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Preface

Chronic liver disease, which can progress to liver cirrhosis and even hepatocellular carcino-
ma, is a major global burden. Long-term efforts have been made to understand the patho-
genesis of chronic liver diseases, to optimize clinical decisions, and to improve the patients’
prognosis. In recent years, the knowledge regarding management of chronic liver diseases
has been dramatically updated.

Under such a circumstance, I was very honored and excited to receive the invitation from
IntechOpen in October 2017 to initiate an Open Access book project regarding the manage-
ment of chronic liver diseases. After critical reviews, meticulous selection, repeated revi-
sions, and great improvement, a total of 6 chapters, which are contributed by worldwide
experts in the field of liver diseases, have been included in this book entitled Management of
Chronic Liver Diseases — Recent Advances. The book is divided into 3 major sections according
to the stage of liver diseases analyzed (i.e., chronic liver diseases, liver cirrhosis, and hepato-
cellular carcinoma). In detail, it introduces the intra-abdominal hypertension and abdominal
compartment syndrome in chronic liver diseases, ascites with hyponatremia, acute kidney
injury, portal vein thrombosis, spontaneous bacterial peritonitis in liver cirrhosis, and the
use of stereotactic body radiation therapy in hepatocellular carcinoma. Clinicians and inves-
tigators who are interested in the management of chronic liver diseases will be acquainted
with its merits and usefulness.

This is the first book that I have edited. Such an experience will be unforgettable in my life.
Herein, I should acknowledge the great help from IntechOpen staff, including Ana Pantar
(Senior Commissioning Editor), Anja Filipovic (Junior Commissioning Editor), Danijela Vla-
dika (Publishing Process Manager), and Romina Rovan (Publishing Process Manager). Also,
I deeply appreciate the support from all chapter authors. Finally, I dedicate this book to my
wife Jun Liu.

Dr. Xingshun Qi

Department of Gastroenterology

General Hospital of Shenyang Military Area
China
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Chapter 1

Intra-Abdominal Hypertension and Abdominal
Compartment Syndrome in Liver Diseases

Hiroteru Kamimura, Tomoyuki Sugano,
Ryoko Horigome, Naruhiro Kimura,
Masaaki Takamura, Hirokazu Kawai,

Satoshi Yamagiwa and Shuji Terai

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.77061

Abstract

Intra-abdominal hypertension (IAH) is defined as an intra-abdominal pressure (IAP)
above 12 mmHg. Abdominal compartment syndrome (ACS) is defined as an IAP above
20 mmHg with evidence of organ failure. Moreover, IAH/ACS is a condition that can
cause acute renal failure, respiratory failure, circulatory disease, gastrointestinal dys-
function, and liver failure due to elevated IAP. The incidence of IAH/ACS increases in
the more critically ill patient and is associated with significantly increased morbidity
and mortality. Ascites, blood, or tumors increase IAP. In liver cirrhosis, massive ascites
is often encountered. Hence, preventing IAH/ACS conditions may improve outcomes of
patients with liver disease.

Keywords: intra-abdominal hypertension (IAH), abdominal compartment syndrome
(ACS), hepatorenal syndrome (HRS)

1. Introduction

The pressure within the abdominal cavity is normally a little higher than the atmospheric
pressure to less than 0 mmHg. Certain physiological conditions such as morbid obesity and
pregnancy may be associated with chronic IAP elevations. However, even small increases in
intra-abdominal pressure can have adverse effects on renal function, cardiac output, hepatic
blood flow, respiratory mechanics, splanchnic perfusion, and intracranial pressure. IAP is
approximately 5-7 mmHg in critically ill adults.

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [{cc) ExgIN
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Wendt et al. firstly described oliguria in the presence of elevated intra-abdominal pressure
in 1876 [1]. In 1947, Bradley published a seminal study of the renal effects of elevated IAP in
humans [2]. Despite these early descriptions of the adverse effects of IAH, physicians are not
careful about the significance of increased abdominal pressure.

Until recently, patients with ACS were not infrequently managed in the intensive care unit
and typically presented with a tense distended abdomen, increased peak inspiratory airway
pressure, severe hypercapnia, hypotension, and oliguria. Abdominal ascites occurs typically
at the end stage of liver failure. Massive ascites also influences IAP and causes oliguria and
acute kidney injury. Commonly, we recognize this symptom and confused it with hepatorenal
syndrome (HRS). In such patients, we should take into account the elevation of renal paren-
chymal and renal vein pressures, as they are likely the mechanisms of renal impairment. Note
that IAH/ACS and HRS are occurring simultaneously. Recently, Matsumoto et al. reported
that renal vein dilation predicts poor outcome in patients with refractory cirrhotic ascites [3].

2. Pathophysiology of ACS

The pathology of IAH/ACS is perfusion imbalance in multiple organs: compression of the
portal system in the abdominal cavity, compression of the inferior vena cava system in ret-
roperitoneal organs, compression of the diaphragm in the intrathoracic organ, and perfusion
dysfunction of the brain circulation through increase of intrathoracic pressure [4].

The perfusion imbalance in the upper body originated from the abdominal cavity, which causes
circulation impairment and further increased intrathoracic cavity pressure and retroperitoneal
cavity. This imbalance presents a functional disorder that substantially affects multiple organs.

ACS is similar to the compartment syndrome in muscular diseases. It is a circulatory disease
caused by internal pressure of organs sectioned in a small wall of the compliance anatomically [5].
The normal IAP ranges from sub-atmospheric level to 0 mmHg. Certain physiological conditions,
such as morbid obesity and pregnancy, may be associated with chronic IAP elevations. Moreover,
IAH is defined as an IAP above 12 mmHg. ACS is defined as an IAP above 20 mmHg with evi-
dence of organ failure [6]. IAP is the steady state of pressure concealed within the abdominal
cavity. The normal IAP for critically ill patients are 5-7 mmHg range. Once, IAP have increased,
patients become the state of IAH. IAH is recognized sustained IAP greater than to 12 mmHg. IAH
may also be subclassified according to the duration of symptoms into one of the four groups. This
fulminant example of IAH commonly leads to rapid development of ACS. With its development
over a protracted time course, the abdominal wall adapts and progressively distends in response
to increasing IAP, allowing time for the body to adapt physiologically. The clinical consideration
of IAH subtypes is useful in prescribing patients at risk for ACS (Table 1) [6].

Primary ACS is characterized by the presence of acute or subacute IAH of relatively brief
duration occurring as a result of an intra-abdominal cause such as severe acute pancreatitis,
abdominal trauma, ruptured abdominal aortic aneurysm, and liver transplantation [7].

Secondary ACS is characterized by the presence of subacute or chronic IAH that develops mas-
sive fluid resuscitation such as an extra-abdominal cause such as sepsis, capillary leak, burns [8].
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Classification of IAH
Hyperacute IAH  Elevated IAP for seconds Secondary to physical activity, coughing,
laughing, sneezing, straining, or defecation

Acute IAH Elevated IAP that develops over hours and Secondary to trauma or intra-abdominal
can lead to rapid development of ACS hemorrhage

Subacute IAH Elevated IAP that develops over days and can ~ Medical patients
also lead to ACS

Chronic IAH Elevated IAP that develops over months or Pregnancy, morbid obesity, intra-abdominal
years. tumor, ascites

IAH, intra-abdominal hypertension; ACS, abdominal compartment syndrome.

Table 1. Classification of intra-abdominal hypertension.

Grading of IAH

Grade I IAP 12-15 mmHg
Grade I IAP 16-20 mmHg
Grade III IAP 21-21 mmHg
Grade IV IAP > 25 mmHg

Table 2. Grading of intra-abdominal hypertension.

The World Society of Abdominal Compartment Syndrome classified IAH into grade I-IV and
ACS (Table 2) [9].

Burch et al. suggested that most patients with grade III and all patients with grade IV should
undergo abdominal decompression [10].

3. ACS results in non-abdominal organ failure

3.1. Cardiovascular

Due to the increased intrathoracic pressure, indirect measures of cardiac filling such as central
venous pressure and pulmonary artery occlusion pressure give inaccurate results and can be
increased despite profound intravascular volume depletion. The decrease in cardiac output
caused by intra-abdominal hypertension is therefore exacerbated by hypovolemia [11].

3.2. Respiratory

Respiratory distress and failure: Initial signs of ACS include elevated peak airway pressures
in intubated patients with decreased tidal volumes. The ensuing increase in intrathoracic
pressure and hypoxic pulmonary vasoconstriction can lead to pulmonary hypertension [12].

5
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3.3. Neurological

Intracranial perfusion pressure is decreased by increase in intracranial pressure (ICP) caused
by venal perfusion defect, including renal failure. For increased ICP, decompressive laparot-
omy has been shown to reduce intractable elevated ICP in patients with IAH, and compres-
sion of the ureters is not thought to contribute to renal dysfunction, as the insertion of ureteric
stents does not result in an improvement in urine output [13].

4. Intra-abdominal organ failure in ACS

4.1. Renal function disorder

ACS is characterized by marked reduction in glomerular filtration rate (GFR) and renal plasma
flow in the absence of other causes of renal failure. Moreover, changes in cardiac output, direct
compression of the renal vessels or renal parenchyma with diminished renal blood flow, increase
in renal vascular resistance, and distribution of blood from the renal cortex to the medulla are
reported the mechanisms of renal dysfunction [14]. Bradley et al. are the first to report that animals
become anuric with an IAP of 30 mmHg [2]. Additional factors that cause IAP to reach ACS range
include reduction in cardiac output and elevated levels of catecholamines [15]. Renin, angioten-
sin, and inflammatory cytokines may also come into play, further worsening renal function.

4.2. Liver function disorder

Diebel et al. reported that the portal vein (PV) pressure decreased experimentally in 65% of
patients with an IAP of 40 mmHg, and liver tissue microcirculation quantity decreases to 71% [16].

Liver dysfunction occurs due to decrease PV flow because of IAH. Furthermore, with cardiac
dysfunction, liver ischemia becomes worse. Persistent IAP decrease the mean arterial blood
pressure in the superior mesenteric artery (SMA) and PV flow by 50% [17].

Rasmussen et al. reported that an IAP of 25 mm Hg results in a 66% decrease in PV blood flow
and a 6.5-fold increase in portal/hepatic vascular resistance compared to baseline levels [18].

Furthermore, in studies evaluating the effects of increased IAP on hepatocyte, the character-
istics of the sinusoid should be expected to elucidate hepatic dysfunction from increased IAP.

4.3. Gastrointestinal functional disorder

To determine the possibility of bacterial translocation (BT), of which there is failure of the
mucous membrane barrier mechanism caused by decline in blood circulation in mucous mem-
branes, pH in the mucous membrane declined as well. Besides, this phenomenon is regarded
as the cause of multiple organ dysfunction syndrome (MODS) after ACS, but there is no direct
proof. Even if the IAP is at 20 mmHg, blood flow to the intestinal mucosa decreases to 28%
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experimentally in 61% of the baseline value of 40 mmHg [16]. In MODS, there is gastrointes-
tinal mucous membrane acidosis of which the IAP is expected to be at 10 mmHg is derived
from ACS.

5. Diagnosis of ACS

There are various methods of measuring intermittent IAP, such as invasive (direct, i.e., needle
puncture of the abdomen during peritoneal dialysis or laparoscopy) and noninvasive (indi-
rect, i.e., transduction of intravesicular or “bladder,” gastric, colonic or uterine pressure via
the balloon catheter). Noninvasive measurement of bladder internal pressure and intragastric

: Pressuri i
i sed i
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Urinary i with 1l : e
bladder + of : L
]

- S
i 60ml lock | i Pressure i— Monitor
= syringe i : transducer !
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Figure 1. Measurement of intra-abdominal pressure using bladder pressure measurements.

pressure are recommended. The internal bladder pressure are commonly related to IAP mea-
sured directly in the range of 5-70 mmHg [6].

Intrabladder pressure monitoring estimated for IAP can be obtained either via a closed trans-
ducer technique or the closed Foley Manometer technique, which seems safe and does not
alter the risk of UTI in patients with critical illness [19] (Figure 1).

6. ACS treatment

Discussions on IAP to become the adaptation standard of decompression is divided, but more
than 25 mmHg is assumed to be a tentative adaptation standard clinically. However, recently,
reports on gastrointestinal disorder due to impairment of IAP in the lower abdominal cavity
need to be considered. The World Society of the Abdominal Compartment Syndrome sug-
gested a management algorithm for IAH/ACS [20].

7



8 Management of Chronic Liver Diseases - Recent Advances

An early indication of the open abdomen technique has been shown to reduce mortality [21].
Chen et al. reported that laparoscopy can be used as a safe alternative for ACS decompression [22].

The World Society of the Abdominal Compartment Syndrome has noted that correct fluid
therapy and perfusion support during resuscitation form the cornerstone of medical manage-
ment in patients with abdominal hypertension [23].

Pharmacologic therapy is less effective than drainage procedures. Agusti et al. reported that
dobutamine restores intestinal mucosal blood flow in a porcine model of intra-abdominal
hyperpressure [24].

If a patient experiences decompensation, ACS should be re-examined as a potential cause.

7. Possible involvement of IAH/ACS and HRS

We reported an autopsy case with HRS and ACS diagnosed with a clinical and histopatholog-
ical consideration of liver and kidney diseases. Further clinical studies are needed to improve
the management of renal failure in patients with acute liver failure and advanced liver cir-
rhosis (Figures 2 and 3) [25].

HRS was originally described in 1863 by Flint as an association between liver disease and
oliguric renal failure in the absence of significant renal histological change [26]. HRS is rec-
ognized by intense intrarenal vasospasm caused by the imbalance between vasodilatory and
vasoconstrictive mediators seen in end stage of liver disease [27].

Although the precise role of IAH in HRS remains incompletely understood, it can be argued that
diminished glomerular perfusion due to venous congestion results in further decline of GFR.

Cade et al. reported significant increases in urine flow rate and creatinine clearance after reduc-
tion in IAP from 22 to 10 mmHg with paracentesis in patients with cirrhosis [28]. Moreover,

Figure 2. Liver: end-stage liver cirrhosis. Microscopic findings showed hepatic sinusoidal dilation due to portal hyper-
tension and severe jaundice.
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Figure 3. Kidney: microscopic findings showed swelling in the renal tubules. There was no change in the glomerulus and
collecting tubule and no renal fibrosis. CT the right renal vein was compressed by massive ascites (arrow).

compression of renal vein is suggested to be vital in the development renal dysfunction. IAH
is the significant pathological mechanism and independent risk factor in the occurrence and
development of HRS [29]. Further, attempts should be made to decrease IAP following surgi-
cal decompression, large-volume paracentesis (LVP), and appropriate diuretic drug.

8. Drug strategy for ACS

Several methods are reported to control refractory abdominal ascites in end-stage liver cirrho-
sis, such as avoidance of non-steroidal anti-inflammatory drugs [30], dietary sodium restric-
tion [31], diuretic, LVP, cell-free and concentrated ascites reinfusion therapy [32], transjugular
intrahepatic portosystemic shunt [33], and peritoneovenous shunt [34].

IAH is defined as an IAP above 12 mmHg. Hence, abdominal ascites in early stage of liver
cirrhosis should be treated and early stage of ascites in outpatient should be managed imme-
diately. Outpatients with clinically apparent ascites will require diuretic therapy in addition
to dietary sodium restriction. Diuretic therapy typically consists of treatment regimen for
cirrhotic ascites such as combination of oral spironolactone and furosemide. Recently, aqua-
porin-2 is a vasopressin-regulated water channel expressed in the renal collecting duct. Urine
aquaporin-2 is considered a marker of collecting duct responsiveness to tolvaptan. In Japan,
on September 2013, tolvaptan was approved (in doses up to 7.5 mg/day) for treating patients
with ascites who showed an inadequate response to conventional diuretics [35].

9. Conclusion

Massive ascites also influences IAP and causes oliguria and acute kidney injury (AKI).
Commonly, we recognize this symptom at the stage of end stage of liver cirrhosis. This symp-
tom has the possible involvement with HRS. In such patients, we should take into account the

9
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elevation of renal parenchymal and renal vein pressures, as they are likely the mechanisms of
renal impairment. Note that IAH/ACS and HRS are occurring simultaneously. Hepatologists
should consider IAH and ACS in end-stage liver cirrhosis.
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Abstract

Advanced liver cirrhosis requiring hospitalization is frequently associated with electro-
lytic disturbances, the most common finding being serum hyponatremia. The goal of
treatment in patients with decompensated liver cirrhosis complicated with severe hypo-
natremia is to normalize the increased amount of water in the body and to improve the
sodium concentration. Fluid restriction is recommended at 1.5 L/day to prevent sodium
depletion in the serum, but the lack of efficacy is probably due to a poor patient com-
pliance. Discontinuation or adjustments of diuretic dosages are sometimes required.
Albumin associated with vasoconstrictors as midodrine can increase the effective arte-
rial blood volume and seems to improve the serum sodium concentration. A promis-
ing therapeutic option targeting the pathophysiological mechanism of hyponatremia
consists of improving solute-free water excretion, which is markedly impaired in these
patients. The use of agents such as k opioid agonists has been attempted, but has been
dropped due to the severe side effects. Recently, a new therapeutic class called vaptans
has taken an important place in the treatment of hypervolemic hyponatremia. The main
side effects during the administration of these drugs in patients with liver cirrhosis are
reversible after discontinuing therapy. Therefore, it is recommended to use vaptans for
short periods of time.

Keywords: hypervolemia, hyponatremia, liver cirrhosis, fluid restriction, vasopressin
receptor antagonists, vaptans
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1. Introduction

Ascites is the most common complication of cirrhosis, approximately 60% of patients develop
ascites within 10 years of disease progression. The mechanism of production is the devel-
opment of portal hypertension and renal retention of sodium. This inability to excrete an
adequate amount of sodium in the urine occurs due to arterial splanchnic vasodilatation.
Therefore, arterial and pulmonary cardio vascular receptor activation occurs with homeo-
static activation of vasoconstrictor and sodium retention systems, resulting in a decrease in
the required arterial blood volume. Renal sodium retention increases the volume of extracel-
lular fluid leading to ascites and edema [1-5].

At approximately 75% of patients from Western Europe and USA, the main cause of ascites is
represented by cirrhosis. Other causes of ascites may be malignancy, heart failure, tuberculo-
sis, pancreatic disease, or other causes.

Hyponatremia is one of the complications that occurs in end stage cirrhosis due to the impos-
sibility of renal clearance of free water, which leads to a higher water retention than sodium
with the occurrence of hyposomolarity, with an increase in mortality and morbidity. In the
pathogenesis of hyponatremia, the main factor involved is hypersecretion of antidiuretic
hormone (ADH). Hyponatremia is a risk factor for both hepatic encephalopathy and liver
transplantation because it is associated with an increased frequency of complications and a
short-term survival [6].

2. Definition

Patients with liver cirrhosis show two types of hyponatremia: hypovolemic and hypervolemic.

Hypervolemic hyponatremia is the most common form and is characterized by low levels of
serum sodium and increased volume of extracellular fluid, ascites, and edema. It may appear
secondary to bacterial infections, excessive hypotonic fluids or may occur spontaneously.
Hypovolemic hyponatremia is less common, with low levels of sodium, without ascites and
edema as a consequence of excessive diuretic administration.

Hyponatremia is defined when serum sodium levels fall below 130 mmol/L but according to
the recent guidelines, reductions below 135 mmol/L should also be considered as hyponatre-
mia [7].

3. Prevalence

A study made over an Asian population following 997 patients with cirrhosis and ascites over
28 days in 28 centers showed that hyponatremia is present in more than half of the patients [8].
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4. Pathophysiology

The mechanism by which ascites fluid is formed is the excess water and sodium retention in
the body. Several theories have been developed to understand pathophysiology, and in turn,
it has been shown that much of it would arise as a result of portal hypertension. The three
proposed theories are three distinct mechanisms named: filling, oversaturation, and periph-
eral arterial vasodilatation. The first theory of filling is determined by portal hypertension and
decreased circulating volume that produces vascular fluid retention. Since cirrhotic patients
have a higher percentage of hypervolemia than hypovolemia, the second overload theory is
determined by the retention of water and sodium in the absence of volume exhaustion. And
the third theory uses the first two theories. This indicates that vasodilation occurs as a result
of portal hypertension and favors the increase in arterial blood volume. Also, several factors
are involved in ascites fluid formation: hypoalbuminemia and oncotic low plasma pressure,
elevated levels of epinephrine and norepinephrine.

