cystic artery, potentially resulting in cystic artery
aneurysm [32]. In severe cases, choledocholithiasis can provoke necrotic erosion
through the ductal wall and into surrounding blood vessels, leading to significant
hemorrhage [33].

Inflammation and Infection

Hemobilia can arise from known complications of chronic pancreatitis; namely
pseudoaneurysm of the pancreaticoduodenal, splenic, hepatic, and gastroduodenal
arteries. Similarly, chronic cholecystitis may be complicated by cystic artery pseu-
doaneurysm resulting in hemobilia [34].

Infection of the biliary tree and liver is also a risk factor for hemobilia. Ascaris
lumbricoides, Clonorchis sinensis, and Fasciola hepaticum are known parasites that



9 Biliary- Pancreatic System 153

are associated with infection and obstruction in the biliary tree and liver. Some of
the clinical manifestations are ascending cholangitis, acute cholecystitis, pancreati-
tis, hepatic abscess, and hemobilia [34]. The mechanism of hemobilia in that setting
is inflammation of perivascular tissue, weakening of vessel walls, and pseudoaneu-
rysm formation [34].

Malignancy

Hepatobiliary tumors (primary or metastatic) are potential causes of hemobilia.
Tumor tissue is often friable and hypervascular, which creates the likelihood of
spontaneous hemorrhage. Furthermore, the biliary tree can be invaded by those
tumors [35]. Minimal invasive procedures, such as radiofrequency ablation, are
effective and relatively safe at managing unresectable hepatic tumors, however a
range of complication have been reported. Hemobilia is a known potential compli-
cation of percutaneous intervention and has been related to radiofrequency ablation.
Hepatocellular carcinoma (HCC), cholangiocarcinoma (Fig. 9.2), pancreatic adeno-
carcinoma, gallbladder cancer, and liver metastases have reportedly caused hemobi-
lia [36-38].

Missed Lesions

Ampullary (Fig. 9.3) and periampullary lesions are rare entities, however they are
often missed on routine upper endoscopies. They have also been reported as etiolo-
gies of occult GI bleeding, likely related to ulceration and slow blood loss due to the
hypervascular and friable nature of those lesions [16, 17]. Radiographic imaging
techniques such as CT angiography and radionucleotide tagged red blood cell scan,

Fig. 9.2 Microscopic images of intrahepatic cholangiocarcinoma. (a) the tumor induces marked
desmoplastic stromal response [Hematoxylin and eosin (H&E), original magnification x40]. (b)
infiltrative neoplastic glands in the hepatic parenchyma [H&E, original magnification x100]
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Fig. 9.3 Ampullary adenocarcinoma. (a) Scanning view of ampullary adenocarcinoma extending
toward duodenal submucosa [H&E, original magnification x20]. (b) Higher magnification view
shows neoplastic glands within desmoplastic stroma [H&E, original magnification x100]

are usually useful only during active bleeding. Side-viewing endoscope should be
strongly considered while evaluating the duodenal papilla and the ampullary com-
plex, especially in cases of suspected hemobilia or nonvariceal upper gastrointesti-
nal bleeding.

Hemosuccus Pancreaticus (HP)

Hemosuccus pancreaticus (HP) is a rare entity of gastrointestinal bleeding. It is
clinically distinct from hemobilia as bleeding originates from the pancreatic duct
instead of the common bile duct. It is often associated with pancreatic diseases.
Hemosuccus pancreaticus can be due to chronic pancreatitis, pancreatic pseudo-
cysts, and pancreatic neoplasms where bleeding occurs from an erosion into a blood
vessel forming a fistula with the pancreatic duct [39]. Therapeutic endoscopic inter-
vention of the pancreas, such as pancreatic sphincterotomy or stone removal, can
contribute to hemosuccus pancreaticus [39].

Clinical Presentation

The classic triad of hemobilia is right upper quadrant pain, jaundice, and bleeding,
however all three findings are only present in 22—-35% of cases [38]. Most cases of
hemobilia are characterized by minor hemorrhage that resolve spontaneously,
though profuse bleeding presenting with hematemesis, melena or hematochezia can
also occur. Slow oozing in the biliary tract can lead to blood clot, which can then
cause obstructive jaundice and is associated with biliary sepsis. The presentation of
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hemobilia and its timing vary based on the etiology. For instance, hemobilia due to
ERCP usually occurs immediately or within the next few days [40, 41]. Presentation
can also be delayed in cases pseudoaneurysm formation or following a trauma. In
patients with a percutaneous transhepatic biliary drain (PTBD), blood output from
the biliary drain is often noted.

