76027 Auto Edited - check.docx



Name of Journal: World Journal of Clinical Cases
Manuscript NO: 76027
Manuscript Type: MINIREVIEWS

Vascular complications of pancreatitis

Kalas MA et al. Vascular complications of pancreatitis

M Ammar Kalas, Monica Leon, Luis Omar Chavez, Eduardo Canalizo, Salim Surani




Abstract

More than 200,000 hospital admissions happen per year for acute pancreatitis and more
than 50,000 for chronic pancreatitis in the United States of America (USA). Necrotizing
pancreatitis accounts for 20-30% of the cases. One-quarter of the patients with
pancreatitis develop vascular complications, which carries a high mortality. This mini-
review will address these complications that can help primary care physicians and

hospitalists in managing their patients effectively.
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Core Tip: Vascular complications of acute pancreatitis carry high morbidity and
mortality. Physicians must be aware of the possible complications, proper diagnosis,
and treatment options. Herein, we review the vascular complications and up-to-date

management.

INTRODUCTION

Acute pancreatitis is a disorder characterized by inflammation of the pancreas
secondary to variable etiologies, with the most common being gallstones and alcohol
abuse. This disorder is the leading cause of gastrointestinal disease hospital admissions
in the United States (USA), with an incidence of 13-45 per 100,000. Since 2000, the
incidence of pancreatitis has risen by approximately 30% [1l. Smoking was found to be
associated with an increased risk of developing pancreatitis, specifically among alcohol
users. Moreover, the most reported complication of endoscopic retrograde
cholangiopancreatography (ERCP) was found to be pancreatitis, with an incidence of

approximately 3.5%![1l.




Acute pancreatitis can be classified into mild, moderate, and severe based on organ
failure and its duration (greater than 48 h or less than 48 h), presence or absence of local
complications such as pseudocysts, acute peripancreatic fluid collections, acute necrotic
collections, or walled-off necrosis(ll. The diagnosis is made on the basis of clinical,
laboratory, and radiological evidence of pancreatitis. Management of acute pancreatitis
is primarily supportive with volume resuscitation, analgesia, and bowel rest with or
without nutritional support. Management should be started step-wise, and surgical
options should be considered at the later stages if needed. Vascular complications of
pancreatitis carry high morbidity and mortality. It is estimated that one-quarter of
patients with pancreatitis may develop vascular complications [24l. Hence this review

aims to address the common vascular complications associated with pancreatitis.

Pseudoaneurysm

Pseudoaneurysm (PSA) associated with pancreatitis is rare but potentially a serious
complication with the risk of rupture and lethal hemorrhage. It is caused by reactive
local arteritis induced by pancreatic proteolytic enzymes. The exposure of visceral
arteries to the enzymes may cause autodigestion of the wall leading to necrotizing
arteritis, resulting in the weakening of the vessel lumen, causing a PSA formation. They
are usually associated with a preexisting pseudocyst but can also occur without a
pseudocyst [>0l.

This complication can present in both acute and chronic pancreatitis. Pseudoaneurysm
usually develops 3.5 wk after the onset of acute pancreatitis Il. The true incidence is
unknown, but it ranges from 4% to 17% in single-center reports, with a higher incidence
in males [79l. PSA is reported mostly in alcohol-induced pancreatitis, but the etiologic
factor is not exclusive, and pediatric/hereditary pancreatitis cases have also been

reported [58].




Patients present with abdominal pain or gastrointestinal bleeding secondary to rupture.
Intra-abdominal bleeding, retroperitoneal bleeding, bleeding into the pancreatic duct,
or common bile duct is another less common presentation [?I. The size at diagnosis may
vary from a few mm to 5.6 cml7l.

The affected arteries are in proximity to the pancreas. The splenic artery (30-50%) is
most affected, followed by the left gastricc gastroduodenal artery, and
pancreaticoduodenal artery. The superior mesenteric, proper hepatic artery, and small

intrapancreatic arteries may also be affected[?910]

Early diagnosis of PSA is important to avoid life-threatening hemorrhage. Clinicians
should be aware of PSA as a pancreatitis complication. Diagnosis based on clinical
presentation encompasses a challenge; abdominal pain can be from pancreatitis per se.
Since PSA is more common in chronic alcohol abuse, gastrointestinal bleeding may
mislead the diagnosis as a complication of cirrhosis [6l.

