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Preface

Patients with liver disease may be fearful of the diagnosis particularly since once 
they are told they have liver disease, they envision having cirrhosis and its associ-
ated ominous implications. Moreover, patients often receive confusing and at times 
contradictory responses. Beyond the typical questions of why and how they are 
affected by the disease, liver patients may be concerned about their long-term prog-
nosis, whether they can drink alcohol and if so, how much, if there is truly a best 
approach for management moving forward, and what lifestyle changes they should 
undertake. The unique aspect of this handbook on liver disease is its patient-based 
perspective. World-class experts in the field provide cogent responses to everyday 
questions often posed by patients with liver disease followed by a succinct and 
evidence-based summary of a particular disorder. The summaries are not intended 
to be exhaustive but rather intended to provide the reader with a manageable and 
clinically relevant basis with which to care for patients with liver disease.

Disorders of the liver affect an increasingly large number of individuals, and the 
emergence of myriad new therapeutic options including the new direct-acting anti-
viral agents used in the treatment of chronic hepatitis C has changed the landscape 
of the management of chronic liver disease. In addition to covering the spectrum of 
identified liver diseases, this handbook also provides insights into appropriate test-
ing and disease monitoring of patients, use of medications, supplements, alternative 
therapies and alcohol, operative risk assessment, implementation of health mainte-
nance for patients with chronic liver disease and cirrhosis, identification and man-
agement of particular complications of cirrhosis and appropriate referral for liver 
transplantation, as well as management of special populations.

It is often the case that questions posed by patients are seemingly straightforward 
but require the provider to synthesize and distill complex and nuanced hepatology 
literature into a simple answer that the patient can comprehend. Each chapter will 
begin with patient questions followed by answers offered by the world-class experts. 
The answers and evidence-based summary will guide the nonhepatologist (gastro-
enterologists, internists, physician extenders) liver provider as well as hepatologists 
to easily and quickly answer common patient questions and address their medical 
needs. Our guiding principles have been brevity and maintenance of a very clinical 
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focus such that the provider can derive insight into the particular disorder by reading 
for just a few minutes during a busy clinic day.

We are grateful to the world-class experts who kindly agreed to offer their 
insights and authored the chapters in this handbook and feel honored to have been 
able to bring together such an outstanding group.

Milwaukee, WI Kia Saeian 
Milwaukee, WI Reza Shaker 
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    Chapter 1   
 What Do Abnormal Liver Tests Mean?                     

     Miguel     Malespin       and     Rebecca     Tsang    

          Commonly Posed Patient Questions 

     1.    What are common causes of  abnormal liver tests  ? 
 The initial step when evaluating abnormalities in  liver panel testing   is to 

determine whether these changes refl ect an acute or chronic process. An acute 
process is typically suspected in an individual lacking a prior history or risk fac-
tors for the development of chronic liver disease. Once chronicity has been 
established, a differential diagnosis can then be formulated on the basis of the 
pattern, degree, and rapidity of liver enzyme elevation. Common acute causes of 
elevated liver enzymes include drug toxicity (i.e., over-the-counter, prescribed, 
and herbal therapy), alcohol abuse, acute viral disease (i.e., hepatitis A and B), 
autoimmune diseases of the liver, benign or malignant liver tumors, thrombosis 
of hepatic vasculature, and global hepatic hypoperfusion. 

 A chronic elevation in liver panel testing can either refl ect states of persis-
tent hepatic infl ammation that occur for greater than 6 months and/or hepatic 
dysfunction from a cirrhotic liver’s inability to carry out its basic cellular 
processes. Common etiologies include chronic liver disease from viral hepa-
titis (i.e., hepatitis B and C), alcohol abuse, nonalcoholic steatohepatitis 
(NASH), hereditary hemochromatosis, and chronic autoimmune diseases of 
the liver. The initial evaluation of both the acute and chronic liver disease 
involves acquisition of a thorough but focused history, physical examination, 

        M.   Malespin ,  M.D.      (*) 
  Division of Gastroenterology and Hepatology ,  University of Florida Health , 
  Jacksonville ,  FL ,  USA    

   4555 Emerson St. Ste. 300 ,  Jacksonville ,  FL   32207 ,  USA   
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  Division of Gastroenterology ,  Loyola University Medical Center ,   Maywood ,  IL ,  USA    
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serologic analysis, and liver-focused imaging with either ultrasound or com-
puted-tomography (CT) scan. A liver biopsy may be warranted in cases where 
the diagnosis remains elusive. 

 It is important to consider that some patients may also have multiple causes of 
liver disease. As in the case of coexisting chronic hepatitis C (HCV)  and   alcohol-
related liver disease, a second insult can potentiate viral replication, infl amma-
tion, and fi brosis.  Given   the unspecifi c nature of certain lab abnormalities, a 
practitioner should remain attuned to nonhepatic causes of elevated liver enzymes. 
Such examples include elevated total bilirubin levels secondary to hemolytic ane-
mia and increased levels of circulating levels of alanine aminotransferase ( ALT  )    
and aspartate aminotransferase ( AST  )    from skeletal muscle injury.   

   2.    How long will it take for my AST/ALT to return to normal? 
 Hepatocyte infl ammation is expressed  serologically   through an elevation in 

levels of the transaminases, AST and ALT. The peak of injury after the insult 
and time to laboratory normalization are dependent on the presence of preexist-
ing liver disease and the etiology of hepatic insult. For example, severe injury 
secondary to acetaminophen toxicity typically resolves within weeks while cases 
of penicillin or alcohol related hepatitis could take several months to normalize. 
On the other hand, patients being treated with antiviral therapy for hepatitis B or 
C demonstrate normalization of liver enzymes upon viral suppression or clear-
ance to undetectable levels. Treatment of NASH focuses on weight loss through 
dietary modifi cations and exercise [ 2 ]. Studies have demonstrated that approxi-
mately 10 % of weight loss can lead to improvement in hepatocyte infl ammation 
and thus improvement in liver enzymes. The time to normalization of AST/ALT 
can occur early but will typically vary between individuals.   

   3.    What does it mean if my ALT and AST is low? 
 When evaluating laboratory values, the  reported   reference range signifi es the 

parameters that include the mean 95 % of the population. Thus, there will be a 
reported abnormal value for liver enzymes above and below this normal range. 
Low values do not represent a clinically signifi cant abnormality and thus  have   no 
repercussions. This principle also holds true  for   alkaline phosphatase and biliru-
bin levels in a normal patient with no prior history of liver disease.      

    Components of a Liver Profi le 

 The term,   liver function tests   , is often  used   in the medical community to describe 
the serologic measurements ordered to evaluate for liver disease. As part of the  liver 
function tests , aminotransferases are most commonly ordered as the initial test to 
detect liver disease. The term  liver function tests  is a misnomer and do not necessar-
ily refl ect liver function, but more so are biochemical tests that refl ect infl ammation. 
In addition to the serum aminotransferases AST and ALT, the complete liver profi le 
also includes total and direct bilirubin, albumin, alkaline phosphatase, and occa-
sionally gamma glutamyl transpeptidase (GGT). 

M. Malespin and R. Tsang
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 It has been found that elevated aminotransferase levels are present in 7.9 % of the 
population when sampling asymptomatic individuals [ 3 ]. As medical providers, it is 
important to know how to interpret these tests to better assess and manage these 
patients, as there is a mortality risk associated with acute and chronic liver diseases 
and their complications.  

     Aminotransferases   

 Serum  aminotransferases, also   known as  transaminases  , include AST and ALT, and 
are good indicators of acute hepatocellular injury. Formerly known as  serum glu-
tamic oxaloacetic transaminase (SGOT)  , AST is located in the cytosol and mito-
chondria and catalyzes the transfer of the α-amino groups of the  L -aspartic acid to 
the α-keto group of ketoglutaric acid. Though most commonly found in the liver, 
this enzyme is also present in striated muscle, the kidney, brain, pancreas, lung, 
leukocytes, and erythrocytes. Formerly known as serum glutamic pyruvic  transami-
nases   (SGPT)   , ALT lies in the cytosol and catalyzes the transfer of the α-amino 
groups of alanine to the α-keto group of ketoglutaric acid. This enzyme is also 
found throughout the body, but is a more specifi c indicator of liver injury compared 
to AST because it is signifi cantly more concentrated in the liver. In hepatocellular 
injury, damage to tissues rich in aminotransferases causes them to leak into the 
serum, resulting in increased serum levels of ALT and/or AST. The absolute value 
of serum levels does not necessarily refl ect the degree of damage, and it cannot be 
assumed that the higher the serum aminotransferase level, the more severe the liver 
injury.    These enzymes have a half-life measured in days, but AST is cleared more 
rapidly than ALT.  

    Normal Range 

 NHANES III criteria for upper limit reference of the normal range for amino-
transferases were listed as AST >37 IU/L or ALT >40 IU/L for men and AST or 
ALT >31 IU/L for women [ 4 ]. However,  normal values   for aminotransferases in 
serum vary widely among laboratories due to technical issues. In addition, the 
normal range varies between different population groups and so there is no uni-
versal defi nition. Similar to most clinical laboratory tests, the normal range for a 
particular laboratory test is established as within two standard deviations from 
the mean of a healthy population, which includes 95 % of a uniformly distributed 
population. As mentioned earlier, serum aminotransferase level below the lower 
reference limit is of no clinical importance, although lower levels have been seen 
in hemodialysis patients thought to be partly due to B 6  defi ciency. Therefore, it is 
only when the aminotransferase level exceeds the upper reference limit that it is 
considered abnormal. 

1 What Do Abnormal Liver Tests Mean?
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 Aminotransferase levels vary according to age and gender. For instance, elevated 
aminotransferases are more common for people between ages 30 and 40 years old, 
and it seems to decrease after the age of 60. In a study of 975 healthy children aged 
7–18 years old, the upper reference limit of ALT was 30 IU/L for boys and 21 IU/L 
for girls [ 5 ], which is comparatively less than adults as evidenced by NHANES III 
mentioned earlier. With respect to gender differences, overall the normal range for 
males is higher than females [ 3 ,  5 ]. 

 In addition, it has been shown that ALT levels correlated strongly with BMI, as 
evidenced by the Prati et al. study in which 6835 healthy blood donors were 
screened [ 2 ]. This could be a refl ection of the increased prevalence of NAFLD in 
patients with a higher BMI. There is also a signifi cant prevalence of NAFLD in 
overweight and obese patients with diabetes mellitus type II despite normal amino-
transferases [ 6 ]. This suggests that perhaps in this population, there should be a 
higher index of suspicion in the lower-than-normal threshold aminotransferase 
level in suspecting NAFLD. 

 Furthermore, there are ethnic differences for normal values of aminotransferases. 
There are higher serum levels of aminotransferases in non-Hispanic  blacks   and 
Mexican Americans compared to non-Hispanic whites [ 3 ]. In addition, serum ami-
notransferases for healthy Asians are signifi cantly lower, as shown by the Wu et al. 
study in Taipei with the upper  limit   reference of the normal range found to be 
21 IU/L for men and 17 IU/L for women [ 7 ]. 

 Of note, there have been some studies that have shown slightly increase in AST/
ALT during normal pregnancy, especially in the third trimester [ 8 ,  9 ]. However, the 
majority of studies support the presence of normal aminotransferases during uncom-
plicated pregnancy [ 10 ,  11 ], and therefore elevated aminotransferases continue to 
be excellent markers for liver diseases during pregnancy.  

    Common Causes of Elevated Aminotransferases 

 As previously noted, elevated  aminotransferases   are suggestive of hepatocellular 
injury. The challenge of identifying a sole etiology was highlighted in one study, 
illustrating that one or more causes were determined in only 31 % of patients with 
elevated aminotransferases, leaving 69 % of cases unexplained [ 3 ]. Some of the most 
common identifi able causes include alcohol use (13.5 %), hepatitis C (7.0 %), hemo-
chromatosis (3.4 %), hepatitis B (0.9 %), or a combination of causes (6.1 %). 
Alterations in aminotransferase levels can be classifi ed as:  mild  (<5 times the upper 
limit of normal),  moderate  (5–10 times the upper limit of normal), and  marked  (>10 
times the upper limit of normal). Though somewhat arbitrary, different etiologies 
should be considered depending on magnitude of aminotransferase alteration. 
Table  1.1  includes common causes of elevated aminotransferases based on the degree 
of elevation [ 12 ].

M. Malespin and R. Tsang
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       Initial Evaluation of Elevated Aminotransferases 

 The work-up for abnormal  aminotransferases differs   according to the degree of 
alteration, since different etiologies are considered for mild elevations compared to 
moderate–severe elevations. However, as mentioned earlier, the degree of elevation 
does not necessarily refl ect the extent of liver damage. Moderate–severe elevations 
are more suggestive of an acute liver injury, whereas when mild elevations in ami-
notransferases are encountered,    chronic liver diseases should also be considered in 
addition to acute liver injury. 

 Mild alterations are commonly encountered by primary care physicians. Though 
some expert recommendations include repeating transaminases 6 months before 
initiating a work-up, the clinical scenario will likely dictate the urgency of further 
clinical evaluation. However, if repeat transaminases are normal, this does not 
entirely exclude liver diseases since aminotransferases fl uctuate in liver disease. 
The importance of a thorough history cannot be overstated. Also, there should be a 
focus on identifying risk factors, family history, and possible exposures to over-the- 
counter medications, supplements, and alcohol. If there is clear exposure such as a 
medication and/or the pattern of aminotransferases is typical of alcohol use 
(AST:ALT >2), then it is reasonable to repeat transaminases after discontinuing the 
exposure. Initial testing for anti-HCV and HBsAg testing should be considered, 
especially in patients with IV drug use, exposure to nonsterile needles, or sexual 
exposure to an infected person with further consideration of anti-HCV testing in the 
age-based cohort of persons born between 1945 and 1965 and HBsAg testing in 
those of Asian descent. 

    Table 1.1    Causes of  elevated   aminotransferases   

 Moderate-to-marked elevation in aminotransferases  Mild elevation in aminotransferases 

 Ischemic injury a, b   Nonalcoholic fatty liver disease 
 Toxic injury a, b   Alcoholic hepatitis 
 Acute viral hepatitis a, c, d   Pharmacology 
 Acute biliary obstruction a, d, e   Chronic viral hepatitis (B, C) 
 Alcoholic hepatitis a, d, e   Hereditary hemochromatosis 

 Autoimmune hepatitis 
 Wilson’s disease 
 α-1-Antitripsin defi ciency 
 Celiac disease 

      Extrahepatic causes 

   a Aminotransferase level increase of 5–10 × upper limit of normal 
  b Bilirubin increase of <5 × upper reference limit 
  c Aminotransferase level increase of >10 × upper limit of normal 
  d Bilirubin increase of 5–10 × upper limit of normal 

  e Bilirubin increase of >10 × upper limit of normal  

1 What Do Abnormal Liver Tests Mean?
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 Additional testing includes acquisition of ferritin, iron, and total iron-binding 
capacity (TIBC) to screen for hereditary hemochromatosis, and if both ferritin and 
transferrin saturation (iron/TIBC × 100) are increased, then it is reasonable to test 
for HFE gene mutation. Furthermore, it is reasonable to test for antinuclear antibod-
ies (ANA), antismooth body antibodies (ASMA), immunoglobulin levels, and 
occasionally anti-LKM (liver–kidney microsomes) to rule out autoimmune hepati-
tis, especially in young or middle-aged women with concomitant autoimmune dis-
eases. If the earlier tests are unrevealing, further serologic work-up to consider 
include alpha-1 antitrypsin levels to rule out alpha-1 antitrypsin defi ciency, tissue 
transglutaminase antibodies to rule out celiac disease, and serum ceruloplasmin lev-
els in patients under the age of 50 to evaluate for Wilson’s disease. In the absence 
of serological fi ndings and a history of alcohol abuse, one shoulder consider the 
presence of nonalcoholic fatty liver disease (NAFLD), particularly in patients with 
conditions linked to metabolic syndrome and insulin resistance (i.e., increased BMI, 
diabetes, hyperlipidemia, hypertension). However, lack of the above-mentioned 
risk factors does not exclude the possibility of NAFLD. Despite the commonality 
and increasing prevalence of fatty liver disease [ 13 ], the lack of disease-specifi c 
serology can make the diagnosis challenging in the absence of histology. 

 Moderate-to-marked elevations in aminotransferases are usually more typical of 
acute compared to chronic liver disease. A moderate increase in  aminotransferase   
levels has a higher sensitivity and specifi city for identifying acute injury compared 
to mild elevations in aminotransferases. Studies have shown a sensitivity of 91 % 
and specifi city of 95 % with an AST ≥ 200 IU/L while ALT levels ≥ 300 IU/L offer 
sensitivity of 96 % and specifi city of 94 % [ 14 ]. Although there are certain liver 
injuries that are associated with markedly elevated aminotransferases, these same 
etiologies should be considered in mild elevations as well. 

 Certain patterns of liver injury are indicative of specifi c disease etiologies. For 
example, aminotransferases levels >75 times the upper limit of normal (ULN) are 
indicative of ischemic or toxic liver injury [ 15 ] with a subsequent rise in bilirubin levels 
3–5 days  after   the insult. Acute viral hepatitis usually present with a more modest ele-
vation of aminotransferases. Patients with moderate-to-marked increases (>10–
20 × ULN) in aminotransferases should be tested for IgM antibodies to hepatitis A, IgM 
to hepatitis B core antigen, hepatitis B surface antigen, and hepatitis C antibody. If 
these are negative, it is reasonable to test for HCV RNA particularly in the setting of 
risk factors. Other considerations include acetaminophen-induced hepatic damage as it 
causes 54 and 16 % of acute liver failure in the United Kingdom and United States [ 16 ]. 

 Another etiology of moderate elevations is alcohol-induced acute hepatitis dam-
age. This can present as both acute and acute-on-chronic liver injury. The increase 
in AST levels is reported to be less than six to seven times the ULN in 98 % of the 
patients with alcoholic liver disease, and the AST:ALT ratio >1 in 92 % and >2 in 
70 % of patients [ 17 ]. After these common causes have been excluded, other less 
common causes such as nonhepatotropic viruses such as Epstein–Barr  virus  , cyto-
megalovirus, and herpes simplex virus, as well as other infi ltrative, autoimmune, 
extrahepatic, and congenital causes should be considered. Imaging modalities can 
point to extrahepatic causes by demonstrating a dilated biliary system particularly 
in the setting of biliary colic and/or  known   gallstones (Fig.  1.1 ).
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  Fig. 1.1     Evaluation of   transaminase elevation.  ULN  upper limit of normal,  Anti-tTG  tissue trans-
glutaminase antibodies,  CK  creatine kinase,  Fe  iron,  TIBC  total iron binding capacity,  HBV  hepa-
titis B,  HCV  hepatitis C,  HBsAg  hepatitis B surface antigen,  anti-HCV  hepatitis C antibody,  ANA  
antinuclear antibodies,  ASMA  antismooth body antibodies,  anti-LKM  antibodies to liver–kidney 
microsomes,  NAFLD  nonalcoholic fatty liver disease. Initially, if there is an obvious offending 
agent (i.e., drug or alcohol), liver function tests can be repeated after discontinuation of offending 
agent. If there is no offending agent or if no improvement in aminotransferases despite removal of 
offending agent, work-up should be initiated. Moderate–severe elevations are more suggestive of 
an acute process. Although mild elevations are more suggestive of a chronic process, acute etiolo-
gies should also be considered, especially if the chronicity of aminotransferase elevation is unclear       
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       Alkaline Phosphatase and Gamma Glutamyl 
Transpeptide ( GGT  )    

 Despite being produced predominantly in the liver and bone, alkaline phosphatase 
isoenzymes can be found in renal, intestinal, placental tissue,    or within leukocytes. 
In the liver, alkaline phosphatase is located on the canalicular membrane of hepato-
cytes and an increase in serum levels usually indicates osseous or hepatobiliary 
pathology. With a half-life of approximately 6 days, an increase in alkaline phos-
phatase levels occurs secondary to increased synthesis with leakage of the serum 
and not due to decreased clearance. 

 GGT is a microsomal  enzyme   located throughout the body, including hepato-
cytes and cholangiocytes in the liver, kidney, pancreas, spleen, heart, brain, and 
seminal vesicles. It has a high sensitivity for hepatobiliary disease but lacks speci-
fi city. Levels can become elevated in patients taking certain classes of medications, 
including anticonvulsants, oral contraceptives, barbiturates, antiretroviral therapy, 
as well as patients with comorbidities, such as chronic obstructive pulmonary dis-
ease, renal failure, and  acute   myocardial infarctions. GGT is clinically useful to 
identify the etiology of an isolated increase in alkaline phosphatase, as it is not 
elevated in bone disease. Elevated GGT levels also occur in alcohol-related liver 
disease, even in patients with normal alkaline phosphatase levels. Because of its 
high sensitivity, some physicians advocate acquisition of GGT levels as an indirect 
marker of current alcohol consumption [ 18 ]. Beyond alcohol liver disease, GGT 
levels may also be two to three times greater in more than 50 % of patients with 
NAFLD [ 19 ]. Because elevated  GGT   levels are frequently elevated in most forms 
of liver disease, it is most useful when evaluating patients with an elevated alkaline 
phosphatase levels with otherwise normal liver enzymes and bilirubin levels.  

    Variations 

 There is some physiologic  variation   of serum alkaline phosphatase levels in certain 
populations, including certain physiologic circumstance in which the intestinal 
alkaline phosphatase can be proportionately elevated and result in elevated serum 
levels. For instance, because patients with blood type O and B have increased intes-
tinal alkaline phosphatase after a fatty meal [ 20 ], some physicians recommend 
obtaining fasting alkaline phosphatase levels. Also, elevated intestinal alkaline 
phosphatase can be indicative of certain benign familial conditions, including 
familial intrahepatic cholestasis or benign recurrent intrahepatic cholestasis, which 
are  typically   characterized by elevations in the alkaline phosphatase despite a nor-
mal GGT with occasional elevations in the bilirubin level. The age of the individual 
also has an impact on the serum alkaline phosphatase levels with levels being twice 
as high in adolescents compared with adults due to increased bone growth. In addi-
tion, there is an unexplained increase in levels after age 30 years old, but the increase 
is greater in women compared to men [ 21 ].  

M. Malespin and R. Tsang
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    Clinical Signifi cance of Low Alkaline Phosphatase 

 Patients with Wilson’s disease may have  a   low serum alkaline phosphatase, especially when 
the patient presents with fulminant hepatitis and hemolysis. It is thought that this is due to 
reduced activity of the enzyme, owing to displacement of the cofactor zinc by copper.  

    Common Causes of Elevated Alkaline Phosphatase 

 Table  1.2  lists the common causes of elevated levels [ 12 ]. When patients have an 
isolated elevated alkaline phosphatase or if the  alkaline   phosphatase is elevated out 
of proportion to the other liver enzymes, one should consider cholestatic disorders.

    Table 1.2    Common  causes   of elevated alkaline phosphatase   

 Intrahepatic 
 Drugs  Anabolic steroids, estrogens, ACE-I, antimicrobials, NSAIDS, 

allopurinol, antiepileptics, hydralazine, procainamide, quinidine, 
phenylbutazone 

 Primary biliary cirrhosis  Predominantly middle-aged women with median age of 50 years 
old, 95 % of patients have + AMA 

 Primary sclerosing 
cholangitis 

 Strongly associated with IBD, commonly in younger men, 
diagnosed by ERCP/MRCP 

 Granulomatous liver 
disease 

 Sarcoidosis, TB, fungal infections, brucellosis, Q fever, 
schistosomiasis 

 Viral  hepatitis    EBV, CMV, Hepatitis A, B, C, E 
 Genetic conditions  Benign recurrent intrahepatic cholestasis type 1,2 
 Malignancy  HCC, metastatic disease, paraneoplastic syndrome 
 Infi ltrative liver disease  Amyloidosis, lymphoma 
 Intrahepatic cholestasis 
of pregnancy 
 Total parent nutrition 
 Graft-versus-host disease 
  Extrahepatic   
  Intrinsic  
 Immune-mediated duct 
injury 

 Autoimmune pancreatitis, primary sclerosing cholangitis 

 Malignancy  Ampullary cancer, cholangiocarcinoma 
 Infections  AIDS cholangiopathy, CMV, cryptosporidiosis, microsporidosis, 

parasitic infections 
  Extrinsic  
 Malignancy  Gallbladder cancer, metastases, portal adenopathy, pancreatic 

cancer 
 Mirizzi syndrome  Compression of common hepatic duct by stone in neck of gallbladder 
 Pancreatitis  Also includes pancreatic pseudocyst 

1 What Do Abnormal Liver Tests Mean?
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       Initial Evaluation of Elevated Alkaline Phosphatase 

 If there is an elevated isolated  alkaline   phosphatase level in an asymptomatic patient, 
a cholestatic disorder should be considered if GGT levels are elevated or if there is 
elevated liver alkaline phosphatase when it is fractionated. This is particularly the 
case for patients in whom the elevated alkaline phosphatase levels are elevated out 
of proportion to aminotransferases. Initial evaluation with imaging of biliary tree 
help discern between intrahepatic and extrahepatic etiologies. Initial imaging is 
typically recommended with ultrasound to evaluate for biliary dilatation or mass 
lesions, but of course CT or MRI may be more defi nitive albeit at a higher cost and 
potential risk. When dilated ducts are seen on imaging, this is suggestive of an 
extrahepatic cause of the cholestasis. This can occur secondary to an intrinsic or 
extrinsic process causing biliary obstruction. Further work-up and/or management 
 may   include magnetic resonance imaging including magnetic resonance cholangio-
pancreatography (MRCP), endoscopic retrograde cholangiopancreatography 
(ERCP), and endoscopic ultrasound. In the absence of dilated ducts, further work-
 up should focus on intrahepatic etiologies. Part of this includes a thorough history 
of medications since some medications can cause a cholestatic  picture  . Liver biopsy 
is useful for evaluating hepatic disease including primary biliary cirrhosis, drug- 
induced liver injury, and small duct primary sclerosing cholangitis (Fig.  1.2 ).

       Bilirubin Metabolism 

 Unconjugated bilirubin  represents   the product of the heme breakdown within the 
reticuloendothelial system. This unsoluble form is then bound to albumin and trans-
ported to the liver. Once it reaches the hepatic sinusoids, the  albumin   complex dis-
sociates and within hepatocytes uridine-5′-diphosphate (UDP) glycuronylransferase 
conjugates bilirubin to glucuronic acid. The now conjugated bilirubin is then excreted 
into bile and travels to the distal ileum and colon where bacteria hydrolyze conju-
gated bilirubin to the unconjugated form. This is further reduced by bacteria to color-
less urobilinogen, which is excreted or absorbed by the intestine into the portal 
system as urobilinogen. A minority of urobilinogen is excreted into urine while the 
remainder enters the enterohepatic circulation, in which the liver reexcretes it.  

    Laboratory Assays for Bilirubin 

 The laboratory tests, direct and indirect bilirubin, are the components of total biliru-
bin and provide rough measurements of conjugated and  unconjugated   bilirubin lev-
els. This is determined by the van den Bergh reaction in which bilirubin reacts with 
diazotized sulfanilic acid. The conjugated fraction reacts immediately, or “directly,” 
and can be measured within 30–60 s. The total bilirubin is measured 30–60 min 
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after adding an accelerant. Subsequently, the unconjugated, or indirect, bilirubin is 
the result of subtracting the direct bilirubin from the total bilirubin.  

    Normal Range 

 The normal range for total  and   indirect bilirubin falls between 1.0 to 1.5 and 0.8 to 
1.2 mg/dL, respectively [ 22 ].  
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ultrasound

Asymptomatic

Isolated
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ALP

GGT normal

Bone, renal,
cardiac,

endocrine
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  Fig. 1.2     Evaluation of   alkaline phosphatase elevation.  ALP  alkaline phosphatase,  GGT  gamma 
glutamyl transpeptide,  HBsAg  hepatitis B surface antigen,  anti-HCV  hepatitis C antibody,  PBC  
primary biliary cirrhosis,  AMA  antimitochondrial antibody,  PSC  primary sclerosing cholangitis, 
 MRCP  magnetic resonance cholangiopancreatography,  ERCP  endoscopic retrograde 
cholangiopancreatography       
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    Common Causes of Elevated Bilirubin 

 Findings of an elevated bilirubin can be very nonspecifi c and must be evaluated in the 
context of the other liver tests. When an elevation in bilirubin is  associated   with an 
elevation in aminotransferases and/or alkaline phosphatase, the work-up for hepato-
cellular injury and/or cholestatic diseases should be performed. Findings of isolated 
hyperbilirubinemia can refl ect conditions associated with conjugated or unconju-
gated  bilirubinemia  . The most common causes of unconjugated  hyperbilirubinemia   
are hemolysis and Gilbert’s syndrome. Other causes are listed in Table  1.3 .

       Initial Evaluation of Elevated Bilirubin 

 As noted earlier, it is important to fi rst  determine   whether the hyperbilirubine-
mia occurs in conjunction with other liver test abnormalities (i.e. aminotransfer-
ases, alkaline phosphatase). If this is the case, the evaluation should focus on 
investigation of common  hepatocellular   (Table  1.1 ) or  cholestatic  diseases   
(Table  1.2 ). However, in patients with isolated elevated bilirubin, it is important 
to fractionate and determine if there is a predominance of conjugated or 
 unconjugated bilirubin. Findings of <15 % conjugated bilirubin suggest a hemo-
lytic process, an inability to conjugate heme, or an impairment of  hepatic   uptake. 
Medications should also be reviewed to investigate for drug reactions leading to 
impairment of hepatocellular bilirubin uptake. If none are identifi ed, then 
genetic defi ciencies that impair conjugation of bilirubin should be considered, 
which include Gilbert’s syndrome and Crigler–Najjar syndrome. Gilbert’s 
 syndrome has a reported incidence of 6–12 % in the population and occurs when 
due to a mutation of the UDP glycuronyl transferase gene, resulting in reduction 
in enzyme activity thus limiting conjugation. Gilbert’s syndrome is benign, 

   Table 1.3    Common  causes   of elevated bilirubin   

 Type  Cause 

 Unconjugated hyperbilirubinemia  Hemolysis 
 Gilbert’s syndrome 
 Hematoma reabsorption 
 Ineffective erythropoiesis 

 Conjugated hyperbilirubinemia  Bile duct obstruction 
 Hepatitis 
 Cirrhosis 
 Autoimmune cholestatic diseases (PBC, PSC) 
 Total parenteral nutrition 
 Drug toxins 
 Vanishing bile duct  syndrome   
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unlike Crigler–Najjar syndrome which is a rare disorder related to a mutation 
resulting in reduced UDP glucuronyl transferase activity (<10 % in type II and 
absence of activity in type I). Crigler–Najjar patients are at risk for neurotoxic-
ity secondary to hyperbilirubinemia, known as kernicterus. 

 Patients with isolated conjugated hyperbilirubinemia may have  Dubin–Johnson 
syndrome   or  Rotor’s syndrome  , both uncommon, which is related to impaired 
excretion of conjugated bilirubin across the bile canalicular membrane. Both of 
these syndromes are not associated with adverse clinic outcomes (Fig.  1.3 ).

        Albumin   

 Albumin is a plasma protein that  is   exclusively made by in the liver and accounts for 
75 % of the plasma colloid pressure. The average adult procedure approximately 
15 g/day and the half-life is 14–21 days [ 23 ]. This long half-life limits its reliability 
in acute liver injury, but is clinically helpful in chronic liver disease since hepatic 
synthesis of albumin is impaired in patients with advanced liver disease. However, 
this is not specifi c to liver diseases, and low serum levels can be seen in patients with 
nephrotic syndrome, malabsorption, protein-losing enteropathy, chronic systemic 
infl ammatory conditions, hormonal imbalances, or malnutrition. Therefore, it is not 

Elevated
bilirubin

Isolated
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LDH, haptoglobin,
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Drugs
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and
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  Fig. 1.3     Evaluation of   bilirubin elevation.  LDH  lactate dehydrogenase. When the bilirubin is 
elevated in conjunction with elevated transaminases and/or alkaline phosphatase, work-up for 
hepatocellular and/or cholestatic etiologies should be considered (Figs.  1.1  and  1.2 ). For isolated 
bilirubin, different causes are considered depending on the fractionation of the bilirubin       
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necessarily a good screening test. It is important to interpret low albumin in the clini-
cal context and look for other markers of liver disease. Even in patients with liver 
disease, if they are overloaded, the low serum albumin can be a refl ection of the 
increased volume of distribution instead of impaired hepatic synthetic function.  

    Prothrombin  Time   

 Prothrombin time is a  measurement   of the rate at which prothrombin is converted to 
thrombin, the extrinsic pathway of coagulation and depends on the activity of clot-
ting factors II, V, VII, and X—all of which are synthesized in the liver. Therefore, 
prothrombin time is a refl ection of liver dysfunction. Of note, factor V is sometimes 
checked when trying to decide if abnormal prothrombin time is due to liver disease. 
In chronic liver diseases, prolonged prothrombin time is a sign of advanced liver 
disease. In acute liver diseases, it is a more reliable indicator of immediate synthetic 
function since the half-life of the clotting factors are much shorter (approximately a 
day). International normalized ratio (INR) standardizes prothrombin time measure-
ments based on the thromboplastin reagent used in the laboratory. It is used in a 
similar fashion to prothrombin time. Other etiologies of prolonged prothrombin 
time may be warfarin, defi ciency in vitamin K, disseminated intravascular coagu-
lopathy. Of note, obstructive jaundice can decrease absorption of vitamin K and 
may prolong prothrombin time but will respond  to   parental supplementation.  

    Conclusion 

 Interpretation of laboratory values in patients with abnormalities in liver  panel   test-
ing is critical to developing a differential diagnosis and initiation an adequate work-
 up. The initial step when evaluating a patient with abnormalities in hepatic 
transaminases is to fi rst determine whether the clinical scenario represents an acute, 
chronic, or acute-on-chronic process. Establishing disease chronicity is reliant on a 
combination of laboratory, radiologic, physical exam, and histologic fi ndings. 

 Clues suggesting the presence of advanced liver disease and/or  cirrhosis   include the 
presence of hypoalbuminemia, elevation in prothrombin time,    or elevated bilirubin lev-
els. Thrombocytopenia can be used as an indirect marker of portal hypertension, particu-
larly in the presence of splenomegaly, ascites, and portal hypertension. Other typical 
physical exam fi ndings encountered in cirrhotic patients include spider angiomata, pal-
mar erythema, gynecomastia, testicular atrophy, asterixis, and fetor hepaticus. 

 Acquisition of histology can be used to confi rm a suspected diagnosis, rule out 
hepatic disease, and stage the degree of fi brosis. This procedure can be performed 
percutaneously with ultrasound guidance or through a transvenous approach where 
access to the hepatic  parenchyma   is obtained by introduction of a cannula through 
the jugular vein and into a hepatic venous system. The transvenous approach offers 
an added benefi t of assessing for the presence of portal hypertension. 
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 Upon establishment of chronicity, the role of the practitioner is to establish the 
severity of hepatic dysfunction, potential for reversibility, and the need for escala-
tion of care. Noncirrhotic patients without a preexisting history of liver disease who 
develop severe hepatic injury in conjunction with encephalopathy and an elevation 
in INR ≥ 1.5 are classifi ed as having acute liver failure. Given the increase in mortality 
associated with acute liver failure, transfer to a liver transplant center and intensive 
care unit management is recommended upon diagnosis [ 24 ].     
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Chapter 2
General Care of the Liver Patient

Sanjay Bhandari

 What Things Should I Avoid If I Have Liver Disease?

The liver is an important organ of metabolism. Liver carries out various essential 
functions, including detoxification of harmful substances present in the body and pro-
duction of different vital nutrients. In the setting of underlying liver disease, it is 
important to avoid things which might cause further damage to the liver. These 
include some medications (hepatotoxic drugs) like over-the-counter acetaminophen 
(when used in excess) and ibuprofen or alcohol. In cirrhotics with more advanced 
liver disease, avoiding medications which have sedative properties and avoiding 
sodium intake beyond 2000 mg per day (88 mmol per day) may also be appropriate.

Hepatotoxic Drugs. There is a growing list of medications and herbal products 
that have been implicated as hepatotoxic [1, 2]. An online, free, and easily acces-
sible database called LiverTox maintained by the National Institutes of Health 
(NIH) provides a comprehensive resource regarding up-to-date information on 
various hepatotoxic medications, herbals, and dietary supplements (http://www.
livertox.nih.gov/). Acetaminophen overdose has been found to be the most com-
mon drug implicated in acute liver failure in the United States [3] although doses 
up to 2000 mg daily are generally believed to be safe even in the setting of estab-
lished liver disease. Some of the other commonly used but potentially  hepatotoxic 
medications include Nonsteroidal Anti-Inflammatory Drugs (e.g., ibuprofen, 
diclofenac sodium), antihypertensives (e.g., methyldopa, captopril, irbesartan), 
antidiabetic agents (e.g., gliclazide, glimepiride, acarbose), anticonvulsants (e.g., 
phenytoin, valproic acid, lamotrigine), lipid-lowering agents (e.g., simvastatin, 
pravastatin), psychotropic drugs (e.g., chlorpromazine, haloperidol, clozapine, 
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risperidone), and antidepressants (e.g., fluoxetine) [4]. In some cases, such as the 
use of lipid- lowering drugs (statins), those with advanced liver disease may be at 
the same or slightly elevated risk of hepatotoxicity but the problem is that if the 
untoward hepatotoxic event occurs, then it increases the risk of hepatic decom-
pensation in patients with established cirrhosis [5]. Nonetheless, some vital medi-
cations cannot be withheld from those who truly need them and extra caution 
including vigilant monitoring of liver enzymes should be employed in treating 
people with underlying liver disease because of the amplified risk for serious con-
sequences [6].

Alcohol. Chronic and acute alcohol consumption can result in liver damage but 
the extent depends on the amount and duration of consumption. Alcohol-related 
liver disease or alcoholic liver disease (ALD) encompasses a spectrum of diseases 
falling under three categories: alcoholic fatty liver disease, alcoholic hepatitis, 
and alcoholic cirrhosis. The risk of cirrhosis increases proportionally with con-
sumption of more than 30 g of alcohol per day, the highest risk being more than 
120 g per day [7]. The threshold is higher in men (~40 g/day) and lower in women 
(~20 g/day) in general. Abstinence is the most important therapeutic intervention 
for people with ALD [8]. Nonabstinence from alcohol is an independent predictor 
for increased mortality in patients with established alcoholic cirrhosis [9]. It has 
been shown that abstinence improves the outcome and histological features of 
hepatic injury, reduces portal pressure and decreases progression to cirrhosis, and 
improves survival in patients with ALD [8, 10–12]. Since alcohol has a strong 
addictive potential, abstinence can be difficult [13]. For people with heavy alco-
hol use, effective support interventions should be implemented, which include 
referral to Alcoholics Anonymous, inpatient and outpatient rehabilitation pro-
grams, individual counseling, and pharmacological interventions to prevent 
relapses [14]. Complete abstinence of alcohol may not be required in those with-
out ALD and data including a study conducted in Japan showed that light-
to-moderate alcohol consumption rather has a favorable effect on incidence of 
nonalcoholic fatty liver [15].

Excess Intake of Sodium and Fluid. Since sodium helps retain body fluid, excess 
sodium may be counterproductive to cirrhotics who have increased body fluid evi-
denced by ascites and/or lower extremity edema. Patients with cirrhosis and ascites 
should be educated about restricting their daily dietary sodium restriction to 
2000 mg per day (88 mmol per day) [16]. High sodium containing foods include 
table salt, bacon, sausage, deli meats, canned vegetables, frozen items, potato chips, 
pretzels certain preprepared soups, among other foods. More stringent dietary 
sodium restriction is not recommended because it is leads to food being unpalatable 
and may contribute to further worsening malnutrition that is frequently encountered 
in this patient population [17]. Unlike patients with volume overload due to conges-
tive heart failure, fluid restriction is not necessary unless hyponatremia with serum 
sodium is <120–125 mmol/L is an issue [17].
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 What Steps Should I Take to Help with My Liver Disease?

In addition to the avoidance of the things mentioned earlier, there are various things 
that can be undertaken by a person with underlying liver disease to prevent further 
damage to the liver. These may include, but not limited to, vaccinations against 
hepatitis A and B, adjustment to various medications, maintaining a healthy diet, 
living an active lifestyle, screening for liver cancer (hepatocellular carcinoma) and 
esophageal varices, and treatment of hepatitis if present.

Vaccinations. Vaccination against hepatitis A and B for those who are not already 
immune can help prevent superimposed insults to the liver. Patients with chronic 
liver disease with superimposed infection with HAV or HBV are more likely to 
experience serious complications due to these infections than persons without liver 
disease [18]. The CDC recommends hepatitis A vaccination for all susceptible 
patients with chronic liver disease or those who are either awaiting or have received 
liver transplants [19]. However, the CDC does not recommend routine vaccination 
against hepatitis A for patients who have chronic HBV or HCV infection without 
evidence of chronic liver disease [19]. The CDC also states that anyone with chronic 
hepatitis C who is at risk for HBV infection should be immunized against hepatitis 
B [20]. Some experts recommend routine vaccination against hepatitis B for all 
patients with chronic liver disease in particular because of the low response rate to 
the vaccine if cirrhosis develops and in the setting of liver transplantation [21].

Medication adjustments. Patients with cirrhosis are at increased risk of adverse 
events with many medications because of impaired hepatic metabolism or renal 
excretion. Many medications require dose adjustments or should be avoided 
entirely.

Nutrition. The European Society for Clinical Nutrition and Metabolism (ESPEN) 
issued guidelines in 2006 may be used to guide nutritional intervention in patients 
with chronic liver disease [22]. The guidelines recommended use of simple bedside 
methods such as the Subjective Global Assessment (SGA) or anthropometry to 
identify patients at risk of undernutrition. Patients with cirrhosis should consume 
35–40 kcal/kg body weight per day of energy and 1.2–1.5 g/kg body weight per day 
of protein. Supplementary enteral feeding should be initiated when oral intake is 
inadequate. The branched chain amino acid (BCAA)-enriched formulae may be 
considered in patients with hepatic encephalopathy arising during enteral nutrition. 
Acquisition and the palatability particularly the bitter taste of BCAA may be prob-
lematic in their use.

Lifestyle Interventions. Weight loss is recommended for people with evidence of 
nonalcoholic steatohepatitis (NASH) [23]. Weight loss generally reduces hepatic 
steatosis, achieved either by a hypocaloric diet alone or in conjunction with 
increased physical activity [23]. A trial that randomized 31 obese persons with 
NASH to intensive lifestyle changes (diet, behavior modification, and 200 min a 
week of moderate physical activity for 48 weeks) versus structured basic education 
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alone found that the intensive arm had significant weight loss (9.3 % versus 0.2 % in 
control arm) accompanied by histological improvement [24].

Screening for Hepatocellular Carcinoma (HCC). Practice guidelines from the 
American Association of the Study of Liver Diseases (AASLD) have recommended 
HCC surveillance for patients at high risk of developing HCC [25] (Table 2.1). 
Liver ultrasound is recommended as the primary surveillance modality for HCC 
and the recommended interval between HCC surveillance tests is 6 months [25]. 
While no longer specifically recommended by the AASLD, measurement of the 
serum alpha-fetoprotein every 6 months is still practiced by many practitioners and 
may once again be recommended by the AASLD in the near future.