Diagnosis

Hemobilia should be suspected in patients presenting with GI bleeding, history of
right upper quadrant abdominal pain, jaundice, recent biliary instrumentation and
abnormal liver function tests (LFTs). Diagnosis of hemobilia, however, can be
delayed or missed due to lack awareness from clinicians. Moreover, given its rare
occurrence and sometimes insidious presentation, diagnosis of hemobilia can be
challenging. Imaging and endoscopic studies play a crucial role in establishing an
initial diagnosis, assessing possible etiology and extent of bleeding, and guiding
treatment modalities. Figure 9.4 provides a flow diagram for management of sus-
pected hemobilia.

Suspected hemobilia
(History and presentation)

Clinical suspicion

EGD and duodenoscopy
(side viewing) CT Angiography

Transcutaneous arterial
Embolization
ERCP
Surgery (with/without
prior embolization)

CT Angi h Rule out small bowel or
i colonic bleeding

Fig. 9.4 Algorithm for management of suspected hemobilia
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Diagnostic Imaging
Computed Tomography Angiography (CTA)

CT angiography of the abdomen has been recognized as the first-line investigative
modality in suspected hemobilia due to its noninvasive nature, rapid results, and
diagnostic yield and characteristics. CTA can not only help confirm hemobilia but
also provide details about potential etiology [42]. Some the pathologies identified
on CTA include extravasation into the parenchyma, clots in the gallbladder or bili-
ary system, biliary dilatation, pseudoaneurysms, and other vascular malforma-
tions (e.g., aneurysms, angiodysplasia, arteriovenous malformations and
hemangiomas).

Angiography

Angiography remains the gold standard for diagnosis and treatment of hemobilia as
it can help localize the actual bleeding source and provide detailed visualization of
the vasculature and potential anomalies (arteriobiliary fistula, vascular malforma-
tions such as aneurysms, pseudoaneurysms, hemangiomas etc.). It does, however,
involve higher radiation exposure and endovascular access unlike the CTA. It has
been reported that angiography yields the correct etiology of massive hemobilia in
more than 90% of cases [43].

Magnetic Resonance Cholangiopancreatography (MRCP)

MRCEP is not often used for the diagnosis of hemobilia though it has been reported
in cases involving biliary obstruction [8]. It is a noninvasive alternative to endo-
scopic retrograde cholangiopancreatography (ERCP) that shows imaging of the
pancreaticobiliary system [8].

Ultrasound

Abdominal ultrasound is dependent on operator’s skill and experience and body
habitus can certainly be a detrimental factor in preventing proper visualization of
the biliary tree. Moreover, blood clots within the bile ducts lose echogenicity
over time and can be missed during ultrasound examination [43]. Therefore, the
diagnostic effectiveness of abdominal ultrasound in identifying hemobilia is
limited.



9 Biliary- Pancreatic System 157
Endoscopy

Upper GI endoscopy (esophagogastroduodenoscopy) is commonly used in the eval-
uation of patients presenting with upper GI bleeding. It is very effective at ruling out
common etiologies of upper GI bleeding and can, sometimes incidentally, diagnose
cases of hemobilia. When hemobilia is suspected, a duodenoscope (i.e., side-
viewing scope) should be used to directly visualize the ampulla for the presence of
blood and/or clots or ampullary lesions (Fig. 9.5a).

ERCP helps to visualize the bile ducts, gallbladder and can even play a therapeu-
tic role in cases of hemobilia and/or associated with biliary obstruction. ERCP find-
ings of blood clots to suggest hemobilia are characterized by amorphous, tubular, or
cast-like filling defects in the biliary tree or gallbladder (Fig. 9.5b) [43].

Endoscopic ultrasound (EUS) has been used to successfully diagnosed hemobi-
lia from hepatic artery pseudoaneurysm [44]. It can also be helpful at identifying
blood within the biliary tree, common bile duct, which would be characterized by
mobile, hyperechoic material [45].