The main mechanism of hyponatremia is represented by arterial vasodilation. By reducing
effective blood volume, several neurohumoral systems such as the renin-angiotensin-aldo-
sterone system and the sympathetic nervous system are stimulated and lead to the release of
ADH.

Activation of those trigger systems causes sodium retention and may lead to renal vasocon-
striction. Vasopressin 2 receptors affected by the ADH play an important role in rate of excre-
tion of solute-free water. In the end, water excretion occurs with the appearance of serum
dilution and hypo-osmolality [6].

Under normal circumstances, there is a synchronous increase in serum osmolarity and ADH
secretion, and reabsorption of water occurs when activating the aquaporin channels in the
renal collection tubes. In opposite, the inactivation of aquaporin channels occurs when a
decrease in osmolarity appears, resulting in urine dilution as a mechanism in maintaining
serum osmolarity. Thus, the good functioning of osmoreceptors in the anterior hypothala-
mus, the release of ADH and the mutual action between ADH and AQP-2 compete to adapt
the release of free water.

ADH is secreted into the supraoptic and paraventricular nuclei of the hypothalamus and
maintained in the posterior pituitary gland. Vasopressin secretion is stimulated by increased
plasma osmolarity and hypovolemia. The release of ADH is conditioned by osmotic and
nonosmotic stimulation. The osmoreceptors in the anterior hypothalamus, near the supra-
optic nuclei mediate the osmotic pathway. These receptors detect intracellular water content
in neurons and respond to changes in plasma osmolarity. The main nonosmotic pathway
delivers an ADH release through the autonomic nervous system mediated by baroreceptors
located in the atrium, ventricle, aortic arch, and carotid sinus. Through the parasympathetic
pathway, these baroreceptors stimulate the hypothalamus to release ADH in response to
hypovolemia [9].
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Most patients with cirrhosis present low serum osmolarity and sodium levels, and it is expected
to produce inhibition of ADH release if stimulation was achieved by osmoreceptors [10].
Because of the activation of the neurohumoral mechanisms that retain sodium, the levels of
ADH, aldosterone, norepinephrine, and renin activity were significantly higher in patients
with cirrhosis and ascites after the water loading test. Effective arterial uptake would result
from a decrease in systemic vascular resistance and would result in nonosmotic stimulation
due to baroreceptors of ADH and other vasoconstriction systems. These cause the activation
of the neurohumoral mechanisms that produce sodium retention in order to restore the perfu-
sion pressure [11].

It is suggested that hypoosmotic stimuli are suppressed by nonosmotic stimuli to suppress
ADH release. That is why the body sacrifices osmolar homeostasis and releases ADH fol-
lowing nonosmotic stimulation of endogenous vasoconstrictors, and thus impairs vascular
collapse by exhausting effective circulatory volume. It results in an inability to release sodium
and water to replenish the circulation volume. All of these things happen despite the increase
in cardiac output, plasma volume, and total body volume. To eliminate the extra amount of
water, it is necessary to suppress adherence and the ability of the kidneys to remove water.
The presence of nonosmotic adherence leads to the occurrence of a hyponatremia of dilution
or hypervolemic hyponatremia. Therefore, in this category of patients, hyponatremia is only
dilute and does not represent a sodium deficiency [12].

In a prospective cohort study of patients with ascites, it was demonstrated that the occur-
rence of hyponatremia is preceded by refractory ascites and subsequently by hepatorenal syn-
drome. Each of these steps was associated with a progressive Child Pugh score and Model for
End Stage Liver Disease (MELD) indicating a worsening of liver function. Therefore, hypona-
tremia is an intermediate stage between ascites progression and hepatorenal syndrome [13].

5. Prognostic value

Hyponatremia in patients with cirrhosis is chronic, therefore, allows the brain to adapt to
the hypo extracellular fluid osmolality. In conclusion, patients are less likely to have severe
neurological symptoms. However, hyponatremia can aggravate cerebral edema and swollen
astrocytes by adding to their dysfunction created by increased intracellular glutamine con-
centration, speeding up the appearance of hepatic encephalopathy [6].

Due to the severe restriction of fluid consumption, the quality of life of patients with cirrhosis
and hyponatremia is poor [14]. Several studies have shown that the severity of hyponatremia
and ascites is a prognostic factor of the disease [15, 16]. In one study, it was demonstrated that
the serum sodium level prior to the occurrence of spontaneous bacterial peritonitis (SBP) was
an independent predictor of renal insufficiency produced by SBP [17]. It is also a predictive
marker with a higher sensitivity than serum creatinine to predict the occurrence of circulatory
dysfunction resulting in renal insufficiency or death. Although patients with hyponatremia
are susceptible to the hepatorenal syndrome, there is not only an increased level of ADH
involved, but there is a decrease in glomerular filtration rate (GFR) and proximal sodium
reabsorption [18].
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Sodium concentration was included in the MELD model to indicate the need for liver trans-
plantation and patient priority on waiting lists in order to improve prognosis [19]. It was
found that the MELD-Na score indicated an anticipation of short-term mortality of transplant
patient candidates much better than the initial MELD score [20].

6. Clinical presentation

Symptoms of hyponatremia are caused by the damage to the nervous system, with cerebral
edema due to the migration of water from the intravascular space in the brain [21]. As a rapid
adaptive mechanism, there is an increase in electrolytes in brain cells. As a slow adaptation
mechanism, organic osmoliths are extruded. Finally, these mechanisms help return the water
to the intravascular space and prevent brain edema [22].

Mild Severe
hyponatremia hyponatremia
— Nausea —  Vomiting
—  Confusion — Somnolence
—  Headache —  Seizures

Cardio-
— Disorientation — respiratory
failure

Neurological

deficits Coumn

Figure 1. Clinical manifestations of hyponatremia.
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In patients without hepatic impairment, hyponatremia manifests with: headache, disorien-
tation, confusion, and neurological deficits. In contrast, in cirrhotic patients, hyponatremia
develops slowly and at a value of 125 mEq/L is asymptomatic due to adaptive mechanisms.
However, a rapid drop in sodium concentration may overcome adaptive mechanisms and
serious symptoms may occur such as coma, seizures, brain-stern herniation, respiratory fail-
ure, and death [23] (Figure 1).

Hyponatremia usually occurs in the final stage of liver disease and is difficult to differentiate
if the symptoms are within it or are part of liver encephalopathy occurrence. Both hyponatre-
mia and hyperammonemia cause an alteration in brain metabolism of myoinositol [24].

Some theories show that hyponatremia can cause the appearance of a minimal cerebral edema
that occurs by swelling of astrocytes and may cause the appearance of hepatic encephalopa-
thy. This minimal brain edema occurs by increasing the concentration of glutamine resulting
from the metabolism of ammonia and leads to a series of neurological changes to the appear-
ance of hepatic encephalopathy [25].

7. Complications

Central pontine myelinolysis (CPM) is a complication of severe hyponatremia and occurs
when its correction has been achieved very quickly. It is a neurological disorder that consists
of a demyelination that occurs in a region called pons [26].

The mechanism by which this affection occurs is not fully known. One theory claims that
this demyelination occurs by compressing fibrous structures as a result of cerebral edema
arising from an osmotic fluctuation. Currently accepted theory supports the fact that brain
cells adjust their osmolarity with certain osmolites, like inositol, betaine, and glutamine. In
case of chronic hyponatremia, there is a decrease in these osmoliths in the brain, preventing
fluid absorption [27, 28]. Clinical manifestations depend on the affected brain region, initially
manifested by symptoms of hyponatremic encephalopathy such as nausea, vomiting, head-
ache, confusion, and seizures. These symptoms can be reversed when adjusting the sodium
concentration. Later signs of myelinolysis such as walking disturbances and respiratory
dysfunction can occur [29]. Among the risk factors for this condition are: sodium concentra-
tion <120 mEq/L for 48 hours, aggressive correction with saline solution and the occurrence of
hypernatremia during treatment. If post liver transplant patients develop symptoms as confu-
sion or weakness, CPM should be suspected because it may complicate a liver transplant [30].

Although the prognosis is poor with the occurrence of numerous neurological complications
such as spastic quadriparesis and blocked syndrome, recovery is possible although it has a
long duration [31].

Diagnosis can be done clinically and imagistically. The preferred imaging method is MRI,
although lesions appear late and often initially may be normal [32]. The most common images
are T2 weighted with hyperintense areas where demyelination was performed [33].
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8. Management of hyponatremia

There are no data to recommend optimal serum sodium to initiate the treatment, but is gener-
ally recommended at a value of 130 mmol/L.

The identification and adjustment of excessive diuretic dosages and the addition of sodium
are the main treatment requirements in the setting of hypovolemic hyponatremia. In case of
hypervolemic hyponatremia, the most important issue is to decrease the amount of water to
improve the sodium concentration.

When patients experience neurological symptoms due to hyponatremia or have a sodium
concentration of less than 120 mEq/L, fluid restriction is indicated. In the case of mild and
asymptomatic hyponatremia, fluid restriction is not indicated. Increasing sodium concentra-
tion in the first 24-48 hours is an important parameter that suggests an adequate fluid restric-
tion. If this increase does not occur, either the restriction has to be more severe or the patient is
not compliant. Fluid restriction is useful, but ineffective. Because the fluid restriction is severe,
most patients cannot be compliant.

If patients have severe hyponatremia, there have been no responses to fluid restriction; it is
indicated to administer the hypertonic saline. However, caution should be exercised in order
not to cause a rapid increase in sodium concentration, which predisposes to the occurrence
of numerous complications such as: central myelinolysis, quadriplegia, coma, or death [6].

The efficacy of using hypertonic sodium chloride in severe hypervolemic hyponatremia
is partial, short-lived and aggravates ascites and edema. Instead, administration of albu-
min appears to have benefits, helps to increase the sodium concentration, but is not fully
studied [34].

An important issue in patients with cirrhosis and hyponatremia is the correction of hypokale-
mia. Hypokalemia favors the appearance of hepatic encephalopathy because it increases the
kidney synthesis of ammonium. By correcting it, there is also an increase in sodium concen-
tration because both sodium and potassium are osmotically active [35].

In the past, the use of k-opiod agonist therapy has been attempted due to side effects [36].
According to recent studies, a new class of therapy, called vaptans, has been discovered in
the treatment of hypervolemic hyponatremia. Vaptans selectively block the V2-receptors
of AVP. They can be used in diseases like syndrome of inappropriate antidiuretic hormone
secretion (SIADH), heart failure and cirrhosis, having the role of improving sodium concen-
tration. The benefits of their administration over a short period of time are the increasing of
urine volume and solute-free water excretion, and also, the improvement of the low serum
sodium levels in 45-82% of patients [37] (Figure 2).

Hypernatremia, dehydration, renal impairment, and osmotic demyelination syndrome owing
to a very rapid increase in serum sodium concentration could be the side effects of the admin-
istration of vaptans in patients with liver cirrhosis. Therefore, treatment should be initiated in
the hospital and patients should be closely monitored to avoid hypernatremia.

23
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Figure 2. Management of hyponatremia.

Due to the risk of dehydration and hypernatremia, vaptans are also contraindicated in patients
with an inappropriate consciousness state, unable to measure the volumes of fluid consumed.

The metabolism of vaptans is achieved in the liver by CYP3A enzymes. Therefore, CYP3A
inhibitory drugs should be avoided because they increase the concentration of vaptans and
may lead to the increase of serum sodium concentration. Also, drugs that are inducers of the
CYP3A should be avoided because those drugs can reduce the concentration of vaptans.



Management of Ascites Associated with Severe Hyponatremia
http://dx.doi.org/10.5772/intechopen.76376

Tolvaptan and conivaptan are recently approved in the USA for the treatment of
severe hypervolemic hyponatremia from diseases such as cirrhosis, heart failure and
SIADH. Treatment is started at a dose of 15 mg/day and can be increased progressively
depending on the sodium concentration. In Europe, tolvaptan is authorized only for the
treatment of SIADH. As an alternative option, conivaptan can be used to treat hypervolemic
hyponatremia for short periods of time, especially when cirrhosis is associated with various
conditions [38, 39].

Tolvaptan should be initiated without taking into account the period of meals, but initially
it is advisable not to suppress the consumption of fluids to avoid rapid correction of sodium
concentration. If, on completion of tolvaptan therapy, hyponatremia recurs, it should be cor-
rected in a hospital unit. There may be no need for hospitalization, if treatment can be moni-
tored to prevent excessive sodium concentration [40].

In randomized trials, the only side effects of tolvaptan treatment were gastrointestinal bleed-
ing, but slightly increased incidence compared to placebo. It should be taken into account that
the treatment was administered over a short period of time and new studies of the safety of
long-term treatment are needed [41].

Treatment with conivaptan is contraindicated in patients who are allergic to constituents, in
hyponatremia or hypovolaemia because it can induce from renal failure to shock. CYP3a4
inhibitors should not be administered concomitantly [42]. In general, the treatment was
tolerated and adverse reactions were reported: local reactions (pain and erythema at the
administration level), orthostatic hypotension, peripheral edema, headache, nausea, vomit-
ing, urinary tract infections, and insomnia [43]. Effective treatment of hyponatremia should
be initiated promptly to prevent irreversible neurological damage, but rapid correction may
cause osmotic demyelination syndrome that can lead to death [44].

Domecycline favors the increase in free water excretion as an ADH antagonist, but cannot be
used in cirrhosis due to nephrotoxicity [45].

The use of vasoconstrictors in hyponatremia is not tested, but studies of the hepatorenal syn-
drome have shown an improvement in sodium concentration [46].

The use of vasoconstrictors in hepatorenal syndrome has the following benefits: it improves
the effective blood volume, vascular or systemic vasodilation, and renal perfusion. They are
usually used in concomitant albumin administration. The most commonly used are: terlipres-
sin, norepinephrine, vasopressin, and octeotrid, in combination with midodrine.

This combination can be used without supervision in a medical unit and is safe. Octreotide
produces decreased splanchnic vasodilatation and midodrine improves renal perfusion and
in combination with albumin improves kidney function, but there are still insufficient studies
in this regard.

The octreotide is administered subcutaneously at the dose of 100 micrograms, 3 times per
day, and the dose can be increased to 200 pg, 3 times per day. Midodrine is given orally
7.5 mg, 3 times per day and the dose can also be increased up to 12.5 mg, 3 times per day [47].
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Treatment with terlipressin should be avoided in patients with cirrhosis, as it may cause severe
hyponatremia, reversible upon discontinuation of treatment. Terlipresin acts on the vasopres-
sin V1 receptor, but is also a partial vasopressin V2 receptor agonist. This is beneficial in the
treatment of bleeding caused by portal hypertension, but also in hepatorenal syndrome [48].

By correcting hyponatremia in patients with cirrhosis, there are number of advantages: avoid-
ing fluid restriction, administering effective doses of diuretics, especially in the treatment of
refractory ascites, reducing the risk by developing hepatic encephalopathy, and improving the
quality of life. It can also help reduce neurological complications after transplantation [49, 50].

9. Conclusions

Hyponatremia is a complication of cirrhosis, associated with an increased risk of mortality
and morbidity in patients on the waiting list for a liver transplant. It also increases the risk
of complications, such as hepatic encephalopathy, renal failure, and spontaneous bacterial
peritonitis.

Hyponatremia occurred during cirrhosis evolution has as a pathophysiological mechanism
arterial vasodilation that produces inadequate AVP secretion and a reduction in glomerular fil-
tration rate with impairment of free water clearance. Clinical presentation does not differ from
that of patients without hepatic impairment, but the symptoms of hyponatremia in cirrhosis
are sometimes associated and difficult to differentiate from those in hepatic encephalopathy.
As a dilutional hyponatremia, its treatment is not indicated if it is asymptomatic. Conversely,
at a concentration of Na <120 mEq/L and on the occurrence of neurological symptoms, treat-
ment can be initiated. An exception is the situation where patients are about to receive a liver
transplant in a short time and the Na concentration is <130 mEq/L. In this case, its treatment
is indicated to prevent the occurrence of serious neurological complications such as osmotic
demyelination syndrome as a result of a rapid correction in the operating room. An important
role is the differentiation of hypovolemic hyponatremia from the hypervolemic hyponatre-
mia to initiate a suitable therapeutic scheme. In hypovolemic hyponatremia, it is necessary to
identify the trigger factor and its treatment, usually discontinuation of diuretic treatment and
administration of salt solution represents optimal methods in the correction of this. In hyper-
volemic hyponatremia, therapeutic methods are limited. Fluid restriction to about 1 L/day is
important in improving Na concentration, but a small number of patients may be compliant
with this therapy. Administration of saline solution in this case is only recommended if hypona-
tremia is severe because it usually favors the growth of ascites fluid and edema. Administration
of albumin appears to be beneficial, but there is not enough data to confirm this.

A novelty in hyponatremic therapy is the treatment with vaptans. Treatment with tolvaptan
should be given in the hospital to avoid a sudden increase in Na concentration, in oral admin-
istration, and with the possibility to increase the dose progressively to achieve the desired
effects. Concomitant administration with vaptans of saline solution or fluid restriction is
contraindicated to prevent osmotic demyelination syndrome. Medications that are inhibi-
tors or inducers of CYP3A are also contraindicated. Conivaptan is given intravenously. Both
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conivaptan and tolvaptan can be administered for a short period of time, and hyponatremia
may reappear when the treatment is stopped. Although treatment with vaptans is effective in
relieving hyponatremia, their use requires additional data.
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Abstract

Acute kidney injury is a very relevant feature in the liver cirrhosis. Acute renal failure
is due to prerenal factors, intrinsic factors of the kidney, or postrenal. Prerenal damage
is the result of renal hypoperfusion without damage to the glomeruli or renal tubules.
Without treatment, prerenal acute renal failure can progress to acute tubular necrosis,
a type of intrinsic renal damage. Patients with cirrhosis are prone to developing acute
kidney injury. The acute decrease of the kidney function contributes to the mortality of
patients with cirrhosis. The potential triggers of acute kidney injury should be recog-
nized and removed; this includes the discontinuation of diuretics and nephrotoxic drugs,
the treatment of infections and gastrointestinal bleeding, and plasma expansion in case
of hypovolemia. The new International Club of Ascites-Acute Kidney Injury in cirrhosis
criteria provide a simple and relevant staging system for acute kidney injury in patients
with liver cirrhosis based on relative increases in serum creatinine. Vasopressors such as
terlipressin and norepinephrine in combination with intravenous albumin represent the
first-line therapy for hepatorenal syndrome.

Keywords: acute kidney injury, hepatorenal syndrome, cirrhosis

1. Introduction

The association of acute kidney injury (AKI) in patients with liver cirrhosis has been estab-
lished in the context of the hepatorenal syndrome, but there are several etiologies besides
this cause.

Acute renal failure is a therapeutic challenge in patients with liver cirrhosis. This may be
related to abnormal hemodynamics with systemic arterial vasodilatation and the splanchnic
bed, in addition to the vasoconstriction of extrahepatic vessels, characteristic of advanced
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liver cirrhosis [1]. Acute renal failure frequently occurs in the advanced stages of liver cir-
rhosis and entails a bad prognosis [2, 3].

Acute renal failure is due to prerenal factors, intrinsic factors of the kidney, or postrenal.
Prerenal damage is the result of renal hypoperfusion without damage to the glomeruli or
renal tubules. Without treatment, prerenal acute renal failure can progress to acute tubular
necrosis (ATN), a type of intrinsic renal damage.

The prevalence of acute renal failure in cirrhosis has been reported from 14 to 50% in patients
with cirrhosis. Its prevalence is approximately 50% in patients with cirrhosis and ascites and
20% of patients with advanced stage cirrhosis who are hospitalized [4, 5].

The definition of acute kidney injury is a reduction in the glomerular filtration rate (GFR)
over a short time of period, and this is a common and severe complication in the patients with
liver cirrhosis. Acute kidney failure can be triggered by a precipitating event, for example,
overdose of diuretics, gastrointestinal bleeding, large-volume paracentesis without albumin
replacement, bacterial infections, and so on [6]. The prevalence of acute kidney injury is
approximately 20-50% among hospitalized patients with cirrhosis [6-9] and the renal failure
development is more common in patients with cirrhosis compared to individuals without
liver disease [10]. The presence of acute kidney failure is associated with poor prognosis in
these patients and represents an important predictor for short-term mortality [11].