Screening for esophageal varices. Patients with cirrhosis should be screened for 
the presence of esophageal varices by upper endoscopy, so that prophylactic therapy 
such as nonselective beta blocker (i.e., propranolol, nadolol) or carvedilol can be 
started in those with varices that are at increased risk for bleeding [26]. In those 
intolerant of beta blocker therapy, prophylactic band ligation of esophageal varices 
should also be considered. Identifying and treating patients with high-risk varices 
leads to improved clinical outcomes, including reduced risk of hemorrhage and 
decreased mortality [26].

Treatment of Underlying Liver Disease/Hepatitis. Elimination of the underlying 
cause of ongoing inflammation can result in significant improvement in liver func-
tion and potentially avoidance of long-term complications. Anyone diagnosed with 
active chronic Hepatitis B (HBsAg positive, HBeAg positive, or HBeAg  negative) 
should be evaluated for the treatment with antiviral medication [27]. The rationale 

Table 2.1 Groups for whom HCC surveillance is recommendeda

Population group Incidence of HCC

Surveillance recommended
Asian male hepatitis B carriers > age 40 0.4–0.6 %/year

Asian female hepatitis B carriers > age 50 0.3–0.6 %/year

Hepatitis B carrier with family history of HCC Incidence higher than without family history

African/North American blacks with hepatitis B HCC occurs at a younger age

Cirrhotic hepatitis B carriers 3–8 %/year

Hepatitis C cirrhosis 3–5 %/year

Stage 4 primary biliary cirrhosis 3–5 %/year

Genetic hemochromatosis and cirrhosis Unknown, but probably >1.5 %/year

Alpha 1-antitrypsin deficiency and cirrhosis Unknown, but probably >1.5 %/year

Other cirrhosis Unknown

Surveillance benefit uncertain
Hepatitis B carriers <40 (males) or <50 (females) <0.2 %/year

Hepatitis C and stage 3 fibrosis <1.5 %/year

Noncirrhotic NAFLD <1.5 %/year

NAFLD nonalcoholic fatty liver disease
aAdapted from: Bruix J, Sherman M. Management of Hepatocellular Carcinoma: An Update [25]

S. Bhandari



21

for treatment in patients with chronic HBV is to reduce the risk of progressive 
chronic liver disease and hepatocellular carcinoma. The full recommendations of 
the American Association for the Study of Liver Diseases (AASLD) updated in 
2009 regarding the treatment of chronic hepatitis B virus infection are avail-
able online (http://www.aasld.org/sites/default/files/guideline_documents/Chronic 
HepatitisB2009.pdf). Similarly, those with chronic hepatitis C virus (HCV) infec-
tion should be considered for treatment in order to eradicate HCV RNA as indicated 
by attainment of a sustained virologic response (SVR) indicating negative viral load 
at either 12 weeks (SVR12) or 24 weeks after cessation of therapy. The recent 
guidelines released jointly by the American Association for the Study of Liver 
Diseases (AASLD) and the Infectious Diseases Society of America (IDSA) regard-
ing the diagnosis and management of HCV infection are available online (http://
www.hcvguidelines.org/). Sustained viral response has been associated with regres-
sion of fibrosis and cirrhosis, a reduced rate of hepatic decompensation, a reduced 
risk for hepatocellular carcinoma, and reduced liver-related mortality [28]. 
Treatment of underlying autoimmune hepatitis has similarly resulted in enhanced 
outcomes including fibrosis as well as in those with nonalcoholic steatohepatitis 
with fibrosis who have undergone bariatric surgery with concomitant weight loss.

 How Do I Know How Severe My Liver Disease Is?

Severity of liver disease can be determined by different modalities, like physical 
examination findings, various blood tests, imaging, portal pressure measurement, 
liver biopsy, and use of different prognostic models.

Signs/Symptoms. Physical changes such as development of spider nevi (swollen 
blood vessels looking like spider’s web), palmar erythema (reddening of the skin on 
the palmar aspect of the hands), gynecomastia (enlargement of breasts), caput 
medusa (distended veins, which are seen radiating from the umbilicus), Dupuytren’s 
contractures (hand deformity where fingers are bent and cannot be fully straight-
ened), and testicular atrophy (shrunken testes) are usually indicative of advanced 
liver disease and are typically not present in the absence of cirrhosis and even those 
with early cirrhosis. Physical signs/symptoms can help in differentiating compen-
sated from decompensated cirrhosis. Decompensated cirrhosis is defined by the 
presence of complications particularly development of ascites, variceal bleeding, 
and/or hepatic encephalopathy (mental changes from liver disease like confused 
thinking). Hepatocellular carcinoma, another complication of cirrhosis, can occur in 
the presence or absence of decompensation. Prognosis and survival is markedly 
worse in decompensated cirrhosis than that in compensated cirrhosis. Thus, any 
patient with decompensated cirrhosis should be evaluated urgently by a hepatolo-
gist and if appropriate, referred for transplant consideration.

Laboratory Tests. There is a battery of blood tests for assessment of liver d isease 
like serum alanine aminotransferase (ALT), aspartate a minotransferase (AST), 
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alkaline phosphatase, direct and indirect bilirubin, serum albumin, and prothrom-
bin time (PT). Although high elevations of aminotransferases (AST and ALT) 
usually over 1000 IU/L generally implement extensive hepatocellular injury, they 
can often be normal in patients with chronic liver disease or cirrhosis. Thus, serum 
aminotransferases and alkaline phosphatase do not reliably reflect disease sever-
ity but more likely reflect liver injury. On the other hand, serum bilirubin and 
prothrombin time, and serum albumin more so reflect liver function and the for-
mer two along with serum creatinine, are components of MELD Score, a tool used 
to assess the severity of liver disease and predict outcomes of interventions in 
patients with liver disease and to prioritize patients awaiting the liver transplant.

Imaging. Different imaging modalities are available including abdominal ultra-
sound, computed tomography scan, and magnetic resonance imaging. Abdominal 
ultrasound is typically the first radiologic study as it is widely available, less expen-
sive, and does not expose patients to radiation or contrast hazards. Shrunken, coars-
ened, irregular, and nodular appearance and increased echogenicity of liver on 
ultrasound suggest advanced liver disease or cirrhosis. Milder changes such as fatty 
infiltration may also be identified. Abdominal ultrasound may reveal cirrhosis- 
related complications like ascites, varices, splenomegaly, and portal vein thrombo-
sis. Ultrasound is also a screening modality for detection of hepatocellular carcinoma 
but CT and MRI scans are more sensitive for detection of lesions albeit at a higher 
monetary cost and potential complications.

Portal Pressure Measurement. Portal vein is the large vessel that carries blood 
from the digestive organs to the liver. In cirrhosis, resistance to the portal blood flow 
develops inside the liver, resulting in portal hypertension. The hepatic venous pres-
sure gradient (HVPG) is measured to calculate the gradient (difference) in pressure 
between the portal vein and the inferior vena cava (large vein carrying blood from 
lower part of the body to the heart for purification). Portal hypertension is present if 
the HVPG is ≥6 mmHg. The risk of complications from cirrhosis and mortality 
rates increases as HVPG value increases. For example, with HVPG is ≥12 mmHg, 
people are at risk for variceal bleeding and the development of ascites (fluid collec-
tion in the abdomen).

Liver Biopsy. Liver biopsy remains an important tool of diagnosing some liver 
diseases which are otherwise not obvious from physical examination, laboratory 
data, and imaging. Since it is invasive, it is usually the last resort for diagnosing and 
assessing liver disease. Nevertheless, liver biopsy is the most accurate means of 
assessing severity of inflammation (grade) and degree of fibrosis (grade) of liver 
damage.

Prognostic Models. There are different prognostic models available for estimating 
disease severity and survival in patients with liver disease. Several prognostic mod-
els are currently used which are disease specific, such as the models for p redicting 
survival in patients with primary biliary cirrhosis, primary sclerosing cholangitis, 
and alcoholic liver disease [29–32]. There are two models that are used commonly 
in the care of patients with cirrhosis in general. They are the Child–Turcotte–Pugh 
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(CTP) score and the Model for End-stage Liver Disease (MELD) score. Similarly 
King’s College Hospital criteria are commonly used model for assessing prognosis 
in patients with acute liver failure [33].

Child–Turcotte–Pugh (CTP) Score: First developed in 1973, the Child–Pugh 
score was originally used to stratify the risk of portacaval shunt surgery in patients 
with cirrhosis, but the score has since been modified, and become a widely used tool 
to assess prognosis in patients with chronic liver disease and cirrhosis [34, 35]. 
Moreover, it was previously prior to implementation of the MELD in order to deter-
mine priority for liver transplantation. CTP Score incorporates five variables, 
namely the serum albumin, serum bilirubin, ascites, encephalopathy, and prothrom-
bin time. The score ranges from 5 to 15. Depending on the score, patients can be 
categorized into Child–Pugh class A (5–6 points), class B (7–9 points), or class C 
(10–15 points). The higher the score, the more severe the liver disease is. CTP Score 
is a reliable predictor of survival in many liver diseases and also predicts major 
complications such as bleeding from varices.

Model for End-stage Liver Disease (MELD) score: Another model to predict 
prognosis in patients with cirrhosis is the Model for End-Stage Liver Disease 
(MELD) score. MELD was originally developed at the Mayo Clinic. It was origi-
nally developed to predict 3-month mortality in patients undergoing transjugular 
intrahepatic portosystemic shunt (TIPS) placement [36]. The MELD Score is a 
reliable measure of mortality risk in patients with end-stage liver disease. 
Different modifications have been done since its inception to accommodate dif-
ferent types of liver conditions or other conditions and can be easily accessed 
through the Mayo Clinic website (http://www.mayoclinic.org/medical-profes-
sionals/model-end- stage- liver-disease). The MELD Score has been found to be 
useful in determining prognosis and prioritizing for patents for receipt of a liver 
transplant. MELD was adopted by the United Network for Organ Sharing 
(UNOS) in 2002 for deceased donor liver allocation for adults with cirrhosis 
awaiting liver transplantation in the Unites States. The tool for calculating the 
MELD score as maintained by US Department of Health and Services can be 
easily assessed online (http://optn.transplant.hrsa.gov/converge/resources/
MeldPeldCalculator.asp?index=98). The score incorporates patient’s serum bili-
rubin, serum creatinine, and the international normalized ratio (INR) and is cal-
culated as follows:
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King’s College Hospital criteria: The most widely applied prognostic system in 
case of acute liver failure (ALF) is the King’s College Hospital criteria [33] 
(Table 2.2). The criteria are often employed in determining which patients are likely 
to succumb to their liver disease such that they should be considered urgently/emer-
gently for liver transplantation.
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    Chapter 3   
 Do I Need a Liver Biopsy?                     

     Kiyoko     Oshima     

      Abbreviations 

   AIH    Autoimmune hepatitis   
  DILI    Drug-induced liver injury   
  HCC    Hepatocellular carcinoma   
  MRI    Magnetic resonance imaging   
  NAFLD    Non-alcoholic fatty liver disease   
  PBC    Primary biliary cirrhosis   
  PSC    Primary sclerosing cholangitis   

        Patients’ Questions 

     1.    I have elevated  liver enzymes   found during a health checkup. Do I need a liver 
biopsy? 

 Clinical and/or blood-based tests are suffi cient to confi rm many liver dis-
eases such as hepatitis B and C. However, the liver biopsy plays an important 
role for patients with elevated liver enzymes of undetermined etiology to con-
fi rm diagnosis. In one study, 354 patients with abnormal liver chemistries 
underwent liver biopsy in the absence of diagnostic serology, and histology was 
investigated. Sixty-six percent had  non-alcoholic fatty liver disease (NAFLD)  , 
and 19 % had treatable diseases, such as alcohol-related liver injury,  autoim-
mune hepatitis (AIH)  ,  primary biliary cirrhosis (PBC)  , and hemochromatosis. 
Only 6 % of patients had a normal liver biopsy. Patient management was altered 
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in 18 % owing to liver biopsy fi ndings [ 1 ]. As this study indicates, histological 
analysis is helpful in the setting of abnormal liver enzymes in the absence of a 
serological diagnosis. However, the liver biopsy has limitations as well. The 
liver biopsy is an essentially safe procedure, but complications including pain 
and bleeding may arise. Sampling error can occur because of the small size of 
the specimen or the variability of the disease process in the liver in certain 
disorders, such as primary sclerosing cholangitis (PSC). Therefore, perfor-
mance of a biopsy must be individually decided based on the  risks   and benefi ts 
and interpreted in context [ 2 ].   

   2.    I have  hepatitis C     . Do I need a liver biopsy? 
 The diagnosis of most cases of viral hepatitis, including hepatitis C, is con-

fi rmed by serology, and a liver biopsy is not required. The liver biopsy has been 
regarded as the gold standard to assess the current status of the liver injury, to 
predict progression, and to provide a prognosis. Grading and staging defi ne the 
activity of the disease and the degree of scarring respectively. Grading is a mea-
sure of the severity of the necroinfl ammatory process, the activity of the ongoing 
disease, and the potential responsiveness to therapy. Staging refers to the degree 
of fi brosis, parenchymal or vascular remodeling subsequent to the necroinfl am-
matory process [ 3 ]. However, in the era of successful new antiviral therapies, the 
importance of assessment for grade and stage is diminished, because cure rates 
are similar for all except the patients with advanced fi brosis. Non-invasive mea-
sures such as transient elastography may also mitigate the need for a liver biopsy. 
A liver biopsy should be considered if the patient and health care provider 
require information on the fi brosis stage for prognostic purposes or to make a 
decision regarding treatment [ 4 ]. It is still the best tool to assess concurrent dis-
ease such as fatty liver diseases of alcohol-related and non-alcoholic etiologies, 
AIH or iron overload. A liver biopsy is recommended when concurrent disease 
is suspected or when cirrhosis is suspected, but not confi rmed by other means, 
because the presence of cirrhosis in chronic hepatitis C warrants continued sur-
veillance for  hepatocellular carcinoma (HCC)   and varices, even after eradication 
of the virus.   

   3.    I have  AIH  . Do I need a liver biopsy? 
 Liver biopsy examination at presentation is recommended to establish the 

diagnosis and to guide the treatment decisions [ 5 ]. Some patients exhibit features 
of both AIH and other disorders, such as PBC, PSC, or autoimmune cholangitis. 
A liver biopsy is the best tool to confi rm such overlap syndromes. After treat-
ment is initiated, a liver biopsy is recommended before termination of immuno-
suppressive therapy and relapse, because the incidence of relapse is high in 
residual interface hepatitis [ 6 ], which may not always be refl ected by  liver   
enzymes and/or immunoglobulin G (IgG) levels.   

   4.    I have a  tumor   found on an imaging study. Do I need a liver biopsy? 
 The patient most likely has one of the abnormalities listed in Table  3.1 , and 

whether the liver biopsy is needed or not depends on each specifi c condition. The 
most common  hypervascular lesions   found in patients without underlying liver 
disease are focal nodular hyperplasia and hemangioma. These lesions do not 
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need treatment if asymptomatic. The biopsy is indicated only if the imaging 
study is inconclusive. Hepatic adenoma is sometime hard to distinguish from 
well-differentiated HCC, focal nodular hyperplasia, or infrequently from meta-
static carcinoma, particularly if it is multifocal. In such cases, a biopsy may be 
advisable. Apparent  metastatic lesions   without an obvious primary site should be 
biopsied under image guidance to confi rm the diagnosis. Pathologists can nar-
row the possible primary sites down by utilization of immunohistochemical 
stains. Metastatic lesions in the setting of a previous history of malignancy 
should also be biopsied to confi rm the diagnosis.

   In patients with underlying liver disease, particularly cirrhosis,  HCC   and 
 cholangiocarcinoma   are more frequent and more concerning. If the radiological 
fi ndings are compatible with HCC, especially if there is a market elevation in the 
alpha- fetoprotein level, biopsy is unnecessary [ 2 ]. When multiphase computed 
tomography or dynamic contrast-enhanced magnetic resonance imaging (MRI) 
shows arterial hypervascularity and venous or delayed phase washout in masses 
2 cm or larger, particularly in the setting of cirrhosis, a diagnosis of HCC is con-
fi rmed and the biopsy is not required. 

  Cholangiocarcinoma   often presents as a  solitary lesion   involving the biliary 
hilum or within the hepatic parenchyma. The management of cholangiocarci-
noma is surgical resection, if technically feasible. The decision to liver biopsy is 
governed by whether or not surgical resection is considered [ 2 ]. If the possibility 
of transplantation arises (limited to smaller lesions often confi ned to the hilum 
and only at specialized centers), the  liver biopsy   should be performed under 
imaging guidance.      

  Table 3.1    Hepatic mass 
lesions  

 Benign 
   Cysts (e.g., simple cyst, biliary cyst, 

ciliated foregut cyst, hydatid disease) 
   Adenoma (e.g., hepatic adenoma, 

biliary adenoma, biliary cyst 
adenoma) 

   Biliary hamartoma 
   Focal nodular hyperplasia 
   Hemangioma 
   Rare primary liver neoplasms (e.g., 

angiomyolipoma) 
 Malignant 
   Hepatocellular carcinoma 
   Cholangiocarcinoma 
   Metastatic 
   Rare primary liver neoplasm (e.g., 

angiosarcoma, leiomyosarcoma) 
   Rare primary bile duct neoplasm 

(e.g., biliary cyst adenocarcinoma) 
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    Indications for Liver Biopsy 

 The liver biopsy plays three major roles: diagnosis, assessment of prognosis, and 
therapeutic management. Indications for liver biopsy based on each role are sum-
marized in Table  3.2  [ 2 ,  7 ]. Also, the diseases in which liver biopsy is indicated are 
listed in Table  3.3  [ 2 ,  7 ].

   Table 3.2    Indications for liver biopsy   

 Diagnosis 
   Abnormal liver tests of unknown etiology 
   Hepatosplenomegaly of unknown etiology 
   Focal or diffuse abnormalities on imaging studies 
   Fever of unknown etiology 
 Prognosis 
   Staging of known parenchymal liver disease 
 Management 
   Evaluation of the effi cacy or the adverse effects of treatment regimens 
   Evaluation of the status of the liver after transplantation or of the donor liver before 

transplantation 

   Table 3.3    Diseases for which liver biopsy is indicated   

 Diagnosis  Staging/prognosis  Treatment 

 Viral hepatitis (HCV, HBV)  −  +++  ++ 
 Autoimmune hepatitis  +++  +++  +++ 
 Primary biliary cirrhosis  ++  +++  + 
 Primary sclerosing cholangitis  ++  +++  + 
 Overlap syndrome  +++  +++  ++ 
 Alcoholic  +  +++ 
 NAFLD/NASH  +++  +++  + 
 Drug-related liver injury  ++  +  + 
 Hemochromatosis  +  +++  + 
 Wilson’s disease  +++  +++  − 
 A1AT defi ciency  +  ++  − 
 Acute liver failure  +++  +++  − 
 Hepatocellular carcinoma  ++  −  − 
 Hepatocellular adenoma  +++  −  +++ 
 Metastasis  +++  −  − 

  Irrelevant, + occasionally irrelevant, ++ usually irrelevant, +++ highly relevant 
  HCV  hepatitis C virus,  HBV  hepatitis B virus,  NAFLD  non-alcoholic fatty liver disease,  NASH  
non-alcoholic steatohepatitis,  A1AT  alpha-1 anti-trypsin  
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        Diagnosis   

 Despite improvements in serological testing and imaging techniques, the liver 
biopsy remains an important diagnostic tool for diagnosing diffuse hepatic disease 
and hepatic lesions. For instance, liver biopsy can confi rm specifi c disorders, lead-
ing to specifi c therapy in a setting of acute liver failure due to acute fatty liver of 
pregnancy, herpes virus infection, AIH, or Wilson’s disease [ 8 ]. The liver biopsy is 
helpful in identifying the presence of concurrent diseases, something frequently 
encountered in the setting of viral hepatitis. One study reveals that 20.5 % of viral 
hepatitis patients had other concurrent processes (e.g., NAFLD,  drug-induced liver 
injury (DILI)  ,  Wilson’s disease  , iron overload, PBC) that could potentially modify 
disease progression and/or alter the management strategy [ 9 ]. The liver biopsy not 
only confi rms diagnosis, but may also determine which process is the dominant fac-
tor injuring the liver. Liver biopsy can solve the diagnostic dilemma of assessing 
patients with atypical features, such as anti-mitochondrial antibody-negative PBC 
or small bile duct PSC. Liver biopsy can distinguish between AIH and steatohepa-
titis for the obese patient with elevated alanine aminotransferase, IgG, and/or auto-
immune markers [ 2 ]. Perhaps in no other setting is liver biopsy more essential than 
in evaluating allograft dysfunction after liver transplantation. It is critical to know 
the specifi c diagnosis for management, especially considering the broad potential 
differential diagnosis comprising acute and chronic cellular rejection, preservation 
injury, recurrence of the original disease, DILI, ischemic injury, or biliary obstruc-
tion. In the patient exposed to supplements or herbal medicines in whom harmful 
effects are suspected, liver biopsy is instrumental in making and/or confi rming the 
diagnosis of drug-/toxin-related liver injury [ 10 ]. Please see question 4 above for the 
role of liver biopsy in a liver mass lesion, but do keep in mind that these biopsies 
 typically   need to be guided by imaging.  

     Staging   

 Another important role of liver biopsy is to assess the degree of fi brosis to predict 
liver-related morbidity and mortality. The stage refl ects the degree of fi brosis and 
may not only guide subsequent treatment, but also help to decide whether the patient 
is at risk for potential complications, including portal hypertensive bleeding and 
HCC screening, which would be warranted in all patients with advanced fi brosis. 
Non-invasive methods, such as transient elastography and magnetic resonance elas-
tography, are emerging. For example, FibroScan ®  (transient elastography) was 
approved by the FDA in 2013 for the non-invasive assessment of hepatic fi brosis 
and is now used in a number of clinics to monitor patients and at times even to jus-
tify proceeding with a liver biopsy. Although in the future these tests may replace 
liver biopsy in staging [ 11 ], validation has not been performed in all disease entities 
and the liver biopsy still remains the gold standard.  
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     Treatment   

 A liver biopsy can be used to develop a treatment plan. For example, immunosup-
pression levels can be adjusted for patients with AIH or liver transplantation based 
on histological fi ndings. By assessing the effi cacy and the toxicity of a new medica-
tion, the liver biopsy remains the gold standard.   

     Preparation   for Liver Biopsy 

 A liver biopsy is generally undertaken as an outpatient. Before liver biopsy, patients 
must be informed of the alternatives, risks, benefi ts, and limitations. Practical points, 
such as by whom and where the biopsy is to be performed, what kind of sedation, if 
any, will be used, what degree of pain is anticipated, when the patient may return to 
their usual level of activity, when the result will be known, and by what means this 
information is communicated should be discussed in advance. A written informed 
consent form, including the risks, benefi ts, and alternatives, should be obtained 
before the procedure [ 2 ].  

     Pre-biopsy Testing   

 Measurement of the complete blood count, including platelet count, prothorom-
bin time, and international normalized ratio (INR), is required. Most practitioners 
avoid percutaneous biopsy with platelet counts less than 60,000 or an INR greater 
than 1.5. Patients with previously known abnormalities in laboratory tests require 
repeat testing before the procedure. Imaging reports should be reviewed to check 
that there are no abnormal fi ndings that might be contraindications to percutane-
ous and nonguided biopsy, such as hemangioma, signifi cant ascites, or biliary 
obstruction [ 2 ].  

    Management of  Medication   

  Antiplatelet medications   (i.e., aspirin, ticlodipine, clopidogrel, IIb/IIIa receptor 
antagonists, nonsteroidal anti-infl ammatory drugs) should be discontinued typically 
7 days before the biopsy. Warfarin should be discontinued at least 5 days before-
hand. Depending on the indication for antiplatelet or anticoagulant therapy, the 
above can be modifi ed on a case-by-case basis, but if antiplatelet/anticoagulant 
therapy cannot be maintained, performing the biopsy should be reconsidered and 
certainly consideration given to performing the biopsy via the transvenous route. 
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The risk of discontinuing anticoagulant medication must be weighed against the 
risk of bleeding during/after the liver biopsy. Antiplatelet therapy may be restarted 
72–96 h after the liver biopsy, and warfarin may be restarted the day following the 
procedure and slowly titrated back up to therapeutic levels [ 2 ].  

    Liver Biopsy  Methods   

 There are three main approaches to liver biopsy, including percutaneous biopsy, 
transvenous (transjugular or transfemoral) biopsy, and surgical/laparoscopic biopsy. 
Percutaneous biopsy can be undertaken guided by palpation/percussion, imaging, 
and real-time imaging. The surgical/laparoscopic approach is usually utilized by 
surgeons during an operation and is often performed because the liver incidentally 
appeared to be abnormal at the time of the operation [ 12 ].  

     Contraindications   

 Contraindications to percutaneous biopsy are listed in Table  3.4 . Percutaneous 
biopsy is appropriate only in cooperative patients. In patients with clinically evi-
dent coagulopathy, a transvenous approach is recommended. Ascites, massive 
obesity, suspected vascular tumor, amyloidosis, or hydatid disease are relative 
contraindications to percutaneous biopsy and thus  indications   for considering 
tranvenous biopsy.

  Table 3.4    Contraindications 
to percutaneous liver biopsy  

 Absolute 
   Uncooperative patient 
   Tendency to bleed 
     PT-INR > 1.5 s 
     Platelet count <50,000/mm 3  
       Use of a non-steroidal anti-

infl ammatory drug within the 
previous 7–10 days 

   Blood for transfusion unavailable 
   Infection of the hepatic bed 
 Relative 
   Ascites 
   Morbid obesity 
   Possible vascular lesion 
   Amyloidosis 
   Hydatid disease 
   Extrahepatic biliary obstruction 
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       Complications 

 Because of its invasive nature, liver biopsy regardless of route may be associated 
with complications and this truly is the major limitation of the procedure. 

     Percutaneous   Liver Biopsy 

 Complications associated with percutaneous liver biopsy are rare. Minor compli-
cations include transient localized discomfort at the biopsy site, which may radi-
ate to the right shoulder owing to the innervation of the liver, pain, and transient 
hypotension. The pain is usually dull and mild. Severe pain in the abdomen should 
alert the physician to the possibility of a more severe complication, such as bleed-
ing or peritonitis. Some 60 % of complications occur within 2 h and 96 % within 
24 h. Although it is very rare, signifi cant intraperitoneal hemorrhage is the most 
serious bleeding complication. It usually becomes apparent within the fi rst 2–3 h 
after the procedure. Risk factors for hemorrhage after biopsies include older age, 
more than three passes with the biopsy needle, and the presence of cirrhosis or 
liver cancer. Other rare complications include pneumothorax, hemothorax, biliary 
ascites, bile pleuritis, bile peritonitis, and infection (bacteremia, abscess, sepsis). 
The mortality rate among those undergoing liver biopsy is approximately 0.01 %. 
Mortality is highest among patients who undergo biopsies of malignant lesions 
[ 8 ]. One study shows a very low complication rate for physicians performing 
more than 50 biopsies per year [ 13 ]. Specifi c training to carry out liver biopsy is 
essential and at least 50 biopsies are required to become adequately trained, 
although previous accreditation approved those with as few as 20 biopsies. Those 
educating others in the technique of liver biopsy should have completed more than 
several hundred live biopsies [ 2 ].  

     Transjugular   Liver Biopsy 

 In this procedure, typically performed by interventional radiologists (at least in the 
USA) the right internal jugular vein is punctured, and a guidewire followed by a 
sheath is introduced into the superior vena cava, the right atrium, the inferior vena 
cava, and into the hepatic vein with the use of fl uoroscopy. The liver tissue is 
obtained from within the vascular system, which minimizes the risk of bleeding. 
The quality of transjugular biopsy used to be questioned for smaller and more frag-
mented specimens compared with percutaneous biopsy. It has recently been 
improved by an 18- or 19-G Tru-Cut needle with at least three passes. The success 
rate of obtaining suffi cient tissue for diagnosis is 96.8 %. Minor and major compli-
cations occur in 6.5 and 0.56 % of cases respectively [ 14 ]. During the procedure, 
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close cardiac monitoring, including continuous electrocardiographic monitoring, is 
required to detect arrhythmias, which may be induced by the passage of the catheter 
through the heart. Complications include abdominal pain, neck hematoma, transient 
Horner’s syndrome, transient dysphonia, cardiac arrhythmias, pneumothorax, fi s-
tula formation from the hepatic artery to the portal vein or the biliary tree, and per-
foration of the liver capsule. Mortality rate ranges from 0.1 to 0.5 %.  

     Laparoscopic   Liver Biopsy 

 The complications include those caused by general anesthesia and local abdominal 
wall or intraperitoneal trauma, such as laceration of the spleen, bleeding, and pro-
longed abdominal pain [ 2 ,  11 ].   

    Liver  Sampling and Adequacy   

 It is essential that the liver biopsy is adequate for the pathologists to interpret. The 
ideal specimen for assessing the pattern of injury, grade of infl ammation, and stage 
of fi brosis is at least 2.5 cm long and 1.4 mm wide for visualization of ten portal 
tracts. Smaller specimens are often problematic and may lead to the understaging of 
the degree of fi brosis. This is particularly problematic because the specimen may be 
separated into multiple pieces, particularly in the setting of advanced fi brosis. A 
length of at least 1.5 cm is required to assess the underlying liver disease. Even an 
adequate sized liver biopsy represents approximately 1: 50,000 of the entire liver. 
Although a 1.5-cm biopsy specimen may be adequate for assessing many liver dis-
eases, a short specimen less than 2.5 cm may result in a failure to recognize cirrhosis 
in up to 20 % [ 12 ]. 

 One of the limitations of liver biopsy is related to the variability of the disease 
process in the liver itself. Although chronic liver disease is typically a diffuse pro-
cess, it can have variable degrees of pathological process based upon the location. 
A classic example of this is PSC, which, depending on the location and degree of 
biliary stenosis, may show areas of variable fi brosis. Another example to keep in 
mind is that subcapsular liver tissue is more fi brotic, and not an ideal  location   for the 
evaluation of fi brosis.  

     Tissue Processing   

 Tissue should be fi xed in 10 % neutral buffered formalin, which allows the full 
range of histochemical stains (hematoxylin and eosin and special stains) and immu-
nohistochemical stains. Masson trichrome stain is most often used for the 
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evaluation of fi brosis. Table  3.5  shows commonly used stains and indications [ 15 ]. 
Molecular studies, fl ow cytometry for lymphoma work-up, oil red O stain for lipids 
(when suspecting acute fatty liver of pregnancy), and enzyme assay for glycogen 
storage disease require fresh tissue. A small piece of the biopsy may need to be sent 
to the pathology department as separate fresh tissue. Culture can be performed, but 
should be stored in a sterilized container.

   If Wilson’s disease or iron overload is suspected, care must be taken to send a 
sample in a metal-free container and to specifi cally request copper and/or iron quan-
titation of the liver tissue.  

    Experience of a Liver Pathologist 

 The experience of the  pathologist   is an important factor in the accurate interpreta-
tion of the liver biopsy specimen. The importance of this type of experience is 
emphasized by a report in which re-examination of the biopsy initially read by a 
nonspecialist pathologist by an academic pathologist resulted in changes in diag-
nosis that had a signifi cant effect on the management of 35.2 % of cases [ 16 ]. 
Second opinions from  experienced   pathologists should be liberally sought on 
behalf of the patient [ 17 ].  

   Table 3.5    Special stains commonly used in liver biopsy   

 Stain  Indications 

 Masson’s trichrome  Collagen fi ber 
 Reticulin  Cord and acinar architecture 
 Prussian blue  Iron deposition 
 Rhodamine  Copper deposition for Wilson’s disease or chronic 

cholestasis 
 Periodic acid-Schiff-diastase 
(PAS-d) 

 Globules of A1AD disease 

 Oil red O  Confi rmation of microvesicular steatosis for fatty liver 
of pregnancy and Reye syndrome 

 Congo red  Amyloid 
 AFB  Acid-fast bacilli in granuloma 
 GMS  Fungi in granuloma 
 Orcein  HBV surface antigen, copper binding protein in chronic 

cholestasis 
 Vierhoff van Geisen  Elastic fi ber in vessel walls 
 Imunohistochemical stain  Characterization of tumor, HBsAg, HBcAg 

   HBsAG  surface antigen of the HBV,  HBcAG  hepatitis B core antigen  
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     Specimen Interpretation   

 There are multiple systems available for assessing disease activity in chronic hep-
atitis and steatohepatitis. The goal of systems is to ensure that the same lesions are 
being evaluated and given similar diagnostic weight regardless of the observers. 
For chronic hepatitis,  Kendoll histological activity index score   (HAI), Ishak modi-
fi ed HAI score, Scheuer system, Metavir system, and Battss and Ludwig are avail-
able [ 18 – 22 ]. Batts–Ludwig system is shown in Figs.  3.1  and  3.2 . All assessments 
are based on portal infl ammation, interface activity, and lobular necroinfl amma-
tory and fi brosis. For steatohepatitis, the Brunt system and the NASH Clinical 
Research Network (CNR) scoring system are often used. Both systems assess 
grading based on the degree of steatosis, hepatocytes ballooning, and lobular 
infl ammation [ 23 ,  24 ].

  Fig. 3.1    Batts–Ludwig grading of chronic hepatitis: grade 1 (minimal activity) shows minimal 
portal infl ammation, minimal patchy interface activity, and minimal lobular infl ammation; grade 2 
(mild activity) shows mild portal infl ammation involving some or all portal tracts, and mild lobular 
activity with little hepatocellular damage; grade 3 (moderate activity) shows moderate portal 
infl ammation involving all portal tracts and moderate lobular infl ammation with noticeable hepa-
tocellular damage; grade 4 (severe activity) shows severe portal infl ammation, severe interface 
activity, and severe lobular infl ammation with diffuse hepatocellular damage       
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        Conclusion 

 With  adequate biopsy sampling  , along with incorporation of clinical and laboratory 
information and close communication between the clinician and pathologist, a liver 
biopsy often provides not only helpful information in making a diagnosis, but also 
critical information for therapeutic management decisions and offering patients a 
reliable prognosis.     
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Chapter 4
Incidental Hepatic Lesions

Syed Rizvi

 Patients’ Questions

I had a CT scan of the chest for my cough and the report says that there is a mass in 
the liver. What should I do?

Patient level answer: Most spots in the liver found incidentally in an otherwise 
healthy person are benign and can usually be quickly identified by a CT scan or 
MRI of the liver. Your individual risks for type of a lesion depend on age, sex, use 
of oral contraceptives, history of chronic liver, and recent travel. The best approach 
is to start with your primary care physician who can order a “triple-phase” CT scan 
or MRI done specifically to correctly identify this spot.

I had a CT scan of the abdomen for suspected diverticulitis on which a lesion was 
seen in the liver. The radiologist states that the lesion is indeterminate and advises 
biopsy. Is a liver biopsy necessary?

Patient level answer: Lesions in the liver are broadly divided into the category of 
the cysts, which are fluid-filled or solid and contain various cells and blood vessels. 
To correctly determine what type of lesion it is, a “triple-phase” CT scan or MRI 
with contrast medium can identify the type of lesion more than 90 % of the time and 
eliminate the need for a liver biopsy. As a biopsy not only involves risks of compli-
cations, such as bleeding, but may also not eliminate the cancer if very small, it 
should be reserved for when CT or MRI is not able to correctly identify the spot 
and/or if it is growing in size.

S. Rizvi, M.D. (*) 
Division of Gastroenterology & Hepatology, Medical College of Wisconsin,  
Milwaukee, WI, USA
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 Investigation of Incidental Hepatic Lesions

The use of imaging studies for various reasons can often lead to the finding of inci-
dental lesions in the liver. As the utilization of imaging studies has increased over 
time, more of these incidental lesions are being found. Such findings may lead to 
anxiety on the part of the patient and to an unnecessarily exhaustive and time- 
consuming workup. A systemic approach to such a finding not only simplifies but 
also expedites the diagnostic workup and enhances patient outcomes.

A hepatic lesion may be encountered in one of three scenarios.

 (a) An imaging study ordered for an unrelated reason – (e.g., CT performed to 
assess a pulmonary embolism shows an incidental liver lesion in abdominal 
sections).

 (b) An abdominal scan ordered for nonspecific abdominal pain shows a small 
hepatic lesion unrelated to the pain.

 (c) An imaging study ordered for other purposes in a patient who happens to have 
chronic liver disease, such as chronic hepatitis B or C.

Irrespective of which scenario is involved, the physician must include the spe-
cific characteristics of the lesion and the specific lesion that the patient has.

This systematic approach begins with a detailed history, physical examina-
tion, and laboratory testing, which inform the provider as to the appropriate sub-
sequent imaging test if required. This approach precludes the need for a biopsy 
of the lesion in most cases. It may well be the case that the lesion cannot be fully 
characterized by the initial imaging modality and a further imaging study may 
indeed be required.

 The Need for a Subsequent Imaging Study

Ultrasound is a safe modality that is able to detect hepatic lesions, is less costly 
than CT or MRI, and is often able to differentiate between a solid and a cystic 
lesion. Unfortunately, it cannot provide further information on the salient features 
or specific characteristics of the lesion needed to confidently identify it. Hence, a 
dynamic study, called a “liver protocol,” often using CT or MRI, is of great value, 
because these modalities provide detailed information regarding such characteris-
tics. As the liver receives most of its blood supply from the portal vein (approxi-
mately 70 %) and partly from the hepatic artery, the timing of uptake of contrast 
medium in individual phases of the blood supply may often help to identify a 
lesion. Hence, a triple- phase CT, which includes an early arterial phase, portal 
venous phase, and delayed portal venous phase can obviate the need for a liver 
biopsy in most cases.

With improvements in CT and MRI techniques, a biopsy of the hepatic lesion is 
often not required. Moreover, in the case of hypervascular lesions such as ade-
noma, hemangioma or hepatocellular carcinoma (HCC), a liver biopsy should be 
avoided because of the risk of bleeding and seeding of the cancer along the needle 
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tract. It is also important to note that a needle biopsy of a lesion with potentially 
malignant features may miss the malignant cells, giving the patient and provider a 
false sense of security, potentially resulting in a lack of the appropriate follow-up 
or intervention. Hence, in most situations follow-up scans at periodic intervals may 
be the best approach for indeterminate lesions. Nevertheless, on rare occasions, if 
a lesion remains indeterminate on follow-up CT and MRI, a biopsy may be of use. 
A core biopsy should be ordered rather than needle aspiration, given the higher 
diagnostic yield.

 The Systematic Approach to Incidental Hepatic Lesions

Now that we have discussed individual aspects of the diagnostic work-up for liver 
lesions, let us approach a lesion in a systematic manner.

 History and Physical Examination

After receiving a radiology report of an ultrasound or abdominal CT or MRI, the 
workup should begin by determining whether or not the patient has underlying liver 
disease. The history should investigate the presence of risk factors such as a history 
of alcohol consumption, drug abuse, blood transfusions or a family history of liver 
disease or tumors. A history of oral contraceptives should be obtained, as this can 
easily give a clue with regard to hepatic adenoma. A history of cirrhosis or risk fac-
tors for cirrhosis, such as significant alcohol abuse, may point toward underlying 
cirrhosis, a known risk factor for HCC, and should raise the suspicion of malig-
nancy. Similarly, a patient who is an immigrant from a country with a high preva-
lence of hepatitis B is at risk of HCC, even in the absence of cirrhosis. A cystic 
lesion found in a patient from sheep-grazing areas may have an underlying 
Echinococcus granulosus infection. A history of previous malignancy should raise 
the suspicion of metastatic disease.

 Laboratory Evaluation

A liver panel should be the first test to be ordered to establish the presence or 
absence of underlying liver disease. Leukocytosis in the complete blood count may 
be found with a hepatic abscess and thrombocytopenia may point toward portal 
hypertension due to cirrhosis. Eosinophilia is not an often noted feature of amoebic 
liver disease [1]. Viral serologies should be ordered to rule out hepatitis A, B, and 
C. We do order tumor markers as part of the workup for solid hepatic lesions, 
including alpha fetoprotein (AFP), carbohydrate antigen 19-9 (CA 19-9), and carci-
noembryonic antigen (CEA).
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 Imaging Studies

Based on imaging characteristics a liver lesion can be divided into cystic or solid. 
The first question to answer after an imaging study is whether or not the patient 
has an underlying liver disease, including cirrhosis. If the patient does have cir-
rhosis or an underlying liver disease considered to be at a high risk for malignancy 
(e.g., chronic hepatitis B) and the reported lesion is solid, then the mass should be 
considered an HCC until proven otherwise. If the initial study was ultrasound or 
nonliver protocol CT or MRI, then a dedicated triple-phase CT scan (or dedicated 
liver MRI if CT is not feasible) should be ordered with tumor markers (AFP, 
CA19-9, and CEA) to confirm the diagnosis. A finding of typical washout during 
the portal venous phase confirms the diagnosis of HCC, especially if the lesion 
measures 1 cm or more in size. AFP is a supplementary test and elevated levels, 
particularly those of more than 200 ng/ml or a significant rise from baseline, are 
highly suggestive of HCC in the presence of a solid lesion. However, it is worth 
noting that AFP may be normal in up to 40 % of small HCCs [2]. A suspicious 
lesion less than 1 cm in size needs surveillance with ultrasound every 3 months [3] 
and if growing, needs referral to a transplant facility. If the lesion is stable, contin-
ued surveillance is recommended. This approach avoids the need to biopsy a lesion 
and decreases the risks (e.g., bleeding, seeding of the needle track, false-negative 
diagnosis) posed by the biopsy.

A solid lesion in a noncirrhotic liver should also be approached by liver protocol 
CT or MRI. The most common benign lesion, hepatic hemangioma, shows periph-
eral nodular enhancement in the arterial phase and centripetal filling in the portal 
venous phase. Focal nodular hyperplasia (FNH) shows enhancement on the arterial 
phase with a characteristic “central scar” on CT or MRI. A hepatic adenoma shows 
somewhat intense enhancement in the arterial phase and becomes less intense in the 
delayed phase. MRI is considered more sensitive in differentiating between FNH 
and hepatic adenoma and may further characterize the type of adenoma, which can 
help in management (see next section).

Metastatic lesions in the liver are typically less vascular than HCCs, may be 
multiple, may have peripheral rim enhancement, and should particularly be sus-
pected in those who have a known pre-existing extrahepatic malignancy.

A cystic lesion in the liver should be investigated by a CT or MRI to clarify 
whether it is a simple cyst or has suspicious features such as a thickened wall or 
nodularity, septations or a daughter cyst, as seen in an echinococcal cyst.

 Choice of Contrast Agents for MRI of the Liver

Two types of commercially available contrast media are useful when imaging the 
liver: extracellular agents and hepatobiliary agents. The extracellular agents have 
the ability to visualize vascular perfusion and can be used to detect and characterize 
focal liver lesions. However, these agents only have 5 % hepatobiliary uptake. 
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They include gadobutrol (Gadavist™ [USA], Gadovist® [EU]; Bayer) and gadover-
setamide (Optimark™, Covidien; Mallinckrodt).