Cholangioscopy is an advanced endoscopic technique that has been reported to
determine the etiology of hemobilia in rare cases [46]. It provides direct visualiza-
tion of the biliary tree however endoscopic therapy is limited due to small accessory
channel.

Fig. 9.5 (a) Blood clot at the papilla in a case of hemobilia seen with side-viewing duodenoscopy.
(b) ERCP demonstrating radiolucent filling defects in the extrahepatic bile duct in a patient found
to have hemobilia [34]. https://link.springer.com/article/10.1007/s11894-010-0092-5
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Management

After adequate resuscitation, management of hemobilia comprises of 2 objectives:
achieve hemostasis and maintain biliary patency and adequate bile flow. The modal-
ities used in the management of hemobilia depend on the etiology of the bleed,
however they mostly encompass conservative therapy, percutaneous radiologic
intervention, endoscopic treatment and surgery.

Conservative management is usually reserved for minor hemobilia and interven-
tions usually include correction of coagulopathy if needed, and IV fluid hydration.
Minor hemobilia can often be seen in injury related to PTBD catheters where cath-
eter exchange and upsize and position adjustment can help tamponade blood and
resolve hemobilia [42].

Angiography

Radiologic interventions for management of hemobilia can serve both diagnostic
and therapeutic modalities. Angiography has emerged as the gold standard for man-
agement of hemobilia and has a success rate of 80% to 100% [47]. Of note, iatro-
genic hemobilia is commonly related to hepatic artery injury. Angiography with
transcatheter arterial embolization (TAE) is often considered when hemobilia is
secondary to large arterial aneurysms or pseudoaneurysms, arteriobiliary fistulae,
and/or intrahepatic or extrahepatic vascular lesions.

After selecting the injured artery, embolization is performed both proximal and
distal to the injury to ensure that no back bleeding occurs via intrahepatic arterial
collaterals [48]. As the liver receives dual blood supply (portal vein and hepatic
artery), TAE is contraindicated when portal vein thrombosis or obstruction is present
in order to prevent potential significant hepatic ischemia. TAE should be avoided in
patients with liver transplant, cirrhosis with concurrent shock, as more extensive
ischemic liver injury can result due to the already compromised collateral blood flow
[49]. An alternative to TAE is arterial stenting which works as a tamponade measure.
It may be beneficial in cases where preserving blood flow is critical and when TAE
is contraindicated. Complications of TAE include hepatic ischemia leading to necro-
sis, hepatic abscesses, hyperaminotransaminemia, and gallbladder infarction [50].

Percutaneous thrombin injection is a salvage technique used to management
pseudoaneurysms when TAE fails [51-53].

ERCP

There is a role for the use of ERCP in management of hemobilia especially in
hemodynamically stable patients. Moreover, it can help maintain biliary patency
by removing blood clots within the biliary tree; hence preventing obstructive
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jaundice, acute cholangitis, acute cholecystitis, and acute pancreatitis [43]. Post-
sphincterotomy hemobilia arises from injury of the posterior branch of the superior
pancreaticoduodenal artery and many endoscopic techniques can be used in the
management of this postprocedural bleeding. Balloon tamponade, monopolar or
bipolar coagulation, epinephrine injection, hemoclipping, and biliary stenting have
been reported to be successful at post-sphincterotomy hemobilia or in cases where
the site of bleeding is distal (i.e., at the level of the papilla or ampulla) [54-56].
Biliary stents have been reported to help control bleeding located at the extrahe-
patic bile duct. They work by providing a tamponade effect on the bile duct wall
while maintaining ductal patency to allow bile flow. Metallic and plastic stents have
been used successfully in managing hemobilia related to therapeutic maneuvers of
sphincterotomy, stent removal, papillary balloon dilation, bile duct biopsy, pancre-
atic fine-needle aspiration, and malignancy with bile duct invasion [35, 57-62].

Surgery

Surgical intervention is indicated in cases of failed, endoscopic, endovascular, and/
or percutaneous therapies. Surgery is also needed when hemobilia is complicated by
cholecystitis. When pseudoaneurysms are infected or are compromising surround-
ing vasculature, surgery is also preferred [43, 44]. When the lesion or injury is
located, the damaged vessel is ligated, or the infected pseudoaneurysm is excised.
Cholecystectomy can be performed concurrently if indicated. Of note, in setting of
uncontrolled intrahepatic bleeding, partial hepatectomy is an option.
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