The criteria for acute renal failure in cirrhosis were initially proposed in 1996 [12] and rede-
fined in subsequent years [13]. Traditionally, renal failure in cirrhosis was defined as a 50%
increase in serum creatinine, with an increase greater than 1.5 mg/dL (133 um/L) of it. The
cutoff value of serum creatinine to define acute renal failure in patients with decompen-
sated cirrhosis has changed [14, 15]. Several nephrology academic societies have proposed
the use of the concept of acute renal injury to represent acute changes in kidney function.
The diagnostic criteria constitute a combination of changes in the glomerular filtration rate
as well as a reduction in urine output. In the past decade, the definition of acute kidney
injury evolved to the classifications and diagnostic criteria known as RIFLE [16], AKIN [17],
and KDIGO [18].

In 2010, the International Ascites Club (IAC) and the Acute Dialysis Quality Initiative (ADQI)
decided to use the nomenclature of the Acute Kidney Injury (AKI).

In 2015, the International Ascites Club established a new definition and staging of acute renal
failure for patients with liver cirrhosis [19].

2. Physiopathology of renal failure in cirrhosis

Patients with liver cirrhosis develop portal hypertension, which results in the vasodilatation
of the splanchnic vascular bed, resulting in blood accumulation due to resistance in the portal
venous flow. This is due to an increase in the fixed resistance of liver fibrosis, and dynamics
in the splanchnic arteries is last due to
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a. vasodilators such as nitric oxide, carbon monoxide, and endogenous cannabinoids
[20, 21];

b. vasodilation by pro-inflammatory cytokines such as tumor necrosis factor and interleukin
6, derived from bacterial translocation of the intestine [22].

The accumulation of blood in the splanchnic bed leads to a reduction in the effective circulat-
ing volume, which leads to a compensatory increase in cardiac output through the activation
of the sympathetic nervous system by the carotid baroreceptors in order to maintain adequate
renal perfusion [23].

In advanced stages of cirrhosis, systemic vascular resistance is significantly reduced, and
the additional increase in cardiac output cannot compensate. Thus, it is evident that cardiac
output decreases as cirrhosis progresses. In advanced stages of cirrhosis, cardiac output is
maintained through the activation of vasoconstrictor systems, including the sympathetic
nervous system and the renin-angiotensin system, and by a non-osmotic hypersecretion of
arginine-vasopressin.

These compensatory mechanisms can help to maintain effective arterial volume and of this
way a relatively normal blood pressure, but this has important effects on kidney function,
primarily a retention of water and sodium, which can eventually lead to the formation of
ascites and edema, and renal failure conditioned by renal vasoconstriction and hypoperfusion
[24, 25].

There are four factors involved in the pathogenesis of hepatorenal syndrome. These are the
following:

1. Activation of the renin-angiotensin-aldosterone system and the sympathetic nervous
system which causes renal vasoconstriction and a shift in the renal autoregulatory curve,
which results in a renal blood flow more sensitive to changes in the arterial pressure.

2. Splanchnic vasodilatation, which causes a fall in the effective arterial blood volume and
this way a decrease of the mean arterial pressure.

3. Increased synthesis of vasoactive mediators which affect renal blood flow or glomerular
microcirculatory hemodynamics, such as leukotrienes, thromboxane A2, isoprostanes, and
endothelin-1.

4. Impairment of cardiac function due to the development of cirrhotic cardiomyopathy,
which leads to a relative impairment of the compensatory increase in cardiac output sec-
ondary to vasodilatation.

Hemodynamic disorders can have widespread impact on the body according to the severity
of the cirrhosis [26]. The hemodynamic changes in cirrhosis include portal hypertension and
hyperdynamic circulation which are the main cause of morbidity and mortality in patients
with cirrhosis. The effective arterial blood volume and the circulating levels of RAS com-
ponents and antidiuretic hormone remain normal at early stages of the disease, even with a
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reduced systemic vascular resistance. The elevated cardiac output and low systemic vascular
resistance are characteristics of the portal hypertension and hyperdynamic circulation in cir-
rhosis. Arterial vasodilation in the splanchnic circulation and the resulting decrease in sys-
temic vascular resistance are associated with portal hypertension in cirrhosis. Compensatory
mechanisms following the reduction of systemic vascular resistance lead to hyperdynamic
circulation. Nevertheless, hyperdynamic circulation is insufficient to correct the effective arte-
rial hypovolemia when the disease progresses and arterial vasodilation increases, resulting in
arterial hypotension and consequent activation of the circulating renin-angiotensin-aldosterone
system and the sympathetic nervous system and secretion of antidiuretic hormone [27].

In the early stages of disease, the circulating RAS is not activated at early stages of the disease.
The patients at the advanced stages of cirrhosis presented an activation of peripheral and
splanchnic renin-aldosterone system, and a metabolic deviation toward the RAS vasodilator
axis in the splanchnic circulation (Figure 1).

2.1. Causes of acute kidney injury in cirrhosis

The acute kidney injury has prerenal, intrarenal, or postrenal causes (Figure 2). The most com-
mon causes of acute kidney injury between patients with cirrhosis are the prerenal etiologies,
followed by acute tubular necrosis, and the postrenal etiology is extremely rare. The prerenal
and acute tubular necrosis are the etiology of 80% of cases (49% prerenal and 35% acute tubular
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Figure 1. Hemodynamic alterations in the early and advanced stages of cirrhosis. In the early stages of cirrhosis, there
is an increased cardiac output and a diminished systemic vascular resistance without changes in the circulating levels
of the renin-angiotensin system components and antidiuretic hormone. In later phases of the cirrhosis, the components
of the renin-angiotensin-aldosterone system are elevated, with activation of the sympathetic nervous system and
secretion of the antidiuretic hormone, like a response to persistent arterial hypotension. Ang II: angiotensin II; Ang-(1-7):
angiotensin (1-7); SNS: sympathetic nervous system; SVR: systemic vascular resistance.
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Figure 2. Management approach and algorithm for acute kidney injury in patients with cirrhosis. AKI, acute kidney
injury; ESLD, end-stage liver disease; HRS, hepatorenal syndrome; LVP, large-volume paracentesis; RRT, renal
replacement therapy; LTA, liver transplant alone; SLK, simultaneous liver kidney; TIPS, transjugular intrahepatic
portosystemic shunt; USG, ultrasonogram.

necrosis). Postrenal injury accounted for only 0.2%. In a prospective study, among patients with
cirrhosis listed for liver transplantation who had acute kidney injury, prerenal injury was the
most common cause in 76% followed by intrarenal etiology in 33%, while postrenal etiology did
not occur in any patient [66, 67].

3. Prerenal injury

3.1. Volume responsive prerenal AKI

The hemodynamic state in cirrhosis with vascular dilatation and reduced vascular resis-
tance in cirrhosis is quite similar to hemodynamic state in sepsis, especially spontaneous
bacterial peritonitis. Prerenal injury occurs commonly due to gastrointestinal bleeding,
infections, use of diuretics, diarrhea often related to lactulose use for hepatic encepha-
lopathy, and from large-volume paracentesis without albumin infusion. Large-volume
paracentesis may be associated with intravascular volume depletion and acute kidney
failure. This condition occurs in up to 70% of patients undergoing paracentesis when more
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than 5 L are removed and albumin is not infused. The use of any drugs like NSAIDs
can precipitate acute kidney failure by decreasing renal prostaglandins and accentuating
the intrarenal vasoconstriction and further decrease renal blood flow. The advice to the
patients should be provided to avoid these drugs for the management of pain. The use of
intravenous contrast agents in patients with cirrhosis is another potential risk factor for
acute kidney failure. The infections have common occurrence in patients with cirrhosis.
Hence, superimposed infections/sepsis in cirrhosis patients worsen this physiology, caus-
ing a reduction of circulating blood volume and leading to the development of AKI. Before
the widespread use of antibiotic prophylaxis for acute gastrointestinal bleeding in cir-
rhosis, more than 20% of patients with cirrhosis hospitalized for acute gastrointestinal
bleeding had a bacterial infection present on admission, with up to 50% developing an
infection while hospitalized.

3.2. Volume nonresponsive prerenal AKI: hepatorenal syndrome

The volume expansion is the first treatment after acute kidney failure is diagnosed, using
crystalloids or intravenous albumin and discontinuation of precipitating medications. If
renal function does not normalize or improve with this intervention, it is important to con-
sider hepatorenal syndrome (HRS) in the differential diagnosis to consider as the cause for
AKI. HRS is a functional form of renal failure without any major structural or histological
changes in the kidneys that is characterized by intense renal vasoconstriction. It is important
to differentiate it from another intrarenal cause, because management and prognosis differ.
In the absence of renal biopsy, the diagnosis of HRS remains difficult and is essentially a
diagnosis of exclusion. In patients with cirrhosis, HRS develops in about 18% at 1 year and
39% at 5 years.

Approximately, 66% of all HRS cases are type 2, or HRS-AKI which are rapidly occurring
with an increase in serum creatinine to over 2.5 mg/dL over 1 or 2 weeks. Type 1 HRS has
high mortality with a median survival of around 50% at 2 weeks and is usually precipitated
by infections. The type 2 HRS has a better outcome with a median survival of about 6 months
and a slower course in the setting of refractory ascites, with slowly increasing serum creati-
nine to over 1.5 mg/dL. The definition of type I HRS has been recently revised and changed
the value of 2.5 mg/dL serum creatinine for diagnosis, thus avoid delaying the initiation of
therapy.

3.3. Volume nonresponsive intrinsic AKI: acute tubular necrosis

The most common cause for intrarenal AKI in cirrhosis is ATN. This occurs commonly either
as a complication of sepsis or due to unrecognized and untreated prerenal injury. The main
cause of ATN has been attributed to sepsis, followed by hypovolemia and rarely nephrotoxic
drugs.

Other less common causes of intrarenal injury include tubular damage due to bile cast
nephropathy from high-conjugated bilirubin excreted through the glomeruli, membranopro-
liferative glomerulonephritis with or without cryoglobulinemia associated with hepatitis C,
and acute interstitial nephritis due to medications, such as antibiotics, NSAIDS, and proton
pump inhibitors.
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4. Postrenal injury

As stated earlier, postrenal injury is a rare cause of AKI in cirrhosis [66, 68]. This etiology can
easily be excluded using renal ultrasound or CT scan.

4.1. Evaluation of the renal function

The glomerular filtration rate (GFR) is the universally used index to quantify kidney function.
The principle of GFR determination is to determine the body clearance of a substance with the
supposed exclusive renal clearance. The substance used for determinate GFR must be freely
filtered and neither reabsorbed or secreted along the renal tubule. Also, no extrarenal excre-
tion of the substance occurs, and it cannot be stored or be bound to plasma proteins: then it
can be assumed that the plasmatic clearance is only due to renal clearance. Thus, the GFR can
be inferred from the plasma disappearance of the substance. It is considered that the renal
clearance of a marker occurs only through glomerular filtration [28].

Calculation of the eGFR requires normalization to BSA. Studies that tested the performance
of this method showed a clear trend to overestimate mGFR by 4-80%. A normalization based
on the assumption that the GFR is positively correlated with the basal metabolism rate of
individuals which is proportional to their stature on arbitrarily fixed body surface area (BSA)
set to 1.73 m? is commonly done [29]. This normalization has been questioned [30] and stan-
dardization on other criteria has been proposed [31]. The formula most commonly used to
determine the BSA is the Dubois formula, and the adjustment on the body surface remains
widely used [32].

Historically, the Cockcroft and Gault formula was the most popular before the MDRD for-
mula was published in the early 2000s. This formula is not adjusted to the patient BSA, and
the adjustment has, theoretically, to be done afterwards (even if the relevance of this adjust-
ment remains to be assessed in cirrhotic patients). The relationship between GFR level and
overestimation could be explained by the secretion of creatinine by the tubule in patients
with CKD. However, the importance of this overestimation does not seem to be related to the
severity of cirrhosis.

Creatinine clearance is a simple method to estimate GFR, based on the assumption that cre-
atinine has the characteristics of a perfect renal marker. It requests the accurate recollection
of urine from a 24-h period. It has several limitations: mainly, the possible inadequate urine
collection by the patients, the occurrence of tubular secretion of creatinine, which leads to
overestimation of the GFR, and that is on a longer or a shorter than 24-h time period.

4.2. Definition of acute kidney injury in cirrhosis

The definition of acute kidney injury in cirrhosis consists in an acute increase in serum creatinine
of >0.3 mg/dL in a time lapse of 48 h or by <50% from a stable baseline serum creatinine, in the
last 3 months (presumed to have developed within the past 7 days when no prior readings are
available) [19, 33]. In addition, the use of urine output as part of the diagnostic criteria was elimi-
nated, since many patients with cirrhosis and ascites maintain a preserved renal function despite
being oliguric due to sodium and water retention. The main modifications over the previous,

37



38 Management of Chronic Liver Diseases - Recent Advances

rather stringent, criteria that were based on absolute serum creatinine level, were abandoning
the threshold of serum creatinine >1.5 mg/dL to diagnose acute kidney injury, because milder
degrees of renal failure in cirrhotic patients had often remained underdiagnosed [34, 35].

Similar to the ICA-AKI criteria, most of these studies diagnosed AKI solely on serum creati-
nine. In 2013, a modified, AKIN-derived score for cirrhosis was developed, by division of AKI
stage 1 into two groups depending on whether or not serum creatinine surpassed the thresh-
old of 1.5 mg/dL and by merging AKI stages 2 and 3 into stage “C” [40]; this reclassification
did not gain wide acceptance. Several clinical studies have evaluated the prognostic value of
the AKIN/KDIGO criteria that constitute the basis for the International Club of Ascites (ICA)-
AKI criteria in patients with cirrhosis [37-39]. The acute kidney injury can be classified into
three stages according to severity. Stage 1 AKI is defined by rather small changes in serum
creatinine, while stages 2 and 3 AKI are defined by a twofold and threefold increase in serum
creatinine, respectively (Table 1) [36]. Since their publication in 2015, the newer and cirrho-
sis-specific ICA criteria have been assessed within one retrospective study in hospitalized
patients with cirrhosis [41]. Within this study, approximately 40% of patients experienced
AKI during their hospitalization with the majority of cases having been diagnosed at stage 1.
Also, in patients with AKI stage 1 and a serum creatinine of <1.5 mg/dL, already a 3.5-fold
increase in 30-day mortality as compared to patients without AKI was reported [41], again
underlining the prognostic importance of even small increases in serum creatinine levels.

4.3. Hepatorenal syndrome type of acute kidney injury or type 1 hepatorenal
syndrome

Hepatorenal syndrome (HRS) is defined as the occurrence of renal failure in a patient with
advanced liver disease in the absence of an identifiable cause of renal failure [12].

The hepatorenal syndrome type I requires the fulfillment of several specific diagnostic criteria
that are summarized in Table 2. This Acute Kidney Injury (HRS-AKI) is defined as >stage 2
ICA-AKI that is diagnosed after other causes of renal failure have been ruled out [35].

st 3 Increase in serum creatining >0.3 mgfdl or Increass in serum crealinine
by>50-100% from baseline

Stage 2 Increase in serum creatinine by100-200% from baseling

Increase in serum creatining by 200% from baseline or
Stage 3 Increase in serum creatining to 4 mgidL with an acute increase by 0.3

mg/dl or
MNeed for renal replacement therapy

Table 1. Criteria of AKI of the International Club of Ascites [36].
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Presence of cirrhosis and ascites

No improvement in serum creatinine after 2 consecutive days of withdrawal of diuretics and plasma
volume expansion with albumin (1 g per kg of body weight, maximum 100 giday)

Absence of shock
Exclusion of recurrent or recent use of nephrotoxic agents (e.g.NSAIDs, aminoglycosides, contrast
media)

Exclusion of parenchymal kidney disease:

* absence of proteinuria (>500 mg/day)

= absence of microhematuria (>50 RBCs per high-power field)
+ normal renal ultrasonography

Table 2. Diagnostic criteria for hepatorenal syndrome [12].

The Guidelines of the European Association for the Study of Liver Diseases (EASL) and the
American Association for the Study of the Liver (AASLD) Clinical Practice Guidelines for
ascites and hepatorenal syndrome still proclaim the threshold of 2.5 mg/dL for diagnos-
ing HRS-AKI [42, 43]. The use of this threshold in clinical practice would mean that proper
diagnosis and treatment of HRS would be withheld as long as serum creatinine does not
reach this threshold. In order to prevent misclassification or even treatment delay, the newer
International Club of Ascites criteria focus on the relative increase in creatinine rather than
absolute values, since also smaller rises in serum creatinine have been shown to have a nega-
tive prognostic impact in patients with cirrhosis [44].

The hepatorenal syndrome is classified in two types. HRS type 11is a quickly progressive acute
renal failure. It commonly occurs in patients with end-stage cirrhosis following a septic insult
such as spontaneous bacterial peritonitis or severe alcoholic hepatitis; this kind of hepatorenal
syndrome frequently is developed in temporal relationship with a precipitating factor for a
deterioration of liver function together with a deterioration of other organ function, although
it may occur in the absence of any identifiable triggering event. Type 1 HRS is only diagnosed
when the serum creatinine increases more than 100% from baseline to a final level of greater
than 2.5 mg/dL.

Patients with type 2 HRS may eventually develop type 1 HRS; this can be spontaneously or
following a precipitating event such as an infection [12].

HRS should be diagnosed and excludes other known causes of renal failure and by dem-
onstrating a significant increase in serum creatinine. For practical purposes, HRS is usually
diagnosed only when serum creatinine increases to >133 mol/L (1.5 mg/dL). Repeated mea-
surement of serum creatinine over time, particularly in hospitalized patients, is helpful in the
early identification of HRS.

The diverse etiologies of renal failure in cirrhosis should be excluded before to conclude
the diagnosis of HRS. Parenchymal renal diseases should be suspected if there is significant
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proteinuria or micro-hematuria, or if renal ultrasonography demonstrates abnormalities in
kidney size. The hypovolemia, shock, parenchymal renal diseases, and concomitant use of
nephrotoxic drugs are common causes of acute kidney injury and must be excluded before to
diagnose HRS. Renal biopsy is important in these patients to help plan the further manage-
ment, including the potential need for combined liver and kidney transplantation [42].

4.3.1. Treatment

The initial management of acute kidney injury should focus on the early recognition and cor-
rection of potential trigger events and on preventing further hemodynamic deterioration [25,
33, 45]. In volume-depleted patients, diuretic therapy and/or lactulose should be withdrawn
and plasma volume should be expanded with albumin, or blood transfusions in anemic
patients due to gastrointestinal blood loss, is important the careful review of all medications,
and consider the withdrawn of nephrotoxic agents. The use of medications that may induce
or aggravate arterial should be carefully evaluated [46, 47].

Bacterial infections are a common precipitant of acute kidney injury, including the hepatore-
nal syndrome; in cirrhosis, these patients should be thoroughly screened for. The early initia-
tion of empiric antibiotic treatment based on clinical suspicion and the local epidemiology
and resistance patterns must be considered [48, 49].

The therapeutic response is defined as a decrease of creatinine in serum to a value within
0.3 mg/dL of baseline; in this case, the patients should be followed up closely for the early
detection of recurrent episodes kidney failure. It is necessary to consider the possibility of
hepatorenal syndrome In case of stage 2 or 3 or progression to a higher acute kidney injury
stage, diuretics should be withdrawn immediately. The patients should receive plasma vol-
ume expansion with albumin for 2 consecutive days (1 g per kg of body weight, maximum
100 g/day). Albumin is particularly beneficial in patients with sepsis because in addition to
its volume-expanding effect, it has antioxidant, scavenging, and endothelial-stabilizing func-
tions [50]. A follow-up assessment of creatinine every 2—4 days during hospitalization and
every 2—-4 weeks during the first 6 months after discharge is advised [35].

In stages 2 and 3, the patients who meet diagnostic criteria of HRS-AKI should be treated
with vasoconstrictors in combination with albumin [35]. The albumin initial dose is 1 g/kg
body weight up to 100 g on the first day, then ongoing with 2040 g/day, as it has been shown
that the effects of intravenous albumin in the prevention and treatment of HRS are dose-
dependent, with better results when higher cumulative doses were administered [51, 52]. In
all large-volume paracentesis (>5 L, with 8 g/L of ascites removed), albumin should be admin-
istered since it prevents post-paracentesis circulatory dysfunction, which reduces the risk of
renal dysfunction and improve survival [53, 54].