PSA diagnosis is achieved by ultrasound (US), computed tomography (CT), and
angiography. The US is a quick and easy tool for diagnosis that uses the color doppler,
which shows a mass with the pulsatile, swirling flow which fills during systole unless
filled with thrombus. Clot-filled and small PSA are difficult to diagnose by the US
alone. The US operator must recognize sonographic appearance and thrombus agel’l.
CT of the abdomen can be suggestive, but CT angiography has a higher sensitivity
(95%). Angiography is considered the gold standard for diagnosis and can show smaller
PSA, but it is expensive and invasive. Therefore, it is reserved for identifying the

bleeding site and guiding the endovascular treatment(!!l.

Pang TCY et al described a peripancreatic PSA classification system (Table 1). They
included palEreatitis-related PSA but also postoperative PSAIPl. The classification is
based on the type of artery involved, communication with the gastrointestinal tract, and
exposure to pancreatic juice. The proposed classification can assist in treatment

strategy!°l.




PSA management can be endovascular or surgical. Studies published after 2000 favor
embolization as the initial treatment optionl. Surgery continues to be an important tool
for selected patients in whom angiographic intervention with embolization fails or
those with hemodynamic compromise. Surgical procedures may vary from direct
vessel ligation to pancreas resection, gastrectomy, or small intestine resection,
depending on the affected vessel and compromise of blood perfusion to adjacent
organs. Patients with concomitant pancreatitis complications may need simultaneous
surgical debridement, necrosectomy, or pancreatectomy(!2l.

Endovascular management allows for embolization if bleeding is the main presentation
but also for early treatment with stent deployment. Embolization can be done with
metallic coils, transcatheter thrombin injection, covered stents, gel foam, or
microparticles. Usually, coils are placed distal to the PSA and then proximal, preventing
collateral backfilling. Angioembolization interventions have a reported success rate of
70-90%!71-

Although the benefits of endovascular management have been proven with an
increased success rate over the years, recurrence, stent infection, displacement,
migration, and splenic infarction are possible complications. Therefore, management
should be tailored to individual patients, and embolization may be used only as a

bridge treatment for somel°l.

Venous thrombosis

Thrombosis is more often associated with severe pancreatitis compared to milcﬁasesml.
Necrotizing pancreatitis (NP) is a severe systemic inflammatory process that may lead
to splanchnic venous system thrombosis (SVT), involving splenic, portal, and superior

mesenteric veins, either independently or in combinations(!4l. Also, thrombosis of




peripheral vasculature has been described in the literature. In most patients, a single

venous territory is involved[13l.

Numerous risk factors have been described, such as male gender, history of previous
Venous Thromboemlalism (VIE), infected necrosis, and organ failurel, In
multivariate analysis, the development of VTE did not increase mortality in patients
with NPI6l. VTE risk in NP patients is among the highest of any hospitalized
patients(!7. SVT develops in approximately 50% of patients with NP, and the incidence

drops significantly in the absence of necrosis (1 - 17%)[13.18],

Four main mechanisms of SVT have been proposed: 1) Swelling and necrosis of the
pancreas and local inflammatory infiltration leading to vascular endothelial damage; 2)
Extrinsic compression of the splanchnic vein (pancreas enlargement or pseudocyst)
causing stasis. 3) increased level of inflammatory mediators triggering coagulation
cascade, and 4) activation of the coagulation system due to release of tissue factors from
the damaged pancreas!'?

Clinical manifestations can be divided into secondary to acute thrombosis and
complications of portal hypertension’”l. They include abdominal pain due to
mesenteric extension, gastrointestinal bleeding secondary to portal hypertension, and
splenomegaly.

Color Doppler ultrasound is considered the first-line diagnostic approach for screening
for SVTIL. It has a sensitivity of 83% compared with angiography for the portal vein
(PV). It has a less accurate assessment of the splenic vein due to its anatomic location!!3].
Contrast-enhanced CT or magnetic resonance imaging (MRI) is used to confirm SVT
diagnosis L Tt has a sensitivity of 90%. CT scan findings of acute SVT include
persistent, well-defined intraluminal filling defects with loy central attenuation and
surrounding well-defined, rim-enhancing venous wallsl13]. gngiography remains the

golden standard for diagnosing SVT, but it is an invasive approach.