Hepatobiliary agents, on the other hand, are not only taken up in vascular and 
extravascular spaces, but also have a 50 % [4, 5] hepatobiliary uptake. These 
agents are taken up from the sinusoidal side of the hepatocyte and excreted via 
the canalicular membrane. Hence, these agents perform extremely well in distin-
guishing lesions that do not contain hepatocytes (e.g., metastatic lesions) from 
the adjacent hepatic parenchyma. Of these agents, the ones approved by the FDA 
for liver imaging are Eovist and Optimark. Eovist (Gd-EOB-DTPA) is widely 
available in the USA after being approved by the FDA in 2008 [6, 7]. Similar to 
conventional MR contrast media, with the use of Eovist, first an arterial phase, 
then a venous phase, and finally, 20–30 min afterward, hepatobiliary phase imag-
ing is performed.

 Malignant Lesions

In malignant lesions such as HCCs (less functional hepatocytes) or metastatic dis-
ease, which contains no hepatocytes, low signal intensity foci are detected against 
the enhancing high signal parenchyma in the hepatobiliary phase, thus improving 
tumor detection. This feature is particularly useful in clearly identifying HCCs less 
than 2 cm in size in which MRI sensitivity is only 62 % [8]. This is because small 
HCCs, early in their growth, still obtain their blood supply from the portal vein 
compared with larger ones, which obtain their vascular supply from the hepatic 
artery. Hence, the low signal intensity in the hepatobiliary phase in these smaller 
HCCs can help to differentiate them from dysplastic nodules.

 Benign Lesions

When imaging a hemangioma with MRI, whether using conventional extracellu-
lar contrast medium or hepatobiliary contrast medium, the hemangioma appears 
the same as its surroundings in the arterial phase. But, in the portal venous and 
hepatobiliary phases, with the use of hepatobiliary agents such as Eovist, a hem-
angioma appears iso- or hypointense compared with the adjacent parenchyma, as 
the hepatocytes of the surrounding normal liver appear bright compared with the 
hemangioma.

The use of Eovist is particularly helpful in identifying the typical characteristics 
of FNH. As the FNH consists of hepatocytes with abnormal canaliculi not con-
nected to the adjacent biliary system, in the hepatocyte phase of the Eovist, the 
lesion appears iso- or hyperintense relative to the surrounding liver parenchyma, 
showing a classic “pop”-like enhancement pattern. This happens because of the 
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accumulation of Eovist in the hepatobiliary phase. Because the characteristic  central 
scar contains malformed vascular structures, it will be hypointense on the hepato-
cyte phase images using Eovist.

After injection of Eovist, hepatic adenomas frequently enhance in the arterial 
phase, with a washout in later phases. On hepatocyte phase images, adenomas typi-
cally appear hypointense because of the lack of biliary canaliculi, a feature that can 
distinguish hepatic adenoma from FNH.

 Conclusion

In summary, in the appropriate setting, the use of new MRI contrast imaging tech-
niques can more confidently classify indeterminate lesions, often obviating the need 
for biopsy and allowing the patient to avoid further invasive testing. The flow dia-
gram in Fig. 4.1 gives a brief overview of the abovementioned workup, which may 
help to reach the diagnosis.
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Chapter 5
Benign Liver Lesions

Syed Rizvi

 Patients’ Questions

Question 1: My doctor told me that I have a hemangioma. Does it need to be 
removed?

Patient level answer: Hemangiomas are benign tumors that are noncancerous and 
are found in 5–10 % of the general population, who have no previous knowledge of 
them. Only large ones measuring more than 5 cm may occasionally cause symp-
toms. Hence, unless they cause pain and discomfort you do not need surgery.

Question 2: I have been diagnosed with an adenoma and I heard that it can cause 
problems during pregnancy. Can I get pregnant?

Patient level answer: Adenomas in the liver can grow owing to high levels of preg-
nancy hormones. However, the rupture of an adenoma is rare, unless it is large in 
size or is located on or near the surface of the liver. Hence, it is generally recom-
mended that if it measures more than 5 cm you should see a surgeon to consider 
removal before pregnancy. If a decision is made not to operate, surveillance for 
growth in size can be performed with ultrasound during pregnancy.

Question 3: I recently had a CT scan of my chest for trouble with breathing and the 
emergency room physician told me that they also saw a 10-cm “simple cyst” in the 
liver. I don’t have any pain; does it need to be taken out?

Patient level answer: Simple cysts that are small in size rarely cause symptoms and 
as they carry no risk of malignancy they do not need to be removed. They may cause 
pain and discomfort only if they are larger than 4–5 cm. Simple cysts measuring 
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more than 4–5 cm need monitoring for growth by ultrasound every 6–12 months for 
2–3 years and if no growth is noted, they pose no risk. If a cyst is growing or causing 
symptoms, then you may need to see a surgeon.

Question 4: A 35-year-old female patient presents to your clinic with her husband. 
They have been married 5 years. They have been seen in the fertility clinic and are 
planning to undergo in vitro fertilization. The gynecologist told her that she has a 
1-cm hemangioma that should probably be taken out, because it may grow and be 
dangerous during pregnancy. She was diagnosed with irritable bowel syndrome at 
age 25 and has sporadic abdominal pain on the right side that improves after a bowel 
movement. Is the hemangioma really causing her right-sided abdominal pain? Is 
this enough of a danger with regard to her large dose of hormonal therapy and 
anticipated pregnancy to warrant intervention?

Patient level answer: Your situation raises two questions, is a 1-cm hemangioma 
the cause of the pain in your abdomen and can a hemangioma pose a threat to your 
pregnancy?

The liver is very accommodating to small spots; hence, a hemangioma has to 
measure at least 5 cm to cause pain. With a spot in the liver measuring 1 cm, your 
physician should look for other reasons for the abdominal pain. Although a heman-
gioma in the liver may grow during pregnancy or with hormonal therapy, this con-
nection is weak. In one study, 27 pregnancies in women with hepatic hemangiomas 
of sizes ranging 2.4–61 cm, 12 hemangiomas grew and only 1 case reported a rup-
ture that was very large (10 cm) [1]. Hence, based on expert guidelines, there is no 
contraindication to proceeding with pregnancy unless it is very large [2].

 Hepatic Hemangioma

This is the most common benign hepatic lesion. Although it may occur at any age, the 
majority are found between the ages of 30 and 50 years, with a female predominance 
by a ratio of 3:1 [1, 2]. This gender predominance may be explained by the growth of 
hemangioma observed during pregnancy and regression after withdrawal of hormonal 
therapy [3, 4]. However, there is no definitive effect of hormonal therapy on the devel-
opment of hemangioma, as noted in a well-performed case–control study [5].

 Clinical Presentation

Hemangiomas are largely asymptomatic, irrespective of size. To cause symptoms, a 
hemangioma should typically measure more than 4–5 cm. Most common symptoms 
are abdominal pain or right upper quadrant fullness. In addition, acute abdomi-
nal pain can be observed in cases of thrombosis or bleeding. In rare cases, giant 
hemangiomas may cause consumptive coagulopathy, known as Kasabach–Merritt 
syndrome, which manifests as thrombocytopenia, disseminated intravascular coag-
ulation, and systemic bleeding [6].
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 Diagnosis

Ultrasound, CT, and MRI, in increasing order of sensitivity and specificity, are help-
ful in accurately diagnosing the hepatic hemangioma.

 Ultrasound

Hemangioma on ultrasound appears as a homogeneous, hyperechoic mass. However, 
in the case of fatty liver, it can appear to be hypoechoic because of the bright signals 
from the surrounding parenchyma.

 Computed Tomography

In the case of unenhanced CT, a hemangioma may appear as a homogeneous 
hypodense mass. However, similar to ultrasound in patients with fatty liver, it may 
appear hyperdense.

The addition of IV contrast medium shows a typical peripheral nodular pattern in 
the early contrast phase with “filling in” toward the center of the lesion in the 
delayed venous phase of the study, which can be diagnostic.

 MRI

Magnetic resonance imaging is probably the most sensitive and specific test [7, 8]. In our 
practice, an MRI is the study of choice for a suspected hemangioma. It shows a smooth, 
well-demarcated, homogeneous mass that has low signal intensity on T1-weighted 
images and is hyperintense (light bulb sign) on T2-weighted images. Scintigraphy with 
technetium labeled RBC delayed scan is an obsolete study in the age of MRI.

 Needle Biopsy

Because of the vascular nature of hemangioma, a biopsy is considered high risk. As 
most cases are diagnosed correctly on imaging, the role of biopsy is almost nil in 
current practice.

 Management

As hemangiomas rarely grow, an incidentally found hepatic hemangioma requires 
no intervention. Those that tend to bleed are larger, hence, for hemangiomas >10 cm, 
or for smaller ones in patients for whom other competing etiologies of abdominal 
discomfort have been ruled out, surgical intervention may be considered [9, 10].

Follow-up imaging of classic hemangioma is not required. For hemangiomas 
measuring more than 5 cm, which rarely have the potential to grow, a repeat 
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imaging study after 6–12 months can be carried out. If no change in size is noted, 
no further follow-up imaging is warranted.

 Hepatic Adenoma

Hepatic adenoma is a benign epithelial tumor that arises de novo in the liver and has 
a causal relationship with hormonal abnormality or with metabolic syndrome. It is 
often noted in women at a young age and is mostly asymptomatic.

 Risk Factors

Although they can be found without risk factors, there is a clear and established 
link between hormonal abnormalities and hepatic adenomas. Several studies 
have shown a marked increase in adenomas with the use of oral contraceptives 
(OCPs). In one study the incidence of hepatic adenoma was 1–1.3 per million in 
women not on OCPs compared with 34 per one million in women who were on 
OCPs [11]. Also, regression has been noted in patients who stopped using OCPs, 
further confirming a causal relationship. Just as they are linked with female 
hormones, there is evidence of increased association of hepatic adenoma with 
the use of androgens. Discontinuation of androgens may also result in regres-
sion [12, 13].

Other risk factors associated with hepatic adenomas include glycogen storage 
disease Ia and III. In such patients there is a male to female ratio of 2:1 in develop-
ing hepatic adenomas and they are typically found at a much younger age.

Several studies have proposed metabolic syndrome as a risk factor for the devel-
opment of hepatic adenomas [14, 15] with the use of OCPs, with the risk of hepatic 
adenoma increasing further in patients who are obese. Although the chance of 
 developing adenomas is higher in women, the risk of the malignant transformation 
of an existing hepatic adenoma is 10 times higher in obese men than in obese 
women [16].

Hemangioma Summary
• Hemangiomas have no malignant potential.
• A large hemangioma may even be asymptomatic.
• The best confirmatory test is a liver MRI protocol.
• Liver biopsy is not required to confirm the diagnosis.
• Surgery is only considered if symptomatic.
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 Complications

 Risk Factors for Malignant Transformation

Malignant transformation has been linked to a size >5 cm, beta catenin mutation, 
and the presence of glycogen storage disease.

 Hemorrhage

Large adenomas can bleed ; with the use of OCPs, pregnancy or if sub-capsular 
in location, the risk of bleeding is increased.

 Clinical Presentation

Hepatic adenomas are often asymptomatic, but if symptoms are present, the most 
common presentation is epigastric or right upper quadrant abdominal pain. Large 
adenomas may present with bleeding and shock. Approximately 11–29 % of hepatic 
adenomas may develop spontaneous hemorrhage due to rupture, with nearly all 
instances occurring in lesions measuring >5 cm [17–19].

 Diagnosis

 Ultrasound

Adenomas are well demarcated and hyperechoic on ultrasound

 CT

Well-demarcated with peripheral enhancement during the early phase with centrip-
etal flow during the portal venous phase, a characteristic of adenoma [20]. In the 
delayed venous phase, the lesion becomes isodense or hypodense.

 MRI

On MRI most adenomas are hyperintense on T1-weighted images and on 
T2-weighted images. An advantage of MRI over CT is that not only can it help to 
differentiate from other lesions, it can also determine the subtype of hepatic ade-
noma, obviating the need for a biopsy (Table 5.1).
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 Biopsy of Hepatic Adenoma

Because of the risk of a beta-catenin type of hepatic adenoma transforming into a 
hepatocellular carcinoma (HCC), a biopsy of the hepatic adenoma can be helpful in 
determining the subtype; however, owing to the vascular nature of the lesion, there 
is an increased risk of bleeding. As MRI with contrast medium can help to deter-
mine the subtype, liver biopsy is seldom required and should be reserved for cases 
in which the diagnosis is in question.

 Management

 Incidental Diagnosis, <5-cm Adenoma with No Symptoms

The first step in the management of the lesion should be to stop taking OCPs if they 
are involved. Then, 6 months after this, repeat imaging should be performed to 
document regression or stability in size. Surveillance should be carried out every 6 
months for 2 years, and, if stable, annual imaging should be performed [21].

 Symptomatic, >5-cm Adenomas

Lesions larger than 5 cm should be considered for resection because of their risk of 
malignant transformation, spontaneous hemorrhage, and symptoms. Nonsurgical 
management such as embolization is an alternative for high-operative-risk patients. 
Because of the higher risk of “beta-catenin” (a phenotypic expression)-type ade-
noma with regard to malignant transformation, patients should be referred for surgi-
cal resection irrespective of the size.

Table 5.1 Types of hepatic adenoma

Type of adenoma Prevalence
Malignant 
transformation MRI characteristics

Inflammatory 
HCAs

30–50 % 5–10 % Plain MRI: hyperintense on T2WI; 
hypointense on T1WI

HNF-1a -mutated 
HCAs

30–35 % Minimal Heterogeneous hypointense areas on 
T1 out-phased sequences with 
significant signal drops (sensitivity 
85 %, specificity 100 %)
On T2WI iso- or hypointense nodule, 
without significant restriction on DWI

b -Catenin-
mutated HCAs

10–15 % 20–30 %

HNF hepatocyte nuclear factor, HCA hepatocellular adenoma, T2WI T2-weighted imaging, T1WI 
T1-weighted imaging, DWI diffusion-weighted imaging
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 Women Contemplating Pregnancy or Who Are Pregnant

Hepatic adenomas are known to grow during pregnancy and hence there is a risk of 
acute rupture. However, owing to the rare nature of this disease, clear guidelines on 
managing these lesions in patients planning to be pregnant are not available. However, 
in general, lesions <5 cm can be observed with no intervention is required [22].

 Hepatic Adenomas in Glycogen Storage Disease

Hepatic adenoma in these patients does pose a risk for malignant transformation. 
Management is slightly different. Nocturnal tube feeding intended to control the 
disease has been shown to decrease the size of the adenoma [23]. Given the risk for 
malignant transformation, resection can be offered. Liver transplantation in patients 
who develop HCC is curative for both HCC and glycogen storage disease.

 Liver Adenomatosis

Liver adenomatosis is the condition where >3 to >10 adenomas are present [24, 25]. 
Nature and disease behavior are the same and hence similar management criteria 
apply in this subtype.

 Focal Nodular Hyperplasia

Focal nodular hyperplasia is the second most commonly found hepatic lesion in the 
liver, with a reported prevalence rate of 0.03–0.3 % in autopsy series [26, 27]. FNH 
is proposed to be due to the arteriovenous malformation resulting in a response from 
the hepatic stellate cells, resulting in a “central scar” appearance on imaging.

Focal nodular hyperplasia is most frequently diagnosed incidentally, but can be 
symptomatic in 20–40 % of cases [28, 29]. It has a female preponderance and is pro-
posed to be present at birth and likely to grow under the effect of female  hormones. 
This is slightly different than hepatic adenoma, which may develop de novo under the 

Adenomas Summary
• Adenomas can grow with the use of OCPs.
• They are mostly asymptomatic.
• They may grow in size in women on hormonal therapy or during 

pregnancy.
• Pregnancy is not contraindicated; however, adenomas measuring more 

than 5 cm should be addressed surgically before pregnancy.
• Adenomas have malignant potential for HCC.
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influence of hormonal stimulation. However, similar to hemangioma, no clear link is 
found between the discontinuation of OCPs and a reduction in the size of FNH.

 Diagnosis

Diagnosis is usually made by identifying the characteristic features on imaging. 
Liver enzymes as a rule are normal and tumor markers are not elevated. Differential 
diagnosis includes hepatic hemangiomas or hepatic adenomas. Caution should be 
observed as the central scar characteristic of FNH can also be seen in the fibrolamel-
lar type of HCC

 Imaging

Most of the lesions are solitary; however, multiple FNHs have been reported in 
7–20 % of cases. A diagnosis of FNH can be confidently made by identifying the 
central scar on imaging.

 Ultrasound

Focal nodular hyperplasia can be hyper-, hypo- or isoechoic on ultrasound and a 
central scar can only be identified in 20 % of the cases.

 CT with Intravenous Contrast Medium

An appropriately timed liver CT protocol. The lesion is hyperdense in the arterial 
phase and either hypodense or isodense with a central scar in the portal venous 
phase.

 MRI

On MRI, the FNH can be isointense or hypointense. A central scar can be seen on 
the delayed phase. In the T2 phase it is slightly hyperintense or isointense. MRI is 
the definitive imaging modality for FNH.

 Management

Focal nodular hyperplasia usually remains stable and rarely causes symptoms. 
Unlike hepatic adenoma, it does not have the potential for malignant transforma-
tion. Thus, intervention with operative removal is only warranted when symptoms 
are clearly associated or there is diagnostic uncertainty.
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 FNH and OCPs

Although there may be a hormonal influence, discontinuation of OCPs is not abso-
lutely recommended. However, in women who wish to continue taking OCPs, an 
annual ultrasound focusing on the change in size can be performed for 2–3 years. In 
women who discontinue OCPs, follow-up imaging is not required.

 Nodular Regenerative Hyperplasia

Nodular regenerative hyperplasia (NRH) is a benign transformation of hepatic 
parenchyma into nodular form. This is described as a consequence of changes in 
blood flow through the hepatic parenchyma. This, in turn, leads to hyperplasia of the 
hepatic architecture to compensate for atrophic hepatocytes in ischemic zones, 
resulting in a nodular appearance. NRH is associated with immunological and 
hematological disorders, cardiac or pulmonary disorders, and certain drugs and tox-
ins have been implicated in NRH (Table 5.3).

 Diagnosis

There are no classic imaging characteristics of NRH on imaging, although patients 
are often mistakenly diagnosed as having cirrhosis (Table 5.2).

 Clinical features

Although itself a painless condition, NRH may cause a pre-sinusoidal type of portal 
hypertension, leading to ascites, splenomegaly, and varices. Hence, the diagnosis of 
NRH is based on:

• Exclusion of cirrhosis using imaging and serological markers for chronic liver 
disease.

• Exclusion of noncirrhotic etiologies of portal hypertension; namely, congenital 
hepatic fibrosis, alcoholic hepatitis, sarcoidosis, schistosomiasis, and portal vein 
thrombosis.

• Drugs and toxin history (see Table 5.3).
• Liver biopsy, which is compatible and shows the absence of cirrhosis with reticu-

lin staining, is helpful in accentuating the nodularity.

FNH Summary
• FNHs are benign lesions in the liver.
• They are identified by a central scar on imaging.
• They rarely grow.
• There is no risk of malignancy.
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Biopsy samples obtained via a percutaneous or transvenous route may not be suffi-
ciently large and thus laparoscopic sampling may be required to demonstrate the 
nodular pattern. The nodular pattern can be differentiated from that of cirrhosis by 
the presence of surrounding atrophic parenchyma, the lack of fibrous septa, and 
curvilinear compression of the central lobule. Unlike cirrhosis, NRH is not known 
to increase the risk of HCC.

 Management

The management of NRH is twofold. First is the management of complications, 
such as ascites and esophageal varices. Second, the underlying cause of NRH should 
be sought (see list of risk factors, Table 5.3) and if necessary addressed.

 Hepatic Cysts

Hepatic cysts are a group of heterogeneous, fluid-filled spaces originating in either 
the hepatic parenchyma or the biliary tree.

Hepatic cysts can be broadly divided into three types:

 1. Simple cysts, including polycystic liver disease (PCLD).
 2. An infective type, such as hydatid cysts.
 3. Cystadenomas and cystadenocarcinomas.

In general, hepatic cysts are rarely symptomatic and are almost always discov-
ered incidentally.

 Simple Cysts

Simple cysts are usually small, measuring up to 5 cm. By definition, there should be 
less than 3 of them and if there are more, this raises the possibility of PCLD [30]. 
They are rarely symptomatic and have no malignant potential.

A simple cyst can be easily differentiated from other types of cysts on ultra-
sound, CT or MRI. On ultrasound, it is anechoic, homogeneous, and fluid-filled 
with smooth margins. On CT, it is a well-demarcated, water-attenuated, smooth 

NRH Summary
• NRH has a pseudotumor appearance in the liver.
• It is often a manifestation of some other disease.
• It may cause portal hypertension.
• Patients need endoscopy to screen for esophageal varices.
• Ascites may develop.
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lesion with no septations or wall thickening. On MRI, it is recognized as a homoge-
neous lesion with no contrast enhancement. On T1-weighted images, it is hypoin-
tense, and on T2 imaging it is hyperintense. Liver enzymes are normal.

Simple cysts have a benign course and require no further follow-up [31]. Rarely, 
those cysts that are large, symptomatic, and show interval growth require further 
intervention and should be referred for surgery.

 Polycystic Liver Disease

Polycystic liver disease is identified by the presence of numerous cysts. It usually 
presents in association with autosomal dominant polycystic kidney disease (ADPKD) 
[32, 33] but can be present as isolated disease [34]. It is usually discovered in adult-
hood and is largely asymptomatic. However, symptoms may occur in 10–15 % of 
patients, mostly women. Symptoms range from abdominal fullness, pain, to bleed-
ing into a cyst. Patients may present with jaundice because of the extrinsic compres-
sion of the bile duct. Rarely, patients may develop portal hypertension with ascites 
owing to compression of hepatic veins or associated congenital hepatic fibrosis.

 Diagnosis

Liver enzymes are normal. On ultrasound, CT or MRI, multiple hepatic cysts, with 
similar characteristics to simple cysts, are seen.

 Management

The management of PCLD is dependent on the patient’s symptoms. De-roofing, 
fenestration with or without sclerosants, or resection are all options, but unfortu-
nately recurrences are frequent. In severe forms, liver transplantation with or with-
out kidney transplantation may be required.

 Biliary cystadenomas and biliary cystadenocarcinomas

Biliary cystadenomas are best described as congenitally derived, aberrant bile duct 
remnants. Despite their origin, they have no communication with the bile ducts. 
Structurally, the biliary cystadenoma has septations, giving it a loculated appear-
ance on imaging, and it is filled with mucinous fluid.

 Diagnosis

The presence of septations and irregular walls on ultrasound are consistent with bili-
ary cystadenomas. With these findings on ultrasound, a CT or MRI should be per-
formed to better delineate the characteristics, namely, a thickened wall, septations, 

S. Rizvi
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papillary formation, and to confirm the diagnosis. On MRI, the cysts are usually 
hyperintense on T2-weighted imaging. Aspiration and biopsy should not be attempted.

 Management

Given the risk of malignancy, a patient with a biliary cystadenoma or biliary cystadeno-
carcinoma should be referred to a hepatobiliary surgeon for surgical excision [35–38].

 Hydatid Cysts

Hydatid cysts are formed as a result of an infestation of Echinococcosis granulosus 
in patients from sheep-grazing areas such as South America, Australia, East Africa, 
or the Mediterranean, where humans act as accidental hosts. The eggs hatch in the 
intestine and embryos migrate to the liver and lungs via the vasculature, eventually 
resulting in hydatid cysts. Mostly, they are small (<5 cm) and asymptomatic; how-
ever, larger cysts may cause abdominal discomfort.

 Diagnosis

Eosinophilia may be found in approximately 30 % of patients. On ultrasound, 
hydatid cysts may be unilocular or multilocular with thickened walls and hypo-/
hyperechoic content. Daughter cysts may be seen at the periphery. On CT, a 
hypodense lesion with a hypervascular wall due to calcification may be noted. 
Loculations and daughter cysts can be seen at the periphery of the mother cyst. On 
MRI, hydatid cysts are hypointense on T1- and hyperintense on T2-weighted 
images. Daughter cysts are seen at the periphery of the mother cyst.

 Management

The management of hydatid cysts includes the use of anthelminthic drugs, such as 
albendazole and mebendazole, percutaneous drainage, or surgical removal. No clear 
guideline is available about the timing and modality of treatment. Anthelminthics 
alone are not indicated for symptomatic cysts, as efficacy is not 100 %, treatment is 
long term, and there is a risk of recurrence; however, they can be used as an adjunct 
to other interventions. Cyst drainage by puncture, aspiration, injection, and re- 
aspiration (PAIR) is used as an alternative to surgery where a sclerosant such as 
95 % ethanol or hypertonic saline is injected and aspirated. PAIR should not be used 
if there is a connection to the bile duct because of the risk of sclerosing cholangitis. 
Surgery, including de-roofing or radical pericystectomy, can be performed in 
patients who can tolerate surgery (Table 5.4).
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 Conclusion

Benign liver lesions are often found incidentally. Radiologically they can be 
differentiated as cystic or solid lesions.

With relevant history including that of medications such as OCPs in the case of 
adenomas, physical exam as well as labs to look for clues of underlying liver dis-
ease, benign liver lesions can be diagnosed with a good certainty with the help of 
cross sectional imaging. Biopsy is often not needed. It should be also be remem-
bered that in cases of adenomas or in hemangiomas biopsy carries a risk of cata-
strophic bleed and is not of additional value to the radiographic diagnosis. Although 
majority of the benign lesions do not warrant surgical intervention only those 
with symptoms or those with risk of potential growth or malignant transformation 
such as hepatic adenomas or biliary cystadenomas may need intervention. Nodular 
regenerative hyperplasia gives pseudotumor appearance on imaging. It is a manifes-
tation of another underlying medical problem or exposure to drugs or toxins which 
warrant further investigation.
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  HSTCL    Hepatosplenic T-cell lymphoma   
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        Patient Questions 

    Is My Liver Mass a  Cancer  ? 

 Liver masses are either benign (noncancerous) or malignant (cancerous). Malignant 
liver masses either originate in the liver itself (primary liver cancer) or move to the 
liver from another organ (metastatic cancer to the liver). Benign masses are gener-
ally confi ned to the liver. Rarely, certain benign liver masses (hepatocellular adeno-
mas) harbor the potential to change into a liver cancer, particularly if they are larger 
in size. The most common type of malignant liver mass is a  liver metastasis  . 
Metastases from a cancer in another organ most frequently come from the lungs, 
breasts, colon, or pancreas. The two most common types of cancer that arise from 
liver cells (primary liver cancer) are hepatocellular carcinoma (HCC) and cholan-
giocarcinoma (CCA). 

  HCC   is the most common form of primary liver cancer and is usually diagnosed 
by imaging studies. In some cases, HCC cannot be diagnosed  with   imaging, and a 
biopsy is required. In contrast, CCA  and   other more rare forms of liver cancer 
almost always require a biopsy for diagnosis. Certain blood tests called  tumor mark-
ers   may be elevated in liver cancer. Although these tests may be used to monitor a 
response to treatment after liver cancer is diagnosed, the tumor markers by them-
selves are not enough to establish the initial cancer diagnosis.  

    What Are the Treatment Options for My Liver Cancer? 

 The treatment options for  liver cancer depend   on the cancer type, the extent of the 
cancer (the stage), and whether scarring (fi brosis or cirrhosis) is present in the 
liver. Conceptually, treatments for primary liver cancer are separated between 
those that have the possibility of curing the cancer, and those therapies that are 
intended to improve survival with a low likelihood of cure (palliate the cancer). 
Treatments which have the ability to cure liver cancer include surgical removal of 
the cancer (resection), chemical destruction of the cancer with 100 % ethanol 
(percutaneous ethanol injection), heat destruction of the cancer ( radiofrequency 
ablation  ), and  liver transplantation   (replacement of the liver with a donor organ). 
The choice of therapy is complex and based on the type, size, location, and num-
ber of tumors in the liver, spread of the tumor outside the liver or into blood ves-
sels, and underlying liver health. Statistically, less than 15 % of all liver cancers 
are diagnosed early enough for curative therapies to help. Palliative therapies are 
broken down into liver-directed therapies and systemic therapies (therapies that 
affect the whole body). The selection of an appropriate therapy is again complex 
and depends on the type size, location, and number of tumors in the liver, spread 
outside the liver or into blood vessels, and underlying liver health. Liver-directed 
therapies are a group of treatments that directly target the cancer inside the liver, 
whereas systemic therapies are regimens that introduce treatments either orally or 
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directly into the blood supply (intravenous) and affect all organ systems. Liver-
directed therapies attack the cancer through direct injection of substances into the 
artery feeding the tumor or through external beam radiation. Substances which are 
injected into the tumor include ones that block the artery feeding the cancer 
(embolizing agents), direct injection of  chemotherapy   with or without an emboli-
zing agent, and the direct injection of radioactive beads. Currently, only one sys-
temic chemotherapy agent is approved for the  treatment   of HCC (sorafenib); this 
is an oral drug taken twice per day. 

 The primary treatment for early  CCA   is surgical resection or rarely  liver trans-
plantation  . CCA tends to be an aggressive type of liver cancer and often recurs after 
resection. In CCA that comes back after surgery, or in CCA detected at an advanced 
stage,  chemotherapy   is the preferred treatment, and prolongs life, but does not offer 
the prospect of a cure. 

 Rare liver cancers, including epithelioid hemangioendothelioma, hepatic angio-
sarcoma, and hepatoblastoma are treated with surgical resection,    liver transplanta-
tion (except angiosarcoma), or burning the tumor ( percutaneous ablation  ) if they are 
detected at an early stage. As with HCC and CCA,  chemotherapy is   typically used 
for recurrent or advanced cancers.  

    What Is the Likely Course of My Cancer? 

 Prognosis is the medical term for the course of a disease. The prognosis of liver 
cancer is affected by several factors. The type of cancer, the cancer stage, the  pres-
ence   of underlying liver disease, and the presence of other medical conditions all 
interact to determine the availability of various treatments and the prognosis. In gen-
eral, fewer curative options are available for cancers that are more advanced, when 
the background liver function is poor, or when other health issues such as lung or 
heart disease make certain treatment options unsafe. 

 The  prognosis of HCC   depends on the stage at diagnosis. Five-year survival with 
very early stage HCC treated with surgical resection or percutaneous ablation is 
theoretically over 90 %. Early stage HCC treated with nonsurgical therapy offers a 
5-year survival rate of 50–75 %. Intermediate stage HCC confi ned to the liver 
treated with  transarterial chemoembolization   is associated with a 3-year survival of 
about 50 %. Finally, the average survival of advanced HCC that is treated with che-
motherapy is about 11 months. 

 Due to frequent cancer recurrence, the 5-year survival of  CCA   is only 25–50 %, 
even when it is diagnosed early and treated with surgical resection.  Liver transplan-
tation   may offer better long-term survival for a small subgroup of patients with 
early CCA located at the base of the liver who respond well to  chemotherapy   and 
radiation. The 5-year survival for more advanced  CCA   treated with chemotherapy 
is about 10 %. The prognosis for the rare types of liver cancer strongly depends on 
the cancer type and how widespread it is at diagnosis. In general, hepatoblastoma 
carries the best prognosis, followed by  epithelioid   hemangiosarcoma and then 
angiosarcoma.   
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    Malignant Liver Lesions 

    Introduction 

 The incidence of primary  liver   cancer has been rising over the past decade in the 
United States, with an estimated 35,660 new cases expected in 2015. Primary liver 
cancer has a high fatality rate, with the number of annual deaths approaching the can-
cer incidence (24,550 deaths) [ 1 ]. The initial evaluation of a potentially malignant 
liver lesion includes a detailed history, physical exam, imaging and laboratory studies, 
and sometimes a tumor biopsy [ 2 ]. This chapter summarizes the epidemiology, risk 
factors, and approach to the diagnosis and management of malignant liver lesions.  

    Hepatocellular Carcinoma 

    Epidemiology 

 Hepatocellular carcinoma is the  most   common primary liver cancer (Fig.  6.1 ) [ 3 ]. 
Worldwide, HCC is the sixth most common cancer (5th most common in men, 9th 
in women) and the second most common cause of cancer deaths [ 4 ]. In the United 
States (U.S.), HCC is the 14th most common cancer and the fastest rising cause of 
cancer deaths [ 1 ]. Most HCC (80 %) occurs in patients with underlying cirrhosis [ 1 , 
 5 ]. The annual risk of developing HCC in cirrhotic patients ranges from 0.5 to 8 %, 
depending on the underlying cause of liver disease (Table  6.1 ) [ 6 ,  7 ].

  Fig. 6.1    Relative  frequency   of primary liver masses. Adapted from: Goodman ZD. Neoplasms of 
the liver.  Mod Pathol  2007 Feb;20 Suppl 1:S49–60       
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    Some conditions confer a risk for HCC without concurrent cirrhosis. These 
include chronic hepatitis B, with an annual incidence of HCC in noncirrhotic 
patients of approximately 0.5 % per year, and nonalcoholic fatty liver disease, with 
an annual incidence of HCC in noncirrhotic patients of approximately 1.5 % per 
year [ 7 ]. Additionally, while most benign liver masses (focal nodular hyperplasia, 
hemangiomas, and simple cysts) do not harbor a risk of malignant transformation to 
hepatocellular carcinoma, hepatocellular adenomas are the exception. The overall 
risk of  malignant   transformation of hepatocellular adenomas is low (4.2 %). 
Risk factors for transformation of a hepatocellular adenoma include larger diameter 
(≥5- cm), anabolic steroid use, male sex, and glycogen storage diseases [ 8 ].  

    Risk Factors 

 Chronic hepatitis C (HCV) infection is the  most   common cause of cirrhosis in 
the U.S. and the most common HCC risk factor [ 7 ]. Other risk factors, concomi-
tant with HCV infection, further increase HCC risk, including older age at the 
time of HCV infection, male sex, coinfection with human immunodefi ciency 
virus (HIV) or hepatitis B (HBV), alcohol or tobacco abuse, and possibly diabe-
tes and obesity [ 6 ,  9 ]. 

 Chronic HBV infection is a strong promoter of hepatocarcinogenesis and the 
leading risk factor for HCC in Asia and Africa [ 7 ,  10 ]. Unlike most other HCC risk 
factors, HCC frequently occurs in HBV-infected patients without cirrhosis [ 7 ]. 
 As   with HCV, several risk factors interact with HBV infection to increase HCC risk, 
including male sex, older age, duration of HBV infection, high HBV replication, 
family history of HCC, afl atoxin exposure, coinfection with HCV, HIV, or hepatitis 
D, alcohol or tobacco abuse, and infection with HBV genotype C [ 6 ,  9 ]. Predictive 
models are available to estimate the risk of developing HCC with chronic HBV 
infection [ 11 ,  12 ]. 

   Table 6.1    Annual incidence of hepatocellular  carcinoma   in cirrhosis by etiology of liver disease   

 Liver disease etiology  Annual incidence of hepatocellular carcinoma 

 Hepatitis C  3–5 % 
 Hepatitis B  3–8 % 
 Hemochromatosis  4 % 
 Stage 4 primary biliary cirrhosis  3–5 % 
 Non-alcoholic steatohepatitis  0.5–3 % 
 α-1-antitrypsin defi ciency  1.5 % 
 Autoimmune  1.1 % 
 Alcohol  Unknown 
 Cryptogenic  Unknown 

  Adapted from (Bruix and Sherman. American Association for the Study of Liver Diseases. 
Management of hepatocellular carcinoma: an update. Hepatology 2011;53(3):1020–1022)  

6 Malignant Liver Lesions



76

 Factors that protect against the development of HCC have also been identifi ed. 
Viral suppression of HBV and cure of HCV reduce but do not completely abrogate 
HCC risk [ 7 ]. Smoking and alcohol cessation may reduce HCC risk, even after cir-
rhosis has already developed [ 13 ,  14 ]. Additionally, population-level studies have 
shown a lower  HCC   incidence with high coffee consumption in both cirrhotic and 
noncirrhotic patients [ 15 ].  

    Diagnosis 

 The diagnosis of HCC is typically  made   using cross-sectional imaging studies, with-
out the need for tumor biopsy. Dynamic computerized tomography (CT) or magnetic 
resonance imaging (MRI) with imaging acquisition in the arterial, portal venous, and 
delayed phases has a high sensitivity, specifi city, and accuracy for HCC diagnosis [ 6 , 
 7 ]. HCC enhances more than the background liver in the arterial phase and enhances 
less (washes out) in the portal venous and delayed phases because its principal blood 
supply derives from the hepatic artery, while blood supply to the background liver 
primarily derives from the portal vein [ 7 ]. In tumors over 2-cm in diameter, the diag-
nosis of HCC can usually be made when a solid liver mass exhibits arterial enhance-
ment and portal venous and delayed phase washout on dynamic CT or MRI (Fig.  6.2 ). 
The presence of an enhancing ring around the  periphery   of the mass, a pseudocap-
sule, also supports a HCC diagnosis, particularly when the mass is between 1 and 
2 cm. However, imaging-based diagnosis is less accurate for tumors smaller than 
2-cm in diameter or when cirrhosis is not present [ 6 ].

   If a suspected HCC does not possess characteristic imaging fi ndings or occurs in 
a noncirrhotic liver, a biopsy may be necessary to establish the diagnosis [ 2 ]. 
The risk of tumor seeding the needle track with biopsy is low (2.7 %) and should not 
discourage its use when an imaging-based diagnosis is not possible [ 16 ]. The serum 
alpha-fetoprotein (AFP) level may be elevated in HCC, but it may also be elevated 
in other liver conditions, including CCA, metastatic colon cancer, and chronic viral 
hepatitis, making the use of AFP in the diagnosis of HCC controversial [ 7 ]. 
Additionally, the AFP level is normal in approximately 40 % of HCC patients, even 
when the cancer is advanced. However, the trajectory of the AFP level is useful as 
a marker of treatment response in  patients   with AFP-producing tumors [ 7 ].  

    Staging 

 Accurate staging of HCC is a crucial  determinant   for treatment selection and 
p rognostication. Multiple staging systems have been proposed, including the 
American Joint Committee on Cancer Tumor-Node-Metastasis system, the  Okuda 
classifi cation  , the  Barcelona Clinic Liver Cancer (BCLC) staging system  , and oth-
ers. The BCLC system is most frequently used because it unifi es the cancer stage, 
liver function, and comorbid illnesses into a clinically practical approach that facili-
tates the selection of HCC treatment [ 7 ]. BCLC staging incorporates tumor size, 
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number, extent, liver function (represented by the Child–Pugh score), and comorbid 
illnesses (represented by the performance status) to stage patients as stage 0 (very 
early HCC), stage A (early HCC), stage B (intermediate HCC), stage C (invasive or 
metastatic HCC), and stage D (end-stage HCC) (Fig.  6.3 ). Each BCLC stage is 
linked to a suggested treatment and prognosis.

       Management 

 Optimal management of HCC requires a  multidisciplinary   approach with the 
involvement of gastroenterologists/hepatologists, hepatobiliary and  transplant   sur-
geons, diagnostic and interventional radiologists, and medical and radiation oncolo-
gists. Patients with very early HCC (BCLC stage 0), who have single tumors less 
than 2-cm in diameter with excellent liver function and performance status, may be 
treated with surgical resection or  percutaneous ablation  . Resection is the treatment 
of choice, though only 5 % of patients in Western countries are candidates due to 
surgical contraindications such as portal hypertension, poor liver function, or non- 
liver- related comorbidities [ 7 ]. In cirrhotic patients, resection may induce hepatic 

  Fig. 6.2    Multiphase contrast-enhanced magnetic resonance imaging demonstrating the typical 
radiographic features of hepatocellular carcinoma. The liver mass ( arrow  in all panels) promi-
nently enhances in the arterial phase (panel  a ) and is  hypoenhancing   to the surrounding liver 
parenchyma (washes out) in the portal venous (panel  b ) and delayed phases (panel  c ). A ring of 
enhancement (pseudocapsule) encircles the periphery of the mass ( arrowheads  in panels  b  and  c ). 
Images provided by Alice Fung, MD       
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decompensation, and careful preoperative patient selection may prevent this poten-
tially deadly complication. The 5-year overall survival after resection of very early 
HCC is theoretically over 90 %, but recurrence is common, occurring in approxi-
mately 70 % of patients within 5 years [ 6 ,  7 ]. 

 Early stage HCC (BCLC stage A) may be treated with surgical resection if only 
1 tumor is present with preserved liver function and good performance status. 
Therapeutic options for nonresectable BCLC stage A HCC include percutaneous 
ablation,  transarterial chemoembolization  ,  transarterial radioembolization  , and 
 radiation therapy  , with liver transplantation available as an adjunctive treatment in 
selected patients.  Percutaneous ablation   includes percutaneous ethanol injection, 
 radiofrequency ablation  , cryoablation, microwave ablation, and irreversible electro-
poration [ 7 ]. Percutaneous ethanol injection is an effective treatment for small 
tumors (<2-cm), achieving a necrosis rate of 90–100 %, but it is less effective for 
larger tumors (only 50 % tumor necrosis is achieved for tumors greater than 3-cm) 
and it requires  multiple   procedures [ 6 ,  7 ]. Radiofrequency ablation involves the 
insertion of electrodes into the tumor that deliver directed heat to induce tumor 
necrosis [ 7 ]. The effi cacy of radiofrequency ablation is similar to ethanol injection 
for tumors less than 2-cm, generally requires fewer repeat procedures, and is much 
more effective than ethanol injection for larger tumors up to 5-cm in diameter [ 17 , 

  Fig. 6.3    The Barcelona clinic  liver   cancer staging  system   for hepatocellular carcinoma.  HCC  
hepatocellular carcinoma,  PST  performance status,  TACE  transarterial chemoembolization. 
Adapted from: Bruix J, Llovet JM. Major achievements in hepatocellular carcinoma.  Lancet  
2009;373: 614–616       
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 18 ]. Both ethanol injection and radiofrequency ablation are associated with a small 
risk of needle-track tumor seeding [ 19 ,  20 ]. 

 Candidacy for  liver transplantation   depends on the extent of the tumor and the 
presence of medical and psychosocial comorbidities (including substance abuse). 
Most liver transplant centers in the U.S. employ the Milan criteria as the upper limit 
of cancer size and number to permit transplantation [ 21 ]. These criteria require a 
single tumor less than 5-cm in diameter or up to 3 tumors, all less than 3-cm in 
diameter, and predict a 4-year posttransplant survival of over 70 %. A small  number   
of U.S. transplant centers utilize less restrictive selection criteria for the transplanta-
tion of HCC, including the University of California San Francisco criteria, which 
allow tumors up to 6.5-cm in diameter, or transplantation only after cancer treat-
ment has reduced the size and number of tumors to within the Milan criteria (“down-
staging”) [ 22 ,  23 ]. 

