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Foreword

This book is well appreciated because it calls to mind a rare disease which is often
overlooked or diagnosed late, the main reason for limited efficacy of treatment and
impaired prognosis. In 1856, Rudolf Virchow (1821-1902) first described three cat-
egories of factors, known as Virchow’s triad, which are thought to contribute to
thrombosis: stasis, vessel wall injury, and hypercoagulability [1]. Stasis is the lead-
ing cause of portal vein thrombosis in patients with advanced liver disease. This
complication is not uncommon but has probably little impact on outcomes. In con-
trast, non-cirrhotic portal vein thrombosis is caused by the categories of vessel wall
injury mostly due to local factors (e.g., surgery, inflammation, and trauma) and
hypercoagulability. Since Virchow, the knowledge of thrombogenesis has increased
dramatically. Unfortunately, treatment of portal vein thrombosis is still unsatisfac-
tory, and restitutio ad integrum remains an exception.
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This book, written by experts, covers the most important topics of portal vein
thrombosis. It is an outstanding achievement which will become an essential con-
stituent for clinicians. Congratulations to the editors and the authors.

Martin Rossle
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Medizin II, Gastroenterologie, Hepatologie
Endokrinologie und nfektiologie
Universitétsklinikum Freiburg

Medizinische Fakultit
Albert-Ludwigs-Universitét Freiburg
Freiburg, Germany

Reference

1. Virchow, R. (1856). “Thrombose und Embolie. Gefissentziindung und septische
Infektion”. Gesammelte Abhandlungen zur wissenschaftlichen Medicin (in
German). Frankfurt am Main: Von Meidinger & Sohn. pp. 219-732. Matzdorff
AC, Bell WR (1998). Thrombosis and embolie (1846-1856). Canton,
Massachusetts: Science History Publications. ISBN 0-88135-113-X.


https://archive.org/details/b20419089
https://archive.org/details/b20419089/page/219
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/0-88135-113-X

Preface

Portal vein thrombosis has been a major research interest for me since the initiation
of my scientific activities in September 2008. Indeed, my first publication is a
correspondence discussing the role of medical treatment and transjugular
intrahepatic portosystemic shunt for portal vein thrombosis in liver cirrhosis with
variceal bleeding (Hepatology. 2009). Subsequently, based on the medical records
provided by Prof. Guohong Han and Prof. Daiming Fan on the Xijing Hospital of
Digestive Diseases of the Fourth Military Medical University, my first original
paper had been completed, which was a retrospective case series exploring the
outcomes of transjugular intrahepatic portosystemic shunt for portal vein thrombosis
in liver cirrhosis with variceal bleeding (J Hepatol. 2009), despite being a second
co-first author for this paper. At that time, I was very enthusiastic about extensively
reading the literature regarding management of portal vein thrombosis, and designed
my first randomized controlled trial comparing the medical treatment versus
transjugular intrahepatic portosystemic shunt for prevention of variceal bleeding in
liver cirrhosis with portal vein thrombosis (BMJ Open. 2010). As known, such a
time-consuming and tremendous work has been published (Guz. 2019), although I
am a second co-author. Except for transjugular intrahepatic portosystemic shunt for
portal vein thrombosis, my researches also involve the risk factors (natural antico-
agulants, coagulation factors, fibrinolysis markers, and acquired thrombophilia),
outcomes (risk of bleeding and death), and treatment (wait-and-see strategy and
preventive and therapeutic anticoagulation) of portal vein thrombosis. Among them,
two review papers, which provided more comprehensive insights on the management
of portal vein thrombosis, should be particularly emphasized (Nature Rev Gastro
Hepatol. 2014, BMC Med. 2018). Certainly, it should be acknowledged that these
works could not be optimized without the guidance of many famous experts, includ-
ing Prof. Valerio De Stefano, Prof. Dominique Valla, Prof. Eric Yoshida, Prof.
Nahum Mendez-Sanchez, Prof. Andrea Mancuso, Prof. Ankur Arora, Prof. Fernando
Romeiro, Prof. Frank Tacke, Prof. Aurélie Plessier, Prof. Massimo Primignani,
Prof. Carlos Noronha Ferreira, Prof. Cyriac Abby Philips, Prof. Rolf Teschke, and
Prof. Saurabh Chawla.

On the basis of these accomplishments, Prof. Weifen Xie, who is the head of the
Hepatobiliary Disease Study Group of the Chinese Society of Gastroenterology and
the co-editor of this book, appointed me to write the Chinese-language consensus
for management of portal vein thrombosis in liver cirrhosis in June 2019. I

vii



viii Preface

completed the first draft in September 2019. Since then, this consensus has been
further improved through several rounds of face-to-face or online discussions with
the members of the Hepatobiliary Disease Study Group until its publication in
November 2020. During this period, Prof. Weifen Xie and I initiated the current
book project Portal Vein Thrombosis with the support of Springer. Dozens of
specialists have been invited to overview the current status and future directions in
this field.

Shenyang, China Xingshun Qi
December 1, 2020
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Anatomy of Portal Vein System

Ruchira Das, James Chambers, and Ankur Arora

Abstract

The abdomen is unique to have two venous systems—the systemic and portal
system. The systemic venous network drains directly into the inferior vena
cava, whereas the portal system delivers the blood to the liver via the hepatic
portal vein. The portal venous blood gets filtered through the hepatic sinusoids
to enter the hepatic veins and finally the inferior vena cava. The mesenteric and
splenic veins are its main tributaries but smaller veins from the stomach, pan-
creas, and gallbladder also contribute to this system. The portal venous system
is subject to various congenital and acquired disorders, most importantly portal
venous obstruction/thrombosis and portal hypertension. Proper understanding
of the anatomy of the portal venous system is imperative for the diagnosis,
management, and effective treatment planning of these disorders. Variant anat-
omy and congenital anomalies of the portal venous system are particularly
important to identify in the context of consideration of liver transplantation or
hepatic resections and interventional procedures like transjugular intrahepatic
portosystemic shunt, portal vein embolization, etc. In this chapter, we will
review the embryology and anatomy of the portal venous system, discuss its
complex tributaries, and also succinctly learn about relevant anatomical and
topographical variants in light of their significance prior to surgical or inter-
ventional treatments.
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1.1 Introduction

The portal venous system consists of all veins draining the abdominal part of the
gastrointestinal tract (from the lower esophagus to the upper rectum), spleen, pan-
creas, and gallbladder to the liver. Unlike other solid viscera, the liver receives about
75% of its blood through the portal vein (PV), whereas the remaining 25-30%
comes from the hepatic artery. The blood flows through the hepatic sinusoids and
enters the systemic circulation via the hepatic veins into the inferior vena cava (IVC).

The portal venous system may be affected by a wide spectrum of congenital vari-
ants and anomalies and acquired abnormalities. It is imperative to understand the
conventional anatomy and identify variant anatomy to aid diagnosis and guide
appropriate management of portal vein thrombosis or portal hypertension. This
chapter reviews the normal anatomy and congenital variations involving the portal
venous system and their clinical significance.

1.2  Embryology of the Portal Vein System

Formation of the portal venous system takes place between the fourth and twelfth
weeks of gestation. The system is formed from the paired vitelline and umbilical
veins (Fig. 1.1). Initially, the right and left vitelline veins enter the liver, branch into
the hepatic sinusoids, coalesce, and then drain into the sinus venosus—the primitive
heart [1, 2]. These two vitelline veins form three pre-hepatic anastomoses around

Sinus venosus

a b c

Right umbilical - Left umbilical Diaphragm v Ductus venosus
vein vein

IvC

Left
Portal
vein

Left
umbilical
vein

Cranial-ventral
anastomosis

Dorsal

anastomosis
Caudal-ventral % ’
anastomosis " Portal vein

Right vitelline Left vitelline
vein

Splenic
vein

SMV

Vein  Duodenum

Fig. 1.1 Illustration of the development of the portal venous system, reproduced from [1]. (a)
tomoses join the vitelline veins around the duodenum to supply the liver. (b) Fragmentation and
involution of parts of the vitelline and umbilical veins. (¢) Formation of the portal venous system
and ductus venosus
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the developing duodenum: the cranial-ventral, dorsal, and caudal-ventral. The right
and left umbilical veins initially lie outside of the liver and also drain into the sinus
venosus (Fig. 1.1a). As gestation advances, there is involution of parts of the vitel-
line and umbilical veins (Fig. 1.1b). The caudal aspect of the right vitelline vein,
cranial part of the left vitelline vein, and the caudal-ventral anastomosis involute
leaving the dorsal anastomosis and cranial-ventral anastomosis to become the main
portal vein (MPV) and the left portal vein (LPV). The right umbilical vein and cra-
nial aspect of the left umbilical vein involute leaving the caudal aspect of the left
umbilical vein. The remaining left umbilical vein bifurcates forming a communica-
tion with the LPV and the IVC, the latter known as the ductus venosus (Fig. 1.1c).
The ductus venosus transports blood from the placenta to the fetus and the commu-
nication between the left umbilical vein and LPV transports blood from the placenta
to the liver. The ductus venosus and the left umbilical vein involute postpartum,
becoming ligamentum venosum and ligamentum teres [1-3].

1.3 Gross Anatomy

The PV is a thin-walled, valve-less vascular structure that measures approximately
6-8 cm in length in adults with a maximum diameter of 13 mm [1, 2]. It drains the
abdominal part of the alimentary tract as well as the spleen, pancreas, and gallblad-
der, and is formed by the confluence of the superior mesenteric and splenic veins
behind the neck of the pancreas at the level of L1-L2 vertebrae (Fig. 1.2) [4, 5].

The PV contributes 40 mL/min or 72% of the total oxygen supply to the liver.
Normal portal blood flow in human beings is about 1000—1200 mL/min. The nor-
mal portal pressure is about 7 mmHg.

The MPV ascends within the hepatico-duodenal ligament at an angle of 40°-90°
with respect to the spine and enters the liver at the porta hepatis. The portal trunk
divides in the liver hilum into two branches: LPV and right portal vein (RPV) [1-6].

Fig. 1.2 Normal anatomy
of portal venous system.
LPV left portal vein v [Lpv |
branch, RPV right portal
vein branch, RAPV right ( /
anterior portal vein, RPPV ¢

right posterior portal vein
branch

RPPV

Splenic vein

Main portal vein |

Superior mesenteric vein
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Fig. 1.3 Contrast-enhanced CT maximum intensity projection (MIP) images in coronal (a), refor-
matted coronal oblique (b), and axial oblique (¢, d) planes demonstrating the conventional branch-
ing anatomy of the portal vein

The RPV subsequently divides into an anterior branch and a posterior branch.
The right anterior portal vein branch (RAPV) supplies Couinaud segments V and
VIII while the right posterior portal vein branch (RPPV) supplies segment VI and
VII. The LPV supplies hepatic segments II, III, and IV and also supplies the caudate
lobe (segment I) (Fig. 1.3).

These hepatic segmental branches divide further, forming smaller venous
branches and finally portal venules which empty into the hepatic sinusoids. Hepatic
sinusoids which are lined by endothelial cells and surrounded by hepatocytes pro-
cess the blood and deliver it to the central veins. The blood then flows through the
hepatic veins into the IVC [1-7].

1.4 Tributaries
1.4.1 Portal Vein

In addition to the splenic vein (SV) and superior mesenteric vein (SMV) which
constitute the PV, the other tributaries of the MPV are the left gastric, right gastric,
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LGV Short gastric vein

Splenic hilar
tributaries
constituting SV

Cystic vein

Left gastroepiploic vein

Posterior superior
pancreaticoduodenal

vein
SMV Right gastroepiploic vein
Anterior superior Inferior
szir:}creatlcoduodenal pancreaticoduodenal
veins

Fig. 1.4 Main tributaries of the portal venous system. PV portal vein, SV splenic vein, SMV supe-
rior mesenteric vein, /MV inferior mesenteric vein, LGV left gastric vein, RGV right gastric vein

and superior pancreaticoduodenal veins (Fig. 1.4). The cystic vein drains into the
RPYV while the umbilical vein drains into the LPV [5-7].

The left gastric vein (LGV) or coronary vein is one of the most important tribu-
taries of the MPV which is responsible for the formation of esophageal and gastric
fundal varices in portal hypertension [8—11]. The LGV starts from small branches
of the lower esophagus and anterior and posterior gastric walls [4-6]. It passes
along the lesser curvature and typically drains into the MPV (30%) or at the spleno-
portal junction (33%) [5]. In about 37% of cases, the LGV may instead drain into
the SV [4, 5].

The RGV travels close to the gastric pylorus in the lesser curvature and sepa-
rately enters into the MPV behind the duodenal cap. It drains the lesser curve of the
stomach [4—6]. It also receives the prepyloric vein which drains the duodenal bulb.

The pancreaticoduodenal veins drain the second and third parts of the duodenum
as well as the pancreatic head and neck. They are four in number and form a venous
arcade around the duodenum. The posterior superior pancreaticoduodenal vein
drains into MPV, whereas the anterior superior pancreaticoduodenal vein joins the
SMV. The anterior and posterior inferior pancreaticoduodenal veins also empty into
the SMV [4, 5].

The cystic vein drains the gallbladder and typically opens into the RPV while the
paraumbilical vein, which drains the anterior abdominal wall, runs within the liga-
mentum teres to join the LPV [4, 5, 10].
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1.4.2 Superior Mesenteric Vein

The SMV drains the major portion of the small bowel and the colon up to the splenic
flexure. It ascends along the root of the mesentery to join the SV posterior to the
pancreatic neck [1, 4-6].

The SMV receives tributaries corresponding to the superior mesenteric artery
(SMA) branches, namely the jejunal vein (draining the jejunum), ileal vein (drain-
ing the ileum), ileocolic vein (draining the ileum and cecum), right colic vein (drain-
ing the ascending colon), and middle colic vein (draining the proximal two-thirds of
the transverse colon) (Fig. 1.5) [4, 5].

Middle colic vein

Jejunal veins

Left colic vein

Right colic vein

~— Sigmoid veins
lleo-colic vein

Superior rectal vein

lleal veins

Fig. 1.5 Main tributaries of the superior mesenteric vein (SMV) and inferior mesenteric vein
(IMV). RGV right gastro-epiploic vein, ASPDV anterior superior pancreaticoduodenal vein, /[PDV
inferior pancreaticoduodenal veins
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In addition, it receives the right gastroepiploic vein (draining the greater curve of
the stomach), and the pancreaticoduodenal veins (draining the head of the pancreas
and second and third parts of the duodenum). These include the anterior superior
pancreaticoduodenal vein and the inferior pancreaticoduodenal veins (anterior and
posterior) [4-6].

1.4.3 SplenicVein

Multiple small venous tributaries at the splenic hilum constitute the SV. The SV
receives the short gastric veins (draining the gastric fundus), left gastroepiploic vein
(draining the greater curve of the stomach), pancreatic veins (draining the neck,
body, and tail of the pancreas), and typically the inferior mesenteric vein (IMV)
(Fig. 1.4) [4-6].

1.4.4 Inferior Mesenteric Vein

The IMV drains into the SV in 38% of cases. In the remaining, it drains into the
splenoportal confluence (32.7%), SMV (29.3%), or rarely the first jejunal vein
(Fig. 1.6) [5].

IMV drains the left-sided colon starting from the splenic flexure to the mid rec-
tum and receives blood from the left colic vein (drains the splenic flexure and
descending colon), sigmoid veins (drains the sigmoid colon), and the superior rectal
vein (drains the upper and mid rectum) (Fig. 1.5) [4-6].

In addition to the superior rectal vein, the rectal (or hemorrhoidal) venous plexus
is constituted by middle and inferior rectal veins which in contrast to the superior
rectal vein drain into systemic circulation (iliac veins) (Fig. 1.7) [4, 5, 8, 9].

1.5 Normal Portosystemic Anastomoses

Apart from the rectal (or hemorrhoidal) venous plexus wherein the portal and sys-
temic veins anastomose, other sites of embryologically derived portosystemic anas-
tomoses that normally exist in healthy adults are shown in Table 1.1.

1.6  Portosystemic Collateral Pathways

Resistance to normal portal venous blood flow either secondary to venous thrombo-
sis/occlusion or due to liver parenchymal disease results in the formation of porto-
systemic collateral circulation. Portosystemic collateral pathways are a result of
recanalization of embryonic portosystemic channels and/or reversal of flow in pre-
existing normal veins of the adult portal venous systems [6—11].
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Jejunal branch

IMV

Fig. 1.6 Anatomical variants of IMV. (a, b) IMV typically drains into SV or splenoportal conflu-
ence in 38% and 32.7%, respectively. (¢) In 29.3%, it drains into the SMV. (d) Rarely, the IMV
may drain into the first jejunal branch of SMV

Portosystemic collateral pathways (or shunts) allow shunting of blood from
high-pressure portal system to low pressure systemic vascular beds. Large volumes
of blood passing through these anastomoses over a sustained period of time result in
abnormal dilatation of the end-organ veins around the anastomoses—known as
varices. Varices can be located outside the gut wall (para-esophageal, para-gastric,
para-rectal), adjacent to the muscular layer (peri-esophageal, peri-gastric, peri-
rectal) or subepithelial/submucosal in location (esophageal, gastric, rectal vari-
ces) [6].

Traditionally, the portosystemic varices have been broadly classified into two
types: gastro-esophageal varices and ectopic varices [6, 8, 10, 11]. Ectopic varices
encompass all varices other than those in the stomach or esophagus, e.g., duode-
num, jejunum, ileum, colon, rectum, omentum, gallbladder, bile duct, bladder,
uterus, vagina, diaphragm, and peristomal [6, 8, 10].

In addition to the formation of varices, spontaneous portosystemic shunts may
also develop between the portal and systemic venous circulation so as to allow
larger amounts of flow across them (e.g., gastrorenal or gastrocaval shunts) [8].
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IVC

Common iliac

vein
External iliac
vein
SRV =
Internal iliac |
vein ' )
4 B’
L B )
. Y 1
Middle rectal \
vein N
T/
Internal
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Fig. 1.7 The rectal (or hemorrhoidal) venous plexus. The upper and mid third rectum drains via
the superior rectal vein (SRV) into the inferior mesenteric vein (IMV). The lower third rectum
drains via the middle rectal vein into the internal iliac vein (systemic circulation). The anorectal
junction and anal canal drain via the internal pudendal vein into the inferior rectal vein—a tributary
of the internal iliac vein

A wide spectrum of portosystemic collateral pathways (i.e., varices and shunts)
can be encountered in patients with portal hypertension [6, 8—11]. Based upon their
prevalence, these can be classified into common and uncommon pathways (Tables
1.2 and 1.3) [8].

1.7 Anatomical Variants of Portal Vein

Typical PV anatomy (i.e., the MPV trunk bifurcating into RPV and LPV at the liver
hilum and the RPV subsequently dividing RAPV and RPPV) is encountered in
65-80% using multi-detector CT, as has been described by published case series [3,
12, 15-17]. Any deviation from this conventional anatomy is considered an
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Table 1.1 Normal sites of portosystemic anastomoses, adapted from [8]

Sites Portal component Systemic component

Lower esophagus Left gastric vein Esophageal veins (drain into azygous

vein)

Rectum and anal Superior rectal vein Middle and inferior rectal veins

canal (tributaries of internal iliac and
pudendal veins)
Umbilicus Paraumbilical vein Superior and inferior epigastric veins

Bare area of the Portal venous branches

liver

Inferior phrenic and right internal
thoracic vein

Retroperitoneum Tributaries of splenic, Renal, gonadal, paravertebral/lumbar

pancreatic, and colic veins veins

Patent ductus
venosus (rare)

Left branch of portal vein

Inferior vena cava

Table 1.2 Common portosystemic collateral pathways, adapted from [8]

Collaterals Afferents Efferents
Esophageal Left gastric vein Azygos-hemiazygos veins
varices

Gastric varices

Anterior branch of the left gastric vein
(gastro-esophageal varices Type 1),
Short gastric and posterior gastric veins
(gastro-esophageal varices Type 2)

Esophageal or para-esophageal
veins

Paraumbilical
vein

Left portal vein

Anterior abdominal wall veins
and iliofemoral veins

Rectal varices

Superior rectal veins

Middle and inferior rectal veins,
tributaries of internal iliac and
pudendal veins

Gastrorenal Gastric varices or posterior or short Left renal vein

shunt gastric veins

Splenorenal Splenic vein Left renal vein

shunt

Pericholecystic Cystic vein or a branch of the right Hepatic vein, intrahepatic portal

varices portal vein vein, or anterior abdominal wall
collaterals

Mesenteric Superior mesenteric vein and inferior Inferior vena cava through the

collaterals mesenteric vein retroperitoneal or pelvic veins
(veins of Retzius)

Retroperitoneal | Colic or mesenteric branches (veins of | Retrogastric varices or inferior

collaterals Retzius) phrenic veins to the left renal

vein or directly into the inferior
vena cava

Omental varices

Superior or inferior mesenteric veins

Retroperitoneal or pelvic veins or
gastro-esophageal veins
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Table 1.3 Uncommon portosystemic collateral pathways, adapted from [8]

Sites

Portal component

Systemic component

Tracheal and
bronchial varices

Tracheobronchial plexus of veins

Pulmonary veinsBronchial
veinsEsophageal/para-
esophageal varices

Colonic varices

Ileocolic, right, middle colic, or sigmoid
colic vein

Right gonadal vein, right
renal vein, and systemic
lumbar veins

Jejunal or ileal
varices

Jejunal and ileal veins

Abdominal wall veins or
the veins of Retzius

Duodenal varices

Superior and inferior pancreaticoduodenal
veins, cystic branches of the superior
mesenteric veins, gastroduodenal vein, and
pyloric vein

Veins of Retzius into the
inferior vena cava

Uterovaginal
varices

Superior hemorrhoidal plexus

Uterine and hypogastric
veins to inferior vena cava

Vesical varices

Mesenteric veins (commonly root of
mesentery)

Internal and external iliac
veins

Bare area of the
liver

Portal venous branches

Inferior phrenic and right
internal thoracic vein

Transhepatic shunt

Intrahepatic branches of the portal vein

Inferior vena cava, coronary
vein, vertebral plexus, and
hemiazygos vein

Mesentericorenal Mesenteric veins Capsular renal veins or left
shunt renal vein
Mesenteric- Mesenteric veins Right gonadal vein

gonadal shunt

anatomical variant. Due to the increasing number of liver transplants, hepatic resec-
tions, and interventional procedures, a thorough understanding of portal vasculature
and potential variations is of paramount importance [13].

There are four main types of PV branching variants described in the litera-
ture [14]:

Type 1: This variant is also known as “trifurcation” pattern and has a reported
occurrence of 9—11% [14]. In this variant, the MPV divides into three branches:
LPV, RAPYV, and RPPV (Fig. 1.8).

Type 2: RPPV originates as the first branch of portal vein (PV); this has a preva-
lence of 9.7-23% (Fig. 1.9).

Type 3: RAPV directly originates from the LPV (Fig. 1.10).

Type 4: This variant is the least common (<2%) and comprises of absent portal
vein bifurcation (Fig. 1.11). The MPV trunk continues as a single intrahepatic arch
and traverses from the right to the left liver lobe [14, 18].
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Fig. 1.8 Trifurcation variation, reproduced from [13]. (a) Myrian three-dimensional (3D) volume-
rendered (VR) image. (b) CT coronal-oblique maximum intensity projection (MIP)

Fig. 1.9 RPPV arising from the MPV variation, reproduced from [13]. (a) Myrian 3D VR image.
(b) CT coronal-oblique MIP

1.7.1 Clinical Significance

Knowledge and comprehensive understanding of these variants is extremely impor-
tant for surgeons, physicians, and radiologists while planning surgeries and inter-
ventional procedures (e.g., transjugular intrahepatic portosystemic shunt [TIPS]) to
avoid untoward complications.

1.7.2 Liver Transplantation
With improved diagnostic and surgical technology, PV variations can be managed

rather safely; however, some variants can make surgery difficult and remain contra-
indications to living donor right lobectomy [19, 20]. Conventional PV branching, in
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Fig.1.10 RAPV arising from the LPV variation, reproduced from [13]. (a) Myrian 3D VR image.
(b) CT coronal-oblique MIP
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Fig. 1.11 Absence of the portal vein bifurcation variation, reproduced from [13]. (a) Myrian 3D
VR image. (b) CT coronal-oblique MIP

which the RAPV and RPPV originate from the RPV, is the most suitable for living
donor liver transplant. This is due to the fact that it facilitates only one surgical
anastomosis between the recipient’s MPV and donor’s RPV. The risk of intraopera-
tive complications increases in Type 1 (trifurcation) variant as clamping becomes
difficult. In Type 2 and Type 3 variation, more than one portal vein anastomosis is
required, predisposing to portal vein thrombosis [21]. If the variant RPV branches
are close to each other, the recipient’s PV can be bifurcated facilitating an easy
reconstruction. However, when the RAPV branches from the LPV more distally, an
interposed vein graft is required for reconstruction, thereby increasing the complex-
ity of transplant manifold [20]. In Type 2 variant where the RPPV originates from
the MPV, there is a high risk of unintentional ischemia/infarction of hepatic
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segments V and VIII when the left lobe is harvested for liver transplantation or a left
trisegmentectomy (segments I, 111, and IV) is performed [22].

1.7.3 Transjugular Intrahepatic Portosystemic Shunt

The relative prevalence of PV anatomic variants mandates attentive consideration to
PV anatomy prior to undertaking interventions such as TIPS. Indications for TIPS
include recurrent (uncontrolled) variceal bleeding and refractory ascites in patients
in whom medical treatment has failed. The procedure is often used as a bridging
treatment for those awaiting liver transplantation [23-25]. It involves the percutane-
ous creation of an intrahepatic parenchymal shunt between a large hepatic vein and
amajor PV branch by inserting an expandable stent. TIPS is usually created between
the RPV and the right hepatic vein, sometimes the middle hepatic vein [26, 27]. In
the presence of variant PV anatomy, the direction of puncture and techniques may
have to be tailored to the size, location, and direction of PV. It can also impact tran-
shepatic access and procedural success rates, thereby reiterating the importance of
cross-imaging and planning prior to TIPS [23, 28].

1.7.4 Portal Vein Embolization (PVE)

Preoperative PVE is an important tool to be considered before major hepatectomy.
PVE is a minimally invasive interventional procedure which involves percutaneous
selective cannulation and embolization of a peripheral branch of the PV that sup-
plies the liver segments that are to be removed [18]. This procedure aims to reduce
postoperative morbidity and mortality by producing ischemia/infarction of the
embolized segment and reactive hypertrophy/hyperplasia of the remaining seg-
ments. This helps in achieving a sufficient non-tumoral future liver remnant (FLR)
volume, thus preventing the occurrence of postoperative liver failure [19, 20, 29].
Diagnostic portal venography provides a road map to liver segments that require
embolization and any variant anatomy that might complicate the procedure. This is to
ensure that non-targeted segments are not inadvertently embolized, which might com-
promise the FLR. This also prevents incomplete embolization of the hepatic segments
that are to be resected, which would reduce the stimulus for growth of the FLR [20].

1.7.5 Liver Resection

Embolization of both RPV and LPV branches is required in major uncommon hepa-
tectomy procedures like extended right hepatectomy and extended left hepatectomy.
PVE prior to extended right hepatectomy (which includes segment IV) is of particu-
lar significance as embolization of the segment I'V branch results in better regenera-
tion of segments I, II, and III. Preprocedural road mapping is vital to prevent reflux
of the embolizing material into branches of FLR tissue [13, 18, 30].
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1.8  Congenital Anomalies

As discussed, embryologically the PV is formed at 4-10 weeks via involution of the
peri-intestinal vitelline venous loop. Aberrant involution and/or anastomoses of the
vitelline ducts can lead to a variety of topographical variants or congenital anoma-
lies of the portal venous system. While some are totally asymptomatic, others can
have serious consequences as discussed below.

1.8.1 Congenital Agenesis of the PV

Atypical involution may cause a prebiliary, preduodenal, or duplicated PV, and
excessive involution may result in agenesis of the PV. Agenesis of PV is a rare mal-
formation characterized by the absence of the PV and anomalous drainage of SMV
and SV into the systemic circulation [31-34].

In 1793, John Abernathy described the first case of congenital PV absence with
a portosystemic shunt between the mesenteric vein and IVC on an autopsy of a
10-month old child [35]. Subsequently, the term “Abernethy malformations” has
been used to describe and classify different varieties of extrahepatic congenital por-
tosystemic shunts that are associated with an atretic PV. They can be classified as
follows (Fig. 1.12):

* Abernethy type 1 (end-to-side) portosystemic shunt consists of either a com-
pletely atretic PV with the SV and SMV draining separately in the IVC (type 1a)
or incomplete PV atresia with only a short common trunk which terminates into
the IVC (type 1b) (Fig. 1.13).

* An Abernethy type 2 portosystemic shunt consists of a hypoplastic PV with par-
tial shunting of blood into the IVC via a side-to-side shunt.

Type 1a Type 1b Type 2

sv i sv
SMV
SMv SMV

IvVC IVC IVC

Fig. 1.12 Classification of Abernethy malformations
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Fig. 1.13 The main portal vein is atretic except for a very short segment formed by the union of
SV and SMV behind the pancreatic neck (arrow). This drains via an end-to-side portocaval shunt
(interrupted arrow) into the IVC. Note the absence of PV at the liver hilum (arrowhead)

Liver morphology is generally preserved but altered hemodynamics secondary to
portosystemic shunting may lead to the development of hepatic encephalopathy,
hepatopulmonary syndrome, metabolic dysfunction, and cirrhosis. These patients
are prone to develop focal nodular hyperplasia like liver nodules, hepatic adenomas,
and HCC [31-36].

Associated visceral abnormalities include congenital cyanotic/acyanotic heart
disease, duplicated SVC/IVC, hepatobiliary abnormalities like biliary atresia, con-
genital hepatic fibrosis, choledochal cyst, urological abnormalities like multicystic
dysplastic kidney, cross-fused ectopia, hypospadias, and skeletal abnormalities like
radial hypoplasia, vertebral anomalies, etc. [34].

1.8.2 Congenital Intrahepatic Portosystemic Shunt

Intrahepatic portosystemic shunts are abnormal intrahepatic communications
>1 mm in caliber between branches of the PV and the hepatic veins or IVC [34, 37].
They are the result of persistent embryonic communication between the portal and
vitelline veins during the fourth week of embryonic life [34].

Intrahepatic portosystemic shunts can be subdivided into the following:

* Type 1: single uniform-sized channel connecting the RPV to the IVC.

* Type 2: has one or more communications between peripheral branches of the PV
and the hepatic veins, localized to one hepatic segment.

e Type 3: an aneurysmal shunt between the peripheral PV and the hepatic veins
(Fig. 1.14).

* Type 4: PV branches and the hepatic veins communicating through multiple
channels distributed diffusely in both lobes.

The first two varieties are the most common [34].
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Fig. 1.14 (a, b) Congenital intrahepatic (aneurysmal) portosystemic shunt (arrowhead) inciden-
tally detected on the liver MRI in an otherwise healthy male. It shunts blood from the LPV (arrow)
into the left hepatic vein (interrupted arrow) which is draining into the IVC (asterisk)

1.8.3 Congenital Arterio-Portal Shunt

Intrahepatic arterio-portal shunts are rare and represent abnormal communication
between hepatic arterial system and portal venous system. The vast majority of
these shunts are acquired and associated with cirrhosis and tumors or occur second-
ary to penetrating trauma or iatrogenic injury (e.g., post-liver biopsy). Congenital
arterio-portal shunts are extremely rare and seen in patients with hereditary hemor-
rhagic syndromes, total anomalous pulmonary venous return (TAPVR), etc. [36—
38]. Depending on the size of the shunt, they may be completely asymptomatic or
may manifest with hepatomegaly, portal hypertension, or heart failure [39, 40].

1.8.4 Portal Vein Aneurysm

Portal vein aneurysm (PVA) is increasingly being diagnosed incidentally as a con-
sequence of increased imaging. It is a rare clinical entity described as a focal dilata-
tion of the MPV or splenoportal confluence.

Although there is no strict size criteria, MPV diameter of more than 20 mm is
considered aneurysmal (Fig. 1.15). Intrahepatic portal venous caliber more than
9 mm or any disproportionately dilated segment in comparison to adjacent segments
may also be considered as aneurysms [41, 42].

PVA can be congenital or acquired. Congenital PVA may result from absent/
incomplete involution of the vitelline vein in utero, which later dilates due to
increased portal venous pressure. Systemic disorders like collagen vascular disor-
ders or neurofibromatosis can also cause congenital aneurysms due to weakness in
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Fig. 1.15 Focal aneurysmal dilatation (arrows) of the MPV is seen just beyond the splenoportal
confluence in a female patient imaged for suspected pancreatitis. The pancreas and liver
appear healthy

the portal vein wall. Cirrhosis, portal hypertension, pancreatitis, and invasive malig-
nancy have been attributed to cause acquired aneurysms. Complications include
thrombosis, secondary portal hypertension, compression of adjacent structures, or
rarely rupture [43].

1.9 Topographical Variants
1.9.1 Preduodenal Portal Vein

Preduodenal portal vein (PDPV) is a rare congenital anomaly due to embryonic
maldevelopment of the portal venous system. As the name suggests, this results in
the portal vein lying anterior to the duodenum (Fig. 1.16). Although PDPV can
occur as an isolated defect, it is typically associated with other congenital anoma-
lies, including heterotaxia or polysplenia syndrome, situs inversus, cardiac defects,
malrotation, biliary or duodenal atresia, and annular pancreas [44].