The first-line drug therapy of type 1 hepatorenal syndrome is the use of terlipressin (1 mg/4-6 h
intravenous bolus) in combination with albumin. The therapeutic target improves renal func-
tion enough to decrease serum creatinine to less than 133 mol/L (1.5 mg/dL); this is considered
a complete response. If serum creatinine does not decrease at least 25% after 3 days, the dose of
terlipressin should be increased in a stepwise manner up to a maximum of 2 mg/4 h. For patients
with partial response (serum creatinine does not decrease <133 mol/L) or in those patients with-
out reduction of serum creatinine, treatment should be discontinued within 14 days.
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The terlipressin is the most intensively studied vasoconstrictor for the treatment of HRS-
AKI. A bolus of terlipressin induces a significant reduction in the portal pressure for over a
3- to 4-h period and also increases the mean arterial pressure [55]. Hyponatremia must be
considered, and this commonly occurs in less advanced liver disease and normal baseline
serum sodium levels [56, 57]. Considering the pharmacodynamic profile and the costs of
terlipressin, continuous infusion might be preferred over bolus administration. Although
terlipressin has been consistently shown to improve renal function, its impact on survival
is less clear [58]. Terlipressin is particularly beneficial in patients with sepsis and might
also prevent variceal bleeding during the period of discontinuation of nonselective beta
blockers [59].

Norepinephrine is an alternative to the use of terlipressin with an initial dose: 0.5 mg/h, and
a max. Dose studied in randomized controlled trials of 3 mg/h, norepinephrine is equally
effective and inexpensive. A meta-analysis of four randomized-controlled trials demonstrated
similar efficacy for HRS, when compared to terlipressin [60]. The therapy recommended for
type 2 hepatorenal syndrome is similar [61, 62]; however, HRS type 2 commonly recurs after
termination of treatment with vasoconstrictors [63].

Complete response is defined by a decrease in serum creatinine to a value within 0.3 mg/dL of
baseline, while a regression of at least one AKI stage is considered as partial response [35]. If
there is no response after 3 days of treatment, the vasoconstrictor dose should be increased. In
nonresponders, treatment should be discontinued after 14 days. In responders, longer treat-
ment durations can be used as a bridging therapy to liver transplantation.

Potential alternative therapies to terlipressin include norepinephrine or midodrine plus
octreotide, both in association with albumin, but there is very limited information with respect
to the use of these drugs in patients with type 1 HRS. Treatment with terlipressin should be
repeated and is frequently successful. The recurrence of type 1 HRS after discontinuation of
terlipressin therapy is relatively uncommon.

Cardiovascular ischemic disease is a contraindication to terlipressin therapy. Patients on
terlipressin should be carefully monitored for signs of splanchnic or digital ischemia, the
development of cardiac arrhythmias and fluid overload, and treatment modified or stopped
accordingly.

The use of TIPS may improve renal function in some patients; there are insufficient data in
patients with type 1 HRS to support the use of TIPS as a treatment. The renal replacement
therapy may be useful when the patients do not respond to vasoconstrictor therapy. There
are limited data on the use of artificial liver support systems, and further studies are required
for its use [43].

4.4, Hepatitis C and acute kidney injury

Hepatitis C (HCV) infection can induce kidney injury, mainly due to the formation of immune
complexes and cryoglobulins, and possibly to a direct cytopathic effect. HCV is responsible
for membranous glomerulonephritis or mesangiocapillary and accelerates the progression of
chronic kidney disease due to other causes. It may cause acute kidney injury as a part of systemic
vasculitis and augments the risk of AKI due to other etiologies. HCV-infected patients are at an
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increased risk of acute posttransplant complications. HCV infection increases cardiovascular
and liver-related mortality in patients on regular dialysis. Long-term graft survival is compro-
mised by chronic transplant glomerulopathy or recurrent or de novo glomerulonephritis. The
increased incidence of diabetes, sepsis, posttransplant lymphoproliferative disease, and liver
failure compromises the patient survival. Directly acting antiviral agents (DAAs) are currently
available for treatment at different stages of kidney disease. It is concluded that the thoughtful
use of DA As will result in a significant change in the epidemiology and clinical profiles of kid-
ney disease, as well as improvement of dialysis and transplant outcomes, in endemic areas [64].

The acute kidney failure induced by HCV is a systemic disease reported in <5% of HCV-
infected (HCV+ve) patients. It is characterized by multiorgan involvement, mainly affecting
the lungs and kidneys, skin, musculoskeletal system, and peripheral nerves. The fundamental
lesion is endothelial injury, perivascular inflammation with lymphocytic and neutrophilic
infiltration, small vessel necrosis, and luminal occlusion by cryoglobulins and fibrin thrombi.

4.5. Cryoglobulinemic vasculitis

In the kidneys, this leads to focal fibrinoid necrosis of the glomerular tufts, often with crescent
formation (Figure 3). The renal tubules are affected by ischemic and inflammatory lesions
and contain hyaline and blood casts. The ureteric and bladder mucosa may display vasculitic
purpuric lesions. The interstitium is infiltrated with inflammatory cells and found edematous.

The mechanism of vascular injury is typically attributed to component C1q of the complement,
complement activation generates chemotactic factors, C3a and C5a, which recruit and activate
pro-inflammatory leucocytes. It also leads to the formation of C5-9, the membrane attack com-
plex that may have an important role in endothelial damage, the active complement compo-
nent incorporated within the cryoglobulin complex. This leads to endothelial injury by dual
effects, namely the activation of the complement cascade via the classical pathway and binding
to endothelial complement receptors, thereby localizing the injury in target capillary beds.

The clinical presentation has a wide range from isolated hematuria to acute kidney injury,
sometimes associated with thrombotic microangiopathy (Figure 4). If left untreated, the

Figure 3. Cryoglobulinemic renal vasculitis. Renal arteriole showing endothelialitis and cryoglobulin deposits in a
patient with AKI due to HCV-associated cryoglobulinemia. Hematoxylin and eosin stain. Reproduced with permission
from Ref. [64].
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Figure 4. Blood smear in a patient with cryoglobulinemic vasculitis and thrombotic microangiopathy. Note the red cell
fragmentation with microcytes and schistocytes.

prognosis becomes bad for the renal function, as well as patient survival. The successful treat-
ment may lead to complete or partial recovery, unless the damage has already been extensive,
leading to healing with focal or global sclerosis.

4.6. Non-cryoglobulinemic AKI

HCV-infected patient, compared to the general population are at many-fold risk of devel-
oping acute kidney injury of diverse etiology. The most frequent cause of kidney injury is
hypovolemia associated with excessive vomiting or diarrhea. The second common cause
was bacterial infection in the lungs, urinary, or gastrointestinal tract; 7.3% of patients had
advanced cirrhosis and developed AKI following an episode of hematemesis, presumably
due to ischemic acute tubular necrosis, and 6.5% were associated with hepatic encephalopa-
thy including the hepatorenal syndrome. Decompensated liver disease, diabetes mellitus,
history of intravenous drug abuse, and high baseline serum creatinine were independent
predictors of developing AKI. End-stage kidney disease eventually developed in 17.5%
of patients who developed AKI, compared to 1% of those who did not. Risk factors for
end-stage renal kidney disease were preexisting hypertension, diabetes, or chronic kidney
disease [65].

5. Summary

Patients with cirrhosis are prone to developing acute kidney failure. The acute decrease of
the kidney function contributes to the mortality of patients with cirrhosis. The criteria of the
International Club of Ascites for acute kidney injury provide a simple and relevant staging
system for acute kidney injury in patients with liver cirrhosis based on relative increases in
serum creatinine. It is very important to consider the potential triggers of renal failure, and
this should be recognized early and removed; this includes discontinuation of nephrotoxic
drugs and diuretics, treatment of infections and gastrointestinal bleeding, and plasma expan-
sion in case of hypovolemia.
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Cardiovascular ischemic disease is a contraindication to terlipressin therapy. Patients on
terlipressin should be carefully monitored for signs of splanchnic or digital ischemia, the
development of cardiac arrhythmias and fluid overload, and treatment modified or stopped
accordingly.
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Abstract

In liver cirrhosis, portal vein thrombosis (PVT), which is defined as thrombosis that
occurs within the main portal vein and intrahepatic portal branches, is one of the most
common complications. High incidence of PVT in the setting of liver cirrhosis is mainly
due to hypercoagulable state and altered dynamic of blood flow in the portal vein. The
clinical manifestations of PVT are variable among different patients, so the diagnosis
of PVT is mainly dependent on the imaging examinations, like ultrasound, computed
tomography and magnetic resonance imaging. The overall goal of treatment for PVT
can be summarized as reducing risk factors of PVT, thus to prevent further expansion of
thrombus and maintain portal patency and prevent and treat the symptoms of PVT by
anticoagulants, local thrombolysis, transjugular intrahepatic portosystemic shunt and/
or surgery. In future, due to the progress in vascular imaging and innovation in clinical
anti-thrombotic drug, PVT could be prevented and cured effectively.

Keywords: portal vein thrombosis, cirrhosis, management, anticoagulant

1. Introduction

Portal vein thrombosis (PVT) is diagnosed when a venous thrombosis occurs within the main
portal vein and intrahepatic portal branches [1, 2]. In liver cirrhosis, especially in advanced
stages, PVT is one of the most common complications [3-5]. High incidence of PVT in the set-
ting of liver cirrhosis is mainly due to hypercoagulable state and altered dynamics of blood
flow in the portal vein [6-8]. Moreover, PVT will deteriorate liver cirrhosis by increasing por-
tal vein pressure and decreasing blood flow into liver. Under severe circumstances, it will
worsen symptoms of cirrhosis such as ascites, upper gastrointestinal bleeding, intestinal avas-
cular necrosis and so on [3, 4, 9-11]. However, 30-50% patients with PVT will spontaneously
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alleviate or recover without any treatment [4, 10, 12, 13]. This highlights the over-diagnosis
of PVT in cirrhosis and questions whether PVT treatment will benefit cirrhotic patients, espe-
cially when they are diagnosed incidentally on imaging. Right now, there is no guideline
or expert consensus on how to manage cirrhotic patients with PVT. A meta-analysis which
includes 3735 cirrhotic patients demonstrated that PVT negatively influenced both mortality
and hepatic decompensation, despite its limitation of including heterogeneous populations
[14]. However, another prospective multicenter study which includes 863 Child-Pugh class A
and 380 class B cirrhotic patients found PVT was not a prognostic factor for either mortality or
hepatic decompensation [15]. A study that only investigated 42 cirrhotic patients with extra-
hepatic nonmalignant partial PVT reported that no association was found between progres-
sion or regression of partial PVT and clinical outcomes. The model for end-stage liver disease
(MELD) score, rather than PVT, was the predictor of worse prognosis in cirrhotic patients [16].
So, at present, the issue of whether PVT does or does not have influence on the natural history
of cirrhosis is still controversial [17-19].

2. Prevalence

The prevalence and incidence of PVT in cirrhosis often varies from 1 to 28% among different stud-
ies depending on heterogeneity in diagnosis methods, different populations and variable follow-
up time [16-22]. In a retrospective study of 150 patients with viral cirrhosis, the cumulative overall
incidences of PVT were 12.8% at 1 year, 18.6% at 3 years, 20% at 5 years and 38.7% at 8-10 years,
respectively [23]. In another study, which includes 701 cirrhosis patients without hepatocellular
carcinoma, the incidence of PVT was 11.2% since they used ultrasound for diagnosis routinely [24].
PVT is more common in advanced cirrhosis and the incidence is positively related with the stage
of cirrhosis, which is only 1% in compensated patients but 8.4% in severe cirrhosis waiting for
liver transplantation [21, 25-28]. However, there are some limitations in these studies which
weaken the magnitude and reliability of these conclusions like different subgroup patients and
follow-up times as we previously mentioned. Violi et al. reported a study aimed at evaluating the
prevalence of PVT in a broad spectrum of patients with cirrhosis and found 17% of 753 cirrhotic
patients had PVT [29]. A multicenter randomized trial that includes 898 well-compensated cir-
rhosis patients reported that the 5-year cumulative incidence of PVT was 11.9% [30].

3. Pathophysiology

3.1. Hypercoagulable state of blood flow

After liver transplantation, the number of platelets will increase temporarily for a short time,
which contributes to the hypercoagulable state of blood [31, 32]. That would be one of the
significant reasons for PVT formation in liver transplantation patients. The study showed
that surgery not only increased blood platelets but also activated their surface glycoprotein
CD62P, reflecting the degree of platelet activation and causing a hypercoagulable state [33, 34].
Postoperative-elevated CD62P is closely related with PVT, which can be used as a sensitive
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diagnostic biomarker of PVT [9, 35, 36]. Toshiki Matsui also reported that soluble form of gly-
coprotein VI, as a platelet activation marker, was associated with PVT formation after hepa-
tectomy and splenectomy in patients with liver cirrhosis [37]. Another study from Poland
found platelet aggregability was decreased in PVT patients [31]. In another logistic regression
model, incidence of PVT was highly related with D-dimer and bilirubin [38, 39]. Additionally,
increased whole blood viscosity due to increased number of erythrocytes and ability of aggre-
gation as well as decreased deformability may be reasons for increased PVT formation [34,
40]. Both procoagulant and anticoagulant proteins decreased in liver cirrhosis patients at the
same time, owing to decreased synthesis function of the liver, which often largely maintained
in a dynamic balance [7, 8, 34, 41]. Therefore, the body is neither to bleed nor to form thrombo-
sis. However, after liver transplantation surgery, venous injury would reduce the flow rate of
portal vein; thus, anticoagulant-associated protein S and C decreased as well as anti-thrombin
III [21]. Meanwhile, surgery consumes numerous coagulation factors. Factor VIII, VII factor-
related antigens and anti-cardiolipin antibody increased, which both resulted in PVT forma-
tion. Factor VIII concentration and the ratio of the most powerful procoagulant (factor VIII)
and anticoagulant (protein C) were considered as markers to indicate hypercoagulability [25,
38, 42-44]. Studies showed factor VIII was related to PVT in cirrhotic patients independently.
Patients with factor VIII level above 129 IU/dl had six times the probability to PVT [45]. Some
researchers reported in the literature that procoagulant gene mutations, including coagula-
tion factor V Leiden G1691A, methylenetetrahydrofolate reductase C677T and prothrombin
G20210A, may be associated with PVT [46, 47]. Recent studies showed that increased hem-
agglutinin activated fibrinolysin inhibition gene mutation and blood coagulation factor VII,
which were closely related to the occurrence of PVT [1, 2].

3.2. Hemodynamic changes in the portal vein

PVT formation is associated with intrahepatic resistance and poor portal blood flow.
Moreover, portal blood flow decreases more if cirrhosis progresses. That's why the incidence
of PVT is much higher in advanced-stage cirrhotic patients compared with well-compensated
ones [48]. Cirrhotic patients with PVT had low portal flow volumes and high collateral vessel
flow velocity. Intraoperative clamp and squeeze will cause vein intimal injury, collagen expo-
sure and activation of the coagulation system. After liver transplantation, blood flow in portal
vein is relatively slow, which is easy to form turbulence and thrombosis [9, 25, 49, 50]. Portal
vein blood flow velocity and PVT have an important relationship. Studies demonstrated that
patients with portal vein blood flow <15 cm/s had higher incidence of PVT [17, 27, 50-52]. So,
some researchers often regarded portal vein diameter as an independent risk factor for the
formation of PVT. In short, because there are various changes in portal hemodynamics, the
incidence of PVT is quite high after liver transplantation.

3.3. Endotoxinemia

Cirrhosis is more likely to damage intestinal mucosal barrier which facilitates bacterial trans-
location and endotoxinemia [53]. Endotoxinemia not only can increase portal vein pressure
but also can activate coagulation cascade. That explains why it can increase the PVT incidence
in the portal system [54].
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4. Diagnosis

4.1. Clinical manifestations

A study which includes 79 cirrhotic patients has shown that 57% of PVT were symptomatic and
amongthem39%had gastrointestinalbleeding and 70%hadintestinalinfarction [24]. Abdominal
pain is generally the earliest clinical symptom after the acute formation of PVT. Usually,
abdominal pain is limited within a specific region while few are diffuse pain and intermittent
colic pain with longer durations. Nausea and vomiting occur in 50% of PVT patients [3, 4, 51,
55-57]. A few patients will have diarrhea or bloody stool. If complete intestinal obstruction
occurs suddenly, abdominal pain is paroxysmal accompanied by significant nausea, vomiting
without fart and defecation. Under this circumstance, there are no obvious physical examina-
tion signs, that the degree of pain is not consistent with the signs of the abdomen [19, 58, 59].
Increased anterior hepatic obstructive factors will cause decreased portal vein blood flow
which aggravates liver damage, increases portal pressure, causes repeated upper gastrointes-
tinal bleeding and refractory ascites and so on. In some severe cases, clinical manifestations
of intestinal necrosis such as persistent abdominal pain, bloating, hemafecia, hematemesis,
shock and peritoneal irritation will occur [18, 24, 26]. Abdominal puncture can be bloody asci-
tes. In the event of intestinal necrosis, disease mortality rate can rise to 20-60%. Patients often
suffer from persistent abdominal pain, hemafecia, abdominal cramps, ascites, multiple organ
failure and so on. For chronic PVT, patients will have refractory bloating, diarrhea, upper
abdominal pain and ascites due to gastrointestinal congestion and insufficient perfusion of
liver portal vein [24]. The clinical manifestations of PVT are variable among different patients,
so the clinical diagnosis of PVT is mainly dependent on the imaging examination.

4.2. Imaging

Ultrasound, the most common imaging way, is simple and easy to accurately evaluate PVT [60].
Thus, it is the preferred imaging method for diagnosis. Ultrasound diagnosis of PVT
is characterized by abnormal echo in the portal vein, unclear boundary with the wall,
CDFIL: no blood flow signal, portal venous cavernous hemangioma; portal vein expansion
before thrombosis site; and no display of portal vein if PVT is formed within a wide range
[11, 17, 18, 60, 61]. The sensitivity and specificity of ultrasonography to diagnose PVT are up
to 60 and 100% [60, 62]. Ultrasound can clearly demonstrate the blood flow, vascular diameter
and the changes and the presence of thrombi. Ultrasound can also determine the formation of
collateral circulation simultaneously through CDFI. But the ultrasound cannot reflect directly
the situation of the portal vein and its branches, and the experience of the operator affects the
accuracy of the diagnosis. Ultrasound angiography or ultrasound endoscopy can diagnose
PVT more accurately that even raises the diagnostic sensitivity to 81% [24]. Some authors
recommended contrasting enhanced ultrasound as the first-line imaging and “gold standard
method” for the diagnosis of PVT [63, 64]. But ultrasound angiography and endoscopy also
have some limitations. Firstly, they cannot evaluate the portal vein within the part of the liver
and superior mesenteric vein end accurately. Moreover, they cannot assess the surrounding
organs which may be affected by PVT [50, 63, 64].
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Enhanced computer tomography (CT) or enhanced magnetic resonance imaging (MRI) exam-
ination by intravenous injection contrast can effectively solve the above deficiencies. By com-
parison with contrast, we can discover intraluminal filling defects and perfusion conditions
for nearby organs at different times of the imaging process. CT angiography (CTA) and mag-
netic resonance angiography (MRA) greatly increase the accuracy of diagnosis. Some studies
have showed that the sensitivity and the specificity for CTA were 86 and 95%. For MRA,
the sensitivity was 100% and specificity was 98% [60, 65-67]. Typical CT signs of PVT are
very intuitive: no-enhanced low-density intraluminal stripe or massive lesions within portal
static. Occasionally, CT can also find an enhanced ring around thrombus due to nourishing
small blood vessels. Moreover, CT can also help to diagnose primary liver cancer, cirrhosis
and evaluate intestinal ischemia and necrosis. CTA has several advantages including short
scan time, fast imaging speed and reduced motion artifact [67]. However, its main drawbacks
can be related to some complications like contrast agent allergy, contrast agent nephropathy
and other adverse reactions. The safety of MRA contract is significantly better than that of
CTA. But MRA has the same disadvantages like motion artifacts, long-signal acquisition time
and limited imaging range [66]. Therefore, patients with suspicious PVT should be enrolled in
contract CT or MRI imaging, which can be more accurate for clinical diagnosis.

Angiography is the traditional method for diagnosis of PVT. It is not the routine examination of
PVT because of its invasive feature. Angiography includes two categories: indirect and direct.
Indirect angiography is through splenic artery and superior mesenteric artery to image [2, 65].
In this way, we can see the portal vein filling defect as well as the collateral circulation. The most
important thing is we can put the catheter into the superior mesenteric artery and/or splenic
artery branch to infuse thrombolytic drugs after indirect angiography. It means we can finish
diagnosis and follow treatment after invasive process at one time. Direct angiography is divided
into: percutaneous transhepatic portal angiography, which can display directly portal vein sys-
tem and evaluate portal hemodynamics, and umbilical portal vein angiography, which is indi-
cated for splenic vein thrombosis, spleen resection and failure of arterial portal angiography [50].