 HCC that initially meets criteria for transplantation may later grow to exceed 
transplant criteria, leading to deactivation on the liver transplant wait-list. The rate 
of wait-list exclusion secondary to cancer progression is up to 25 % when the wait-
ing time is greater than 1 year [ 24 ]. To reduce waiting time for transplantation, 
patients with HCC are given additional priority for liver transplantation (termed 
“MELD exceptions”) [ 7 ]. Enactment of MELD exceptions for HCC greatly 
increased the proportion of HCC patients receiving  liver transplantation   [ 25 ]. 

 Patients with intermediate stage HCC (BCLC stage B) are primarily treated with 
 transarterial chemoembolization   or radioembolization, and are not candidates for 
surgical resection or liver transplantation. Transarterial chemoembolization 
involves catheterization of the femoral artery, followed by injection of chemothera-
peutic agents and embolization of the branch of the hepatic artery feeding the tumor 
[ 7 ]. Careful patient selection is necessary because transarterial chemoembolization 
may induce liver failure in patients with decompensated liver disease (Child–Pugh 
class B or C) [ 7 ]. A self-limited postembolization syndrome characterized by fever, 
abdominal pain, nausea,    and/or ileus occurs in 50 % of patients. Transarterial che-
moembolization is not curative, but it has been shown to delay tumor progression 
and prolong survival (20–60 % at 2 years) [ 26 ,  27 ].  Transarterial radioembolization   
is a newer approach that is best suited for the treatment of larger, infi ltrative tumors 
and involves the catheter-based delivery of a radioactive isotope (yttrium-90) bound 
to glass microspheres into the hepatic artery branch feeding the tumor [ 28 ]. No 
randomized trials comparing transarterial chemoembolization with radioemboliza-
tion have been performed, although observational studies suggest similar effi cacy. 
Radioembolization has been associated with shorter hospitalization after treatment 
and better short-term quality of life [ 29 ,  30 ]. 

 In patients with advanced HCC with  preserved   liver function and performance 
status (BCLC stage C) or in patients who failed liver-directed treatments,  chemo-
therapy   with sorafenib, an oral multikinase inhibitor, improves survival. In two ran-
domized controlled trials, the median survival with sorafenib ranged from 6.5 to 
10.7 months, compared to 4.2–7.9 months with placebo [ 31 ,  32 ]. Sorafenib may 
cause adverse effects including diarrhea, nausea, fatigue, weight loss, and a rash 
involving the palms and soles of the hands and feet (hand-foot syndrome) [ 32 ]. 

6 Malignant Liver Lesions



80

 Patients with end-stage HCC (BCLC stage D) are not candidates for HCC ther-
apy due to severe comorbidities, advanced liver disease, or poor performance status, 
regardless of the extent of their HCC. The prognosis of BCLC stage D HCC is poor 
(3-month median survival), and none of the therapies discussed earlier improve 
survival or quality of life [ 7 ]. The  primary   treatment for BCLC stage D HCC 
includes symptomatic/palliative care approaches, and early referral to hospice is 
advised.  

     Fibrolamellar Carcinoma   

 Fibrolamellar carcinoma is a rare variant  of   HCC, making up 0.85 % of primary 
liver cancers [ 33 ]. Unlike typical HCC, fi brolamellar carcinoma generally occurs in 
noncirrhotic patients without a male predominance and is also more frequent in 
younger patients of white race [ 33 ,  34 ]. Like HCC, the diagnosis can usually be 
made solely with dynamic CT or MRI, and only rarely requires tumor biopsy [ 34 ]. 
Compared to typical HCC, fi brolamellar carcinoma is more often amenable to sur-
gical resection. Despite this advantage, fi brolamellar carcinoma has a prognosis 
similar to that of HCC in noncirrhotic patients [ 34 ,  35 ]. When resection is not an 
option,  liver transplantation   is sometimes possible [ 36 ]. Because fi brolamellar car-
cinoma is rare,  scant   data are available for the use of liver-directed treatments and 
systemic chemotherapy [ 35 ].   

    Cholangiocarcinoma 

    Epidemiology 

  Accounting   for 8 % of primary liver cancers, cholangiocarcinoma (CCA) is the 
second most common primary liver cancer after HCC [ 3 ]. CCA is classifi ed 
 according   to its location within the biliary tree: intrahepatic (5–10 %), perihilar 
(60–70 %),  or   extrahepatic (20–30 %) [ 37 ]. CCA treatment varies by the location 
of involvement.  

    Risk Factors 

 The strongest risk factor for CCA is primary sclerosing cholangitis [ 38 ]. Cirrhosis 
is also a strong risk factor for intrahepatic CCA.  Other  , weaker risk factors for 
CCA largely involve infl ammatory disorders, toxic exposures, and congenital 
malformations of the biliary tract. These include tobacco or alcohol abuse, older 
age, liver fl uke infection, Caroli’s disease, choledochal cysts, bile duct adenomas, 
chronic intrahepatic biliary stones, vinyl chloride exposure (an intermediate 
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product in plastics manufacturing), and Thorotrast exposure (a commonly used 
radiocontrast agent in the 1930–1940s) [ 39 ,  40 ]. However, a large proportion of 
CCA occurs in patients without known risk factors [ 3 ].  

    Diagnosis 

 Unlike HCC, the diagnosis of CCA cannot be established with imaging alone and 
requires tumor biopsy. In patients with tumors that are considered to be  technically   
resectable based on the extent of liver and bile duct involvement and the absence 
of medical comorbidities or major liver dysfunction, surgical resection is the initial 
diagnostic and treatment modality of choice [ 41 ]. In patients who are not candi-
dates for  liver resection  , needle core biopsy is required [ 2 ]. Dynamic CT and MRI 
supplement biopsy for cancer staging and treatment planning, allowing the evalu-
ation of vascular invasion, metastatic spread, and in surgical candidates, the size of 
the potential liver remnant [ 2 ,  40 ]. The tumor marker CA 19-9 is elevated in some 
CCA patients but has a sensitivity and specifi city of only 62 and 63 % for CCA 
diagnosis [ 42 ]. AFP and carcinoembryonic antigen (CEA) levels may also be ele-
vated in CCA but  are   nonspecifi c [ 7 ,  41 ].  

    Management 

 The 1-year mortality of untreated CCA is high (50–70 %), and aggressive treatment 
is warranted when possible [ 43 ]. Surgical resection is the only curative treatment 
for CCA. Unfortunately, recurrence following resection occurs  in   most patients 
within 2 years, and the median survival after resection is 36 months [ 44 ]. Surgical 
candidacy requires  the   absence of nodal or distant metastases or vascular invasion 
[ 45 ]. Patients who are not candidates for surgical resection are treated with  chemo-
therapy   (gemcitabine and cisplatin), which achieves a median survival of 11.7 
months, compared to 8.1 months for gemcitabine alone [ 46 ]. 

 Historically, cholangiocarcinoma has been a contraindication for  liver trans-
plantation  . However, recent studies have shown that carefully selected patients 
with early stage perihilar CCA may be treated with liver transplantation with 
good posttransplant survival (53 % at 5 years) [ 47 ]. The restrictive protocol for 
transplantation of perihilar HCC requires an unresectable early stage perihilar 
CCA with a good tumor response to external beam  radiation therapy   and 
c hemotherapy, followed by diagnostic laparoscopy showing no metastatic dis-
ease. A quarter of patients with potentially transplantable CCA drop off the 
transplant waiting list due to tumor progression or inability to complete  pretrans-
plant   chemoradiation [ 43 ].   
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    Rare Primary Liver Tumors 

    Epithelioid  Hemangioendothelioma   

 Epithelioid hemangioendothelioma (EHE) is an uncommon vascular tumor with 
moderate malignant potential. According to the most recent World Health 
 Organization   classifi cation, EHE is considered a malignant vascular tumor similar 
to angiosarcoma, though with a better prognosis [ 48 ]. The incidence of EHE is less 
than 1/1,000,000 [ 49 ]. EHE risk factors are largely unknown given its low inci-
dence, but it is most commonly diagnosed in young to middle-aged women [ 49 ]. 
Oral contraceptive pills, vinyl chloride, and Thorotrast exposures have also been 
implicated as potential EHE risk factors [ 50 ]. EHE is usually multifocal (81 %) and 
mimics metastatic disease on imaging studies, necessitating tumor biopsy for diag-
nosis [ 49 ]. Because of its multifocality, resection is frequently not possible and  liver 
transplantation   is required for cure [ 51 ]. The 1-year and 5-year survival rates of 
EHE without treatment are 39.3 and 4.5 %, respectively, but improve to 96 and 
54.5 % with  liver   transplantation, and 100 and 75 % with surgical resection [ 49 ]. 
In patients who are not candidates for resection or transplantation,  chemotherapy   
and radiation regimens similar to those for angiosarcoma are recommended, typi-
cally including celecoxib, paclitaxel, and antiangiogenic drugs. The 1-year and 
5-year survival rates with combination chemotherapy and radiation are 73.3 and 
30 %, respectively [ 49 ].  

    Hepatic Angiosarcoma 

  Hepatic angiosarcoma   is a rare primary liver cancer, representing 0.5–2 % of 
primary liver cancers. Less than 5 % of all angiosarcomas arise from the liver 
[ 52 ]. Angiosarcoma risk factors are largely environmental, with exposure to 
vinyl chloride the most common (25 % of cases) [ 53 ,  54 ]. Arsenic and Thorotrast 
exposures have also been implicated in hepatic angiosarcoma [ 53 ]. Finally, 
sparse data suggest that long-term anabolic steroid exposure may also increase 
hepatic angiosarcoma risk [ 52 ]. Hepatic angiosarcoma can mimic HCC, EHE, 
and hepatic adenomas on imaging, mandating tissue evaluation for diagnosis 
[ 55 ]. The utility of needle core biopsy is compromised by frequent false negative 
results, and surgical biopsy or resection  is   often necessary. Treatment for angio-
sarcoma includes a combination of surgical resection,  chemotherapy  , and/or 
 radiation therapy  . Without treatment, the median survival for hepatic angiosar-
coma is 5 months, but the median survival increases to 17 months when these 
treatments are employed [ 53 ]. Hepatic angiosarcoma may be complicated by 
spontaneous or biopsy-related tumor hemorrhage, and transarterial embolization 
may be used to effectively prevent or treat this complication [ 53 ]. Hepatic angio-
sarcoma is a  contraindication   to liver transplantation due to frequent posttrans-
plant cancer recurrence [ 56 ,  57 ].  
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    Hepatoblastoma 

  Hepatoblastoma (HB)   is the most common primary liver cancer in children (80 %), 
with a peak incidence in the fi rst 3 years of life, but it is nevertheless rare, represent-
ing only 1 % of all pediatric cancers [ 58 ]. Approximately forty cases of HB have 
been reported in adults [ 59 ]. Premature birth, low birth weight, and male sex are 
possible risk factors [ 58 ]. Tumor biopsy is required for diagnosis, but dynamic CT 
or MRI may be used to assess vascular involvement, which determines candidacy 
for resection [ 58 ,  60 ]. Historically, early stage HB was treated with neoadjuvant 
chemotherapy and surgical resection; however, primary resection with adjuvant 
chemotherapy has more recently been shown to confer longer survival in selected 
patients [ 58 ].  Liver transplantation   is the recommended treatment for HB with 
extensive liver involvement and yields  similar   survival to early stage HB treated 
with resection (75 % 5-year survival) [ 58 ,  60 ].   

    Metastatic Lesions and Lymphoma 

     Metastatic Liver Lesions   

 Metastatic lesions are by far the most common type of liver cancer, occurring about 
30 times more often than primary liver cancer in noncirrhotic patients. In contrast, 
primary liver cancers outnumber metastases by about three to one in patients with 
cirrhosis [ 3 ]. Liver  metastases   occur at a lower absolute frequency in cirrhotic com-
pared to noncirrhotic patients, implying that fi brosis may make the liver less hospi-
table to metastatic deposition [ 61 ]. The most common primary cancer sites for liver 
metastases are the lung, breast, colon, and pancreas, but metastases may originate 
from almost anywhere in the body. Liver metastases from head and neck cancers 
and sarcomas are distinctly uncommon [ 3 ]. 

 Treatment of liver  metastases   greatly depends on the site of origin and may 
include  chemotherapy  , radiation, liver-directed therapy, resection, and in rare cases, 
 liver transplantation  . Good surgical candidates with isolated liver metastases from 
colorectal cancer are  frequently   treated with hepatic resection, though up to two- 
thirds of patients will experience cancer recurrence within 5 years [ 62 ].  Radio-
frequency ablation  ,  transarterial chemoembolization  , and  radiation therapy   are 
alternative approaches in nonsurgical candidates with a low burden of disease in the 
liver, with higher reported rates of recurrence [ 62 ,  63 ]. Patients with neuroendocrine 
tumors, often of pancreatic origin, frequently experience liver metastases (40–75 %), 
which may be treated with surgical resection or liver transplantation, depending on 
the burden of hepatic disease  and   surgical candidacy [ 62 ,  64 ]. The 5-year survival 
after resection of metastatic neuroendocrine tumors is good (60–75 %), but recur-
rence is common (85–100 %) [ 62 ,  63 ]. Liver transplantation is an option in selected 
patients with large hepatic tumor burdens, with 5-year survival rates of 49 % [ 65 ]. 
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As with colorectal cancer metastases, liver-directed therapies and radiation can be 
applied in nonsurgical candidates. Metastases to the liver from primary sites other 
than colorectal and neuroendocrine cancers are not treated with resection due to a 
high risk of cancer recurrence (61–80 %) [ 66 ].  

     Hepatic Lymphoma   

 Lymphomas are a heterogeneous group of hematologic malignancies with a pri-
mary origin in any organ that contains lymphocytes, frequently involving the lymph 
nodes but sometimes only extranodal sites, including the liver. Lymphomas are 
classifi ed as Hodgkin’s disease and non-Hodgkin lymphoma [ 67 ]. Non-Hodgkin 
lymphoma frequently involves the liver (26–40 %), presenting as diffuse infi ltration 
or focal liver masses [ 68 ]. The cornerstone of treatment for hepatic lymphoma is 
chemotherapy. Antiviral treatment for HCV should also be considered with HCV- 
associated lymphoma subtypes, although it is unknown whether a HCV cure impacts 
lymphoma progression or recurrence [ 69 ]. 

  Hepatosplenic T-cell lymphoma (HSTCL)   is a uniformly fatal, rare lymphoma 
(3 % of T-cell lymphomas) that occurs most often in young men [ 70 ,  71 ].  About   
one-third of HSTCLs are associated with immunosuppressed states, especially 
infl ammatory bowel disease treatment regimens that  include   azathioprine [ 72 ]. 
Treatment of HSTCL includes  chemotherapy   or bone marrow transplantation, but 
survival remains poor (8-month median survival) [ 71 ,  73 ].   

    Conclusion 

 The diagnosis and management of liver cancer is challenging and requires a multi-
disciplinary approach. The future burden of primary liver cancer in the U.S., the 
majority of which is HCC, will be shaped by changes in the prevalence of risk fac-
tors for  cirrhosis  , such as nonalcoholic steatohepatitis and HCV. Population-level 
studies using the Surveillance, Epidemiology, and End Results cancer registry sug-
gest that HCC incidence may be nearing its peak in the U.S., and the increasing 
application of newly available direct-acting HCV therapies promises to further 
reduce the incidence of HCV-related cirrhosis and HCC over the next decade [ 74 –
 77 ]. On the other hand, the rising incidence of diabetes, obesity, and metabolic 
syndrome have fueled an epidemic of nonalcoholic steatohepatitis, the most com-
mon liver disease in Western countries and an emerging, common risk factor for 
cirrhosis [ 78 ,  79 ]. As the epidemic of HCV infection recedes, a  continued   reduction 
in HCC incidence will require that attention be turned to the development of effec-
tive strategies to stem the tide of nonalcoholic fatty liver disease.      
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    Chapter 7   
 Health Maintenance in Liver Disease 
and Cirrhosis                     

     Veronica     Loy     

          Patient Questions 

     1.    Should I receive vaccinations if I have liver disease?   
   2.    Should I be evaluated for bone disease if I have liver disease?   
   3.    Can I drink coffee?   
   4.    What can I take for pain if I have liver disease?      

    Question One: Should I Receive Vaccinations 
If I Have Liver Disease? 

 Answer: Patients with liver disease are at an increased risk of worsening of their 
underlying liver disease or developing acute hepatitis by contracting viral hepatitis 
and should be vaccinated for hepatitis A and B. Patients with cirrhosis in particular 
also have an increased risk of worsening liver function from infl uenza or pneumo-
coccal infection and thus should be vaccinated. Cirrhotics should avoid live vac-
cines if feasible due to the potential risk of developing infection. 

        V.   Loy ,  D.O.      (*) 
  Division of Hepatology ,  Loyola University of Chicago , 
  2160 S First Avenue ,  Maywood ,  IL   60153 ,  USA   
 e-mail: veronica.loy@luhs.org  

mailto:veronica.loy@luhs.org


90

     Hepatitis A Vaccination      

 Acute  hepatitis A virus (HAV)      infection in patients with chronic liver disease has 
been shown to have a higher risk for fulminant hepatic failure or hepatic decompen-
sation. Between 1983 and 1988, 115,551 cases of HAV were reported to the 
CDC. While the overall fatality rate in these cases was only 0.33 % in patients who 
were HBsAG carriers, the calculated rate was 11.7 % or a 50-fold higher risk of 
death in a hepatitis B carrier. These effects appear more pronounced in older patients 
with histological evidence of chronic hepatitis or frank cirrhosis [ 1 ]. Similarly, 
patients with chronic hepatitis C virus (HCV) infection who are then infected with 
HAV have a signifi cant increase in morbidity and mortality. One study showed that 
of 432 HCV patients, 3.9 % developed acute HAV. Of those who were infected with 
HAV, 41 % developed fulminant hepatitis; this rate is dramatically higher than the 
rate in the general population (<1 %) [ 2 ]. These rates have not been confi rmed in 
other studies. Reports of fulminant HAV infection in patients with cryptogenic cir-
rhosis or alcohol-related liver disease support the conclusion that patients with 
chronic liver disease are at risk for poor outcomes with acute HAV infection. 

 A protective vaccination for  hepatitis      A exists. All patients with chronic liver 
disease, who are not immigrants from an endemic area such as India, should be 
tested for immunity against hepatitis A. Patients from endemic areas are thought to 
have nearly 100 % immunity [ 3 ]. Since prevalence in the USA of HAV immunity 
ranges from 30 to 65 %, targeted vaccination strategies have been found to be the 
most cost effective [ 4 ]. Patients should have hepatitis A virus IgG serology evalua-
tion prior to vaccination administration. If patients do not exhibit IgG antibody to 
HAV, they should be offered vaccination with two formalin-inactivated hepatitis A 
virus vaccinations at 0 and 6 months (Table  7.1 ).

    Table 7.1    Recommended vaccinations for cirrhotic patients   

 Vaccinations  Brand names  Dose  Schedule 

 Hepatitis A  Havrix 
 Vaqta 

 1440 EL.U in 1 mL IM 
 50 U in 1 mL IM 

 0, 6–12 months 

 Hepatitis B  Engerix-B 
 Recombivax HB 

 20 mig in 1 mL IM 
 10 mig in 1 mL IM 

 0, 1, 6 months 

 Hepatitis A/B  Twinrix (Havrix and 
Engerix-B) 

 720 EL.U HAV and 20 
mig HBsAG in 1 mL IM 

 0, 1, 6 months 

  H. infl uenza   Fluarix 
 FluLaval 

 0.5 mL IM  Annual 

 Pneumococcal  PCV13 (Prevnar 13) 
 PPSV23 (Pneumovax) 

 0.5 mL IM 
 0.5 mL IM 

 PCV13 followed by 
PPSV23 in 8 weeks 
 PPSV23 every 3–5 
years 

 TdaP  Daptacel 
 Infanrix 

 0.5 mL IM 
 0.5 mL IM 

 10 Years 
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   The vaccine is only slightly less immunogenic in patients with chronic liver disease 
than the general population, with seroconversion rate of 93 % [ 5 ]. In patients with 
decompensated cirrhosis conversion rate is 20–50 % compared to 99 % in immuno-
competent hosts [ 6 ]. One series illustrated that predictors of non-response were the 
presence of an alcoholic component of liver disease and a worse stage of liver failure 
[ 7 ]. Evidence supports as disease worsens response to HAV vaccine worsens; there-
fore, vaccination should be given as early as possible in the disease course of chronic 
liver disease when the patient has a better chance of achieving  seroconversion     . To 
document response, anti- HAV   IgG may be assessed 3 months after fi nal vaccination.  

     Hepatitis B Vaccination      

 Much like hepatitis A, acute  hepatitis B virus (HBV)      has been implicated in fulmi-
nant hepatitis in patients with chronic liver disease such as those with hepatitis C [ 8 ]. 
Additionally, patients with chronic HBV and HCV co-infection have worse outcomes 
than patients with either infection alone [ 9 ]. One study shows signifi cantly high rates 
of cirrhosis (95 % vs. 48 %) and hepatocellular carcinoma (63 % vs. 15 %). 

 Similar to the case of HAV, the CDC also recommends vaccination of all patients 
with chronic liver disease against hepatitis B (Table  7.1 ). Because the prevalence of 
previous infection is more than 30 % in patients with chronic liver disease, it is cost 
effective to screen patients prior to vaccination [ 10 ]. Patients should be tested for 
immunity and if negative should be given three doses at 0, 1, and 6 months. 
Immunogenicity is diminished in cirrhotic patients. The proportion of antibody 
response is 40–70 % in cirrhotic patients and 30–50 % in decompensated cirrhotics; 
this again suggests that vaccination early in the disease course is preferred [ 11 ]. 
Antibody response should be verifi ed 2–3 months after completion of vaccination. 
For those without a response, a second series will result in immunity in 60 % of 
patients [ 12 ]. If patients are over 18 years of age a combined vaccination for hepa-
titis A and B is available called Twinrix. This may be used if both vaccinations are 
indicated.  

     Infl uenza Vaccination      

 Patients with cirrhosis are at high risk for complications of infl uenza. While infl u-
enza is not more common in cirrhotic patients than the general population, it may 
increase the risk of decompensation by producing TNF alpha, and IL-1 and IL-6 
cytokines [ 13 ]. One study illustrated that the infl uenza vaccine reduced the risk of 
decompensation in cirrhotic patients [ 14 ]. The CDC recommends annual infl uenza 
vaccination for patients with cirrhosis as soon as the fl u season begins in September. 
While the CDC does not have guidelines about cirrhotic patients receiving live vac-
cinations, typically the inactivated vaccination is preferred in these patients.  
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     Pneumococcal Vaccination      

 Patients with chronic liver disease are at higher risk for pneumococcal infection 
[ 15 ]. Patients with cirrhosis have higher rates of mortality during a pneumococcal 
infection than non-cirrhotic patients. Patients with cirrhosis are more likely to have 
bacteremia during a pneumococcal infection [ 16 ]. For this reason, pneumococcal 
vaccination is recommended in all cirrhotic patients. In 2010 the CDC guidelines 
recommended adults who had not previously received PCV13 pneumococcal con-
jugate vaccine (PCV13) or pneumococcal polysaccharide vaccine (PPSV23) should 
receive a dose of PCV13 fi rst, and followed by a dose of PPSV23 at least 8 weeks 
later. A second PPSV23 dose is recommended 5 years after the fi rst PPSV23 dose. 
Patients who previously have received ≥1 doses of PPSV23 should be given a 
PCV13 dose ≥1 year after the last PPSV23 dose was received.   

    Question Two: Should I Be Evaluated for Bone Disease 
If I Have Liver Disease? 

 Answer: The majority of patients with liver disease should be evaluated with bone 
densitometry for low bone density. There is a high prevalence of bone disease in 
patients with liver disease. This is particularly true in cholestatic liver disease such 
as primary biliary cirrhosis, alcohol-related liver disease, or cirrhosis of any etiol-
ogy. Additionally, fat-soluble vitamin levels such as vitamin D are often low, which 
can contribute to osteopenia and osteoporosis. 

    Vitamin D Defi ciency 

 The prevalence of  vitamin D defi ciency   is 60 % in cirrhotic patients and as high as 
96 % at the time of liver transplantation [ 17 ]. Despite the high prevalence of vitamin 
defi ciency, osteomalacia (defective bone mineralization with subsequent softening 
of the bones) is rare but osteoporosis and osteopenia are not uncommon. Low vita-
min D has been associated with low bone mineral density, hip fracture, and high 
bone turnover and contributes to osteoporosis in patients with chronic liver disease. 
A recent study by Venu et al. showed insuffi cient vitamin D in 83 % of cirrhotic 
patients [ 18 ]. Osteopenia or osteoporosis was noted in 45 and 18 % of cirrhotic 
patients, respectively; of those patients with osteoporosis, 100 % had vitamin D 
defi ciency. Etiology of liver disease (including cholestatic etiology versus other) 
was not predictive of who developed vitamin D defi ciency.  
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     Low Bone Density   

 Patients with chronic liver disease exhibit many risk factors for low bone density and 
osteoporosis. Known risk factors include poor nutrition, steroid use, alcohol intake, 
and hypogonadism [ 17 ]. Cirrhotic patients are not the only patients with liver disease 
at risk for low bone density. One study showed that alcohol intake was inversely 
related to bone mineral density in men. Additionally, in 76 men who drank 216 g/day 
or more for 24 years, 30 % had vertebral fractures regardless of stage of fi brosis on 
histology [ 19 ]. Non-cirrhotic patients with  hemochromatosis   also have high rates of 
osteoporosis which seem to correlate with the degree of hepatic iron level. 

 Patients with non-cirrhotic biliary disease have been examined for increased rates 
of  osteopenia   and  osteoporosis     . The incidence of osteoporosis in primary sclerosing 
cholangitis (PSC) is between 3 and 32 %. It does not appear that treatment with urso-
deoxycholic acid improves bone density in this patient population [ 20 ]. According to 
the  American Association for the Study of Liver Disease (AASLD)   practice guide-
lines, bone density should be evaluated with any new PSC diagnosis and at subse-
quent 2–3-year intervals [ 21 ]. The AASLD guidelines also recommend calcium and 
additional vitamin D to promote calcium absorption in patients with proven osteope-
nia [ 21 ]. Patients with end-stage  primary biliary cirrhosis (PBC)      have signifi cantly 
greater risk of osteopenia and osteoporosis than do age-matched and sex-matched 
controls, although this has been subject to controversy. Recent studies show that 
PBC patients have a fourfold increased risk of osteoporosis [ 22 ]. The  American 
Gastroenterological Association (AGA)   guidelines suggest that bone mineral den-
sity evaluation should be considered in all patients with PBC at diagnosis, whereas 
other recommendations limit bone mineral density evaluation to patients with biliru-
bin greater than three times the upper limit of normal [ 23 ,  24 ]. The AASLD recom-
mends baseline and regular screening every 2–3 years using bone mineral density 
testing [ 25 ]. The AASLD also recommends measuring annual vitamin D levels in 
patients with advanced disease. In PBC patients with osteoporosis, alendronate has 
been shown in a randomized controlled trial to signifi cantly improve bone density 
when compared to placebo. Therefore, AASLD recommends alendronate for osteo-
porosis, but only if the patient has no known varices or refl ux [ 25 ]. 

 Cirrhotic patients of all etiologies are at an increased risk for osteoporosis. 
Prevalence of osteoporosis varies in studies but ranges from 12 to 55 % [ 26 ,  27 ]. 
Rates of osteoporosis increase with worsening hepatic function refl ected by a higher 
Child’s score and do not seem to correlate with degree of cholestasis. AASLD sug-
gests screening densitometry in all cirrhotic patients and all patients undergoing 
transplant evaluation [ 28 ]. 

 Low bone density and  osteoporosis   are particularly concerning in liver transplant 
recipients. In the fi rst 3 months following liver transplantation, bone density falls 
dramatically [ 29 ]. This is a time when patients are limited in their mobility and typi-
cally receiving high-dose corticosteroids to prevent rejection. Fracture rates of 
15–35 % have been reported, with most fractures occurring within the fi rst 2 years 
of transplantation. A recent study showed that 25 % of patients have new fracture 
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within the fi rst 6 months after liver transplantation. Another study showed that bone 
density decreases in the fi rst 6 months and remains low in the femoral neck, but 
improves to exceed pretransplantation  density   in the lumbar spine by 2 years [ 29 ]. 
The role of calcineurin inhibitors in bone turnover following transplantation remains 
controversial. However, long-term steroid use increases the risk for decreased bone 
mineral density.   

    Question Three: What Effect Does Coffee Have on My Liver 

 Answer: Coffee has been shown to be benefi cial in many types of liver disease. 
Increased coffee consumption reduces mortality, decreases progression of  nonalco-
holic fatty liver disease (NAFLD)        , decreases the rate of scarring in the liver and 
progression to cirrhosis, decreases rate of liver cancer development, and increases 
treatment response to hepatitis C antiviral interferon-based therapy (Table  7.2 ).

   Coffee has been shown to decrease the risk of all-cause mortality and be benefi -
cial in many medical conditions. Numerous studies between 1996 and 2010 have 
shown an inverse relationship between coffee consumption and liver enzymes 
including GGT and ALT. A large study of over 12,000 patients completed in Japan 
showed a strong inverse relationship between coffee consumption and GGT in male 
alcohol drinkers ( P  < 0.0001) [ 30 ]. The third  National Health and Nutrition 
Examination Survey (NHANES)   also found that coffee consumption and caffeine 
were associated with decrease in ALT in patients who were at high risk for liver 
disease [ 31 ]. 

 Several studies also show decreased risk of  fi brosis progression   in patients with 
chronic liver disease who are coffee drinkers. One notable study completed by Modi 
et al. demonstrated that those who drank >2 cups of coffee a day was associated 
with lower rates of fi brosis (OR 0.3 95 % CI 0.14–0.8  P  = 0.015) [ 32 ]. Long-term 
follow-up of 19 years showed that patients who drank more than two cups of coffee 
a day had less than half the rate of chronic liver disease. Interestingly, this effect was 
not seen with non-coffee caffeine sources [ 33 ]. 

   Table 7.2    Benefi ts of coffee in liver disease   

 Decrease in ALT and GGT 
 Decrease in fi brosis progression in HCV, NASH, and other causes of liver disease 
 Higher SVR in patients treated for HCV with IFN + RBV 
 Decreased risk of NAFLD 
 Decreased risk of HCC in cirrhotic patients 
 Decreased mortality in alcoholic cirrhosis 
 All-cause decrease in mortality 

   IFN  interferon,  RBV  ribavirin  
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 Coffee has been shown to decrease the mortality risk in both  alcoholic and 
nonalcoholic cirrhosis  , with RR 0.77 per cup per day [ 34 ]. Long-term studies 
show a dose-dependent decrease in risk of cirrhosis [ 35 ]. Coffee use in patients 
with hepatitis C has been shown to decrease fi brosis progression. In the well-
known HALT-C trial, coffee drinkers had decreased rates of fi brosis progression 
[ 36 ]. Hepatitis C virus patients who drank coffee while on interferon/ribavirin 
antiviral therapy had a higher rate of  sustained virologic response (SVR)     , which in 
part may be due to a higher tolerance of interferon-associated side effects (60 % 
vs. 50 %) [ 37 ]. 

  NAFLD   is perhaps the most well-studied patient population in respect to the 
effect of coffee on liver disease. NHANES illustrated that caffeine intake was asso-
ciated with decreased risk of NAFLD [ 38 ]. Cross-sectional studies show that coffee 
consumption was associated with decreased risk in fi brosis in  nonalcoholic steato-
hepatitis (NASH)         patients [ 38 ]. Molloy et al. studied 306 patients’ coffee consump-
tion and evaluated the stage of fi brosis showing that an increase in coffee consumption 
inversely correlated with fi brosis stage with RR −0.7 [ 38 ]. 

 Finally, coffee appears to be protective against the development of  hepatocellular 
carcinoma (HCC)        . Several case-controlled studies illustrate that increase in coffee 
intake was associated with a dose-dependent decrease in HCC risk. Montella et al. 
found a dose-effect relationship between coffee intake and risk of HCC for people 
who consumed four or more cups daily (OR 0.4, 95 % CI 0.2–1.1) [ 39 ]. Several 
studies analyzing the Japan Collaborative Cohort Study demonstrate decreased risk 
of HCC and death with increased coffee consumption [ 40 – 42 ].  

    Question Four: What Can I Take for My Pain? 

 Answer: Most medications utilize the liver for clearance, detoxifi cation, and excre-
tion. Pain medications must be used with caution.  Pain management   is particularly 
challenging in cirrhotic patients. In general  nonsteroidal anti-infl ammatory drugs 
(NSAIDs)      and  opioids   should be avoided. Acetaminophen at doses less than 2–3 g/
day or tramadol is a more appropriate choice for pain management. 

     Acetaminophen      

 Acetaminophen is an excellent analgesic that is safe in proper doses. It can cause 
acute liver damage and fulminant liver failure when not dosed properly. In patients 
with cirrhosis lower doses should be used. One study showed that up to 4 g/day was 
safe in patients with chronic liver disease. Another study showed that up to 2 g/day 
in cirrhotic patients was safe in those not actively drinking alcohol. The threshold 
for safety is lower for those actively drinking alcohol and the malnourished.  
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     NSAIDs   

 NSAIDs should be avoided in patients with cirrhosis. Cirrhotic patients have altered 
coagulation and risk for bleeding. NSAIDs cause impairment in platelet function 
which may propagate bleeding. Additionally cirrhotic patients are at risk for renal 
insuffi ciency. NSAIDs decrease renal blood fl ow and may also lead to renal failure. 
For these reason, NSAIDs should be avoided in cirrhotic patients.  

     Tramadol      

 Tramadol is a centrally acting synthetic analgesic that is not an opiate. It has good 
analgesic properties and short half-life of 6 h. There have been no prospective 
 controlled trials in cirrhotic patients; however, it is commonly used for  pain 
management  .  

     Opioids      

 Patients with cirrhosis have a decreased creatinine clearance. Opioids can accumu-
late and cause severe respiratory depression. There is a risk of increased accumula-
tion with repeat dosing. Opioids have also been implicated in causation of hepatic 
encephalopathy directly and also secondarily through worsening constipation. If 
opioids are used in cirrhotic patients they should be given at the lowest possible 
dose with the longest possible interval between doses.      
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    Chapter 8   
 Preoperative and Postoperative Care 
of the Liver Patient                     

     Malcolm     M.     Wells      and     Thomas     D.     Schiano     

          Introduction 

 Patients with  cirrhosis   undergoing surgery are at increased risk of morbidity and 
mortality. Advances in surgery, anesthesiology, intensive care medicine, hematol-
ogy, and liver transplantation medicine have decreased overall mortality rates; how-
ever, cirrhotic patients still remain high surgical risk candidates. Absolute 
contraindications for surgery include acute viral hepatitis, alcoholic hepatitis and 
fulminant liver failure. Otherwise, surgical risk in patients with cirrhosis can be 
assessed using the  Child–Turcotte–Pugh (CTP) classifi cation   (see Table  8.1 ) and 
the  Model for End Stage Liver Disease (MELD) score  . The invasiveness (laparo-
scopic vs. open) and the acuity (emergent vs. elective) of the surgery have an appre-
ciable impact on a patient’s morbidity and mortality as well.

   Prior to surgery, the condition of patients with  decompensated cirrhosis   should 
be optimized as much as possible in order to minimize complications. A tool such 
as the  Preoperative Liver Assessment (POLA) checklist   (see Table  8.2 ) provides a 
simple to use, yet comprehensive approach, in optimizing patients with decompen-
sated cirrhosis. In the following chapter, we will review and discuss the assessment 
of surgical risk and the management of  perioperative   complications in patients with 
cirrhosis who are undergoing surgery.
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    Table 8.1    Child–Turcotte–Pugh  classifi cation     

 1 Point  2 Points  3 Points 

 Bilirubin (mg/dL)  <2  2–3  >3 
 Albumin (g/dL)  >3.5  2.8–3.5  <2.8 
 PT prolong (sec)  <4  4–6  >6 
  Ascites    None  Easily controlled  Poorly controlled 
 Encephalopathy  None  Grade 1–2  Grade 3–4 

  A total Child–Turcotte–Pugh score of 5–6 is considered class A (well-compensated disease); 7–9 
is class B (signifi cant functional compromise); and 10–15 is class C (decompensated disease). 
Adapted from Pugh et al. [ 90 ]  

    Table 8.2     Preoperative   liver assessment (POLA) checklist   

•   Emergent or elective  
 –  If surgery is potentially life-saving, proceed with surgery with adequate informed con-

sent, but also consider nonsurgical alternatives like such as ongoing medical therapy or 
interventional radiologic procedures or palliative care as appropriate 

•   Characterize liver disease  
 –  Determine cause and chronicity of liver disease 

 ⚬ If acute viral or alcoholic hepatitis or severe drug-induced injury, postpone surgery 
for at least 3 months 

 ⚬ If chronic but mild liver disease, proceed with surgery 
 ⚬ If there is evidence of cirrhosis or non-cirrhotic portal hypertension, continue with 

liver assessment 
•   Identify signifi cant comorbid conditions  

 –  Focus on presence of diabetes, chronic kidney disease, and cardiovascular disease 
 –  If moderate or severe nutritional defi ciency is present, optimize nutrition by oral, 

enteral, or even parenteral means before surgery 
•   Perform liver imaging  

 –  MRI or CT are preferred to evaluate for liver appearance, vessel patency, hepatocellular 
carcinoma, and evidence of portal hypertension (e.g., Intra-abdominal varices, spleen size) 

 –  Ultrasound with Doppler is suffi cient if there are contraindications to CT or MRI such 
as acute liver injury 

•   Obtain history of prior hepatic decompensation  
 –  Ascites: if yes, consider future impact on wound healing with postoperative recurrence 
 –  Encephalopathy: if yes, adjust planned sedation and analgesia, and monitor for regular 

bowel movements 
 ⚬ Do not restrict dietary protein (give 1.2–1.5 g/kg protein daily) 

 –  Variceal bleeding: if yes, perform upper endoscopy and initiate variceal hemorrhage 
prophylaxis 

•   Evaluate for current hepatic decompensation  
 –  Ascites: if yes, perform diagnostic paracentesis to evaluate for SBP 

 ⚬ If moderate or severe, perform LVP before surgery 
 ⚬ Consider preoperative TIPS if diuretic resistant and MELD < 15, but not typically for 

emergent cases 
 ▫ Give 2 g sodium diet, 35–45 kcal/g daily 

(continued)
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 –  Encephalopathy: if yes, optimize lactulose to achieve 2–4 bowel movements/day (even 
by NGT) and give rifaximin 
 ⚬ Do not restrict dietary protein (give 1.2–1.5 g/kg protein daily) 
 ⚬ Order aspiration precautions 

 –   Variceal bleeding: if yes, perform upper endoscopy and initiate variceal hemorrhage 
prophylaxis 

 –  Hypoxemia or CHF: if yes, consider hepatopulmonary syndrome or portopulmonary 
 hypertension   
 ⚬ Perform ABG, contrast-enhanced echocardiography 

•   Estimate liver function and likelihood of portal hypertension  
 –  Check serum total bilirubin, albumin, INR, creatinine, platelets, hepatic venous pres-

sure gradient, if available 
•   Calculate CTP, MELD, and modifi ed MELD for surgery at several time points  

 –  Calculator for postoperative mortality risk in patients with cirrhosis found at   http://
www.mayoclinic.org/meld/mayomodel9.html     
 ⚬ Compensated cirrhosis is ASA stage III 
 ⚬ Decompensated cirrhosis is ASA stage IV 

 –  If Child C or MELD >12 or high risk, consider alternatives to surgery or transfer to 
liver transplant center 

 –  If Child C or MELD >12 or high risk, consider completing liver transplant evaluation 
before surgery 

•   Evaluate coagulopathy and anemia  
 –  Give subcutaneous vitamin K supplementation leading up to surgery 
 –  Give DDAVP/desmopressin if renal insuffi ciency present 
 –  Consider use of recombinant factor VIIa for refractory hemorrhage 
 –  In the absence of hemorrhage, do not transfuse platelets if count >50 × 10 3 /μL or cryo-

precipitate if fi brinogen > 50 mg/dL 
 –  Avoid overtransfusion to correct anemia (use hemoglobin goal of 7 g/dL) to avoid 

increasing portal pressures 
•   Review medications  

 –  Avoid hepatotoxic medications like herbal supplementations and acetaminophen >2 g 
per  day   

 –  Avoid nephrotoxic medications like NSAIDs (i.e., ketorolac, ibuprofen) or aminogly-
cosides (i.e., gentamicin) 

 –  Avoid all benzodiazepines for anxiety/insomnia and narcotics or administer those with 
short half-lives 

 –  Monitor and correct for electrolyte and acid–base disturbances that may precipitate 
encephalopathy 

 –  Avoid prophylactic antibiotics with greater risks of drug-induced liver injury like 
amoxicillin-clavulanate (Augmentin), nitrofurantoin, TMP/SMX (Bactrim), cipro-
fl oxacin, and levofl oxacin 

  Ref. [ 10 ]  

Table 8.2 (continued)
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       Assessing Surgical Risk 

    Doctor, The Out-Pouching in My Belly Button Is Bothering Me. 
I Have Also Been Told I Am Suffering from Alcoholic Hepatitis. 
Given My Liver Condition, Can I Have This Umbilical Hernia 
Fixed? 

 There are a number of settings in which elective surgery is contraindicated, as the 
perioperative mortality is unacceptably high. Patients with acute hepatitis (whether 
secondary to viral infection, toxic insults, alcohol, ischemia, or drugs) have increased 
 perioperative   mortality and  morbidity  . Studies have shown that patients with acute 
viral hepatitis have a 10 % perioperative mortality and an additional 11 % morbidity 
[ 2 ,  3 ]. Patients with acute alcoholic hepatitis who underwent open surgical liver 
biopsy had a fi vefold increase in mortality compared with closed biopsy [ 4 ], Mortality 
rates as high as 100 % in patients with acute alcoholic hepatitis undergoing open liver 
biopsy [ 4 ,  5 ], portosystemic shunt surgery [ 5 – 8 ], or exploratory laparotomy [ 5 ,  9 ] 
have been reported. Patients with acute alcoholic hepatitis should not undergo sur-
gery for at least 12 weeks or until their condition has improved and the hepatitis and 
clinical symptoms have resolved.  Acute liver failure (ALF)  , characterized by acute 
liver injury, hepatic encephalopathy, and coagulopathy, is treated with supportive care 
and liver transplantation. Elective surgery is contraindicated in patients with ALF.  

    Doctor, Does It Make a Difference What Type of  Anesthesia   
I Receive, and What Are the Effects of Anesthesia on My Liver? 

 General anesthesia with neuromuscular blocking agents and volatile anesthetics 
reduce hepatic blood fl ow which can lead to  liver   decompensation. Aside from hal-
othane which is rarely used anymore, commonly used anesthetics do not have asso-
ciated direct hepatotoxicity [ 10 ]. Thus, the type of general anesthesia administered 
does not really matter. Monitored sedation with propofol, which is typically used 
during endoscopic procedures, does not alter hepatic blood fl ow appreciably and 
does not require any dose modifi cations in the setting of liver dysfunction. Spinal or 
epidural anesthetics may reduce mean arterial pressure and impose signifi cant 
 bleeding    risks   in cirrhotic patients having coagulopathy [ 10 ].  