Clinically, 50% of patients with this anomaly may present with symptomatic duode-
nal obstruction, caused by itself or coexisting anomalies such as malrotation, duodenal
web, and annular pancreas. Most symptomatic cases occur in the pediatric age group
[45]. In the remaining 50% of asymptomatic patients who are predominantly adults,
PDPV is generally an incidental finding either at surgery or picked up on imaging.

1.9.2 Circumportal Pancreas

Circumportal pancreas (CP) is actually a rare congenital fusion anomaly of the pancreas
where the pancreatic tissue at the region of the uncinate process anomalously encases
the PV and/or the SMV [46]. CP is a clinically important anatomical variant as it has
been associated with a higher rate of postoperative pancreatic fistula (POPF) following
pancreatectomy. This is attributed to the anomalous course of the pancreatic duct which
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Fig. 1.16 Asymptomatic prepancreatic/preduodenal portal vein (arrows) located ventral to the
pancreas (black asterisk) in a heterotaxia patient. Note polysplenia (white asterisk)

results in two cut surfaces (dorsal and ventral to the PV) following resection of the pan-
creatic tissue at the level of the PV-SMV junction [47, 48].

1.10 Conclusion

The complex network of veins constituting the portal venous system may be affected
by a wide spectrum of anatomical variability, congenital anomalies, and acquired
abnormalities. A thorough understanding of conventional and commonly seen vari-
ant anatomy of the portal vein system is essential to aid diagnosis and guide appro-
priate management of portal vein thrombosis and portal hypertension.
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Epidemiology of Portal Vein Thrombosis

Filipe Gaio Nery

Abstract

Non-malignant portal vein thrombosis may occur in patients with and without
cirrhosis. Epidemiological large/nationwide studies are missing, conditioning a
lack of information concerning real incidences and prevalence rates of portal
vein thrombosis in both contexts. Yet, portal vein thrombosis is more often diag-
nosed in patients with cirrhosis than without, and in those with cirrhosis, it is
most commonly perceived in patients with more severe liver disease, who are
candidates for liver transplantation. Nevertheless, portal vein thrombosis in cir-
rhosis is also a non-negligible event in patients with a stable liver disease, with a
5-year incidence up to 11%.
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Portal vein thrombosis (PVT), one within a multitude of vascular disorders of the
liver, may arise in patients with and without cirrhosis, expressing different milieus
and specific risk factors (see Chap. 3), accordingly. Importantly, it must be differen-
tiated from malignant invasion of the portal vein, as its etiology, clinical approach,
and prognosis are different. Yet, in the past, malignant invasion of the portal vein
tract and non-malignant PVT were considered somehow the same entity, which
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interfered with the evaluation of the real incidence and prevalence of the latter. Also,
the discrepant results of PVT’s incidences and prevalence rates reflect different
study designs and methodological approaches (most of them were retrospective or
cross-sectional in nature), geographic regions, as well as different diagnostic proce-
dures of PVT diagnosis. Furthermore, the indistinct use of the terms incidence and
prevalence in the literature interferes with epidemiological data interpretation. This
chapter reviews the epidemiology of PVT in patients with and without cirrhosis,
leaving apart from malignant invasion, narrowing of the portal vein lumen due to
extrinsic compression, or in the context of any other malignancy and related pro-
thrombotic state.

2.1 Portal Vein Thrombosis (Non-cirrhotic)

There is a lack of information considering epidemiological data restricted to PVT in
non-cirrhotic patients. Two population-based retrospective studies conducted in
Sweden and in Italy, gathering patients with and without cirrhosis, with and without
associated malignancy, and with recent and chronic PVT, found an annual incidence
rate of 0.7/100,000 and a prevalence rate of 3.7/100,000 inhabitants in the first
report [1], and gender-specific incidence rate of 3.78/100,000 inhabitants in males
and of 1.73/100,000 inhabitants in females in the second study [2]. Another ancient
Swedish report based on the study of 23,796 autopsies found an overall PVT preva-
lence, irrespective of the underlying etiology, to be 1.1% [3]. If excluding patients
with cirrhosis or malignancy and including only patients with PVT and underlying
myeloproliferative disorder, major abdominal infections/inflammation, and no
attributed cause, the number lowers significantly to 0.3% [3]. Even though consid-
ered to be relatively rare, non-cirrhotic and non-malignant PVT is estimated to be
the second most frequent cause of portal hypertension in the world [4].

2.2 Portal Vein Thrombosis (Cirrhotic)

There are several studies reporting incidence and prevalence rates of PVT among
patients with cirrhosis (Fig. 2.1). Hitherto, there is an important discrepancy
between different geographic locations, different methodologies applied to diag-
nose PVT, different study designs, and different grades of severity of cirrhosis. In
England, in 1954, a 13% prevalence of PVT was documented in a cohort of 134
patients with portal hypertension, the majority of whom had decompensated liver
disease [5]. In Hong Kong, in 1965, in a necropsy study gathering 126 patients with
cirrhosis, mural thrombi involving portal vein were found in 25.4% of them [6]. In
opposition to these high prevalence rates, in Japan, in 1985, a very low rate of PVT,
estimated at 0.6%, was reported in 708 patients followed up for a 10-year period in
a mixed population of Child—Pugh class A to C patients (the majority, Child—Pugh
class C) [7]. The diagnosis was based on angiographic studies (either transhepatic
or superior mesenteric arterial portography). Other ancient reports, also using
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Fig. 2.1 Incidence and prevalence rates of portal vein thrombosis in patients with cirrhosis con-
sidering liver disease severity and at liver transplantation. PVT portal vein thrombosis, LT liver
transplantation

invasive diagnostic tools, such as surgical technics or angiography, are in line with
the heterogeneity of the aforementioned results, with prevalence rates ranging from
5.2% to 21% [8-12]. Even so, the highest prevalence rates of PVT are those reported
among patients undergoing liver transplantation (LT), reflecting more severe under-
lying liver disease. Nonami et al. reported a 15.7% PVT prevalence by the time of
LT in patients with end-stage cirrhosis [13]. Gayowski et al., in a cohort of 88
American veterans, found an even higher prevalence of 26% by the time of LT [14].
All of them were Child—Pugh class C. After excluding patients with HCC, another
study documented a prevalence of PVT at LT of 17.5% [15]. In a cohort of patients
listed for LT and longitudinally followed up, a 1-year incidence of PVT of 7.4% was
reported, with the diagnosis made by abdominal Doppler ultrasound [16]. Most of
the studies that report epidemiological data on PVT include predominantly patients
with advanced liver disease, even if not on a LT waiting list. Amitrano et al. reported
PVT prevalence of 11.2% in 701 patients admitted to the hospital (90% were Child—
Pugh class B and C), most of them due to an acute episode of liver disease decom-
pensation [17]. Villa et al., in a group of Child—Pugh B7-C10 cirrhotic patients,
found PVT up to 16.6% per year [18]. Zocco et al., in a prospective assigned study
enrolling a mixture of 81 Child—Pugh class A to C cirrhotic patients, showed a
1-year incidence of PVT of 15% [19]. More recently, Nery et al., in a cohort of
patients with less severe cirrhosis (mostly Child—Pugh class A) prospectively sur-
veyed, found a 1-, 3-, and 5-year incidence of PVT of 4.6%, 8.2%, and 10.7%,
respectively [20]. An American nationwide retrospectively conducted study based
on more than three million hospital discharges of patients with decompensated liver
cirrhosis and clinically significant portal hypertension revealed a 1.5% global
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prevalence of PVT. Importantly, the diagnosis was increasingly recognized as the
years go by, with an annual percentage change of 9%, which can be related to an
increased awareness for the diagnosis and the generalized use of imaging stud-
ies [21].

In short, PVT in cirrhosis has (a) different reported geographically prevalence
rates, which can translate different loco-regional risk factors or reflect different
diagnostic procedures or follow-up strategies of patients with cirrhosis; (b) an
increased incidence and prevalence with an increase in the severity of underlying
liver disease, which has been well documented particularly in patients awaiting liver
transplantation; and (c) been identified to be a non-negligible event also in patients
with non-severe cirrhosis with a 5-year incidence up to almost 11%.

References

1. Rajani R, Bjornsson E, Bergquist A, Danielsson A, Gustavsson A, Grip O, et al. The epidemi-
ology and clinical features of portal vein thrombosis: a multicentre study. Aliment Pharmacol
Ther. 2010;32(9):1154-62.

2. Ageno W, Dentali F, Pomero F, Fenoglio L, Squizzato A, Pagani G, et al. Incidence rates and
case fatality rates of portal vein thrombosis and Budd-Chiari Syndrome. Thromb Haemost.
2017;117(4):794-800.

3. Ogren M, Bergqvist D, Bjorck M, Acosta S, Eriksson H, Sternby NH. Portal vein thrombosis:
prevalence, patient characteristics and lifetime risk: a population study based on 23,796 con-
secutive autopsies. World J Gastroenterol. 2006;12(13):2115-9.

4. Garcia-Pagan JC, Hernandez-Guerra M, Bosch J. Extrahepatic portal vein thrombosis. Semin
Liver Dis. 2008;28(3):282-92.

5. Hunt AHWB. Thrombosis of the portal vein in cirrhosis hepatis. Lancet.
1954;263(6806):281-4.

6. Hou PC, McFadzean AJ. Thrombosis and intimal thickening in the portal system in cirrhosis
of the liver. J Pathol Bacteriol. 1965;89:473-80.

7. Okuda K, Ohnishi K, Kimura K, Matsutani S, Sumida M, Goto N, et al. Incidence of portal
vein thrombosis in liver cirrhosis. An angiographic study in 708 patients. Gastroenterology.
1985;89(2):279-86.

8. Dye WS, David D, Julian OC. Successful treatment of portal vein thrombosis associated with
intrahepatic obstruction. Arch Surg. 1960;80:876-82.

9. Coomaraswamy RP, Delguercio LR, Miller H, State D, Elkin M. Splenoportography and portal
vein thrombosis in patients with cirrhosis of the liver. Surg Gynecol Obstet. 1964;118:560—6.

10. Sicot C, Sakellaridis D, Rueff B, Maillard JN, Benhamou JP. Portal vin thrombosis in intrahe-
patic block. Minn Med. 1971;54(2):87-90.

11. Sarfeh 1J. Portal vein thrombosis associated with cirrhosis: clinical importance. Arch Surg.
1979;114(8):902-5.

12. Belli L, Romani F, Sansalone CV, Aseni P, Rondinara G. Portal thrombosis in cirrhotics. A
retrospective analysis. Ann Surg. 1986;203(3):286-91.

13. Nonami T, Yokoyama I, Iwatsuki S, Starzl TE. The incidence of portal vein thrombosis at liver
transplantation. Hepatology. 1992;16(5):1195-8.

14. Gayowski TJ, Marino IR, Doyle HR, Echeverri L, Mieles L, Todo S, et al. A high incidence
of native portal vein thrombosis in veterans undergoing liver transplantation. J Surg Res.
1996;60(2):333-8.

15. Manzanet G, Sanjuan F, Orbis P, Lopez R, Moya A, Juan M, et al. Liver transplantation in
patients with portal vein thrombosis. Liver Transpl. 2001;7(2):125-31.



Epidemiology of Portal Vein Thrombosis 27

16.

17.

18.

19.

20.

21.

Francoz C, Belghiti J, Vilgrain V, Sommacale D, Paradis V, Condat B, et al. Splanchnic vein
thrombosis in candidates for liver transplantation: usefulness of screening and anticoagulation.
Gut. 2005;54(5):691-7.

Amitrano L, Guardascione MA, Brancaccio V, Margaglione M, Manguso F, lannaccone L,
et al. Risk factors and clinical presentation of portal vein thrombosis in patients with liver cir-
rhosis. J Hepatol. 2004;40(5):736-41.

Villa E, Camma C, Marietta M, Luongo M, Critelli R, Colopi S, et al. Enoxaparin pre-
vents portal vein thrombosis and liver decompensation in patients with advanced cirrhosis.
Gastroenterology. 2012;143(5):1253-60.e1-4.

Zocco MA, Di Stasio E, De Cristofaro R, Novi M, Ainora ME, Ponziani F, et al. Thrombotic
risk factors in patients with liver cirrhosis: correlation with MELD scoring system and portal
vein thrombosis development. J Hepatol. 2009;51(4):682-9.

Nery F, Chevret S, Condat B, de Raucourt E, Boudaoud L, Rautou PE, et al. Causes and con-
sequences of portal vein thrombosis in 1,243 patients with cirrhosis: results of a longitudinal
study. Hepatology. 2015;61(2):660-7.

Cool J, Rosenblatt R, Kumar S, Lucero C, Fortune B, Crawford C, et al. Portal vein thrombosis
prevalence and associated mortality in cirrhosis in a nationally representative inpatient cohort.
J Gastroenterol Hepatol. 2019;34(6):1088-92.



Check for
updates

Risk Factors for Portal Vein Thrombosis

Kamran B. Lankarani

Abstract

Portal vein thrombosis (PVT) is not uncommon in patients with chronic liver
disease, but it can also occur in the absence of liver disease. In patients with liver
disease, there is usually no other risk factor for development of PVT. New onset
of PVT in this group may herald hepatocellular carcinoma. Severity of liver dis-
ease, large varices, and increased age have a correlation with later development
of PVT. In those who develop PVT in the absence of liver disease, work-up for
thrombophilia, especially for myeloproliferative neoplasm, is mandatory. Certain
abdominal interventions and infections as well as malignancies are associated
with an increased risk of PVT.
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Portal vein thrombosis (PVT) is not an uncommon finding in patients with chronic
liver disease. Its occurrence is not limited to these patients, and it may also occur in
patients without liver disease. PVT has a wide range of presentations from totally
asymptomatic to progressive liver failure depending on the underlying condition,
associated risk factors, and extent of progression.

Knowing the risk factors for this condition have three potential benefits. It could
guide the clinicians to intervene in high-risk patients to prevent PVT. It may also aid
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them to have a higher index of suspicion for diagnosis in those with risk factors for
PVT and finally may help to predict the prognosis and guide the clinicians in plan-
ning the treatment.

In this regard, understanding the risk factors for PVT is of utmost clinical signifi-
cance. Generally speaking, PVT may occur in two conditions either in the context
of liver disease, especially end-stage liver disease (ESLD), or in those without liver
disease. In these two settings, the risk factors might be different.

3.1 Risk Factors for PVT in Patients with Liver Disease

Chronic liver disease is the most common risk factor for PVT [1]. The incidence of
PVT depends on the severity of liver disease and may range from less than 1% in
compensated liver disease up to 8-25% in cirrhotic patients waiting for liver trans-
plantation [2, 3]. The incidence is higher in those who are older or with concomitant
hepatocellular carcinoma (HCC) [4].

It could be totally asymptomatic and found later as an incidental finding in imag-
ing or it may lead to deterioration of ascites, renal function, or hepatic encephalopa-
thy and end in progressive liver failure and death if not transplanted [5]. Liver
transplantation in the presence of PVT has a higher rate of early complications and
a lower rate of survival [6, 7].

There are various reports on risk factors for PVT in patients with cirrhosis. The
proposed risk factors are as follows.

3.1.1 Etiology of Liver Disease

Etiology of ESLD has been considered to be a risk factor for PVT. There are reports
that the incidence of PVT is higher in Asian patients with hepatitis B [8]. This was
not confirmed in all reports [3, 9]. In contrast, the incidence of PVT was reported to
be lower in primary biliary cholangitis, primary sclerosing cholangitis, inborn errors
of metabolism affecting the liver, and biliary atresia [9].

3.1.2 Ascites and Diuretic Treatment

There are reports regarding association of ascites and diuretic treatment with later
development of PVT [4]. But this was not observed in all studies [3, 5]. It has been
suggested the hemoconcentration or decreased blood flow in the portal system may
contribute to it.

3.1.3 Esophageal Varices
In their prospective study on PVT in cirrhotic patients, Italian researchers showed

that a history of previous gastrointestinal bleeding was associated with higher
occurrence of PVT [4]. In our series of PVT in patients with ESLD and PVT in
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waiting list for liver transplantation, a history of variceal bleeding treated endo-
scopically was also a risk factor for development of PVT with an odds ratio of 2.526
(95% CI: 1.200-5.317) [3].

The presence of large esophageal varices at baseline even without a history of bleeding
was shown to be associated with a higher risk of later development of PVT [5].

3.1.4 Inherited Hypercoagulable States

There are discrepancies in reported impact of inherited hypercoagulable states in
the pathogenesis of PVT in the setting of chronic liver disease. While reports from
Iran and other regions found no correlation with these inherited prothrombotic dis-
orders [3, 5, 10], a recent report from Italy found that FV R506Q and FII G20210A
variants had higher frequencies in patients with PVT, with an odds ratio of 2.84
(1.41-5.69) and 4.48 (2.43-8.29), respectively [11].

3.1.5 Acquired Hypercoagulable States

Although myeloproliferative disorders were a risk factor for PVT in patients with-
out liver disease, this association was not found in patients with liver disease who
develop PVT [3, 12].

3.1.6 Hepatocellular Carcinoma

The incidence of PVT is the highest in patients with ESLD and HCC occurring in
up to 40% of patients with HCC at the time of diagnosis [4, 5, 13]. Not all of the
PVT in HCC is due to tumor invasion, but if tumor thrombi occur, the prognosis
would be grave with a median survival time of less than 4 months [13]. In a report
from Southeastern Asia, HCC was the most common cause of PVT [8]. New onset
of PVT in patients may be a herald sign for HCC in patients with ESLD.

3.1.7 Metabolic Diseases

There are contradictory reports on the role of obesity, hyperlipidemia, and diabetes
mellitus (DM) as risk factors for PVT in patients with cirrhosis [14, 15]. While
some reports indicated association, others could not find increased risk of PVT in
cirrhotic patients with obesity and/or DM [16, 17].

3.1.8 Splenectomy

Splenectomy in patients with cirrhosis is associated with high risk of PVT. The
incidence could be as high as 90% but is usually reported around 24-29% [16, 18].
Diameters of portal and splenic vein have a direct correlation with the risk of PVT
after splenectomy in patients with ESLD [16].
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3.1.9 Helicobacter pylori Infection and Gut Microbiota

PVT was reported to be higher in patients with ESLD and concomitant Helicobacter
pylori infection and eradication of Helicobacter pylori was shown to reduce the risk
[19]. This association was explained with higher serum levels of C reactive protein
(CRP), tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6), nitric oxide (NO),
and vascular endothelial growth factor (VEGF) in Helicobacter pylori-infected
patients.

Gut microbiota may cause endotoxinemia in patients with ESLD with resultant
systemic inflammatory response [20]. This may contribute to thrombophilia in these
patients.

Currently, there are no reports on altered gut microbiota in ESLD with PVT
compared to patients with chronic liver disease without PVT.

3.1.10 Alterations in Hemostasis in End-Stage Liver Disease

In the most cirrhotic patients with PVT, there seems to be no apparent risk factor.
The hypercoagulable state associated with cirrhosis itself is probably the main risk
factor for development of PVT in these patients.

Liver is the site of synthesis of all coagulation factors with the exception of factor
8. Many patients with liver disease also suffer from malnutrition and impaired fat
absorption leading to deficiency of fat-soluble vitamins including vitamin K. There
is a state of consumptive coagulopathy which may further lead to prolongation of
prothrombin time (PT) and low platelets.

Despite having prolonged PT and low platelets, apart from gastrointestinal bleed-
ing and minor mucosal bleedings, there are no reports of bleeding tendency in
patients with liver cirrhosis. Indeed, these patients are reported to be in hypercoagu-
lable state especially on the venous side in splanchnic vasculature [21].

Production of both prothrombin and antithrombin is reduced in ESLD, but the
new balance is toward thrombosis as shown by thrombin generation assays [21].
This has been reported in both systemic and splanchnic circulation in patients with
cirrhosis [20].

Notwithstanding the fact that patients with ESLD have usually low platelet
count, there is now accumulating evidence revealing higher rates of activation of
platelets in these patients. Thrombocytes in cirrhotic patients have been shown to
produce higher levels of isoprostanes, a stable eicosanoid, which itself increase
platelet aggregation by activating the Gp IIb/Illa [22].

Endotoxinemia related to altered gut microbiota in association with impaired
reticuloendothelial system function reported in ESLD along with bacterial translo-
cation in leaky bowel in these patients may lead to higher levels of lipopolysaccha-
rides in splanchnic as well as systemic circulation in ESLD which may further
activate the clotting pathway [23]. This may have a correlation with systemic
inflammation reported in cirrhotic patients with PVT. This was evidenced by raised
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serum level of interleukin-6 and tissue necrosis factor-a in these patients which may
further contribute to the development of thrombosis in portal vein [24].

ADAMTS13 is a metalloprotease which cleaves von Willebrand factor (vWF).
Its deficiency will lead to higher blood levels of vVWF with resultant aggregation of
platelets and thrombosis in various organs. The typical example is thrombotic
thrombocytopenic purpura. But as ADAMTS13 is synthesized in the liver, patients
with ESLD also have a deficiency of this factor, which may also contribute to hyper-
coagulable state in these patients. In concordance with this hypothesis, recent evi-
dence shows lower levels of ADAMTS 13 along with higher levels of vWF activity
in patients with ESLD especially those with PVT [25]. Portal venous system endo-
thelial damage may also have a role [26].

Low albumin may also enhance hypercoagulability in cirrhotics as it was shown
that patients with cirrhosis and PVT had lower albumin level along with markers of
platelet activation which were corrected with infusion of albumin [24, 27].

The low velocity of blood in portal circulation in patients with portal hyperten-
sion may increase the risk of thrombus formation [5] (Fig. 3.1).

3.2 Risk Factors of PVT in Patients without Liver Disease

While many patients with PVT in the absence of liver disease have identifiable risk
factors, the risk factor may not be found in up to half of the patients especially in
those with younger age [8]. As PVT could be the initial manifestation of ESLD, all
these patients should be evaluated for possible underlying liver disease. In the
absence of liver disease and history of abdominal surgery, a work-up for underlying
disease is suggested in all of these patients.

3.2.1 Abdominal Surgery

Some surgical procedures are associated with an increased risk of
PVT. Splenectomy is associated with PVT especially in the setting of cirrhosis
as described above. But even in non-cirrhotics, the risk of PVT is increased
after splenectomy. Although the risk is not as high as in cirrhotics, it could be
as high as 3-4%. Huge splenomegaly in the setting of myelodysplastic syn-
drome and hereditary hemolytic anemia enhances the risk [28]. Larger splenic
vein diameter will also increase the risk of PVT.

Distal pancreatectomy was found to be associated with PVT. In one study, the
length of residual splenic vein after pancreatic resection was the independent risk
factor for PVT in these patients [29]. Interestingly, the occurrence was more com-
mon with benign lesions and in younger patients and in those who were operated
laparoscopically.

PVT may complicate almost all abdominal surgeries, especially cholecystec-
tomy and hepatectomy [8].
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Fig. 3.1 Pathogenesis of portal vein thrombosis is liver cirrhosis. ATIII antithrombin III, /L6
Interleukin-6, iNOs Inducible nitric oxide synthase, LPS Lipopolysaccharide, TNF Tissue necrosis
factor-a, vVWF von Willebrand factor

3.2.2 Radiologic Interventions

Umbilical catheterization, percutaneous transhepatic biliary drainage (PTBD), and
T-tube insertions were reported to cause PVT [8].

3.2.3 Intraabdominal Infection and Inflammation

Several intraabdominal infections, including hepatic abscess, splenic abscess, diver-

ticulitis, biliary tract infections, and even abdominal tuberculosis, were reported to
be risk factors for PVT [8].
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Inflammatory diseases in the abdomen, including inflammatory bowel disease,
pancreatitis, and cholecystitis, have been reported to cause PVT [30].

3.2.4 Inherited Hypercoagulable States

Theoretically, all inherited coagulopathies could increase the risk of PVT including
deficiencies of protein C and S, antithrombin III deficiency, factor V Leiden (FVL),
and prothrombin (FII) G20210A mutation. A recent study in Denmark could not
show an increased rate of these inherited disorders in those who had PVT as com-
pared to the general population [31].

3.2.5 Acquired Hypercoagulable States

Myeloproliferative disorders are among the most frequent risk factors for PVT in
non-cirrhotic patients [12, 32, 33]. Paroxysmal nocturnal hemoglobinuria may be a
risk factor in some patients, but it is rare [33]. Antiphospholipid antibody syndrome
has also been reported to cause PVT [8]. Pregnancy and use of oral contraceptive
pills also have been incriminated in few cases [8, 10].

3.2.6 Malignancies

Malignancies may lead to PVT with three different mechanisms: invasion by the
tumor, massive liver metastasis with resultant portal hypertension, and induction of
generalized hypercoagulable state.

Several malignancies, including adenocarcinoma of the pancreas and gallblad-
der, cholangiocarcinoma, and ovarian cancers, were associated with PVT [8]. It has
also been reported for colorectal and gastric cancers and liver metastasis from a
variety of cancers [8, 34, 35].

3.3 Conclusion

PVT is not uncommon in ESLD. In this setting, there is usually no need for evalua-
tion of risk factors except for occurrence of HCC in patients who develop
PVT. Splenectomy should be avoided in ESLD as it may increase the risk of
PVT. Patients with ESLD and large varices with or without bleeding need to be
monitored for development of PVT.

On the contrary, all patients with PVT and no apparent liver disease need evalu-
ation. The presence of liver disease needs to be ruled out. The most common risk
factors in the absence of history of abdominal interventions and infection are myelo-
proliferative disorders which need to be pursued by molecular test.
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Imaging of Portal Vein Thrombosis

Kumble Seetharama Madhusudhan

Abstract

Portal vein thrombosis is an uncommon condition mostly seen in association with
various systemic and local pathologies. The presentation may be acute or chronic.
Diagnostic imaging with modalities like ultrasonography, computed tomography,
and magnetic resonance imaging is critical for proper management of these
patients. In addition, imaging helps in the diagnosis of specific types of thrombo-
sis which include septic thrombophlebitis and tumor in vein. This chapter presents
the imaging features of different types of PVT in detail along with illustrations.
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4.1 Introduction

Portal vein thrombosis (PVT) is defined as thrombosis of a part or whole of the
portal vein and/or its branches [1]. Thrombosis may extend to involve the splenic
and superior mesenteric veins. Although its overall incidence is not clearly known,
it is considered to be an uncommon pathology. A large population-based autopsy
study by Ogren et al. found a prevalence of 1% [2]. In patients with compensated
liver disease, the prevalence is in the range of 5-26%, which increases to 35% in
patients with hepatocellular carcinoma (HCC) [3, 4]. PVT is the most common
cause of pre-hepatic portal hypertension [4, 5].
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The clinical presentation of patients of PVT depends on the rapidity and extent
of thrombosis, and the presence of collaterals, underlying liver disease, and portal
hypertension [6]. Most common symptoms include abdominal pain, fever, abdomi-
nal distension, hematemesis, and melena [1]. Frequently, patients may be asymp-
tomatic, particularly in the chronic variety [7]. Since these presenting features are
non-specific, imaging plays a critical role, not only in the diagnosis of PVT but also
in defining its extent, etiology, and complications.

4.2 Etiology and Pathophysiology

Various systemic and local or regional etiologies have been defined in the devel-
opment of PVT. These have been discussed in detail elsewhere in the book.
Systemic causes include any conditions, either inherited or acquired, causing
hypercoagulability and are responsible in 30% of the cases [1, 8]. In the remain-
ing 70%, local and regional causes are responsible and include cirrhosis, malig-
nancies (hepatobiliary and pancreatic), surgical or abdominal trauma, and
inflammatory conditions [8]. Majority of the local and regional risk factors are
identified on imaging.

A basic knowledge of the pathophysiological changes which develop due to PVT
is helpful in understanding the pathological changes that are identified on imaging.
Broadly, there are three types of changes which occur as a result of PVT (Fig. 4.1)
[8]. The first is compensatory dilatation and increased blood flow in the hepatic
artery. This occurs as a reflex due to the absence of the major component of hepatic
blood flow through the portal vein. The second alteration is the development of
venous collaterals, mostly around the occluded portal vein and the bile duct. This
bunch of collaterals is called “cavernoma”. The collateral formation begins in the
initial few days after PVT and is usually complete by the fifth week [9]. The third
change which occurs is in the liver parenchyma in cases with persistent portal vein
occlusion by the thrombus. Due to significant reduction in the hepatic blood flow,
the hepatocytes, particularly those in the peripheral segments (segments 2 and 3) of
the liver which are more susceptible to ischemia, undergo ischemic apoptosis with
compensatory proliferation of the hepatocytes in the central segments (segments 1
and 4) [8]. These findings identified on imaging help in making a diagnosis of
chronic PVT.

4.3 Role ofImaging

Imaging assists in the diagnosis of PVT, identification of its etiology, and depiction
of findings developing as a consequence, most commonly portal hypertension and
hepatobiliary alterations, as discussed in the previous section. Defining the extent of
thrombosis helps in planning further management [5]. In addition, this information
also helps to plan vascular anastomosis in patients with cirrhosis prior to liver
transplantation.
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Fig. 4.1 Schematic representation of the pathophysiology of portal vein thrombosis. /. Normal.
2. Development of acute PVT in the main and right portal vein (black asterisk) with resultant com-
pensatory dilatation of the right hepatic artery (arrow) and arterial hyperperfusion and venous
hypoperfusion of the right lobe of the liver (white asterisk). 3. Chronic PVT with attenuated and
thrombosed segment of the portal vein (arrows). 4. Portal cavernoma formation due to the develop-
ment of porto-portal collaterals around the common bile duct (arrows). 5. Hepatic parenchymal
changes in the form of atrophy of peripheral segments (white asterisks). BD common bile duct, HA
hepatic artery, PV portal vein, PVT portal vein thrombosis

The common imaging modalities used in the evaluation of patients of PVT
include ultrasonography (USG), computed tomography (CT) scan, magnetic reso-
nance imaging (MRI), and venography. USG is the initial investigation of choice in
most of the cases. CT scan or MRI is performed later to more accurately define the
true extent and nature of the thrombosis, its etiology, and complications [5].

The imaging features are broadly described under three headings—(a) acute
PVT, (b) chronic PVT, and (c¢) specific types.

4.3.1 Acute Portal Vein Thrombosis

Acute PVT is clinically diagnosed when the symptoms related to PVT present
within 60 days of the onset of thrombosis [10]. However, this clinical diagnosis is
frequently difficult due to the absence of or presence of only mild symptoms.

4.3.1.1 Ultrasonography

USG is the initial investigation of choice. It has an overall sensitivity and specificity
in the range of 80—100% [5]. The sensitivity is higher for thrombosis which is com-
plete and involves the main portal vein [11]. Adding color Doppler to USG improves
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the diagnostic sensitivity and specificity [12]. Limitations of USG include its opera-
tor dependency, factors limiting visualization like obesity and bowel gas, and false
positivity in cases of sluggish flow.

The acute thrombus is usually seen as a hypoechoic, isoechoic, or hyperechoic
solid material filling the lumen and causing dilatation of the portal vein on B-mode
scan (Fig. 4.2). The portal vein caliber is often more than 13—15 mm [6]. The throm-
bus may be partially or completely occluding the portal vein and often results in its
dilatation [5]. The thrombus may extend from the main portal vein distally to involve
its intrahepatic branches and proximally to the splenic and superior mesenteric
veins. Uncommonly, the thrombosis may be localized to a lobar or intrahepatic
segmental branch of the portal vein. Hyperacute thrombus may be anechoic, and it
may not be possible to identify the thrombus at this stage on B-mode images [6].

Color Doppler USG (CDUSG) should be used in all cases as it confirms the pres-
ence of the thrombus in the portal vein and shows the extent to which it occupies the
lumen. CDUSG has a negative predictive value of 98% [5, 12]. If the thrombus is
complete, the involved segment does not show flow within the lumen (Fig. 4.2) [13].
In case of partial thrombus, the patent part of the lumen shows flow (Fig. 4.3). In
cases of hyperacute thrombus, absence of color in the portal vein, with proper
machine gain settings, is suggestive of thrombosis [6]. Further, CDUSG is also
helpful in the detection of periportal collaterals, forming a cavernoma, when the
clinical presentation is delayed (Fig. 4.4). These collateral vessels show non-undu-
lating low velocity flow. The hepatic artery is frequently dilated with increased flow
due to reflex compensatory response (Fig. 4.5).

In the acute setting, the liver usually does not show any parenchymal changes
unless there is cirrhosis. There may be ascites secondary to acute portal hyperten-
sion. The etiology of PVT can also be identified in many cases. Patients with hyper-
coagulable states may also have associated thrombosis of the hepatic veins.

Contrast-enhanced USG (CEUS) is a technique which uses microbubble-based
USG contrast agents and has shown to be useful in the diagnosis of PVT [14]. It is

Fig. 4.2 Ultrasonography of a patient with acute left portal vein thrombosis. (a) B-mode image
shows hypoechoic material within the left portal vein (arrow). (b) Color Doppler image shows no
flow within the left portal vein (arrow) with multiple surrounding collaterals
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Fig. 4.3 Ultrasonography of a cirrhotic patient with acute partial main portal vein thrombosis. (a)
B-mode image shows isoechoic material partially filling the main portal vein (arrow). (b) Color
Doppler image shows flow within the patent part of the main portal vein (arrow)

Fig. 4.4 Ultrasonography of a patient with acute portal vein thrombosis presenting late. (a)
B-mode image shows hypoechoic material within the main portal vein (arrow). (b) Color Doppler
image shows partial flow within the main portal vein (arrowheads) due to recanalization with mul-
tiple surrounding collaterals (arrows)

Fig. 4.5 Ultrasonography of a patient with acute portal vein thrombosis. (a) Color Doppler image
shows hypoechoic material within the main portal vein (arrow) with surrounding collaterals
(arrowheads). (b) Color Doppler image at a cranial level shows no flow within the left portal vein
(arrowhead) with dilated accompanying segmental hepatic artery (arrows)
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superior to CDUSG in the diagnosis of PVT, particularly where the obstruction is
partial and flow is too slow to be detected and when the visualization of the portal
vein on B-mode is poor. Another benefit of CEUS is in the differentiation of bland
from malignant PVT. The sensitivity, specificity, and accuracy of CEUS in the diag-
nosis of malignant PVT are 100%, 66.7%, and 93.3%, respectively [15].