4.3. Laboratory tests

Usually, prothrombin time (PT) and activated partial thromboplastin time (APTT) were used
as predictors for the coagulation state with cirrhosis, and even the predictive ability was poor
[7, 34, 68]. Because they could not explain and represent natural anticoagulants such as anti-
thrombin and protein C in vivo, the thrombin generation test, which used tissue factor as
trigger and phospholipids as platelet substitutes, was considered more appropriate for evalu-
ating thrombin generation. The test was regarded as representation of the balance between
the pro- and anticoagulant proteins in plasma [33, 44]. Another test named thromboelastog-
raphy (TEG) can monitor all kinds of hemostatic functions (coagulation, anticoagulation,
fibrinolysis) continuously to predict thrombosis formation and dissolution dynamically. This
test also emphasized the dynamic assessment of balanced status in blood coagulation and
anticoagulation process [17, 18]. This is a new laboratory test to evaluate whether the blood
is hypercoagulable, whether there is the formation of thrombus and whether the thrombus is
stable. The effectiveness of clinical application needs to be further studied. Additionally, we
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can exclude PVT patients with a 90% negative predictive value when the D-dimer level is less
than 1.82 mg/1 [38, 39, 69, 70]. Systemic evaluation of coagulation tests, including PT, interna-
tional standardization ratio, partial thromboplastin time, and so on, could not fully assess the
patient’s coagulation abnormalities. Dynamic monitoring of vitamin K-related coagulation
factors, fibrinogen, platelet function, fibrinolysis status as well as other coagulation factors
simultaneously is essential.

5. Classification

According to PVT imaging findings preoperatively, Yerdel found a classification system as
the following: grade I, <50% portal vein obstruction with or without micro-thrombus of the
superior mesenteric vein; grade II, >50% portal vein obstruction with or without micro-throm-
bus of the superior mesenteric vein; grade III, complete portal vein and proximal superior
mesenteric vein obstruction; and grade IV, complete portal vein and entire superior mesen-
teric vein obstruction [71].

6. PVT treatment

The overall goal of treatment for PVT can be summarized as reducing risk factors of PVT, thus
to prevent further expansion of thrombus and maintain portal patency, prevent and treat the
symptoms of PVT. For acute PVT, the aim is to prevent thrombus extension and intestinal
infarction, whereas for chronic PVT, it is to prevent recurrent thrombosis, gastrointestinal
bleeding and portal cholangiopathy [20, 35, 51].

6.1. Non-surgical treatment

The incidence of PVT is high in cirrhotic patients, but clinical studies found that 30-50% of
patients with PVT could alleviate without any treatment. Longest diameter of portal vein
and blood flow of the largest collateral circulation vein were closely related with the inci-
dence of spontaneous alleviation in PVT patients [1, 21]. But another study demonstrated that
untreated PVT was associated with increased mortality, especially in patients with low Child-
Pugh scores. And there were strong correlations between anticoagulation therapy and lower
thrombus progress rate as well as higher recanalization rate [11, 72, 73]. Furthermore, PVT has
been reported as an independent risk factor for recurrent and refractory acute variceal bleeding
[23, 74]. There is inconsistent guidance on the anticoagulant management of PVT. However,
once the PVT is diagnosed, the optimal time of prevention and treatment often has been
missed. Serious complications would increase mortality greatly for PVT patients. So, it is rec-
ommended for cirrhotic patients that routine color Doppler ultrasound assessment should
be performed. Early diagnosis, early anticoagulant and thrombolytic therapy can effectively
improve the prognosis of patients. A meta-analysis from Italy, which includes 8 studies com-
prising 353 patients with cirrhosis and PVT, demonstrated anticoagulant therapy (low-weight
heparin or warfarin) could increase recanalization and reduce progression of thrombosis
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effectively [75]. Meanwhile, these anticoagulants will not increase the incidence of any kinds
of bleedings [75]. Another study from Italy found the benefits patients got overweighed the
potential minor bleeding risk [76]. And they also concluded that portal hypertension, rather
than anticoagulants, would be the real reason for the risk of major bleeding among cirrhotic
patients with PVT. A prospective study from China which focused on patients with cirrhosis
undergoing elective transjugular intrahepatic portosystemic shunt (TIPS) found that warfarin
treatment within 12 months achieved a much higher rate of complete recanalization [77].
Thecommonlyused drugsincludewarfarin, Jowmolecularweightheparinandurokinase[78-81].
Most patients with acute PVT were recommended early anticoagulant therapy at least for
6 months. A systematic review and meta-analysis that summarized different regiments of
anticoagulation has been reported [82]. In this study, the overall rate of portal vein recanaliza-
tion was 37-93% and the anti-coagulation related bleeding was 0-18% [82]. In this way, we
can not only reduce the incidence of PVT greatly but also increase PVT recanalization rate up
to 39.3-100.0%.

In recent years, inhibitors of activated factor Xa (e.g., rivaroxaban) have been used in the
prevention of clinical PVT. The advantages are convenient oral administration, no effect on
the international standardization ratio and no need to monitor blood coagulation indicators.
Hyeyoung Yang et al. reported a 63-year-old female who experienced complete resolution of
recurrent acute PVT in liver cirrhosis after rivaroxaban treatment [83]. The disadvantage is
there is no effective antagonist. When bleeding happens during anticoagulant therapy, the
consequence is serious. However, some new oral anticoagulants’ antidotes have been under
investigation like andexanet alfa, P-glycoprotein substrates and drugs inducing CYP3A4.
They all could inhibit the concentration or absorption of new oral anticoagulants and attenu-
ate their effects remarkably [83, 84].

In short, clinical non-surgical methods are still mainly treatments of PVT in cirrhotic patients.

6.2. Local thrombolytic treatment

Local thrombolysis is divided into indirect way (femoral artery-superior mesenteric artery
indwelling catheter thrombolysis) and direct way (percutaneous transhepatic portal vein
thrombolysis) [13, 17, 18, 27, 35, 56, 85].

The advantages of the femoral artery-superior mesenteric artery catheter thrombolysis are
simple and relative small trauma. It is just suitable for mild PVT without vascular occlusion.
Because when PVT is found by this method, portal vein branches are usually in the stenosis or
occlusion state by obstruction of thrombosis. Most of the drugs we injected for thrombolysis
cannot reach the site of thrombus effectively. So, indications of this method are limited.

The advantages of the percutaneous transhepatic portal vein thrombolysis method are simple
and show high success rates. However, we must stop this treatment when the patient has:
(1) APTT significantly longer; (2) the international standardization ratio > 2; and (3) obvi-
ous abdominal pain, bloating, vomiting, hemafecia, increased puncture-point bleeding, more
subcutaneous ecchymosis, hemoglobin continuing to decrease, faster heart rate, lower blood
pressure and other signs of active bleeding.
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6.3. TIPS

When severe PVT happened, thrombus blocked more than 50% lumen or completely blocked,
anticoagulant therapy was unlikely to recanalization. Under this condition, we can choose
TIPS. This method has the advantages as the following: the risk of thrombolysis is relatively
small, and punctures can often reach directly to the thrombus site; at the same time intravas-
cular technology (balloon plasty, stent replacement, thrombectomy and thrombolytic therapy
surgery) can be applied to achieve the goal of treatment of PVT. A study from China which
compared transcatheter selective superior mesenteric artery urokinase infusion and TIPS has
found they were safe and effective for acute symptomatic PVT in cirrhosis [86]. But the opera-
tion was a relative difficult and lethal event as well as severe complications were still possible,
so it is particularly important to assess the risk-benefit ratio of TIPS preoperatively. At pres-
ent, the TIPS therapy methods for PVT are the following [87-89]:

A. TIPS placement — portosystemic shunt — portal vein recanalization;
B. TIPS placement through percutaneous ways portal vein recanalization;
C. TIPS placement between hepatic vein and collateral vessel — no portal vein recanalization

For cirrhotic patients with refractory variceal bleeding and ascites, TIPS was considered as
one of the major treatment strategies if the patient did not have PVT. PVT has changed natu-
ral history of liver cirrhosis and affected outcomes. So, in this circumstance, TIPS should be
recommended with caution. No convincing evidence has been published to verify the supe-
riority of TIPS over traditional anticoagulants. TIPS should only be recommended for severe
PVT patients although technical difficulty rose sharply when severe PVT was diagnosed [89].
That means reliable predictors for PVT progression should be further investigated in future.

6.4. Surgical treatment of PVT

Surgery is relatively high risk. The commonly used methods are (1) PVT excision; (2) portal
vein stent implantation, mainly aimed to relieve portal vein obstruction; (3) liver transplanta-
tion. During treatment, if the patient has the sustained abdominal pain, abdominal distension
and other signs of peritonitis, laparotomy exploration should be performed early to prevent
the occurrence of intestinal necrosis. When intestinal necrosis is diagnosed, intestinal and
mesangial resections should be performed. At the same time, the intestinal end-to-end anas-
tomosis should be done. Anticoagulation was continued after surgery to prevent thrombus
reformation.

7. PVT prevention

Kawanaka et al. have shown that anti-thrombin III (AT III) activity and splenic vein diam-
eter were the risk factors of PVT after surgery. Moreover, they used those risk factors to for-
mulate risk stratification system [90]. According to the risk stratification, doctors can decide
whether to give prevention or not: low risk: AT III activity >70% and splenic vein straight
diameter <10 mm, no preventive treatment; intermediate risk: AT III activity <70% or splenic
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Figure 1. Algorithm for the treatment of portal vein thrombosis in liver cirrhosis. Abbreviations: PVT, portal vein
thrombosis; TIPS, transjugular intrahepatic portosystemic shunt; AT III, anti-thrombin III therapy; LWMH, low-weight
molecular heparin; *according to Yerdel’s study [68]; # according to Kawanaka’s study [90].

vein diameter >10 mm, simple AT III prevention treatment; and high risk: splenic vein diam-
eter 215 mm or from the liver collateral circulation vein diameter >10 mm, AT III, low molecu-
lar weight heparin in conjunction with warfarin [90].

Enoxaparin was found to prevent PVT in advanced cirrhotic patients. Daily subcutaneous
enoxaparin (4000 IU/day) could significantly reduce incidence of PVT in the short and long
term [91, 92]. And enoxaparin can also decrease the liver decompensation rate and improve
survival of patients who received liver transplantation [52, 91, 92].

Surgery on the portal vein system should be gentle and accurate. We should prevent unnec-
essary damage to the vascular endothelium and avoid ligation of chunk tissue. If there is no
obvious bleeding tendency, surgeons should not use hemostatic after surgery which may
result in thrombosis (Figure 1).

8. Conclusion

PVT was a clinical rare deep venous thrombosis but highly occurred in liver cirrhotic patients.
Local or systemic factors alone or in combination make contribution to the formation of
PVT. In clinical, PVT should be given enough attention due to its severe threat to the patient’s
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life and health. The overall treatment principles are early diagnosis, early treatment and pre-
vention combined with treatment. In the future, due to the progress in vascular imaging and
innovation in clinical anti-thrombotic drug, PVT could be prevented and cured effectively.

Author details

Shuai Xue, Peisong Wang, Hui Han and Guang Chen*

*Address all correspondence to: cg9293@sina.com

The General Surgery Center, The First Hospital of Jilin University, Changchun, Jilin, China

References

(1]

(2]

[10]

Chawla YK, Bodh V. Portal vein thrombosis. Journal of Clinical and Experimental
Hepatology. 2015;5(1):22-40

Basit SA, Stone CD, Gish R. Portal vein thrombosis. Clinics in Liver Disease.
2015;19(1):199-221

Yang ZN]J, Costa KA, Novelli EM, Smith RE. Venous thromboembolism in cirrhosis.
Clinical and Applied Thrombosis-Hemostasis. 2014;20(2):169-178

Handa P, Crowther M, Douketis JD. Portal vein thrombosis: A clinician-oriented and
practical review. Clinical and Applied Thrombosis-Hemostasis. 2014;20(5):498-506

Tsochatzis EA, Bosch J, Burroughs AK. Liver cirrhosis. Lancet. 2014;383(9930):1749-1761

Cai CC, Liu SY. A meta-analysis of portal vein thrombosis in patients with liver cirrhosis.
Journal of Gastroenterology and Hepatology. 2013;28:847

Schaden E, Saner FH, Goerlinger K. Coagulation pattern in critical liver dysfunction.
Current Opinion in Critical Care. 2013;19(2):142-148

Mucino-Bermejo ], Carrillo-Esper R, Uribe M, Mendez-Sanchez N. Coagulation abnor-
malities in the cirrhotic patient. Annals of Hepatology. 2013;12(5):713-724

Ghabril M, Agarwal S, Lacerda M, Chalasani N, Kwo P, Tector AJ. Portal vein throm-
bosis is a risk factor for poor early outcomes after liver transplantation: Analysis of risk
factors and outcomes for portal vein thrombosis in waitlisted patients. Transplantation.
2016;100(1):126-133

Girleanu I, Stanciu C, Cojocariu C, Boiculese L, Singeap AM, Trifan A. Natural course
of nonmalignant partial portal vein thrombosis in cirrhotic patients. Saudi Journal of
Gastroenterology. 2014;20(5):288-292



[11]

(12]

[13]

(14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

(22]

(23]

Portal Vein Thrombosis in Liver Cirrhosis
http://dx.doi.org/10.5772/intechopen.76295

Borjas-Almaguer OD, Cortez-Hernandez CA, Gonzalez-Moreno EI, Bosques-Padilla
FJ, Gonzalez-Gonzalez JA, Garza AA, et al. Portal vein thrombosis in patients with cir-
rhosis: Just a common finding or a predictor of poor outcome? Annals of Hepatology.
2016;15(6):902-906

Berry K, Taylor ], Liou IW, Ioannou GN. Portal vein thrombosis is not associated with
increased mortality among patients with cirrhosis. Clinical Gastroenterology and
Hepatology. 2015;13(3):585-593

Qi XS, Han GH, Fan DM. Management of portal vein thrombosis in liver cirrhosis.
Nature Reviews Gastroenterology & Hepatology. 2014;11(7):435-446

Stine JG, Shah PM, Cornella SL, Rudnick SR, Stukenborg GR, Northup P. Portal vein
thrombosis, mortality and hepatic decompensation in patients with cirrhosis: A meta-
analysis. Hepatology. 2015;62:943A-A

Nery F, Chevret S, Condat B, de Raucourt E, Boudaoud L, Rautou PE, et al. Causes and
consequences of portal vein thrombosis in 1,243 patients with cirrhosis: Results of a lon-
gitudinal study. Hepatology. 2015;61(2):660-667

Luca A, Caruso S, Milazzo M, Marrone G, Mamone G, Crino F, et al. Natural course
of extrahepatic nonmalignant partial portal vein thrombosis in patients with cirrhosis.
Radiology. 2012;265(1):124-132

von Kockritz L, De Gottardi A, Trebicka ], Praktiknjo M. Portal vein thrombosis in
patients with cirrhosis. Gastroenterology Report. 2017;5(2):148-156

Fujiyama S, Saitoh S, Kawamura Y, Sezaki H, Hosaka T, Akuta N, et al. Portal vein throm-
bosis in liver cirrhosis: Incidence, management, and outcome. BMC Gastroenterology.
2017;17(1):112

Loudin M, Ahn]. Portal vein thrombosis in cirrhosis. Journal of Clinical Gastroenterology.
2017;51(7):579-585

Haris M, Thachil J. The problem with incidental and chronic portal vein thrombosis.
European Journal of Internal Medicine. 2017;39:E29-E30

Chen H, Turon F, Hernandez-Gea V, Fuster ], Garcia-Criado A, Barrufet M, et al.
Nontumoral portal vein thrombosis in patients awaiting liver transplantation. Liver
Transplantation. 2016;22(3):352-365

Cruz-Ramon V, Chinchilla-Lopez P, Ramirez-Perez O, Mendez-Sanchez N. Effects
of portal vein thrombosis on the outcomes of liver cirrhosis: A Mexican perspective.
Journal of Translational Internal Medicine. 2017;5(4):189-191

Maruyama H, Okugawa H, Takahashi M, Yokosuka O. De novo portal vein thrombosis
in virus-related cirrhosis: Predictive factors and long-term outcomes. American Journal
of Gastroenterology. 2013;108(4):568-574

61



62

Management of Chronic Liver Diseases - Recent Advances

[24]

(23]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Amitrano L, Guardascione MA, Brancaccio V, Margaglione M, Manguso F, Iannaccone
L, et al. Risk factors and clinical presentation of portal vein thrombosis in patients with
liver cirrhosis. Journal of Hepatology. 2004;40(5):736-741

Lankarani KB, Homayon K, Motevalli D, Heidari ST, Alavian SM, Malek-Hosseini
SA. Risk factors for portal vein thrombosis in patients with cirrhosis awaiting liver trans-
plantation in shiraz, Iran. Hepatitis Monthly. 2015;15(12):e26407

Eshraghian A, Nikeghbalian S, Kazemi K, Shamsaeefar A, SAM H. Prevalence and risk
factors of portal vein thrombosis in patients with liver cirrhosis and its impact on out-
comes after liver transplantation. Transplant International. 2017;30:146

Qi XS, Li HY, Liu X, Yao H, Han GH, Hu FR, et al. Novel insights into the development
of portal vein thrombosis in cirrhosis patients. Expert Review of Gastroenterology &
Hepatology. 2015;9(11):1421-1432

Francoz C, Belghiti ], 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):691-697

Violi F, Corazza RG, Caldwell SH, Perticone F, Gatta A, Angelico M, et al. Portal vein
thrombosis relevance on liver cirrhosis: Italian venous thrombotic events registry.
Internal and Emergency Medicine. 2016;11(8):1059-1066

Nery FG, Chaffaut C, Condat B, de Raucourt E, Boudaoud L, Rautou PE, et al. Portal
vein thrombosis (PVT) in compensated cirrhosis: A prospective cohort study on 898
patients. Hepatology. 2013;58:271A-272A

Wosiewicz P, Zorniak M, Hartleb M, Baranski K, Onyszczuk M, Pilch-Kowalczyk J,
et al. Portal vein thrombosis in cirrhosis is not associated with intestinal barrier dis-

ruption or increased platelet aggregability. Clinics and Research in Hepatology and
Gastroenterology. 2016,40(6):722-729

Colli A, Gana JC, Yap J, Adams-Webber T, Rashkovan N, Ling SC, et al. Platelet count,
spleen length, and platelet count-to-spleen length ratio for the diagnosis of oesopha-
geal varices in people with chronic liver disease or portal vein thrombosis. Cochrane
Database of Systematic Reviews. 2017;4:CD008759

Khoury T, Ayman A, Cohen J, Daher S, Shmuel C, Mizrahi M. The complex role of anti-
coagulation in cirrhosis: An updated review of where we are and where we are going.
Digestion. 2016;93(2):149-159

Tripodi A, Primignani M, Braham S, Chantarangkul V, Clerici M, Moia M, et al.
Coagulation parameters in patients with cirrhosis and portal vein thrombosis treated

sequentially with low molecular weight heparin and vitamin K antagonists. Digestive
and Liver Disease. 2016;48(10):1208-1213

Sharma AM, Zhu D, Henry Z. Portal vein thrombosis: When to treat and how? Vascular
Medicine. 2016;21(1):61-69



[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Portal Vein Thrombosis in Liver Cirrhosis
http://dx.doi.org/10.5772/intechopen.76295

Dell'Era A, Seijo S. Portal vein thrombosis in cirrhotic and non cirrhotic patients: From
diagnosis to treatment. Expert Opinion on Orphan Drugs. 2016;4(9):927-940

Matsui T, Usui M, Wada H, lizawa Y, Kato H, Tanemura A, et al. Platelet activation
assessed by glycoprotein VI/platelet ratio is associated with portal vein thrombosis after
hepatectomy and splenectomy in patients with liver cirrhosis. Clinical and Applied
Thrombosis/Hemostasis. 2017;24(2):254-262. DOI: 10.1177/1076029617725600

Zhang DL, Hao JY, Yang N. Value of D-dimer and protein S for diagnosis of portal vein
thrombosis in patients with liver cirrhosis. Journal of International Medical Research.
2013;41(3):664-672

Dai JN, Qi XS, Li HY, Guo XZ. Role of D-dimer in the development of portal vein
thrombosis in liver cirrhosis: A meta-analysis. Saudi Journal of Gastroenterology.
2015;21(3):165-174

Wu XM, Yao ZP, Zhao L, Zhang Y, Cao MH, Li T, et al. Phosphatidylserine on blood
cells and endothelial cells contributes to the hypercoagulable state in cirrhosis. Liver
International. 2016;36(12):1800-1810