    When I Went for My  Preoperative Testing   the Anesthesiologist 
Wrote That I Was ASA Class 3: What Does That Mean? 

 The  American Society of Anesthesiologists (ASA) physical status classifi cation 
system   (see Table  8.3 ) is a  general   predictor of  postoperative   mortality [ 11 ,  12 ]. 
It was initially created in 1941 to assess the degree of a patient’s “sickness” or 
“physical state” prior to selecting the anesthetic or prior to performing surgery [ 11 ]. 
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A large prospective study validating the ASA Physical Status classifi cation system 
found that intraoperative blood loss, postoperative morbidity and postoperative 
mortality increased with increasing ASA class [ 13 ]. Thirty-day mortality was 0.1, 
0.7, 3.5, and 18.3 % for Class I, II, III, and IV, respectively [ 13 ]. ASA class III and 
IV had risk odds ratios for 30-day mortality of 2.2 and 4.2, respectively [ 13 ]. Most 
patients having  cirrhosis   are ASA Class 3 (see Table  8.3 ).

       During My Workup for the Liver Transplant, The Heart Doctor 
Did an Echocardiogram and Told Me That I Have High Lung 
Pressures That will Make Any Future Surgery Dangerous. Is 
This Related to My Liver Condition? 

  Portopulmonary hypertension (PPHTN)   occurs in upwards of 0.61–0.73 % of cirrhotic 
patients [ 14 ]. All cirrhotic patients should be screened for PPHTN with echocardiogra-
phy prior to undergoing any  type   of surgical procedure.  Perioperative   mortality rates 
are prohibitively high in the presence of severe pulmonary hypertension, whether it is 
related to underlying liver disease or not. Thus, timely diagnosis and treatment are 
necessary before any elective surgical procedure [ 15 – 18 ]. Prior to undergoing surgery, 
patients with chronic liver disease should receive clearance from a hepatologist, as well 
as receive clearance from an internist in order to optimize any preexisting medical 
comorbidities, such as diabetes and other  cardiac   risk factors [ 15 – 18 ].  

    I Have Early Cirrhosis That Doesn’t Require a Liver Transplant 
and I Need Colon Surgery. Does the Severity of My Liver 
Disease Impact the Risks Surrounding This Surgery? 

 In patients without an  absolute   contraindication  to   surgery, a preoperative  evalua-
tion   is performed. This includes assessment of the severity of the patient’s liver 
disease, the nature of the operation, the presence of other comorbidities, as well as 
the urgency of the surgery. 

 In the setting of chronic hepatitis, there is limited data on patients with milder forms 
of liver disease undergoing surgery. The CPT classifi cation (see Table  8.1 ) and  MELD   
score have been studied regarding the estimation of  perioperative   mortality.  CTP   
classes A, B, and C have been associated with 30-day mortality rates of 10 %, 17–31 % 

    Table 8.3    American Society of Anaesthesiologists’ (ASA) classifi cation of physical  health     

 I  Patient is a completely healthy fi t patient 
 II  Patient has mild systemic disease 
 III  Patient has severe systemic disease that is not incapacitating 
 IV  Patient has incapacitating disease that is a constant threat to life 
 V  A moribund patient who is not expected to live 24 h with or without surgery 

  Adapted from Ref. [ 91 ]  
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and 63–82 %, respectively [ 19 – 21 ]. Patients with a MELD score of less than 10, 10–15, 
and greater than 15 are estimated to have a 30-day  postoperative   mortality of 9, 19 and 
54 %, respectively [ 19 ]. In another study, 30-day mortality ranged from 5.7 % (MELD 
score<8) to more than 50 % (MELD score >20) [ 22 ]. In the same study, the median 
survival among all patients with digestive, orthopedic or cardiovascular surgery was 
4.8 years for MELD scores of 0–7 ( n  = 351), 3.4 years for scores of 8–11 ( n  = 257), 1.6 
years for scores of 12–15 ( n  = 106), 64 days for scores of 16–20 ( n  = 35), 23 days for 
scores of 21–25 ( n  = 13), and 14 days for a MELD score of 26 or greater ( n  = 10) [ 22 ]. 

 In a retrospective study of 140 cirrhotic patients undergoing surgery, the MELD 
score was the only statistically signifi cant predictor of 30-day mortality, with an 
approximate 1 % increase in mortality risk for each 1-point increase in the MELD 
score from 5 to 20, and a 2 % increase in mortality risk for each 1-point increase in 
the MELD score when >20 [ 23 ]. Thus, patients who are CTP Class C or have a 
MELD score greater than 15 should if at all possible not undergo elective surgery. 
Patients who have CTP Class B cirrhosis or a MELD of 10–15 still have signifi cant 
risk of  perioperative   mortality and elective surgery is a relative contraindication.  

    I Was Recently Admitted to the Hospital with a Gallbladder 
Attack. Is It Better If I Have My Gall Bladder Removed 
Laparoscopically or Through the Traditional Way? 

 Although data are limited, the  manner   in which the surgery is performed impacts 
upon outcome. In one study, the outcomes of patients with  cirrhosis   undergoing 
emergent or elective cholecystectomy, umbilical herniorrhaphy, or colectomy [ 24 ] 
were evaluated. Most surgeries were completed laparoscopically, with some requir-
ing conversion to an open procedure. The authors reported a 30-day postoperative 
mortality of 2 % for patients who were  CTP   A, and 12 % for both CTP B and CTP 
C groups (see Fig.  8.1 ) [ 24 ]. A similar trend was observed when patients were com-
pared using their  MELD   scores. Thirty-day  postoperative   mortality was 3, 8, 29, 
and 0 % in patients with a MELD score of less than 10, 10–14, 15–25, and greater 
than 25, respectively (see Fig.  8.2 ) [ 24 ]. Morbidity remained high in cirrhotic 
patients undergoing laparoscopic surgeries, with rates comparable to studies in 
which open surgeries were performed. Cirrhotic patients had increasing rates of 
morbidity with increasing CTP class or MELD score. Thirty-day postoperative 
morbidity was 20 % for patients who were CTP A, 58 % for CTP B and 80 % for 
CTP C [ 24 ]. Thirty-day postoperative morbidity rates were 35, 50, 60, and 100 % in 
patients with a MELD score of less than 10, 10–14, 15–25, and greater than 25, 
respectively [ 24 ]. Major morbidities included wound complications (infections, 
hematomas, leakage of ascites), liver decompensation, ileus or obstruction, respira-
tory failure, sepsis, variceal bleeding, and anastomotic leakage [ 24 ]. Thirty-day 
mortality was markedly lower in this study [ 24 ] compared to other studies in which 
open surgeries were performed [ 19 – 21 ]. Albeit studies are very limited with no 
direct comparison between laparoscopic and open techniques, it would appear lapa-
roscopic as opposed to open, may be a safer surgical approach in cirrhotic patients.
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         Timing of Surgery: Emergency Surgery, Elective Surgery, 
and Deferring Surgery 

    My Mother Requires  Emergency Surgery   for a Bowel 
Obstruction. Does Having Emergency Surgery Increase 
the Risk, Given Her Cirrhosis? 

 The acuity of surgery impacts on the morbidity, mortality and need for liver trans-
plantation in patients having cirrhosis. In seven studies comparing elective vs. emer-
gent surgery in cirrhotic patients, mortality ranged from 6 to 18 % for elective 
surgery and 19–86 % for emergent  surgery  , a 1.1- to 8.6-fold increase in mortality 
[ 19 – 21 ,  24 – 27 ]. This is not an unexpected result as emergent surgery is precipitated 
by life-threatening presentations. Increased morbidity and mortality is also seen 
with emergent vs. elective surgery in non-cirrhotic patients [ 28 – 30 ].  

  Fig. 8.1    Thirty-day 
morbidity and mortality in 
cirrhotic patients 
undergoing surgery by 
 CTP   score [ 24 ]       

  Fig. 8.2    Thirty-day 
morbidity and mortality in 
cirrhotic patients 
undergoing surgery by 
MELD [ 24 ]       
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    If My Heart Surgery will Be Risky, Can the Surgery Be Done 
at the Same Time as My Liver Transplant? 

 There is limited experience of  elective surgery   performed concurrently with  liver 
transplantation  . There are a handful of case reports and a case series of successful 
simultaneous combined liver transplantation and  coronary artery bypass grafting 
procedures (CABG)   [ 31 – 36 ]. Although successful cases have been reported, simul-
taneous cardiac surgery and OLT remains technically diffi cult and should be limited 
to very specialized centers.   

    Optimizing Patients Medically 

    My Father Has Cirrhosis and May Need Lung Surgery. Can 
Anything Be Done to Make His Liver Better Before Surgery? 

  Preoperative checklists   can be used to reduce morbidity and mortality in cirrhotic 
patients [ 37 ,  38 ]. Similarly, the  Preoperative Liver Assessment (POLA) checklist   
(Table  8.2 ) has been proposed to simplify the process of assessing and optimizing 
surgical risk in patients having chronic liver disease [ 10 ].  

    My Wife Has  End Stage Liver Disease   and She Is Often Foggy 
Mentally. Can Anything Be Done Prior to Surgery to  Reduce   
the Risk Postoperatively? 

 Hepatic  encephalopathy   is a debilitating complication of  decompensated cirrhosis  , 
leading to signifi cant morbidity and mortality. In patients with cirrhosis, HE con-
tributes to functional decline and consumption of appreciable health care resources 
[ 39 ]. In evaluating patients prior to surgery, potential signs and symptoms of HE 
should be explored. HE manifests in a broad array of neurologic and psychiatric 
symptoms ranging from  minimal hepatic encephalopathy (MHE)   to  overt hepatic 
encephalopathy (OHE)  . Patients with MHE have minimal or subclinical symptoms 
and the diagnosis is made via psychometric testing [ 40 – 43 ]. Patients with OHE 
have a wide range of presentations including day-night wake reversal, agitation, 
somnolence, stupor, and fi nally coma [ 44 ,  45 ]. 

 There is some evidence for the benefi t of prophylaxis of OHE in certain settings. 
Acute variceal bleeding occurs in 25–30 % of patients with cirrhosis and is an 
important precipitant of OHE, leading to increased morbidity and mortality [ 46 , 
 47 ]. In the setting of acute variceal bleeding, lactulose vs. placebo prophylaxis in 
one study resulted in signifi cantly less OHE (14 % vs. 40 %) and trended towards 
less mortality (8.5 % vs. 17 %) [ 48 ]. In a second study, rifaximin and lactulose 
appear to be equally effective for primary prophylaxis in the setting of an acute vari-
ceal bleeding, with no signifi cant difference in development of HE (10/60 vs. 9/60; 
 p  = 1.0) and mortality (8/60 vs. 9/60;  p  = 1.0) [ 49 ]. There is also evidence for the 
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benefi t of secondary prophylaxis of OHE in cirrhotic patients. Lactulose, rifaximin 
and probiotics are effective at preventing subsequent episodes of OHE in patients 
with cirrhosis who had a previous episode of OHE [ 50 – 52 ]. 

 Identifi cation and treatment of precipitating factors are the primary therapeutic 
option for patients with OHE [ 53 ]. Gastrointestinal bleeding, infection (including 
spontaneous bacterial peritonitis), hypokalemia and/or metabolic alkalosis, renal 
failure, hypovolemia, hypoxia, sedative or tranquilizer use, hypoglycemia, consti-
pation, and hepatocellular carcinoma and/or vascular occlusion (hepatic vein or 
portal vein thrombosis) can all precipitate OHE [ 53 ]. In  addition   to the optimization 
and treatment of these precipitating factors, medical management is the cornerstone 
of treatment. Two meta-analyses demonstrated that both oral non-absorbable disac-
charides (lactulose or lactitol) and rifaximin are equally effective in the manage-
ment of OHE with rifaximin being better tolerated [ 54 ,  55 ]. 

 Lactulose or lactitol are effective in patients with  MHE  , with trials demonstrat-
ing improvement in psychometric testing [ 56 ,  57 ], reduced progression  to   OHE 
[ 56 ], reduced ammonia levels [ 56 ,  57 ] and improved health-related quality of life 
[ 56 ]. Adverse events were not serious and all were related to the gastrointestinal 
tract (diarrhea, fl atulence, abdominal pain, and nausea) [ 57 ]. 

 Limiting opiate  analgesics   for pain may help prevent the development of  hepatic 
encephalopathy   postoperatively, especially in patients also taking iron and calcium 
supplements, all of which contribute to constipation [ 58 ]. Concurrent lactulose use 
may contribute to the development of ileus or small bowel obstruction, as well as 
dehydration leading to hypovolemia. For analgesia, acetaminophen up to 2 g total 
daily is safe to use and is preferred over NSAIDs (i.e., ketorolac), which may pre-
dispose to renal dysfunction  

    My Husband Has Liver Disease. He Bruises Easily and Often 
Has Persistent Nosebleeds. Can Anything Be Done to Decrease 
His Risk of Bleeding During Surgery? 

 Patients with  cirrhosis   commonly have accompanying coagulopathy. It is recom-
mended to supplement with vitamin K 10 mg subcutaneously daily for 3 days in 
order to correct any nutritional defi ciency that may raise a patient’s International 
Normalized Ratio (INR) and calculated  MELD   score. Overtransfusion of blood 
products is to be avoided so as to not increase portal pressures and precipitate vari-
ceal bleeding. A restrictive  Packed Red Blood Cell (PRBC) transfusion strategy   is 
advised, with a threshold serum hemoglobin of 7–8 g/dL.  Fresh frozen plasma 
(FFP)   is given if a patient’s INR is greater than 1.5 preoperatively despite adminis-
tration of vitamin K. Platelets are transfused for serum platelet levels below 50 × 10 3 /μL 
preoperatively. Cryoprecipitate is transfused to increase fi brinogen concentration to 
above 50–100 mg/dL in nonsurgical settings and to approximately 100–200 mg/dL 
for surgical prophylaxis [ 59 ,  60 ]. DDAVP can be used in patients having renal dys-
function to correct qualitative platelet dysfunction. DDAVP nasal spray may be 
used instead of blood products in cirrhotic patients undergoing dental extractions 
who have a modest degree of coagulopathy [ 61 ].  
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    I Have Abdominal Distension with Ascites Fluid. How Can This 
Be Controlled Prior to Surgery and will It Be a Problem 
Afterwards? 

 For patients with  cirrhosis  , a low-sodium diet (<2 g daily) is advised. Patients with 
ascites should undergo a diagnostic paracentesis preoperatively to exclude  spontane-
ous bacterial peritonitis (SBP)  . If there is no SBP, patients with moderate to severe 
ascites can undergo a  large volume paracentesis (LVP)  . A  Transjugular Intrahepatic 
Portosystemic Shunt (TIPS)   can be considered preoperatively if the surgery is not 
emergent, if the ascites is diuretic-resistant or if the patient’s MELD if not greater than 
15. TIPS reduces  portal hypertension   by creating a communication between intrahe-
patic branches of the hepatic vein and portal vein [ 62 ]. It is effective for treatment of 
acute variceal hemorrhage and refractory ascites [ 62 ,  63 ]. The benefi cial effects of 
TIPS in variceal bleeding rapidly occur but the humoral and hemodynamic changes 
that lead to the improvement and resolution of ascites may take upwards of 6–8 weeks 
or longer. Older patients and those with preexisting renal dysfunction have less of a 
chance to resolve their ascites after TIPS, with the associated risks of developing or 
worsening OHE being much greater. Contraindications to TIPS include: severe heart 
failure or pulmonary hypertension, portal vein thrombosis with cavernous transforma-
tion, and polycystic liver disease [ 62 ]. The  MELD   score was originally developed to 
predict the 3-month mortality of patients undergoing elective TIPS [ 64 ]. Patients with 
higher MELD scores, particularly MELD scores greater than 18, have a poorer prog-
nosis, with higher 3-month mortality [ 65 – 68 ]. 

 Aggressive management of ascites prior to abdominal surgery is essential to 
afford optimized wound closure and healing of any tissue anastomoses. Liver dys-
function precipitated by surgery can often manifest as an increase in ascites. 
Leakage of ascites through an abdominal incision may lead to fascial breakdown, 
poor wound healing, infection and the precipitation of renal failure. Diuretic use and 
paracentesis  postoperatively   may need to be utilized to prevent ascites development. 
A worsening of ascites may also result in the development of a hepatic hydrothorax, 
and its attendant morbidity [ 69 – 71 ].  

    My Primary Care Physician Says My Kidney Function Is Poor 
and It Is Likely Related to My  Cirrhosis.   What Investigations 
and Management Should I Have Performed Prior to Surgery 

  Acute kidney injury (AKI)   is a common complication in all patients in the periop-
erative setting. Although the majority of patients with AKI have signifi cant recov-
ery in glomerular fi ltration rates, AKI may lead to chronic kidney disease (CKD) 
and the need for hemodialysis [ 72 ]. AKI signifi cantly increases  mortality   postop-
eratively, with increased duration and severity of AKI increasing mortality [ 73 ]. 
Therefore, it is important to prevent and treat AKI in patients undergoing surgery. 
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  Hepatorenal syndrome (HRS)   accounts for 45 % of renal failure in patients with 
cirrhosis [ 74 ]. Type 1 HRS is characterized by a rapid decline in renal function with 
creatinine rising from baseline to greater than 2.5 mg/dL in less than 2 weeks [ 75 – 77 ]. 
Type 2 HRS shows a steady, progressive decline in renal function [ 75 – 77 ]. The diag-
nosis of HRS is one of exclusion. Major diagnostic criteria include:  cirrhosis   with 
ascites, serum creatinine >1.5 mg/dL, no improvement with 2 days of diuretic with-
drawal and volume expansion with albumin, absence of shock, no current or recent 
nephrotoxic medications, and no parenchymal renal disease (proteinuria < 0.5 g/day, 
no microscopic hematuria, and a normal renal ultrasound) [ 75 – 77 ]. Treatment for 
HRS [ 75 ,  77 ] includes vasoconstrictors (terlipressin, octreotide, vasopressin, or nor-
epinephrine), with midodrine plus albumin. Worsening HRS may necessitate the con-
sideration of hemodialysis or TIPS. Liver transplantation is the most effective 
treatment for HRS. Combined  liver   and kidney transplantation may be required for 
patients requiring HD for more than 8–12 weeks [ 78 ,  79 ], with recent data suggesting 
that combined transplantation may be necessary after as little as 2 weeks of HD [ 80 ]. 

 Other causes of  AKI   should be investigated and treated appropriately [ 75 – 77 ]. A 
thorough review of prescription and over-the-counter medications should be per-
formed so as to avoid nephrotoxic agents such as NSAIDs (i.e., ibuprofen, ketoro-
lac), aminoglycoside antibiotics (for example, gentamicin) and other antimicrobials 
(sulfonamides, acyclovir). Infection is a common cause of AKI and should be ruled 
out with blood cultures, urine culture, stool analysis (culture and sensitivity, ova 
and parasites and Clostridium diffi cile toxin) and a diagnostic paracentesis. AKI 
may be precipitated by hypovolemia (secondary to diuretics, intra-abdominal or 
gastrointestinal bleeding), acute tubular necrosis, parenchymal renal diseases (dia-
betic nephropathy, glomerulonephritis due to hepatitis B or C, interstitial nephritis, 
or IgA nephropathy), obstructive uropathy, or radiocontrast [ 74 – 77 ].  

    I Have  Cirrhosis   and Am Scheduled for an  Elective Surgery  , 
However I Have Had Several Episodes of Black Tarry Stool 
Recently. Should I Be Concerned? 

  Variceal bleeding   is a severe complication of  portal hypertension   and cirrhosis 
[ 46 ,  62 ,  74 ,  81 ]. Variceal bleeding is associated with high mortality and is the 
most lethal complication of cirrhosis [ 46 ]. Esophagogastroduodenoscopy to 
screen for esophageal and gastric varices is recommended at the time of diagnosis 
of cirrhosis [ 46 ]. Primary prophylaxis of gastroesophageal variceal hemorrhage 
with nonselective beta-blockers or band ligation is recommended for medium or 
large varices [ 46 ]. Performance of an upper endoscopy prior to surgery is impor-
tant to assess whether prophylactic beta blockade is warranted. Infection, overhy-
dration, development of portal vein thrombosis, and overtransfusion all may lead 
to an increase in portal pressure and hence the risk of variceal bleeding. 
Prophylactic acid suppression is not routinely recommended for cirrhotic  patients 
   undergoing   surgery.  
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    Since I Was Diagnosed with Cirrhosis, I Have Lost a Signifi cant 
Amount of Weight and Muscle in My Shoulder Girdle. 
I Am Scheduled to Have a Hernia Repair. How Should My 
Nutrition Be Managed While I Am in the Hospital? 

 The  European Society for Clinical Nutrition and Metabolism (ESPEN)   has 
made recommendations for assessing and improving the nutritional status of 
patients with  cirrhosis   pre- and post-surgery [ 82 ]. Simple bedside methods such 
as the  Subjective Global Assessment (SGA  ; see Table  8.4 ) or anthropometry 
should be used to identify patients at risk of malnutrition. A complete diet or 
enteral nutrition should be initiated within 12–24 h after surgery, including after 
liver transplantation. Energy intake is recommended to be 35–40 kcal/kg/day 
(147–168 kJ/kg/day) consisting of a protein intake of 1.2–1.5 g/kg/day. 
Nasogastric tubes can be considered for early enteral nutrition, but may increase 
the aspiration risk. Whole protein formulas are generally recommended, how-
ever, in patients with ascites, concentrated high-energy formulas are preferred. 
Severe muscle depletion or sarcopenia often occurs along with malnutrition. 
Sarcopenia is one of the most common complications in patients  with   cirrhosis 
[ 83 ,  84 ] and it is associated with a higher risk of mortality in these patients 
[ 84 – 86 ]. Physical activity is a valuable countermeasure to sarcopenia in its 
treatment and prevention [ 87 ].

         Alcohol Withdrawal   

    My Mom’s Liver Disease Is from Drinking Alcohol. When Does 
She Need to Stop Drinking Prior to Surgery? 

 Alcohol abuse is a common etiology for  cirrhosis   and thus cirrhotic patients under-
going surgery should be screened for alcohol use and withdrawal. Symptoms of 
alcohol withdrawal, include tremor, anxiety, headache, diaphoresis and seizures, 
and may begin within 6 h of the last alcoholic drink [ 88 ]. Hallucinations may begin 
within 12–48 h and delirium tremens may begin within 48–96 h [ 88 ]. Thus, the 
patient should stop drinking alcohol as early as possible prior to surgery and should 
inform their physicians of this so the requisite precautions can be taken. Patients 
taking methadone should not stop their typical maintenance dose prior to surgery 
and should alert their treatment team as to the dosing. Thiamine and multivitamin 
are used to prevent Wernicke’s Syndrome. Clinical Institute Withdrawal Assessment 
for Alcohol Scale— Revised   (CIWA-Ar; Table  8.5 ) is used to assess the severity of 
withdrawal [ 89 ]. Patients with a score of 8 or more should be treated with benzodi-
azepines to prevent more severe symptoms.
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        Summary 

 Patients with cirrhosis undergoing surgery are at increased risk of morbidity and 
mortality. The Child–Turcotte–Pugh classifi cation and the Model for End-stage 
Liver Disease score have been used to assess perioperative mortality. Patients with 
decompensated liver disease should be optimized prior to proceeding with surgery. 

   Table 8.4    Features of the subjective global assessment   

  (A) Patients related medical history : 
  1. Weight change  (overall change in past 6 months) 
 1  2  3  4  5 
 No weight 
change or gain 

 Minor weight loss 
 (<5 %) 

 Weight loss 
5–10 % 

 Weight loss 
10–15 % 

 Weight loss 
>15 % 

  2. Dietary intake  
 1  2  3  4  5 
 No change  Suboptimal solid 

diet 
 Full liquid diet or 
moderate overall 
decrease 

 Hypo-caloric 
liquid 

 Starvation 

  3. Gastrointestinal symptoms  
 1  2  3  4  5 
 No symptoms  Nausea  Vomiting or 

moderate GI 
symptoms 

 Diarrhea  Severe anorexia 

  4. Functional capacity  (nutritionally related functional impairment) 
 1  2  3  4  5 
 None (improved)  Diffi culty with 

ambulation 
 Diffi culty with 
normal activity 

 Light activity  Bed/chair-ridden 
with no or little 
activity 

  5. Comorbidity  
 1  2  3  4  5 
 Dialysis <12 
months and 
healthy otherwise 

 Dialysis 1–2 
years or mild 
comorbidity 

 Dialysis 2–4 
years or age>75 
or moderate 
comorbidity 

 Dialysis >4 
years or severe 
comorbidity 

 Very severe 
multiple 
comorbidity 

 ( B )  Physical exam : 
  1. Decreased fat stores or loss of subcutaneous fat  (below eyes, triceps, biceps, chest) 
 1  2  3  4  5 
 None (no change)  Moderate  Severe 
  2. Signs of muscle wasting  (temple, clavicle, scapula, ribs, quadriceps, knee, interosseous) 
 1  2  3  4  5 
 None (no change)  Moderate  Severe 
  Malnutrition score : (sum of all numbers) 

  The fully quantitative version of the SGA, also known as modifi ed SGA or DMS. Five scale 
parameters are used, and the values are summed. A value of 7 is normal, and 35 is the most severe 
malnutrition. Adapted from Ref. [ 92 ]  
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   Table 8.5     Clinical Institute Withdrawal Assessment of Alcohol Scale, Revised (CIWA-Ar)     

  Patient : __________________________ 
  Date : __________________________ 
  Time : __________________________ (24 h clock, midnight = 00:00) 
  Pulse or heart rate ,  taken for 1 min : __________________________ 
  Blood pressure : __________________________ 
  Nausea and vomiting  Ask: “Do you feel sick to your stomach? Have you vomited?” 

 0: No nausea and no vomiting 
 1: Mild nausea with no vomiting 
 2: 
 3: 
 4: Intermittent nausea with dry heaves 
 5: 
 6:    
 7: Constant nausea, frequent dry heaves and vomiting 

  Tremor  arms extended and fi ngers spread apart 
 0: No tremor 
 1: Not visible, but can be felt fi ngertip to fi ngertip 
 2: 
 3: 
 4: Moderate, with patient’s arms extended 
 5: 
 6: 
 7: Severe, even with arms not extended 

  Paroxysmal sweats  
 0: No sweat visible 
 1: Barely perceptible sweating, palms moist 
 2:    
 3: 
 4: Beads of sweat obvious on forehead 
 5: 
 6:    
 7: Drenching sweats 

  Anxiety  Ask: “Do you feel nervous?” 
 0: No anxiety, at ease 
 1: Mild anxious 
 2: 
 3: 
 4: Moderately anxious, or guarded, so anxiety is inferred 
 5: 
 6: 
 7: Equivalent to acute panic states as seen in severe delirium or acute schizophrenic reactions 

(continued)
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Table 8.5 (continued)

  Agitation  
 0: Normal activity 
 1: Somewhat more than normal activity 
 2: 
 3:    
 4: Moderately fi dgety and restless 
 5: 
 6: 
 7: Paces back and forth during most of the interview, or constantly thrashes about 

  Tactile disturbances  Ask: “Have you any itching, pins and needles sensations, any burning, any 
numbness, or do you feel bugs crawling on or under your skin?” 

 0: None 
 1: Very mild itching, pins and needles, burning or numbness 
 2: Mild itching, pins and needles, burning or numbness 
 3: Moderate itching, pins and needles, burning or numbness 
 4: Moderately severe hallucinations 
 5: Severe hallucinations 
 6: Extremely severe hallucinations 
 7: Continuous hallucinations 

  Auditory disturbances  Ask: “Are you more aware of sounds around you? Are they harsh? Do 
they frighten you? Are you hearing anything that is disturbing to you? Are you hearing things 
you know are not there?” 

 0: Not present 
 1: Very mild harshness or ability to frighten 
 2: Mild harshness or ability to frighten 
 3: Moderate harshness or ability to frighten 
 4: Moderately severe hallucinations 
 5: Severe  hallucinations   
 6: Extremely severe hallucinations 
 7: Continuous hallucinations 

  Visual disturbances  Ask: “Does the light appear to be too bright? Is its color different? Does it 
hurt your eyes? Are you seeing anything that is disturbing to you? Are you seeing things you 
know are not there?” 

 0: Not present 
 1: Very mild sensitivity 
 2: Mild sensitivity 
 3: Moderate sensitivity 
 4: Moderately severe hallucinations 
 5: Severe hallucinations 
 6: Extremely severe hallucinations 
 7: Continuous hallucinations 

(continued)

8 Preoperative and Postoperative Care of the Liver Patient



114

Table 8.5 (continued)

  Headache ,  fullness in head  Ask: “Does your head feel different? Does it feel like there is a 
band around your head?” Do not rate for dizziness or lightheadedness. Otherwise, rate severity 

 0: Not present 
 1: Very mild 
 2:  Mild   
 3: Moderate 
 4: Moderately severe 
 5: Severe 
 6: Very severe 
 7: Extremely severe 

  Orientation and clouding of sensorium  Ask: “What day is this? Where are you? Who am I?” 
 0: Oriented and can do serial additions 
 1: Cannot do serial additions or is uncertain about date 
 2: Disoriented for date by no more than 2 calendar days 
 3: Disoriented for date by more than 2 calendar days 
 4: Disoriented for place/or person 

  Total CIWA - Ar score  ______ 
  Rater ’ s initials  ______ 
 Maximum possible score  67   
 Patients scoring less than 10 do not usually need additional medication for withdrawal 

  Adapted from [ 89 ]  

The  Preoperative Liver Assessment (POLA) checklist   can be useful in assessing 
and optimizing patients prior to surgery.     
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    Chapter 9   
 Viral Hepatitis: Hepatitis A and E                     

     Adnan     Said       and     Amanda     DeVoss    

          Questions from Patients 

     1.     How do I become infected with hepatitis A and/or hepatitis E?  
 Both hepatitis A and hepatitis E are viral illnesses. They are brought into the 

body through the mouth, usually by drinking unclean water. The virus then trav-
els to the liver to multiply.   

   2.     What are the    signs and symptoms     of hepatitis A and E infection?  
 For hepatitis A, symptoms can begin around 28 days after initial ingestion. 

The illness typically starts suddenly with fever, fatigue, anorexia, nausea, 
abdominal discomfort, dark urine, and jaundice. These symptoms last less than 
2 months and do not cause long-term damage. Symptoms from this disease can 
be linked to your age. In children less than 6 years of age, most (70 %) do not 
have any symptoms (asymptomatic). In older children and adults, most infec-
tions do have symptoms and more than 70 % of patients have jaundice, or yel-
lowing of their skin and eyes. Specifi c treatment for hepatitis A is not present, so 
many of the treatments that are used are directed at symptoms. These may 
include intravenous fl uids, anti-nausea medication and acetaminophen  for   fever. 

 Hepatitis E can present very similar to hepatitis A. The symptoms usually 
start about 2–10 weeks after the initial ingestion. The fi rst symptoms that appear 
are fever, lack of appetitive, nausea, vomiting, diarrhea, and abdominal pain. 
These typically last for a  few   days. As these symptoms lessen, the patient can 
often become jaundiced or yellow. This is self-limited and will disappear in a 
few weeks. Chronic disease due to hepatitis E is unlikely in the majority of 
patients. Treatment for hepatitis E is very similar to hepatitis A.   
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   3.     Can I protect myself against getting hepatitis A and E infection?  
 A vaccine against hepatitis A does exist.    It is given in two doses (0 and 6 

months). Nearly 100 % of people who receive both dosages of the vaccine 
develop immunity to hepatitis A. It is recommended in the USA that all children 
receive this vaccine between 12 and 23 months of age. It is also recommended 
for many groups of adults including those who are international travelers, men 
who have sex with men and persons with chronic liver disease. 

 Unfortunately, there currently is not an approved  vaccine   for hepatitis E. This 
infection is prevented by safe drinking water techniques, proper disposal of 
human feces and education about personal hygiene.     

    Outline of Chapter 

  A. Epidemiology of    hepatitis A and     hepatitis E  

 A.1 Incidence of hepatitis A and E in the USA and worldwide 
 A.2 Geographic distribution 
 A.3 Age distribution 
 A.4 Changing incidence over time 

 Hepatitis A is a reportable illness in the USA [ 1 ]. Since the initiation of the hepa-
titis A vaccine into the routine vaccination schedule for children, there has been a 
dramatic decrease in the incidence of hepatitis A. This has translated into a two- 
thirds decrease in admissions to hospitals and markedly lower medical expenditures 
between 1996 and 2004 [ 2 ]. The incidence of hepatitis A in the USA in 2011 was 
reported at 1398 and estimated to be at 2700 cases. As can be seen in Fig.  9.1 , this 
is signifi cantly lower than in the past decades [ 1 ].

   Worldwide, approximately 1.5 million clinical cases of hepatitis A occur annu-
ally but the rate of infection is likely ten times higher. The incidence rate is strongly 
 related   to economics and access to clean drinking water: as mean-income rises and 
access to clean water improves, the incidence of hepatitis A infection decreases [ 2 ]. 

 Distribution of hepatitis A infection worldwide is classifi ed as areas of high, 
intermediate or low endemicity (see Fig.  9.2 ) [ 1 ,  2 ]. These areas are differentiated 
by standards of hygiene and sanitation, the age-dependent clinical expression of the 
disease, and lifelong immunity [ 3 ]. In highly endemic areas of the world, poor sani-
tation and hygiene lead to most persons being infected at a very young age, when 
the disease usually has no symptoms. These areas include most of Africa, Asia, and 
Central/South America.

   In developing countries, such as Eastern Europe and other parts of Africa, 
Asia, and America, sanitation and hygiene is variable [ 2 ]. This allows many chil-
dren to avoid infection in early childhood. Peak incidence in these countries is 
often in later childhood and adolescents. Infection is later childhood is associated 
with higher rate of symptomatology. Outbreaks in these countries are often asso-
ciated with person-to-person contact and are harder to control with standard 
hygiene measures [ 2 ]. 
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 In more developed countries, such as North America, Western Europe, Australia, 
and Japan, sanitation and hygiene is better. This leads to a low incidence and 
 infection rate of hepatitis A. Outbreaks in these countries are often seen with large 
person- to-person outbreaks (often single source outbreaks such as infected food 
handler or a contaminated food source from an endemic country) or in specifi c 
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  Fig. 9.1    Annual number of  cases   of hepatitis A in the USA according to the CDC       
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adult risk groups such as travelers to endemic areas, persons who use intravenous 
drugs or men who have sex with men [ 2 ]. 

 In contrast to hepatitis A,  hepatitis E is not   a reportable disease to the CDC in the 
USA, so less is known about the exact incidence. Worldwide, it is estimated that 
one-third of the population has been infected, although the actual disease burden is 
unknown [ 4 ]. Similarly to hepatitis A, hepatitis E has a distinct epidemiological 
pattern that is based on different rates of infection (see Fig.  9.3 ] [ 4 ]. These areas not 
only differ in numbers but in routes of transmission, affected persons, and disease 
characteristics [ 5 ].

    B.    Transmission of     hepatitis A and E  

 How are hepatitis A and E spread? 
 B.1 Routes of transmission 
 B.2 Hosts (humans, animals), infectivity period, incubation period 
 B.3 Sporadic versus epidemic forms 

 In general, hepatitis A and E are both spread through similar routes. They are 
both enteric pathogens and are spread through fecal–oral route. Most commonly 
this is through ingestion of contaminated drinking water. This is where the similari-
ties end, as hepatitis E has the ability to take other routes of infectivity, including 
different hosts [ 6 ,  7 ]. 

 The incubation period of hepatitis A is roughly 28 days (range of 15–50 days). 
 Hepatitis A, after infection, replicates in the liver [ 1 ]. Humans are the only host 

for hepatitis A. During the initial period of infectivity (10–12 days), the virus is 

  Fig. 9.3     Worldwide epidemiology   of hepatitis E       
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present in blood and excreted via the biliary system into the feces. It reaches 
peak titers about 2 weeks before the onset of symptoms. As viral replication and 
excretion begins to wane, symptoms begin to appear. These symptoms are often 
indistinguishable from other viral hepatitis’. They include a sudden onset of fever, 
fatigue, anorexia, nausea, abdominal discomfort, dark urine, and jaundice. Viral 
excretion has signifi cantly decreased by 7–10 days after the onset of symptoms, 
with most infected patients no longer shedding virus in the feces by  the   third week 
of illness [ 7 ,  8 ]. 

 The clinical illness associated with hepatitis A does not usually last greater than 
2 months, but can develop a prolonged or relapsing state in 10–15 % of patients [ 1 ]. 
This can last up to 6 months, with virus being excreted during these relapses [ 1 ]. 

 Hepatitis E can have different modes of transmission and reservoirs based on 
endemic locations worldwide [ 5 ]. In areas of the world that are highly endemic, 
such as Asia, Africa, and Central America, infection is most often transmitted 
through the fecal–oral route with contaminated drinking water. Water contamina-
tion is often related to heavy rainfall and fl oods.    This can lead to large outbreaks of 
the disease, often affecting thousands of individuals. One to fi fteen percent of the 
population can often be affected by these outbreaks, with young adults being most 
affected. Men often outnumber women, thought to be related to increased exposure 
to contaminated water [ 5 ]. 

 In regions of the world with lower endemic rates, such as the USA, Western 
Europe, and developed countries of the Asia-Pacifi c, hepatitis E infection is quite 
infrequent [ 5 ]. Most are related to recent travel to endemic areas, but an occasional 
small foodborne outbreak due to locally acquired infection has occurred. Several 
observations, based on viral genomics, have led to the realization that zoonotic iso-
lates (genotype 3 in the USA, genotype 4 in Asia) of hepatitis E can be spread to 
humans. This has been observed with ingestion of contaminated wild boar, wild 
deer and commercially available pig liver. This has led to sporadic outbreaks of 
hepatitis E in low endemic areas, which differ greatly than larger epidemic out-
breaks seen in highly endemic areas [ 5 ]. 

 Infectivity rates of hepatitis E are similar to hepatitis A. Viremia and fecal shed-
ding of the hepatitis E virus begin 1–2 weeks prior to symptoms. Fecal  shedding   of 
virus lasts approximately 2–4 weeks after the onset of symptoms [ 4 ]. Incubation 
period ranges from 15 to 60 days. 

  C.  Pathogenesis of viral hepatitis A and E including basic virology and 
hepatitis  

 Hepatitis A is a small, non- enveloped   single-stranded RNA virus. Based on out-
breaks and clinical presentation, it was initially thought to be an enterovirus [ 7 ]. In 
1992, it was classifi ed as a member of the Hepatovirus genus of the family 
Picornaviridae. This virus replicates inside the hepatocytes and interferes with liver 
function. This leads to an immune response, thus leading to liver infl ammation [ 2 ]. 

 Hepatitis E was also initially known as an enterically transmitted non-A, non-B 
hepatitis virus, which was subsequently named hepatitis E. It is classifi ed  in   the 
genus  Hepevirus  and family  Hepeviridae  [ 7 ]. This family also includes related 
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viruses that infect pigs, rabbits, rats, deer, and mongoose. Within the genus 
 Hepevirus , at least four genotypes have been recognized; Genotype 1 and 2 are 
restricted to humans, while Genotype 3 and 4 have many hosts (including humans) 
and are zoonotic [ 5 ]. Interspecies transmission has been demonstrated, which has 
lead to sporadic outbreaks of hepatitis E in non-endemic areas of the world. The 
hepatitis E virions are small, non-enveloped single-stranded RNA, similar to hepa-
titis A [ 7 ]. This virus infects hepatocytes, leading to replication. It is not directly 
cytopathic, but instead leads to liver injury due to the host immune response [ 5 ]. 

  D. Clinical Presentation of hepatitis A and E  

 What are the typical and atypical presentations of hepatitis A and E? 
 D.1 Signs and symptoms 
 D.2 Clinical spectrum  from   asymptomatic, to acute hepatitis, acute liver failure, 
relapsing and cholestatic hepatitis. Chronic hepatitis E in immunosuppressed 
populations. 
 D.3 Risk factors for severe outcome 
 D.4 Natural history of hepatitis A and hepatitis E self limited hepatitis 

 Hepatitis A and E both have clinical symptoms that are indistinguishable from 
other forms of acute hepatitis. Both present with nonspecifi c symptoms including 
fever, malaise, weakness, anorexia, nausea, vomiting, arthralgias, and myalgias. 
The prodromal symptoms tend to subside with the onset of jaundice. Jaundice is 
usually self-limited and lasts for a few weeks. Physical examination often will 
reveal jaundice, hepatomegaly, and splenomegaly. These are considered to be the 
typical manifestations of the disease and usually lead to a self-limited disease course 
[ 1 ,  2 ,  5 ]. 

 For hepatitis A, symptomatology varies greatly with age. Around 50 % of chil-
dren, under the age of 6 who become infected are asymptomatic [ 2 ]. Of those who 
do develop symptoms, most are mild and often not recognized to be related to hepa-
titis. Between 5 and 10 % of children, less than 6, who are infected develop jaun-
dice. Beginning at age 6 and older, more than 75 % of patients develop hepatitis 
symptoms such as jaundice and dark urine [ 2 ]. 

 There are also some atypical features of hepatitis A, which include relapsing 
hepatitis and prolonged cholestasis [ 8 ]. Relapsing hepatitis is characterized by a 
biphasic peak of serum aminotransferases, with a 4–7 week period in between the 
phases. 

 Prolonged cholestatic hepatitis A is characterized by prolonged jaundice often 
beyond 12 weeks, pruritus, fatigue, loose stools and weight loss in addition to cho-
lestasis [ 8 ]. This manifestation can be predicted by detection of plasma hepatitis A 
RNA after 20 days of illness, while relapsing hepatitis cannot be predicted. 
Persistence of serum hepatitis A IgM antibodies in serum is also seen in cholestatic 
hepatitis A. 

 In both the relapsing and cholestatic form of hepatitis A, the clinical course is 
spontaneous recovery of liver function [ 9 ]. 
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 Hepatitis A infection does have the ability to cause acute liver failure and death, 
although this is a rare occurrence resulting in 0.2 % of cases [ 10 ]. The risk of these 
outcomes increases with age at infection and the presence of underlying chronic 
liver disease. In some studies, this outcome was thought to be due to a severe host 
immune response and  not   direct viral effect [ 2 ,  10 ]. 

 The clinical presentation for hepatitis E varies greatly between high and low 
endemic areas. In highly endemic regions of the world the most common clinical 
presentation is an acute icteric hepatitis. Infection in children is often asymptom-
atic, so many residents may not be aware of an active infection. This form of hepa-
titis E is often self-limited and will improve in a few weeks [ 5 ]. 

 Hepatitis E also has the ability to cause a super infection in those with a preexist-
ing chronic liver disease. These patients can present with an acute-on- chronic   liver 
disease or liver failure. They are at high risk for poor outcome [ 5 ]. Lastly, this dis-
ease has a higher disease attack rate in pregnant women [ 5 ,  11 ]. These women are 
more likely to develop fulminant hepatic failure and death with mortality rates 
reported up to 25 %. These risks appear to increase as the woman advances in her 
pregnancy [ 11 ]. Infants who develop vertically acquired hepatitis E can develop 
hepatitis and are at greater risk for death [ 12 ]. 