Endoscopic USG (EUS) is another technique which assists in the diagnosis of PVT,
especially when visualization is poor on transabdominal USG [16]. This technique visu-
alizes the portal vein through the gastric antrum and the duodenum and provides high-
resolution images of the portal vein and the thrombus. Appearances on B-mode and
CDUSG are similar to that seen on the standard transabdominal USG. Another advan-
tage of EUS is in guiding interventions like sampling of the thrombus (when malignant
thrombus is suspected) and intravenous thrombolysis [17].

4.3.1.2 Computed Tomography (CT)

Contrast-enhanced CT scan is the mainstay of investigation in the evaluation of
PVT. It is better than USG in defining the extent of thrombosis, in detecting the
etiology and complications, and in planning further interventions [5, 8]. The stan-
dard technique of CT involves a multiphasic scan, including late arterial (25-30s),
portal venous (70s), and delayed (180s) phases [5]. However, often, a single portal
venous phase is performed as the diagnosis of PVT is not suspected. Evaluation of
the portal vein in additional planes (coronal and sagittal) through multiplanar refor-
mation helps in better definition of the extent of the thrombus.

Acute PVT causes distension of the portal vein and is seen as an isodense or
hypodense soft tissue within the lumen of the portal vein without any contrast
enhancement (Fig. 4.6). The thrombus may be isodense or hyperdense on the non-
contrast scan (Fig. 4.6a) [8]. In cases of partial PVT, the patent part of the lumen
shows contrast filling (Fig. 4.7). There may be thickening and enhancement of the
wall of the portal vein in the segment containing the thrombus, possibly due to
inflammation [18]. In cases of delayed presentation, multiple collaterals are seen
around the thrombosed portal vein and the bile duct (Fig. 4.8).

Fig. 4.6 CT scan in acute portal vein thrombosis. (a) Axial non-contrast image shows hyperden-
sity within the main and left portal vein (arrow). (b) Axial contrast-enhanced venous phase image
shows non-enhancing thrombus within the portal vein (arrow) with adjacent parenchymal perfu-
sion abnormality showing sharp margins (arrowheads). Multiple splenic infarcts are seen (asterisk)
due to associated splenic vein thrombosis
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Fig. 4.7 CT scan in acute partial portal vein thrombosis. Axial (a) and coronal (b) contrast-
enhanced venous phase images show non-enhancing thrombus partially filling the main portal vein
(arrow) with inflammation in the surrounding regions due to acute pancreatitis

Fig.4.8 CT scan in a patient with acute portal vein thrombosis presenting late. (a) Axial contrast-
enhanced CT image shows thrombus within the left portal vein (arrow) with peripheral contrast
filling suggesting partial recanalization. (b) Axial contrast-enhanced image at a caudal level shows
thrombosis of the main portal vein (arrow) with multiple pericholedochal and peripancreatic col-
laterals (arrowheads)

The part of the liver supplied by the thrombosed portal vein appears hypodense
compared to the surrounding parenchyma due to hypoperfusion (Fig. 4.6) [8]. The
margin between the hypoperfused region and normal region is usually sharp. There
is compensatory hypertrophy of the companion hepatic artery due to hepatic artery
buffer response, and the affected liver parenchyma may show hyperenhancement in
the arterial phase [19]. This area becomes either isodense or hypodense in the
venous phase (Fig. 4.6). The liver then becomes homogeneous in the delayed phase
due to blood flow through the collaterals. There may be ascites due to acute portal
hypertension. Identification of ascites is important as percutaneous transhepatic
interventions like thrombolysis are associated with a higher incidence of hemor-
rhagic complications in the presence of ascites.

Further, CT scan helps in identification of the etiology of PVT. These include
cirrhosis of liver, inflammatory conditions like pancreatitis, liver abscess, and
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Fig. 4.9 Portal vein thrombosis in a case of pancreatic neuroendocrine tumor with liver metasta-
ses. Axial (a, b) and coronal (¢) contrast-enhanced CT images show extensive thrombosis of the
portal and mesenteric vein (arrows) due to a primary pancreatic tumor (arrowhead in b). Multiple
hypodense liver metastases (black asterisks) and ascites (white asterisk) are noted

cholangitis, and malignant diseases like HCC, biliary cancers, pancreatic cancer,
and lymphadenopathy (Fig. 4.9).

4.3.1.3 Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is less frequently performed in patients with
acute PVT due to its cost, long scan times, and insignificant additional benefit. The
standard MRI done in the evaluation of PVT includes the T1- and T2-weighted
sequences, preferably gradient echo sequences, diffusion-weighted imaging (DWI),
and multiphase contrast-enhanced T1-weighted sequences [8]. Magnetic resonance
cholangiopancreatography (MRCP) may be additionally done to evaluate the biliary
system in cases of late presentation. Balanced steady-state sequence is useful for
visualizing vessels without administration of contrast agent [20].

The acute thrombus has variable appearances on T1- and T2-weighted sequences
depending on its age (Fig. 4.10) [19]. On T1-weighted images, the thrombus may be
isointense or hyperintense [8]. On T2-weighted images, it appears isointense or
hypointense. The thrombus may show restriction of diffusion depending on its age
and variably appears hyperintense on DWI. The thrombus does not show contrast
enhancement. Multiple collaterals may be seen at the porta hepatis as flow voids on
T1- and T2-weighted images and as enhancing bunch of vessels on contrast-
enhanced sequences [19].

The hypoperfused segments of the liver may appear hypointense on T1- and
hyperintense on T2-weighted images. Contrast enhancement pattern of this part of
the liver may be similar to that seen on CT scan, with arterial phase hyperenhance-
ment, venous phase hypo-enhancement, and delayed phase iso-enhancement
(Fig. 4.11). Ascites is frequently present.

4.3.1.4 Angiography

Conventional angiography is almost never performed these days for the diagno-
sis of PVT due to the availability of CT scan and MRI [21]. This procedure can
be performed by two techniques—indirect and direct portography. In indirect
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Fig.4.10 MRI of acute portal vein thrombosis in a patient with non-cirrhotic portal fibrosis. Axial
T2- (a), T1- (b), and diffusion- (¢) weighted images show acute thrombus in the right portal vein
appearing hypointense on T2- and hyperintense on T1-weighted images with focal areas of restric-
tion of diffusion. In addition, parenchymal changes are seen in the liver with splenomegaly and
Gandy-Gamna bodies

Fig. 4.11 MRI of left portal vein thrombosis in a patient with hilar cholangiocarcinoma. Axial
T2- (a), T1- (b), and diffusion- (c) weighted images show attenuated left portal vein appearing
hypointense on T2- and isointense on TI1-weighted images with no restriction of diffusion.
Contrast-enhanced images in arterial (d), venous (e), and delayed (f) phases show the characteris-
tic perfusion abnormality in the arterial phase (arrowheads) which disappears on venous and
delayed phases. Non-enhancing attenuated left portal vein is noted (arrow)

portography, also called arterioportography, contrast agent is injected into the
celiac and superior mesenteric arteries and the venous phase is acquired. In
direct portography, which is more invasive, portal vein is evaluated by injecting
contrast agent through transhepatic, transjugular, and transsplenic routes.
Currently, the arterioportography and the transjugular and transhepatic direct
portographies are performed when interventional procedures like thrombec-
tomy and thrombolysis are planned [21].
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4.3.2 Chronic Portal Vein Thrombosis

Patients who are asymptomatic or have mild symptoms during the episode of acute
PVT present later mostly with features of portal hypertension like hematemesis,
melena, abdominal pain, abdominal lump, and jaundice. The primary thrombus is
usually not visualized as it is organized and fibrotic. Imaging assists in demonstrat-
ing the complications developing as a result of previous episode of PVT and in
planning further management.

4.3.2.1 Ultrasonography

Even in chronic PVT, USG is the initial investigation of choice. The portal vein is
not visualized at the porta hepatis in a majority of patients; uncommonly, there may
be a recanalized portal vein due to the lysis of the thrombus [22]. The thrombosed
vein may be seen as a hypoechoic structure; infrequently echogenic foci of calcifi-
cation may be seen. Multiple collaterals forming a cavernoma are seen at the porta
hepatis and around the bile ducts, which are shown as tortuous anechoic structures
with color flow on CDUSG (Fig. 4.12) [22]. Demonstration of the patency and cali-
ber of the intrahepatic right and left portal, splenic, and superior mesenteric veins
are important whenever a surgical shunt is planned.

The liver parenchyma frequently shows lobar or segmental atrophy and hypertro-
phy changes. As mentioned previously, the peripheral segments of the liver (usually
segments 2 and 3) undergo atrophy and segments 1 and 4 undergo hypertrophy
(Fig. 4.13) [23]. This is unlike cirrhosis where the segment 4 shows atrophy and
segments 2 and 3 appear hypertrophic. The hepatic changes that occur in chronic
PVT are due to persistent hypoperfusion, unlike in cirrhosis, where it is due to

Fig.4.12 Ultrasonography of chronic portal vein thrombosis. (a) B-mode image shows anechoic
tortuous vascular channels with irregular outline at porta hepatis (arrow). (b) Color Doppler image
shows marked flow within the channels suggestive of a cavernoma
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Fig. 4.13 Ultrasonography of chronic portal vein thrombosis with hepatic parenchymal changes.
(a) B-mode image shows hypertrophy of segment 4 (arrows) and caudate lobe (white asterisk) with
widened periportal space (black asterisk). (b) B-mode image shows atrophy of left lateral seg-
ments (segments 2 and 3; arrow)

fibrosis. Thus, measurement of liver stiffness is useful in the differentiation of these
two entities and also helps in determining whether PVT is a cause or a result of
parenchymal pathology. The liver stiffness in patients with chronic PVT without
cirrhosis is usually normal (Fig. 4.14) [24]. Uncommonly, isoechoic or hypoechoic
nodules may be seen in the liver parenchyma, which are called focal nodular hyper-
plasia (FNH) like nodules or benign regenerative nodules (Fig. 4.15) [25]. The USG
findings are non-specific and CEUS is helpful in better characterization of these
nodules, particularly in their differentiation from HCC. On CEUS, these nodules
show early hyperenhancement and become isoechoic to the liver in the later phases,
without any washout of contrast [26].

In addition to portal cavernoma, varices are also seen in the gallbladder wall in
up to 50% of the cases [27]. Both portal cavernoma and gallbladder varices form the
porto-portal collaterals. Then there are portosystemic shunts developing due to
long-standing portal hypertension, which are commonly located in the peripancre-
atic, splenic hilum, and lienorenal regions (Fig. 4.16). Ascites is usually uncommon
in the absence of cirrhosis. The spleen is often grossly enlarged [28]. Multiple echo-
genic foci may be seen in the parenchyma representing Gandy-Gamna bodies
(Fig. 4.16). Peripheral wedge-shaped hypoechoic areas may be seen in the spleen
suggesting infarcts. Chronic infarcts show scarring and calcification.

The collaterals at the porta hepatis, which are typically the epicholedochal and
paracholedochal collaterals, run in and around the walls of the bile duct [29]. These
collaterals compress upon the bile duct wall and cause luminal narrowing. USG, in
such cases, shows dilatation of the intrahepatic bile ducts with multiple collaterals
around the common bile duct. This condition is called portal cavernoma cholangi-
opathy (previously portal biliopathy) (Fig. 4.17). When the patient presents with
cholangitis, USG may show dilated intrahepatic bile ducts, intraductal debris or
calculi, thickened walls of the ducts, and abscesses in the liver.
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Fig. 4.14 Hepatic elastography in chronic portal vein thrombosis. Ultrasonography with shear-
wave elastography in a patient with primary chronic portal vein thrombosis shows normal liver
stiffness values (3.8 kiloPascals)

Fig. 4.15 Liver nodule in chronic portal vein thrombosis. (a) B-mode ultrasonography image
shows a hypoechoic lesion in segment 2 of the liver (arrow). (b, ¢) Axial arterial (b) and venous (c¢)
phase contrast-enhanced CT images show arterial phase hyperenhancement in the lesion (arrow)
with isodense appearance in venous phase (arrow), characteristic of benign regenerative nodule.
Gross ascites is noted (asterisk)

4.3.2.2 Computed Tomography

Once the pathology is suspected on USG, contrast-enhanced CT is necessary for
better definition of the abnormality and its complications and to identify an etiology.
In this setting, typically, a CT portography is done. Here, a single portal venous
phase is acquired at 60—70s after injection of the contrast agent.
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Fig. 4.16 Changes of portal hypertension in chronic portal vein thrombosis. (a, b) B-mode (a)
and color Doppler (b) ultrasonography images show tortuous anechoic vascular channels with
prominent flow (arrow) in the perisplenic region suggestive of lienorenal shunts. (¢) B-mode ultra-
sonography image shows splenomegaly (arrows) with multiple echogenic nodules in the paren-
chyma suggestive of Gandy-Gamna bodies

Fig.4.17 Ultrasonography of portal cavernoma cholangiopathy. (a) B-mode image shows tubular
wavy anechoic channels at portal hepatis (arrows) with thickened walls suggesting dilated bile
ducts. (b) Color Doppler image shows portal cavernoma with non-filling dilated bile ducts (arrows)

The chronically thrombosed portal vein either may not be seen or seen as a
hypodense non-enhancing cord [30]. Calcification of the thrombus may be seen
(Fig. 4.18). Infrequently, the portal vein may become recanalized, completely or
partially, due to spontaneous thrombolysis (Fig. 4.18). In such cases, the vein shows
irregularly thickened walls due to peripherally organized thrombus. Calcification
may be seen within the thickened walls. CT scan is better than USG in identification
of shuntable veins prior to surgery [27].

As suggested under USG, CT scan also shows cavernous transformation of the portal
vein [29, 31]. The collaterals are typically the porto-portal shunts (Fig. 4.19). They run
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around and along the walls of the bile duct, which itself is seen as a hypodense structure.
The collaterals compress the extrahepatic bile duct and may result in dilatation of the
intrahepatic bile ducts. The dilatation is usually mild but, rarely, may be marked. Sludge
and calculi may be seen within the dilated ducts in long-standing cases. These dilated
ducts are prone to cholangitis due to bile stasis and CT scan in such cases may show
thickened bile duct walls and cholangitic abscesses in the liver.

Atrophy and hypertrophy changes are seen in the liver parenchyma in chronic
PVT as suggested above [23]. The portal hypoperfusion and arterial hyperperfusion
induce proliferation of the hepatocytes (Fig. 4.20). In about 10% of these patients,
this process may result in the formation of benign FNH-like nodules in the paren-
chyma [19, 32]. Whenever such nodules are found on USG, a multiphasic CT scan
should be performed. These nodules show arterial phase hyperenhancement and
become isodense in the venous and delayed phases (Fig. 4.15). This appearance
helps in its differentiation from HCC.

Fig. 4.18 CT scan in chronic portal vein thrombosis. (a, b) Axial contrast-enhanced CT images
show portal cavernoma (arrow in a) with irregularly recanalized main portal vein (arrow in b). (c,
d) Axial (c) and coronal (d) contrast-enhanced CT images show calcification in a partially recana-
lized portal vein (black arrows) with collaterals in the gallbladder wall and peripancreatic region
(white arrows). Splenomegaly is noted (asterisk) with calcified Gandy-Gamna bodies (arrowheads)
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Fig.4.19 CT scan in chronic portal vein thrombosis. Axial (a) and coronal (b) contrast-enhanced
CT images show portal cavernoma (white arrows) with calcific foci (black arrows) and large peri-
gastric shunts (block arrow in b). Note is made of splenomegaly with chronic infarct (arrowhead
in b) and calcification

Fig.4.20 CT scan in chronic portal vein thrombosis with hepatic parenchymal changes. Axial (a)
and coronal (b) contrast-enhanced CT images show collaterals along the bile duct (black arrows).
The liver shows widened fissure (white asterisk) with atrophic segments 2—3 and right posterior
segments (black asterisk) and prominent segments 4 and 1

The spleen is enlarged in the majority of cases and may show infarcts, Gamna-
Gandy bodies, and peripheral calcifications (Figs. 4.18, 4.19, and 4.21). Multiple
portosystemic shunts may also been seen in the peripancreatic, perisplenic, and
gallbladder regions (Fig. 4.21). Changes in the arteries are also seen in chronic
PVT. There is hypertrophy of the hepatic artery which is a compensatory response
[27]. The splenic artery is also enlarged and due to the hyperdynamic flow, true
aneurysms may develop in the splenic artery.

Similar to acute PVT, CT scan in chronic PVT helps in identifying the eti-
ology too. However, most patients who present in the chronic stage have either
cirrhosis or no identifiable cause. Other mentioned etiologies mostly manifest
at an early stage.
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Fig. 4.21 CT scan in chronic portal vein thrombosis with portosystemic shunts. Axial (a) and
coronal (b) contrast-enhanced CT images show large perisplenic collaterals (arrows) with dilated
left renal vein (asterisk in b) suggestive of lienorenal shunts

4.3.2.3 Magnetic Resonance Imaging

MRI is uncommonly performed in the setting of chronic PVT. The sequences used
are the same as those used for acute PVT. Important indications for MRI are the
evaluation of portal cavernoma cholangiopathy and liver nodules.

Non-contrast sequences, like balanced spin echo sequences, show multiple col-
laterals (cavernoma) at the porta hepatis (Fig. 4.22). The patency of the shuntable
veins is also depicted, in addition to the portosystemic shunts, splenomegaly, and
hepatic parenchymal volume redistribution (Fig. 4.22) [33]. Uncommonly, the col-
laterals may be multiple and tiny and appear mass-like, when they may mimic a
malignancy like cholangiocarcinoma [34]. Absence of diffusion restriction, pres-
ence of flow voids on plain sequences, and supplementation by CDUSG which
shows high vascularity help in the differentiation.

The FNH-like nodules or benign regenerative nodules are isointense to hyperin-
tense on Tl-weighted and isointense or mildly hyperintense on T2-weighted
sequences (Fig. 4.23) [19]. They do not show diffusion restriction. On multiphasic
contrast-enhanced imaging, they show arterial phase hyperenhancement and appear
isointense on the venous and delayed phases [19]. On the hepatobiliary phase
images (when hepatobiliary contrast agent is used), they appear isointense to the
liver parenchyma indicating the presence of functional hepatocytes.

Portal cavernoma cholangiopathy, seen in 70-100% of patients of chronic PVT,
shows dilatation of the intrahepatic bile ducts [27, 29, 31]. The collaterals around
the bile ducts indent on their walls giving a pseudo-sclerosing cholangitis appear-
ance (Figs. 4.22 and 4.24). The strictures of the bile ducts may be either temporary
when caused by indentation of the collaterals or permanent when there is fibrosis
due to long-standing compression. Long-standing cases may show calculi or sludge
within the bile ducts and also in the gallbladder (Fig. 4.24).
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Fig.4.22 MRI in chronic portal vein thrombosis. (a—c) Axial T2 (a), balanced spin echo (b), and
T1-weighted (¢) images show multiple channels in the porta hepatis (arrow) forming a cavernoma.
(d, e) Coronal T2-weighted (d) and MRCP (e) images show flow voids in the wall of the bile duct
(arrowheads in d) causing strictures in bile ducts (arrowheads in e) with proximal dilatation result-
ing in portal cavernoma cholangiopathy. Note is made of splenomegaly (asterisk) with multiple
hypointense foci (Gandy-Gamna bodies)

Fig. 4.23 MRI of benign regenerative nodule in chronic portal vein thrombosis. (a—c) Axial T1-
(a), T2- (b), and diffusion- (c) weighted images show a nodule (arrow) appearing mildly hyperin-
tense on T1- and hypointense on T2-weighted images with no diffusion restriction. (d—f) Arterial
(d), venous (e), and delayed (f) phase contrast-enhanced images show intense arterial phase
enhancement of the nodule with isointense signal in venous and delayed phases (arrows) sugges-
tive of benign regenerative nodule
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Fig. 4.24 MRI of portal cavernoma cholangiopathy. (a—c¢) Axial (a, b) and coronal (¢) contrast-
enhanced MR images show dilated intrahepatic and extrahepatic bile ducts (arrow) with collaterals
in their walls suggestive of portal cavernoma cholangiopathy. Liver shows enlarged caudate lobe
(asterisk in a) with atrophic segments 2 and 3 (block arrow in a). (d) MRCP image shows non-
visualization of distal bile duct due to long segment stricture (arrow) with dilatation of proximal
bile ducts. Signal voids are seen within the bile ducts (arrowhead) suggestive of calculi

4.3.3 Specific Types of Portal Vein Thrombosis

4.3.3.1 Septic Thrombophlebitis

Septic thrombophlebitis of the portal vein or pylephlebitis occurs when the throm-
bus is associated with a local or regional infection or inflammation [35]. It is a
potentially lethal complication of infective or inflammatory conditions of the
abdominal cavity, with a mortality rate as high as 32% due to the risk of develop-
ment of early sepsis [36]. The thrombus is not bland and contains inflammatory
cells like neutrophils, lymphocytes, macrophages, and eosinophils and the infective
elements like bacteria or fungi. In view of the risk of septicemia and septic emboli,
it is treated as an emergency.

Diagnosis of pylephlebitis may be suspected on USG when the portal vein shows
echogenic contents within the lumen and the liver shows anechoic or hypoechoic
lesions suggestive of abscesses. Imaging with CT scan or MRI is necessary for con-
firming the same. These modalities show thrombus in the portal vein, which may be
associated with thickening and enhancement of its wall (Figs. 4.25 and 4.26)
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Fig. 4.25 CT scan of pylephlebitis due to cholangitis. (a, b) Axial contrast-enhanced CT images
show thrombosis of the portal vein with mild peripheral wall enhancement (black arrow) and air
foci in left portal vein branches (white arrow in a). Multiple hypodense lesions are seen in the liver
(arrowheads in b) suggestive of cholangitic abscesses

Fig.4.26 MRI of pylephlebitis due to cholangitis. (a, b) Axial T2- (a) and T1- (b) weighted MR
images show acute thrombosis of left portal vein (arrow) appearing hyperintense on T2 and mildly
hyperintense on T1-weighted images with wall thickening. (¢, d) Axial diffusion-weighted (¢) and
apparent diffusion coefficient (d) images show restriction of diffusion within the left portal vein
thrombus (arrow). Note cholangitic abscesses in the liver (arrowheads)
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[19, 35]. Other findings include peripherally enhancing lesions in the liver sugges-
tive of abscesses, perfusion abnormalities in the liver parenchyma, and air foci in
the portal vein [37]. More importantly, the primary source of infection or inflamma-
tion is better identified on these imaging modalities and includes pancreatitis, diver-
ticulitis, cholangitis, appendicitis, intra-abdominal or liver abscess, and inflammatory
bowel disease.

4.3.3.2 Malignant Portal Vein Thrombosis

Malignant PVT or now called “tumor in portal vein” indicates extension of a tumor
into the portal vein, most commonly HCC [38]. HCC is an angioinvasive tumor and
up to 33% of cases are associated with extension into the portal vein [39]. Once the
tumor is in the portal vein, it occludes the portal vein leading to a few specific
changes on imaging. Since this condition indicates poor prognosis, it is important to
differentiate tumor in portal vein from bland PVT [40].

USG is usually the initial investigation performed in these patients. USG shows
a heteroechoic material within the lumen of the portal vein causing its distension
(Fig. 4.27) [41]. It is frequently associated with a tumor in the adjacent hepatic
parenchyma. However, the hepatic tumor may not be seen frequently, particularly in
cases of infiltrative HCC. Further, there may be disruption of the outline of the por-
tal vein and invasion of the adjacent structures. CDUSG may show vascularity
within the tumor and helps in the differentiation of a tumor from a bland thrombus
[42]. Use of CEUS further increases the accuracy of this differentiation. On CEUS,
the tumor shows enhancement in the early and/or late phase depending on the type
of the tumor [43].

CT or MRI scan is usually necessary for better characterization of the tumor in the
vein and also to assess the primary lesion in the liver parenchyma [44]. On CT scan, the
tumor in the portal vein shows enhancement in the arterial phase, showing linear enhanc-
ing areas giving the “threads and streaks” appearance (Figs. 4.28 and 4.29) [45, 46]. The

Fig. 4.27 Ultrasonography of malignant portal vein thrombosis. (a) B-mode image shows dilated
portal vein (arrows) filled with echogenic material. (b) Color Doppler image shows foci of internal
vascularity within the thrombus (arrows) suggesting tumor in vein
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Fig.4.28 CT scan of malignant portal vein thrombosis with infiltrative hepatocellular carcinoma.
Arterial (a), venous (b), and delayed (c) phase contrast-enhanced CT images show thrombus in the
left and proximal right portal vein (arrow) with linear and patchy enhancement (threads and
streaks) in the arterial phase and washout in venous and delayed phases suggesting tumor in vein.
An infiltrative variety of hepatocellular carcinoma is seen in the left lobe of the liver (asterisk)

Fig. 4.29 CT scan of malignant portal vein thrombosis with hepatocellular carcinoma. (a—c)
Arterial (a), venous (b), and delayed (¢) phase contrast-enhanced CT images show thrombus in the
right and main portal vein (arrow) with mild linear enhancement (threads and streaks) in the arte-
rial phase and washout in venous and delayed phases suggesting tumor in vein. A rounded tumor
with mild arterial phase enhancement and venous and delayed phase washout is seen in segment 6
(asterisk) of cirrhotic liver suggestive of hepatocellular carcinoma. (d) Coronal venous phase CT
image shows the thrombus in the right and main portal vein (arrow)
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Fig. 4.30 MRI of malignant portal vein thrombosis with infiltrative hepatocellular carcinoma.
(a—c) Axial T2- (a), T1- (b), and diffusion- (c¢) weighted MR images show thrombus in the right
portal vein (arrow) appearing hyperintense on both T1- and T2-weighted images with restriction of
diffusion. (d—f) Arterial (d), venous (e), and delayed (f) phase contrast-enhanced MR images show
enhancing thrombus in the right portal vein (arrow) suggesting tumor in vein. A large infiltrative
variety of hepatocellular carcinoma showing arterial phase hyperenhancement and venous and
delayed phase washout is seen in the right lobe and segments 1 and 4 of liver (asterisk)

tumor is often seen in contiguity to the lesion in the liver parenchyma. The primary
tumor and the tumor in the vein often show similar patterns of enhancement. The
enhancing tumor in vein shows washout in the venous and delayed phases. In cases of
infiltrative HCC, the primary tumor may not be clearly visible and the tumor in vein may
not show enhancement [44]. Further, due to the parenchymal perfusion abnormalities
occurring as a result of occlusion of the portal vein, the primary lesion may not show the
characteristic enhancing features.

MRI is more sensitive than CT scan in the diagnosis of tumor in vein [47]. The
involved vein is dilated and appears hypointense on T1- and hyperintense on
T2-weighted images (Fig. 4.30). The tumor in vein may show diffusion restriction.
However, these described changes on non-contrast MRI may also be seen in bland
thrombus and hence differentiation is not easy [47]. On contrast-enhanced multi-
phasic MRI, the enhancement patterns are similar to that as described under CT
scan [48].

BE-FDG PET/CT has also shown promising results in the differentiation of
malignant from benign PVT. A study has shown that a cutoff value of standardized
uptake value (SUV) of more than 3.35 in favor of tumor in vein has a sensitivity,
specificity, and accuracy of 93.6%, 80%, and 88.9%, respectively [49].
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4.4 Conclusion

PVT is an uncommon complication and is associated with various local and sys-
temic conditions, most common being cirrhosis of the liver. The clinical presenta-
tion is often non-specific. Imaging plays an important role, not only in making the
diagnosis of PVT but also in assessing the extent of thrombosis, its complications,
and the etiology and in planning further management. Although USG is the initial
modality, most of the patients require imaging with either CT scan or MRI for com-
plete evaluation. The imaging findings are different in acute and chronic PVT, and
this differentiation is helpful in management. Septic thrombophlebitis is associated
with high morbidity and mortality and an early imaging diagnosis is necessary.
Tumor in the portal vein is mostly associated with HCC and has imaging features
different from a non-malignant thrombus. Knowledge of these various imaging fea-
tures helps in making an accurate assessment of patients with PVT and in their
judicious management.
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Classification of Non-malignant Portal
Vein Thrombosis

Matthew J. Stotts and Nicolas M. Intagliata

Abstract

When thrombosis of the portal vein occurs, a wide range of symptoms and clini-
cal consequences can be seen. Management decisions can be especially chal-
lenging, as much of the research on portal vein thrombosis (PVT) has been
performed on heterogeneous populations of patients, often with varying degrees
of underlying liver dysfunction, portal hypertension, and clot burden. In this set-
ting, a standardized classification of PVT is especially appealing. While no uni-
versally accepted classification system currently exists, multiple systems have
been proposed over the years.
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5.1 Introduction

Non-malignant thrombosis of the portal vein can lead to a wide range of presenta-
tions and clinical consequences. While some individuals may be completely asymp-
tomatic, others may develop severe abdominal pain in the setting of intestinal
ischemia or symptoms related to worsening portal hypertension and synthetic liver
dysfunction. When occurring in liver transplant candidates, management strategies
range from routine monitoring with serial imaging to performing medical
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interventions in hopes of maintaining portal vein patency, with additional consider-
ations for significant adjustments to surgical technique.

There are multiple potential reasons for this heterogeneity in presentations and
clinical implications, as both patient and thrombus characteristics play important
roles. Portal vein thrombosis (PVT) can vary in regard to the actual location of
thrombus (including if there is extension into the splenic vein and superior mesen-
teric vein), as well as the overall degree of lumen obstruction and whether or not
features of chronicity are present. In addition, patients may have different symp-
toms and complications of portal hypertension. Given that prognosis and treatment
response likely depends on the site, extent, rapidity of development, duration of
thrombosis, and stage of liver disease, the “one-size-fits-all” approach for PVT is
not appropriate, as the risks and benefits of treatment and transplantation likely vary
widely between individuals.

Classically, clinicians classify PVT simply as acute or chronic, which may be an
important consideration as more recently developing PVTs likely have higher rates
of recanalization with anticoagulant therapy [1]. However, determining the time
course in the absence of prior imaging can be very difficult. While cavernous trans-
formation of the portal vein is commonly considered a sign of chronicity, duration
from thrombus formation to cavernous transformation can be as little as 6 days [2].
In addition, symptoms often do not correspond to the duration of thrombosis, as the
thrombus may occur long before symptoms develop.

In this setting, there is a clear need for classification systems to guide clinicians
and researchers in determining the best therapeutic approach for any given patient.
Over the last 30 years, multiple attempts to develop such systems have been made,
each with relative strengths and limitations (see Table 5.1).

5.2  Classification Systems for PVT

PVT was previously considered a contraindication to transplantation due to con-
cerns regarding appropriate portal inflow [3]. As experiences with transplantation
grew, a variety of surgical techniques were described based on the anatomical loca-
tion of the thrombosis and, in this setting, early classification systems were largely
anatomical. Over time, however, attempts were made to incorporate signs of chro-
nicity and functional components in hopes of guiding therapies and understanding
prognoses.

5.2.1 Stieber Classification (1991)

In 1991, while PVT was a major technical hurdle to transplantation, Stieber and
colleagues published a series of 34 subjects with PVT who were successfully trans-
planted between April of 1986 and October of 1989 [4]. These individuals under-
went intraoperative cannulation of either the ileocolic or the inferior mesenteric
vein and a venogram was performed to determine the extent of thrombosis. The
thrombosis was then classified as follows:
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. Type A: segmental involvement of the main portal vein

. Type B: involvement of the main portal vein and superior mesenteric vein

3. Type C: more extensive involvement including the splenic vein and inferior mes-
enteric vein

DN =

The authors described various techniques used to treat the different forms of
thrombosis encountered and provided an algorithm for surgically managing these
patients, including suggestions for when to perform a direct dissection and anasto-
mosis, when to perform a jump graft, and when to manage with declotting and
anticoagulation. Given the focus on surgical implications, this classification system
was primarily anatomic and only accounted for the site (which venous segment was
involved) and extent (the length affected) of thrombosis. It did not account for the
grade of thrombosis (i.e., if it was occlusive), the duration of thrombosis, the pres-
ence of associated symptoms, or a quantitative measurement of clot burden.

Importantly, this was the first proposed classification system for PVT and the
authors of the study provided evidence that individuals with thrombosis in the portal
system could be technically transplanted, as their overall survival rate was 67.6%
(23 of 34 subjects). Survival did vary by the extent of thrombosis, as those with
thrombosis of the portal vein only had a survival rate of 73.9% (17/23), compared
to 54.5% (6/11) with more extensive thrombosis.