Cui SB, Fu ZM, Feng YM, Xie XY, Ma XW, Liu TT, et al. The disseminated intravascular
coagulation score is a novel predictor for portal vein thrombosis in cirrhotic patients
with hepatitis B. Thrombosis Research. 2018;161:7-11

Singhal A, Karachristos A, Bromberg M, Daly E, Maloo M, Jain AK. Hypercoagulability
in end-stage liver disease: Prevalence and its correlation with severity of liver disease and
portal vein thrombosis. Clinical and Applied Thrombosis-Hemostasis. 2012;18(6):594-598

Girolami A, Cosi E, Ferrari S, Girolami B. Heparin, coumarin, protein C, antithrombin,
fibrinolysis and other clotting related resistances: Old and new concepts in blood coagu-
lation. Journal of Thrombosis and Thrombolysis. 2018;45(1):135-141

Qi XS, Chen H, Han GH. Effect of antithrombin, protein C and protein S on portal vein
thrombosis in liver cirrhosis: A meta-analysis. American Journal of the Medical Sciences.
2013;346(1):38-44

Martinelli I, Primignani M, Aghemo A, Reati R, Bucciarelli P, Fabris F, et al. High levels
of factor VIII and risk of extra-hepatic portal vein obstruction. Journal of Hepatology.
2009;50(5):916-922

Pasta L, Pasta F, D'Amico M. PAI-1 4G-4G, MTHFR 677TT, V Leiden 506Q, and
Prothrombin 20210A in splanchnic vein thrombosis: Analysis of individual patient
data from three prospective studies. Journal of Clinical and Experimental Hepatology.
2016;6(1):10-14

Ventura P, Venturelli G, Marcacci M, Fiorini M, Marchini S, Cuoghi C, et al.
Hyperhomocysteinemia and MTHFR C677T polymorphism in patients with portal vein
thrombosis complicating liver cirrhosis. Thrombosis Research. 2016;141:189-195

63



64 Management of Chronic Liver Diseases - Recent Advances

(48]

[49]

(50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

Werner KT, Sando S, Carey EJ, Vargas HE, Byrne TJ, Douglas DD, et al. Portal vein throm-
bosis in patients with end stage liver disease awaiting liver transplantation: Outcome of
anticoagulation. Digestive Diseases and Sciences. 2013;58(6):1776-1780

Nazzal M, Sun YF, Okoye O, Diggs L, Evans N, Osborn T, et al. Reno-portal shunt
for liver transplant, an alternative inflow for recipients with grade III-IV portal vein
thrombosis: Tips for a better outcome. International Journal of Surgery Case Reports.
2017;41:251-254

Seijo S, Garcia-Criado A, Darnell A, Garcia-Pagan JC. Diagnosis and treatment of portal
thrombosis in liver cirrhosis. Gastroenterologia Y Hepatologia. 2012;35(9):660-666

Manzano-Robleda MD, Barranco-Fragoso B, Uribe M, Mendez-Sanchez N. Portal vein
thrombosis: What is new? Annals of Hepatology. 2015;14(1):20-27

Mancuso A. Management of portal vein thrombosis in cirrhosis: An update. European
Journal of Gastroenterology & Hepatology. 2016;28(7):739-743

Lin RS, Lee FY, Lee SD, Tsai YT, Lin HC, Lu RH, et al. Endotoxemia in patients with
chronic liver-diseases—Relationship to severity of liver-diseases, presence of esopha-
geal-varices, and hyperdynamic circulation. Journal of Hepatology. 1995;22(2):165-172

Rosenqvist K, Eriksson LG, Rorsman F, Sangfelt P, Nyman R. Endovascular treatment
of acute and chronic portal vein thrombosis in patients with cirrhotic and non-cirrhotic
liver. Acta Radiologica. 2016;57(5):572-579

Buresi M, Hull R, Coffin CS. Venous thromboembolism in cirrhosis: A review of the
literature. Canadian Journal of Gastroenterology. 2012;26(12):905-908

Llop E, Seijo S. Treatment of non-cirrhotic, non-tumoural portal vein thrombosis.
Gastroenterologia Y Hepatologia. 2016;39(6):403-410

Ambrosino P, Tarantino L, Di Minno G, Paternoster M, Graziano V, Petitto M, et al. The
risk of venous thromboembolism in patients with cirrhosis a systematic review and
meta-analysis. Thrombosis and Haemostasis. 2017;117(1):139-148

Harding DJ, Perera M, Chen F, Olliff S, Tripathi D. Portal vein thrombosis in cir-
rhosis: Controversies and latest developments. World Journal of Gastroenterology.
2015;21(22):6769-6784

Cagin YF, Atayan Y, Erdogan MA, Dagtekin F, Colak C. Incidence and clinical presenta-
tion of portal vein thrombosis in cirrhotic patients. Hepatobiliary & Pancreatic Diseases
International. 2016;15(5):499-503

Margini C, Berzigotti A. Portal vein thrombosis: The role of imaging in the clinical set-
ting. Digestive and Liver Disease. 2017;49(2):113-120

Stine JG, Wang J, Shah PM, Argo CK, Intagliata N, Uflacker A, et al. Decreased portal
vein velocity is predictive of the development of portal vein thrombosis: A matched
case-control study. Liver International. 2018;38(1):94-101



[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71]

[72]

[73]

[74]

Portal Vein Thrombosis in Liver Cirrhosis
http://dx.doi.org/10.5772/intechopen.76295

Alam S, Pervez R. Validity of colour doppler sonography for evaluation of portal venous
system in hepatocellular carcinoma. Journal of the Pakistan Medical Association.
2013;63(3):365-368

Danila M, Sporea I, Popescu A, Sirli R. Portal vein thrombosis in liver cirrhosis—
The added value of contrast enhanced ultrasonography. Medical Ultrasonography.
2016;18(2):218-223

Tarantino L, Ambrosino P, Di Minno MND. Contrast-enhanced ultrasound in differenti-
ating malignant from benign portal vein thrombosis in hepatocellular carcinoma. World
Journal of Gastroenterology. 2015;21(32):9457-9460

Berzigotti A, Garcia-Criado A, Darnell A, Garcia-Pagan JC. Imaging in clinical decision-
making for portal vein thrombosis. Nature Reviews Gastroenterology & Hepatology.
2014;11(5):308-316

AhnJH, Yu]S, Cho ES, Chung JJ, Kim JH, Kim KW. Diffusion-weighted MRI of malignant
versus benign portal vein thrombosis. Korean Journal of Radiology. 2016;17(4):533-540

Qi XS, Han GH, He CY, Yin ZX, Guo WG, Niu J, et al. CT features of non-malignant
portal vein thrombosis: A pictorial review. Clinics and Research in Hepatology and
Gastroenterology. 2012;36(6):561-568

Qi XS, Su CP, Ren WR, Yang M, Jia ], Dai JN, et al. Association between portal vein
thrombosis and risk of bleeding in liver cirrhosis: A systematic review of the literature.
Clinics and Research in Hepatology and Gastroenterology. 2015;39(6):683-691

Zhang DL, Hao JY. Evaluation of D-dimer and protein S in cirrhotic patients with portal
vein thrombosis. Journal of Gastroenterology and Hepatology. 2013;28:909-910

Dai]N, Qi XS, Peng Y, Hou Y, Chen ], Li HY, et al. Association between D-dimer level and
portal venous system thrombosis in liver cirrhosis: A retrospective observational study.
International Journal of Clinical and Experimental Medicine. 2015;8(9):15296-15301

Yerdel MA, Gunson B, Mirza D, Karayalcin K, Olliff S, Buckels ], et al. Portal vein throm-
bosis in adults undergoing liver transplantation—Risk factors, screening, management,
and outcome. Transplantation. 2000;69(9):1873-1881

Giannini EG, Stravitz RT, Caldwell SH. Portal vein thrombosis and chronic liver disease
progression: The closer you look the more you see. Hepatology. 2016;63(1):342-343

Wang Z, Jiang MS, Zhang HL, Weng NN, Luo XF, Li X, et al. Is post-TIPS anticoagulation
therapy necessary in patients with cirrhosis and portal vein thrombosis? A randomized
controlled trial. Radiology. 2016;279(3):943-951

Abdel-Razik A, Mousa N, Elhelaly R, Tawfik A. De-novo portal vein thrombosis in liver
cirrhosis: Risk factors and correlation with the model for end-stage liver disease scoring
system. European Journal of Gastroenterology & Hepatology. 2015;27(5):585-592

65



66 Management of Chronic Liver Diseases - Recent Advances

[75]

[76]

[77]

(78]

[79]

(80]

[81]

(82]

(83]

[84]

[85]

(86]

(87]

(88]

Loffredo L, Pastori D, Farcomeni A, Violi F. Effects of anticoagulants in patients
with cirrhosis and portal vein thrombosis: A systematic review and meta-analysis.
Gastroenterology. 2017,153(2):480

Naeshiro N, Aikata H, Hyogo H, Kan H, Fujino H, Kobayashi T, et al. Efficacy and safety
of the anticoagulant drug, danaparoid sodium, in the treatment of portal vein thrombo-
sis in patients with liver cirrhosis. Hepatology Research. 2015;45(6):656-662

Qi XS, He CY, Guo WG, Yin ZX, Wang JH, Wang ZY, et al. Transjugular intrahepatic
portosystemic shunt for portal vein thrombosis with variceal bleeding in liver cir-
rhosis: Outcomes and predictors in a prospective cohort study. Liver International.
2016;36(5):667-676

De Gottardi A, Trebicka J, Klinger C, Plessier A, Seijo S, Terziroli B, et al. Antithrombotic
treatment with direct-acting oral anticoagulants in patients with splanchnic vein throm-
bosis and cirrhosis. Liver International. 2017;37(5):694-699

Jairath V, Burroughs AK. Anticoagulation in patients with liver cirrhosis: Complication
or therapeutic opportunity? Gut. 2013;62(4):479-482

Leonardi F, De Maria N, Villa E. Anticoagulation in cirrhosis: A new paradigm? Clinical
and Molecular Hepatology. 2017;23(1):13-21

Dhar A, Mullish BH, Thursz MR. Anticoagulation in chronic liver disease. Journal of
Hepatology. 2017;66(6):1313-1326

Qi XS, De Stefano V, Li HY, Dai ], Guo XX, Fan DM. Anticoagulation for the treatment
of portal vein thrombosis in liver cirrhosis: A systematic review and meta-analysis of
observational studies. European Journal of Internal Medicine. 2015;26(1):23-29

Lenz K, Dieplinger B, Buder R, Piringer P, Rauch M, Voglmayr M. Successful treat-
ment of partial portal vein thrombosis (PVT) with low dose rivaroxaban. Zeitschrift Fur
Gastroenterologie. 2014;52(10):1175-1177

Yang H, Kim SR, Song M]J. Recurrent acute portal vein thrombosis in liver cirrhosis
treated by rivaroxaban. Clinical and Molecular Hepatology. 2016;22(4):499-502

Qi XS, Wang ], Chen H, Han GH, Fan DM. Nonmalignant partial portal vein thrombosis
in liver cirrhosis: To treat or not to treat? Radiology. 2013;266(3):994-995

Jiang TT, Luo XP, Sun JM, Gao J. Clinical outcomes of transcatheter selective superior
mesenteric artery urokinase infusion therapy vs transjugular intrahepatic portosystemic
shunt in patients with cirrhosis and acute portal vein thrombosis. World Journal of
Gastroenterology. 2017;23(41):7470-7477

Zhao MF, Yue ZD, Zhao HW, Wang L, Fan ZH, He FL, et al. Techniques of TIPS in
the treatment of liver cirrhosis combined with incompletely occlusive main portal vein
thrombosis. Scientific Reports. 2016;6:33069

Wang L, He FL, Yue ZD, Zhao HW, Fan ZH, Zhao MF, et al. Techniques and long-term
effects of transjugular intrahepatic portosystemic shunt on liver cirrhosis-related throm-
botic total occlusion of main portal vein. Scientific Reports. 2017;7(1):10868



(89]

[90]

[91]

[92]

Portal Vein Thrombosis in Liver Cirrhosis
http://dx.doi.org/10.5772/intechopen.76295

Fagiuoli S, Bruno R, Venon WD, Schepis F, Vizzutti F, Toniutto P, et al. Consensus con-
ference on TIPS management: Techniques, indications, contraindications. Digestive and
Liver Disease. 2017;49(2):121-137

Kawanaka H, Akahoshi T, Itoh S, Iguchi T, Harimoto N, Uchiyama H, et al. Optimizing
risk stratification in portal vein thrombosis after splenectomy and its primary prophy-
laxis with antithrombin III concentrates and danaparoid sodium in liver cirrhosis with
portal hypertension. Journal of the American College of Surgeons. 2014;219(5):865-874

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

Fortea]l, Zipprich A, Fernandez-Mena C, Puerto M, Bosoi CR, Almagro]J, et al. Enoxaparin
does not ameliorate liver fibrosis or portal hypertension in rats with advanced cirrhosis.
Liver International. 2018;38(1):102-112

67






Chapter 5

Predictors of 50 Day In-Hospital Mortality in
Decompensated Cirrhosis Patients with Spontaneous
Bacterial Peritonitis

Chinmaya Kumar Bal, Ripu Daman and
Vikram Bhatia

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.76795

Abstract

Aim: Predictors of 50 day in-hospital mortality in decompensated cirrhosis patients with
spontaneous bacterial peritonitis (SBP).

Methods: 218 SBP patients admitted to intensive care units in a tertiary care hospital
were retrospectively analyzed. Student t test, multivariate logistic regression, Cox pro-
portional hazard ratio, receiver operating characteristics curves and Kaplan-Meier sur-
vival analysis were utilized for statistical analysis. Predictive powers of the statistical
significant variables were compared using the area under receiver operating characteris-
tics curve (AUC). p values <0.05 were considered statistical significant.

Results: SBP related in-hospital mortality rate was 43%. Multivariate regression analysis
showed acute kidney injury, hepatic encephalopathy, positive ascitic culture, leucocyte
count, bilirubin, serum glutamic oxaloacetic transaminase (SGOT), Child Pugh score,
and Model for End stage Liver Disease Sodium (MELD-Na) were significantly associ-
ated with 50 day in-hospital mortality. The prognostic accuracy for acute kidney injury,
MELD-Na and septic shock was 77, 74 and 71% respectively.

Conclusion: Acute kidney injury, MELD-Na and septic shock were predictors of 50 day
in-hospital mortality in decompensated cirrhotic patients with SBP.

Keywords: spontaneous bacterial peritonitis, cirrhosis, acute kidney injury, model for
end stage liver disease sodium
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1. Introduction

SBP is defined as an ascitic fluid infection without an evident intra-abdominal surgically-
treatable source [1]. SBP is a major complication of decompensated cirrhosis with ascites
[2]. The diagnosis of SBP is established based on diagnostic paracentesis with an elevated
ascitic fluid absolute polymorphonuclear leucocyte (PMN) count (=250 cells/mm?®) and/
or a positive ascitic fluid bacterial culture. The most common pathogens involved are
Gram-negative bacteria (60%), usually Escherichia coli or Klebsiella pneumonia [3]. In about
25% of the cases, Gram-positive bacteria are involved, mainly Streptococcus species and
Enterococci [3]. The prevalence of SBP is up to 30% in hospitalized cirrhotic patients with
ascites [4]. Despite intensive management, the in-hospital mortality remains between 20
and 40% [5]. MELD scores have clinical utility in terms of predictive ability in SBP patients
[6, 7]. Acute kidney injury (AKI) and septic shock are fairly common in patients with decom-
pensated cirrhosis with ascites [8, 9]. Hence our study aimed to have a collective approach
to determine common prognostic factors predicting SBP related in-hospital mortality. We
also compared the predictive powers of AKI, MELD-Na and septic shock to predict 50 day
in-hospital mortality.

2. Materials and methods

2.1. Patients

Retrospective analysis and review of 218 adult patients admitted to hepatology ICU with a
diagnosis of SBP was done. The study was approved by the Institutional review Board and
was conducted with the provisions of Declaration of Helsinki [10].

The diagnosis of cirrhosis was based on clinical, laboratory and imaging findings. SBP was
diagnosed by diagnostic paracentesis in the presence of PMN >250 cells/mm? in the peritoneal
fluid with positive culture report and the absence of the features suggestive of secondary
bacterial peritonitis [11].

Data from patient’s medical records were collected and tabulated. It comprises of demograph-
ics, etiology of liver disease, severity of liver disease, laboratory parameters, co-existing medi-
cal conditions (diabetes mellitus, hepatocellular carcinoma), previous medication use, organ
failure, ascitic fluid analysis results, duration of ICU stay, and patient outcome. In culture-
positive cases growth of the organisms and antibiotic sensitivity were recorded.

MELD-Na score was based on laboratory parameters (bilirubin, creatinine levels and INR)
collected at admission and determined by using the Internet site MELD calculator [12].
Diagnostic ascitic tapping was done upon admission to ICU in all patients with ascites except
in those with severe coagulopathy. Ascitic fluid was sent for differential cell count and cul-
ture. Blood sample was also sent for culture at admission in all patients. Antibiotics adminis-
tered in patients based on previous antibiotic exposure and based on culture and sensitivity.
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No patient underwent fluid restriction or hypertonic saline for management of dilution
hyponatremia.

AKI was defined by AKIN (acute kidney injury network) criteria [8]. AKI was managed by
intravenous vasopressors (terlipressin) and intravenous albumin infusions. The dose was
titrated as-per response and tolerance. Intravenous albumin was used in all patients, with a
minimal daily dose of 20 g and increased to up to 60 g/d [13], titrated by clinical monitoring
and hourly urine output. We did not stratify renal dysfunction into hepatorenal syndrome
(HRS) and non-hepatorenal syndrome. Renal replacement therapy (RRT) was used at the
bedside to correct fluid overload, ascites, and electrolyte dysfunction. We did not consider
advanced liver disease as a contraindication to RRT in our patient cohort.

We defined septic shock according to the American college of chest physicians/society of criti-
cal care medicine consensus conference [14].

2.2. Exclusion criteria

Patients with cirrhosis and ascites fluid PMN <250 cells/mm?. Patients admitted from the com-
munity with SBP. Patients presented with ascites unrelated to cirrhosis. Patients with second-
ary peritonitis, variceal hemorrhage, advanced malignancy and HIV.

2.3. Statistical analysis

All statistical analyses were conducted using Stata version 14 for windows. The continuous
clinical and biochemical variables and prognostic scores were expressed as mean + standard
deviation. All the variables were assumed to be normally distributed with equal variance.
The means were compared using student’s t test. Categorical variables were expressed as
proportions and compared with logistics regression. All significant variables were analyzed
using multivariate logistics regression. Cox proportional hazard model was used to analyze
the hazard ratio of the predictors adjusted by age and gender. Receiver operating characteris-
tics (ROC) curves were plotted for prognostic variables (MELD-Na, AKI and) to measure the
predictive accuracy. The best cut-off point for MELD-Na was created using the ROC analysis
to determine 50 day in-hospital mortality risk. The sensitivity, specificity, positive predic-
tive values (PPV), negative predictive values (NPV), positive and negative likelihood ratio
were calculated for each predictor variable so that patients could be correctly classified for
each prognostic model. For all analyses, p value <0.05 was considered statistically significant.
STROBE checklist for retrospective analysis was performed.

3. Results

A total of 218 patients with decompensated cirrhosis with ascites and SBP were included in
the study. Patients that were diagnosed with SBP for the first time were 97% (n = 211) with
only 0.03% (n = 7) had more than one episode previously. The 50 day in-hospital mortality
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Variables Overall (n = 218) Survivors (n =124) Deaths (n =94) P-value
Demographic data

Age (yrs) mean =SD  49.90 + 12.52 49.86 +13.37 49.96 +11.37 0.950
Male (%) 177 (81.19%) 99 (79.84%) 78 (82.98%) 0.557
Etiology of cirrhosis (%)

Ethanol 100 (45.87%) 48 (38.71%) 52 (55.32%) 0.689
Crypto/NAFLD 63 (28.90%) 38 (30.65%) 25 (26.60%) 0.104
HCV 23 (10.55%) 16 (12.905) 7 (7.45%) 0.068
Clinical data (%)

Hepatocellular 17 (7.80%) 9 (7.26%) 8 (8.51%) 0.733
carcinoma

Diabetes 47 (21.56%) 27 (21.77%) 20 (21.28%) 0.929
Acute kidney injury 99 (45.41%) 35 (28.23%) 64 (68.09%) <0.001
Respiratory failure 10 (4.59%) 6 (4.84%) 4 (4.26%) 0.978
Hepatic 109 (50.0%) 50 (40.32%) 59 (62.77%) 0.001
encephalopathy

Septic shock 28 (12.84%) 4 (3.23%) 24 (25.53%) <0.001
Positive culture 48 (22.02%) 21 (16.94%) 27 (28.72%) 0.038
Laboratory data” (mean + SD)

Ascitic neutrophil 3346.07 + 4700.60 3899.28 + 5003.75 2616.30 + 4182.81 0.040
count (cells/mm?)