 In areas of low disease prevalence, the clinical manifestation of the hepatitis E 
can look very similar to those in high endemic areas. This includes icteric hepatitis, 
anicteric illness with nonspecifi c symptoms and asymptomatic transaminase eleva-
tion [ 5 ]. Because routine serologic testing for hepatitis E is not available in the 
USA, this disease is mostly recognized after investigations for all other causes are 
exhausted. These individuals are usually older, male patients with a high frequency 
of underlying liver disease or alcohol use. They typically have nonspecifi c symp-
toms. Mortality in these regions appears to be higher, but may be due to older age 
of infection and the presence of comorbid conditions [ 13 ,  14 ]. Prolonged cholesta-
sis (up to 6 months) can also occur after hepatitis E infection 

 While hepatitis E is overwhelmingly an acute, self-limited infection, it was 
recently discovered in 2008 in France that immunosuppressed patients, most often 
solid organ transplant recipients were found to have a chronic form of the disease. 
It was noted to be due to genotype 3 (often seen in animals) [ 15 ]. Chronic hepatitis 
E infection has also been found in patients with hematological diseases, human 
immunodefi ciency virus infection and those receiving anticancer chemotherapy 
[ 16 ,  17 ]. Liver biopsies in these patients did confi rm the presence of progressing 
fi brosis, leading to the possibility of the development of cirrhosis in some patients 
[ 18 ]. 

 Among otherwise healthy individuals or  in   highly endemic areas, chronic infec-
tion has not been found in genotype 1 or 2 hepatitis E [ 5 ]. 

  E. Diagnosis and Treatment of hepatitis A and E  

 What is the best way of diagnosing hepatitis A and E and is a liver biopsy 
necessary? 
 E.1 Diagnostic tests for hepatitis A and E-evolution, accuracy, sensitivity, speci-
fi city (serum, stool, antibodies and PCR) 
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 E.2 Diagnostic tests-role of liver biopsy 
 E.3 Prognostic tests—how to distinguish markers of poor prognosis and acute 
liver failure 
 E.4 Treatment-supportive, role of steroids, role of antivirals, role of liver 
transplantation. 

 As previously discussed,  the   symptoms of both hepatitis A and E are often indis-
tinguishable from other types of hepatitis. Because symptoms are not specifi c, fur-
ther diagnostic testing needs to be completed in order to confi rm a diagnosis. Initial 
laboratory testing should include serum transaminases (AST and ALT), total biliru-
bin, alkaline phosphatase, albumin and coagulation studies, such as PT/INR. In both 
infections, AST and ALT are the predominately elevated and can often reach levels 
in the thousands with acute hepatitis A. Alkaline phosphatase is usually only mini-
mally elevated. Bilirubin is usually elevated to coincide with the icteric phase. 
Coagulopathy can occur in more severe forms of the disease [ 1 ,  2 ,  5 – 7 ]. 

 Acute hepatitis A is diagnosed by testing for immunoglobulin M (IgM) antibod-
ies to hepatitis A [ 1 ]. This test has a high sensitivity and specifi city when drawn on 
patients with typical symptoms [ 6 ]. There is a risk of false  positives   when drawn on 
asymptomatic patients. IgM anti-hepatitis A is usually detectable once symptoms 
have appeared and levels slowly decline to undetectable levels by 6-months in most 
patients. There have been case reports of IgM anti-hepatitis A remaining positive for 
greater than 1 year after initial infection was reported [ 2 ]. 

 Immunoglobulin G (IgG) anti-hepatitis A develops shortly after infection, and 
remains positive for a patient’s lifetime. Total anti-hepatitis A antibodies can be 
drawn to investigate immunity but do not identify an acute infection [ 2 ]. These 
laboratory changes can be seen in Fig.  9.4  [ 18 ].
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   Nucleic acid amplifi cation techniques are used primarily for research to detect 
hepatitis A RNA in serum and stool. Specimens can be frozen during an outbreak to 
later detect genotyping for epidemiologic purposes [ 19 ]. 

 Liver biopsy is often reserved for severe forms of hepatitis A or in situations 
where the diagnosis is not clear. Since hepatitis A has the ability to cause acute liver 
failure, attention should be paid to the patient’s mental status and coagulation 
parameters. If a patient develops mental status changes in the setting of increasing 
bilirubin and PT/INR, referral and transport should be arranged to a liver transplant 
center for further monitoring. 

 As hepatitis A is often self-limited, treatment is usually supportive including assur-
ing adequate rest, hydration and nutrition. The patient should be educated to avoid 
hepatotoxins such as alcohol and acetaminophen [ 6 ]. No specifi c antiviral medication 
is recommended. In the case of a prolonged, cholestatic course of hepatitis A, cortico-
steroids have been shown to play a role in shortening the clinical course [ 19 ]. 

 Diagnosis of hepatitis E is more diffi cult as there are no currently FDA approved 
assays for detection of anti-HEV antibodies in the USA. In highly endemic areas, 
detection of IgM anti-hepatitis E antibodies is used  to   indicate a current infection 
[ 5 ]. In these areas, testing is often available. In nonendemic areas, such as the USA, 
detection of IgM anti-hepatitis E antibodies can also be used, but testing is usually 
handled through research laboratories or the Center for Disease Control (CDC). 
Hepatitis E nucleic acid detection using amplifi cation techniques can provide more 
accurate detection and allows for genotypes to be identifi ed. Because the time 
course of viremia and viral shedding is brief, this mode of testing often lacks sensi-
tivity [ 5 ]. A timeline of these serologic changes can be seen in Fig.  9.5  [ 5 ].

   Similarly to hepatitis A, hepatitis E is often treated with supportive measures. In 
patients with suspected acute liver failure, prompt transport and referral to a liver 
transplant center should be initiated. Treatment with pegylated interferon alpha-2a/
alpha-2b or ribavirin alone for 3–12 months has been tried in patients with chronic 

  Fig. 9.5     Time course   of hepatitis E       
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or persistent infections [ 20 ,  21 ]. This data was only collected in case reports, and 
data from controlled trials is not available. In patients with high doses of 
 immunosuppressive medications, dose reduction should be initiated before antiviral 
medications are given [ 5 ]. Patients with chronic hepatitis E with progression to cir-
rhosis should be monitored for liver decompensation. Referral to a liver transplant 
center should be initiated in cases of decompensation. 

  F. Prevention of hepatitis A and E  

 What precautions should be taken  for   those suspected of exposure to hepatitis A 
or E? 
 F.1 Post-exposure prophylaxis 
 F.2 Vaccination—who should be vaccinated 

 Hepatitis A and E can both be prevented through the use of clean drinking water, 
proper disposal of human feces and education about personal hygiene. During out-
breaks, boiling of water can be useful. For zoonotic infections, proper handling and 
cooking of pig and deer meat is recommended [ 1 ,  2 ,  5 ]. 

 Although treatment of the patient is supportive, those individuals who are at risk 
of being infected with hepatitis A are eligible for post-exposure prophylaxis [ 3 ]. 
Immune globulin (IG) is preferred for persons older than 40 years of age, children 
younger than 12 months of age, immunocompromised persons, and persons with 
chronic liver disease. In healthy persons aged 12 months to 40 years of age, hepati-
tis A vaccination is the preferred method of prophylaxis. Administration of IG 
should be given to eligible persons within 2 weeks of exposure to prevent develop-
ment or reduce the severity of the disease [ 3 ]. 

 For hepatitis A prevention, two inactivated whole virus vaccines are available: 
HAVRIX (GlaxoSmithKline) and VAQTA (Merck) [ 3 ]. Both vaccines are available 
in pediatric and adult formulations. Both vaccines provide excellent protection 
against hepatitis A, with more than 95 % of adults developing protective antibody 
within 4 weeks of the single dose of the vaccine, and close to 100 % of persons will 
seroconvert after two doses. In children and teens, close to 97 % of persons will be 
seropositive within 4 weeks of a single dose, and all persons had seroconverted after 
two doses [ 3 ]. 

 Hepatitis A vaccines were originally targeted to persons with increased risk of 
infection when introduced in 1995 [ 6 ]. These mainly included persons who traveled 
to endemic areas, men who have sex with men, and persons with chronic liver dis-
ease. Then in 2005, the Advisory Committee on Immunization Practices (ACIP) 
recommended that universal hepatitis A vaccination be implemented into the rou-
tine childhood vaccination schedule at age 1–2 years. The CDC later adopted this 
practice into their vaccine recommendations in January 2006 [ 6 ]. 

 Unfortunately for hepatitis E, there are  no   commercially available vaccines or 
immunoglobulin. Two vaccines have undergone clinical trials that do show effi cacy, 
but have not been brought to market for various issues [ 5 ].      
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    Chapter 10   
 Viral Hepatitis: Hepatitis B (& D)                     

     Tatyana     Taranukha       and     Venelin     Kounev     

          What Is the Signifi cance of Having Both  Hepatitis B Surface 
Antibody   and  Hepatitis B Surface Antigen   at the Same Time? 

 Seroconversion of the HBs antigen and emergence of HBs antibody are associated 
with clearance of HBV virus and emergence of immunity. However, in approximately 
3–5 % of patients with chronic hepatitis B, HBsAg persists despite development of the 
protective antibody [ 1 ,  2 ]. This is thought to be due to the rise of immune variants 
which have an altered anti-HBs-binding site. Thus, despite seroconversion, viral repli-
cation is able to persist due to failure of recognition by the host immune system. These 
individuals are at risk for progressive liver disease due to active HBV replication and 
chronic hepatitis [ 3 ]. Chronic infection in such individuals may also be missed if the 
mutated HBsAg is not detected or screened for. To avoid misdiagnosis, HBsAg, anti-
HBs, and anti-HBc antibodies should be checked during routine HBV screening [ 3 ].  

    What Is the  Risk of Reactivation  ? 

 Patients who are inactive HBsAg carriers and those who have previously recovered 
from HBV infection are at risk for reactivation during chemotherapy, immunosup-
pression following organ transplantation, and treatment with corticosteroids or 
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immune-modulating agents [ 4 ]. Reactivation can be severe, leading to acute liver 
failure or chronic hepatitis [ 4 ]. Delay of treatment until elevation of HBV DNA levels 
is dangerous and not recommended. Groups at high risk for reactivation include indi-
viduals being treated with B-cell-depleting agents particularly  rituximab  ,  anthracy-
cline   derivates, or 10 mg or greater of prednisone daily for 4 or more weeks. Antiviral 
prophylaxis for these individuals should be provided for at least 6 months following 
completion of the immunosuppressive therapy and at least for 12 months following 
B-cell-depleting agents [ 5 ]. To date, there has been insuffi cient evidence to guide 
recommendations regarding the role of anti-HBs status in prophylaxis [ 5 ]. 

 In terms of treatment, a  nucleotide   or  nucleoside      analogue with a more favorable 
resistance profi le than  lamivudine   should be initiated for the necessary duration of 
time [ 5 ].  Entecavir   has recently been shown to be a more effective prophylactic 
agent in decreasing the risk of HBV reactivation and hepatitis fl ares when compared 
to lamivudine in patients undergoing chemotherapy for diffuse large B-cell lym-
phoma [ 6 ].  

    How Do You Distinguish Acute Hepatitis B Infection 
from Recurrence or Flare of Chronic Hepatitis B Infection? 

 Acute HBV infection is classifi ed by appearance of  HBsAg and anti-HBc IgM   [ 7 ]. 
HBV infection persisting for greater than 6 months is considered chronic [ 7 ]. In 
addition to checking for the presence of anti-HBc IgM, distinction between acute 
hepatitis and fl are of chronic hepatitis can be made by looking at sera from both 
patient groups. Patients with chronic hepatitis demonstrate higher levels of anti- 
HBe as well as HBeAg/anti-HBe and HBsAg/anti-HBs immune complexes com-
pared to patients with acute hepatitis [ 8 ]. 

 Upon resolution of HBV infection, patients demonstrate both anti-HBc and anti- 
HBs antibodies. Anti-HBc antibodies persist for life and do not develop in individu-
als who develop immunity through HBV vaccinations [ 7 ].  

    Should Patients with Isolated Hepatitis B Core Antibody 
Be Considered for  Vaccination  ? 

 Isolated presence of anti-HBc is not specifi c and can be indicative of either the 
“window period” during acute hepatitis B infection, chronic carrier state where 
HBsAg is unable to be detected, past infection with waning immunity, or presence 
of a cross-reacting antibody [ 9 ,  10 ]. In the literature, a wide range (up to 20 %) of 
patients have been reported to be isolated hepatitis B core antibody carriers. 
Vaccination for hepatitis B in such individuals can help determine the signifi cance 
of the isolated anti-HBc as well as provide protection to nonimmune  individuals  . 
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 In previously immune patients, administration of the HBV vaccine would generate 
an early, high anti-HBs response. The same result would not, however, be observed in 
individuals who are chronic nonimmune carriers or who have not previously received 
the HBV vaccine. A follow-up anti-HBs antibody should be ordered 2 weeks after the 
administration of the HBV vaccine to evaluate response. In individuals with a falsely 
positive anti-HBc, full immunity would be expected after the administration of the 
standard three-dose vaccine series [ 10 ].  

    Do I Need a Liver Biopsy If I Have Hepatitis B and My Viral 
Load Is Low? 

 A  liver biopsy   may be helpful in establishing the extent of liver damage in patients 
with chronic hepatitis who may otherwise not meet guidelines for treatment [ 11 ]. 
ALT is a convenient marker when assessing liver injury; however, ALT levels can 
exhibit great variability along the course of the HBV infection. In patients with 
normal liver transaminases and low HBV viral load, treatment is generally not rec-
ommended. However, when a liver biopsy was performed on HBeAg-negative 
patients with HBV viral loads equal to or less than 10,000 copies/mL (equivalent to 
2000 IU/mL) and normal ALT levels, severe hepatic fi brosis was noted in 12 % of 
patients and mild-to-moderate necroinfl ammation in 26 % of patients [ 12 ]. In this 
case, a liver biopsy was able to identify individuals with progressive liver disease 
who should receive hepatitis B treatment. Thus, particularly in patients who are 
HBeAg(−) who have a borderline low viral load and ALT levels <2× the upper lim-
its of normal, consideration should be given to a liver biopsy to help assess whether 
treatment should be implemented.  

    When Do I Need to Worry About Occult Hepatitis B? 

  Occult hepatitis B infection      is defi ned as the presence of viral HBV DNA in liver 
 tissues in individuals who test negative for HBsAg [ 13 ]. Occurrence of occult HBV 
is highest among hepatitis C carriers. It is a signifi cant issue for blood banks and those 
involved in organ transplantation in which case HBV can be transmitted to the recipi-
ent. Though post-transfusion hepatitis remains a rare occurrence in Western coun-
tries, in case of  orthotopic liver transplantation (OLT)     , rates of HBV transmission 
have been estimated to be between 17 and 94 % from HBsAg-negative/anti- HBc- 
positive donors [ 13 ]. Similarly, individuals with occult hepatitis B undergoing OLT 
may develop reinfection of their graft with concomitant complications and need for 
therapy. Another concern is the potential for reactivation of occult hepatitis B during 
periods of immunosuppression leading to acute severe hepatitis as well as accelera-
tion of chronic liver disease and development of HCC, especially in individuals 
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simultaneously co-infected with HCV [ 13 ]. Thus, a high level of suspicion and liberal 
virologic testing must be performed to detect this rare but real issue associated with 
hepatitis B particularly in those from endemic areas.  

    What If I Miss a Dose of the Hepatitis B Vaccine Series? Do 
I Have to Repeat all the Shots? 

 Primary vaccination for HBV consists of three doses of the  intramuscular hepatitis 
B vaccine   administered at 0, 1, and 6 months of age to individuals born in the 
USA. Typically, a protective antibody response is seen in 30–55 % of individuals 
less than 40 years of age after the fi rst dose, in approximately 75 % of individuals 
after the second dose, and in greater than 90 % of individuals after the third dose 
[ 14 ]. Age, smoking, obesity, and immune suppression can contribute to decreased 
vaccine response [ 14 ]. No signifi cant effect is seen on development of immunity by 
increasing the time between the administrations of the fi rst two vaccine doses. The 
third dose acts primarily as a booster and provides maximal long-term protection. 
Thus, it is not necessary to repeat all the shots in a vaccination series if a single dose 
of the vaccine is missed. However, by increasing the time interval between the 
doses, there is increased risk of acquiring HBV infection in individuals who have a 
delayed or incomplete response to vaccination [ 14 ]. 

 Though follow-up testing after completion of the vaccination series is not neces-
sary, it is recommended for persons who are at high risk of infection such as health-
care workers, infants of HBsAg-positive mothers, and sexual partners of those with 
chronic HBV infection [ 11 ].  

    How Do I Prevent Transmission of Hepatitis B to My Baby 
If I Am Pregnant? 

 Infants born to HBV-positive mothers should be given  hepatitis B immune globulin 
(HBIG)      and hepatitis B vaccine within 12 h of delivery [ 15 ]. Combination of  HBIG   
and hepatitis B vaccine has been shown to be up to 95 % effective in preventing trans-
mission of HBV through birth [ 11 ]. Furthermore, both the  European Association for 
the Study of Liver Disease   and the  Asian Pacifi c Association for the Study of Liver 
Disease   recommend initiation of antiviral therapy during the third trimester for 
HBsAg-positive mothers with greater than fi ve million copies/mL and ten million 
copies/mL of HBV DNA, respectively.  Lamivudine  ,  telbivudine  , or  tenofovir   should 
be started between 28 and 32 weeks, or earlier if the viral load is greater than 10 8  cop-
ies/mL [ 15 ]. Telbivudine and tenofovir both carry the advantage of being pregnancy 
category B drugs [ 16 ]. Antiviral therapy should be stopped within 3 months of deliv-
ery or immediately after birth if the mother plans to breastfeed her child [ 15 ].  
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    What Is the Risk of Passing HBV to Those I Live With? 

 Patients with HBV need to be informed regarding the risk of HBV transmission to 
others. Hepatitis B can be transmitted by close person-to-person contact through 
open cuts and sores, direct contact with mucosal surfaces, as well as exposure to 
blood and infectious body fl uids such as serum, saliva, and semen [ 14 ]. It is recom-
mended that persons with HBV cover up open wounds, clean blood stains with 
detergent or bleach, and not share toothbrushes or razors [ 14 ]. In fact, hepatitis B 
virus can remain stable at room temperatures for greater than 7 days [ 14 ]. Sexual 
partners also need to be vaccinated against HBV. If a sexual partner is not vacci-
nated then barrier protection should always be used. 

 Overall, the risk of developing  chronic infection   after exposure to HBV ranges from 
25 to 30 % in infants and children under the age of fi ve to less than 5 % in adults [ 11 ].  

    What Is My Risk of  Liver Cancer  ? 

 Individuals who acquired hepatitis B during the perinatal period have the greatest 
chance of developing  hepatocellular carcinoma (HCC)     , approximately 5 % per 
decade during their life [ 17 ]. Additional risk factors for development of HCC 
include male gender, family history of HCC, older age, cirrhosis, elevated ALT 
level, presence of HBeAg, prolonged elevations of HBV DNA, genotype C, and 
coinfection with hepatitis C [ 11 ,  17 ].  

    What Can I Do to Reduce My Risk of  Cirrhosis  ? 

 Active HBV replication, older age, HBV genotype C, ongoing chronic alcohol use, 
and coinfection with hepatitis C all strongly contribute to development of cirrhosis. 
It is estimated that progression to cirrhosis occurs at an incidence of 2–6 % in 
patients with chronic hepatitis B [ 18 ]. To decrease the risk of progressive liver dis-
ease, patients with HBV should seek treatment if they are HBeAg positive with 
elevated ALT levels or HBeAg negative with presence of HBV DNA greater than 
2000 IU/mL [ 11 ]. Adhering to abstinence from alcohol and other potentially hepa-
totoxic compounds may also further prevent progression of liver disease.  

    What Can I Do to Reduce My Risk of  Liver Cancer  ? 

 Hepatitis B-infected patients who are at high risk for  hepatocellular carcinoma 
(HCC)   include Africans and African-Americans, Asian men over the age of 40, 
Asian women over the age of 50, individuals with cirrhosis, family history of HCC, 
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and any carrier of HBV over 40 years of age with persistent or intermittent ALT 
elevations or HBV DNA level greater than 2000 IU/mL. Robust treatment data indi-
cate that in hepatitis B patients with advanced fi brosis, cirrhosis, or chronic hepatitis 
B, reduction of HBV DNA leads to a decreased risk of developing HCC [ 19 ]. 
Nucleotide and nucleotide analogues have previously been shown to reduce HBV 
viral loads and most recently entecavir, an NA, has been demonstrated to have 
reduced rates of HCC compared to no treatment at 5 years of follow-up [ 19 ]. 

 In addition, high-risk individuals should be screened with ultrasound of the liver 
every 6–12 months.  Alpha-fetoprotein (AFP)      measurement alone can be used when 
ultrasound is not available [ 11 ]. Periodic AFP testing can also be considered in low- 
risk individuals in endemic areas as it has a high negative predictive value [ 20 ]. 
Unfortunately, AFP measurement alone is less able to identify lesions at an earlier 
stage at which point a wider range of treatment options are viable.  

    Why and When Should HBV Be Treated? 

 HBV should be treated to halt progression of liver disease, and prevent liver failure 
and development of hepatocellular carcinoma (HCC) [ 16 ,  17 ]. Per guidelines pub-
lished by the  American Association for the Study of Live Disease (AASLD)  , treat-
ment is recommended for patients with chronic hepatitis B who are HBeAg positive 
if they have elevated ALT levels (>2× upper limit of normal (ULN)) or moderate-to- 
severe hepatitis on biopsy and HBV DNA > 20,000 IU/mL as well as those with 
icteric fl ares. Consideration should be given to delaying treatment for 3–6 months 
in those with compensated liver disease in order to determine whether spontaneous 
HBeAg seroconversion would take place. For patients who are HBeAg negative, 
there is some discrepancy between various society guidelines but in general the 
threshold viral load for initiation of therapy is HBV DNA ≥ 2000 IU/mL for those 
with ALT levels >2× ULN [ 11 ]. HBeAg(−) patients with HBV DNA ≥ 2000 IU/mL 
but lesser elevations in liver enzymes may benefi t from a liver biopsy in deciding 
whether to initiate treatment if there is moderate-to-severe infl ammation or signifi -
cant fi brosis. Patients with chronic hepatitis B who do not meet the above criteria 
particularly based on a lower than threshold HBV DNA level but have advanced 
fi brosis or cirrhosis should also be considered for treatment [ 21 ].  

    What Are the  Treatment   Options and for How Long Should 
HBV Be Treated? 

 In the USA, there are seven medications that are currently approved for treatment of 
adults with chronic hepatitis B. They are classifi ed either as interferons (interferon-α, 
pegylated interferon-α), nucleoside analogues (lamivudine, entecavir, and telbivudine), 
or nucleotide analogues (adefovir, tenofovir) [ 17 ,  22 ]. While all treatments are 
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effective at decreasing HBV DNA levels, nucleoside and nucleotide analogues offer 
more convenient administration and improved safety profi le compared to interferon 
therapy [ 17 ,  21 ]. Tenofovir and entecavir are currently recommended as fi rst-line oral 
antiviral agents because of their favorable resistance and effi cacy profi les [ 23 ]. 

 Duration of treatment depends upon the agent used. Interferons which are typi-
cally used with the intent of cure or a sustained virologic response (negative HBV 
DNA 6 months after cessation of therapy) are given for a defi ned course of 16–48 
weeks. Due to the more limited subgroup of patients likely to respond to and toler-
ate interferons (HBeAg(+) with higher infl ammatory activity, lower viral load, com-
pensated liver disease, and particularly genotype A infection), treatment with this 
regimen is typically limited to younger and healthier patients particularly those who 
do not want to remain on long-term therapy. 

  Nucleoside   and  nucleotide analogues (NAs)   are typically much better tolerated 
than interferons due to their better side effect profi le but the length of therapy is 
dependent on a number of factors including the patient’s baseline characteristics as 
well as treatment response. They can be used in a wider range of patients than  inter-
ferons   not only due to their much lesser side effect profi le but also proven effi cacy 
in a broader group of patients including those who are HBeAg(−) and those with 
advanced liver disease including those with decompensated liver disease. While 
resistance is not an issue with interferons, it has been a signifi cant problem with the 
NAs. Perhaps the main reason entecavir and tenofovir are considered fi rst-line 
agents is their resistance profi le.  Entecavir therapy   has been reported to have a very 
low resistance profi le in treatment-naïve patients (approximately 1 % after 5 years 
on therapy) [ 24 ]. Documented resistance to tenofovir in the hepatitis B population 
has not been documented to date. An option available particularly in the HIV popu-
lation is to use the approved HIV combination medication comprised of tenofovir 
and  emtricitabine   since the latter medication also has activity against hepatitis B. 

 Unfortunately, the required length of therapy with these agents is signifi cantly 
longer and dictated both by the HBeAg status and the presence or absence of cir-
rhosis as well as response to therapy. Loss of HBsAg, reduction of HBV DNA level 
to undetectable levels, seroconversion in HBeAg-positive patients, ALT level nor-
malization, and improvement in liver histology have all been studied as end points 
to HBV treatment with NAs [ 7 ,  17 ,  21 ]. The best therapeutic marker, however, 
appears to be loss of HBsAg as it signifi es clearance of the virus as well as develop-
ment of  immunity   to hepatitis B. Most patients with chronic hepatitis B who are 
undergoing treatment with NAs will require 4–5 years of treatment while some 
patients may need to be treated indefi nitely [ 16 ]. 

 In a slight oversimplifi cation, most experts essentially do not stop treatment in 
those with cirrhosis due to concerns about fl ares and further decompensation with ces-
sation of therapy. In the non-cirrhotic HBeAg(+) population, cessation of treatment 
can be considered if there is an undetectable viral load and HBeAg seroconversion 
(development of anti-HBe antibodies). Typically an extended 12 months of consolida-
tion therapy follows the seroconversion before cessation is undertaken. In those who 
are HBeAg(+) and without cirrhosis, we often counsel the patient that an almost indef-
inite length of therapy may be warranted. The only subgroup in this population that 
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treatment cessation is considered are those who demonstrate consistent negative HBV 
DNA viral loads and HBsAg loss (this may or may not be accompanied by develop-
ment of anti-HBs antibodies). Some experts do extend a consolidation interval of 
additional treatment for 6–12 months before cessation of the medication.  

    What Are the Side Effects of HBV  Medications  ? 

 Both interferon therapy and nucleoside and nucleotide analogues (NAs) are associ-
ated with individual side effects.  Interferons   require subcutaneous injections and are 
known to cause headaches, nausea, depression, fl ulike symptoms, as well as  anemia   
and  neutropenia  . They are also contraindicated in decompensated cirrhosis due to 
potential for life-threatening side effects [ 4 ]. Alternatively, nucleoside and nucleo-
tide analogues can be used during all stages of disease. They are given orally while 
side effects can include renal and mitochondrial toxicity [ 16 ,  17 ].  Adefovir   and 
 tenofovir   have both been associated with signifi cant renal dysfunction with pro-
longed treatment when used at higher doses [ 4 ,  16 ]. Patients taking these NAs 
should have their creatinine levels monitored regularly and therapy should be modi-
fi ed or discontinued at fi rst sign of renal toxicity. Tenofovir has also been associated 
with bone loss and reduced bone mineral density while telbivudine has been associ-
ated with myopathy [ 4 ,  21 ].  

    Can My Medications Ever Be Stopped? 

 Interferons are given for 16–48 weeks [ 17 ]. Nucleoside and nucleotide analogues 
(NAs) are continued until desired therapeutic effect is achieved. Premature discon-
tinuation of NAs can lead to increase in HBV DNA levels and reactivation of hepa-
titis leading to potential for decompensated liver failure [ 16 ,  17 ]. Most patients 
undergoing treatment with NAs will require treatment for 4–5 years while some 
patients particularly those with cirrhosis will likely need to be treated indefi nitely 
[ 16 ]. Please see details above.  

    Should I Be Treated with More Than One Medication 
to Prevent Resistance? 

 Combination therapy is used primary in individuals who have developed resistance 
to the initial treatment of HBV [ 21 ]. Though various combination therapies have 
been investigated, none of the combinations have yet been shown to be superior to 
 monotherapy   when the more potent of the two agents is used alone [ 4 ]. There was 
also no increase in long-term response when peginterferon was used in combination 
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with lamivudine in treatment of HBV [ 4 ]. Given favorable effi cacy and resistance 
profi les, tenofovir monotherapy remains an excellent choice for patients who have 
previously developed resistance to other nucleoside or nucleotide analogues [ 21 ]. 
The use of nucleotide and nucleoside combination therapy is promising for those 
with previously established resistance but cannot be routinely advocated at this time.  

    What Is the  Risk of Resistance  ? 

 Treatment of HBV with nucleoside and nucleotide analogues (NAs) can lead to 
antiviral resistance defi ned as increase of circulating HBV DNA with decreased 
effi cacy against the antiviral agent [ 4 ]. NAs can be classifi ed as  L -nucleosides (lami-
vudine, telbivudine, clevudine), acyclic phosphonates (adefovir, tenofovir), and 
cyclopentenes (entecavir). It has been shown that development of resistance to lami-
vudine makes other drugs in the same class ineffective [ 4 ]. Risk of drug resistance 
increases with duration of therapy, persistently elevated HBV levels, patient nonad-
herence to therapy, previous treatment with nucleotide or nucleoside analogues, and 
incomplete viral suppression during the fi rst 6 months of therapy [ 22 ]. 

  Lamivudine   has the highest rate of resistance, estimated to be 70 % after 4 years 
of continuous treatment. Adefovir, though it has been shown to be effective against 
both naïve and lamivudine-resistant HBV, also carries a resistance rate of approxi-
mately 29 % by year fi ve of treatment [ 22 ]. The rate of resistance of entecavir, which 
requires mutations in multiple locations to reduce its effi cacy, is increased from less 
than 1 % when used in treatment-naïve patients to 43 % after 5 years of therapy in 
patients with lamivudine-resistant mutants [ 22 ].  Tenofovir  , the most recently intro-
duced nucleotide analogue, has the best resistance profi le to date. As of yet, there 
has been no noted resistance up to 5 years of therapy [ 21 ,  22 ]. Similarly, there is also 
no risk of drug-induced resistance associated with the use of interferons [ 22 ].     
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    Chapter 11   
 Viral Hepatitis: Hepatitis C                     

     Chalermrat     Bunchorntavakul       and     K.     Rajender     Reddy     

          Questions 

    What Are the Risk Factors for HCV Infection and What 
Are the Clinical Features of Acute Hepatitis C? 

  Acute hepatitis C (AHC) has a spe     ctrum of clinical presentation and course, and its 
diagnosis can be challenging in a signifi cant proportion of patients. Risk factors of 
HCV infection and persons for whom HCV screening is recommended are sum-
marized in Table  11.1  [ 1 ]. However, it should be noted that these risk factors may 
not be present in up to one-third of patients, especially among Asians [ 2 – 4 ]. The 
prompt diagnosis of AHC is crucial in order to allow close monitoring and early 
treatment, which effectively prevent disease  transmiss  ion and consequences of liver 
disease. Nowadays, AHC is often encountered among intravenous drug users, men 
who have sex with men, and in the health care-associated settings [ 3 – 5 ].

   Clinical presentation of AHC ranges from asymptomatic alanine aminotransfer-
ase (ALT) elevation to acute icteric hepatitis with symptoms of nausea, vomiting, 
and abdominal pain [ 3 – 5 ]. The most frequently used  in  dividual criteria for defi ning 
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a case includes anti-HCV seroconversion, acute ALT elevation, and HCV-RNA 
detection [ 6 ]. Testing for anti-HCV alone cannot be used to diagnose AHC in the 
early phase, since it generally is detected after 4–12 weeks after HCV inoculation 
[ 3 – 5 ]. Substantial changes in HCV-RNA and ALT activity are commonly seen in 
patients with AHC, whereas intermittent and transient HCV-RNA negativity and 
ALT normalization can also be observed [ 4 ,  5 ,  7 ]. Thus, patients with acute hepati-
tis C warrant careful monitoring with repeated testing of HCV-RNA, ALT and 
serology, as well as exclusion of other causes of acute hepatitis. 

 The majority (60–80 %) of individuals exposed to HCV evolve on to chronic 
infection [ 3 ]. Several host and viral factors, including younger age, female gender, 
presence of symptoms and/or jaundice, antiviral broadly specifi c, durable and poly-
functional T cell response, immunogenetic  polymorphisms   such as IL28B, human 
immune-defi ciency virus (HIV) infection, low dose HCV inoculum, and high initial 
HCV-RNA, have been known to favorably impact  spontaneous      resolution of acute 
hepatitis C [ 3 – 5 ,  8 ,  9 ]. Approximately 80 % of patients with self-limiting hepatitis 
C experience HCV-RNA clearance within 3 months of onset of infection. Persistent 
viremia beyond 6 months of infection is usually associated with evolution to chronic 
infection [ 10 – 12 ]. 

 The  European Association for the Study of the Liver  (EASL) guidelines suggest 
following HCV-RNA every 4 weeks, and that only those who remain positive at 12 
weeks from onset be treated [ 13 – 15 ]. Treatment of AHC had traditionally been with 
pegylated interferon (PEG-IFN) monotherapy for 12–24 weeks, with expected suc-
cessful rate around 90 % [ 12 – 17 ]. Initiation of treatment before or at week 12 after 
onset of AHC results in higher sustained virological response (SVR) rates than 

   Table 11.1    Risk  fac  tors for HCV infection and the recommendation for HCV testing   

 Persons born between 1945 and 1965 

 Persons with risk behaviors, exposures, and conditions associated with an increased risk of 
HCV infection 
 • Risk behaviors 

 – Injection-drug use (current or ever) 
 – Intranasal illicit drug use 

 • Risk exposures 
 – Long-term dialysis 
 – Getting a tattoo or body piercing in unregulated setting 
 – Healthcare, emergency medical and public safety workers after needle sticks, sharps, or 

mucosal exposure to HCV-related blood 
 – Children born to HCV-infected women 
 – Prior recipients of transfusions or organ transplantation before 1992 
 – Persons who were ever incarcerated 

 • Other medical conditions 
 – HIV infection 
 – Unexplained chronic liver disease and chronic hepatitis 
 – Medical conditions that may causality related to HCV infection, such as mixed 

cryoglobulinemia and membranoproliferative glomerulonephritis 
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 initiation beyond week 20 [ 15 ,  18 ]. The combination of PEG-IFN plus ribavirin 
(RBV) and direct acting antivirals (DAA)-based regimens are also likely to be 
effective in AHC, but these need large clinical trials to confi rm [ 1 ,  14 ]. Also, the use 
of DAAs alone is likely to be infl uenced by their availability in resource constrained 
regions of the World.  

    What Are the Natural History and the Consequences of Chronic 
HCV Infection? 

 Persistent viremia beyond 6 months of infection indicates chronic infection [ 10 – 12 ]. 
Once chronic  infecti  on is established, spontaneous clearance of HCV is very rare. 
Published estimates of fi brosis progression and time to cirrhosis are dependent on 
study design and the patient population, while one large systematic review of 111 
studies estimated prevalence of cirrhosis at 20 years after the infection to be 14–19 % 
[ 19 ] (Fig.  11.1 ). Fibrosis progression in chronic hepatitis C is variable and depends 
on numerous host, viral, and environmental factors, such as age at acquisition of 
infection, sex, race, genetic factors, alcohol consumption, insulin resistance, and 
coinfection with other viruses [ 20 ] (Table  11.2 ). Identifi cation of these factors is 
important because modifi able factors can be altered and high-risk patients should be 
treated promptly. For example, insulin resistance, obesity, and/or  h  epatic steatosis 

  Fig. 11.1    Natural history of hepatitis C.  HCV  hepatitis C virus,  HCC  hepatocellular carcinoma       
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have shown to accelerate progression of  fi brosis and pos  sibly increase risk of HCC 
in patients with HCV [ 21 ].  Weigh  t reduction is associated with decrease in hepatic 
steatosis and the rate of fi brosis progression [ 21 ].

    It should be noted that serum ALT level has high visit-to-visit variability and is not 
a good indicator of liver disease activity or fi brosis in HCV patients [ 22 ]. Prospective 
data from community-based cohort of 1,235 HCV-infected persons found that ALT 
levels were persistently normal in 42 %, persistently elevated in 15 %, and intermit-
tently elevated in 43 % [ 22 ]. Patients with persistently normal serum ALT levels tend 
to have signifi cantly lower scores for infl ammation and fi brosis, compared with 
patients with elevated serum ALT levels; however advanced fi brosis/cirrhosis and por-
tal infl ammation can be observed histologically in 12 and 26 % of those with persis-
tently normal and abnormal ALT, respectively [ 23 ]. Traditionally, the gold standard 
for the assessment of the stage of fi brosis in HCV has been to perform percutaneous 
liver biopsy and then staging by METAVIR, Ishak, or Knodell scoring systems. 
However, in real-life practice, liver biopsy may be limited by patient’s acceptance, 
pain, risk of bleeding, and the possibility for sampling error. Therefore, noninvasive 
methods to assess liver injury and fi brosis (e.g., transient elastography, serum direct 
and indirect fi brotic markers) have been evaluated and are becoming increasingly 
available and used. Although no single noninvasive test or combination of tests devel-
oped to date can parallel the information obtained from actual histology, noninvasive 
methods, particularly when used in combination, can reliably differentiate between 
minimal and signifi cant fi brosis or cirrhosis, and thereby avoid liver biopsy in a sig-
nifi cant percentage of patients [ 24 ]. 

 Among patients with HCV-induced cirrhosis, manifestations of liver failure (e.g., 
ascites, variceal bleeding, encephalopathy, and hepatorenal syndrome) develop in 3–5 % 
per year, and HCC develops in 1–4 % per year [ 25 – 27 ]. Once decompensation has 
developed, survival rate is about 50 % at 5 years and LT is the only effective therapy 
[ 25 – 27 ] (Fig.  11.1 ). 

 HCV infection can be associated with other extrahepatic conditions, such as impaired 
quality of life, insulin resistance, mental impairment, depression,  lymphoproliferative 

   Table 11.2    Factors associated with HCV disease progression   

 Established factors  Possible factors 

 • Age at infection >40 years 

 • Caucasians 

 • Obesity a  

 • Fatty liver a  

 • Metabolic syndrome/insulin resistance a  

 • Alcohol consumption >20 g/day a  

 • Daily use of marijuana a  

 • Immunosuppressed state a  

 • Schistosomiasis 

 • HIV coinfection 

 • Hepatitis B coinfection 

 • Male gender 

 • HCV genotype 3 

 • Cigarette smoking a  

 • Increased hepatic iron concentration 

 • High level of serum transaminases 

   a Modifi able risk factors  
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(e.g., essential mixed cryoglobulinemia and lymphoma) and autoimmune disorders [ 28 , 
 29 ]. Further, HCV generates a major fi nancial burden to society. In 1997, the total cost 
of HCV-related illness in the USA was estimated to be $5.46 billion ($1.80 billion direct 
 cost  s and $3.66 billion indirect costs) [ 30 ]. The  pr  ojected annual direct medical care cost 
of HCV treatment from 2010 to 2019 is $6.5–$13.6 billion, with  in  direct costs expected 
to reach $75.5 billion [ 31 ].  

    Do I Require Treatment for Chronic Hepatitis C? 

 Antiviral therapy should be considered for all patients with chronic HCV infection. 
In most circumstances, the decision of whether or not to proceed with treatment is 
based on the patient’s desire and the need for therapy. The degree of the need is a 
subjective assessment that is made upon considering the stage of liver disease, pres-
ence or absence of favorable factors for treatment response, safety and effi cacy of 
the available treatment options, age and comorbid conditions. 

 The primary goal of treatment of HCV infection is eradication or “cure” of the 
virus. Sustained virologic response (SVR, undetectable HCV-RNA by sensitive 
assay after 12–24 weeks after completion of therapy) is known to be an excellent 
surrogate marker for the cure of HCV. In an extensive review of 44 long-term fol-
low studies after treatment-induced SVR, HCV-RNA was noted to have remained 
undetectable in 97 % of a combined total of >4,000 HCV patients, many of whom 
were immunosuppressed, during their follow-up periods (range from 2 to >10 
years) [ 32 ,  33 ]. Several studies have clearly demonstrated that SVR is associated 
with a substantial reduction in hepatic infl ammation, reversal of fi brosis and even 
of cirrhosis, as well as improvement in health-related quality of life [ 34 – 38 ]. 
Hence, the risk of liver failure, at least over the short term, is virtually eliminated 
in patients with cirrhosis who achieve an SVR [ 36 – 38 ]. Notably, the risk of HCC 
after SVR in patients with cirrhosis is reduced by more than one half; however the 
risk is not eliminated and surveillance for HCC in cirrhotics must continue [ 37 , 
 38 ]. Additional cirrhosis care, in those who achieved SVR, such as surveillance for 
varices is necessary although we currently do not know if the frequency of surveil-
lance should remain the same as for those without viral clearance or those with 
other etiologies for cirrhosis. Successful treatment of HCV has been associated 
with a decrease in liver related  mortali  ty, need for liver transplantation, and also 
with  a   decrease in all-cause mortality [ 39 ].  

    How Effective Has Interferon-Based Regimen Been and What 
Have the Challenges Been? 

 Interferon-based regimen, mainly with PEG-IFN plus ribavirin (RBV), had been the 
standard of care of HCV therapy for more than a decade [ 14 ,  40 ]. Two forms of 
PEG-IFN are available (PEG-IFN alfa-2a and alfa-2b), and RBV should be 
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administered according to the body weight of the patient. Although smaller trials 
from Europe have suggested slightly higher SVR rates with PEG-IFN alfa-2a [ 41 , 
 42 ], a large US multicenter study did not detect any signifi cant difference in SVR 
between the two PEG-IFNs plus RBV [ 43 ]. While IFN-based therapies have almost 
been completely replaced by IFN-free DAA-based therapies in the USA, a combi-
nation of PEG-IFN/RBV will be still widely utilized in the developing countries for 
quite some time because access to new drugs are restricted and delayed by policies, 
limited resources, and economic barriers. 