5.2.2 Nonami Classification (1992)

In an attempt to describe the incidence of PVT in liver transplant recipients (as well
as potential risk factors), Nonami and colleagues examined their experiences trans-
planting 885 patients with end-stage liver disease between 1989 and 1990 [5]. Of
these 885 patients, they described 14 patients (1.4%) who had thrombosis of the
intrahepatic portal vein branches (defined as grade 1 thrombosis), 27 patients (3.2%)
who had thrombosis of the right or left portal branches or at the bifurcation (defined
as grade 2 thrombosis), 27 patients (3.2%) who had partial obstruction of the portal
vein trunk (defined as grade 3 thrombosis), and 49 patients (5.8%) who had com-
plete obstruction of the portal vein trunk (defined as grade 4 thrombosis). In this
large cohort, they showed that a significant proportion of those undergoing trans-
plantation had some degree of PVT (13.8%) and described higher incidences of
PVT in those with primary hepatic malignancy, chronic encephalopathy, and refrac-
tory ascites.

Similar to its predecessor, this scoring system was primarily anatomic with a
focus on surgical implications—specifically if a standard end-to-end portal vein
anastomosis was feasible or if additional methods, such as a vein graft (specifically
a jump graft or interpositional graft) or thromboembolectomy, may be required.
There were no considerations for underlying liver disease, associated symptoms,
features of chronicity, or quantitative measurements to assess treatment response.
An additional limitation was its focus only on the portal vein without considerations
for extension into the splenic vein or superior mesenteric vein.
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5.2.3 Gayowski et al. (1996)

In another study, 88 consecutive patients at a Veterans Administration Medical
Center were reviewed, 23 of whom had PVT [6]. When comparing those with and
without PVT, no association was found between PVT and etiology of underlying
liver disease, age, Child—Turcotte—Pugh score, or prior abdominal surgery. The
authors did not find differences in patient survival among those with or without
PVT, although graft survival was lower (65% vs. 86%) and intraoperative blood loss
was higher (median 21 units of PRBCs vs. 14 units) in the cohort with PVT.
PVT was classified according to its surgical implications, as follows:

1. Grade 1—partial thrombosis of the main portal trunk extending to or below the
confluence with residual flow

2. Grade 2—complete thrombosis of the main portal trunk, not extending to the
confluence of the superior mesenteric and splenic veins

3. Grade 3—complete thrombosis of the main portal trunk extending to the
confluence

4. Grade 4—complete thrombosis of the main portal trunk extending below the
confluence

This scoring system was used to determine surgical technique, with thrombec-
tomy and standard end-to-end anastomosis in the 10 patients with grades 1 and 2
thrombosis versus reconstruction with jump grafts or interposition grafts in those
with grades 3 and 4 PVT. Similar to its predecessors, this classification system did
not account for any features of chronicity, the presence of associated symptoms, or
a means to quantitatively measure clot burden.

5.2.4 Yerdel Classification (2000)

Of all the classification systems that have been proposed, perhaps the best known
and most widely used one is that proposed by Yerdel and colleagues [7]. In their
study, they described 63 operatively confirmed PVT in a series of 779 adult liver
transplantations from 1987 to 1996. PVTs were retrospectively graded as follows:

1. Grade 1—thrombus at the main portal vein affecting less than half of the lumen
(with or without minimal extension into the superior mesenteric vein)

2. Grade 2—thrombus affecting more than half of the portal vein lumen including
complete thrombosis (with or without minimal extension into the superior mes-
enteric vein)

3. Grade 3—complete PVT plus thrombosis extending to the proximal superior
mesenteric vein

4. Grade 4—complete PVT plus complete thrombosis of the superior mesen-
teric vein



5 Classification of Non-malignant Portal Vein Thrombosis 71

They similarly described the surgical approaches taken, including low dissection
and/or thrombectomy for grades 1 and 2, using the distal superior mesenteric vein
as an inflow vessel (usually via interposition of donor iliac vein) for grade 3, and a
splanchnic tributary or a thrombectomy for grade 4. Given that this classification
was also designed to guide management decisions in surgical procedures, it was
similar to prior classification systems in that it did not account for features of chro-
nicity, the presence of symptoms, or a means to provide a quantitative measurement
of clot burden to monitor treatment response.

Notably, this classification system has been shown to have prognostic value in
those undergoing liver transplantation. In the initial study, the authors noted that
those with grade 1 PVT had similar survival compared to controls (5-year patient
survival of 86%), whereas those with grades 2, 3, and 4 PVT had reduced survival.
In a subsequent meta-analysis, pooled data from ten studies reported that 30-day
mortality was higher in those with grade 4 thrombosis [8].

5.2.5 Jamieson Classification (2000)

In the same year, an additional classification attempted to describe PVT from a
practical viewpoint, specifically describing cases based on anatomical locations and
their surgical implications [9]. Cases were broken down based on features including
thrombosis confined to the portal vein beyond the splenomesenteric confluence,
thrombosis extending into the proximal superior mesenteric vein with a patent ves-
sel in the mesentery, diffuse thrombosis of the splanchnic system with large acces-
sible collaterals, and extensive thrombosis with only fine collaterals. The relevant
surgical techniques for each were then described, ranging from thrombectomy to
jump graft to multivisceral transplantation.

This classification again focused on anatomical considerations and the associ-
ated surgical implications. While it did account for the site, grade, and extent of
thrombosis, it was similar to prior scoring systems in that it did not consider any
features of chronicity, the presence of associated symptoms, or a means to quantita-
tively measure the clot burden for monitoring treatment response.

5.2.6 Charco et al. (2005)

In a review on PVT in the setting of liver transplantation, authors similarly sug-
gested that PVT could be classified practically to guide surgical management [10].
In it, they proposed a similar PVT classification, as follows:

1. Thrombosis confined to the portal vein (partial or complete)

2. Thrombosis extending to the proximal portion of the superior mesenteric vein
with permeability of the mesenteric confluence

Diffuse thrombosis of the splanchnic system (with dilated collaterals)

4. Diffuse thrombosis with the presence of fine collateral veins

(O8]
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While accounting for the site, grade, and extent of thrombosis, this classification
system was again designed to direct surgical interventions and did not account for
features of chronicity, the presence of symptoms, or a means to quantitatively mea-
sure clot burden.

5.2.7 Baueretal.(2006)

In an attempt to study the efficacy and clinical outcomes of transjugular intrahepatic
shunt (TIPS) in individuals with PVT and cirrhosis eligible for liver transplantation,
nine consecutive patients undergoing elective TIPS to maintain portal vein patency
prior to transplantation were described [11]. The authors described successful
placement of TIPS in all nine patients without complication, with eight of the nine
patients having improvement in thrombosis at follow-up. To determine treatment
efficacy, they estimated clot burden in the portal, mesenteric, and splenic veins at
the time of their procedure as well as at follow-up, grading thrombosis in each seg-
ment as follows:

. Grade I: less than 25% of lumen occluded
. Grade II: 26-50% of lumen occluded

. Grade III: 51-75% of lumen occluded

. Grade IV: 76-100% of lumen occluded

O R

While this classification system did not consider the presence of underlying
symptoms and was limited by difficulties precisely determining the degree of occlu-
sion, it was unique in that it provided a means to quantitatively measure clot burden,
allowing for therapeutic monitoring.

5.2.8 Maetal.(2014)

In a cohort of 60 patients (24 of whom had cirrhosis), researchers from China
attempted to classify PVT using contrast-enhanced computed tomography over a
7-year period from 2005 to 2012 [12]. Two radiologists reviewed images to evaluate
the location of thrombus and the presence of portal cavernoma and, using an image
analysis program, determined the degree of occlusion of the portal vein, superior
mesenteric vein, and splenic vein. Thrombosis was defined as complete when it
reached 90% of the area of the vein lumen at the point of maximum thrombosis.
They then suggested a classification based on the presence of cavernous transforma-
tion and complete thrombosis, as follows:

1. Type I—partial PVT without cavernoma

2. Type l—partial PVT with cavernoma

3. Type lll—complete PVT without cavernoma
4. Type IV—complete PVT with cavernoma
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In it, the authors highlight the rationality of this classification system, including
the absence of ambiguous variables (such as pain) and potentially allowing easier
treatment considerations based on classification. While the study did consider quan-
titative measurements for the burden of thrombosis, the final proposed classification
system did not include the presence of symptoms, whether the thrombosis extended
into other venous segments, or specific parameters quantifying the burden of throm-
bosis beyond complete or partial.

5.2.9 Sarinetal.(2016)

In the setting of the lack of a universally accepted classification system for PVT in
cirrhosis, Sarin and colleagues published an editorial that aimed to provide a clas-
sification system assessing both the structural and functional components of throm-
bosis [13]. They argued for the importance of considering the precise clinical
context whenever PVT occurs, including considerations for the anatomical location
of the thrombosis as well as the underlying liver disease, the associated symptoms,
and the duration of thrombosis.

In this setting, the authors proposed a comprehensive scoring system. They rec-
ommended the following classifications regarding the site of PVT:

. Type 1—only the trunk

. Type 2a—only one branch

. Type 2b—two branches

. Type 3—the trunk and branches

O R

Regarding the degree of portal venous system occlusion, they recommended the
following:

1. O—occlusive
2. NO—non-occlusive with flow visible on imaging

For the duration and presentation, thrombosis was classified as:

. R—recent (described as asymptomatic and symptomatic)

. Ch—chronic (described as asymptomatic and symptomatic)
. S—symptomatic

. As—asymptomatic

N R

And regarding the extent of portal vein system occlusion, they recommended the
following:

1. S—splenic vein
2. M—mesenteric vein
3. SM—both
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In addition, they recommended describing the type and presence of underlying
liver disease, including individuals with cirrhosis or non-cirrhotic liver disease,
those who had previously undergone liver transplantation, and those with hepatocel-
lular carcinoma.

While this proposed classification is likely more burdensome than many of the
prior ones described, it is unique in that it accounts for both patient and thrombus
characteristics and could potentially allow both clinicians and researchers to clas-
sify patients more uniformly. By doing so, it offers the potential for recruiting
homogenous groups of patients which could ultimately allow an improved under-
standing of natural histories and treatment efficacies.

53 Conclusion

Over the last 30 years, multiple classification systems for PVT have been proposed,
ranging from primarily anatomical systems to guide surgical management (Stieber,
Nonami, Gayowski, Yerdel, Jamieson, Charco), to ones quantifying the proportion
of lumen obstructed to determine treatment response (Bauer, Ma), to a much more
comprehensive system evaluating both functional and anatomical components of
thrombosis (Sarin). Given the heterogeneity of presentations and clinical conse-
quences, there is a clear need to determine the natural history of PVT and the risks
and benefits of potential therapies in different subpopulations of patients. With
improvements in imaging modalities (including computed tomography or magnetic
resonance angiography), clinicians and researchers may have opportunities to quan-
tify the volume of PVT (and of the remaining lumen) in specific patients, potentially
allowing assessment of treatment response and limiting the need to strictly classify
patients. To date, there is no universally accepted classification system or strategy to
quantify thrombosis that is widely used in clinical practice.
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Abstract

Portal vein thrombosis (PVT) is usually associated with cirrhosis with reduced
hepatic reserve. PVT sometimes has a natural history of spontaneous disappear-
ance or shrinkage, but in other cases, PVT volume increases and portal vein
blood flow is impaired, which reduces hepatic reserve causing portal hyperten-
sion, increased ascites, variceal exacerbation, and bleeding. Prognosis often does
not differ between cases with and without PVT. In patients awaiting liver trans-
plantation, the consensus recommendation for PVT is anticoagulant therapy,
given that thrombus affects outcome and prognosis post-transplantation.
Prophylactic low molecular weight heparin may prevent complicating PVT in
patients with cirrhosis and delaying the progression to liver failure. However, it
is not clear whether PVT affects prognosis directly. In terms of the effects of
PVT on varicose veins (e.g., in the esophagus), variceal bleeding may occur and
endoscopic treatment takes time. Thus, prevention and treatment of PVT may
improve prognosis in patients with cirrhosis. Large-scale prospective studies of
PVT and treatment are needed to clarify the types and effects of PVT on liver
cirrhosis prognosis and identify good treatment targets.
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6.1 Impact of Portal Vein Thrombosis on Liver
Decompensation and Prognosis

The appearance of portal vein thrombosis (PVT) is typically caused by three factors
that may contribute to the progression of liver cirrhosis: stagnation of portal vein
blood flow due to liver cirrhosis, abnormalities of various coagulation factors, and
vascular endothelial damage. Alternatively, the appearance of thrombus may be a
result of advanced liver cirrhosis or abnormal portal vein blood flow.

In Case 1, contrast-enhanced computed tomography (CECT) showed the appear-
ance of PVT incidentally. There were no subjective symptoms, ascites, or changes
in Child-Pugh score. The PVT disappeared after a short period of anticoagulant
therapy (Fig. 6.1).

Case 2 was a patient with alcoholic liver cirrhosis and rupture of esophageal vari-
ces | year after endoscopic variceal ligation (EVL). CECT at that time revealed the
appearance of PVT for the first time. At the same time, an increase in ascites was
observed clinically. After hemostasis of the varicose vein, anticoagulant therapy
was instituted, following which the PVT disappeared and ascites decreased
(Fig. 6.2).

In Case 3, PVT was initially reduced following anticoagulant therapy, but the
therapy was discontinued due to abnormal bleeding. Three years later, cavernous
transformation occurred, pleural effusion and ascites worsened, and liver failure
progressed (Fig. 6.3).

It can be seen then that the clinical course of PVT varies from case to case, and
short-term observation of individual cases cannot conclusively determine whether
PVT worsens the prognosis of liver cirrhosis. It is also unclear in the long term
whether the appearance of PVT associated with advanced liver cirrhosis markedly
influences the natural course of liver cirrhosis or whether it is itself the result of
advanced liver cirrhosis. Opinions vary as to whether or not PVT affects the clini-
cal course.

Fig.6.1 (a) Thrombus first appeared from the portal vein extending to the intrahepatic portal vein,
but with no ascites or subjective symptoms. (b) This resolved with anticoagulant therapy
after 2 weeks
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Fig. 6.2 (a) Ruptured esophageal varices, with bleeding stopped with ligation. (b) Thrombus in
the main portal vein. (¢) Decreased ascites after the thrombus disappeared

5700 9 488

Fig. 6.3 (a) Thrombus on initial appearance in the main trunk of the portal vein. (b) Thrombus
disappeared after 3 months following anticoagulant therapy; (c) 3 years after anticoagulant therapy
was discontinued due to abnormal bleeding, collateral circulation developed with evidence of pleu-
ral effusion and ascites

To clarify this issue, a prospective study was conducted in which 1243 cases of
liver cirrhosis were thoroughly observed for about 4 years using Doppler ultrasound
to detect the appearance of PVT and progression of liver disease. In total, 118 sub-
jects had newly developed PVT, and the 5-year cumulative incidence was 10.7%.
Seventeen developed completely obstructive PVT, and 14 progressed from partial
thrombosis to complete obstruction. Eighty-seven were non-obstructive and partial
thrombosis, which disappeared in 70% of cases at follow-up. Progression of liver
disease was observed in 52 of the 118 cases, while exacerbation occurred before the
appearance of thrombus in 23 cases. Conversely, the thrombus appeared at the same
time in five cases, and exacerbation occurred after the appearance of the thrombus
in 24 cases. It was concluded that progression of liver disease was independently
associated with baseline age, body mass index, prothrombin time, serum albumin,
and esophageal varices, but not PVT [1]. In a study of 150 patients with viral hepa-
titis associated with cirrhosis followed up using Doppler ultrasonography, 42 (28%)
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developed PVT, with a cumulative incidence of 12.8% per year and 20% in 5 years
[2]. Thrombosis progressed in 7.2%, remained unchanged in 45.2%, and improved
spontaneously in 47.6%. Cumulative survival rates were similar between the throm-
botic and non-thrombotic groups. In a study of 42 patients with untreated partial
extrahepatic PVT associated with cirrhosis and followed for an average of
27 months, PVT worsened in 48% of patients and improved in 45% [3]. There was
no clear association between PVT progression and clinical outcome, and the base-
line Child-Pugh score was the only independent predictor of survival or liver
decompensation.

In each of these prospective observational studies, PVT was noted in some of the
patients with cirrhosis. It has become clear that the volume of thrombus does not
always increase; it may spontaneously shrink in some cases. In addition, individual
studies concluded that the appearance of thrombus did not influence prognosis in
patients with cirrhosis, and baseline liver reserve was associated with more advanced
cirrhosis. Thus, PVT is believed to be the result, not the cause, of liver failure
progression.

Conversely, the results of a meta-analysis involving 2436 cases in three studies
reported that PVT was significantly associated with both mortality and decompen-
sated ascites (Fig. 6.4) [4].

In the pathology of PVT, the original portal vein blood flow is finally occluded
and collateral blood circulation, such as cavernous transformation, develops in
cases where the lesion is partial (mural) and then disappears spontaneously. Previous
studies include such cases, so the thrombus does not affect portal blood flow and
cirrhosis to the same extent in all cases. As such, no unifying conclusions can be
drawn from these studies.

In an interesting randomized controlled trial that examined the effectiveness of
prophylactic anticoagulant therapy for primary prevention of PVT in patients with
cirrhosis, the results suggest that the appearance of thrombus contributes to progres-
sion of cirrhosis [5]. Patients with cirrhosis with Child-Pugh scores 7-10 were ran-
domly assigned to a treatment group (n = 34) administered the low molecular weight
heparin enoxaparin twice daily for 48 weeks or an untreated control group (n = 36).
The incidence of PVT was significantly lower in the enoxaparin group than in the
control group, at 0% vs. 16.6% at 48 weeks, 0% vs. 27.7% at 96 weeks, and 8.8%
vs. 27.7% at 192 weeks, respectively. The decompensation rate was 11.7% in the
enoxaparin group and 59.4% in the control group, and the survival rate was also

PVT No PVT Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95%ClI M-H, random, 95%CI
Englesbe et al 81 148 1171 3147 54.8% 2.04 (1.46, 2.84) -
John et al 24 70 64 220 29.7% 1.27 (0.72, 2.26) —-—
Maruyama et al 9 42 21 108 15.4% 1.13(0.47,2.72) —_—
Total (95%Cl) 260 3475 100.0%  1.62(1.11,2.36) >
Total events 114 1256 | | | |
Heterogeneity: Tau? = 0.04; x> = 2.96, df =2 (P = 0.23); P = 32%
S — 0.01 0.1 1 10 100

Test for overall effect: Z=2.50 (P = 0.01) Favours no PVT Favours PVT

Fig. 6.4 PVT and mortality. PVT is associated with an increased pooled risk of death in the
absence of significant heterogeneity. (Reproduced from [4])
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treated patients. (Reproduced from [5])

excellent in the enoxaparin group (Fig. 6.5). This study clarified that in patients with
advanced liver cirrhosis, the absence of PVT had a better effect on delaying progres-
sion to liver failure and prognosis, even after short-term observation. However, the
authors of the study hypothesized that differences in liver decompensation were not
solely due to PVT, and that enoxaparin administration contributed to improved
intestinal microcirculation and enterocytic damage, leading to reduced bacterial
translocation. Whatever the cause, the fact that anticoagulant therapy prevented
PVT, resulting in improved prognosis, had a major impact on subsequent treat-
ment of PVT.

Thus, prognosis for all cases with PVT was not necessarily worse than for those
without PVT. However, it was confirmed that the appearance of PVT is associated
with poor prognosis of liver cirrhosis. Therefore, a larger and more detailed clinical
study is required to clarify the type of PVT cases that carries a poor prognosis.

6.2 Impact of PVT on Liver Cirrhosis-Related Complications

Esophagogastric varices are a typical complication of cirrhosis, and ruptured vari-
cose veins have a prognostic impact. The presence of PVT is thought to increase
portosystemic shunt flow and worsen varices. Because the bleeding rate from vari-
ces is higher when cirrhosis is complicated by PVT than when it is not, it is recom-
mended that esophageal varices be evaluated by endoscopy [6]. In a meta-analysis
by Loffredo et al. [ 7], four studies involving 158 patients showed significantly lower
variceal bleeding rates in patients receiving anticoagulants for PVT than in controls,
suggesting that the presence of thrombus may cause bleeding varicose veins
(Fig. 6.6¢). Regarding the outcomes of treating varices associated with PVT, a ret-
rospective study examined the effect of endoscopic varicose vein ligation (EVL)
[8]. Twenty-two cases of thrombosis required 50.9 days for varices to disappear,
which was longer than the 43.4 days in cases without thrombosis. This suggests that
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Fig. 6.6 (a) Meta-analysis of studies investigating complete recanalization of PVT according to
anticoagulant treatment. (b) Meta-analysis of studies investigating progression of PVT according
to anticoagulant treatment. (¢) Meta-analysis of studies investigating variceal bleeding according
to anticoagulant treatment. (Reproduced from [7])

EVL has no effect on recurrence of varices and can be performed without problems
in patients with PVT.

Intestinal infarction is a rare complication associated with PVT, but it should be
noted that it presents with serious symptoms. The occurrence of infarction is thought
to be associated with complete occlusion of venous outflow and the contraction and
occlusion of reflex arteries, in which the mesenteric arch does not function as a col-
lateral pathway [9]. Many prospective studies of PVT do not report on the develop-
ment of intestinal infarction. In a multicenter retrospective study that followed 173
cases of PVT for 2.5 years, intestinal ischemia or infarction led to intestinal resec-
tion in 3% of cases [10]. However, in this study, the majority of cases did not have
liver disease, so intestinal infarction may occur less frequently in cases of liver cir-
rhosis. When symptoms of abdominal pain and diarrhea are observed in a case of
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PVT, it is necessary to evaluate intestinal blood flow using CECT. Special attention
should be paid to cases of thrombosis that progress to rapid and complete obstruc-
tion or to cases of thrombosis in the distal mesenteric vein. In addition, because
intestinal ischemia is a pathological condition with poor prognosis leading to mul-
tiple organ failure, patients with a history of intestinal ischemia may be eligible for
continuous anticoagulation therapy [9, 11].

6.3 Impact of PVT on Liver Transplantation

Liver transplantation is an effective treatment for cirrhosis, but its outcome can be
adversely affected by PVT, and in this respect the prognosis of liver cirrhosis can
also be affected. A retrospective study of liver transplant cases from 2002 to 2013
found that 3321 out of 48,570 initial liver transplants, PVT occurred in 6.8%.
Complications of PVT were independently associated with 90-day mortality as well
as age and Model For End-stage Liver Disease score. PVT was also associated with
graft failure after transplantation (Fig. 6.7). The presence of PVT was not associated
with reduced transplant rates or death from exclusion from the transplant list. There
were many cases in which PVT was confirmed for the first time during liver trans-
plantation, and other cases in which thrombosis appeared during the waiting period.
Fatty liver, obesity, diabetes, and ascites were risk factors for PVT during the wait-
ing period [12]. In a meta-analysis of 44 studies on PVT and prognosis after liver
transplantation, of 98,257 liver transplants, PVT occurred in 7257 (7.3%). The mor-
tality rate at 30 days post-transplantation was 13% in patients with thrombosis and
they had a poorer prognosis than the 7% of patients with no thrombosis. The mortal-
ity rate after 1 year was also similar; 13.5% of patients had thrombosis and a poorer
prognosis than 9.9% with no thrombosis. Also, patients with complete thrombosis
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Fig. 6.7 Kaplan-Meier curves for (a) patient and (b) graft survival after liver transplantation in
patients with PVT (black line) and without PVT (gray line), comparisons performed using the log-
rank test. Vertical lines correspond to the 90-day timepoint after liver transplantation. (Reproduced
from [12])
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had significantly worse prognosis than those with partial thrombosis, especially in
relation to the 30-day mortality rate [13]. The EASL guidelines recommend antico-
agulant therapy for PVT while liver transplant candidates await transplantation [11].

In order to prevent deterioration of liver transplantation outcomes due to PVT, it
is necessary to establish measures against PVT while awaiting transplantation.

6.4  Effect of PVT Therapy on Liver Cirrhosis

There is still no clear evidence for the prognostic impact of treating PVT and its
treatment remains controversial. Historically, evidence for the management of PVT
in cirrhosis is of relatively poor quality, so there is urgent need for high levels of
evidence for using high-risk anticoagulant therapy [14].

Therefore, while guidelines encourage consideration of anticoagulant therapy
for cases awaiting liver transplantation and those with a history of bowel infarction,
other treatment strategies and methods for PVT are still under discussion. The
results of relatively small studies of anticoagulant therapies, such as warfarin and
heparin and low molecular weight heparin, are well documented. In a meta-analysis
of 353 cases included in eight studies comparing untreated and anticoagulant-
treated cases, recanalization rates were 42% in the untreated group and 71% in the
treated group, which was also complete recanalization [7]. The recanalization rate
was also higher in the treatment group, at 53% compared with 33% in the untreated
group (Fig. 6.6a, b). It has also been reported that there is no significant increase in
hemorrhagic complications.

A study on the prevention of PVT with the anticoagulant enoxaparin was shown
to yield good results in terms of hepatic reserve and prognosis [5]. However, the
impact of treatment for evolving PVT on prognosis remains unclear. We investi-
gated therapeutic efficacy and prognosis in 52 cases (Child-Pugh classification:
A:13, B:25, C:14) who were administered with the low molecular weight heparin
danaparoid sodium for 14 days [15]. Danaparoid sodium catalyzes inactivation of
factors Xa (FXa) and thrombin. The volume of PVT was measured by CECT before
and after treatment, and cases in which the volume was reduced by 75% or more
compared with that before treatment were designated effective. PVT volume was
significantly decreased from 6.1 £ 8.9mL to 2.5 + 7.4 mL; effective cases comprised
53.8%. In patients with low blood antithrombin (AT) activity, the effective rate was
increased by increasing AT activity to 70% or more by combining AT preparations
with danaparoid sodium. In all 52 cases, better prognosis was seen in Child-Pugh
class A cases than in Child-Pugh class B and C cases. When limited to 39 cases of
Child-Pugh class B and C, prognosis in the effective cases was 2262 days, which
was significantly better than the 818 days in the non-effective cases (Fig. 6.8).

The therapeutic effect was an independent prognostic factor that was not
affected by HCC, and no hemorrhagic complications were observed. Similarly,
in 90 patients who used danaparoid sodium (Child-Pugh score 5-12 points,
median 7 points), the 1-year survival rate was 83% and the 3-year survival rate
was 60% [16]. Prognosis was significantly better in patients who achieved
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Fig. 6.8 Prognosis of cirrhosis patients with PVT. (a) Comparison by hepatic reserve capacity:
patients with compensated cirrhosis (Child-Pugh class A, n = 13) show significantly better progno-
sis than those with decompensated cirrhosis (Child-Pugh class B and C, n = 39; P = 0.0127). (b)
Comparison by treatment effect: no significant difference is seen between the effective group
(n = 28) and ineffective group (n = 24; P = 0.7128). (¢) Comparison by presence of hepatocellular
carcinoma (HCC): no significant difference is seen between presence of HCC (n = 21) and absence
of HCC (n = 31; P = 0.0618). (d) Comparison by treatment effect in Child-Pugh class B and C
decompensated cirrhosis: effective group (n = 20) shows significantly better prognosis than inef-
fective group (n = 19; P = 0.0179). (Reproduced from [15])

complete disappearance of PVT due to treatment compared to partial responders
or non-responders. Prognosis was good for patients without HCC. Recently, the
results on the use of direct oral anticoagulants (DOACs) have begun to be
reported. Edoxaban, which is a DOAC, has the effect of inhibiting FXa similarly
to danaparoid sodium, but it does not require AT. When either warfarin or edox-
aban was given as maintenance therapy for 6 months after induction therapy
with danaparoid sodium, edoxaban was superior to warfarin in reducing throm-
bosis [17]. On the other hand, hemorrhagic complications were observed in 15%
of edoxaban users and 7% of warfarin users.

Although retrospective in design, the results showed that the better the thrombo-
sis reducing effect, the better the prognosis of patients with PVT. On the other hand,
it must be recognized that anticoagulant therapy given with the aim of improving
prognosis can pose a risk of worsening prognosis. Large-scale randomized con-
trolled trials are needed to determine whether treatment of PVT can really improve
prognosis and which cases are good candidates for treatment.
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6.5 Conclusions

In this chapter, we have discussed the effects of PVT on the clinical course and
prognosis of liver cirrhosis. In some cases of PVT, the thrombus is partial and
asymptomatic, spontaneously disappears, and has no significant effect on short-
term prognosis. Conversely, in many cases after the appearance of PVT, ascites
increases, variceal bleeding ensues, and liver failure progresses, resulting in poor
prognosis. Differences in the course of PVT are thought to result from differences
in the balance and severity of the three factors (i.e., portal vein blood flow stagna-
tion, abnormal coagulation factors, and vascular endothelial damage). Shrinkage of
PVT after anticoagulant therapies well correlates with favorable prognosis. Although
prevention of PVT by anticoagulants may benefit cirrhosis patients (by improving
intestinal microcirculation and inhibiting bacterial translocation), it is unrealistic
to target all cases of cirrhosis. Future large-scale, long-term prospective studies
should clarify the impact of PVT on cirrhosis and when and what therapeutic inter-
vention is safe and effective.
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Anticoagulation for Nontumoral Portal
Vein Thrombosis

Carlos Noronha Ferreira

Abstract

The development of portal vein thrombosis (PVT) is explained by Virchows triad
which includes genetic and acquired prothrombotic factors, a decrease in the
velocity of blood flow and alteration in the endothelium of the portal vein.

Acquired or genetic systemic thrombophilic factors are identified in nearly
60-70% of patients with noncirrhotic PVT and local factors in 30-40%. It is now
clear that patients with cirrhosis, specially those with decompensated cirrhosis
(Child-Pugh class B and C), have a prothrombotic tendency. Acute PVT usually
presents with abdominal or lumbar pain of sudden onset but may be paucisymp-
tomatic or an incidental finding in partial thrombosis, which is often the case in
patients with cirrhosis. There is a trend for earlier recognition of PVT at an acute
stage rather than the stage of cavernoma. In patients with chronic PVT, bleeding
due to ruptured varices may be the presenting feature.

The aim of anticoagulant therapy in acute PVT is to recanalize obstructed
veins and prevent intestinal ischemia. Anticoagulation should be started as soon
as possible in both patients with and without cirrhosis who develop nontumoral
PVT. In patients with chronic PVT and those with underlying cirrhosis, upper
gastrointestinal endoscopy prior to starting anticoagulation should always be
performed to screen for large esophageal and/or gastric varices with high risk
stigmata for bleeding and adequate prophylaxis of variceal bleeding started if
indicated. Vitamin K antagonists and direct oral anticoagulants are both effective
in noncirrhotic patients and those with compensated cirrhosis who develop non-
tumoral PVT. In patients with decompensated cirrhosis, low molecular weight
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heparin may be maintained with doses adjusted for thrombocytopenia and con-
comitant renal failure.

Anticoagulation should not be stopped in patients with genetic or aquired
thrombophilic conditions and those with concomitant superior mesenteric vein
thrombosis. In patients with cirrhosis and notumoral PVT, anticoagulation
should be preferably maintained in those on liver transplant list and should be
considered also in those who tolerate anticoagulation without adverse events to
avoid rethrombosis.
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7.1 Introduction

The pathophysiology of portal vein thrombosis (PVT) is explained by Virchows
triad which is characterized by alteration in the endothelium of the portal vein,
genetic and acquired prothrombotic factors and a decrease in the velocity of
blood [1-3].

An acquired or genetic systemic thrombophilic factor is identified in nearly
60-70% of patients with noncirrhotic PVT and local factors in 30-40% [2-4].
Contrary to previously held beliefs, it is now clear that patients with cirrhosis, espe-
cially those with decompensated cirrhosis (Child-Pugh class B and C), have a pro-
thrombotic tendency [1, 5, 6]. The severity of cirrhosis and that of portal hypertension
as reflected by a history of prior decompensations of cirrhosis and thrombocytope-
nia predict the development of PVT in cirrhosis [4, 7].

Acute PVT usually presents with abdominal or lumbar pain of sudden onset and
in the absence of sepsis, a systemic inflammatory response syndrome (SIRS) may
be present [8, 9]. PVT may be paucisymptomatic or an incidental finding in partial
thrombosis which is often the case in patients with cirrhosis [4, 8, 9]. There is a
trend for earlier recognition of PVT at an acute stage rather than the stage of caver-
noma [4]. Rarely, bleeding due to ruptured varices may be the presenting feature in
chronic PVT also termed as portal cavernoma [4].

The aim of anticoagulant therapy in acute PVT is to recanalize obstructed
veins and prevent intestinal ischemia [4]. The decision for initiating anticoagu-
lation in patients with noncirrhotic acute PVT is usually more straightforward
and should be done as soon as the diagnosis is confirmed [10]. However, in
patients with cirrhosis who develop PVT, prior to initiating anticoagulation, it is
crucial to confirm the diagnosis and rule out tumoral invasion of PVT by hepa-
tocelular carcinoma (HCC) as well as determine the extent and degree of lumi-
nal occlusion of the portal vein and involvement of the superior mesenteric
(SMV) and splenic veins [3]. Transient and partial PVT in patients with
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cirrhosis have been found in majority of patients who develop PVT and this is
unlikely to have an impact on blood perfusion of the liver [4, 9].

7.2  Clinical Reality of Anticoagulation in Patients
With and Without Cirrhosis

After detection of PVT with abdominal ultrasound, in both patients with and with-
out cirrhosis, cross-sectional imaging with angio CT scan and/or MRI is recom-
mended to determine the extent and degree of luminal occlusion of PVT, detect
involvement of the SMV and splenic veins, and exclude HCC as well as detect local
factors, such as acute diverticulitis or colon cancer, and features suggestive of non-
cirrhotic chronic PVT, including collateral circulation, enlarged caudate lobe and
atrophic left lateral segment or right liver [3, 8].