Approximately one-third of patients present with spontaneously splanchnic vein
recanalization. The other two-thirds are at risk of developing severe complications such
as bowel ischemia and liver failure. At this time, there is no consensus on whether
patients with SVT should receive therapeutic anticoagulation since the theoretical risk
of bleeding exists. According to a meta-analysis by Chandan S et al, therapeutic
anticoagulation can recanalize the involved vessels without increasing the risk of
bleeding in the setting of SVT due to acute pancreatitisi?)l. Also, a retrospective study of
273 patients with AP-induced SVT reported a reduction in SVT incidence and
improvement in the clinical outcomes wiﬁout increasing the risk of bleedingl?!l.
Consistent with these findings, in a meta-analysis, the wuse of therapeutic
anticoagulation resulted in a statistically significant increase in recanalization rate with
o increase in hemorrhagic complications or mortality. However, there was no
Qifference in overall mortality between the treated and control group to justify
anticoagulation therapyl??l. High-quality randomized trials with an adequate sample

size should be encouraged to elucidate this topic.
Arterial thrombosis

The incidence and prevalence of arterial thrombosis have not been reported due to the
rarity of the condition. Several cases of arterial thrombosis associated with pancreatitis
have been reported in the literature. (Table 2) Arterial thrombosis is the result of
atheromatous plaque rupture. In pancreatitis, several theories have been proposed,
such as the release of proteolytic and lipolytic enzymes, which results in endothelial
injury and the activation of the coagulation cascade with resultant thrombosis. In
addition, adjacent inflammation can result in localized vascular inflammation, third
spacing, necrosis, and mass effect, which increases the risk of thrombus development!?*],
Cases reported thrombus development in the abdominal aorta and its branches, such as

the superior mesenteric artery and renal arteries. A case report showed widespread




aortic thrombi with sparing of the celiac trunk, splenic artery, common hepatic artery,
and superior mesenteric arteryl24. Arterial thrombosis in pancreatitis can be
unpredictable, with a case presenting with intracardiac thrombus following
pancreatitis. It should be noted that the patient had valvular atrial fibrillation and was
on warfarin, and the clot was adherent to the left atrial appendage. Therefore, the
thrombus could be secondary to atrial fibrillation, with pancreatitis as a possible
provoking factorl?l. Cases reporting evidence of arterial thrombosis were primarily
noted in patients with acute necrotizing pancreatitis. Presentations are variable
depending on the vessel involved with general symptoms, including; vague abdominal
pain, nausea, and vomiting. Biphasic computed tomography with angiography is
sufficient for the diagnosis of arterial thrombi. In cases of small pseudoaneurysms or
unclear diagnoses, angiography can be performed. Management of arterial thrombosis
in pancreatitis can be complex and is variable depending on the location of the
thrombusl2l. In the cases reviewed, intravascular management with thrombectomy
followed by intravenous heparin was used in the patient with superior mesenteric
artery thrombosis!?]. Intravenous heparin drip followed by warfarin or enoxaparin was
utilized in the rest of the cases. The duration of anticoagulation remains unclear.
However, in most cases, treatment for 3-6 mo with correction of the underlying
pathology is agreed upon. Complications of arterial thrombosis carry high morbidity
and mortality, with cases reporting the development of resultant gastric necrosis in a
case of splenic artery thrombus and renal dysfunction due to renal artery thrombosis

resulting in end-stage renal diseasel23l.

Pancreatic-portal fistula formation

Pancreatic fistula is described as the leakage of pancreatic enzymes and secretions due

to an abnormal connection with adjacent structures (e.g., organs, blood vessels, or




spaces). Fistulas can be classified as internal or external depending on the location of the
connection. Pancreatic fistula formation following pancreatitis episodes has not been
well studied, and evidence is found only through case series. Internal pancreatic fistula
is more likely to occur in cases of pancreatitis, specifically in chronic pancreatitis
secondary to alcohol usel?’l. Pancreatic fistulas occur due to disruption of the pancreatic
ducts in trauma, acute pancreatitis, chronic pancreatitis, and pancreatic resection.
Initially, fluid collection can be the only finding; however, when persistent, this can lead
to pseudocyst formation with potential erosion of adjacent hollow structures and fistula
formation. In a review of the literature by Brown A ef al in 2014, patients with
pancreatic portal fistula had the presence of a pseudocyst, with the majority being

located in the head of the pancreas!®l.

Clinical manifestations include; abdominal pain, abdominal distention (pancreatic
ascites), nausea, vomiting, shortness of breath (pleural effusion), fever, and life-
threatening hemorrhage in a small subset of patients. Disseminated fat necrosis has
been reported in the literature with presentations of peripheral subcutaneous fat
necrosis, which is thought to be secondary to the introduction of pancreatic enzymes
into the systemic circulation. An elevated amylase level (> 6000) was found in all
patients with disseminated fat necrosisl3®l. Several diagnostic modalities have been
performed in the literature ranging from the US to ERCP. Although there have been no
studies to accurately assess the sensitivity and specificity of these tests for pancreatic
fistula detection, most case series have an ERCP performed for definitive diagnosis and
possible therapeutic intervention, and hence is considered the most accurate testing
modality by cliniciansi®'l, The US can show the complex fluid collection in the portal
vein with no flow on the doppler. CT with contrast generally demonstrates a fluid-
attenuated portal vein with possible collateral periportal vessels and pseudocyst.
Magnetic resonance cholangiopancreatography findings on T2 weighted sequences
include; hyperintense portal vein and fluid signal; occasionally, visualization of the