 PEG-IFN/RBV treatment is administered for either 48 weeks (for HCV geno-
types 1, 4, 5, and 6) or for 24 weeks (for HCV genotypes 2 and 3), inducing SVR 
rates of 40–50 % in those with genotype 1, 50–60 % in those with genotype 4, 
60–90 % in those with genotype 6, and >70–85 % in those with genotypes 2 and 3 
infection [ 14 ,  40 ,  44 ]. Several host (e.g., age, race, IL-28 B genotype, obesity, meta-
bolic, comorbidities and presence of advanced fi brosis and cirrhosis), viral (e.g., 
viral load and genotype), environmental (e.g., substance and alcohol abuse), and 
treatment-related factors (e.g., side effects, adherent to therapy) have been shown to 
infl uence the SVR rates following IFN-based therapy. It should be noted that HCV 
treatment outcome with PEG-IFN/RBV in Asians seems to be superior to that of 
non-Asian populations, and this may be due to several factors that include a favor-
able IL28B genotype [ 2 ,  44 ]. Host genetic polymorphisms located on chromosome 
19 near the region coding for IL28B (or IFN lambda-3) is associated with SVR fol-
lowing treatment with PEG-IFN/RBV in HCV genotype 1, but also to a lesser 
extent for genotype 2 and 3 [ 45 ,  46 ]. IL28B testing is useful to predict virologic 
response at week 4 as a predictive marker for the success of treatment with PEG- 
IFN/RBV, but its role in protease inhibitor-based triple therapy is less signifi cant, 
and is insignifi cant in IFN-free treatment regimen [ 45 ,  46 ]. Improvement of SVR 
rates with IFN-based  therap  y can be achievable by correction of modifi able risk 
factors,  tr  eatment adherence and response-guided adjustment of the treatment dura-
tion (response-guided therapy, RGT) [ 14 ] (Fig.  11.2 ).

   One of the challenges in utilizing PEG-IFN/RBV therapy is management of 
the treatment-related side effects. The common side effects of PEG-IFN include 
influenza- like syndrome (fever, headache, malaise, and myalgia), cytopenia, 
sleep disturbance, hair loss and psychiatric effects, whereas the unusual and 
severe side effects include seizure, psychosis, severe depression, autoimmune 
reactions, bacterial infections, and thyroid dysfunction. The major side effects 
of RBV are hemolytic anemia, cough, rash, and teratogenicity. These side 
effects are generally manageable by pretreatment advice, proper clinical and 
laboratory monitoring, symptomatic treatment, and appropriate dose reduction 
of the related drugs. In cases with significant RBV-induced anemia (hemoglo-
bin <10 g/dL), a stepwise RBV dose decrement is suggested to maintain RBV 
exposure during treatment in order to minimize virologic relapse [ 14 ,  47 ]. This 
strategy has been proven not to compromise the SVR rate, and erythropoiesis-
stimulating agents may also be useful in select patients with difficulty in man-
agement of anemia especially in those with cirrhosis and/or multiple 
comorbidities [ 47 ,  48 ].  
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    What Are the Current Treatment Options? 

 Therapies for chronic HCV have been evolving rapidly over the past few years, 
mainly due the development of new DAA targeting NS3/4A, NS5A, and NS5B 
HCV proteins (Table  11.3 ) [ 1 ,  13 ,  49 ,  50 ]. Accordingly, treatment-induced SVR 
rates have been consistently improving, and now IFN-free DAA combination regi-
men with short duration of treatment (<3 months), single or few pills per day, and 
>95 % SVR rates have become widely available. Currently, some of these all-oral 
combinations (such as sofosbuvir/ledipasvir with or without RBV, sofosbuvir plus 
simeprevir, paritaprevir/ritonavir/ombitasvir plus dasabuvir with or without RBV) 
have already been approved in the USA and some countries in Europe. Most 
recently, daclatasvir in combination with sofosbuvir with or without RBV has also 
been approved for use in the USA, and previously in  E  urope and in Japan and pro-
vides a viable option particularly for  thos  e with genotype 3 infection. At this evolv-
ing stage of HCV  managem  ent, it is suggested to continuously update the most 
recent recommendations for HCV treatment via the American Association for the 
Study of Liver Disease (AASLD), and EASL websites [ 1 ,  13 ]. The recent Infectious 

  Fig. 11.2    Recommendations for response-guided therapy with pegylated interferon plus ribavirin 
and the expected  sust  ained virological response rates.  SVR  sustained virological response,  RVR  
 rapid   virological response,  EVR  early virological response,  HVL  high viral load,  LVL  low viral 
load,  Pt  patients,  G  genotype       
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Diseases Society of America (IDSA)/AASLD guidance is summarized in Table  11.4 , 
and with these regimens, the expected SVR rates are over 90 % for non-cirrhotic 
and cirrhotic patients with any of the HCV genotypes [ 1 ]. However, in real-life 
practice, treatment regimen for HCV may not be generalizable due to many reasons 
such as patient’s comorbidities, physician’s preference, availability and cost of 
DAA in each country, as well as the reimbursement policy. Therefore, the appropri-
ate HCV treatment regimens should be tailored based on the risk of progressive 
liver disease in an individual patient, associated comorbidities, local or regional 
treatment guidelines and cost-effectiveness analyses.

        What Are the Challenges, If Any, in Treating Special 
Populations Such as Those With, Renal Failure, Decompensated 
Liver Disease, Liver Transplantation, and HIV Infection? 

 The management of HCV in special populations is challenging, particularly 
when treating with IFN-based therapy, due to reduced efficacy of treatment, 
increased treatment-related side effects, altered pharmacokinetics, as well as 
the potential for drug–drug interactions. Important pharmacokinetic and meta-
bolic properties of PEG-IFN, RBV and selected DAA are summarized in 
Table  11.3  [ 49 ,  50 ]. New generation DAA-based therapy, especially the IFN-
free/RBV-free regimens, are preferred. The efficacy and safety data of the cur-
rently approved all-oral DAA combinations is compelling for use is special 
HCV populations, as recently been recommended by the AASLD/IDSA guid-
ance (Table  11.5 ).

      HCV Infection in Patients with End-Stage Renal Disease 
(ESRD) (Fig.  11.3 ) 

    HCV  infectio  n in patients with ESRD is associated with more rapid liver disease 
progression, more liver-related mortality and reduced renal graft and patient sur-
vival following kidney transplantation [ 51 – 55 ]. It should also be noted that 
serum ALT levels in  patien  ts with ESRD are lower than in the general popula-
tion, and there is a weak correlation between ALT levels and liver disease activ-
ity in this population [ 53 ,  56 ]. The pharmacokinetics of IFN, RBV and some 
DAA, such as sofosbuvir, are altered in patients with ESRD. With dose adjust-
ment and careful monitoring, treatment with PEG-IFN plus RBV in HCV patients 
with ESRD can be associated with SVR rates nearly comparable to those with 
normal renal function [ 53 ,  56 ,  57 ]. In patients with severe renal impairment (cre-
atinine clearance, CrCl <30 mL/min) or ESRD on dialysis, the dose recommen-
dations are 135 μg/week for PEG-IFN alfa-2A, and 1 μg/kg/week or 50 % 
reduction for PEG-IFN alfa-2B), and 200 mg/day for ribavirin [ 1 ]. Based on the 

C. Bunchorntavakul and K.R. Reddy



153

    Table 11.4    AASLD/IDSA  guid  ance for the treatment of chronic HCV infection   

 Treatment-naïve patients 
 Patients whom prior PEG-IFN plus 
RBV treatment has failed 

 HCV genotype 1a  • SOF-LDV for 12 weeks 

 • PTV-RTV- OMV + DSV + RBV 
for 12 weeks (no cirrhosis) or 
24 weeks (cirrhosis) 

 • SOF + SMV, ±RBV for 12 
weeks (no cirrhosis) or 24 
weeks (cirrhosis) 

 • DCV +  SOF   for 12 weeks (no 
cirrhosis) or DCV + SOF ± RBV 
for 24 weeks (cirrhosis) 

 • Same as treatment-naïve 

 • Patients in whom PEG- 
IFN + RBV ± PI has failed: 
SOF-LDV for 12 weeks (no 
cirrhosis) or SOF-LDV + RBV 
for 12 weeks (cirrhosis) or 
SOF-LDV 24 week (cirrhosis) 

 HCV genotype 1b  • SOF-LDV for 12 weeks 

 • PTV-RTV- OMV + DSV for 12 
weeks 

 • SOF + SMV ± RBV for 12 
weeks (no cirrhosis) or 24 
weeks (cirrhosis) 

 • DCV + SOF for 12 weeks (no 
cirrhosis) or DCV + SOF ± RBV 
for 24 weeks (cirrhosis) 

 • Same as treatment-naïve 

 • Patients in whom PEG- 
IFN + RBV ± PI has failed: 
SOF-LDV for 12 weeks (no 
cirrhosis) or SOF-LDV + RBV 
for 12 weeks (cirrhosis) or 
SOF-LDV 24 week (cirrhosis) 

 HCV genotype 2  • SOF + RBV for 12 weeks (no 
cirrhosis) or 16 weeks 
(cirrhosis) 

 • DCV + SOF for 12 weeks (no 
cirrhosis) or for 16 weeks 
(cirrhosis) in RBV-intolerant 

 • SOF + RBV for 16–24 weeks 

 • SOF + RBV + PEG-IFN a  for 12 
weeks 

 • DCV + SOF ± RBV a  for 24 
weeks if IFN-ineligible 

 HCV genotype 3  • DCV + SOF for 12 weeks (no 
cirrhosis) or DCV + SOF ± RBV 
for 24 weeks (cirrhosis) 

 • SOF + RBV + PEG-IFN for 12 
weeks if IFN-eligible 

 • SOF +  RB  V a  for 24 weeks 

 • Same as treatment naïve 

 HCV genotype 4  • SOF-LDV for 12 weeks 

 • PTV-RTV- OMV + DSV + RBV 
for 12 weeks 

 • SOF + RBV for 24 weeks 

 • SOF + RBV + PEG-IFN a  for 12 
weeks 

 • Same as treatment-naïve 

 • SOF + RBV + PEG-IFN for 12 
weeks 

 HCV genotype 5  • SOF-LDV for 12 weeks 

 • SOF + RBV + PEG-IFN a  for 12 
weeks 

 • Same as treatment-naïve 

 HCV genotype 6  • SOF-LDV for 12 weeks 

 • SOF + RBV + PEG-IFN a  for 12 
weeks 

 • Same as treatment-naïve 

   SOF  sofosbuvir,  LDV  ledipasvir,  SMV  simeprevir,  PTV  paritaprevir,  RTV  ritonavir,  OMV  ombitasvir, 
 DSV  dasabuvir,  PEG-IFN  pegylated interferon,  RBV  ribavirin,  DCV  daclatasvir,  PI  protease inhibitors 
  a Alternative regimens  
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      Table 11.5    Summary of AASLD/IDSA guidance for the treatment of chronic HCV infection in 
special populations   

  Decompensated cirrhosis  
 HCV genotype 1 or 
4 

 • SOF-LDV + RBV (initial dose of 600 mg, increased as tolerate) for 
12 weeks (consider 24 weeks for prior sofosbuvir failure) 

 • DCV + SOF + RBV (initial dose of 600 mg, increased as tolerate) for 
12 weeks 

 • DCV + SOF for 24 weeks (if RBV intolerant or ineligible) 
 HCV genotype 2 or 
3 

 • DCV + SOF + RBV (initial dose of 600 mg, increased as tolerate) for 
12 weeks 

 • SOF + RBV for up to 48 weeks 
  Recurrent HCV post liver    tra    nsplantation  
 HCV genotype 1  • SOF-LDV + RBV for 12 weeks (including compensated cirrhosis) 

 • DCV + SOF + RBV (initial dose of 600 mg, increased as tolerate) for 
12 weeks (including compensated cirrhosis) 

 • SOF-LDV a  for 24 weeks (including compensated cirrhosis) 

 • DCV + SOF a  for 24 weeks (including compensated cirrhosis) 

 • PTV-RTV-OMV + DSV + RBV a  for 24 weeks (for early recurrence: 
fi brosis stage 0–2) 

 • SOF a  + SMV ± RBV for 12 weeks 
 HCV genotype 2  • DCV + SOF + RBV (initial dose of 600 mg, increased as tolerate) for 

12 weeks 

 • SOF + RBV for 24 weeks 

 • DCV a  + SOF for 24 weeks 
 HCV genotype 3  • DCV + SOF + RBV (initial dose of 600 mg, increased as tolerate) for 

12 weeks 

 • SOF + RBV for 24 weeks 

 • DCV a  + SOF for 24 weeks 
 HCV genotype 4  • SOF-LDV + RBV for 12 weeks 

 • DCV + SOF + RBV (initial dose of 600 mg, increased as tolerate) for 
12 weeks 

 • SOF-LDV a  for 24 weeks 

 • DCV a  + SOF for 24 weeks 
  HIV-HCV coinfection  
 DCV  • DCV requires dose adjustment with ritonavir-boosted atazanavir (a 

decrease to 30 mg daily) and efavirenz or etravirine (an increase to 
90 mg daily) 

 SOF-LDV  • Because LDV increases tenofovir levels, concomitant use of LDV 
with tenofovir disoproxil fumarate mandates consideration of CrCl 
rate and should be avoided in those with CrCl below 60 mL/min 

 • Because potentiation of this effect is expected when tenofovir is used 
with RTV-boosted HIV protease inhibitors, LDV should be avoided 
with this combination (pending further data) unless ARV cannot be 
changed and the urgency of treatment is high 

(continued)
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Table 11.5 (continued)

 PTV-RTV- 
OMV + DSV 

 • PTV-RTV-OMV + DSV should be used with ARV with which it does 
not have substantial interactions: raltegravir, dolutegravir, enfuvirtide, 
tenofovir, emtricitabine, lamivudine, and atazanavir 

 • The dose of RTV used for boosting of HIV protease inhibitors may 
need to be adjusted (or held) when administered with PTV-RTV-
OMV + DSV and then restored when HCV treatment is completed 

 • HIV protease inhibitor should be administered at the same time as the 
fi xed-dose HCV combination 

 SMV  • SMV should only be used with ARV with which it does not have 
clinically signifi cant interactions: raltegravir (and probably 
dolutegravir), rilpivirine, maraviroc, enfuvirtide, tenofovir, 
emtricitabine, lamivudine, and abacavir 

   SOF  sofosbuvir,  LDV  ledipasvir,  SMV  simeprevir,  PTV  paritaprevir,  RTV  ritonavir,  OMV  ombitasvir, 
 DSV  dasabuvir,  PEG-IFN  pegylated interferon,  RBV  ribavirin,  DCV  daclatasvir,  PI  protease inhibitors 

  a Alternative regimens  

  Fig. 11.3    Natural history and management of hepatitis C in patients with severe renal impairment 
and kidney transplantation.  HCV  hepatitis C virus,  KT  kidney transplantation,  PHT  portal hyper-
tension,  PEG-IFN  pegylated interferon,  RBV  ribavirin,  PK  pharmacokinetics,  DAA  direct acting 
antivirals,  SOF  sofosbuvir,  LDV  ledipasvir,   DCV    daclatasvir,  SMV  simeprevir,  PTV  paritaprevir, 
  RT    V  ritonavir,  OMV  ombitasvir,  DSV  dasabuvir,  CrCl  creatinine clearance       
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available data, the AASLD/IDSA guidance advised that no dose reduction is 
needed when using sofosbuvir in HCV patients with mild to moderate renal 
impairment (CrCl ≥30 mL/min). However, sofosbuvir is not recommended in 
patients with severe renal impairment/ESRD (CrCl <30 mL/min) or those who 
require dialysis until more data becomes available [ 1 ]. For DAA with primarily 
hepatic metabolism (e.g., boceprevir, simeprevir, daclatasvir), no dosage adjust-
ment is required for patients with mild/moderate to severe renal impairment 
although these agents have not been adequately studied in patients with ESRD, 
including those requiring dialysis [ 1 ]. For patients with mild to moderate renal 
impairment (CrCl >30 mL/min), no dose adjustment is required when using 
sofosbuvir, simeprevir, fi xed-dose combination of sofosbuvir/ledipasvir, or 
fi xed-dose combination of paritaprevir/ritonavir/ombitasvir plus dasabuvir [ 1 ]. 
However, the safety and effi cacy data of all-oral DAA regimens are limited in 
those with CrCl <30 mL/min [ 1 ].  

    HCV Infection in Patients with Decompensated Cirrhosis (Fig.  11.4 ) 

    Treatment of HCV is strongly recommended for patients with advanced fi brosis and 
compensated cirrhosis as an SVR in this high-risk group is associated with a signifi -
cant decrease of the incidence of clinical decompensation and HCC [ 38 ,  39 ]. Further, 
successful viral eradication may then facilitate delay, or, in a small proportion of 
patients, avoid liver transplantation, as well as prevent HCV recurrence following 
liver transplantation. However, the SVR rates are generally lower with IFN-based 
therapies and side effects occur more commonly in patients with advanced fi brosis or 
cirrhosis when compared to patients with mild to moderate fi brosis [ 38 ,  39 ,  58 ]. 
Treatment with PEG-IFN/RBV in patients with decompensated cirrhosis is some-
what disappointing due to low effi cacy (SVR 7–30 % for genotype 1, and 44–57 % 
for genotype 2/3) and high rates of treatment-related side effects (led to dose reduc-
tion in 40–70 % and treatment discontinuation in 13–40 %) [ 59 ,  60 ]. A French cohort 
(CUPIC Study Group) of HCV cirrhosis treated with  boc  eprevir- or telaprevir-based 
triple therapy ( N  = 674) reported a high  incidence   of serious adverse events, includ-
ing death, in those  wit  h platelet count <100,000/mm 3  and/or albumin <3.5 g/L at 
baseline [ 61 ]. Further the real-world experience (HCV- TARGET study ( N  = 2084; 
38 % had cirrhosis) revealed that triple therapy was associated with high rate of 
adverse events (12 % had serious adverse events) and involved frequent treatment 
modifi cations [ 62 ]. Therefore, these triple therapies have no role in patients with 
decompensated liver disease, and newer generation DAA, preferably IFN-free regi-
mens, are required in this population. The pharmacokinetics of sofosbuvir, ledipasvir 
and daclatasvir do not appear to change signifi cantly in patients with moderate or 
severe liver impairment. A fi xed-dose combination of paritaprevir/ritonavir/ombitas-
vir plus dasabuvir and RBV appear to be safe in patients with compensated cirrhosis, 
but should not be used in decompensated patients. Similarly, simpeprevir is not rec-
ommended in Child Class B and C cirrhosis. The AASLD/IDSA guideline recom-
mends that patients with decompensated cirrhosis can be treated with all-oral DAA 
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regimens containing sofosbuvir, ledipasvir, and RBV, according to the HCV geno-
types (Table  11.5 ). These recommended all-oral combination regimens are generally 
associated with SVR rates nearly similar to that of patients without decompensated 
cirrhosis [ 1 ]. The majority of patients with decompensated cirrhosis will improve 
their liver function following SVR, which may sometimes facilitate the avoidance of 
liver transplantation; however liver disease progression can be observed in some 
patients, particularly those with pretreatment MELD >15 [ 63 ]. The antiviral treat-
ment should be started at least 3 months before anticipated surgery with a goal of 
undetectable HCV-RNA for at least 30 days [ 63 ].  

    HCV Infection in Liver Transplant Recipients (Fig.  11.4 ) 

 Liver transplantation in HCV patients is associated with suboptimal graft survival 
which is attributable to universal recurrence of HCV in the graft [ 59 ,  64 ,  65 ]. The 
natural course of HCV is accelerated in liver transplant recipients, with more than 

  Fig. 11.4    Natural history and management of hepatitis C in patients with decompensated liver 
disease and liver  transp  lantation.  HCV  hepatitis C virus,  LT  liver transplantation,  FCH  fi brosing 
cholestatic hepatitis,  SVR  sustained virological response,  PEG-IFN  pegylated interferon,  RBV  
ribavirin,  DAA  direct acting antivirals,  PK  pharmacokinetics,  BOC  boceprevir,  TVR  telaprevir, 
 SOF  sofosbuvir,  LDV  ledipasvir,  DCV  daclatasvir       
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40 % progressing to cirrhosis within 10 years and approximately 50 % developing 
liver failure shortly thereafter [ 59 ,  64 ,  65 ]. The recommended standard of care for 
liver transplant recipients is treatment of confi rmed signifi cant or progressive recur-
rent HCV disease,  b     ased either on persistent, unexplained elevated ALT levels or on 
histologically confi rmed fi brosis once rejection, biliary obstruction, vascular  c  om-
plication, and other causes have been excluded [ 59 ,  64 ,  65 ]. Due to the lack of 
sensitivity and specifi city of serum ALT in determining the severity of recurrent 
hepatitis C, HCV recipients ideally should undergo protocol liver biopsies starting 
from around 6–12 months  follo  wing liver transplantation [ 59 ,  64 ,  65 ]. The avail-
ability and high success rate of DAAs in treating this patient population may ulti-
mately obviate the need for protocol biopsies. Treatment with PEG-IFN/RBV is 
associated with SVR rates of 24–40 % in LT recipients, but adverse effects are com-
mon (two-thirds of patients required dose reductions and one-fourth discontinued 
treatment early). Boceprevir- and telaprevir-based triple therapy has been associ-
ated with higher rates of SVR, but with higher rates of side effects, and has major 
drug–drug interaction issues in which the immunosuppressive regimens needs to be 
closely monitored and preemptively adjusted during the treatment period [ 59 ,  66 ]. 
Therefore, these triple therapies are not recommended by the recent AASLD/IDSA 
and EASL guidelines. The AASLD/IDSA guidance recommend that patients with 
recurrent HCV post-liver transplant, including those with compensated cirrhosis, be 
treated with all-oral DAA regimens containing sofosbuvir, ledipasvir, simeprevir, 
daclatasvir, and RBV, according to the genotypes. Tacrolimus or cyclosporine dose 
adjustments are not needed when treating with these combinations. However, care-
ful monitoring is recommended because of the lack of safety data in this group of 
patients (Table  11.5 ). The fi xed-dose combination of paritaprevir/ritonavir/ombitas-
vir plus dasabuvir and RBV for 24 weeks can be an alternative regimen for patients 
with genotype 1 in the allograft, without cirrhosis [ 1 ]. Notably, ritonavir is a strong 
CYP3A inhibitor, and therefore the dose of calcineurin inhibitors should be adjusted 
and closely monitored during the treatment. The benefi t of immunosuppressive 
strategy on the natural history HCV recurrence has not been well elucidated, 
although there has been evidence suggesting a neutral or small benefi cial effect of 
cyclosporine A, mycophenolate mofetil, and sirolimus [ 59 ,  64 ,  65 ].  

    HCV Infection in Patients With Human Immunodefi ciency 
Virus (HIV) Infection 

 In developed countries, approximately 15–25 % of HIV-infected persons are chron-
ically infected with HCV [ 67 – 69 ]. The prevalence of HIV/HCV coinfection varies 
markedly depending on the route of HIV acquisition, being lower among persons 
reporting high-risk sexual exposure (8–15 %) and higher in those reporting injection 
 drug   use (50–90 %) [ 68 ,  69 ]. HIV infection adversely affects the natural history of 
HCV, leading to increased viral persistence after acute infection, higher levels of 
 vir  emia, accelerated progression to cirrhosis and ESLD, and increased risk of liver- 
related death [ 68 – 70 ]. Successful HCV eradication in HIV-infected patients not 
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only prevents liver disease progression, but is also associated with a reduction in the 
risk of antiretroviral (ARV)-induced hepatotoxicity, HIV disease progression and 
non–liver-related mortality [ 68 ,  69 ,  71 ,  72 ]. 

 Prompt treatment for HCV should be considered in all patients with HIV/HCV 
coinfection; however, in patients with CD4+ cell count <200 cells/mm 3 , it may be 
preferable to improve the CD4+ cell count by starting ARV before HCV treatment 
[ 1 ,  13 ,  14 ]. In the interferon era, HCV treatment in HIV-infected patients was lim-
ited due to historically low response rates, patient comorbidities, physician percep-
tion, adverse effects associated with IFN-based therapy and drug–drug interactions 
[ 1 ]. Treatment with PEG-IFN plus RBV, can eradicate HCV in 14–29 % of HIV- 
infected patients coinfected with HCV genotype 1 and 44–73 % of patients coin-
fected with HCV genotype 2 or 3) [ 73 ] With the availability of HCV DAAs, SVR 
rates have markedly improved, but treatment requires awareness of complex drug 
interactions between DAAs and ARV therapy (Table  11.3 ). The AASLD//IDSA 
guidance has recommended that HIV/HCV coinfected patients be treated and 
retreated the same as non-HIV patients, after recognizing and managing interac-
tions with ARV (Tables  11.4  and  11.5 ). These recommended all-oral combination 
regimens are generally associated with SVR rates of >90 % and similar to that of 
non-HIV patients. Sofosbuvir generally has no/minimal interaction with ARV, but 
it is not recommended for use with tipranavir because of the potential of this drug 
to induce P-gp [ 1 ]. Ledipasvir can increase the concentration of tenofovir that is in 
ARV regimen and present risk of nephrotoxicity. Simeprevir concentration are sig-
nifi cantly decreased when dosed with efavirenz and increased when dosed with 
darunavir/ritonavir [ 1 ]. Because 100 mg of ritonavir is coformulated with paritapre-
vir and ombitasvir, the total dose of ritonavir must be carefully considered and 
adjusted when using ritonavir-boosted regimen [ 1 ,  74 ]. The combined use of RBV 
and didanosine is contraindicated due to the potential for dangerous interactions 
resulting in mitochondrial toxicity causing hepatic steatosis, liver failure, peripheral 
neuropathy, pancreatitis, and lactic acidosis [ 75 ]. The  com  bined use of RBV and 
zidovudine should also be avoided due to increased rate of anemia [ 76 ].       
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    Chapter 12   
 Viral Hepatitis: Other Viral Hepatides                     

     Adnan     Said       and     Aiman     Ghufran    

          Questions from Patients 

     1.     How do I know I have viral hepatitis?  
 Hepatitis means infl ammation of the liver. Drugs, toxins, heavy use of alcohol, 
reduced blood supply to the liver, and microorganisms including viruses may 
cause it. However, signs and symptoms of hepatitis from any virus are similar and 
the specifi c cause is often undistinguishable without blood tests. Sometimes 
patients have no symptoms. When patients do experience symptoms, these may 
include jaundice (yellowing of the eyes and skin), fatigue, lethargy, nausea, vomit-
ing, loss of appetite, abdominal pain, and fever. In severe cases, patients may start 
noticing swelling of feet, abdomen, or confusion and drowsiness. If any combina-
tion of these symptoms occurs, medical care should be sought immediately.   

   2.     How does it occur? Is it contagious?  
 Most viral hepatitis occurs from human-to-human transmission, though animal- 
to-human transmission may also occur. Different viruses may be transmitted either 
from contaminated water and food; bodily secretions like blood, semen, and saliva 
(e.g., herpesviruses); or droplets when people cough or sneeze (infl uenza). The 
mechanism of transmission and its contagiousness is specifi c to each virus.   

   3.     How are these infections treated?  
 Hepatitis caused by viruses is usually treated symptomatically, meaning treating 
the symptoms of liver infl ammation rather than the virus itself. However, some 
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viruses may have a specifi c antiviral that can be used to eradicate it and prevent 
progression of the disease.   

   4.     How do I know if I am getting better?  
 Recovery after viral hepatitis typically starts with gradual resolution of nausea, 
vomiting, abdominal pain, and return of appetite and energy. The jaundice is usu-
ally the last to resolve.      

    Introduction 

     1.     Besides the known hepatitis viruses, which other viruses cause hepatitis?  
 The hepatotropic viruses are the most common cause of viral hepatitis world-
wide, of which hepatitis B and C cause chronic hepatitis. However, non- 
hepatotropic viruses only cause acute hepatitis and/or acute liver failure, without 
causing any chronic damage to the liver. These viruses do not primarily target the 
liver; hence the term non-hepatotropic is used in their description. These viruses 
include the herpesviruses (Epstein-Barr virus (EBV), cytomegalovirus [CMV], 
and herpes simplex virus), parvovirus, adenovirus, infl uenza, and severe acute 
respiratory syndrome (SARS)-associated coronavirus [ 1 ]. 

 The risk of acquiring infection from any of the non-hepatotropic viruses is 
specifi c to each virus and is detailed below. Considerations for determining the 
risk of infection include sanitary conditions, prior exposure, host immune status, 
and duration of infection in the contact.      

    Human Herpesviruses 

 This class of viruses includes varicella zoster (VZV), EBV, CMV, and herpes sim-
plex virus (HSV). 

     Herpes Simplex Virus      

 Approximately 90 % of people worldwide have been exposed to one or both HSV viruses 
[ 2 ]. HSV-1 is more common, with 65 % of persons in the USA being seropositive to 
HSV-1 [ 3 ]. It is almost universal in the developing world, usually acquired in childhood 
secondary to close contact with infected family members and causes oral cold sores [ 2 ]. 
HSV-2 on the other hand is less ubiquitous and incidence varies from 15 to 80 %, depend-
ing on the population. Transmission is almost exclusively during sexual activity [ 2 ].

    2.    Which subgroups are at a particularly high risk for liver involvement with HSV? 
 The infection in the liver with HSV is uncommon. However, when it does occur, 
it frequently leads to acute liver failure with a high mortality. Severe HSV 
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infections are typically associated with impaired cell-mediated immunity that 
may occur in a transplant recipient or in patients on high-dose steroids. Females 
in the third trimester of pregnancy are also particularly at risk for acute liver 
failure. 

 The diagnosis is often missed as skin lesions that provide clinical clues to the 
diagnosis are often lacking in patients with HSV-associated hepatitis. A high 
degree of suspicion, even in the absence of skin lesions, combined with early 
diagnostic modalities and early institution of appropriate therapy with parenteral 
acyclovir may dramatically improve survival [ 4 ]. 

 Four mechanisms of HSV dissemination and resultant hepatitis have been 
hypothesized [ 5 ]: (a) a large HSV inoculant overwhelming the defense system; 
(b) an impairment in host macrophages, cytotoxic T lymphocytes, and delayed- 
type hypersensitivity reactions; (c) enhanced virulence; and (d) activation of a 
latent hepatovirulent strain. 

 HSV hepatitis is characterized by rapid development of fulminant hepatic 
necrosis with serum aminotransferase levels 100- to 1000-fold above normal and 
 hyperbilirubinemia   [ 4 ]. Positive serology often points at the diagnosis with  poly-
merase chain reaction (PCR)      confi rming the diagnosis. In the era of widespread 
availability of PCR testing, a liver biopsy is now less commonly needed to secure 
the diagnosis. Common fi ndings on liver biopsy include massive liver necrosis 
with almost complete absence of portal tracts and central veins. Presence of typi-
cal intranuclear viral inclusions is the hallmark fi nding on a liver biopsy, con-
fi rmed with immunohistochemical staining. 

 Given the time-sensitive  nature      of the disease, initiation of empiric therapy 
with acyclovir is indicated while awaiting diagnostic confi rmation in a patient 
with acute liver failure.    

      Varicella Zoster 

  Varicella zoster (VZV)         causes chicken pox which is a very common, albeit usually 
benign, contagious disease. It spreads easily from infected people via direct contact 
and droplets from coughing and sneezing. Individuals at highest risk include those 
who have never had chicken pox or are unimmunized [ 6 ]. 

  Chicken pox   occurs in epidemics among preschool and school-aged children and 
is characterized by generalized vesicular rash which is extremely pruritic. In addi-
tion to widespread systemic involvement, varicella may also cause a rare congenital 
varicella syndrome. 

 Similar to herpes virus, hepatitis secondary to varicella zoster can be life threat-
ening [ 7 ,  8 ]. The disease severity and pattern of liver injury are similar to those seen 
in HSV hepatitis, and it usually occurs in the adult population that has not been 
previously exposed to varicella. Diagnosis is made based on serology, PCR, and 
liver biopsy, which show diagnostic inclusions on immunohistochemistry. Treatment 
is with parenteral  acyclovir     .  
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     Epstein-Barr Virus      

 EBV is one of the most common viruses worldwide. It is usually asymptomatic, 
though it may cause  infectious mononucleosis (IM)  . Its transmission is via saliva 
and is most common among teens and adults [ 6 ]. 

 The pattern of liver injury is again  hepatocellular  , though it may rarely be chole-
static with marked  hyperbilirubinemia  . Majority of the patients who develop hepa-
titis do not have concomitant signs and symptoms of IM, though it is accompanied 
by lymphocytosis and/or splenomegaly. EBV hepatitis affects an older demographic 
compared to IM, with nearly half of patients over 60 years old. It is usually a self- 
limiting hepatitis which improves with supportive management [ 9 ].  

     Cytomegalovirus      

 CMV is usually spread by infected saliva, urine, and other body fl uids. Most healthy 
individuals infected with CMV are asymptomatic, though occasionally it may cause 
systemic disease with primarily upper respiratory symptoms. When acquired verti-
cally from pregnant woman to fetus it causes serious congenital disease [ 6 ]. 

 Mild elevations in transaminases are almost always present, though the eleva-
tions are rarely higher than fi ve times of the normal value. Patients are usually 
anicteric, and improve with supportive management.   

     Adenovirus      

 Adenovirus is a common virus capable of infecting multiple organ systems. It is 
transmitted via direct conjunctival inoculation, fecal-oral route, aerosolized droplets, 
or exposure to infected tissue or blood. It causes various diseases and syndromes, 
including acute viral gastroenteritis, acute respiratory disease,  keratoconjunctivitis  , 
and acute hemorrhagic cystitis amongst others. 

 It can also cause adenoviral hepatitis, which can lead to severe fulminant failure 
and be life threatening, typically in the immunocompromised transplant-recipient 
host. The injury to liver is hepatocellular, with transaminases fi ve to ten times upper 
limit of normal. Serum levels of AST are often markedly more elevated than the 
ALT values, and may run into several thousands. Total bilirubin and GGT on the 
other hand are only moderately elevated [ 10 ]. Diagnosis is with secured with 
PCR. There is no specifi c treatment, though several antivirals including ribavirin, 
ganciclovir, cidofovir, and vidarabine have been tried in small populations with 
modest success [ 11 ].  
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    Parvovirus  B19   

  Parvovirus B19 (PV-B19)   most commonly infects children and pregnant women. It 
spreads primarily via respiratory droplets, though infection may also occur via 
blood products. 

 It is most commonly associated with erythema infectiosum, otherwise known as 
the fi fth disease of childhood. Its hallmark is fever and a rash classically known as 
“slapped-cheek appearance.” Mild upper respiratory tract symptoms begin approxi-
mately 1 week after exposure to PV-B19 and last for 2–3 days. The virus then 
spreads to the bone marrow and enters the erythroid progenitor. It subsequently 
causes lysis of blood cells which leads to fever with IgM-mediated lacy exanthema. 
In adults it is more commonly associated with marked arthropathy, and during preg-
nancy may cause aplastic anemia. Post-transplant patients are another at-risk popu-
lation which can manifest refractory anemia [ 12 ]. 

 While diagnosis of erythema infectiosum is clinical, blood tests are indicated for 
confi rmation in patients with atypical symptoms or in adults. This is typically with 
an enzyme-linked immunosorbent assay (ELISA) for IgM antibodies and/or PCR 
assay. Viral DNA is typically present in serum up to 6 months after onset of symp-
toms [ 13 ]. 

 Presentation as acute hepatitis or fulminant liver failure has been mostly reported 
in children. While it may also occur in adults, PV-B19-associated hepatitis course is 
less severe than in children. The pattern of injury is typically hepatocellular, with 
ALT and AST often three to fi ve times the normal value, with a preferential eleva-
tion in alanine transferase. Fulminant hepatic failure secondary to PV-B19 remains 
a rare clinical entity. There is no specifi c antiviral  therapy      or vaccine available for 
prevention.  

     Infl uenza      

 Infl uenza spreads via respiratory droplets, with humans and birds as the primary 
reservoir. While most fl u activity occurs from October to May in the USA, it can 
occur year-round [ 6 ]. 

 Infl uenza is often associated with mild elevations in liver enzymes, which typi-
cally resolve after clearance of the virus. This is somewhat intriguing as the virus 
typically infects the respiratory endothelial lining and the  hepatocytes   are not 
exposed to the viral antigen. It has been proposed that the process of CD8 +  T-cell 
infi ltration of the liver in infl uenza infection can lead to clinically signifi cant hepati-
tis [ 1 ]. The pattern of injury is typically hepatocellular with  alanine aminotransferase 
(ALT)   and  aspartate aminotransferase (AST)   usually two to three times above the 
normal limit.  Alkaline phosphatase (ALKP)   and  gamma-glutamyl transpeptidase 
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(GGT)   are often normal. Another observation was signifi cantly higher serum levels 
of AST, ALT, and GGT in patients with pandemic infl uenza in 2009 caused by the 
H1N1 strain compared to seasonal infl uenza [ 14 ]. Diagnosis is confi rmed with 
immunoassays and PCR. 

 Hepatitis secondary to infl uenza rarely progresses to acute liver failure, and 
when it does occur the process is more due to multiorgan failure from sepsis and 
ischemia than direct viral injury. 

 Treatment is with  oseltamivir        . The incidence has reduced and outbreaks have 
diminished in severity due to active recruitment of care providers at grassroots lev-
els to encourage annual immunization in all with no contraindications. However, 
occasional viral mutations lead to resistant strains against which the effi cacy of vac-
cine is diminished.  

     Severe Acute Respiratory Syndrome Coronavirus 
(SARS- CoV)      and  Middle East Respiratory Syndrome 
Coronavirus (MERS-CoV)      

 SARS-CoV is a relatively recently recognized virus, being fi rst recognized in 2003 
as the perpetrator of a massive outbreak of respiratory illness with high mortality in 
China. It has been virtually eradicated with no further cases reported since 2004, 
though CDC declared it a select agent in 2012 [ 6 ]. Another viral outbreak identifi ed 
as MERS-CoV in 2012 in Saudi Arabia has bee reported recently. There is a current 
outbreak of the MERS-COV in South Korea since May 2015. 

 Both SARS- and MERS CoV-associated liver injury is reported in up to 60 % of 
the patients and is associated with clinically signifi cant hepatitis. It is usually asso-
ciated with focal lobular lymphocytic infi ltrates and has been reported in patients 
with SARS. In these cases, although SARS-associated coronavirus was detected in 
the liver tissues by reverse transcriptase-PCR, no viral particles were seen at elec-
tron microscopy [ 1 ]. 

 There is no specifi c therapy for either of the viruses. Various antivirals have been 
tried with little success, apart from interferon which showed modest improvement 
in symptoms.  

     Ebola Hemorrhagic Fever (EHF)         

 Ebola is an extremely contagious virus transmitted from direct contact with infected 
body fl uid. Humans and primates are the primary reservoir. The most recent out-
break started in March 2014 in West Africa and is currently ongoing, and has so far 
resulted in over 10,000 deaths. 

 The disease is associated with severe fulminant liver failure, resulting in massive inter-
nal hemorrhage. Diagnosis is confi rmed by IgM ELISA, PCR, and virus isolation [ 6 ]. 
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The elevations in liver enzymes are hepatocellular in pattern, with AST being much 
higher than ALT. Bilirubin, ALKP, and GGT are only modestly elevated. 

 Treatment is supportive, with no FDA-approved specifi c antiviral therapy avail-
able. Experimental vaccines and treatments for Ebola are under development, but 
they have not yet been fully tested for safety or effectiveness [ 6 ]. Mortality remains 
very high.

    3.     What is the management of patients who develop acute liver failure due to non- 
hepatotropic virus infection?  

 Acute liver failure is defi ned by elevation in liver enzymes, an INR >1.5, and 
development of encephalopathy in someone without known underlying liver dis-
ease. It is associated with rapid progression and very high mortality. The fi rst 
step towards appropriate management is prompt transfer of the patient to the 
nearest transplant center. These patients are preferably admitted to the critical 
care unit, and should have close frequent monitoring of sensorium and the basic 
chemistry panel. Their management is very similar to management of other 
patients with non-acetaminophen-associated liver failure and the use of  N - 
acetylcysteine may also have a role [ 15 ]. 

 Management of advanced encephalopathy is arguably the most challenging in 
acute liver failure. Management is aimed at reducing intracranial pressure. When 
sedation is indicated, propofol is the preferred agent as it reduces brain edema [ 16 ]. 

 Early transplant consideration and evaluation offer the best chance at survival 
in patients with acute liver failure. Even with appropriate management, mortality 
remains high. Prior to transplantation, most series suggested less than 15 % sur-
vival.  Currently     , overall short-term survival (1 year) including those undergoing 
transplantation is greater than 65 % [ 17 ].   

   4.     Do the non-hepatotropic viruses cause chronic disease or result in an elevated 
risk of liver cancer?  

 None of the non-hepatotropic viruses, with the possible exception of PV-B19, has 
been shown to cause chronic liver disease. PV-B19 has been postulated as a rare 
and unusual etiology of chronic hepatitis. This observation is based on identifi ca-
tion of viral DNA from the hepatocytes years after the original infection. 
However, the extent to which it results in actual fi brosis and chronic damage is 
unclear. Furthermore, interest has focused on a possible effect of co-infection 
with PV-B19 on the natural history of chronic hepatitis B and C [ 18 ]. Similarly, 
none of the above viruses have been associated with liver cancer.    

        References 

      1.    Adams DH, Hubscher SG. Systemic viral infections and collateral damage in the liver. Am 
J Pathol. 2006;168(4):1057–9.  

      2.    Arvin A, Campadelli-Fiume G, Mocarski E, et al., editors. Human herpesviruses: biology, 
therapy, and immunoprophylaxis. Chapter 36. Cambridge: Cambridge University Press; 2007.  

    3.    Xu F, Schillinger JA, Sternberg MR, et al. Seroprevalence and coinfection with herpes simplex 
virus type 1 and type 2 in the United States, 1988–1994. J Infect Dis. 2002;185:1019–24.  

12 Viral Hepatitis: Other Viral Hepatides



172

     4.    Norvell JP, Blei AT, Jovanovic BD, et al. Herpes simplex virus hepatitis: an analysis of the 
published literature and institutional cases. Liver Transpl. 2007;13(10):1428–34.  

    5.    Miyazaki Y, Akizuki S, Sakaoka H, Yamamoto S, Terao H. Disseminated infection of herpes 
simplex virus with fulminant hepatitis in a healthy adult: a case report. APMIS. 1991;99:1001–7.  

          6.   Centers for Disease Control and Prevention (CDC).   www.cdc.gov/    .  
    7.    Anderson DR, Schwartz J, Hunter NJ, et al. Varicella hepatitis: a fatal case in a previously 

healthy, immuno competent adult report of a case, autopsy, and review of the literature. Arch 
Intern Med. 1994;154(18):2101–6.  

    8.    Roque-Afonso AM, Bralet MP, Ichai P, et al. Chickenpox-associated fulminant hepatitis that 
led to liver transplantation in a 63-year-old woman. Liver Transpl. 2008;14(9):1309–12.  

    9.    Vine LJ, Shepherd K, Hunter JG, et al. Characteristics of Epstein-Barr virus hepatitis among 
patients with jaundice or acute hepatitis. Aliment Pharmacol Ther. 2012;36(1):16–21.  

    10.    Cames B, Rahier J, Burtomboy G, et al. Acute adenovirus hepatitis in liver transplant recipi-
ents. J Pediatr. 1992;120(1):33–7.  

    11.    Carter BA, Karpen SJ, Quiros-Tejeira RE, et al. Intravenous Cidofovir therapy for disseminated 
adenovirus in a pediatric liver transplant recipient. Transplantation. 2002;74(7):1050–2.  

    12.    Eid AJ, Brown RA, Patel R, Razonable RR. Parvovirus B19 infection after transplantation: a 
review of 98 cases. Clin Infect Dis. 2006;43(1):40–8.  