Unfortunately, patients often do not receive adequate cross-sectional imaging at
diagnosis of PVT due to lack of awareness of the treating physician of the impor-
tance of cross-sectional imaging and the fear of renal toxicity due to intravenous
iodine based contrasts in patients with advanced cirrhosis and concomitant renal
failure [11]. This ultimately results in underestimation of concomitant SMV throm-
bosis and inadequate baseline evaluation of the extent and degree of luminal occlu-
sion of PVT [11, 12].

7.2.1 Noncirrhotic Nontumoral PVT

In noncirrhotic acute PVT, patients who do not recanalize the portal vein on antico-
agulation may develop varices as early as 1 month after initial clinical symptoms,
highlighting the importance of early diagnosis and institution of anticoagulation as
well as endoscopic screening for varices within 1 year of PVT detection [13].
Successful recanalization of PVT depends on early initiation of anticoagulant ther-
apy, and patients who do not receive anticoagulation are unlikely to develop recana-
lization [3].

7.2.2 Cirrhotic Nontumoral PVT

In patients with cirrhosis, de novo nontumoral PVT is incidentally detected in one
third of the patients and is partial in more than two thirds of patients. In addition, it
may be transient and disappear spontaneously in up to 70% of patients [4, 7, 12]. In
reality, patients with cirrhosis and those with a prior history of variceal bleeding
who develop nontumoral PVT are significantly less likely to receive anticoagulation
[11, 12]. This is due to the misconception that these patients are naturally anticoagu-
lated and also due to the belief that there is a higher risk of bleeding on anticoagula-
tion, both of which have been shown to be unfounded [12, 14].
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7.3 Indications for Anticoagulation in Nontumoral Portal
Vein Thrombosis

Patients with chronic noncirrhotic nontumoral PVT and those with both acute and
chronic PVT in the context of underlying cirrhosis, after adequate cross-sectional
imaging with CT scan or MRI, should undergo upper gastrointestinal endoscopy to
screen for large esophageal and/or gastric varices with high risk stigmata for bleed-
ing and adequate primary or secondary prophylaxis of variceal bleeding either with
non-selective beta blockers (NSBB) or endoscopic band ligation (EBL) when indi-
cated [3, 8, 15]. The potential benefits and risks of anticoagulation in patients with
and without cirrhosis and nontumoral PVT are shown in Fig. 7.1.

7.3.1 Noncirrhotic Nontumoral PVT

In patients without cirrhosis, PVT can present acutely with or without symptoms or
after chronic progression of thrombosis that leads to development of varices due to
resulting portal hypertension [3]. In patients with acute or acute on chronic noncir-
rhotic nontumoral PVT, anticoagulation should be started as soon as possible after
adequate cross-sectional imaging studies which confirmed the diagnosis of acute
PVT as well as the extent and degree of luminal occlusion, especially in those
patients who are symptomatic with abdominal pain and in those with SMV throm-
bosis due to the risk of small intestinal ischemia [3].

In patients with noncirrhotic nontumoral PVT, anticoagulation is indicated in all
patients for at least 6 months, and lifelong in patients with genetic or acquired
thrombophilic conditions and in those where the SMV is involved [3].

Recanalization of PVT

Prevention of extension of PVT into the SMV and thus
reducing complexity of liver transplantation
Decreased risk of rethrombotic or new thrombotic events

Potential decrease in microthrombotic events and bacterial
translocation in cirrhosis

Bleeding events

Portal hypertension related

Anticoagulation related intestinal, intra-cranial and retroperitoneal
Inconvenience and expense with LMWH, expense with DOACs
Limited evidence regarding safety and effficacy of DOACs in
advanced / decompensated cirrhosis
Lack of robust evidence regarding potential benefits of anticoagulation in
cirrhosis in the long term.

Fig. 7.1 Potential benefits and risks of anticoagulation in patients with and without cirrhosis and
nontumoral PVT



7 Anticoagulation for Nontumoral Portal Vein Thrombosis 93

Table 7.1 Imaging features and factors influencing decision to start anticoagulation in patients
with and without cirrhosis who develop nontumoral portal vein thrombosis

1. | Confirm diagnosis and extent of luminal occlusion by PVT detected by abdominal
ultrasound and echodoppler

CT or MRI to determine the degree of luminal occlusion
(<50%/>50%) and extent of PVT (trunk and/or intra-hepatic
branches) involvement of superior mesenteric vein and/or splenic vein
Rule out HCC in cirrhosis, underlying neoplasia and metastatic liver
disease in non-cirrhotic PVT

2. | Endoscopic screening for esophageal and/or gastric varices

Patients with large esophageal and/or large gastric varices or varices
with high risk stigmata for bleeding should receive primary and/or
secondary prophylaxis of bleeding with NSBB and/or EBL of varices

3. | Evaluate patient frailty, risk of fall and individualize decision for anticoagulation in
non-liver transplant candidates/asymptomatic non-cirrhotic PVT patients

4. | Consider platelet count, comorbidities including renal failure, alcohol abuse and portal
hypertension related decompensations prior to initiating anticoagulation

Avoid starting anticoagulation in patients with platelet count
<50 x 10°/L due to risk of bleeding

PVT portal vein thrombosis, CT computerized tomography, MRI magnetic resonance imaging,
HCC hepatocelular carcinoma, NSBB non-selective beta blockers, EBL endoscopic band ligation

7.3.2 Cirrhotic Nontumoral PVT

Among patients with cirrhosis, especially those on liver transplant list, anticoagula-
tion is indicated in those who are symptomatic, with occlusive PVT or thrombosis
with more than >50% luminal occlusion of the portal vein trunk, extensive PVT
involving the portal vein trunk and branches and those with progressive PVT on
follow-up imaging or thrombosis of the SMV [3]. Anticoagulant therapy should be
started as soon as possible in patients with cirrhosis and nontumoral PVT, since
recanalization rates are significantly higher in those patients who start anticoagula-
tion within the first 6 months of PVT detection [16].

The points to be considered before starting anticoagulation are summarized in
Table 7.1. The diagnostic evaluation and decision making flow chart for initiating
and maintaining anticoagulant therapy is shown in Fig. 7.2.

7.4  Safety of Anticoagulation in Patients With and Without
Cirrhosis and Nontumoral PVT

The incidence of bleeding reported in studies is difficult to interpret due to varying
definitions of clinical severity and may be classified as gastrointestinal bleeding
related or not to portal hypertension and nongastrointestinal bleeding which includes
subcutaneaous, intracranial, pulmonary and retroperitoneal locations [3]. In order to
decrease the risk of variceal bleeding, all patients with noncirrhotic chronic PVT
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PVT detected at abdominal ultrasound with Doppler

v

CT scan or MRI

- Confirm PVT and determine degree of luminal occlusion and extent of PVT
- Rule out HCC in patients with cirrhosis
- Exclude underlying neoplasia or metastatic liver disease.

Endoscopic screening for large varices / varices with high risk stigmata for bleeding
Initiate / optimize primary or secondary prophylaxis of variceal bleeding with NSBB
and / or EBL in patients with cirrhosis or those with chronic noncirrhotic PVT

v

'

Nonocclusive (<50%) PVT of trunk or
single branch or of splenic vein in LT
and non LT candidates

Decompensated cirrhosis not on LT list

v

Any degree of acute or acute on chronic
PVT in non cirrhotic patient

Occlusive / non-occlusive (>50%) PVT
involving trunk, single or both branches or
of the splenic vein in LT candidates.

|Abd USG with Doppler within 3 months|

No anticoagulation

Extension of thrombus into SMV

'

| Consider anticoagulation |

'

PVT progression | |Repeat CT or MRI within 3 to 6 months|

Stable or regression |

Observe (Repeat Abd USG
with Doppler every 6 months)

'

|Confirm PVT progression|

|PVT regression or stability|

'

PVT progression, major bleeding

event in patient with cirrhosis

v

| Consider TIPS placement |

Consider AT until LT or indefinitely in
cirrhosis patients or associated
genetic or acquired thrombophilia in
non cirrhotic patients.

Consider maintaining AT during 6
months in non cirrhotic patients with

transient prothrombotic factor

Fig. 7.2 Flowchart to aid management of anticoagulation therapy in patients with and without
cirrhosis who develop nontumoral PVT

and all patients with cirrhosis and acute or chronic PVT should undergo endoscopic
screening and adequate prophylaxis of variceal bleeding if indicated [8]. Bleeding
episodes while on anticoagulant therapy for noncirrhotic nontumoral PVT can
occur in up to 26% patients [15, 17] and varies between 10.8% and 28% in patients
with cirrhosis and nontumoral PVT [11, 14, 18]. A study from Egypt in patients
with cirrhosis and nontumoral PVT showed an unusually high bleeding rate of 43%
in patients receiving warfarin [19]. In a meta-analysis evaluating direct acting oral
anticoagulants (DOACs), major bleeding risk ranged from 4% to 15% for all DOAC
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recipients and from 7% to 28% for patients receiving vitamin K antagonists (VKA)
or low molecular weight heparin (LMWH) during median/mean treatment durations
of 6-9 months for DOACSs and 6—-16 months for VKAs or LMWHs [20].

7.4.1 Noncirrhotic Nontumoral PVT

Although there has been evidence suggesting that anticoagulation in patients with
noncirrhotic nontumoral PVT doubles the risk of bleeding compared to those who
do not receive anticoagulation [21], a more recent study did not find an association
between anticoagulation and higher risk of gastrointestinal bleeding in patients who
received adequate prophylaxis of variceal bleeding [15]. In noncirrhotic nontumoral
PVT, mortality in context of anticoagulant therapy has been documented in two
patients who died due to gastrointestinal bleeding [21].

7.4.2 Cirrhotic Nontumoral PVT

Among patients with cirrhosis, La Mura et al. showed that the risk of bleeding
seemed to be related to underlying portal hypertension rather than anticoagulant
therapy [14]. A large multicentre observational study has shown that the risk of
bleeding in patients with cirrhosis receiving anticoagulation for splanchnic vein
thrombosis was thrice that compared to patients without cirrhosis, but was lower
then that in patients with cirrhosis who did not receive anticoagulation, and this
beneficial effect may have been attributable to adequate prophylaxis of variceal
bleeding in patients receiving anticoagulation [12, 22].

In patients with cirrhosis, thrombocytopenia (platelet counts <50 x 10°/L), low
serum albumin and prior history of variceal bleeding have been found to be signifi-
cantly associated with higher risk of bleeding while on anticoagulation [23, 24].
Both thrombocytopenia and past history of variceal bleeding have been found to be
independent predictors of development of PVT in cirrhosis, highlighting the com-
plexity of management with anticoagulant therapy in these patients [25].
Anticoagulation in patients with cirrhosis has been found to be neither associated
with higher rebleeding risk at 5 days nor with higher 6 week mortality [26].

Attention to potential risk factors for bleeding on anticoagulation (platelet count
<50 x 10°/L, low serum albumin suggesting advanced cirrhosis) and avoiding initi-
ating anticoagulation in patients with alcohol dependence, elderly and frail patients
at risk of falls and those with advanced renal failure may maximize the potential
utility of anticoagulant therapy decreasing its unnecessary use in high risk patients
and consequent bleeding episodes.

Despite multiple studies suggesting a low risk of mortality due to bleeding in the
context of anticoagulation in patients with cirrhosis [11, 14, 18, 23, 26], in the study
by Kwon et al., two patients died due to bleeding complications related to antico-
agulation, one of them due to intracranial bleed and the other due to bleeding duo-
denal varices with the latter patient having a baseline platelet count of 44 x 10%/L [24].
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These data highlight the importance of individualized approach to decision mak-
ing to initiate and maintain anticoagulant therapy with adequate informed consent
prior to starting anticoagulation in patients with nontumoral PVT with and wihout
cirrhosis [24].

7.5 Choice of Anticoagulant, Doses and Duration
of Anticoagulation

7.5.1 Noncirrhotic Nontumoral PVT

Among patients with noncirrhotic nontumoral PVT, anticoagulation should ideally
be started with LMWH (enoxaparin 1 mg/kg 12/12 subcutaneous [s.c.] or tinza-
parin 1.5 mg/24 h s.c. in the presence of renal impairment) which is maintained
during 1 month and later switched to VKAs (i.e., warfarin, coumadin) or DOACs
(i.e., direct factor x inhibitors — apixaban, edoxaban, rivaroxaban; thrombin
inhibitor — dabigatran).

In noncirrhotic nontumoral PVT, anticoagulation should be maintained for at
least 6 months in patients who do not recanalize the portal vein and who do not have
underlying thrombophilic conditions [4, 8]. Anticoagulant therapy should be main-
tained indefinitely in those patients with genetic and acquired thrombophilic condi-
tions or when there is involvement of the SMV [3, 4].

7.5.2 Cirrhotic Nontumoral PVT

In patients with cirrhosis and nontumoral PVT who are candidates for anticoagulant
therapy, in the case of Child Pugh class A and B (7 points), anticoagulation should
ideally be started with LMWH (enoxaparin 1 mg/kg 12/12 s.c. or tinzaparin
1.5 mg/24 h s.c. in the presence of renal impairment) which is maintained during
1 month and later switched to VKAs to maintain international normalized ratio
(INR) between 2 and 3.

Alternatively, in patients with compensated cirrhosis (Child Pugh class A),
DOACs may be used with dose adjustement required for patients with more
advanced cirrhosis and/or those with associated renal failure. Despite the paucity of
data in patients with cirrhosis, DOACs may be as effective and safe as conventional
VKA and LWMH [20, 27, 28]. DOACs are not recommended for use in pregnant or
lactating women as well as Child-Pugh class C cirrhosis patients, and in these
patient groups, LMWHs should be used [20, 29]. Recommended doses of DOACs
are suggested in Table 7.2. DOACsSs have been used in reduced doses in patients with
cirrhosis in majority of the published studies [27].

Among Child-Pugh class B (8-9) and C patients, enoxaparin at a dose of 1 mg/
kg 12/12 s.c. and adjusted to half the conventional dose or less if required, in patients
with severe thrombocytopenia (platelet count <50 x 10%/L) or renal failure, may be
a useful therapeutic option.



7 Anticoagulation for Nontumoral Portal Vein Thrombosis 97

Table 7.2 DOACs and dose adjustments in patients with cirrhosis and nontumoral portal vein
thrombosis

Dose
recommended Safety in
Dose in cirrhosis pregnant
adjustment | and Child- |and
Type of Mechanism | Hepatic for renal nontumoral Pugh lactating
DOAC of action metabolism | impairment |PVT class women
Rivaroxaban | Direct Yes Yes 20 mg/24 h With No
Factor Xa (CrCl > caution
inhibitor 50 mL/min) in CP
15 mg/24 h B
(CrCl1 Avoid
<50 mL/min) |in CP
C
Apixaban Direct Yes Yes 5 mg every With No
Factor Xa 12h caution
inhibitor in CP
B
Avoid
in CP
C
Edoxaban Direct Yes Yes 60 mg/24 h With No
Factor Xa (CrCl > caution
inhibitor 50 mL/min), in CP
30 mg/24 h B
(CrC1 30-50/ | Avoid
min) in CP
C
Dabigatran | Thrombin Yes Yes 110 mg every | With No
inhibitor 12h caution
in CP
B
Avoid
in CP
C

DOAC direct oral anticoagulant, PVT portal vein thrombosis, CP child-pugh, CrCl creatinine
clearance

The potential benefits of DOACS include convenience with a predictable antico-
agulant effect with a daily dose which does not require regular monitoring but these
drugs are significantly more expensive than VKAs [1, 3, 27, 29]. The safety and
efficacy of DOACsS has not been confirmed in patients with advanced cirrhosis, and
therefore these patients should preferably be maintained on LMWH [3, 29]. LMWH
is, however, inconvenient due to the requirement for daily injections, which
decreases compliance, and is relatively expensive compared to VKAs [1].

Ideally, angio CT scan or MRI should be performed at baseline at the time
of diagnosis of PVT, at 3 and at 6 months after starting anticoagulation, in
order to effectively evaluate the effect of anticoagulant therapy on PVT recan-
alization [3].
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In patients with cirrhosis and nontumoral PVT, anticoagulant therapy should be
maintained for at least 6 months or until liver transplantation or indefinitely in
patients with genetic or acquired thrombophilic conditions or if associated with
SMYV thrombosis [1, 3].

7.6  Efficacy of Anticoagulation on Recanalization
of Nontumoral Portal Vein Thrombosis
and Clinical Significance

7.6.1 Noncirrhotic Nontumoral PVT

Initial studies had suggested that early detection and anticoagulation in patients
with acute noncirrhotic nontumoral PVT was associated with complete recanaliza-
tion in 50% and partial recanalization in 40% compared to 0% in those not receiving
anticoagulation [17]. Recent studies, however, suggest that the PVT recanalization
rates with anticoagulant therapy in these patients are around 40% [10, 13]. The pres-
ence of ascites and occlusion of the splenic vein have been found to be factors
associated with failure of PVT recanalization [10].

7.6.2 Cirrhotic Nontumoral PVT

Among patients with cirrhosis and nontumoral PVT, partial or complete
recanalization rates range between 36% and 82% [1, 3, 25], with majority of
these studies being relatively small and retrospective. In the meta-analysis by
Loffredo et al., anticoagulant therapy was found to significantly increase PVT
recanalization rates [30]. Recently, in a large study involving patients from
two centres, the partial or complete recanalization of PVT on anticoagulant
therapy was obtained in 56.8% (46/81) of patients with spontaneous recanali-
zation occuring in 25.7% (26/101) of untreated patients. Factors predicting a
higher probability of PVT recanalization in patients with cirrhosis include
early initiation of anticoagulant therapy (<6 months), lesser severity of liver
disease (Child-Pugh class A), less extensive PVT and absence of prior portal
hypertensive bleeding [16, 31, 32].

7.7  Thrombosis Recurrence After Stopping Anticoagulation
7.7.1 Noncirrhotic Nontumoral PVT
In noncirrhotic nontumoral PVT, anticoagulation has a trend to decrease the risk of

rethrombosis and patients with underlying prothrobotic factors have a significantly
higher risk of rethrombosis and therefore anticoagulation should not be stopped [21].
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7.7.2 Cirrhotic Nontumoral PVT

In patients with cirrhosis and nontumoral PVT, when anticoagulation is stopped
due to portal vein recanalization or due to adverse events related to anticoagu-
lation, rethrombosis occurs in around one third of patients [11, 18, 23].
Rethrombosis in these patients is most likely due to sluggish blood flow in the
portal vein secondary to underlying cirrhosis [33]. Therefore, in the absence of
contraindications or adverse events, anticoagulation should preferentially be
maintained in patients with cirrhosis who develop nontumoral PVT to avoid
rethrombotic events [11].

7.8  Anticoagulant Therapy and Prognosis in Nontumoral
PVT in Patients With and Without Cirrhosis

7.8.1 Noncirrhotic Nontumoral PVT

The current outcome in noncirrhotic nontumoral PVT is a mortality rate of less than
5% at 5 years usually due to the classical complications of PVT (intestinal infarc-
tion or gastrointestinal bleeding) [8]. The effect of anticoagulation on survival in
patients with noncirrhotic nontumoral PVT is not clear. Recurrent thrombotic events
have been found to be independent predictors of mortality [21]. In addition, age,
ascites, altered liver enzymes at baseline and comorbidities, especially underlying
myeloproliferative disease, have been found to be associated with higher mortality
[8,9, 15].

7.8.2 Cirrhotic Nontumoral PVT

Anticoagulant therapy in patients with cirrhosis and nontumoral PVT was found to
be associated with significantly longer portal hypertension event-free and transplan-
tation free-survival times in patients who responded with complete recanalization of
PVT [14]. In the study by Kwon et al., in patients with cirrhosis and nontumoral
PVT who received anticoagulation, any recanalization of PVT was associated with
significantly lower serum bilirubin and significantly higher platelet count post-treat-
ment compared to pre-treatment values [24]. More recently, Pettinari et al. showed
that anticoagulation in cirrhosis and nontumoral PVT was an independent predic-
tive factor of better prognosis [18]. Anticoagulation in Child-Pugh class B and C
patients with cirrhosis and nontumoral PVT was found to be associated with signifi-
cantly better orthotopic liver transplant (OLT) free survival in patients receiving
anticoagulation compared to those who did not [11]. This finding was significant
since no difference in OLT free survival was found in patients with any recanaliza-
tion compared to those without recanalization of PVT, highlighting the potential
role of anticoagulation in preventing microthrombotic events within the liver paren-
chymal sinusoids beyond macroscopic PVT recanalization and thus contributing to
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better prognosis [11]. Despite these positive findings, larger multicentre studies are
required to confirm and better evaluate the potentially useful role of anticoagulation
in nontumoral PVT in cirrhosis.

In conclusion, anticoagulation should be started as soon as possible in both
patients with and without cirrhosis who develop nontumoral PVT. In patients with
chronic PVT and those with underlying cirrhosis, upper gastrointestinal endoscopy
prior to starting anticoagulation should always be performed to screen for large
esophageal and/or gastric varices with high risk stigmata for bleeding and adequate
prophylaxis of variceal bleeding should be started prior to anticoagulation. After
initial anticoagulation with LMWH during the first month, VKAs and DOACs are
both effective in noncirrhotic patients and patients with compensated (Child-Pugh
class A) cirrhosis. In patients with decompensated cirrhosis, LMWH could be main-
tained with doses adjusted for thrombocytopenia and concomitant renal failure.
Anticoagulation should preferentially be maintained in both cirrhotic and noncir-
rhotic patients with genetic or aquired thrombophilic conditions and those with con-
comitant SMV thrombosis. In patients with cirrhosis, anticoagulation should be
maintained in those on liver transplant list and should be considered also in those
who tolerate anticoagulation without adverse events to avoid rethrombosis.
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Thrombolysis for Non-malignant Portal
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Abstract

Portal vein thrombosis (PVT) is thrombosis of the portal circulation. PVT is an
uncommon thrombotic condition in the general population; on the other hand, it
is one of the most common vascular disorders of the liver especially among
patients with underlying chronic liver diseases, malignancy, and hypercoagula-
ble states. The natural history and clinical outcome of PVT differentiate accord-
ing to the site and extension of the obstruction in the portal venous system.
Causes of PVT are cirrhosis, hepatobiliary malignancy, inflammatory conditions
and inherited/acquired thrombophilia. Diagnosis of PVT is made by Doppler
ultrasonography as the first-line choice. Treatment modalities range from conser-
vative management to anticoagulation, thrombolysis, and thrombectomy. The
primary end point was portal vein recanalization. In this section, we describe

thrombolysis for non-malignant PVT.
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8.1 Introduction

Portal vein thrombosis (PVT) is partial or complete blood clot formation of the portal
circulation. Thrombosis can extend to the portal branches to the splenic and/or the mes-
enteric veins. Clinical features differentiate according to the site and extension of the
obstruction in the portal venous system [1, 2]. In partial obstruction, asymptomatic pre-
sentation and incidental diagnosis during routine workup is common [3]. Number of
incidental PVT increases with use of abdominal imaging for other purposes [4]. If com-
plete thrombosis occurs, it can lead to hepatic decompensation, variceal bleeding and
intestinal infarction as a consequence of portal hypertension [5]. It is also divided into
acute, subacute and chronic. Making this distinction is important in determining the
approach to treatment [6, 7]. There are two different views in the acute/chronic distinc-
tion. Even though this is not a generally accepted definition, according to some clini-
cians, PVT was considered to be acute, if symptoms develop within 60 days prior to
diagnosis [8, 9]. In fact, some other authors describe acute PVT as symptoms occurring
within 7 days prior to diagnosis and subacute PVT if symptoms last longer than 7 days
[10, 11]. Actually, acute and chronic PVT are different stages of the same disease [2].
Chronic stage definition is used when portal hypertension symptoms (collaterals/vari-
ces, ascites and splenomegaly) and portal cavernoma (formation of collateral vascula-
ture bypassing the area of obstruction) occur [12].

8.1.1 Epidemiology

PVT was first described in 1868 by Balfour and Stewart in a 20-year-old patient
with ascites, splenomegaly and esophageal varices [13]. Since then, it is a rare clini-
cal diagnosis and the incidence of PVT is unknown. In general population, preva-
lence is 0.7 to 1/100,000 [14]. In certain conditions, such as cirrhosis, prevalence
increases. There is a connection between the prevalence of PVT and the severity of
liver disease. In compensated cirrhosis, estimated prevalence is less than 1%, mean-
while it is 8-25% in liver transplant candidates [15, 16]. According to the Sweden
based study that was performed from 1970 to 1982 with 24,000 autopsies, the prev-
alence of PVT was 1%. This study revealed that the most common causes for PVT
were cirrhosis (28%), primary or secondary hepatobiliary malignancy (23—44%),
major infectious or inflammatory abdominal disease (10%), or a myeloproliferative
disorder (3%). Predisposing factor was not found in 14% [17].

8.1.2 Pathophysiology and Etiology

PVT pathophysiology is similar to thrombus formation in any other vessel. In order
to understand pathophysiology, Virchow’s triad (endothelial damage, stasis and
hypercoagulability) must be known [4, 5]. Pathophysiology changes according to
the underlying etiology. Etiology of PVT can be divided into local and systemic
(Table 8.1).
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Table 8.1 Causes of portal vein thrombosis [4, 15, 18]

A. Local causes Cirrhosis

Malignancy

 Hepatocellular carcinoma

* Hepatobiliary cancer

* Pancreatic cancer

» Gastrointestinal cancer

* Lymphoma

Direct injury to portal vein
* Surgery
* Trauma
* Shunts
Inflammatory conditions
* Pancreatitis
e Cholecysititis
* Diverticulitis

* Inflammatory bowel disease

 Connective tissue disease

 Appendicitis and any other intra-abdominal infection
B. Systemic causes | Inherited thrombophilia

e Factor V Leiden mutation

* Protein C, S and antithrombin 3 deficiency
¢ Prothrombin gene mutation
Acquired thrombophilia

* Myeloproliferative disorders: JAK 2 gene mutation, polycythemia
vera, essential thrombocythemia, myelofibrosis
* Paroxysmal nocturnal hemoglobinuria

* Antiphospholipid antibody syndrome
* Hyperhomocysteinemia

* Pregnancy

* Hormonal treatments

8.1.3 Clinical Presentation

PVT has a wide clinical presentation ranging from asymptomatic and incidental
diagnosis, to mild to moderate abdominal pain, nausea, vomiting, to mesenteric
ischemic symptoms with severe abdominal pain, hypotension, and even death [15].
Symptoms vary depending on many factors (acute/subacute/chronic; occlusive/non-
occlusive; benign/malignant; and intrahepatic/extrahepatic).

In acute stage of PVT, if occlusion is partial, thrombus may be asymptomatic or
may be associated with nonspecific symptoms, such as colicky pain, loss of appe-
tite, nausea and vomiting [4, 19]. On the other hand, if occlusion is complete, it may
present as acute or long-standing abdominal pain, signs of decompensated chronic
liver disease (variceal bleeding, ascites, and hepatic encephalopathy), occult blood
in stool, peritonitis, portal cholangiopathy, and intestinal ischemia. Sudden
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worsening of the cirrhotic patient’s clinic should suggest PVT development. When
the extension of thrombosis reaches to the superior mesenteric vein (SMV) and
mesenteric arches, life-threatening intestinal infarction risk could appear. Occlusion
may extend into the splenic vein [18].

When acute PVT resolution fails, chronic PVT occurs. As a result, cavernous
transformation develops [1]. Cavernous formation of portal vein (portal cavernoma)
occurs between 6-20 days after unresolved PVT, and for the reason that portal vein
flow stasis in cirrhosis usually prevents collateral dilatation, cavernomas are more
common in patient without concomitant liver disease [5, 20]. Chronic PVT can lead
to esophageal varices with bleeding, splenomegaly and ascites as a result of portal
hypertension [15]. Endoscopic screening for gastro-oesophageal varices must be
done within few months since varices may be seen as early as 1 month after acute
PVT. If varices are not detected, endoscopic screening should be repeated 6 months
later, if PVT recanalization has not been achieved [2].

8.1.4 Diagnosis of PVT

There are no specific laboratory tests to indicate PVT. Imaging methods are used in
the diagnosis of PVT. In fact, PVT is an incidental finding in the majority of patients
with cirrhosis. Doppler ultrasound (US) is the first-line technique for PVT diagnosis
[18]. Doppler US is used commonly in screening cirrhotic patients for hepatocel-
lular carcinoma (HCC) [21]. Contrast-enhanced imaging techniques, including
contrast-enhanced ultrasound (CEUS) and contrast-enhanced computed tomogra-
phy (CECT), are useful for diagnosis with higher sensitivity, allowing further char-
acterization of PVT. These techniques allow a better definition of PVT extension
and evaluation of underlying malignancy [5, 19, 22, 23]. Visualization of the entire
mesenteric venous system and wide availability are advantages of a CT scan. On the
other hand, risk of contrast nephropathy, radiation exposure, and technical varia-
tions should be considered. In the arterial phase of CECT and magnetic resonance
imaging (MRI), intra-thrombus vascularity has been reported to be specific for
malignant PVT [18, 24-28].

8.1.5 Management

Treatment of the underlying etiology of PVT is essential. For example, in the man-
agement of septic portal phlebitis, antibiotherapy and drainage of the abscess should
be performed as soon as possible [3]. The primary goal of treatment is to promote
portal vein recanalization and to prevent propagation of the thrombus [6, 21, 22].
Recanalization will prevent the complications of portal hypertension and mesen-
teric ischemia [4].

Treatment should be patient-specific and a delicate balance between thrombosis
and bleeding should be maintained. The treatment of PVT ranges from close moni-
toring without intervention to anticoagulation, thrombolysis, thrombectomy, and
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transjugular intrahepatic portosystemic shunt (TIPS). The clinician should make
treatment decisions considering the involvement of other splanchnic veins, hyper-
coagulable states, local factors (infections, inflammatory disorders, and cirrhosis),
malignancy, bleeding risk, and gastroesophageal varices [15]. Therapeutic decisions
strongly depend on the etiology. When forming a treatment strategy, patients are
considered in three main groups: patients with liver cirrhosis, with malignancies,
and those unrelated to cirrhosis or malignancies [12]. In general, the primary treat-
ment for acute/subacute PVT is immediate systemic anticoagulation [29, 30].

In this section, we will focus on thrombolysis for non-malignant PVT. The use of
intravascular thrombolytic agents originates back to the 1960s with the pulmonary
embolism treatment. By the 1970s, catheter-directed thrombolysis for vascular
occlusion entered the mainstream. Nowadays, thrombolytics are used in many
thrombotic conditions, including acute peripheral/visceral arterial occlusion, coro-
nary artery thrombosis, thrombosed dialysis grafts, thrombosed intravascular cath-
eters and deep vein thrombosis. Until now, urokinase, streptokinase, alteplase,
reteplase, and anistreplase have been used as thrombolytic agents. Each of them
converts plasminogen to plasmin, which then degrades fibrin and fibrinogen to their
fragments and in this way accelerates lysis of thrombus. These agents have been
used with or without anticoagulants, platelet-receptor antagonists, and plasminogen
or thrombin inhibitors. For more efficient treatment, thrombolytic agents can be
given directly into the thrombus, thus a high local drug concentration is achieved [31].

8.2 Thrombolysis

The goals of the treatment are complete recanalization of portal vein to prevent
further extension of thrombus into the mesenteric veins and prevent further morbidi-
ties caused by chronic PVT [6, 32].

Current treatment options of PVT vary from a conservative approach as monitor-
ing with no treatment to anticoagulation, thrombolysis therapy, replacement of
TIPS, and surgical thrombectomy [33]. Spontaneous resolution of obstruction is
extremely rare with conservative approach and higher incidences of portal hyper-
tension associated morbidities are reported. Within acute settings, short-term com-
plications, like bowel infarction and sepsis, can occur, and even could result in
mortality [6, 33].

Suitable conditions for using thrombolysis are if the patient has intensifying
abdominal pain due to extension of thrombus under anticoagulation therapy or if the
risk of intestinal necrosis and infarction is high (mostly seen with multiple vessel
involvement) [15].

Although there is no consensus on the initiation time of thrombolysis from the
diagnosis, early detection of thrombus and initiation of treatment could possibly
give benefit of increasing success due to less organized thrombus at the beginning.
In a systematic review study, the interval from the initiation of the symptoms to
beginning of the treatment was from up to 4-60 days [6, 31, 34, 35]. Longer inter-
vals from diagnosis to recanalization could increase the risk of long-term
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complications. In a 2-year follow up study, after 6 months of treatment, no obvious
benefit of anticoagulation is observed on recanalization. If treatment delays after the
second week of symptoms onset, recanalization rates are as low as 69% to 25% [4,
36, 37].

Total venous occlusion and portal hypertension at the time of diagnosis lowers
the chance of recanalization [38]. Especially in cavernous transformation of PV, the
possibility of recanalization is lower in chronic PVT patients [39].

Even though using systemic thrombolysis as an alternative to anticoagulation is
related to higher percentages of recanalization, there is still an increased risk of
hemorrhagic complications [40, 41]. Decisions on treatment options should be
made on an individual basis upon a multidisciplinary approach.

8.2.1 Contraindications

Selecting patients for thrombolysis treatment with PVT, clinician should assess
contraindications before the intervention, such as recent stroke, presence of CNS
tumor, active bleeding, known bleeding diathesis, former ischemia with bleeding or
CNS surgery in 4 weeks, major surgery in 2 week or CNS hemorrhage within
12 months prior, known allergic reaction to thrombolytic materials, platelet count
lower than 50 x 10%/L or fibrinogen level under 1 g/L [3, 38].

Treatment aims at achieving recanalization of the thrombosed vessel, so restor-
ing flow and preventing the onset of early and late complications related to throm-
bosis progression and portal hypertension.