hyperintense fistulous tract could be seenl®l. In contrast, in cases of portal vein




thrombosis only, ultrasonography would show decreased or absent flow on the doppler
without complex fluid collection. Narrowing of the portal vein can be seen in cases of
extrinsic compression; on CT with contrast, the portal vein would be hypodense with
no contrast enhancement, and on MRCP, T1 weighted sequences would show an
isointense portal vein with no fluid signal. Secretin enhanced MRCP can also help
further characterize pancreatic ducts in cases of diagnostic uncertainty.

Percutaneous transhepatic portography (PTP) is another diagnostic modality, especially
in uncertain diagnosis, and can provide an accurate assessment of the portal circulation
anatomy and the extent of portal venous invasion, which has been correlated with
surgical procedures findings. In addition, PTP allows for fluid extraction and

examination/30].

The management of pancreatic-portal vein fistulas is variable and ranges from
conservative management to surgical management involving partial or complete
pancreatectomy with fistula repair. Conservative management has been successful, as
reported in several cases in the literature. However, it was primarily done among stable
patients with minimal clinical manifestations!33-71,

Endoscopic management with endoscopic ultrasound cyst drainage and ERCP with
pancreatic stent placement has been successful in hemodynamically stable patients.
Surgical management with partial or total pancreatectomy is another mode of
management, specifically in patients with disseminated fat necrosis or those who are
not candidates for endoscopic management or failed endoscopic management.
However, there is no current treatment algorithm for pancreatic-portal fistulas due to

the acute nature of the diseasel38l.

Hemosuccus Pancreaticus

Hemosuccus pancreaticus (HP) is a rare cause of gastrointestinal bleeding secondary to

pancreatic pathology. It is characterized by bleeding through the ampulla of Vater due




to the presence of blood in the main pancreatic duct. In some cases, bleeding could be
through the accessory pancreatic duct and drain through the minor duodenal papillal39l.
The bleeding source could be from the pancreas, pancreatic duct, or surrounding
vessels such as the splenic artery or gastroduodenal artery. The incidence of HP as the
cause of upper gastrointestinal bleed (GI) is estimated at 1 in 1500 cases of upper GI
bleed with a strong male predilection (approximately 7:1). Several etiologies have been
proposed in the literature, such as pancreatic inflammation, arterial aneurysm or PSA,
pancreatic masses, iatrogenic, congenital, or traumal#l.

Pancreatic inflammation (acute, chronic, or hereditary) was found in approximately
80% of cases of HP. It is likely due to ductal inflammation-promoting vascular wall
rupture. Local irritation due to gallstones and pseudocyst also contributes to local
vascular inflammation and potential hemorrhage. Pseudocysts contain activated lytic
enzymes such as elastase which can result in erosion of adjacent vessel walls and
hemorrhage.

Intrapancreatic or extrapancreatic arterial aneurysm or PSA is another major cause of
HP, with the commonly involved vessels being splenic, gastroduodenal,
pancreaticoduodenal, or hepatic arteries/(4!l.

A review of the literature and cases between 1977 and 2020 by Cui HY et al in 2021
reviewed the variable clinical presentations of HPI42, GI bleed (melena) was the most
commonly reported symptom at 52%, followed by abdominal pain at 46%. Other
symptoms include; nausea, vomiting, loss of appetite, weight loss, and lower GI
bleeding (hematochezia).

GI bleed is generally intermittent, likely secondary to clot formation in the pancreatic
duct leading to the cessation of GI bleed but persistent abdominal pain. As time passes,
clot resolution occurs, leading to rebleeding and abdominal pain improvement due to

decreased intraductal pressurel42l.

Diagnosis and evaluation of HP remain a challenge due to the vague and variable

presentation of HP. A retrospective single-center study by Yashavanth HS et al in 2021




evaluated patients with suspected HP over a 10-year period!*}l. The study showed that
the median duration of bleeding prior to diagnosis was ten days, with 40.2% of patients
exhibiting symptoms for > 1 mo. The study showed that 62% of patients with HP had
evidence of visceral artery aneurysms. Upper GI endoscopy showed evidence of
bleeding in 64.4% of patients, and angiography was successful in localizing the source
of bleeding in 94.2% of cases!**l.