Hemoglobin (g/dl) 9.42+1.88 9.58 +1.77 9.21+2.01 0.154
Platelet count 128.24 +102.11 138.43 +111.25 115.03 + 87.69 0.095
(mmol/L)

Leucocyte count 13.30 +9.35 11.86 + 8.65 15.17 +9.92 0.009
(103/uL)

Sodium (mEq/L) 132.14 +7.69 132.50 + 6.54 131.67 +9.01 0.454
Bilirubin (mg/dL) 8.17 +8.81 5.85+6.27 11.24 +10.61 <0.001
Albumin (g/dL) 2.32+0.50 2.35+-0.48 2.28 +0.52 0.250
INR 2.31+1.11 2.09 +1.08 2.59 +1.08 0.001
AST (U/L) 59.66 +109.81 79.23 +98.71 171.3 +321.94 0.003
ALT (U/L) 59.66 +109.81 46.49 +72.93 77.04 £143.41 0.041
Urea (mg/dL) 70.31 +52.42 62.24 +48.23 80.94 +55.98 0.008
Creatinine (mg/dL)  1.67 £1.29 1.58 £1.39 1.80+1.15 0.217
Scores (mean + SD)

CTP (B/C) 10.72 +1.82 10.50 +1.95 11.02 +1.60 0.034
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Variables Overall (n=218) Survivors (n =124) Deaths (n =94) P-value
MELD 24.79 £ 8.28 22.20+7.59 28.20+7.94 <0.001
MELD-Na 27.53 +7.57 2521 +7.44 30.59 + 6.62 <0.001

"Results obtained on the day of diagnosis of SBP.

Table 1. Baseline characteristics of the hospitalized patients with spontaneous bacterial peritonitis in decompensated
cirrhosis.

rate was 43.11% (n = 94). Median survival duration for those who died was 9 days. In univari-
ate analysis AKI, hepatic encephalopathy, total leucocyte count, serum bilirubin, INR, SGOT,
and MELD-Na are significantly associated with in hospital mortality in patients with SBP
(Table 1).

The baseline characteristics of the demographics, etiology, clinical and laboratory data
shown in Table 1. Mean age was 49.90 + 12.52 years and the male was predominant (83%).
Most common etiology of liver cirrhosis was ethanol induced (45.87%) followed by crypto/
NAFLD (28.9%). Liver cirrhosis due to HCV infection constitute only 11% in our study.
Total 50.0% patients (n = 109) had hepatic encephalopathy with 62.77% deaths (n = 59,
p = 0.001). Overall 45.11% subjects (n = 99) had AKI who were hospitalized, out of which
68.09% (n = 64, p <0.001) died. Compared with survivors, the non-survivors had a higher
proportion of septic shock (25.53 vs. 3.23%), p < 0.001. Mean leucocyte count, bilirubin,
INR, AST were significantly higher in the persons who died in comparing to the survivors.
Mean MELD-Na score was higher among the non-survivors compared with the survivors
(30.59 + 6.62 vs. 25.21 + 7.44) (p < 0.001). It is surprising to notice that CTP (B/C) score
was not different among the survivors and non-survivors. The mean CTP scores were high
(10.72 £ 1.82).

On multivariate regression analysis, AKI (p = 0.001), septic shock (p = 0.029), MELD-Na
(p<0.001) werefound tobeindependent predictors of 50 day in-hospital mortality in patients
with SBP (Table 2). Cox proportional hazard model showed the hazard ratio of AKI was
2.16 (95% CI=1.36-3.42), septic shock (HR 1.73, 95% CI=1.05-2.83) and MELD-Na (HR 1.1,
95% CI =1.02-1.21). ROC curve for AKI, septic shock and MELD-Na had better prognostic

Variables Hazard ratio’ P value
(95% CI)

AKI 2.16 (1.36-3.42) 0.001

Septic shock 1.73 (1.05-2.83) 0.029

MELD-Na 1.06 (1.02-1.09) <0.001

"Hazard ratio adjusted for age and gender.

AKI, acute kidney injury; MELD-Na, model for end-stage liver disease sodium.

Table 2. Cox proportional regression analysis of risk factors for SBP related in-hospital related mortality.
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Figure 1. Receiver operator characteristic (ROC) curve for AKI, septic shock and MELD-Na had better prognostic
accuracy for 50 day in-hospital mortality in patients with SBP.

Predictors Sensitivity Specificity PPV NPV +LR -LR
AKI 64.6 74.8 68.1 71.8 2.56 0.47
Septic shock 85.7 63.2 25.5 96.8 2.33 0.23
MELD-Na(28)! 929 60.3 245 97.9 2.34 0.12

!Cut off score for MELD-Na, PPV: positive predictive value, NPV: negative predictive value, +LR: positive likelihood
ratio, ~LR: negative likelihood ratio, AKI: acute kidney injury, MELD-Na: model for end stage liver disease sodium.

Table 3. Diagnostic accuracy of prognostic variables to predict SBP related in-hospital mortality.

accuracy for 50 day in-hospital mortality in patients with SBP (Figure 1). AKI had highest
Area Under Curve (AUC) 0.77, 95% confidence interval (95% CI = 0.71-0.83), followed by
MELD-Na(AUCO0.74,95% CI=0.69-0.79), septicshock (AUCO0.71,95% CI=0.65-0.77). Table 3
reported the sensitivity, specificity, PPV, NPV, positive likelihood ratio (+LR) and nega-
tive likelihood ratio (-LR) for these predictors. The cut off for MELD-Na derived from
the ROC with the best ability to predict 50 day in-hospital mortality in decompensated
cirrhotic patient with SBP was 28, with sensitivity 92.9%, specificity 60.3%, and NPV of
97.9%. The Kaplan-Meier survival analysis was plotted for the 50 day survival in SBP
patients along with individual prognostic variables like AKI, MELD-Na, and septic shock
(Figure 2).
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Figure 2. Kaplan-Meier survival analysis was plotted for the 50 day survival in SBP patients along with individual

prognostic variables like AKI, MELD-Na, and septic shock.

4. Discussion

The prevalence of SBP in outpatients has been reported to be 1.5-3.5% [15]. The prevalence
among in-patients is around 10% [16]. Half of the episodes of SBP are nosocomial related. In
our retrospective observational study 43% (n = 93) of the decompensated cirrhotic patients
with SBP died within 50 day of hospital admission. Our study considered a variety of prog-
nostic factors that can be used to predict mortality in hospitalized patient with SBP. Our find-
ings support previous study results that variables like hepatic encephalopathy, total leucocyte
count, serum bilirubin, SGOT, INR, Child Pugh scores are significantly associated with mor-
tality [5, 6]. The MELD score was found to be an independent predictor of death in cirrhotic
patients [7] including those waiting for liver transplantation. MELD-Na is a better prognostic
model compared with MELD model [17] for predictive accuracy of mortality in liver cirrhosis.
Serum creatinine level measurement for renal dysfunction in decompensated liver cirrhosis
is erroneous. It can be due to decrease in creatinine production in liver and associated muscle
wasting due to malnutrition [18]. We found that AKI, MELD-Na and septic shock are sig-
nificant in terms of predicting mortality. We overlooked other predictable variables like total
leucocyte count, serum bilirubin, INR to avoid confusion and complexity as those were the
components in our predictive model like MELD-Na and septic shock.
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Our study demonstrated that AKI has the single best predictive ability (AUC = 0.77) followed
by MELD-Na (AUC =0.74) and septic shock (AUC =0.71). We set a cut-off value for MELD-Na
to be 28. It has sensitivity 92.9% and NPV of 97.9%. AKI has the highest hazards of mortal-
ity (HR 2.16, 95% CI 1.36-3.42) followed by septic shock (HR 1.73, 95% CI 1.05-2.83) and
MELD-Na (HR 1.06, 95% 1.02-1.09). We plotted graph of Kaplan-Meier survival analysis. The
graph illustrated AKI, MELD-Na, and septic shock as predictors for the 50 day in-hospital
mortality in decompensated patients with SBP. We hope that these prognostic variables can
help in the further improvement of the quality of care of hospitalized SBP patients. The cut-off
value 28 for MELD-Na can be utilized to stratify patients diagnosed with SBP into high risk
category upon hospital admission.

Diagnosis of SBP is based on the demonstration of an absolute number of polymorphonuclear
cells in ascitic fluid equal to or greater than 250/mm? with culture positivity. There is a contro-
versy regarding antibiotic therapy in culture positivity with normal ascitic fluid PMN count
(bacteriascites). Runyon et al. recommend antibiotic treatment only if the patient shows signs
of infection [2]. The first-line of choice antibiotics for treatment of SBP include third genera-
tion cephalosporins, amoxicillin-clavulanic acid, ciprofloxacin, and ofloxacin [19]. There is
increasing evidence of antibiotic resistance [20].

In our study ascitic fluid culture is positive in 40% of all cases. The most common growth
include Gram-negative bacteria (GNB), mostly Escherichia coli and Gram-positive cocci
(mainly streptococcus species and enterococci) [3]. The epidemiology of bacterial infections
differs between community-acquired (in which GNB infections predominate) and nosocomial
infections (in which Gram-positive infections predominate) [3]. The infections resistant to
first lines of antibiotics are usually caused by Enterococcus faecium and extended-spectrum
[-lactamase (ESBL) organism like Enterobacteriaceae [21]. There are compelling evidence that
nosocomial SBP should be treated with carbapenems or with tigecycline [22].

We included only nosocomial SBP patients in our study because most of the ICU admissions
includes referred patients from other hospitals, with a variable but inconsistent antibiotic expo-
sure. Only a minority of our patients are admitted directly from the community, and usually to
the wards and not to the ICU. Hospital-acquired infections due to a higher incidence of multi-
drug resistance (third-generation cephalosporins) were an independent predictor of death [23].
These results are in keeping with recent data showing higher rates of drug resistance in patients
with nosocomial SBP and increased rates of and death in patients with multidrug resistance [24].

Dr. Garcia-Tsao recently reviewed 18 studies, and reported that the most common predic-
tors of death were renal dysfunction, lack of SBP resolution, immunosuppressive factors, and
hospital-acquired SBP [24]. It identified renal dysfunction and levels of blood urea nitrogen
and creatinine as the most important variables. The mortality rate among patients with renal
dysfunction was 67%, compared with only 11% of patients who maintained normal renal
function. Renal dysfunction was defined somewhat variably in the studies, but most defined
it as a creatinine level greater than 1.5 mg/dL.

Our study has certain strengths and limitations. The results clearly show that AKI has greater
predictive ability than septic shock and MELD-Na as far as 50 day in-hospital mortality in SBP
patient is concerned. Our study did not account for the stages of ascites. We did not stratify
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our patients according to different stages of AKI as per AKIN criteria. We did not take HRS
into account in our study. The standard first line antibiotics were not used in the treatment of
SBP. The choice of antibiotics coverage based of culture sensitivity and previous exposure. We
did not thoroughly evaluate the antibiotic resistance in SBP patients who are culture positive
at the baseline. We included only nosocomial acquired SBP. Most of our patients presented
with advanced decompensated liver cirrhosis at the time of SBP diagnosis as it is a tertiary care
center. The advanced liver cirrhosis was assessed by lower serum albumin, high serum biliru-
bin and INR values. As an observational study we were unable to assess the impact of volume
expansion and SBP specific therapy on patient outcome. Our study is a single center study,
these findings needed to be supplemented by multicenter prospective studies.

Our study findings can guide in advanced liver cirrhosis patients that would benefit them
from intensive management where liver transplant is not feasible.
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Abstract

In the medically inoperable patients with solitary hepatocellular carcinoma (HCC), local
therapies, such as radiofrequency ablation and transarterial chemoembolization, are used
as alternatives. However, several factors, including anatomic and vascular variants, make
procedures more challenging. Radiotherapy has historically been used as a palliative option
for unresectable HCC. However, recent advances in modern radiotherapy, such as stereo-
tactic body radiation therapy (SBRT), have dramatically increased the use of radiotherapy
as a curative modality, particularly in cases ineligible for local ablation therapy or surgical
resection. SBRT is a modern approach for delivering ablative high doses of irradiation in
small volumes. SBRT in liver tumors, including HCC, provided local control with potential
survival benefits in patients with inoperable status. However, the following issues remain
to be addressed: the difference between primary and metastatic liver cancers; SBRT-related
toxicity and prevention; pathological features of liver cancers; and potential SBRT strate-
gies, including radiobiology-based SBRT and SBRT combined with immunotherapy. We
summarized the effectiveness of SBRT and patient tolerance of the therapy. In addition, we
present the current status and future perspective of SBRT as a treatment option for HCC.

Keywords: radiotherapy, stereotactic body radiation therapy, stereotactic ablative
radiotherapy, hepatocellular carcinoma, cirrhosis, liver

1. Introduction

Hepatocellular carcinoma (HCC) is the most common primary malignancy of the liver [1].
Liver cancers have the seventh highest age-adjusted incidence rate in the world, with 0.8 mil-
lion cases diagnosed a year [2]. The development of cirrhosis is associated with a high risk
for developing HCC with most common risk factors including alcohol, viral hepatitis such

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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as hepatitis C virus (HCV), and nonalcoholic fatty liver disease (NAFLD). Due to the wide
prevalence of HCC, it carries a significant economic burden on society at large, especially in
the East Asian countries that have hepatitis B virus (HBV). Surveillance programs halve also
been implemented to screen for HCC in high-risk individuals, which is more cost-effective
than the treatment of HCC. Hepatotropic viruses such as HBV and HCV have a strong asso-
ciation with the development of HCC; thus, the worldwide distribution of HCC mirrors the
distributions of such viral infections [3]. Around 80-90% of HCC cases occur in the setting
of underlying cirrhosis [4]. In addition, there is an incremental effect of the presence of more
than one risk factor responsible for HCC as the presence of HBV/HCV coinfections increases
the risk of HCC by two- to sixfolds. Similarly, alcohol abuse further increases this risk [5, 6].
Subsequently, we describe the role of radiotherapy in the treatment of HCC, including con-
ventional to modern techniques, possible beneficial cases of radiotherapy, and future direc-
tion of liver stereotactic body radiation therapy (SBRT).

2. General approaches and conventional radiotherapy in the
treatment of HCC

The initial approach in the management of HCC is to determine if either surgical resection or
liver transplantation is feasible and best survival. The Barcelona Clinic Liver Cancer staging
system is the most accepted staging system in clinical settings [7]. Orthotopic liver trans-
plantation is the most efficient option for the treatment of HCC even though the insufficient
number of donors makes challenging [8]. Therefore, local therapy is anticipated to be not only
a bridging therapy but also a radical therapy in the treatment of HCC. Surgical resection is
the standard local therapy for HCC [7]. Since the majority of HCC cases develop in cirrhotic
patients, surgical interventions can become challenging, and the treatment has been directed
toward liver transplantation. Other local therapies, such as radiofrequency ablation (RFA)
and transarterial chemoembolization (TACE), are used as alternatives in patients with HCC
[7-9]. However, radical treatment for liver tumors can be challenging due to poor liver func-
tion, tumor location, and anatomical barriers. Furthermore, the preservation of residual liver
function is required, as liver tumors have a high recurrence potential [9].

Radiotherapy is a local treatment modality and has also been used for palliative care in liver
tumors. Conventional radiotherapy has been used approximately 50 Gy in a conventional
fractionated schedule which could lead to a response rate as approximately 50-70% [10-14].
High doses of radiation, which are required for HCC, would sometimes exceed the levels
tolerated by the background liver [15, 16]. However, modern radiotherapies, including ste-
reotactic body radiation therapy (SBRT), also known as stereotactic ablative radiation therapy
(SABR), have recently attracted increasing attention as a therapeutic modality for various
malignancies including HCC and have dramatically increased the use of radiation therapy
as a curative modality [17-40]. However, certain issues regarding the current use of SBRT in
HCC need to be addressed (e.g., ideal prescription doses, prevention of adverse events, and
possible microscopic extension). In this chapter, we document the clinical utility and the pres-
ent status of SBRT in the management of HCC, including clinical messages and pitfalls in liver
cirrhosis and the probable treatment-related toxicities and their prevention, and summarize
recent significant updates on biology-based SBRT strategies.
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3. SBRT for HCC

The use of SBRT for extracranial tumors was developed by Blomgren et al. [17]. The major
feature that distinguishes SBRT from conventional radiation treatment is the delivery of large
doses of radiation in a few fractions, which results in a high biologically effective dose (BED).
In addition, Zheng et al. have reported that a shortened delivery time could significantly
increase the cell killing using in vitro experimentation [41]. The use of a high precision tech-
nique is critical to deliver a high dose of radiation to the target and keep rapid fall-off doses
away from the target, thereby achieving a maximum treatment efficacy with minimal toxicity
to normal tissues [42]. SBRT is now widely accepted as a treatment option for lung and liver
tumors characterized by their small size and limited numbers [43].

Current advantages and challenges of SBRT in the liver are presented in Table 1. The clini-
cal outcomes of SBRT for HCC in the previous reports are shown in Table 2. SBRT has been
reported to provide 1-, 2-, and 3-year local control rates of 56-100, 53-95, and 51-92%, and
1-, 2-, and 3-year survival rates of 32-100, 55-100, and 21-82% for HCC, respectively [19-38].
Figure 1 indicates the local control and overall survival after SBRT, BED, ;275 Gy in <10 frac-
tions (e.g., 40 Gy/4 fr), for HCC at our institute. Figure 2 indicates a typical course of SBRT
for HCC in cirrhotic liver. Recent reports indicated that SBRT was as effective as TACE and
RFA, although there are only a small number of randomized trials examining the use of SBRT
in HCC [34, 35, 38]. However, additional prospective studies involving large sample sizes are
required to consolidate the evidences on SBRT with aim to standardize liver SBRT.

Advantages
* High possibility of local control
* Minimally invasive treatment modality, no requirements for anesthesia or injections

¢ High possibility to overcome anatomical limitations, including poorly defined tumors on ultrasound and tumors
which are difficult to puncture

* No concern regarding the location close to major vessels, including the portal vein, inferior vein cava, and bile
duct

e Possible to treat complicated forms of tumors, particularly using IMRT

® Short treatment term (usually within 2 weeks), possibility of benefit to the patient’s quality of life and reduced
medical cost

® Possibility to enhance the immune reaction to tumors

Current issues

* Poor outcomes and high possibility of toxicity with large tumors

* Challenges involved in the treatment of tumors close to critical organs, such as the gastrointestinal tract
¢ Effects of re-irradiation are unclear

* Inaccuracy due to respiration and the presence of ascites

Abbreviations: SBRT = stereotactic body radiation therapy; IMRT = intensity modulated radiation therapy.

Table 1. Features of SBRT for liver tumors.
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Figure 1. Local control and overall survival of HCC after SBRT. Local control (LC) and overall survival (OS) were
described using the Kaplan Meier method in 100 patients with 116 HCCs underwent SBRT of BED,; >75 Gy in <10
fractions, between July 2007 and August 2016 at Miyakojima IGRT Clinic (Osaka, Japan, approval no. 9). The 1-, 2- and
3-year LC rate was 100.0, 95.4 and 93.5%, respectively. The 1-, 2- and 3-year OS rate was 83.7, 72.6 and 60.5%, respectively.
Abbreviations: HCC, hepatocellular carcinoma; SBRT, stereotactic body radiation therapy.