The recanalization rate is even lower in patients with chronic PVT, in particular
in those with cavernous transformation of the portal vein.

8.2.2 Treatment Protocols

European Association for the Study of Liver (EASL) suggests that without any con-
traindications current first-line treatment of acute symptomatic PVT depends on
anticoagulants like unfractionated (UFH) or low molecular weight heparin
(LMWH) [22].

In case of asymptomatic patients without underlying malignancy, hypercoagula-
bility or thrombus extension to mesenteric vessels, monitoring without treatment is
suggested [4]. However, if the patient has intensifying abdominal pain due to exten-
sion of thrombus under anticoagulation or if the risk of intestinal necrosis and
infarction is high, commonly used methods are either systemic thrombolytic ther-
apy via central venous catheter or catheter-directed local approaches, such as chem-
ical, mechanical thrombolysis like suction or agitation, balloon angioplasty and
stenting [3, 15].

Mechanical thrombectomy can be used in patients with contraindications to
thrombolytic treatment or if the clinician prefers to reduce the dose of thrombolytics
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in favor of the patient’s current situation. In the acute stage of clot formation, throm-
bus is more fragile and it can be fragmented by agitation which increases the effect
of thrombolytics to dissolve thrombus. For this modality, pigtail catheters, balloon
or other special devices could be used [32]. Also, among mechanical thrombectomy
modalities, rheolytic thrombolysis is reported to have an easy practice and related to
lesser complications and shorter hospitalization time. Rheolytic thrombolysis is
practiced as saline jet infusion to break down the clot [33, 40, 42]. Pulmonary
emboli from fragmented clot, restenosis, and disruption of vessel wall integrity are
complications of this procedure [43, 44].

Surgical thrombectomy and resection are preferred, if there is suspected intesti-
nal necrosis, perforation or peritonitis. Though it has a risk of surgical complica-
tions, such as short bowel syndrome, in terms of mortality, 2-year survival rate or
recurrence, no difference has been shown between non-surgical and surgical
approaches [45].

8.2.3 Systemic Thrombolysis

For systemic thrombolysis, a recombinant human tissue-type plasminogen activator
(tPA) or urokinase could be used as thrombolytic agent. Compared to urokinase,
tPA is more expensive but has a higher affinity for fibrin molecule. Immediately
after attachment, tPA converts plasminogen to plasmin thus induces disintegration
of clot [38, 46].

After ruling out contraindications and getting consent, IV infusion of urokinase
or tPA is initiated from a central venous line. Preferred tPA dose is 0.05 mg/kg/h up
to a maximum dose of 4 mg/kg. Preferred urokinase dose is 400,000-600,000 U/day
[46]. Heparin is also administered at a maintenance dose of 500-1000 IU/h.
Thrombolysis infusion time varies between institutional practices from a few hours
to 7 days on average. During infusion follow up, imaging is made between 48—72 h
by appropriate imaging methods [38].

If abdominal pain does not ameliorate during the next 48-72 h and imaging evi-
dences suggest no improvement on recanalization, catheter directed local throm-
bolysis options should be revised.

8.2.4 Catheter Directed Local Thrombolysis

Catheter directed local thrombolysis is used after failure with systemic approach or
when the patient has any contraindication to systemic approach.

Transhepatic approach is preferred for non-cirrhotic patients with acute or sub-
acute PVT. It is an easy procedure with lower cost compared to other methods, but
carries a greater risk for hemorrhage during thrombolysis. Herein, we would like to
present a case with symptomatic acute PVT due to major abdominal surgery suc-
cessfully treated by catheter directed thrombolysis, as follows.
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A 34-year-old male patient with no previous chronic disease history presented to
the emergency department on April 19, 2020 with complaints of abdominal pain,
nausea and vomiting. Abdominal CT imaging was performed with a diagnosis of
acute abdomen. The size of the liver was normal, and its contours were smooth. The
spleen was normal in size and its parenchyma was homogeneous. The appearance
compatible with dilated appendix was measured 10 mm and it was evaluated in
favor of acute appendicitis due to the presence of significant inflammation around
it. Laparoscopic appendectomy was performed.

Three weeks after the operation, the patient returned to the emergency room due
to the acute abdominal pain again. His blood pressure was 120/80 mmHg and heart
rate 84 beats per min. His general condition was good, conscious and cooperative.
Hepatomegaly was absent. Other systems were normal. His uncle’s daughter had a
history of thrombus. Laboratory examinations showed that whole blood count was
normal. C-reactive protein was 105 mg/L (normal: 0-5), INR: 1.07, APTT: 41.8 s,
blood urea: 42 mg/dL, creatinine: 0.8 mg/dL, Na: 142 mmol/L, potassium:
4.1 mmol/L, AST: 34 U/L, and ALT: 106 U/L. Abdominal contrast CT revealed that
liver size was normal with smooth contour and normal size of the pancreas and
spleen and a physiological calibration at abdominal aorta. The intrahepatic branches
of the portal vein were entirely thrombosed and its extrahepatic segment was nearly
totally thrombosed. The thrombus has been extended to the distal branches of SMV
(Fig. 8.1a, b).

Final diagnosis was SMV thrombosis and acute thrombus in the portal vein.
Thrombolytic therapy was planned due to acute abdominal pain, acute thrombus
appearance, and the young age of the patient. Interventional radiology was per-
formed. A 21G needle accompanied by ultrasound was entered into the right portal
vein (Fig. 8.1c, d). A hydrophilic guide wire was placed. A 20 cm long infusion
catheter was placed in the SMV. On the first day, it was decided to give tPA
(alteplase) at a dose of 2 mL/h infusion and heparin 800 IU/h infusion and aPTT
was followed. It was planned to perform control portography after 20 h. The general
condition of the patient was good, conscious and cooperative during the whole
procedure.

Splenoportography performed at the 20th hour of treatment revealed no com-
plete patency in the SMV and portal vein. The patient did not have any complaints
of pain. On the second day of treatment, tPA (alteplase) 1 mL/h infusion and heparin
1500 U/h infusion were continued. An angiography performed on the third day of
treatment showed that portal vein lumen was open (Fig. 8.1e). On the fourth day of
treatment, tPA infusion treatment was discontinued and heparin was continued at
1500 U/h. The general condition of the patient was good. With the aim of advanced
examination, evaluation and treatment, antithrombin III, protein C and protein S
levels were requested to eliminate the conditions that may cause PVT. No signifi-
cant coagulating pathological condition was detected. Then, LMWH was started
while heparin was stopped. On the seventh day of treatment, LMWH was stopped
and an oral anticoagulant (rivaroxaban) treatment was started and the patient was
discharged to home.
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Fig. 8.1 A case with acute PVT successfully treated by catheter directed thrombolysis. (a, b)
Abdominal contrast CT revealed that the intrahepatic branches of the portal vein were entirely
thrombosed and its extrahepatic segment was nearly totally thrombosed. The thrombus has been
extended to the distal branches of SMV (red arrow). (¢, d) A 21G needle accompanied by ultra-
sound was entered into the right portal vein at interventional radiology. A hydrophilic guide wire
was placed. A 20 cm long infusion catheter was placed in the SMV for therapeutic purpose.
Splenoportography performed at the 20th hour of treatment revealed no complete patency in the
SMV and portal vein. (e) On the third day of treatment, splenoportography showed that portal vein
lumen was open

At the third month follow-up, he has no complaints, and a Doppler ultrasonogra-
phy demonstrated the main portal vein diameter of 13.2 mm with mild sequelae
intimal thickening, and patent portal vein and its branches, SMV and splenic vein
lumens. No major recurrent thrombosis was detected. FibroScan elastography
showed that median liver stiffness value was 5.6 kPa (IQR/med: 4%), suggesting
FO-F1 fibrosis (no significant liver injury).

Transileocolic approach is preferred in patients with failed TIPS or PVT patients
with ascites, but has less hemorrhagic risk and requires surgical intervention.

Transjugular approach requires portal venous access via inferior vena cava or
hepatic veins and may be used to create a TIPS, and it has a lower risk of bleeding
complication [31, 40].

Indirect approach is used in case of portal vein anatomical variations, with
administration of thrombolysis to SMA via femoral artery or radial artery, and con-
sidered to be a effective and safer approach, compared to systemic thrombolysis
hence being less invasive [3, 34].
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8.2.5 Follow Up During Treatment

During the treatment, the patient should be evaluated for symptom improvement.
Periodic complete blood count along with prothrombin time, aPTT, INR, fibrino-
gen, blood urea, electrolytes, and liver enzymes should be monitored every 6-12 h
[38]. If fibrinogen levels drop under 1 g/L, infusion must be ceased. Before the
intervention, if aPTT levels are not in a normal range, heparin infusion must be
monitored with anti-Xa targeting the level 0.5-0.8 IU/mL during the infusion.
Especially with UFH use, heparin induced thrombocytopenia is a life-threatening
situation with falling of platelet counts over 50%, and after cessation of heparin,
platelet count comes back to normal range [4, 22]. Clinicians also must be vigilant
in terms of local or intracranial hemorrhages during treatment.

8.2.6 Acute and Chronic Complications

In acute stage, minor local or systemic bleeding, allergy, vessel injury, need for
surgical intervention, sepsis and rarely death have been reported [6, 47].

One of the significant complications of PVT treatment is extrahepatic portal
hypertension as recognized with elevation of portal venous pressure above 12 mmHg
at rest. For recognizing portal hypertension with the help of clinical signs and imag-
ing manifestations, ascites, variceal bleeding, hypersplenism and related thrombo-
cytopenia, and hepatic encephalopathy should not be overlooked [2, 48].

8.2.7 LongTerm Prognosis

Recently, survival rates are improved on account of early diagnosis and starting
early anticoagulation also with new invasive approaches. Even incomplete recanali-
zation affects prognosis positively.

Without former liver disease for acute PVT, 5-year mortality rate is up to 15%,
which is mostly related to underlying disease or complications after intervention
[49]. For chronic PVT, mortality for 5 years is as low as 5-10%, which is mostly
related to age, underlying diseases, and etiology of PVT, rather than PVT complica-
tions [2, 50].

8.2.8 Further Imaging and Medical Follow Up

After successful treatment, the complaints of the patients are expected to decline
within 2 weeks. Periodic outpatient controls should be done for signs of portal
hypertension in further follow-up. If the patient has no complaints or signs of reste-
nosis, checking for recanalization with doppler US at 3 and 6 months is sufficient.
CT or MRI is suggested if the patient has signs of ischemic intestinal damage.
Repeated imaging at 3 weeks is reported [2, 6, 51]. After acute PVT, if complete
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patency is not achieved, endoscopic evaluation for gastroesophageal varices should
be scheduled within few months and repeated 6 months following. Without suffi-
cient evidence, further assessment with endoscopy is recommendable after 2-3 years
[2, 52]. For patients with gastroesophageal variceal bleeding, prevention is provided
with the use of beta blockers or endoscopic band ligation [22].

Anticoagulation treatment decision should be made considering the patient’s fur-
ther risk of bleeding and evaluation of each case must be made on an individual
basis. On discharge, transition to warfarin after initial administration of LMWH is
recommended. If the patient has JAK2 mutation, daily acetylsalicylic acid use is
recommended [38].

References

1. Wu M, Schuster M, Tadros M. Update on management of portal vein thrombosis and the role
of novel anticoagulants. J Clin Transl Hepatol. 2019;7(2):154—64.

2. Primignani M. Portal vein thrombosis, revisited. Dig Liver Dis. 2010;42(3):163-70.

3. Chamarthy MR, Anderson ME, Pillai AK, Kalva SP. Thrombolysis and transjugular intrahe-
patic portosystemic shunt creation for acute and subacute portal vein thrombosis. Tech Vasc
Interv Radiol. 2016;19(1):42-51.

4. Haris M, Thachil J. Portal vein thrombosis - a primer for the general physician. Clin Med
(Lond). 2017;17(3):212-9.

5. Faccia M, Ainora ME, Ponziani FR, Riccardi L, Garcovich M, Gasbarrini A, et al. Portal vein
thrombosis in cirrhosis: why a well-known complication is still matter of debate. World J
Gastroenterol. 2019;25(31):4437-51.

6. Hall TC, Garcea G, Metcalfe M, Bilku D, Dennison AR. Management of acute non-
cirrhotic and non-malignant portal vein thrombosis: a systematic review. World J Surg.
2011;35(11):2510-20.

7. Sarin SK, Sollano JD, Chawla YK, Amarapurkar D, Hamid S, Hashizume M, et al. Consensus
on extra-hepatic portal vein obstruction. Liver Int. 2006;26(5):512-9.

8. Parikh S, Shah R, Kapoor P. Portal vein thrombosis. Am J Med. 2010;123(2):111-9.

9. Ponziani FR, Zocco MA, Campanale C, Rinninella E, Tortora A, Di Maurizio L, et al. Portal
vein thrombosis: insight into physiopathology, diagnosis, and treatment. World J Gastroenterol.
2010;16(2):143-55.

10. Chawla Y, Duseja A, Dhiman RK. Review article: the modern management of portal vein
thrombosis. Aliment Pharmacol Ther. 2009;30(9):881-94.

11. Loss M, Lang SA, Uller W, Wohlgemuth WA, Schlitt HJ. Combined surgical and interventional
therapy of acute portal vein thrombosis without cirrhosis: a new effective hybrid approach for
recanalization of the portal venous system. J Am Coll Surg. 2014;218(3):79-86.

12. Lang SA, Loss M, Wohlgemuth WA, Schlitt HJ. Clinical management of acute portal/mesen-
teric vein thrombosis. Viszeralmedizin. 2014;30(6):394—400.

13. Balfour GW, Stewart TG. Case of enlarged spleen complicated with ascites, both depending
upon varicose dilatation and thrombosis of the portal vein. Edinb Med J. 1869;14(7):589-98.

14. Rajani R, Bjornsson E, Bergquist A, Danielsson A, Gustavsson A, Grip O, et al. The epidemi-
ology and clinical features of portal vein thrombosis: a multicentre study. Aliment Pharmacol
Ther. 2010;32(9):1154-62.

15. Sharma AM, Zhu D, Henry Z. Portal vein thrombosis: when to treat and how? Vasc Med.
2016;21(1):61-9.

16. Okuda K, Ohnishi K, Kimura K, Matsutani S, Sumida M, Goto N, et al. Incidence of portal
vein thrombosis in liver cirrhosis. An angiographic study in 708 patients. Gastroenterology.
1985;89(2):279-86.



114

T.Baydas et al.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Ogren M, Bergqvist D, Bjorck M, Acosta S, Eriksson H, Sternby NH. Portal vein thrombosis:
prevalence, patient characteristics and lifetime risk: a population study based on 23,796 con-
secutive autopsies. World J Gastroenterol. 2006;12(13):2115-9.

Mantaka A, Augoustaki A, Kouroumalis EA, Samonakis DN. Portal vein thrombosis
in cirrhosis: diagnosis, natural history, and therapeutic challenges. Ann Gastroenterol.
2018;31(3):315-29.

DeLeve LD, Valla DC, Garcia-Tsao G, American Association for the Study Liver Diseases.
Vascular disorders of the liver. Hepatology. 2009;49(5):1729-64.

De Gaetano AM, Lafortune M, Patriquin H, De Franco A, Aubin B, Paradis K. Cavernous
transformation of the portal vein: patterns of intrahepatic and splanchnic collateral circulation
detected with Doppler sonography. AJR Am J Roentgenol. 1995;165(5):1151-5.

Intagliata NM, Caldwell SH, Tripodi A. Diagnosis, development, and treatment of portal vein
thrombosis in patients with and without cirrhosis. Gastroenterology. 2019;156(6):1582-99.el.
European Association for the Study of the Liver. EASL Clinical practice guidelines: vascular
diseases of the liver. J Hepatol. 2016;64(1):179-202.

Intagliata NM, Argo CK, Stine JG, Lisman T, Caldwell SH, Violi F, et al. Concepts and
controversies in haemostasis and thrombosis associated with liver disease: proceed-
ings of the 7th International Coagulation in Liver Disease Conference. Thromb Haemost.
2018;118(8):1491-506.

Mathieu D, Grenier P, Larde D, Vasile N. Portal vein involvement in hepatocellular carcinoma:
dynamic CT features. Radiology. 1984;152(1):127-32.

Taylor CR. Computed tomography in the evaluation of the portal venous system. J Clin
Gastroenterol. 1992;14(2):167-72.

Tublin ME, Dodd GD 3rd, Baron RL. Benign and malignant portal vein thrombosis: differen-
tiation by CT characteristics. AJR Am J Roentgenol. 1997;168(3):719-23.

Okumura A, Watanabe Y, Dohke M, Ishimori T, Amoh Y, Oda K, et al. Contrast-enhanced
three-dimensional MR portography. Radiographics. 1999;19(4):973-87.

Rossi S, Rosa L, Ravetta V, Cascina A, Quaretti P, Azzaretti A, et al. Contrast-enhanced versus
conventional and color Doppler sonography for the detection of thrombosis of the portal and
hepatic venous systems. AJR Am J Roentgenol. 2006;186(3):763-73.

Hall TC, Garcea G, Metcalfe M, Bilk D, Rajesh A, Dennison A. Impact of anticoagulation on
outcomes in acute non-cirrhotic and non- malignant portal vein thrombosis: a retrospective
observational study. Hepato-Gastroenterology. 2013;60(122):311-7.

Cong L, Yu JC, Liu CW, Zhang TP, Zhao YP, Jin ZY, et al. Acute mesenteric venous thrombo-
sis: experience of 27 cases. Zhonghua Wai Ke Za Zhi. 2008;46(6):423-6.

Hollingshead M, Burke CT, Mauro MA, Weeks SM, Dixon RG, Jaques PF. Transcatheter
thrombolytic therapy for acute mesenteric and portal vein thrombosis. J Vasc Interv Radiol.
2005;16(5):651-61.

Wang CY, Wei LQ, Niu HZ, Gao WQ, Wang T, Chen SJ. Agitation thrombolysis combined
with catheter-directed thrombolysis for the treatment of non-cirrhotic acute portal vein throm-
bosis. World J Gastroenterol. 2018;24(39):4482-8.

Seedial SM, Mouli SK, Desai KR. Acute portal vein thrombosis: current trends in medical and
endovascular management. Semin Interv Radiol. 2018;35(3):198-202.

Wang MQ, Guo LP, Lin HY, Liu FY, Duan F, Wang ZJ. Transradial approach for transcatheter
selective superior mesenteric artery urokinase infusion therapy in patients with acute extensive
portal and superior mesenteric vein thrombosis. Cardiovasc Intervent Radiol. 2010;33(1):80-9.
Wang MQ, Lin HY, Guo LP, Liu FY, Duan F, Wang ZJ. Acute extensive portal and mesenteric
venous thrombosis after splenectomy: treated by interventional thrombolysis with transjugular
approach. World J Gastroenterol. 2009;15(24):3038-45.

Plessier A, Darwish-Murad S, Hernandez-Guerra M, Consigny Y, Fabris F, Trebicka J, et al.
Acute portal vein thrombosis unrelated to cirrhosis: a prospective multicenter follow-up study.
Hepatology. 2010;51(1):210-8.



Thrombolysis for Non-malignant Portal Vein Thrombosis 115

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

Turnes J, Garcia-Pagan JC, Gonzalez M, Aracil C, Calleja JL, Ripoll C, et al. Portal
hypertension-related complications after acute portal vein thrombosis: impact of early antico-
agulation. Clin Gastroenterol Hepatol. 2008;6(12):1412-7.

Benmassaoud A, AlRubaiy L, Yu D, Chowdary P, Sekhar M, Parikh P, et al. A stepwise throm-
bolysis regimen in the management of acute portal vein thrombosis in patients with evidence
of intestinal ischaemia. Aliment Pharmacol Ther. 2019;50(9):1049-58.

Rodrigues SG, Sixt S, Abraldes JG, De Gottardi A, Klinger C, Bosch J, et al. Systematic
review with meta-analysis: portal vein recanalisation and transjugular intrahepatic portosys-
temic shunt for portal vein thrombosis. Aliment Pharmacol Ther. 2019;49(1):20-30.

Wolter K, Decker G, Kuetting D, Trebicka J, Manekeller S, Meyer C, et al. Interventional treat-
ment of acute portal vein thrombosis. R6Fo. 2018;190(8):740-6.

Malkowski P, Pawlak J, Michalowicz B, Szczerban J, Wroblewski T, Leowska E,
et al. Thrombolytic treatment of portal thrombosis. Hepato-Gastroenterology.
2003;50(54):2098-100.

Stambo GW, Grauer L. Transhepatic portal venous power-pulse spray rheolytic thrombec-
tomy for acute portal vein thrombosis after CT-guided pancreas biopsy. AJR Am J Roentgenol.
2005;184(3 Suppl):S118-9.

Ferro C, Rossi UG, Bovio G, Dahamane M, Centanaro M. Transjugular intrahepatic porto-
systemic shunt, mechanical aspiration thrombectomy, and direct thrombolysis in the treat-
ment of acute portal and superior mesenteric vein thrombosis. Cardiovasc Intervent Radiol.
2007;30(5):1070-4.

Uflacker R. Applications of percutaneous mechanical thrombectomy in transjugular intrahepatic
portosystemic shunt and portal vein thrombosis. Tech Vasc Interv Radiol. 2003;6(1):59-69.
Brunaud L, Antunes L, Collinet-Adler S, Marchal F, Ayav A, Bresler L, et al. Acute mesenteric
venous thrombosis: case for nonoperative management. J Vasc Surg. 2001;34(4):673-9.

Liu K, Li WD, Du XL, Li CL, Li XQ. Comparison of systemic thrombolysis versus indirect
thrombolysis via the superior mesenteric artery in patients with acute portal vein thrombosis.
Ann Vasc Surg. 2017;39:264-9.

Tateishi A, Mitsui H, Oki T, Morishita J, Maekawa H, Yahagi N, et al. Extensive mesenteric
vein and portal vein thrombosis successfully treated by thrombolysis and anticoagulation. J
Gastroenterol Hepatol. 2001;16(12):1429-33.

Simonetto DA, Liu M, Kamath PS. Portal hypertension and related complications: diagnosis
and management. Mayo Clin Proc. 2019;94(4):714-26.

Kumar S, Sarr MG, Kamath PS. Mesenteric venous thrombosis. N Engl J Med.
2001;345(23):1683-8.

Janssen HL, Wijnhoud A, Haagsma EB, van Uum SH, van Nieuwkerk CM, Adang RP,
et al. Extrahepatic portal vein thrombosis: aetiology and determinants of survival. Gut.
2001;49(5):720-4.

Poplausky MR, Kaufman JA, Geller SC, Waltman AC. Mesenteric venous thrombosis treated
with urokinase via the superior mesenteric artery. Gastroenterology. 1996;110(5):1633-5.

de Franchis R. Evolving consensus in portal hypertension. Report of the Baveno IV consen-
sus workshop on methodology of diagnosis and therapy in portal hypertension. J Hepatol.
2005;43(1):167-76.



)]

Check for
updates

Transjugular Intrahepatic Portosystemic 9
Shunt for Non-malignant Portal Vein
Thrombosis

Anshuman Elhence, Shivanand Ramachandra
Gamanagatti, and Shalimar

Abstract

Portal vein thrombosis (PVT) is characterised by the presence of thrombus in the
main portal vein, with or without intra-hepatic or mesenteric extension. PVT can
arise in a non-cirrhotic liver, or on a background of cirrhosis. The etiologies,
natural history, prognosis and therapeutic implications differ in both groups
accordingly. Currently, anticoagulation is primarily recommended for those with
acute PVT but is fraught with a theoretical risk of bleeding. Surgical therapy in
these patients might be over-aggressive. In the past, transjugular intrahepatic
portosystemic shunt (TIPS) placement was considered a relative contraindica-
tion in patients with PVT but now has been shown to be safe and efficacious in
these patients, both with and without cirrhosis, with some caveats and modifica-
tions. What remains to be explored is the stage at which TIPS should be offered
and whether it should be preferred over therapeutic anticoagulation. Randomized
controlled trials are needed to answer this question.
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9.1 Introduction

Portal vein thrombosis (PVT), as the term suggests, is characterized by thrombosis
in the main portal vein trunk, with or without extension into intra-hepatic portal vein
branches and/or mesenteric vessels. It may occur on a background of cirrhosis, or
without any evidence of chronic liver disease. Both these sub-groups differ from
each other in terms of etiology, natural history and therapeutic options [1]. An
important feature of PVT, which has prognostic and therapeutic implications, is the
acute or chronic nature of thrombosis at the time of presentation. A stable patient of
cirrhosis with new-onset PVT may present with acute decompensation (worsening
of jaundice and ascites). In a patient with hepatocellular carcinoma (HCC), acute
PVT may lead to acute worsening of liver function. Thus, PVT may lead to a change
in the natural history of cirrhosis/liver disease.

Anticoagulation plays an important role in the management of PVT. Traditionally,
transjugular intrahepatic portosystemic shunt (TIPS) has been thought to be rela-
tively contraindicated in the setting of PVT [2]. However, over the last 2 decades,
more experiences have been gained with TIPS in PVT cases, and it has been estab-
lished as a valid therapeutic option [3]. A number of meta-analyses that have been
published recently [4, 5] highlight the interest in the use of TIPS for PVT
management.

9.2 Epidemiology

The epidemiologic data on non-cirrhotic PVT is sparse. A recent Italian study
examining 3535 patients admitted in hospital over 10 years estimated the risk to be
3.8 per 100,000 inhabitants in males and 1.7 per 100,000 inhabitants in females [6].
A limitation of this study was that only symptomatic, hospitalized patients were
included. The population prevalence of PVT based on autopsy series has been esti-
mated to be around 1% [7]. The prevalence of PVT in compensated cirrhosis varies
from 0.6% to 16%. In comparison, the prevalence in patients awaiting liver trans-
plantation is around 10% (2-23%) [8]. In patients with HCC, the prevalence may be
as high as 35% [9, 10]. The incidence may be affected by risk factors, which include
age, gender, hypercoagulable states, study region, drugs and underlying chronic
diseases. Various observational and clinical trials have also reported the incidence
of PVT. Francoz et al. estimated PVT incidence to be 7% in patients waiting for
liver transplantation (LT) when screened with Doppler ultrasonography [11].

9.3  Natural History and Prognosis

The natural history and prognosis of PVT differ among patients with and without
cirrhosis. Another important factor that determines the outcome is the stage of pre-
sentation- acute or chronic. The data on the natural history of acute non-cirrhotic
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PVT is sparse. The aim of early therapy in such a scenario is to prevent the progres-
sion of thrombus into the mesenteric vessels and promote recanalization of the por-
tal vein, thereby preventing the development of intestinal ischemia and portal
hypertension-related complications in the long term [12, 13]. Plessier et al. [13] in
a prospective multicentre study included 102 patients with acute PVT without cir-
rhosis. Of these, 95 (93.1%) patients received anticoagulation. Over a median fol-
low up of 234 days, anticoagulation therapy led to an increased rate of patency of
the portal vein (left or right branch)- 39% vs. 13% at presentation, the splenic vein
(SV)- 80% vs. 57% at presentation, and the superior mesenteric vein (SMV)- 73%
vs. 42% at presentation. Progression to ischemia and infarction and death were
reported in 2% of patients, each [13].

The natural history of chronic PVT in non-cirrhotic patients comes under the
spectrum of extra-hepatic portal venous obstruction (EHPVO), which frequently
presents as well tolerated acute variceal bleed and symptomatic moderate spleno-
megaly in the first decade of life, and a minority of patients may develop symptom-
atic portal cavernoma cholangiopathy, minimal hepatic encephalopathy (MHE),
ascites, jaundice and terminal decompensation as a result of parenchymal extinc-
tion [14].

The natural history of PVT in cirrhosis is ominous and often heralds acute
decompensation- worsening of jaundice, ascites, encephalopathy or detection of
HCC [1]. PVT is diagnosed more frequently in patients with cirrhosis because of
frequent imaging done for screening for HCC. The spontaneous recanalization rate
of up to 40% has been reported [15]. The complexity of LT increases in patients
with PVT, and the reported post-transplant outcomes are inferior as compared to
cases without PVT [16].

9.4 Diagnostic Evaluation

Four important questions need to be answered on imaging before proceeding to the
treatment of PVT. a) Is there any evidence of cirrhosis or not? b) Is the PVT acute
or chronic? ¢) Is the thrombus bland or associated with a tumour? d) Is there an
extension of thrombus into intrahepatic branches and mesenteric vessels?

Doppler ultrasonography is the first-line investigation. The thrombus appears as
hypoechoic to isoechoic content within the lumen of the portal vein. Associated
findings include the presence of collaterals and cavernoma. The presence of caver-
noma usually indicates the chronic nature of PVT. However, cavernoma may
develop within 6 days from the onset of acute PVT [17]. Doppler mode may also
show the absence of flow within the portal vein. The presence of cirrhosis and other
features of portal hypertension can also be inferred from the ultrasonography.
Cross-sectional imaging with multiphase computed tomography is very helpful. It
adds to the information given by Doppler ultrasound- the porto-mesenteric venous
system can be visualized in its entirety, and the extension of thrombus into the mes-
enteric system with associated intestinal ischemia can also be inferred. The
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presence of an enhancing, lumen-distending thrombus associated with an enhancing
tumour in the cirrhotic liver, especially with high alpha-fetoprotein levels, is highly
ominous for a malignant thrombus due to HCC [18].

9.5 TIPS as a Therapeutic Option for Non-malignant PVT

The role of TIPS in PVT patients with and without cirrhosis is discussed separately
(Fig. 9.1). Senzolo et al. were one of the earliest to show in a large series that TIPS
can be successfully placed in the setting of PVT. However, their study included a
heterogeneous population of patients with cirrhosis and non-cirrhosis and those
with or without cavernoma. Hence their findings cannot be generalized to all [3].

9.5.1 TIPS Technique

TIPS approach is affected by multiple factors, including the extent of PVT, the
expertise of the interventional staff, and the presence of ascites. TIPS can be
attempted with a transjugular approach alone (Fig. 9.2a), a combined transjugular

PVT

No-Cirrhosis Cirrhosis

Rule out tumour thrombus

Anticoagulation in LT
Acute Chronic candidates

Thrombus progression
consider TIPS

Manage variceal bleeding

Anticoagulation followed by endoscopically and extra-
TIPS if progression to variceal complications by
intestinal ischemia, or surgical shunt
thrombusprogression TIPS as rescue therapy

if above not feasible/fail

Fig. 9.1 Algorithm for management of PVT and the role of TIPS. PVT portal vein thrombosis,
TIPS transjugular intrahepatic portosystemic shunt, LT liver transplantation
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b

Fig. 9.2 TIPS approach in the setting of portal vein thrombosis (a) transjugular, (b) combined
transhepatic and transjugular, (¢) combined transsplenic and transjugular, (d) placement of TIPS
through a large collateral in whom the main portal vein cannot be recanalized

and transhepatic approach (Fig. 9.2b), or a combined transjugular and transsplenic
approach (Fig. 9.2¢). TIPS can be placed into a recanalized main portal vein or else
a dominant collateral vein (Fig. 9.2d). The use of combined transjugular and percu-
taneous transhepatic/transsplenic approach is recommended if intrahepatic portal
vein branches are not visualized or cannot be cannulated via the transjugular
approach alone. This combined approach carries a higher risk of bleeding since it
involves capsular puncture; hence embolization of the percutaneous tract has been
recommended [19].
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9.5.2 TIPS for Acute Non-cirrhotic PVT

The standard treatment of acute non-cirrhotic PVT is anticoagulation for at least
6 months; prolonged therapy is recommended in patients with a prothrombotic state
[20]. Despite adequate anticoagulation, complete recanalization occurs only in
about 40% of these patients. The involvement of SMV or SV and ascites predict the
failure of anticoagulation therapy [13]. A subset of patients will progress despite
therapeutic anticoagulation. Certain patients with complications like bowel gan-
grene/perforation usually require surgical thrombectomy, with or without bowel
resection. In patients with intestinal ischemia without complications of bowel per-
foration, transjugular local thrombolysis with or without TIPS placement is a valid
therapeutic option. Klinger et al. have described a case series of 17 patients with
acute non-cirrhotic and non-malignant PVT, of whom 94% were successfully
treated with local therapy in the form of transjugular thrombolysis with or without
TIPS placement [21]. TIPS was placed in eight patients; long term patency rates
were 88% at the end of 2 years. In this study, 15/17 patients were able to avoid sur-
gery, and none developed sequelae of portal hypertension [21]. A recent prospective
study compared the role of interventional therapy (with mechanical and pharmaco-
logical thrombolysis), followed by stenting, if required, versus medical therapy. The
authors reported that the former therapy was twice as effective in complete recana-
lization (54% vs. 30%, p < 0.001) but with a higher rate of bleeding complication
[22]. Prospective randomized controlled trials (RCTs) between therapeutic antico-
agulation and transjugular interventional therapy are required to establish the role of
these therapies.