Serum testing (amylase, lipase, or bilirubin levels) in cases of HP is of limited use with
possible hyperbilirubinemia due to pancreaticobiliary reflux and elevations in amylase
and lipase in cases of pancreatitis. Therefore, the primary modes of diagnosis are
through imaging modalities. Upper GI endoscopy is crucial in patients with HP and can
show evidence of bleeding through the ampulla of Vater via the use of side-facing
endoscopy in addition to ruling out other causes of GI bleed. Bleeding in the second
part of the duodenum should prompt the suspicion of HP. Rates of upper GI endoscopy
for detection of HP have been variable and range between 30-65%. This can be
explained due to the intermittent nature of the bleedingl#4l.

ERCP could be used as it can view filling defects in pancreatic ducts, which can aid in
the diagnosis; however, this modality is not commonly utilized by clinicians.
Ultrasonography with Doppler can reveal the presence of aneurysms or pseudocyst;
however, it is only positive in approximately 38% of cases. Abdominal CT with contrast
is commonly used in pancreatic pathology to diagnose and can show intraductal blood
clots, aneurysmal opacification, pseudocyst presence, and/or contrast persistence
following the arterial phase. Abdominal CT with contrast often aids in the diagnosis in
90% of cases of HP cases. However, angiography remains the gold standard for
diagnosis of HP due to accurate localization of the bleeding or abnormal vessel,

visualization of the arterial anatomy, and potential for therapeutic intervention.

The management of HP should focus on maintaining stable hemodynamics,
intravenous hydration, blood transfusion as needed, and controlling the source of

bleeding. Therefore, supportive management is not recommended and is associated




with high mortality (up to 90%). The approach to HP management is dependent on
patients’ hemodynamics. Interventional radiology (IR) procedures such as coil
embolization, balloon tamponade, and stent-graft placement can be performed in stable
patients with immediate positive results in 79-100% of patients and an overall success
rate of 67%. Recurrence rates following interventional radiology procedures are
estimated to be 30%. Recurrence etiology remains unclear. However, one theory
proposed bleeding from collateral vessels in the adjacent diseased pancreasl43l.

In cases with hemodynamic instability, unclear angiography findings, hemorrhagic
pseudocyst, or IR procedure failure, a surgical approach should be pursued. Surgical
procedures include; pancreatectomy (complete or partial) with or without splenectomy,
pseudocyst excision, culprit blood vessel ligation, or bypass graft placement. The
surgical approach carries high success rates of 70-80%; however, this comes with a high
mortality rate of 10-50%. Nonetheless, surgical management has lower bleeding

recurrence rates of 0-5%[39.46,47],

Intraabdominal hemorrhage

Intraabdominal hemorrhage can also occur in cases of pancreatitis. Several case reports
have been published in the literature, with few studies done to address this issue. A
retrospective study in a single center in Germany by Phillip V et al in 2013 evaluated
spontaneous bleeding in pancreatitis patients and the treatment by transcatheter arterial
embolization. In their study, intraabdominal hemorrhage was reported in < 1% of
patients with pancreatitis, and 73% of those with hemorrhage had evidence of
necrotizing pancreatitis!*3l. The most common source of bleeding was arterial, with one
case of splenic vein hemorrhage. The diagnosis was made with contrast-enhanced CT in
all patients, and angiography showed evidence of active bleeding in 57% of the cases.
Patients were treated with transcatheter coiled embolization, and the in-hospital

mortality was 36%; however, only 7% of the mortality was attributed directly to




intraabdominal hemorrhage. Rebleeding following coil embolization was noted to be
1491481,

A retrospective study by Chen Y et al in 2017 evaluated the prevalence and
characteristics of pancreatitis patients with intraabdominal hemorrhage. The prevalence
of intraabdominal bleeding in pancreatitis patients in the study was 3.4%, with the risk
factors being a high CT severity index (CTSI) and creatinine elevation with statistical
significance. The median time between pancreatitis onset and bleeding was 17.5 daysl*9l.
Management of intraabdominal bleeding depends on the patient’s hemodynamic

stability and can be through IR or surgical procedures.

CONCLUSION

Vascular complications of pancreatitis carry high morbidity and mortality if untreated.
The prevalence of the vascular complications of pancreatitis has been studied primarily
through radiological research and is estimated to be present in up to 25% of the
patients. Knowledge of the possible complications can lead to timely diagnosis and
management. A multidisciplinary approach tailored for individual patient care is the
best approach. Over the years, minimally invasive procedures have shown good results

in select patients.
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