Figure 2. Typical course of SBRT for HCC in cirrhotic liver. An 86-year-old man developed HCC in S8. HCC with 50 mm
in diameter existed (A, contrast-enhanced CT, arrowhead). SBRT of 40 Gy in four fractions (BED, =80.0 Gy) (B, treatment
plan). The high intensity area that observed before SBRT in diffusion-weighted imaging of MRI (C, left) disappeared
three months after SBRT (C, right). Abbreviations: HCC, hepatocellular carcinoma; CT, computed tomography; MRI,
magnetic resonance imaging; SBRT, stereotactic body radiation therapy; BED, biologically effective dose.
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4. Radiotherapy in the management of HCC with tumor thrombus in
vessels

Portal vein tumor thrombosis (PVTT), the most common form of macrovascular invasion of
HCC, could propagate further, obstruct the whole vein lumen, and lead to poor prognoses
ranging from only 2 to 4 months after supportive care [44, 45]. One of the treatment modali-
ties is surgical resection that could lead to median survival time of 8-64 months, 1-, 2-, and
3-year overall survival rates of 31-87, 0-76, and 0-71%, respectively [46]. In addition, there
is a potential survival benefit by surgical resection [47]. However, tumor thrombectomy can
be associated with high morbidity and mortality rates, up to 23.7% [48]. TACE might be con-
traindicated for HCC patients with PVTT because of the potential risk of hepatic ischemic
damages due to TACE. In addition, PVTT is not an indication for RFA because of the potential
cooling effect and challenging status of percutaneous intervention.

Figure 3. SBRT for PVTT. A 77-year-old man developed HCC due to hepatitis C with tumor thrombus in right portal
vein (A, arrows, contrast-enhanced CT). The patient underwent SBRT of 60 Gy in 15 fractions (BED,, = 84.0 Gy) (B). The
tumor thrombus disappeared after three months after SBRT. Contrast-enhanced CT indicates disobliteration of the right
portal vein after SBRT (C, arrows). Abbreviations: SBRT, stereotactic body radiation therapy; PVTT, portal vein tumor
thrombosis; HCC, hepatocellular carcinoma; CT, computed tomography; BED, biologically effective dose.
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Although the efficacy of radiotherapy has been reported in patients with tumor thrombus
using conventional schedule, the evidence of the survival benefit is insufficiently strong
[39-41, 49-51]. In addition, Lin et al. have reported that radiotherapy can recanalize at a rate
of 79% in 14 patients with PVTT [51]. However, there are only a few comparison studies
among the techniques of radiotherapy [39, 51]. Matsuo et al. have reported, in a retrospective
study, that the response rate of PVTT or inferior vena cava tumor thrombosis to radiotherapy
was 67 and 46% in SBRT and 3D-CRT groups, respectively (P = 0.04) [39]. Moreover, SBRT
has an advantage with regard to the shortened treatment term. Radiotherapy including SBRT
may have the potential to be the standard technique of radiotherapy in the treatment of PVTT.
Figure 3 indicates a case of SBRT for HCC with PVTT.

Radiotherapy can overcome anatomical barriers such as major vessels and achieve a promising
local control with minimal invasion. Therefore, a combined multimodal approach including
radiotherapy would be needed in the treatment of the HCC with PVTT in order to maximize
tumor control and to keep the normal liver damages due to treatment within a safe limit.

5. Prescription doses of SBRT for HCC

A dose-response relationship has been reported for conventional fractionated and stereotactic
radiotherapy, although the best prescription dose of radiotherapy for HCC remains undecided
[12, 27, 52].

(%)
100~ o .: .
. L
80+ . .
®
60+
40
204 e 2y-ocal control rate
2y-overall survival rate
E ] ] | | |
0 50 100 150 200

BED,, (Gy)

Figure 4. Dose-response relationship in SBRT for HCC. Previous reports that clearly indicates 2-year local control
and overall survival were plotted in the scatter diagram [20-24, 27-30, 32, 34, 37]. X- and Y-axis indicates total doses
radiotherapy in term of BED,  and the rates of 2-year local control and overall survival, respectively. No apparent dose-
response relationship was observed in local control (r = 0.2828 and P = 0.3732) and overall survival (r =-0.1872 and P =
0.5602) at 2 years after SBRT. Abbreviations: SBRT, stereotactic body radiation therapy; HCC, hepatocellular carcinoma;
BED, biologically effective dose.
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Bae et al. reported 85% local control rates at 2 years after an SBRT of 50 Gy in 10 fractions, 75 Gy
in terms of biologically effective dose (BED) using the linear-quadratic (LQ) model assuming
an o/ =10 Gy for tumors (BED,,) [53]. Lausch et al. have reported that the administration
of a biologically equivalent total dose in 2-Gy fractions (EQD2) of 84 Gy (BED,, = 100.8 Gy)
could achieve a 90% probability of a 6-month local control [54]. Jang et al. estimated that a 90%
probability of a 2-year local control required 51.1 Gy in three fractions (BED, = 138.1 Gy) [27].
Sanuki et al. and Takeda et al. reported a more than 90% 3-year local control rate with 40 Gy in
five fractions (BED,, = 72 Gy) that was intended to enclose the planning target volume (PTV)
by 80% isodose line of the maximum dose [28, 29]. Figure 4 shows no dose-response relation-
ship between a 2-year local control and overall survival rates and the total BED of SBRT with
the range of prescription doses of 272 Gy. Notably, previous reports include various prescrip-
tion definitions such as the prescription dose for the iso-center (isocentric prescription), a cer-
tain percent isodose line of the maximum dose (marginal prescription), and the dose to cover
95% of the PTV (D95 prescription). Based on these data, HCC has been treated with >80 Gy of
BED,, and achieved a good local control at our institute as we hypothesized [37].

6. Adverse events of SBRT for HCC in cirrhotic liver, risk factors,
and prevention

Manifestations of liver SBRT toxicity have fatigue, damage to the liver, gastrointestinal tract
and biliary duct, cytopenia, dermatitis, and rib fractures (Table 2) [18-37]. Adverse events of
radiotherapy depend on the treatment site, and the irradiated doses and volume and are cat-
egorized into either acute (typically within 3 months of radiotherapy) or late (months to years
after radiotherapy), based on their time of onset [55]. The acute phase of radiation-induced
injury is characterized by inflammation, in response to therapy, while the late phase is charac-
terized by fibrosis and sclerosis of vessels leading to focal ischemia and chronic inflammation.
To distinguish acute and late phases of toxicities is often difficult since liver damage with
serum abnormalities can be observed weeks or months later after SBRT [16]. We summarize
with focusing on the major toxicities in the liver, gastrointestinal tract, and central bile duct.

6.1. Liver toxicity

Liver toxicity, such as classic and non-classic radiation-induced liver disease (RILD), is one of
the most common dose-limiting toxicities in liver radiotherapy [15, 16, 56, 57]. Clinical RILD
occurs between 2 weeks and 7 months, typically within 4-8 weeks following hepatic radio-
therapy. The patient presents with fatigue, weight gain, increased abdominal girth, hepato-
megaly, anicteric ascites, and an elevation in alkaline phosphatase (over twice the upper limit
of the normal values). Treatment options for RILD are limited, and the condition can become
fatal due to liver failure [56, 58-61]. Non-classic RILD occurs in patients with underlying
chronic hepatic disease, such as cirrhosis and viral hepatitis, and is characterized by jaundice
and/or markedly elevated serum transaminases (over five times the upper limit of the nor-
mal values), developing between 1 week and 3 months after the completion of hepatic radio-
therapy [19, 61]. The mean dose of less than 30 Gy has been considered as safe but radiation
tolerance of the liver in a conventional radiotherapy [19]. However, the actual mean doses
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appropriate for liver irradiation in SBRT have not been adequately investigated. Furthermore,
radiotherapy has the potential to reactivate hepatitis B virus and differentiating patients may
be necessary [62, 63]. There are differences in radiosensitivity between patients with nor-
mal and cirrhotic livers; cirrhotic liver may yield a higher radiosensitivity than normal liver
[16, 57]. In addition, Child-Pugh B, particularly scores of >8, was considered a significant risk
factor for severe hepatic toxicity and poor prognosis [21, 31, 64]. Culleton et al. reported that
63% of 29 HCC patients with Child-Pugh B or C, receiving SBRT, declined Child-Pugh score
by two points after 3 months [31].

As the liver is widely accepted as a parallel organ, a part of it can receive a high dose of irra-
diation as long as the functions as a whole organ are preserved [65-67]. Indeed, Schefter et al.,
Olsen et al., and Kang et al. used dose constraint, as the liver volume was >700 mL when the
dose administered was less than 15 and 17 Gy in three fractions [22, 68, 69]. However, intrahe-
patic recurrence often occurs after a radical treatment for liver tumors because of chronic liver
diseases, and such tumors have a chance to receive second radical treatment [9, 70]. Thus, the
prediction of the volume of liver dysfunction is essential in order to spare the residual liver
volume. After SBRT, focal dysfunction was noted in the irradiated background liver. Sanuki
et al. have shown that the threshold dose of focal liver dysfunction was 30 and 25 Gy in five
fractions in patients with Child-Pugh A and B, respectively, using magnetic resonance imag-
ing (MRI) [71]. Similarly, Doi et al. have reported that focal liver dysfunction can occur at 40
and 70 Gy of BED, in the cirrhotic and normal liver, respectively, at a minimum dose [57].
Figure 5 indicates a focal liver damage 3 months after SBRT. We have presented SBRT strategy
with checkpoints to ensure safe treatment modality in SBRT for liver tumor [72]. To prevent
RILD-related mortality, we evaluate the mean doses for the liver first and then analyze the
potential loss of hepatic function in terms of BED (Figure 6).

6.2. Gastrointestinal injury

Ionizing radiation exerts an anticancer effect by reacting with molecular oxygen and water
to generate reactive oxygen species that can attack deoxyribose in deoxyribonucleic acid
(DNA). Sublethal doses of radiation can cause non-repairable DNA damage [73]. Intestine is
a radiosensitive tissue because of the rapid turnover rate, and this can be a dose-limiting fac-
tor in SBRT. Gastrointestinal injuries including bleeding, ulcers, and perforations have been
described, and the incidence of symptomatic gastrointestinal toxicities was less than 10% in
majority of the previous reports (Table 2). However, severe toxicities, which can be lethal,
have also been described in SBRT in the upper abdomen including liver [22, 30, 74-76]. Kang
et al. have highlighted the possible association between severe gastrointestinal toxicity and
the existence of mucosal ulceration prior to radiotherapy [22]. Barney et al. reported that the
combination of SBRT and vascular endothelial growth factor inhibitor increased the risk of
grade 3 or greater gastrointestinal toxicities [77]. Careful assessment is therefore required
prior to the implementation of combined treatments, such as targeted therapy.

For the prevention of severe gastrointestinal injury, analyses of dose-volume responses have
been reported. Kopek et al. recommended V21Gy <1 cc for the duodenum in abdominal SBRT
in their analyses in 29 patients with cholangiocellular carcinoma (CCC) underwent SBRT
(45 Gy/3 fractions) [78]. Bae et al. concluded that Dmax of 35 and 38 Gy in three fractions was
associated with a probability of 5 and 10% severe gastroduodenal toxicity, respectively [79].
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Figure 5. Focal liver dysfunction after SBRT in the follow-up MRI. A 77-year-old woman developed HCC due to hepatitis B.
(A) Contrast-enhanced CT images indicate HCC in S7 area. Arterial phase showed patchy high density area (arrow,
left) and contrast washed-out was observed later in delayed phase (arrow, right). (B) SBRT of 55 Gy in 10 fractions
(BED,, = 85.3 Gy) was performed for the tumor. (C) Low intensity area was found in accordance with the irradiated
area of treatment plan in Gd-EOB-DTPA enhanced-MRI three months after SBRT (left, arrows) and focal liver atrophy
was observed later (right, arrow). Abbreviations: SBRT, stereotactic body radiation therapy; MRI, magnetic resonance
imaging; CT, computed tomography; HCC, hepatocellular carcinoma; BED, biologically effective dose; Gd-EOB-DTPA,
gadolinium ethoxybenzyl-diethylenetriamine pentaacetic acid.

Kavanagh et al. recommended that the volume of stomach receiving >22.5 Gy should be ide-
ally minimized to <5 cc, with Dmax of <30 Gy in three fractions [80]. Sanuki et al. suggested
that SBRT could be performed with the avoidance of severe toxicities when the target had a
distance of >2 cm from the bowel [81]. An increased number of fractions may reduce BED for
normal tissues in SBRT for liver tumors close to the gastrointestinal tract [57]. Since there are
no established strategies for the prevention and treatment of radiation-induced gastrointestinal
injury, efforts should be required to minimize radiation doses for gastrointestinal tracts [82].

6.3. Central hepatobiliary tract toxicity

Eriguchi et al. documented asymptomatic bile duct stenosis in 2/50 patients, receiving >20 Gy
in five fractions to the central liver [83]. One of these patients received SBRT on two occa-
sions to the central liver tumors and developed abnormalities in liver enzymes. The abnormal
region visible on a computed tomography scan corresponded to the site irradiated up to a
cumulative maximum dose of 88 Gy in two sessions of SBRT. The authors concluded that
SBRT for liver tumors in the hepatic hilum was feasible with minimal biliary toxicity.
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Step 1 Step 2 Step 3
Evaluation of Validation of Validation of
liver function the liver mean dose the residual liver
Child-Pugh A BED, <73 Gy volume
HCC V50 Gy (BED;) < 30% |
| Child-Pugh B =3 BED, < 16 Gy Treatment
SBRT in Mormal liver
Cirrhotic liver I W75 Gy (BED,) <30% (nomal lhver)

Figure 6. The current recommended treatment protocol to provide a safe SBRT for HCC in cirrhotic liver. To minimize the
risk of radiation-induced liver disease and liver damage, two different checkpoints were included. Herein, we propose a
safe treatment protocol for SBRT of liver tumors. First, liver function is evaluated according to the Child—Pugh classification
(Step 1). Next, the liver doses are evaluated to prevent RILD. A mean BED, of less than 73 and 16 Gy for the whole
liver should be maintained to prevent RILD in patients with Child-Pugh A and B liver function, respectively (Step 2).
Finally, the volume of hepatic dysfunction is assessed to estimate the residual liver volume (Step 3). Abbreviations: SBRT,
stereotactic body radiation therapy; HCC, hepatocellular carcinoma; BED, biologically effective dose.

Osmundson et al. analyzed 96 patients with liver tumors, including 20 CCCs, who received
different schedules of SBRT, and reported that the incidence of hepatobiliary toxicity >Grade
2 and 3 was 24.0 and 18.8%, respectively [84]. Furthermore, CCC, biliary stent, V. 72 >21 cc,
Viep1o00 2 24 cc, and DmeanBED, > 14 Gy to central hepatobiliary tract were associated with
hepatobiliary toxicity [81]. The same groups reported radiation-induced pathological changes
of the bile duct in resected surgical specimens 25 months after SBRT and concluded that liver
toxicity should be considered while treating central liver lesions [85]. The same group has
also reported a dose-volume association between >Grade 3 hepatobiliary toxicity and doses
for central biliary tract and suggested V,,, 40 <37 cc and V30 < 45 cc as dose-volume

constraints in SBRT for primary liver tumors [86].

BED10

The anatomical structures in the hepatic hilum make radical treatment for liver tumors, such
as surgery and RFA, more challenging. In such a scenario, SBRT can be a better option in com-
parison to other modalities, and to the best of our knowledge, there is no apparent consensus
on the use of SBRT with few reports addressing this point. Further studies are required to
determine the dose constraints for the bile duct, as there can be potential dose constraints due
to the central hepatobiliary tract toxicity.

7. Current issues and future perspective of liver SBRT

Liver SBRT is a well-established and promising treatment for a limited number of small
tumors. We have set out the difference between primary and metastatic liver cancers, consid-
ering the occurrence and prevention of toxicities. However, further questions regarding the
pathological features of liver cancers, and potential SBRT strategies, including radiobiology-
based SBRT and SBRT combined with immunotherapy, have not yet been fully addressed.
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7.1. Potent strategies of SBRT based on radiation biology

Brown et al. reported that a greater endothelial cell damage and vascular damage, leading cancer
cell apoptosis, can be caused by SBRT, and reoxygenation can increase antitumor effect in frac-
tionated radiotherapy [87]. Shibamoto et al. concluded that reoxygenation could be promoted
by a 72-h break period in SBRT [88]. No prospective clinical trials exist in terms of evaluation of
the benefit of a break in SBRT. However, a longer overall treatment time (e.g., 1-2 fractions per
week: 2-week schedule) may yield better local control outcomes in SBRT [89, 90]. SBRT for larger
tumors has still unclear roles and is challenging because they are usually in exclusion criterion.
In addition, large tumor size (>2—4 cm) has been reported to be a predictive factor for poor out-
comes after SBRT for HCC [23, 30, 32]. Further biological assessment might yield potential fac-
tors that improve treatment outcomes such as escalated doses, treatment schedule with a break,
combined therapy with ideal chemotherapy, individualized treatment, and particle therapies.

7.2. Potential needs of clinical tumor volume margin in liver SBRT

Definition of clinical tumor volume (CTV) is the volume that includes both gross and microscopic
disease and is created by adding several mm to 1.5 cm to gross tumor volume (GTV), in order
to allow for microscopic extension. However, CTV is frequently equal to GTV in SBRT [91]. It is
still poorly understood whether CTV margins are necessary, as there are limited reports of micro-
scopic extension of liver tumors as premises for radiotherapy. HCC is characterized by direct
invasion and a potential high presence of daughter nodules around the tumor that may lead to
locoregional recurrence [92]. Wang et al. reported that the potential maximum margin extending
beyond the gross tumor margin was 8.0 mm, although 94.7% of patients with HCC had a micro-
scopic extension of <3.5 mm [93]. Wang et al. analyzed 149 resected HCCs with a mean diameter
of 5.8 cm (range: 1.0-22.0 cm) and found that microinvasion was not present in 47.0% patients
[94]. Microinvasion distances of <2 mm were found in 96.1% of patients with tumor dimensions of
<5 cm. Uemoto et al. have first reported that a larger margin to GTV inclined to improve local con-
trol and survival outcomes in clinical data, suggesting the benefit of CTV margins [37]. Further
clinical translational studies should be conducted in order to assess the optimal CTV margins.

7.3. Current knowledge of Inmuno-SBRT

Regression of tumors outside the radiation field after local radiotherapy, due to systemic induc-
tion of antitumor immunity, is called the abscopal effect [95]. SBRT combined with immune
checkpoint inhibitor has recently resulted in unexpected clinical complete responses from
distant sites from the irradiated areas, in various malignancies [96-98]. Recently, synergistic
effects of radiotherapy combined with immunotherapy have been reported in both preclinical
and clinical studies, with the high possibility of the abscopal effect, which may significantly
change the treatment strategies for metastatic diseases [96-105]. However, the optimal treat-
ment schedule and doses in the combined setting of radiotherapy and immunotherapy are
poorly understood at present. Young et al. reported an enhanced efficacy of immune-radio-
therapy administered concurrently with radiotherapy [101]. In a meta-analysis of preclinical
data, Marconi et al. reported that the probability of abscopal effects is 50% when a BED of
60 Gy is generated [102]. Moreover, SBRT may provide smaller target volumes, and in a clini-
cal trial involving patients with pancreatic cancer, Wild et al. found that hypofractionation
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could minimize the toxic effects on circulating lymphocytes [106]. By expanding its applica-
tion range from small tumors to metastases, SBRT might have good potential to achieve newer
objectives in systematic disease, although further investigations are required.

8. Advantages of particle therapy in treatment for HCC in cirrhotic
liver

The use of particle therapy, such as proton and carbon ion therapy for liver tumors, is a
promising strategy to increase the dose of radiation without a concurrent increase in toxicity.
Particle therapy exhibits a narrow Bragg peak at a defined depth for a defined energy [73].
Particle therapy can provide high concentrations of radiation doses to the target by position-
ing individual Bragg peaks to coincide with the areas of the target. In photon radiotherapy,
the doses that the liver receives have a strong positive relationship with the irradiated target
volume, and unacceptable higher doses might be irradiating to the background liver in the
treatment of large live tumors [72]. Particle therapy can reduce the liver volume that receives
low to intermediate doses, resulting in the reduction of mean liver doses with an advantage of
target conformity [107, 108]. In addition, carbon ion therapy offers the added potential benefit
of an increased relative biological effectiveness and a lower oxygen enhancement ratio due
to the high linear energy transfer that may improve responses in hypoxic areas of tumors,
which are more resistant to photon radiotherapy [73]. A relevant clinical consideration is that
particle therapy can benefit relatively large tumors, such as >3 cm (particularly >5 cm) and
patients with poor liver function, which are limiting for SBRT [109].

9. Conclusions

For HCC, SBRT is safe and effective, with excellent local control achieved. Tumors that are
relatively small and distant from gastrointestinal tissues are strong candidate for SBRT in
curative intent. Therefore, novel strategies should be developed based on new knowledge
of biological responses to radiation therapy. State-of-the-art liver SBRT remains a pioneering
strategy in multimodal therapy.
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