9.5.3 TIPS for Chronic Non-cirrhotic PVT

In patients with EHPVO, the recommended therapy for acute variceal bleeding is
endoscopic therapy. Surgical shunts are recommended for complications, such as
growth failure, symptomatic hypersplenism, portal cavernoma cholangiopathy, and
recurrent variceal bleeding, despite endoscopic therapy [14, 23, 24]. Routine antico-
agulation is not recommended, and only those with persistent prothrombotic state
merit long-term anticoagulation after adequate prophylaxis for variceal bleed [23].
Only a few studies have evaluated the role of TIPS in this setting. Patients with
EHPVO, by definition, have the presence of a portal cavernoma, which is a bunch
of tortuous vessels with hepatopetal flow replacing the thrombosed main portal
vein. The presence of a cavernoma causes technical difficulties in placing TIPS. Qi
et al. demonstrated the feasibility and safety of TIPS in non-malignant and non-
cirrhotic chronic PVT/EHPVO patients, primarily for recurrent variceal bleed [25].
Successful TIPS placement was possible in 7/20 (35%) of the patients: via a com-
bined transjugular and transhepatic approach in 4, a combined transjugular and
transsplenic approach in 2 and a transjugular approach alone in 1. Two patients
required placement of TIPS within a collateral vein as the main portal vein could not



9 Transjugular Intrahepatic Portosystemic Shunt for Non-malignant Portal Ve... 123

be recanalized. Shunt dysfunction occurred in 2/7 (28%) patients, and rebleeding
occurred in 1 (14%) patient. None of the patients had post-TIPS encephalopathy;
however, one patient had procedure-related bleed due to capsular rupture. As com-
pared to the TIPS failure group, the rebleeding occurred in 14% (vs. 69%) patients
in the TIPS success group. However, the difference in mortality was not significant
due to the small sample size. In contrast, Fanelli et al., in a small study of 12 patients,
reported a success rate of 83% with only one patient having shunt dysfunction and
rebleed [26].

The role of TIPS in complications other than variceal bleeding has only been
evaluated in one study of 28 children, of whom 17 (60%) underwent successful
TIPS placement [27]. Shunt dysfunction occurred in nearly one of third patients, but
a significantly higher number of patients in the TIPS success group were free of
rebleeding as compared to the TIPS failure group (p = 0.007). The improvement in
the height-for-age Z score was significantly higher in the TIPS success group as
compared to the TIPS failure group (p = 0.017).

In view of the low technical success rate and limited availability of expertise,
TIPS has a limited role in the management of patients with EHPVO. Surgical shunts,
which have universally good results, are the best option. TIPS may have a role in
patients not fit for surgery, but this needs to be further explored.

9.5.4 TIPS for Cirrhotic PVT

Baveno VI recommendations for the management of PVT in cirrhosis include regu-
lar 6 monthly screening in prospective transplant recipients. Institution of antico-
agulation with low molecular weight heparin (LMWH) or oral anticoagulation
should be done after screening for varices and appropriate pharmacological or endo-
scopic prophylaxis, according to the risk of variceal bleeding [23]. The basis of this
recommendation in LT candidates is that the presence of advanced PVT increases
the surgical complexity and leads to an increase in the rate of graft loss and mortal-
ity. Hence the main objective is to prevent thrombus progression and extension [16,
28]. The American Association of Study of Liver Diseases (AASLD) 2009 guide-
lines for vascular diseases of the liver do not make any recommendations for routine
anticoagulation or TIPS for acute or chronic PVT in the setting of cirrhosis [29].
The European Association for the Study of the Liver (EASL) recommendations do
not differ much from Baveno VI and recommend anticoagulation for at least
6 months and lifelong extension in those with an extension of the thrombus to SMV
and history of intestinal ischemia or LT candidates [20]. The role in patients who are
not LT candidates remains to be evaluated. A RCT by Villa et al. has shown that the
use of prophylactic anticoagulation (enoxaparin) in Child B and C (B7-C10) can
change the natural history of cirrhosis- at the end of 48 and 96 weeks, nearly 16%
and 28% developed PVT in control group, respectively, compared with 0% and 8%
in the enoxaparin group, with no increased risk of bleeding complications [30].
Patients treated with enoxaparin had lower chances of decompensation and better
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Fig. 9.3 Portogram (a) taken after cannulating the right portal vein showed filling defect within
the main portal vein, extending till the splenoportal confluence, suggestive of thrombosis (b). Prior
to TIPS stent placement, intraparenchymal tract was created using 10 mm x 4 cm balloon catheter
(c). Subsequent portogram showed dilated coronary vein and varices (d—e). Final angiogram (f)
after TIPS stent placement showed diversion of portal circulation into IVC with decompression of
varices. PVT portal vein thrombosis, SMV superior mesenteric vein, SPL V splenic vein

survival as compared to the control group [30]. The efficacy and safety of antico-
agulation with LMWH and vitamin K antagonists (VKAs) has been well estab-
lished in patients with cirrhosis [31].

TIPS has been shown to be safe and effective in cirrhosis patients with PVT
(Fig. 9.3). There is a lack of prospective studies comparing TIPS and anticoagula-
tion. There might be a subgroup of patients who may not benefit from anticoagula-
tion or be unfit for anticoagulation due to a high risk of bleeding. Luca et al.
evaluated TIPS placement in 70 non-malignant cirrhotic PVT patients with a proce-
dural success rate of 100%, among whom 57% achieved complete resolution, and
95% maintained long-term patency [32]. On follow up, only 1 in 70 had rebleeding.
TIPS dysfunction was significantly higher with use of bare stents as compared to
covered stents (p = 0.0001). In another study by Han et al., 57 patients with decom-
pensated cirrhosis underwent TIPS primarily for variceal bleed [19]. The technical
success rate was 75%, and success was dependent on the presence of cavernoma,
degree of thrombosis, the involvement of portal venous branches and SMV exten-
sion. Shunt dysfunction occurred in one-fifth patients at the end of 1 year, and
hepatic encephalopathy occurred in one-fourth. The rebleeding rates were signifi-
cantly less in the TIPS success group compared with the TIPS failure group (p =
0.0004), while the survival of both groups was similar.
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9.5.5 TIPS for Cirrhosis Complications

The use of TIPS in non-transplant population has also been well described. A RCT
compared endoscopic band ligation and propranolol with TIPS for secondary pro-
phylaxis of variceal bleeding in patients with cirrthosis and PVT. The authors
reported a higher probability of remaining free of variceal bleeding in the TIPS
group (78% vs. 43%) with no significant difference in the incidence of hepatic
encephalopathy [33]. Subsequently, another trial demonstrated that in patients with
cirrhosis and PVT, TIPS within 6 weeks of initial bleeding episode offered an
advantage over endoscopic therapy and propranolol in terms of lower rebleeding
rates at 1 year (15% vs. 45%) and at 2 years (25% vs. 50%), with no increase in
encephalopathy or improvement in survival [34].

9.5.6 TIPS Procedure-Related Complications

TIPS in the setting of PVT, although technically feasible, is not without risk of
complications, such as capsular perforation, hematoma, intraperitoneal hemor-
rhage, damage to the extrahepatic portal vein and biliary injury. Valentin et al., in
their meta-analysis of 18 studies of TIPS for PVT patients with underlying liver
disease, reported complications to be very rare (<1%), with only 2 cases of liver
capsule perforation and hemorrhage leading to death [4]. In contrast, Rodrigues
et al., in their meta-analysis of 13 studies, have reported a 10% risk of major com-
plications [5]. Although there is a heterogeneity in complication rate, this can be
explained in part by the use of catheter-related thrombolysis, which increased the
complication rate to 17.7% vs. 3.3% in the TIPS alone group [5]. The complication
rate of TIPS has been reported to be less when the transjugular route alone is used
(5.2%), as compared to cases with transhepatic/transsplenic assistance (13.3%) [5].
The meta-analysis from Valentin et al. included studies in which the majority of
patients had thrombus localized to the portal vein, and a limited number of patients
had SMV or SV extension [4]. As these patients require a more invasive procedure,
with more chances of complications, this might also explain the difference in com-
plication rates between the two meta-analyses.

There is no exclusive data on post-TIPS encephalopathy, however, both the
meta-analyses report hepatic encephalopathy in close to 25% during follow up.

9.6 Role of Anticoagulants Post-TIPS for PVT

There is limited evidence to support the use of anticoagulants post TIPS for PVT. In
the setting of acute non-cirrhotic PVT, Klinger et al. [21] used anticoagulation with
LMWH, VKA or directly acting oral anticoagulants (DOAC) for 12 months post-
procedure, despite which 3/8 (37.5%) patients had a TIPS thrombosis. In the setting
of chronic non-cirrhotic PVT, Qi et al. [25] used VKA, warfarin with target interna-
tional normalized ratio (INR) of up to 2 for a duration of 6 to 12 months, followed
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by lifelong aspirin therapy. They showed shunt dysfunction in 2/7 (28%) patients on
follow up. Although anticoagulation has shown to be safe in the setting of cirrhosis,
in the study by Han et al. [19] all patients received warfarin for 6-12 months fol-
lowed by life-long aspirin, and they showed shunt dysfunction rate of 21%. In con-
trast, in the study by Luca et al. [32], none of the patients received anticoagulation,
and the rate of shunt dysfunction with covered stents was 27% at 1 year.

Although LMWH and VKAs have been found to be equally effective in treating
PVT, and despite its parenteral administration, LMWH is preferred over VKAs.
This is because the use of INR to monitor therapeutic anticoagulation is fallacious
in patients with liver disease because of the reduced synthesis of both pro and anti-
coagulant factors by the liver, and conversely an elevated INR increases the model
for end-stage liver disease (MELD) score fallaciously, thus creating problems while
listing such patients for liver transplant. In other conditions, such as renal dysfunc-
tion, VKAs are preferred over LMWH.

The role of DOACsS is being explored in patients with PVT, and new data is
emerging. TIPS plays an important role in the management of Budd-Chiari syn-
drome (BCS) [35]. TIPS is also technically feasible in BCS patients with
PVT. Dabigatran has been shown to be as safe and effective in the management of
post-TIPS BCS [36]. In a recent systematic review that evaluated the role of DOACs
in PVT, they were found to be as effective and safe, with similar risks of major and
minor bleeding episodes as traditional VKAs [37]. However, their use is offset by
their cost, lack of proven safety in patients with moderate and severe hepatic and
renal dysfunction and lack of cost-effective and easily available reversal agents. The
issue of recommended duration of anticoagulation with DOACs has not been
addressed, and various studies have used it for durations varying from 5 to
13 months [37].

9.7 Limitations of the Existing Data and Future Research

Although TIPS is feasible in the setting of PVT, yet many questions remain unan-
swered. The role of primary TIPS over anticoagulation alone needs to be explored
in a RCT. Most studies have explored the use of TIPS after the failure of anticoagu-
lation. The role of TIPS as compared to surgical shunts in patients with EHPVO in
reducing complications, such as variceal bleeding, growth retardation, MHE, and
portal cavernoma cholangiopathy, is unclear. Whether doing TIPS for PVT in the
setting of cirrhosis changes the natural history of the disease and reduces further
decompensation needs to be explored.

9.8 Conclusion

PVT encompasses a broad and heterogenous spectrum of abnormality. The most
important distinction is to rule out the presence of underlying cirrhosis and assess the
chronicity of the PVT. These subgroups have vastly different etiologies, natural history,
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prognosis and treatment implications. The existing treatment recommendations sup-
port anticoagulation for a recent PVT, but recommendations for anticoagulation in
chronic cases are not very clear. In a subset of patients, anticoagulation is ineffective,
and TIPS has a role in further management. TIPS has been shown to effective and safe
in PVT with or without cirrhosis, although there are concerns for technical difficulties
in patients with chronic PVT and cavernoma. The availability of technical expertise is
an important factor that determines the choice of therapy. RCTs evaluating TIPS versus
anticoagulation are required to further elucidate the role of TIPS.
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Abstract

Portal vein thrombosis whose prevalence increases in candidates for liver trans-
plantation remains a challenging issue. In patients with advanced cirrhosis, por-
tal vein thrombosis essentially results from portal hypertension and reduced
portal blood flow. Ensuring adequate portal flow to the liver graft is an absolute
prerequisite for liver transplantation to be successful. In patients with docu-
mented portal vein thrombosis at registration, the objective is to facilitate ana-
tomical portal vein anastomosis with transjugular intrahepatic portosystemic
shunt (TIPS) or per-operative thrombectomy, an alternative being jump graft
with superior mesenteric vein. In patients with partial portal vein thrombosis,
anticoagulation during waiting time should be considered to avoid extension of
thrombosis that would preclude anatomical anastomosis. Placement of TIPS is
an alternative. There is no evidence that long term anticoagulation is needed after
transplantation in patients with anatomical portal vein anastomosis and adequate
portal blood flow. Non-anatomical portal anastomoses are an alternative in
patients with extensive splanchnic vein thrombosis. The main techniques are
renoportal anastomosis using the left renal vein and hemicaval transposition with
an anastomosis between the inferior vena cava and the portal vein. However,
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these non-anatomical techniques are associated with higher morbidity and post-
transplant mortality. In addition, non-anatomical procedures do not reverse por-
tal hypertension. Portal vein thrombosis is not a contraindication for living donor
liver transplantation. However, since either the right or left portal vein branches
are the only available vessels, anastomoses may be technically more complex.
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Abbreviations

CT Computed tomography

DOAC Direct acting oral anticoagulant
HCC Hepatocellular carcinoma

HCV Hepatitis C virus

LDLT Living donor liver transplantation.

MRI Magnetic resonance imaging

NASH  Non-alcoholic steatohepatitis

PVT Portal vein thrombosis

TIPS Transjugular intrahepatic portosystemic shunt
VKA  Vitamin K antagonists

10.1 Introduction

Portal vein thrombosis (PVT) raises particular issues in the setting of transplanta-
tion as restoration of both venous and arterial blood flow to the graft are absolute
prerequisites for transplantation to be successful. Adequate portal blood flow repre-
sents the most important oxygen supply to the graft and, in addition, it reverses
portal hypertension. Indeed, increased resistance to portal blood flow, which is a
characteristic feature of cirrhosis, rapidly returns to normal after implantation of a
liver graft where parenchymal architecture is normal. Restoration of arterial blood
flow to the graft is essential to ensure oxygen supply to liver parenchyma and,
importantly, to bile ducts since vascularization of bile ducts essentially depends
upon arterial blood flow. Indeed, blood supply to bile ducts comes from the hepatic
artery and its branches, not (or marginally) the portal vein. Either early or late after
liver transplantation, hepatic artery thrombosis/occlusion is typically associated
with ischemic cholangiopathy that may rapidly lead to graft loss [1]. Early PVT,
which is an uncommon complication in adults, may also result in graft loss due to
insufficient blood supply and massive liver ischemia. Late after transplantation,
PVT may be apparently well tolerated. However, it leads to recurrence of portal
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hypertension and its complications. It may also compromise re-transplantation [2].
End-to-end portal vein anastomosis is the reference in liver transplantation which
means that the recipient’s portal vein should be patent at the time of transplantation.
Alternative surgical techniques can be used to restore portal blood flow to the graft
in patients with complete PVT, but these techniques are generally associated with
increased morbidity and mortality [3-5]. This chapter will focus on the diagnosis
and management of PVT in candidates for transplantation, impact on organ alloca-
tion, surgical aspects and impact on outcomes.

10.2 Portal Vein Thrombosis in Candidates
for Transplantation

The majority of candidates for liver transplantation are either (i) patients with
end stage cirrhosis with complications, such as refractory ascites, encepha-
lopathy, and repeated bacterial infections, or (ii) patients with compensated
cirrhosis and small hepatocellular carcinoma (HCC). PVT is mainly observed
in the first group of patients with end stage cirrhosis as they have more pro-
nounced portal hypertension.

PVT is not uncommon in candidates for transplantation with advanced cirrhosis,
with a prevalence ranging from 5% to 25% according to different series and inves-
tigations during workup [2]. However, this prevalence does not seem to be markedly
different from that observed in patients with cirrhosis who are not candidates for
transplantation [6]. In addition, since in countries where transplantation is per-
formed with deceased donors, the waiting time generally exceeds 6—12 months, a
proportion of patients who did not have PVT at evaluation develop thrombosis
while on the waiting list (Fig. 10.1a, b). The incidence of new PVT may be 5-10%
in long waitlist regions [7]. Even though patients have detailed imaging at evalua-
tion and repeated screening with ultrasound is recommended during waiting time,

Fig. 10.1 (a) Patient with cirrhosis on the waiting list for transplantation with a patent portal vein
(arrow) at registration. (b) Development of a partial portal vein thrombosis (arrow) during
waiting time
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several series report relatively high rates of partial PVT discovered at the time of
surgery [7, 8].

In patients without cirrhosis, PVT is most often associated with coagulation
disorders (either inherited or acquired) or myeloproliferative syndromes [9]. In
patients with cirrhosis, by contrast, increased intrahepatic vascular resistance and
decreased portal flow seem to be the main factors leading to PVT. Indeed, several
studies have shown that the balance of coagulation is generally maintained in
patients with decreased coagulation factor and increased INR [10, 11]. Therefore,
patients with a major decrease in coagulation factors and low platelet count are
not protected against PVT which is typically a complication of end stage cirrho-
sis. Paradoxically, an inverse correlation exists between platelet count and PVT
and patients with low platelet count are at higher risk to develop PVT [7, 12]. Low
platelet count which is a consequence of hypersplenism is an indirect marker of
the severity of portal hypertension and reduced flow to the portal vein [2]. Reduced
portal vein velocity has been identified as a predisposing factor for PVT in cir-
rhosis [12]. Non-selective f-blockers could also be a predisposing factor for PVT,
but more data are needed [13].

It has been shown that some procoagulant factors, including factor V Leiden
mutation, are more common in cirrhotic patients with PVT as compared to those
without PVT [6, 14]. However, while some coagulation disorders can be clearly
identified by genetic tests, other procoagulant disorders may be difficult to iden-
tify in cirrhosis due to the non-specific decrease in coagulation factors. A state
of chronic systemic inflammatory state which is now well documented in cir-
rhosis may also contribute to thrombosis although its role needs to be more
clearly explored [15]. With the generalization of direct antiviral agents, hepati-
tis C virus (HCV) infection has markedly decreased as an indication for trans-
plantation. In parallel, non-alcoholic steatohepatitis (NASH) became one of the
leading indications for transplantation, at least in North America [16]. Patients
with NASH have a hypercoagulable profile and prevalence of PVT in NASH-
related cirrhosis seems to be higher than in cirrhosis due to other causes [17].
Therefore, in the future, it can be anticipated that the prevalence of PVT in
candidates for transplantation will increase.

A score termed “portal vein thrombosis risk index” has been proposed recently
[18]. This score which includes NASH, age, the MELD score, moderate to severe
ascites (all associated with an increased risk of PVT) and African American Origin
(associated with a decreased risk of PVT) had a relatively modest accuracy to pre-
dict incident PVT with an area under curve of 0.70 [18].

Portosinusoidal vascular disease (non-cirrhotic portal hypertension) is an uncom-
mon indication for liver transplantation [19]. However, end stage complications of
conditions, such as hepatoportal sclerosis or nodular regenerative hyperplasia, both
of which are components of portosinusoidal vascular diseases, can be associated
with complications similar to those of end stage cirrhosis (refractory ascites, chronic
encephalopathy, etc.) where liver transplantation is the only curative option. PVT is
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more common in patients with end stage portosinusoidal vascular diseases than in
patients with end stage cirrhosis, even in the absence of documented prothrombotic
state [20, 21].

10.3 Diagnosis and Classification of Portal/Splanchnic
Vein Thrombosis

The diagnosis of PVT is based on D&ppler ultrasound and imaging with infusion of
contrast media (computed tomography [CT] scan or magnetic resonance imaging
[MRI]) which should be systematically performed during evaluation. MRI does not
expose to radiations, but its definition is lower than that of CT scan, especially in
patients with large volume ascites [22]. Mesenteric vein may be difficult to explore
with ultrasound. In long waitlist regions or countries, it is recommended to perform
imaging at a regular interval to detect incident PVT. There is no consensus on the
timing of imaging but ultrasound every 3-month while on the waiting list seems a
reasonable option [2]. Ultrasound may be repeated at a shorter interval in patients at
high risk of developing PVT (small portal vein and/or hepatofugal flow). Any sus-
picion of PVT on ultrasound should lead to perform CT scan or MRI.

Cruoric PVT should be clearly differentiated from tumor invasion of portal vein
branches or the trunk of the portal vein in patients with HCC [23]. Indeed, while
transplantation may be considered in patients with PVT, macroscopic tumor inva-
sion is generally considered a definitive contraindication for transplantation due to
and especially high risk of early tumor recurrence. Endovascular obstruction adja-
cent to a tumor, vascular enlargement by the endovascular material, contrast
enhancement at the arterial phase within the endovascular material, arterial signal
on Doppler ultrasound within the endovascular material and high serum alfa feto-
protein level are characteristic features of tumor invasion [24, 25]. However, a clear
distinction may be difficult in patients with infiltrative, ill-defined tumors. In addi-
tion, HCC does not exclude cruoric thrombosis.

Splanchnic vein thrombosis can be easily classified according to (i) intraluminal
extension of the thrombus (complete occlusion vs. partial thrombosis with persis-
tent blood flow on imaging and (ii) extension of the thrombus (intrahepatic portal
vein branches and/or main portal vein and/or superior mesenteric vein and/or
splanchnic vein) [2]. Partial thrombosis of the portal vein can coexist with partial or
complete thrombosis of superior mesenteric vein for instance (Fig. 10.2). A number
of anatomical classifications of PVT have been proposed, the Yerdel classification
being a reference [26]. According to this classification, grade 1 corresponds to
<50% of light with no or minimal obstruction of the superior mesenteric vein, grade
2 corresponds to >50% including total obstruction of the portal vein, grade 3 cor-
responds to complete obstruction of the portal and proximal superior mesenteric
vein, and grade 4 corresponds to complete obstruction of the portal and superior
mesenteric vein.
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Fig. 10.2 Partial
mesenteric vein thrombosis
(arrow)

10.4 Impact of Portal Vein Thrombosis on Pre-transplant
Mortality: Is Priority Justified?

In most countries, the number of patients who could derive a significant survival benefit
from liver transplantation exceeds by far the number of available donors. Therefore, a
drastic selection of candidates for transplantation is needed. Different allocation policies
can be adopted according to different objectives (equity, justice, and utility). However,
during the last two decades, most countries have adopted a “‘sickest first policy” that
prioritizes patients at the highest risk of mortality without transplantation [27-29]. The
objective of this sickest first policy is to reduce as much as possible the waiting list mor-
tality, and prioritization is based on the MELD or MELD-Na scores which are robust
markers of mortality in patients with cirrhosis [27-29]. Experience shows that allocation
based upon MELD or MELD-Na scores does not affect post-transplant outcomes in
terms of survival even though the sickest patients experience increased morbidity and
longer hospital stay after transplantation.

PVT is a complication of advanced cirrhosis. However, whether PVT is only a
marker of disease severity that no longer impacts disease progression at this stage or
PVT is a superimposed complication that further contributes to deterioration of liver
function and occurrence of additional complications remains a controversial issue.

Contrasting data have been reported. A single-center study based on a large pop-
ulation suggested that occlusive PVT was associated with higher mortality after
evaluation and after registration for transplantation, independent of the MELD score
[4]. Two series based on the UNOS/OPTN registry suggested that PVT was associ-
ated with increased port-transplant mortality but did not affect the waiting list
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mortality [3, 30]. A prospective study where cirrhotic patients had screening ultra-
sound at a regular interval did not show evidence for an association between occur-
rence of PVT and disease progression [31]. Finally, a recent study also based on the
UNOS/OPTN registry and using competing risk analysis showed that patients with
cirrhosis and PVT had lower waiting list mortality than patients without PVT [32].
Opverall, there is no clear evidence that PVT is associated with increased waiting list
mortality independent of other factors predicting outcome. According to the sickest
first allocation policy, for a similar MELD or MELD-Na score, there is no obvious
justification to give additional priority to patients with PVT. However, it must be
noted that in patients receiving vitamin K antagonists (VKA) for PVT, the MELD
and MELD-Na scores may be artificially increased, thus overestimating disease
severity. Indeed, the MELD score includes INR which increases with the use of
VKA. For instance, in a patient not receiving VKA with a bilirubin of 150 pmol/L
(8.8 mg/dL), a creatinine of 100 pmol/L (1.1 mg/dL) and an INR of 1.5, the labora-
tory MELD score is 20. If the same patient with the same baseline laboratory values
is placed on VKA with INR increasing up to 2.5, the corresponding MELD score is
26. Similar changes can be observed with the MELD-Na score which also includes
INR [29]. Ideally, the MELD score should be calculated before initiation of
VKA. However, if the MELD score has to be updated, there are two possible ways
to overcome this difficulty. The first way is to use the so-called MELD-XI score
which takes into account bilirubin and creatinine, but not INR [33]. The equation is
the following: MELD-XI = 5.11 * Ln(bilirubin [mg/dL]) + 11.76 * Ln(creatinine
[mg/dL]) + 9.44. Another way is to use factor V instead of INR since its value is not
influenced by VKA. A relatively strong but non-linear relation exists between factor
V and INR. Therefore, baseline INR (independent of VKA) can be extrapolated
from factor V according to the following equation: INR = (factor V [% of normal
value]/94.9)08! [34]. None of these alternatives to the laboratory MELD score have
been extensively validated.

10.5 Management of Portal Vein Thrombosis in Candidates
for Transplantation

PVT is a well-documented risk factor for post-transplant morbidity and mortality. In
addition, extensive splanchnic vein thrombosis (involving portal vein, splenic vein
and superior mesenteric vein) may be a definitive contraindication for liver trans-
plantation. In order of importance, the objectives are (i) to achieve recanalization of
portal vein and/or mesenteric vein, (ii) to prevent complete obstruction in patients
with non-obstructive thrombosis so that removal of the clot and end-to-end surgical
anastomosis can be performed with the portal vein or, alternatively, the superior
mesenteric vein, and (iii) to prevent extension of thrombosis in patients with com-
plete obstruction [2].
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10.5.1 Anticoagulation

Spontaneous recanalization or improvement is possible in patients with non-
occlusive thrombosis. However, the rates of recanalization/improvement are highly
variable in different series, ranging from 0% to more than 45% [35-39]. These
variations are possibly due to differences in disease severity, diagnostic criteria and
imaging protocols. Since portal/mesenteric vein patency is a central issue, treatment
of patients on the waiting list is strongly recommended.

Anticoagulation is the first-line option. Several studies have been conducted in
candidates for transplantation with encouraging results in those with partial (non-
occlusive) thrombosis involving either the portal vein or the mesenteric vein
(Table 10.1) [7, 40, 41]. Different protocols have been used with VKA, direct acting
oral anticoagulants (DOACsS) that inhibit thrombin or FXa and/or low molecular
weight heparin (LMWH). Treatment can be initiated with LMWH with a rapid
switch to VKA or DOAC [2]. VKA or DOACSs can be introduced after “induction”
LMWH or the patient can receive oral anticoagulants without initial intravenous/
subcutaneous administration. As shown in Table 10.1, recanalization can be

Table 10.1 Anticoagulation in the treatment of portal vein thrombosis in patients with cirrhosis

Adverse

Recanalization | Extension | events
Author Year |Patients | Anticoagulation | (%) (%) (%)
Francoz C 2005 |19 LMW heparin¥/ |42 5 0
[7] VKA
Senzolo M 2009 |26 LMW heparin® 50 - 10
[41]
AmitranoL | 2010 |28 LMW heparin® 75 7 0
[40]
Delgado MG 2012 |55 LMW heparin®/ | 60 0 20
[42] VKA®
Werner KT 2013 |28 VKA 82 0 3
[87]
Chung JW 2014 | 14 VKA® 79 0 -
[88]
Cui, SB [89] |2015 |65 LMW heparin® 78 0 15
Chen H [90] |2016 |30 VKA 50 10 13
KwonJ [91] |2018 |91 LMW heparin® 62 4 21
La MuraV 2018 |63 VKA 70 0 36
[92]
Nagoaki Y 2018 |20 Danaproid/ 90 5 15
[93] enoxaban
Rodriguez- 2019 |65 LMW heparin® 72 0 5
Castro KI
[94]
Hanafy AS 2019 |40 Rivaroxaban 85 0 0
[45]

LMW heparin denotes low molecular weight heparin
®VKA denotes vitamin K antagonists
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achieved in 40-85% of cases, a rate which is higher than what can be expected
without any anticoagulation [35-39]. A systematic review has shown that 72% in
patients on anticoagulation achieved recanalization compared to 42% in patients not
receiving treatment [42]. Recanalization is more likely to be achieved in patients
with non-occlusive thrombosis. However, in patients with chronic occlusive throm-
bosis, anticoagulation may prevent extension of thrombosis. For instance, in patients
with chronic occlusive PVT, anticoagulation may help preserve mesenteric vein
patency which facilitates transplant surgery. Even if patients with cirrhosis have
portal hypertension, low platelet count and decreased coagulation factors at base-
line, the rate of bleeding complications while receiving anticoagulation is relatively
low. Even though there is no evidence that anticoagulation increases the risk of vari-
ceal bleeding, it is recommended to check varices and, if present, optimize beta-
blockers or initiate a program of elastic band ligation. Importantly, pre-transplant
anticoagulation does not seem to have a significant impact on blood loss and dura-
tion of transplant surgery [7]. Monitoring VKA in cirrhotic patients with increased
INR at baseline is challenging and no consensus exists on targets to be achieved.
Anticoagulation induced by VKA can be reversed by administration of fresh frozen
plasma pre-operatively.

LMWH has been used in several series with good results in terms of safety and
efficacy [43, 44]. The attraction of LMWH is its short half-life. A limitation is the
injectable only formulation. In addition, LMWH may be contraindicated in patients
with impaired renal function [43].

Experience with DOACS in cirrhosis is still limited. [45-48]. The advantages of
DOAC:s are that there is no need for monitoring and no interference with the MELD
score. However, reversibility is a major concern as transplantation with a deceased
donor is not an elective surgery that can be planned. However, liver transplantation
has been performed successfully in patients receiving dabigatran after administra-
tion of the reversal agent idarucizumab pre-operatively [46].

10.5.2 Transjugular Intrahepatic Portosystemic Shunt (TIPS)

TIPS is another option to catheterize the portal vein through transjugular access,
perform thrombolysis/mechanical thrombectomy, insert a stent, restore portal flow
and then achieve portal vein patency through a low resistance shunt until transplan-
tation (Fig. 10.3a—d). Several case series including selected patients have been
reported showing that, in experienced centers, the feasibility was high, ranging from
70% to almost 100% (Table 10.2). The rate of successful insertion of a TIPS in
patients with partial or recent PVT is high as there are no technical difficulties in
most cases. In the setting of transplantation, a crucial issue is to avoid insertion
either too high in the right auricle or too low in the superior mesenteric vein which
may represent technical difficulties to complete vascular anastomosis during trans-
plant procedure. Particular attention should be paid to avoid TIPS misplacement
[49]. TIPS placement may be technically more difficult in patients with complete
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Fig. 10.3 (a) Near complete portal vein thrombosis (arrow) in a candidate for transplantation with
decompensated cirrhosis. (b) Coronal image showing the thrombus with a small patent channel at
the periphery of the vessel (coronal image). (¢) Placement of a covered TIPS to recanalize portal
vein while the patient is on the waiting list (coronal image). (d) Coronal image performed 1 year
after transplantation showing a patent end to end portal vein anastomosis

Table 10.2 TIPS in the treatment of portal vein thrombosis in patients with cirrhosis

MELD | Complete Feasibility | Complete
Author Year | Patients | score thrombosis (%) recanalization (%)
Bauer J [51] |2006 | 9 7 6/9 100 89
Han G [57] 2011 |57 7 22/57 75 100
Luca A [95] 2011 |70 8 24/70 96 60
D’Avola D 2012 |15 8 0/15 100 100
[96]
Luo X [97] 2015 |37 9 13/37 100 65
Rosenqvist 2016 |19 8 15/21 100 74
K [98]
Wang Z [99] | 2016 |64 7 37/64 100 78
LvY [100] 2017 |24 7 8/24 96 91
Thornburg B | 2017 |61 - 35/61 98 92

[101]
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chronic PVT with or without cavernoma. However, several series have shown that
in selected patients, TIPS placement could be successful in more than 90% of
patients [50, 51]. Absence of visibility of intrahepatic portal vein branches on ultra-
sound is a technical limitation. Successful insertion with trans-splenic or transhe-
patic puncture has been reported by experienced teams [52, 53]. In general, the rate
of dysfunction is lower with covered stents than with bare stents. However, there is
no evidence that covered stents are superior in candidates for transplantation [54].

The main limitation of TIPS in the context of transplantation is that the majority
of candidates for transplantation have end stage cirrhosis with a high MELD score.
In patients with a low MELD score, encephalopathy is an adverse event that occurs
in 10-20% of patients [55]. In patients with a MELD score exceeding 18, TIPS is
generally contraindicated due to an unacceptable rate of encephalopathy and a risk
of further deterioration of cirrhosis [56]. If portal flow is restored, long term patency
can be achieved by TIPS without anticoagulation [57, 58]. Therefore, anticoagula-
tion is not recommended in patients with patent TIPS. However, ultrasound screen-
ing is strongly recommended at regular intervals. TIPS dysfunction may require
revision in a minority of patients. In general, TIPS does not seem to be associated
with an increase in mortality and morbidity [59]. However, in a recent series, shunt
malposition was observed in 13% of cases [59].

10.6 Transplantation Procedure in Patients with Portal
Vein Thrombosis

Different techniques can be used according to the extent of the thrombus and the
patency and flow in the portal and mesenteric veins (Table 10.3). When full patency
of the portal vein has been achieved before transplantation either with anticoagula-
tion or TIPS, end-to-end portal anastomosis is the reference option. When throm-
bectomy is impossible in patients with complete PVT, portal blood flow can be
restored with the superior mesenteric vein though a jump graft. When complete
thrombosis involves both portal and mesenteric veins, non-anatomical anastomosis
can be performed between donor portal vein and either the inferior vena cava (caval
hemitransposition) or the left renal vein [2].

10.6.1 Partial Portal Vein Thrombosis

In patients with partial PVT, the objective is to perform end-to-end anastomosis and
to optimize portal flow in order to ensure adequate blood flow to the graft and to
prevent post-transplant re-thrombosis. The clot can be removed during the proce-
dure by eversion thrombectomy or thrombendvenectomy consisting in removal of
the clot and the adjacent intimal layer of the vein [60—62]. Whenever possible, the
portal vein should be kept open and the clot should be freed and removed while the
venous wall is everted (Fig. 10.4). This maneuver should be extended to the splenic
and mesenteric veins when needed. If needed, anastomosis should be performed
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Table 10.3 Surgical options for liver transplantation in patients with portal vein thrombosis

Extent of thrombosis

Reversal of portal

at the time of Anatomical hypertension after
transplantation Surgical option reconstruction transplantation
Partial portal vein v Thrombectomy and Yes Yes
thrombosis end-to-end portal

anastomosis
Complete portal vein | v Thrombectomy and yes Yes
thrombosis end-to-end portal No Yes

anastomosis

v/ Jump graft between

portal vein and SMV*
Extended thrombosis | v/ Reno-portal anastomosis | No No
involving both portal | Cavoportal No No
vein and SMV* hemitransposition Yes Yes®

v Multivisceral
transplantation including
liver and small bowel
(cluster)

*SMYV denotes superior mesenteric vein
PReversal of portal hypertension may not always be complete

Fig. 10.4 Partial thrombosis of the portal vein in a candidate patient for liver transplantation (a).
After near complete thrombectomy (b), end-to-end anastomosis is performed between both portal
veins of the recipient and the liver graft (c)
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close to the native portal vein to remove as much clot as possible [60]. Removal of
the clot is easier in patients with recent thrombosis as compared to those with
chronic thrombosis and organized clot. Before completing portal vein anastomosis,
portal flow should be checked by removing clamps and flushing portal vein.
Interposition of a vascular graft should be avoided as it is a source of post-transplant
re-thrombosis [61]. Doppler ultrasound is a useful tool to assess portal blood flow
during the transplant procedure. If portal blood flow remains insufficient after com-
pletion of end-to-end portal anastomosis, ligation of collateral vessels is an option
and portal blood flow after ligation should be checked by D&ppler ultrasound peri-
operatively. Early post-transplant administration of anticoagulation (LMWH in par-
ticular) is recommended to avoid re-thrombosis. If post-transplant portal blood is
adequate, there is no evidence that long term anticoagulation is needed.

10.6.2 Complete Thrombosis Limited to the Portal Vein

Thrombectomy or thrombendvenectomy followed by end-to-end portal anastomo-
sis may be possible occasionally in patients with recent PVT [8, 60]. However,
removing the thrombus may be impossible in patients with chronic thrombosis since
the native portal vein only consists in a fibrotic remnant. When it is impossible to
restore adequate portal blood flow from the native portal vein, the first-line option is
to use the distal portion of the mesenteric vein. An iliac donor vein can be used as a
jump graft between donor’s portal vein and recipient’s mesenteric vein (Fig. 10.5).
The jump graft is inserted anterior to the pancreas [63]. And if after anastomoses
have been completed, blood flow in the donor’s portal vein is not adequate, large
porto-systemic shunts should be ligated. Endovascular radiological procedures rep-
resent another option to embolize large shunts. Some authors have proposed anasto-
mosis between donor portal vein and collaterals, but these vessels are fragile and
anastomosis may be technically difficult (Fig. 10.6) [62]. No large series support
this option. Large left gastric vein to portal vein anastomosis has also been reported
but clear data on post-transplant outcome are lacking [64, 65].

Portal vein arterialization which consists in creating an anastomosis between the
donor’s portal vein and an adjacent arterial branch has been proposed to improve
post flow [66, 67]. Only small series and case reports have been reported and aneu-
rysmal dilatation of the postal vein following arterialization has been observed late
after transplantation [66].

10.6.3 Diffuse Thrombosis of the Portal and Mesenteric Veins

Extensive splanchnic vein thrombosis is a challenge in liver transplantation. The
mesenteric vein can no longer be used, and it is impossible to restore a physiological
portal flow to the graft. Two non-anatomic alternatives have been proposed and both
consist in restoring blood flow through a systemic vein: cavoportal
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Fig. 10.5 Complete thrombosis of the portal vein and patent superior mesenteric vein in a candi-
date to liver transplantation (a). Failed thrombectomy and the portal flow to the liver graft is
achieved with a jump graft on the recipient superior mesenteric vein and passed anterior to the
pancreatic gland (b)

hemitransposition and anastomosis between donor’s portal vein and recipient’s left
renal vein [68-71].

Cavoportal hemitransposition consists in end-to-end, end-to-side or side-to-end
anastomosis between the inferior vena cava and the donor’s portal vein (Fig. 10.7)
[64, 68, 69]. Calibration of the suprarenal inferior vena cava can be performed to
redirect blood flow preferentially to the portal vein. However, this technique may
result in inferior vena cava syndrome with edema of the lower limbs and impaired
kidney function.

Renoportal anastomosis consists in end-to-end anastomosis between the left
renal vein and the donor’s portal vein as demonstrated schmatically (Fig. 10.8) and
on postoperative CT scan (Fig. 10.9) [64, 68, 71]. Alternatively, interposition of an
iliac graft from the donor can be used to complete the anastomosis. In patients who
had previous splenorenal shunt, this shunt can be used provided it remains patent
and the shunt decompresses the splanchnic venous system [69].

Apart from anastomosis with a previous spleno-renal shunt, none of these non-
anatomical techniques reverse portal hypertension. Therefore, patients are at risk of
variceal bleeding, bleeding from ectopic varices and other complications of portal
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Fig.10.6 (a) Complete thrombosis of the mesentericoportal vein with failed thrombectomy with-
out spleno-renal shunts. Large perigastric varices are developped via mesenterico-colo-spleno-
gastric venous shunts (*). Liver transplantation is performed and the portal anastomosis is done on
the perigastric varices (b)

Stomach

Fig. 10.7 Complete thrombosis of the mesentericoportal vein without large shunts and small
bowel transplantation is not planned (a). (b) Caval hemitransposition is done and the portal anas-
tomosis is performed as end-to-side on the anterior aspect of the recipient vena cava. Suprarenal
caval calibration (*) is done to redirect the venous flow into the liver graft
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Fig. 10.8 Complete thrombosis of the mesentericoportal vein with large shunts (S) between the
splenic and left renal veins (a) After failed thrombectomy, the portal flow to the liver graft is
achieved with end-to-end reno-portal anastomosis (b)

Fig. 10.9 Post
operative CT scan
showing a renopotal
anastomosis between the
recipient left renal vein
(large arrow) and the
graft portal vein (small
arrow)

hypertension, such as bacterial translocation and systemic inflammatory response
syndrome [2].

The only way to cure, at least in part, portal hypertension is to perform multivis-
ceral transplantation including the liver, small bowel, and pancreas which are trans-
planted en bloc with the corresponding splanchnic vessels. Blood inflow is restored
by a single anastomosis between donor’s celiac trunk and recipient’s infrarenal
aorta (Fig. 10.10). Outflow is achieved with an anastomosis between the donor’s
inferior vena cava and recipient’s inferior vena cava [72]. Although this technique
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b

Fig. 10.10 Complete thrombosis of the mesentericoportal vein with severe portal hypertension
without spleno-renal shunts (a). (b) Combined small bowel and liver or multivisceral transplanta-
tion is done. When possible, the recipient portal vein is anastomosed definitively on the vena
cava (*)

restores anatomical portal flow to the graft and reverses portal hypertension, it has
several limitations. This is a complex procedure performed in patients with portal
hypertension and numerous collateral vessels. Post-transplant morbidity and mor-
tality are high with a major risk of bacterial infection. Later after transplantation, the
rate of rejection of the small bowel is high and potent immunosuppression is needed
with subsequent risks of infections and de novo malignancies [73].

10.6.4 Portal Vein Thrombosis in the Context of Living Donor
Liver Transplantation

Management of PVT in living donor liver transplantation (LDLT) is more complex
because the graft only includes the right or the left branch of the portal vein. Most
LDLTs in adults are performed with a right graft and the main portal vein is left to
the donor. Indeed, minimizing morbidity in the donor is a priority. However, several
reports have shown that PVT is not an absolute contraindication for LDLT [74-78].
Most of these reports come from Asian centers. In recipients with partial PVT, ever-
sion and removal of the thrombus is the first-line option as it allows performing
end-to-end portal anastomosis. In recipients with complete PVT, extensive throm-
bectomy is also the first-line option, including in those with thrombosis extending
to the superior mesenteric vein [77]. When recanalization of the portal vein is
impossible, an iliac or jugular vein should be procured in the recipient to perform
reconstruction as described in deceased donor transplantation [75]. Splenectomy as
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flow modulation is not recommended as it increases the risk of re-thrombosis after
LDLT [79]. In general, LDLT should be considered with more caution in recipients
with PVT as surgical technique is more complex and mortality rate is higher [80].

10.7 Impact of Portal Vein Thrombosis
on Post-transplant Outcomes

Contrasting results have been reported concerning the impact of PVT on post-
transplant outcomes. Several series suggest that post-transplant survival is similar
between patients with and without PVT [8, 60, 61]. By contrast, other studies
including meta-analysis and studies conducted in large databases suggest that PVT
is associated with higher early (3 months to 1 year) mortality rates after transplanta-
tion [3, 5, 30, 81]. In particular, patients with NASH and PVT were found to be at
higher risk of early mortality as compared to those with NASH and no PVT [81]. In
these studies, patients with complete PVT were at higher mortality risk than those
with partial PVT [5]. Post-transplant outcome also depends upon the surgical tech-
nique. Patients with PVT and end-to-end anastomosis are at lower mortality risk
than those with non-anatomical techniques, such as caval hemitranspoition of reno-
portal anastomosis [71]. PVT is also a source of post-transplant complications and
increased morbidity in liver transplant recipients. Non-anatomical portal anastomo-
ses are associated with variceal bleeding due to persistent portal hypertension, per-
sistent ascites, acute kidney injury and infections [61, 69, 82]. Variceal bleeding
should be systematically prevented by beta-blockers and/or endoscopic band liga-
tion. Patients with PVT related to prothrombotic states are at higher risk of post-
transplant thrombotic events including pulmonary embolism.

Transplantation benefit is the difference between survival with medical manage-
ment alone versus liver transplantation. The threshold value of the MELD score that
determines transplant benefit in patients with PVT seems slightly higher than in
patients without PVT (MELD score of 13 vs. 11, respectively) because post-trans-
plant mortality is higher in those with PVT [3]. However, in almost all North
American and European countries, patients with MELD score of 13 do not have a
priority for transplantation unless they receive MELD exception points.

10.8 Post-transplant Re-thrombosis: Prevention
and Screening

PVT is an uncommon event in adult liver transplantation. Intuitively, patients who
had PVT before transplantation may be at higher risk of post-transplant re-
thrombosis as a consequence of compromised portal blood flow, partial remnant
thrombus in the lumen of the native portal vein, endothelial alterations, complex
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non-anatomical anastomoses or underlying prothrombotic state. Early re-thrombosis
is generally a cause of graft loss with the need for emergency re-transplantation.
Late re-thrombosis, by contrast, does not compromise liver graft function. However,
it represents a severe complication with a large spectrum of potential consequences.
Importantly, recurrence of extended PVT may compromise re-transplantation [83].
In addition, low portal blood flow after reperfusion may be an independent risk fac-
tor for biliary complications [84].

No recommendations exist on anticoagulation in patients who had PVT before
transplantation. The approach may differ according to the type of anastomosis (ana-
tomical vs. non-anatomical). The results of previously reported series suggest that
long term anticoagulation should not be systematically considered in patients with
PVT. Even in the absence of long-term anticoagulation, the incidence of recurrent
PVT was lower than 5% [8, 61, 85]. However, a recent study has shown that the rate
of re-thrombosis was significantly higher in patients with high grade PVT before
transplantation and low portal flow after reperfusion [84]. Practically, portal blood
flow and portal vein patency should be screened with ultrasound at regular intervals
in patients with PVT prior to transplantation. Even if no threshold values have been
established in terms of portal blood flow, long-term anticoagulation is recommended
in patients with low portal blood flow after transplantation as well as in patients with
complex, non-anatomical anastomosis. VKA remains a reference for long term anti-
coagulation. DOACs need to be evaluated.

Long-term administration of low dose aspirin after transplantation to prevent
hepatic artery thrombosis and other cardiovascular complications is common [86].
There is no evidence that aspirin lowers the rate of PVT after transplantation.

10.9 Conclusions and Perspectives

Despite advances in assessment and selection of candidates of transplantation,
refinements in surgical techniques and improvements in perioperative care, PVT
remains a challenging issue in liver transplantation. With the growing incidence of
NASH, it can be anticipated that the proportion of candidates for transplantation
with PVT will be increased. End-to-end portal anastomosis with adequate portal
blood flow continues to be the main objective. In any potential candidate for trans-
plantation, risk factors for PVT should be better identified and preventive antico-
agulation may be considered in high-risk patients. In patients with PVT, refinements
in interventional radiology with trans-splenic approach or minimally invasive tech-
niques to catheterize the superior mesenteric vein could help increase the rate of
recanalization. Overall, screening for PVT is a central issue in long waitlist region
in order to detect thrombosis at an early stage and to avoid extensive thrombosis of
the mesenteric axis.
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Management of Portal Vein Thrombosis 1 1
in Liver Cancer

Giovanni Battista Levi Sandri

Abstract

Liver cancer can be diagnosed with portal vein thrombosis. Hepatocellular carci-
noma is the most frequent primary liver cancer and in 10-40% of new diagnosis
of PVT is described. Presence of PVT is associated with a poor prognosis.
Different classifications have been proposed to identify potential surgical treat-
ment. Contrariwise to the general recommendation, many centers apply different
strategies to treat HCC with PVT. In this chapter, we will analyze the surgical
and locoregional options for this patient. The role of downstaging therapy allow-
ing a surgical curative treatment seems to be a more rising option.
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Portal vein thrombosis (PVT) may occur in primary liver tumor diagnosis. The
association of liver tumor with PVT classically portends a poorer prognosis for the
patient. The real rate of PVT in liver cancer is unknown. The Liver Cancer Study
Group of Japan reported that PVT incidence achieved 62% in autopsy [1]. The most
frequent primary liver tumor diagnosed with PVT is hepatocellular carcinoma
(HCC) and is observed in 10-40% of HCC patients at diagnosis [2]. PVT is
described as one of the three independent factors to predict poor survival for
untreated HCC [3]. Once PVT is described, intra and extra-hepatic metastases are
often frequent. Patients with HCC and PVT have an expected survival time of
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2—-4 months with the best supportive care. As described in the Barcelona Clinic
Liver Cancer (BCLC) staging system for HCC in these management guidelines,
HCC with PVT as an advanced stage (C) disease, and systemic therapy with
sorafenib is recommended.

Nevertheless, since the early 1980s and 1990s, surgical approaches for treating
HCC with PVT have been described, while with inferior survival outcomes than
HCC without PVT [4]. However, the technical criteria for surgical treatment of
HCC with PVT depend mainly on the degree of tumor extension within the vascu-
lature. Surgical resection of HCC with PVT is considered technically challenging
and is increasingly performed in Asian centers in particular [5].

The Liver Cancer Study Group of Japan proposed a macroscopic classification
for HCC with PVT in the General Rules for Primary Liver Cancer Clinical and
Pathological Study [6]. The PVT was subdivided into five grades named Vp0O-Vp4.
Vp0 is defined as no tumor thrombus in the portal vein. Vpl is the presence of a
tumor thrombus distal to, but not in, the portal vein’s second-order branches. Vp2 is
the presence of a tumor thrombus in the second-order branches of the portal vein.
Vp3 is a tumor thrombus in the first-order branches of the portal vein. Vp4 is the
presence of a tumor thrombus in the main trunk of the portal vein or a portal vein
branch contralateral to the primarily involved lobe (or both).

A surgical classification for PVT in HCC patients was proposed in 2007 by
Cheng et al. [7]. The author divided the PVT into four types:

. Tumor thrombus in portal vein segmental or distal branches.

. Tumor thrombus extending to the right or left portal vein.

. Tumor thrombus extending to the main portal trunk.

. Tumor thrombus extending to the main portal trunk and superior mesenteric vein.

AW N =

The two different classifications are reported in Table 11.1. The corresponding
table of Cheng’s Classification and Japan’s VP classification is reported in
Table 11.2 [8].

Table 11.1 Two types of portal vein tumor thrombosis classification: Cheng’s classification [8]
and Japanese classification [6]

Cheng’s classification [8]

Type I Tumor thrombus in PV segmental branches or distal

Type II Tumor thrombus extending to right or left PV

Type III Tumor thrombus extending to main trunk of PV

Type IV Tumor thrombus extending to main trunk of PV and
to SMV

Japanese classification [6]

Vp0 No tumor thrombus in the portal venous system

Vpl Tumor thrombus in third order PV branch or distal

Vp2 Tumor thrombus in second order PV branch

Vp3 Tumor thrombus in first order PV branch

Vp4 Tumor thrombus in main trunk of PV
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Table 11.2 Corresponding table of Cheng’s Classification and Japan’s VP classification [8]

Second- First- Superior

Microscopic | Segmental | order order Main | mesenteric
Portal vein PVTT branch branch branch trunk | vein
Cheng’s Iy 1 I I v
classification
[8]
Japanese Vpl Vp2 Vp3 Vp4
classification
[6]

In 2010, Shi et al. [5] classified PVT into four categories for surgical purposes:

. Tumor thrombi involving only sectoral or segmental portal branches.

. Involvement of the right/left portal vein.

. Involvement of the main portal trunk.

. Involvement of the main portal trunk up to the superior mesenteric vein.

O R S

A different survival patient was observed based on the PVT grade. According to
the abovementioned classification, surgeons offered a surgical resection with an
acceptable survival for patients.

A Japanese nationwide study analyzed 2093 surgical resections of 6474
patients with HCC and PVT between 2000 and 2007 [9]. The authors performed
a propensity-matched analysis comparing surgical resection with non-surgical
therapy. The surgical resection group was associated with an increased median
survival time of 2.9 years, compared with 1.1 years among patients in the non-
surgical group. However, the authors found no association for the improved sur-
vival in patients with PVT extending into or beyond the main venous bifurcation,
representing the aggressive nature of extensive PVT at diagnosis. In the study by
Kokudo et al. [9], the survival benefit of resection in the Vp4 patient group was
not statistically significant. Moreover, the R2 resection rate was relatively high.
The surgical indication for PVT invading the main trunk or contralateral branch
remains controversial.

A single nodule of HCC with a diameter lower than 5 cm associated with PVT of
a non-major branch will have poor prognosis. In these patients, aggressive treat-
ment, such as hepatic resection or combination therapy, is necessary to increase
survival [10].

Zhang and colleagues [11] performed a meta-analysis, including ten studies that
compared 2216 resections with 1912 cases treated with TACE or conservative treat-
ment in patients with HCC and PVT. All studies included in the meta-analysis were
from Asia. The overall meta-analysis has shown no significantly higher overall sur-
vival in the hepatic resection group than in the TACE group (OR: 0.96; 95% CI:
0.44-2.11). The authors described a higher overall survival in patients with periph-
eral PVT versus patients with the principal PVT when treated with a surgical
approach.



160 G. B. Levi Sandri

An exciting review comparing East and West management of patients with
HCC and PVT describes the liver resection difference [12]. For the West experi-
ence, the criteria regarding PVT’s presence as a contraindication for surgery are
more close. In the East expertise, China and Japan recommend surgical resec-
tion for patients with segmental PVT. If the portal trunk is involved, resection is
considered in China and South Korea. Many differences have been reported in
this review, even in the East.

11.1 Surgical Resection
Multiple surgical options are now in the surgeon baggage, including the followings:

e Hepatectomy with en bloc resection of ipsilateral tumor thrombus.

e Resection of tumor and PVT extending to or beyond the main portal vein bifur-
cation, treated with en bloc vascular resection, repair, and reconstruction.

e Tumor thrombectomy in PVT extending to or beyond the main portal vein
bifurcation.

Nowadays, minimally invasive surgery is gaining the main role in the surgical
treatment of HCC [13]. In the case of anatomical resection, all segments are resect-
able. Surgical outcomes are similar between liver resection of unfavorable segments
(I, IVa, VII, and VIII) versus anterolateral segments (I, III, IVb, V, and VI) [14].
The limit of size for the minimally invasive resection is now overpassed, and nod-
ules superior to 5 cm are achieved with good results, even major resections [15].
Interestingly, PVT’s presence has not been reported as a formal contraindication of
the minimally invasive approach.

The future liver remnant (FLR) volume is a critical point in case of major
resection. Compared to the conventional two-stage hepatectomy, a new surgical
procedure is now used. The associating liver partition and portal vein ligation
for staged hepatectomy (ALPPS) technique demonstrates to induce higher
hypertrophy of the FLR in a shorter time. The ALPPS procedure increases the
chances to achieve a superior RO resection margin with a low risk of postopera-
tive liver failure.

The first experience of ALPPS for HCC with PVT was published by
Vennarecci et al. [16]. The authors achieved good clinical outcomes in a short
series [17]. The ALPPS procedure has been used even for a ruptured HCC with
PVT grade III as a rescue solution. In this case, the vascular portal control was
the first step procedure. A portal vein incision was performed at the bifurcation
of the right and left portal veins. A freely floating left part of the thrombus was
extracted from the left portal vein to restore the left portal vein. The second
ALPPS step was a classic one [18].

A new player in this field is the application of minimally invasive approaches to
ALPPS [19]. More recently, the first robotic case has been reported as a safe
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procedure [20]. According to the literature, whether to adopt a laparoscopic or
robotic approach should be based on the center and surgeon’s experience since no
significant difference has been demonstrated so far [13]. The important role of mini-
mally invasive procedures for patients requiring significant and complex surgical
procedures is decreasing postoperative morbidities.

11.2 Systemic and Locoregional Treatments

According to the BCLC classification, a systemic therapy, such as sorafenib, is
recommended in patients with advanced HCC. However, a significant prognos-
tic factor for poorer overall survival in two randomized controlled trials of
sorafenib was the vascular invasion in HCC patients [21]. Therefore, locore-
gional treatments are often used in those patients. For the initially unresectable
HCC patients, conversion therapies, such as TACE, PVE, ALPPS, yttrium-90
RE, and sequential TACE and PVE, have been demonstrated to be effective and
should be performed [22]. A prospective randomized controlled trial conducted
by Wei et al. evaluated the role of neoadjuvant radiation [23]. The patients were
randomly assigned into one arm and received neoadjuvant radiation followed by
surgery versus a second arm and received surgery alone. The overall survival
and disease-free survival rates were significantly higher in the combined group.
The results mentioned above should be in favor of a downstaging/bridge therapy
for radical surgical treatment.

A repeated conventional transarterial chemoembolization (TACE) has been
described to be associated with significant survival benefits in HCC patients with
PVT when compared with supportive care [24]. The effectiveness of the combined
strategies, TACE plus radiotherapy, has been investigated in a retrospective study
[25]. The authors compared two groups: TACE plus RT (n = 203) and TACE plus
sorafenib (n = 104). A significantly higher overall progression-free survival rate was
observed in the TACE plus RT group compared to the TACE plus sorafenib group
(median survival, 6.5 vs. 4.3 months, respectively; p = 0.017).

The safety and efficacy of radioembolization versus sorafenib were analyzed in
a systematic review and meta-analysis performed on seventeen studies, including
1321 patients [26]. The analysis concludes in favor of radioembolization, reporting
higher overall survival and longer time to progression versus patients treated with
sorafenib. Moreover, radiation lobectomy with 90-Yttrium induces comparable
increasing volumes in liver lobes while potentially controlling the liver tumor and
limiting tumor progression in the untreated lobe [27]. The feasibility of radioembo-
lization as a downstaging therapy even with PVT has been successfully described in
a case series [28]. Furthermore, currently, surgical resection could be performed
successfully after downstaging treatment as Yttrium-90 even by laparoscopy [29].
As an alternative to ALPPS, a hybrid technique with radiofrequency-assisted liver
partition and portal vein ligation with a first laparoscopic radiofrequency step has
been proposed for huge HCC with PVT [30].
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Stereotactic-body radiotherapy (SBRT) is used more often for HCC with
PVT. The highly precise radiotherapy techniques, such as SBRT, can deliver higher
doses on more selective targets. A study on 24 patients showed interesting results
regarding completed (8.3%) and partial (45.8%) responses. When the tumor throm-
bus is located in the distal portal vein branch, SBRT followed by TACE could be
considered as a practical option [31].

External-beam radiation therapy (EBRT) might be an effective bridging therapy
for HCC patients awaiting liver transplantation (LT), which may provide excellent
local control with minimal side effects, downsize or stabilize tumors before LT, and
achieve an excellent pathological response [32].

In conclusion, PVT is a frequent complication in patients with HCC. The reported
experience in the literature suggests resecting patients in selected cases with a mini-
mally invasive approach. Downstaging can be performed before surgery using the
preferred center therapy.
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Marcello Bianchini and Erica Villa

Abstract

Portal vein thrombosis (PVT) is a well-known complication of liver diseases;
however, still much has to be done to improve the knowledge and treatment of
this condition. Relevant methodological flaws have led to controversial results
and many questions remain unanswered. Prospective, controlled quality studies
are strongly required to advance in this field. PVT development prediction using
scores, biomarkers or viscoelastic tests are promising emerging topics but a
research planning on data collection and validation strategy should be defined.
Direct oral anti-coagulants (DOACsSs) seem to be safe and effective in the treat-
ment of PVT, but prospective randomized controlled data are lacking as well as
indication about length of therapy and stopping rules. Future lines of research
should focus not only on avoidance of thrombosis but also on exploring the
extended role of anticoagulation as anti-inflammatory and antifibrotic
intervention.
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Abbreviations

DOAC  Direct oral anti-coagulants

HCC Hepatocellular carcinoma

LMWH Low molecular weight heparin

LT Liver transplantation

PVT Portal vein thrombosis

TIPS Transjugular intrahepatic portosystemic shunt
[N UltraSonography

VTE Venous thrombo-embolism

Balfour and Steward described the first case of portal vein thrombosis (PVT) in
18609, regarding a patient with splenomegaly, varices and ascites [1]. Interest in this
complication began to grow in the 50s [2, 3] and was progressively increased in
parallel with the improvement of the imaging techniques [4, 5] and the availability
of treatment options.

Currently, more than 5000 papers on PVT are traceable in PubMed and more
than 50,000 in Google Scholar. Despite this considerable amount of literature,
robust, large, prospective, controlled data are lacking. The majority of the published
studies, especially but not exclusively on the treatment strategies, consists in retro-
spective uncontrolled case series. These relevant methodological flaws are not sur-
prising as they reflect the old-fashioned view of PVT as a condition independent
from the general progression of the underlying cirrhosis (which is the associated
condition in a large majority of cases) and therefore not contextualized in the overall
clinical picture of chronic liver disease. The studies on natural history are a fair
example. Of about 200 papers retrieved, the majority are reviews. Only few [6—12]
present original data. Some of the studies highlight the clinical impact of PVT on
progression of liver disease; others, including a large-scale study [10], state that
PVT has no impact on mortality or on liver transplantation (LT). Only three are
prospective series, one on a small cohort with incomplete PVT aiming at evaluating
impact on natural history in relation with regression or progression of PVT [7]. The
other two exploit the data of the control arms of two interventional studies to give
insight on PVT natural history [13, 14]. One study indicates a 10.7% cumulative
incidence at 5 years of PVT in Child-Pugh A patients [13] while the other, in Child-
Pugh B-C patients, reports a 27.7% incidence at 2 years [14]. What is evident from
these studies is that PVT is a clear-cut marker of progressive chronic liver disease,
but it is not in itself a causal factor for it. An international web based clinical registry
will likely provide standardized, prospective data and help defining the course of
this disease [15].

The substantial methodological issues of the studies published so far cast their
shadow also on the future studies to come on some of the most relevant topics in the
field that should be addressed, e.g., identification of subjects at risk of developing
PVT, prophylaxis, treatment, and role of the last generation anticoagulant drugs [16].
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12.1 Risk Factors for PVT

Identification of subjects at risk of PVT remains a critical issue. It is apparent that
PVT is a marker of progressed chronic liver disease rather than a determinant of its
progression [17]. It can be inferred therefore that in patients with cirrhosis there can
be an overlap between PVT risk and that for other complications, as for example
hepatocellular carcinoma (HCC). Data from a large French database suggest that a
6-month timeframe is both adequate for HCC and PVT screening [14].

Evaluation of portal flow reduction has been suggested as a predictor for risk of
PVT [17, 18]. The methodological limitations of these studies (e.g., low number of
PVT patients and retrospective nature of the studies) suggest caution. The main
drawback, however, is likely represented by the technical difficulties of reliably
measuring portal blood flow. This suggests that it would be useful to substantiate
these data with more sophisticated techniques, like, for example, phase contrast
magnetic resonance [19].

Several other studies explored different techniques and scores to predict PVT
development in order to better focus surveillance, especially in the subset of LT
candidates. Search for a single biomarker has not produced consistent results; there-
fore, different groups have tried a combination of variables in order to improve
prediction. The PVT index [20] and the disseminated intravascular coagulation
score [21] are examples of this effort. Regrettably, all the scores proposed present a
good negative but a weak positive predictive power for PVT development. Recently,
attention has been drawn on coagulation and viscoelastic assays as short-term pre-
dictors for thrombosis [22]. The studies published so far show that these tests are
able to predict on the short-term (i.e., in the peri-transplant period) PVT risk. It
remains to be defined whether they could be adapted to long-term surveillance and
to guide anticoagulation treatment. MicroRNAs have been used up to now mainly
to enhance the identification of established thrombotic conditions, mostly on a
tumoral background [23, 24]. However, the increased sensitivity of microRNA
detection could be exploited in order to evaluate thrombophilic conditions in cir-
rhosis. An interesting approach involves new informatics technologies, which have
been used to predict PVT risk in patients with acute pancreatitis (radical basis func-
tion (RBF) artificial neural networks model) [25] or the identification of acute
symptomatic PVT (using a support vector machine (SVM) classifier coupled with a
least absolute shrinkage and selection operator) [26]. These methodologies could be
helpful for analyzing large retrospective and/or prospective databases to identify
variables useful to design prospective studies in the chronic setting.

12.2 PVT Treatment and Prophylaxis

On the treatment side, there is quite an agreement on the therapeutic role of antico-
agulation for established PVT [27-29]. There are, however, several unresolved
issues, e.g., length of the treatment [30] and stopping rules for it, all depending on
the retrospective and uncontrolled nature of the studies available. The definition of
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“provoked” or “unprovoked” PVT, assimilated to that of venous thrombo-embolism
(VTE), could grossly steer the treatment length decision, but prospective data are
lacking [31]. To further complicate the issue, several studies report a small propor-
tion of patients who achieve a spontaneous resolution of PVT [32]. Unfortunately,
we do not have yet a biomarker able to predict which patient will be able to sponta-
neously recanalize PVT.

The same issues of the studies performed with traditional anticoagulants are
being reproduced with the new direct oral anti-coagulants (DOACs) [33]. The initial
ban on their use in patients with liver diseases has prevented the exploration of their
efficacy and safety in a controlled manner. Therefore, most published studies are
retrospective case series collected exploiting treatment of patients with cirrhosis for
diverse conditions, most often atrial fibrillation [34, 35]. The only prospective ran-
domized controlled trial published enrolled 80 patients with chronic HCV infection
but not clearly defined as having cirrhosis. The study compared rivaroxaban with
warfarin [36]. Rivaroxaban was safer and more effective than warfarin in obtaining
PVT recanalization.

Apart from pharmacological treatments, other non-pharmacological interven-
tions (transjugular intrahepatic portosystemic shunt [TIPS], thrombectomy, surgery,
LT) have been proposed for PVT therapy [37]. For none of them, a competitive
advantage was found in comparison with pharmacological treatment [38].
Comparative studies are scant and scarcely informative. The scenario is even worse
in the field of PVT prophylaxis. Only a single prospective randomized study is
available, which showed a distinctive advantage in the anticoagulated group not
only for PVT prevention but also in term of rate of decompensation and mortality
[13]. Unfortunately, a confirmatory study was prematurely stopped due to insuffi-
cient enrollment (Childbenox study—Clinical Trials.gov Identifier: NCT02271295).

12.3 Conclusion

On the whole, what is really lacking are well-designed prospective studies without
selection bias that could be able to answer few clear-cut questions. As the Enoxaparin
study [13] indicates, prevention of PVT has a much broader meaning than simple
avoidance of thrombosis. Heparins interact with pro-inflammatory and procoagu-
lant factors and is able to prevent coagulopathy related to inflammation during sep-
sis [39]. Long-term enoxaparin was associated with significant IL-6 decrease and
improvement of intestinal mucosal permeability, with decrease of circulating bacte-
rial DNA and decreased inflammation [13]. In addition, anticoagulation is able to
reduce hepatic resistance and portal pressure [40] and improve liver fibrosis [41].

The complex interaction between coagulation, inflammation and fibrosis, which
clinically ends up in PVT, clearly indicates that the events behind PVT occurrence
are extremely complicated and are pathogenetically linked with the occurrence and
the progression of liver disease [42]. Future studies should therefore follow the line
of analyzing the course of events linking occurrence of PVT and progression of
chronic liver disease in the attempt of preventing them both.
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