    13.    Musiani M, Zerbini M, Gentilomi G, et al. Parvovirus B19 clearance from peripheral blood 
after acute infection. J Infect Dis. 1995;172:1360–3.  

    14.    Papic N, Pangercic A, Vargovic M, et al. Liver involvement during infl uenza infection: per-
spective on the 2009 infl uenza pandemic. Infl uenza Resp Viruses. 2012;6(3):e2–5.  

    15.    Lee WM, Acute Liver Failure Study Group. Intravenous N-acetylcysteine improves transplant- 
free survival in early stage non-acetaminophen acute liver failure. Gastroenterology. 
2009;137(3):856–64. 864.e1.  

    16.    Wijkicks EFM, Nyberg SL. Propofol to control intracranial pressure in fulminant hepatic fail-
ure. Transplant Proc. 2002;34:1220–2.  

    17.   AASLD Position Paper. The management of acute liver failure: update. 2011.  
    18.    Mogensen TH, Jensen JMB, Hamilton-Dutoit S. Chronic hepatitis caused by persistent parvo-

virus B19 infection. BMC Infect Dis. 2010;10:246.    

A. Said and A. Ghufran

http://www.cdc.gov/


173© Springer International Publishing Switzerland 2017 
K. Saeian, R. Shaker (eds.), Liver Disorders, 
DOI 10.1007/978-3-319-30103-7_13

    Chapter 13   
 Alcoholic Liver Disease                     

     Ashutosh     Barve     ,     Luis     S.     Marsano     ,     Dipendra     Parajuli     , 
    Matthew     Cave     , and     Craig     J.     McClain     

          Q1:  What are the typical presenting features of ALD and are there any tests that 
should be performed to distinguish ALD from other liver diseases. 

 The term  alcoholic liver disease (ALD)   encompasses a spectrum of disor-
ders including simple fatty infi ltration of the liver (steatosis), alcoholic  hepatitis   
( steatohepatitis) with   or without signifi cant fi brosis, compensated cirrhosis, and 
 decompensated cirrhosis  . Steatosis can be asymptomatic or present with non-
specifi c symptoms such as fatigue or abdominal  fullness  . Alcoholic hepatitis 
patients also frequently complain of abdominal fullness along with other com-

        A.   Barve ,  M.D.    •    L.  S.   Marsano ,  M.D.    •    D.   Parajuli ,  M.D.    
  Division of Gastroenterology, Hepatology & Nutrition, Department of Medicine , 
 University of Louisville School of Medicine ,   Louisville ,  KY ,  USA    

  Robley Rex Louisville VAMC ,   Louisville ,  KY ,  USA     

    M.   Cave ,  M.D.    
  Division of Gastroenterology, Hepatology & Nutrition, Department of Medicine , 
 University of Louisville School of Medicine ,   Louisville ,  KY ,  USA    

  Robley Rex Louisville VAMC ,   Louisville ,  KY ,  USA    

  Department of Pharmacology and Toxicology ,  University of Louisville School of Medicine , 
  Center for Translational Research Building, 505 South Hancock Street, Suite 503 , 
 Louisville ,  KY   40292 ,  USA    

  Department of Biochemistry and Molecular Biology ,  University of Louisville School 
of Medicine ,   Louisville ,  KY ,  USA     

    C.  J.   McClain ,  M.D.      (*) 
  Division of Gastroenterology, Hepatology & Nutrition, Department of Medicine , 
 University of Louisville School of Medicine ,   Louisville ,  KY ,  USA    

  Robley Rex Louisville VAMC ,   Louisville ,  KY ,  USA    

  Department of Pharmacology and Toxicology ,  University of Louisville School of Medicine , 
  Center for Translational Research Building, 505 South Hancock Street, Suite 503 , 
 Louisville ,  KY   40292 ,  USA   
 e-mail: craig.mcclain@louisville.edu; cjmccl01@louisville.edu  

mailto:craig.mcclain@louisville.edu
mailto:cjmccl01@louisville.edu


174

plaints such as jaundice, fever, abdominal distension, gastrointestinal  bleeding  , 
changes in consciousness, and abdominal pain. Compensated cirrhotics may be 
asymptomatic or have anorexia, nausea, weight loss, fatigue, weakness, abnor-
mal menstruation, loss of libido, muscle cramps, and or diffi culty concentrating 
on mental tasks. While no specifi c diagnostic blood tests are available for ALD, 
the AST level is usually only modestly elevated (usually <300 IU/ml) and the 
AST/ALT ratio is usually >1.5, and most have a ratio >2. Liver biopsy is usually 
performed only in those patients in whom the diagnosis is in question. Diagnosis 
is made by clinical history, physical exam,  and   laboratory abnormalities in 
patients with evidence of liver injury and a history of signifi cant alcohol con-
sumption, after all the other causes of chronic liver disease have been ruled out. 
Other liver diseases that we routinely exclude by blood tests are shown subse-
quently in the text along with the corresponding initial serum assays.  

  Q2:  What are the prognostic markers for Alcoholic Hepatitis and Alcoholic 
Cirrhosis. 

 The prognosis of  patients   with  ALD   depends on  multiple   factors. Chief 
amongst those is the seriousness of liver pathology. Patients with only  fatty 
liver   have the best outcomes, while patients with alcoholic hepatitis (AH) or 
cirrhosis have intermediate outcomes. Patients with AH combined with alco-
holic cirrhosis have the worst outcomes. Several prognostic models have been 
developed to predict short-term prognosis in alcoholic hepatitis. The most com-
monly used one is a modifi ed version of the “ discriminant function ” (mDF) 
originally described by Maddrey and Boitnott. mDF values >32 have a poor 
prognosis with 1 month mortality rates of 35–50 %. The prognosis of patients 
with mDF > 32 can be further stratifi ed based on whether or not they have 
hepatic encephalopathy or acute kidney injury. Two other prognostic models 
that successfully predict survival in alcoholic hepatitis patients are the MELD 
and the Glasgow Alcoholic Hepatitis scores (GAHS). A newer scoring system 
based on the patient’s age, bilirubin, INR, and creatinine (ABIC score) sepa-
rates patients into three groups with predicted 3 month survival rates of 100, 70, 
and 25 %. The most commonly used tool to determine the prognosis of alco-
holic cirrhosis patients is the Child- Turcotte- Pugh (CTP) score. The MELD 
score also is a very popular prognostic model for alcoholic cirrhosis, especially 
in the setting of liver transplantation. These grading systems are all available 
online and are important for predicting factors such as need for hospitalization, 
risk of surgery, need/response to medical therapy, and mortality.  

  Q3: What are the treatment options for the different stages of ALD. 
 The most important  treatment   for ALD is abstinence from continued 

excess drinking. Reducing alcohol consumption even without completely stop-
ping alcohol has been shown to improve survival. Patients who abuse alcohol or 
are dependent will need a referral to a qualifi ed alcohol and substance abuse 
counselor for assessment and specialty treatment. The goal is sustained absti-
nence. Signifi cant clinical improvement can be seen within 3 months in two-
thirds of the patients, and many patients achieve complete clinical and 
biochemical recovery, regain muscle mass, and safely discontinue liver-related 
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medications within 2 years. Malnutrition is common among patients with 
ALD. Adequate nutrition is critical in the treatment of severe ALD. It is com-
mon for patients  with   severe alcoholic hepatitis to have inadequate nutritional 
intake in the hospital. These patients often have poor appetites and are actually 
deprived of adequate nutrition by their caregivers due to dietary restriction of 
salt, water, and protein as well as intermittent interruptions to their nutrition due 
to various procedures. We do not hesitate to insert a nasogastric feeding tube if 
a calorie count proves that the patient is not consuming at least 2500 cal daily. 
Medications can be useful in the treatment of severe acute AH. Glucocorticoids 
and Pentoxifylline are two medicines presently used. Glucocorticoid therapy 
may improve survival in  carefully   selected patients, but a number of patients 
have obvious contraindications, a signifi cant number of patients fail to respond, 
and corticosteroids often do not seem to prevent the development of acute kid-
ney injury. Therefore, in patients with contraindications to corticosteroids or 
with evidence of renal injury, pentoxifylline is an alternative therapy. 
Combination therapy has been tested in clinical trials but with disappointing 
results. The most recent large trial in acute AH (STOPAH) unfortunately 
showed no statistically signifi cant benefi t of either steroids or pentoxifylline. 
Novel therapies being tested in ongoing clinical trials for severe AH include 
IL-1 inhibitors and a caspase inhibitor. For moderate alcoholic hepatitis, probi-
otics and an oral agent that inhibits absorption of endotoxin are being tested. 
For decompensated alcoholic cirrhosis which does  not   improve with absti-
nence, liver transplantation is a treatment option with favorable outcomes.    

    Introduction 

 Alcoholic liver disease ( ALD  ) is a major cause of morbidity and mortality world-
wide [ 1 ]. The  clinical spectrum   of ALD includes  fatty liver  , steatohepatitis with or 
without fi brosis, and cirrhosis. Severe Alcoholic Hepatitis ( AH  )    is an especially 
important cause of morbidity, mortality, and health care costs in the United States 
(U.S.)  and   worldwide. In 2007, 56,809 patients (0.71 % of the total) were hospital-
ized in the U.S. with the ICD-9 diagnosis of AH [ 2 ]. Average length of stay was 
6.5 days, and average hospital costs were $37,769, which is more than twice the 
cost of myocardial infarction and approximately four times the cost of acute pancre-
atitis. A nationwide study on AH in Denmark from 1999 to 2008 [ 3 ], found that 
over that time period, the 28-day mortality rose from 12 to 15 %, and the 84-day 
mortality from 14 to 24 %. The overall 5-year mortality was 56 %; 47 % in those 
without  cirrhosis  , and 69 % in those with cirrhosis. These data from Denmark are 
quite similar to VA Cooperative Studies data on 4-year mortality: 42 % mortality 
with AH alone, and 65 % with AH plus cirrhosis [ 4 ]. Thus, despite increases in 
knowledge  of   mechanisms for AH,    mortality is not improving for this important 
clinical problem. 
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 The diagnosis of ALD is made  in   patients with evidence of liver injury based 
on clinical history, physical fi ndings, and laboratory abnormalities, when there is 
evidence of signifi cant alcohol consumption and after other causes of chronic 
liver disease have been excluded. Problems diagnosing the disease arise when the 
patient exhibits no symptoms or clinical fi ndings to suggest the diagnosis, or 
when the patient conceals alcohol abuse. The situation is even more diffi cult when 
the patient has risk factors for other causes of liver disease, such as obesity or 
diabetes mellitus, or has superimposed viral hepatitis. The goal of this chapter is 
to review: (1) selected mechanisms of liver toxicity, (2) the clinical features that 
support the diagnosis of ALD, (3) the natural history and prognostic factors, and 
(4) potential therapy.  

    Mechanisms of Liver Disease 

 There are multiple  mechanisms for   alcohol-induced liver injury that are highly 
complex, multifactorial, and often interactive. Almost everyone who drinks heavily 
develops  fatty liver  , and subsequent (often multiple) insults then convert some 
patients from fatty liver to steatohepatitis and/or  cirrhosis   (Fig.  13.1 ). We address in 
detail the three best-established and long-standing mechanisms of ALD: (1) oxida-
tive stress, (2) nutritional abnormalities, and (3) gut-barrier dysfunction and dys-
regulated cytokine signaling. These three mechanisms have provided the greatest 
number of targets for therapeutic interventions. We also discuss briefl y selected 
other mechanisms, such as endoplasmic reticulum (ER) stress, genetics, and extra-
cellular matrix.

  Fig. 13.1     Mechanisms   for ALD: “2nd Hit”       
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      Oxidative Stress and Lipid Peroxidation 

  Oxidative   stress is an  imbalance    between   pro-oxidants and antioxidants 
(Reviewed-[ 5 ]).  Reactive oxygen species (ROS)   and  reactive nitrogen species 
(RNS)   are products of normal metabolism and can be benefi cial to the host (e.g., by 
contributing to bacterial killing) [ 5 ]. Overproduction of ROS and/or RNS or inade-
quate antioxidant defenses (e.g., low levels of vitamins, selenium, mitochondrial 
glutathione), or both, can lead to liver injury. The stimulus for oxidative stress in the 
liver comes from multiple sources. In hepatocytes, CYP2E1 activity increases after 
alcohol consumption—in part because of stabilization of messenger RNA (mRNA). 
Similarly, CYP2E1 activity is increased in NAFLD. The CYP2E1 system leaks 
electrons to initiate oxidative stress [ 5 ]. CYP2E1 is localized in the hepatic  lobule   
in areas of alcohol-induced liver injury. Moreover, overexpression of CYP2E1 in 
mice and in HepG2 cells (a human hepatoma cell line) in vitro leads to enhanced 
alcohol hepatotoxicity. Nonparenchymal cells and infi ltrating infl ammatory cells 
(e.g., polymorphonuclear neutrophils) are another major source of pro-oxidants that 
are used for  normal   cellular processes, such as killing invading organisms. 
Infi ltrating neutrophils use enzyme systems such as myeloperoxidase to generate 
hypochlorous acid (HClO–, a halide species that causes oxidative stress) and RNS.  

    Nutritional Abnormalities 

 Moderate/severe alcoholic  hepatitis   (AH) is regularly associated with malnutrition. 
In large VA Cooperative Studies, virtually every patient with AH had some degree 
of malnutrition [ 6 ]. Almost 50 % of  severe   AH patients’ energy intake came from 
alcohol. Although calorie intake was frequently adequate, intake of protein and 
critical micronutrients was often defi cient. In these VA cooperative studies, the 
severity of liver disease correlated with malnutrition. Patients were given a bal-
anced 2500-kcal hospital diet. Voluntary oral food intake correlated in a stepwise 
fashion with 6-month mortality data. Thus, patients who voluntarily consumed 
more than 3000 kcal/day had virtually no mortality, whereas those consuming less 
than 1000 kcal/day had greater than 80 % 6-month mortality. 

 A classic example of micronutrient defi ciency in ALD is zinc defi ciency [ 7 ,  8 ]. 
Alcoholics regularly have decreased dietary intake of zinc, as well as poor absorp-
tion and increased excretion. Moreover, oxidative stress causes zinc to be released 
from critical zinc-fi nger proteins. These cumulative effects negatively impact criti-
cal zinc-fi nger functions. This can lead to liver injury, altered fat metabolism, 
impaired liver regeneration, etc., as well as produce classic clinical manifestations 
of zinc defi ciency in humans such as night blindness or skin lesions. 

 The type of dietary fat consumed also appears to play an important role in the 
pathogenesis of ALD. Several studies have shown that dietary saturated fat protects 
against alcohol-induced liver disease in rodents, whereas dietary unsaturated fat, 

13 Alcoholic Liver Disease



178

enriched in linoleic acid (LA), promotes alcohol-induced liver damage [ 9 ]. The 
mechanism(s) by which the combination of LA and alcohol promotes liver injury 
are not fully understood. LA is the most abundant polyunsaturated fatty acid in 
human diets and in human plasma and membrane lipids. Dietary intake of  LA   has 
more than tripled over the past century. LA can be enzymatically converted to bio-
active oxidation products, OXLAMs, primarily via the actions of 12/15- lipoxygenase 
(12/15-LO), or non-enzymatically via free radical-mediated oxidation response to 
oxidative stress. OXLAMs (either alone or in conjunction with ethanol) can induce 
increased gut permeability and hepatic mitochondrial dysfunction in experimental 
ALD. Obesity can also accelerate ALD. As noted above, high fat diets rich in lin-
oleic acid worsen ALD. We also have preliminary research showing that high fruc-
tose (sugared pop) diets worsen experimental ALD.  

    Intestinal Barrier Dysfunction/Microbiota 

 Alcohol, and specifi cally its metabolite acetaldehyde, disrupts tight junction proteins 
and increases gut permeability both in vitro and in vivo; and increased endotoxin levels 
are regularly observed in rodent  models   and in humans with ALD. Endotoxin stimulates 
the production of TNF and other proinfl ammatory cytokines through Toll-like receptor 
(TLR4) signaling, which plays a critical role in the development and progression of 
ALD (Fig.  13.2 ). Other bacteria-derived toxins, such as peptidoglycan and fl agellin, 
may also impact TLR signaling and proinfl ammatory cytokine production [ 10 ]. Indeed, 

  Fig. 13.2    Altered gut:    liver axis in ALD       
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injected peptidoglycan increases liver injury/infl ammation in alcohol-fed compared to 
control-fed mice, and ethanol feeding increases peptidoglycan levels [ 10 ,  11 ]. Moreover, 
chronic alcohol feeding increases hepatic TLRs and thus sensitizes hepatocytes to 
infl ammation/injury induced by translocation of gut derived bacteria/toxins. Endotoxin 
not only plays a role in the  fatty liver   and liver injury of experimental ALD, but it also 
appears to play a role in hepatic fi brosis. In vitro assays as well as in vivo mixed chime-
rism studies show that endotoxin primes stellate cells for Transforming Growth Factor-β 
(TGF)-stimulated collagen production (reviewed-[ 12 ]). Thus, LPS also plays a role in 
fi brosis induction and progression.

   Alterations in the gut microbiome likely play a major role in the development/
progression of gut barrier dysfunction, endotoxemia, and liver injury/fi brosis in ALD 
[ 13 ]. We showed that ethanol consumption caused a time-dependent decline in the 
abundance of both  Bacteriodetes  and  Firmicutes , which was accompanied by a pro-
portional increase in  Actinobacteria  and  Proteobacteria  [ 14 ]. The stability of the 
normal intestinal microbiome is infl uenced by several factors in the luminal environ-
ment including gastric acidity, gut motility, bile salts, immunological defense factors, 
colonic pH and competition between microorganisms for nutrients and intestinal 
binding sites. An altered luminal environment may lead to modifi cations in the 
microbial composition by supporting the growth of specifi c genera.    Thus, a major 
increase of  Alcaligenes  (an alkaline tolerant genus) correlated with an increase in 
fecal pH and a decrease in fecal short-chain fatty acids (SCFA). Further, some SCFAs 
(e.g., butyrate) have important signaling functions and epigenetic consequences, and 
are a critical energy source for the intestine [ 15 ]. These alterations in gut bacteria and 
their metabolites represent not only major mechanisms for ALD but also therapeutic 
targets for intervention with agents such as probiotics and prebiotics.  

    Other Mechanisms 

 There are multiple other mechanisms that are likely important in ALD. ER stress, or 
the unfolded protein response (UPR) pathway, is activated by conditions of protein 
overload or increased unfolded proteins. Once triggered,    this signaling pathway 
results in adaptation and recovery of homeostasis; however, severe or prolonged ER 
stress can ultimately result in cell death. Alcohol-induced ER stress is seen in exper-
imental alcohol-feeding models in mice, micropigs, rats, and zebrafi sh [ 16 – 19 ]. ER 
stress has been also been reported in human patients with ALD [ 20 ,  21 ]. 

 Fibrin/Extracellular Matrix plays a critical role in the progression of ALD. Fibrosis 
results from an imbalance between  production   and resorption of extracellular matrix 
(ECM) caused by a complex interplay between activation/transdifferentiation of 
hepatic stellate cells (HSCs), profi brogenic growth factors and cytokines, and altera-
tions in the fi brin coagulation system. Hepatic injury in experimental models of liver 
disease often involves dysregulation of the fi brin cascade, resulting in the  formation of 
fi brin clots that can cause hepatocellular death and induce infl ammatory signaling in 
the liver. Inhibition of fi brinolysis by plasminogen activator inhibitor-1 (PAI-1) can 
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cause fi brin-ECM to accumulate, even in the absence of enhanced fi brin deposition by 
the thrombin cascade. An imbalance in coagulation factors as well as elevated PAI-1 
levels and hypofi brinolysis are common in patients with ALD [ 22 ]. 

 Both genetic and epigenetic factors are important for disease pathogenesis and 
progression in ALD. The genetic variations  are   often associated with conforma-
tional changes in protein structures and functions due to single nucleotide polymor-
phisms (SNPs), whereas epigenetic changes are phenotypic changes due to altered 
gene expression without affecting the underlying DNA sequence. In ALD, poly-
morphisms of alcohol metabolizing enzymes such as ADH and CYP2E1, as well as 
antioxidant enzymes and cytokine coding genes, have shown strong correlation 
with the progression of ALD [ 23 ]. Important epigenetic modifi cations in ALD 
include microRNAs, DNA methylation, and histone modifi cations.   

    Clinical Features of Alcoholic Liver Disease 

    History 

 Most patients with alcoholic steatosis are asymptomatic, although some may have 
nonspecifi c symptoms such  as   abdominal fullness or fatigue. Patients with alcoholic 
 hepatitis   frequently have abdominal fullness (up to 80–90 % of cases), jaundice (37–
60 %), fever (23–56 %), abdominal distention (35–57 %), gastrointestinal bleeding 
(10–23 %), changes in consciousness (18–45 %),  and   abdominal pain [ 24 ,  25 ]. 

 Patients with  compensated cirrhosis   are frequently asymptomatic, but they may 
have anorexia, nausea, weight loss, fatigue,  weakness  , abnormal menstruation, loss 
of libido, muscular cramps, and/or diffi culty concentrating on mental tasks. Patients 
with  decompensated cirrhosis   are often jaundiced, have evidence of muscle wast-
ing, feel weak, and develop fl uid retention with edema and abdominal distention. In 
addition, many complain of itching and others present with hematemesis or melena. 
Easy bruising, altered sleep pattern, and confusion are also frequent complaints. 

 When obtaining the history, it is important to assess the duration and amount of 
alcohol consumption. The most  commonly   employed validation tool to detect haz-
ardous alcohol consumption is the  Alcohol Use Disorders Identifi cation Test 
(AUDIT)  . A score of 8 or more (7 or more for adults over age 65) indicates alcohol 
use disorder or alcohol dependence (sensitivity >90 % and specifi city >80 %). A 
shorter screening can be done with the 3-question AUDIT-C tool that gives 0–4 
points for the answer to each question and is considered positive for males with a 
score of ≥4 points and for females with a score of ≥3 points [ 26 ], with moderate 
risk being 3–5 points, high risk 6–7 points and severe risk 8–12 points. 

 The  National Institute on Alcohol Abuse and Alcoholism   has a single-question 
test: “How many times in the past year have you had 5 or more drinks for males, or 
4 or more drinks for females, in a day?” An  answer   of one or more times constitutes 
a positive test. This question has a sensitivity of 82 % and specifi city of 79 % for 
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unhealthy alcohol use [ 27 ]. A less powerful tool is the CAGE questionnaire (the 
name is an acronym of its four questions) in which two or more positive answers 
indicate hazardous alcohol use [ 28 ]. 

 Depending on individual susceptibility, alcohol-induced organ injury requires 
alcohol consumption of ≥20 g/day for females or ≥40 g/day for males; however, 
larger amounts than this threshold are usually needed. More than 60 % of individuals 
who drink more than 60 g of alcohol a day will  develop    fatty liver   [ 29 ,  30 ]. A “stan-
dard” alcohol drink has 14 g of alcohol and is equivalent to 12 oz. of beer, 5 oz. of 
wine, 8–9 oz. of malt liquor, or 1.5 oz. of distilled spirits (whiskey, bourbon, etc.). The 
value of the alcohol intake history depends on the recall ability and the truthfulness of 
the patient. The NIAAA has highly valuable alcohol abuse information on its website 
entitled, “Rethinking Drinking” [  http://rethinkingdrinking.niaaa.nih.gov/    ].  

    Physical Exam 

 On physical exam, signs of  fatty liver   can range from mild hepatomegaly, with 
blunting of the normally sharp liver edge,  to   massive hepatomegaly. In patients with 
alcoholic hepatitis,    hepatomegaly (80–90 % of cases), jaundice (40–60 %), and 
fever (23–56 %) are very common. If the injury is severe, the patients will have 
ascites, hepatic encephalopathy, splenomegaly, evidence of muscle wasting, and 
sometimes gastrointestinal hemorrhage with portal hypertensive gastropathy or 
gastro-esophageal varices [ 24 ,  25 ]. 

 Patients with  compensated cirrhosis   often have hepatomegaly with hard liver con-
sistency and a nodular surface. They may also have splenomegaly and, less often, right 
upper quadrant pain. Less common fi ndings include gynecomastia and testicular atro-
phy [ 31 ], amenorrhea, parotid enlargement [ 32 ], cutaneous spider angioma [ 33 ], 
Dupuytren’s contractures [ 34 ], digital clubbing [ 35 ] ( found   especially in patients with 
hypoxemia related to hepatopulmonary syndrome), palmar erythema, and nail changes. 

 Patients with  decompensated cirrhosis   may also have mental changes of hepatic 
encephalopathy with variable degrees of confusion with or without asterixis, jaun-
dice, ascites, and peripheral edema. Some patients will have evidence of gastrointes-
tinal bleeding or other organ damage, including alcoholic gastritis or pancreatitis, 
alcoholic neuropathy or, less commonly, alcoholic cardiomyopathy. Signs of alcohol 
withdrawal are common in patients with alcoholic  hepatitis   who have recently dis-
continued alcohol.  

    Laboratory 

 Patients with ALD should have  a   complete blood count, international normalization 
ratio (INR), comprehensive metabolic panel, and GGT. Because there is the risk of 
overlapping viral hepatitis, serologies for current infection or past exposure to 
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hepatitis A, B, and C are advised. Patients who are not immune should be vacci-
nated against hepatitis A and B. If the ALT is elevated, a full workup for other 
causes of liver disease and  cirrhosis   is also advisable because other immune or 
metabolic causes may be uncovered (Table  13.1 ).

   Consumption of alcohol in excess of 50 g/day causes elevation of AST (sen-
sitivity 50 %, specifi city 82 %) and ALT (sensitivity 35 %, specifi city 86 %) 
[ 36 ]. The elevation of AST is typically higher than that of ALT, and 79 % of 
patients with alcoholic hepatitis have an AST:ALT ratio > 2. Patients with alco-
holic  hepatitis   with ALT > AST frequently have overlapping causes for liver dis-
ease, including superimposed viral hepatitis or drug injury (most often 
acetaminophen). Elevated γ-glutamyl transpeptidase (GGT) is more sensitive 
for alcohol abuse (56–73 %), but less specifi c (53–70 %) than carbohydrate defi -
cient transferrin (CDT) or MCV [ 37 ]. Using a combination of these tests may be 
warranted. Elevated bilirubin, in the absence of biliary obstruction, is a marker 
of the severity of the alcoholic liver injury and is very important as a component 
of the Maddrey Discriminant Function, MELD score, Glasgow Alcoholic 
Hepatitis Score, the Lille model and the Child- Turcotte- Pugh Calculator index 
(discussed subsequently).  

    Liver Biopsy 

 In the presence of a history of alcohol abuse associated with typical liver 
enzyme elevations, diagnosis is very reliable  with   sensitivity of 91 % and spec-
ificity of 97 % [ 38 ], and liver biopsy is often not performed. Patients with 
atypical presentation or those who have markers of other types of liver disease 
(autoimmune hepatitis, hemochromatosis, viral hepatitis, etc.) are good candi-
dates for liver biopsy. Liver biopsy helps to clarify the diagnosis and will give 
the stage of disease, which is useful in deciding if surveillance for 
hepatocellular carcinoma is needed. Patients with  cirrhosis   require imaging 
every 6 months.   

  Table 13.1    Liver Disease 
Differential and Appropriate 
Blood Tests  

 Disease  Blood test 

  Hemochromatosis    Iron/TIBC/ferritin 
 A1 antitrypsin defi ciency  A1 genotype and levels 
 Wilson’s disease  Ceruloplasmin 
 Autoimmune Hepatitis  ANA 
 Primary biliary cirrhosis  AMA 
 Hepatitis A  Hepatitis A antibody 
 Hepatitis B  Hepatitis B surface 

antigen and core 
antibody 

 Hepatitis C  Hepatitis C antibody 
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    Natural History and Prognosis 

 Chronic alcohol consumption can lead to a spectrum of liver injuries which can occur 
sequentially, separately, or simultaneously in the same patient [ 39 ]. Alcoholic steatosis 
is the initial and most  common   manifestation of alcoholic liver disease. It is character-
ized histologically by both microvesicular and macrovesicular fat accumulation within 
the hepatocytes, with minimal infl ammatory response or hepatic fi brosis [ 40 ]. Patients 
with steatosis are usually asymptomatic. They typically have normal to very mild ele-
vations of their liver enzymes, such as GGT, ALT, and AST. Serum bilirubin and mark-
ers of hepatic function (international normalized ratio (INR), albumin levels) also tend 
to be normal. Alcoholic steatosis is reversible with abstinence [ 41 ]. 

 Early studies by Dr. Charles Lieber using  volunteers   demonstrated the relative ease 
with which alcohol consumption causes  fatty liver   [ 42 ,  43 ]. Indeed, volunteers who 
drank heavily (46 % of calories as alcohol) for 1–2 weeks exhibited fatty liver on biopsy. 

 A subset of people who continue to drink heavily will develop AH. Why only a sub-
set of people develop more advanced and ominous disease is unclear, but probably 
relates at least in part to risk factors. These  risk factors   can be modifi able or nonmodifi -
able (Table  13.2 ). The most important modifi able risk factor is continued drinking. 
Nonmodifi able risk factors include sex (females are at higher risk) and genetics (certain 
polymorphisms, as discussed previously in the Mechanisms section). Alcoholic 
 Hepatitis   is a necro-infl ammatory process characterized by predominant neutrophilic 
infi ltration, ballooning degeneration of hepatocytes, and hepatocyte necrosis [ 44 ]. 
Acutely, the development of alcoholic hepatitis is associated with a signifi cant increase 
in mortality and the potential to develop portal hypertension and its complications, even 
without developing major fi brosis [ 45 ]. In the long term, for those who survive, this 
disease process is associated with an accelerated course of fi brosis progressing to cir-
rhosis in 40 % of cases [ 46 ]. These distinctions in the natural progression of alcoholic 
liver disease also have therapeutic implications, explaining why a subset of alcoholics 
with infl ammatory features are candidates for treatment with anti-infl ammatory agents 
(i.e., corticosteroids and pentoxifyline) in an attempt to reduce proximal mortality, 

  Table 13.2     Risk   factors   • Continued drinking 
 • Age, sex 
 • Race 
 • Diet/nutrition 
 • Genetics/epigenetics/family history 
 • Smoking 
 • Obesity 
 • Occupational/Environmental 

exposure 
 • Medications/drugs of abuse 
 • Other liver diseases 
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whereas patients without major infl ammatory features may be better candidates for 
treatment geared toward  reducing   long-term hepatic injury/cell death, hepatic dysfunc-
tion, or possibly enhancing liver regeneration.

   Due to the important acute prognostic implications of alcoholic  hepatitis   and 
possible subsequent  cirrhosis  , multiple scoring systems have been developed to 
assess the severity of liver disease in terms of patient survival in order to assign 
patients to proven treatment modalities. The  Child-Turcotte-Pugh (CTP)  , the  oldest   
scoring system, incorporates the serum bilirubin level, albumin level, PT, and the 
severity of ascites and hepatic encephalopathy in assigning a numerical score that is 
used to categorize patients (class A = scores 1–6, class B = scores 7–9, class 
C = scores 10–15), with a higher score denoting more severe disease [ 47 ]. It is the 
most widely used scoring system to evaluate severity of  cirrhosis  . Since 2002, the 
 United Network for Organ Sharing (UNOS)   has utilized the MELD score to grade 
the severity of liver disease in patients awaiting liver transplant. This represents a 
more objective analysis, utilizing only the serum bilirubin, creatinine, and INR [ 48 ]. 
This scoring system has been validated in multiple studies to accurately predict the 
3 month mortality of patients with liver disease, especially those patients awaiting 
liver transplantation [ 49 ]. 

 The CTP and MELD score are proven modalities to assess the gravity of liver 
disease due to a variety of causes. However, due to the particularly infl ammatory 
nature and high degree of early mortality associated with acute alcoholic  hepatitis  , 
varying scoring systems have been, and continue to be, specifi cally developed and 
used in the assessment of this form of liver disease. Since its development in the in 
the late 1970s, the  Discriminant Function (DF)   of Maddrey, which incorporates the 
serum bilirubin and PT, has been widely used to  predict   short-term mortality in 
patients with alcoholic hepatitis and to select in an evidence-based manner, those 
who are likely to benefi t from treatment with corticosteroids [ 50 ]. Patients are clas-
sifi ed into those who have nonsevere alcoholic hepatitis (DF < 32) and those who 
have severe alcoholic hepatitis (DF > 32). As the proximal early mortality is 10 % 
versus 30–60 % in the groups with and without treatment, respectively [ 51 ], the latter 
group is usually treated with corticosteroid therapy unless contraindicated [ 52 ]. A 
useful link to calculate 90-day mortality in acute alcoholic hepatitis, based in the 
MELD score, can be found at   http://www.mayoclinic.org/medical-professionals/
model-end-stage-liver-disease/meld-score-90-day-mortality-rate-alcoholic- 
hepatitis    . Other specifi c scoring systems include the  Glasgow alcoholic 
hepatitis score (GAHS)   which is a composite of scores related to patient age, 
leukocyte count, serum urea levels, serum bilirubin level, and PT ratio [ 53 ], with a 
score ≥9 signifying poor prognosis. In this study,  patients    with   both, a DF > 32 and a 
GAHS > 9, had 28 day survival, if corticosteroid-treated versus  corticosteroid- untreated, 
of 78 % vs. 52 %, and an 84-day survival of 59 % versus 38 %, respectively. If the 
GAHS was less than 9, there was no difference in outcome between the corticoste-
roid treated or untreated groups. A more recent scoring system, the ABIC score 
[(age × 0.1) + (serum bilirubin × 0.08) + (serum creatinine × 0.3) + (INR × 0.8)], has 
shown promising results in the prediction of 3 month mortality in patients with alco-
holic hepatitis [ 54 ]. This model stratifi es the severity of alcoholic hepatitis as low 
(score < 6.71), intermediate (score: 6.71–8.99), and high (score ≥ 9.0). Theses scores 
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correspond to a 90 day survival of 100 %, 70 %, and 25 % respectively, and 1-year 
survival of 97 %, 64 % and 33 % respectively. 

 The Lille score is unique in that it is not only clinically useful in assessing the 
severity of patients presenting with alcoholic  hepatitis  , but it  is   also used to assess 
the response of patients with more severe forms of alcoholic hepatitis being treated 
with systemic corticosteroids. The score includes six variables: age, albumin level, 
bilirubin level at day 0, bilirubin level at day 7, PT, and the presence of renal insuf-
fi ciency [ 55 ]. A score of <0.45 predicts a 6 month survival of 85 ± 2.5 % while a 
score >0.45 predicts a 6 month survival of only 25 ± 3.8 % (sensitivity and specifi c-
ity at 81 % and 76 %, respectively) [ 56 ]. Patients with a score of ≥0.45 on day 7 
while on therapy with corticosteroids (null responders), which represent close to 
40 % of the corticosteroid treated patients, are recommended to be switched over to 
alternative forms of treatment because they will not benefi t from the continuation of 
corticosteroid therapy.  

    Therapy 

 Interventions for ALD  patients   reside on a continuum (Fig.  13.3 ). All patients 
should control the modifi able risk factors of alcohol use, obesity, and smoking. 
Most with advanced disease will benefi t from treating malnutrition. Some may need 
pharmacotherapy. Only a few will be transplant candidates, and they are patients 
with severely decompensated ALD who have stopped drinking.

      Lifestyle Modifi cation 

 When managing a patient with ALD, steps should be taken to achieve alcohol ces-
sation. Many studies have shown  that   patients who quit drinking have improved 
survival; moreover, even cutting back on alcohol consumption can lead to some 
improvement in liver disease [ 57 ]. Brief-interventions, during which a patient has 
regular conversations with a nurse or physician focusing on feedback, responsibil-
ity, advice, empathy, and optimism, have been shown to reduce drinking [ 58 ]. 
Patients should be encouraged to consider behavioral programs such as Alcoholics 
Anonymous. For patients who continue to crave alcohol despite brief-interventions 
and attending behavioral programs such as Alcoholics Anonymous, pharmacologic 

  Fig. 13.3     ALD   
interventions       
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adjuncts can be offered. Baclofen is the only drug for alcohol dependence currently 
under investigation that has good safety data in patients with  cirrhosis  , making it a 
reasonable fi rst-line choice in this patient population [ 59 ]. However, data are lim-
ited in ALD and more research is required. 

 Cigarette smoking [ 60 ] and obesity [ 61 ] are both independent risk factors for 
fi brosis in ALD and must also be addressed. While a patient may fi t the defi nition 
of obesity (BMI > 30), he/she may still have concurrent nutritional defi ciencies in 
macronutrients (e.g., protein) or in micronutrients (e.g., zinc), and nutrition must be 
evaluated.  

    Nutrition Therapy 

 Many patients with advanced ALD are malnourished, and liver disease severity cor-
relates with the degree of malnutrition.    While visceral proteins (albumin, prealbu-
min, and retinol binding protein) are the most common laboratory tests used to assess 
a patient’s nutritional status, these results can be confounded by the underlying liver 
disease or superimposed infections. Evaluating clinical fi ndings such as muscle 
wasting, edema, loss of subcutaneous fat, and glossitis/cheilosis are helpful in sub-
jectively identifying protein energy malnutrition (PEM). Nutritional assessments of 
alcoholic patients can reveal adequate calorie intake. Indeed, in some studies, almost 
50 % of patients’ energy intake was from alcohol alone, leading to defi cient protein 
and micronutrient intake [ 62 ]. ACG and AASLD guidelines recommend 1.2–1.5 g/
kg of protein and 35–45 kcal/kg of body weight in patients with ALD [ 63 ]. For a 
175 lb patient, that translates to about 96–120 g of protein a day and 2800–3600 cal 
a day.    Adherence to sodium restriction is vital in patients starting to retain fl uid 
(peripheral edema, ascites), which is usually seen in more advanced disease. 

 Patients with stable  cirrhosis      have nutritional defi ciencies almost as severe as 
those found in patients with alcoholic hepatitis [ 64 ]. The frequency of malnutrition 
increases with the severity of disease. For example, the risk of profound malnutrition 
increases from 45 % in patients with Child’s class A to 95 % in those with Child’s C 
cirrhosis [ 64 ,  65 ]. Patients with cirrhosis who require hospitalization have a substan-
tially higher  prevalence   of malnutrition compared with general medical inpatients 
and have signifi cantly longer hospital stays and a twofold higher risk of in-hospital 
mortality [ 66 ]. Even in patients with stable, compensated cirrhosis, malnutrition is 
associated with higher mortality and complication rates within a year [ 65 ,  67 ]. 

 Hepatic glycogen stores are depleted in patients with cirrhosis. As a result, these 
patients go into an early starvation mode after only 12 h of fasting compared to 48 h 
in normal individuals. Thus, even short periods of inadequate nutrition can result in 
peripheral muscle proteolysis, which contributes to protein malnutrition. Patients 
with  decompensated cirrhosis   may also be hypermetabolic. Not surprisingly, the 
protein intake recommended for patients with cirrhosis is higher than for healthy 
adults [ 67 ,  68 ]. The positive impact of judicious nutritional supplements in patients 
with cirrhosis is illustrated by a recent randomized trial showing that a nighttime 
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snack of 700 kcal each evening resulted in an accrual of 2 kg of lean tissue over 
12 months [ 69 ]. We stress the importance of taking a snack at about 9 pm to all our 
advanced cirrhotics (Table  13.3 ).

   The increased nutritional requirements and the vulnerability to early starvation 
in cirrhotic patients underscore the importance of avoiding protein restriction in 
patients with encephalopathy. Prolonged protein restriction has no benefi cial effect 
on encephalopathy and can be nutritionally catastrophic [ 64 ,  67 ,  70 ]. If, despite 
appropriate medical therapy, standard enteral formulas lead to encephalopathy, a 
branched chain amino acid-enriched formula can be given as a supplement to meet 
nitrogen needs [ 64 ,  68 ]. 

 Patients with alcoholic liver disease also may have a plethora of vitamin and 
mineral defi ciencies [ 64 ,  65 ]. In addition to the commonly recognized defi ciencies 
in folate and B vitamins, defi ciencies in fat soluble vitamins (A, D, and E) and min-
erals (magnesium, selenium, and zinc)  are   common causes of symptoms and physi-
cal fi ndings in these patients [ 65 ]. Zinc defi ciency, for example, may be an important 
component of the skin lesions, night blindness, mental irritability, confusion and 
hepatic encephalopathy, anorexia, altered taste and smell, hypogonadism, and 
altered wound healing so commonly seen in patients with alcoholic liver disease 
[ 8 ]. Assessment and judicious corrections of each of these defi ciencies is an 
 important aspect of the care of these patients. We advise that most patients take a 
multivitamin and we frequently supplement with zinc sulfate 220 mg daily, as well 
as magnesium oxide 400 mg daily.  

    Drug Therapy for Severe Alcoholic Hepatitis 

 A host of drugs have been tried in clinical trials to  treat   AH or, in some cases, alco-
holic cirrhosis, and  most   have been ineffective (Reviewed-[ 1 ,  71 – 77 ]). Antioxidants 
of a variety of types including vitamin E and antioxidant cocktails have not proven 
to be effective in AH [ 73 ,  75 ,  77 ]. Lecithin was used in a large VA Cooperative 
Study to combat alcoholic fi brosis without statistically signifi cant benefi t [ 72 ]. Most 
recently, specifi c anti-TNF drugs have been ineffective in AH. Other drugs used in 
large trials are listed in Table  13.4  [ 71 ].

  Table 13.3     Nutritional 
recommendations   for ALD 
patients  

 • Evaluate for clinical signs of 
malnutrition in all ALD patients 

 • Daily Caloric Intake: 35–40 kcal/kg 
 • Daily Protein Intake: 1.2–1.5 g/kg 
 • Evening Snack of 700 cal and 26 g of 

protein for advanced disease 
 • Avoid n-6 unsaturated fats (linoleic acid) 
 • Multivitamin in most patients 
    – Zinc sulfate 220 mg 
    – Magnesium oxide 400 mg 
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       Corticosteroids and Pentoxifylline Therapy for Severe AH 

 Glucocorticoid (prednisone/prednisolone)  therapy for   AH has been recommended 
in AASLD and ACG guidelines, but some patients do not respond to steroids and 
have been termed “steroid resistant.” Research suggests that steroid nonresponding 
AH patients have a 6-month mortality of approximately 60 %. Pentoxifylline (weak 
nonspecifi c PDE inhibitor) has been used in AH with some promising results, but 
further studies on its effi cacy/mechanisms of action are needed, as well as studies 
on more specifi c PDE inhibitors [ 78 – 80 ]. We review data supporting the use of 
steroids and pentoxifylline in AH, as well as limitations of both of these drugs. 

 Corticosteroids have been successfully used to treat a wide variety of chronic 
infl ammatory diseases and are the current standard of care in the treatment of severe 
AH. However, glucocorticoid resistance poses a challenging clinical problem. 
Glucocorticoids (GC) act by binding to glucocorticoid receptors (GR) in the cyto-
plasm, which are subsequently activated and translocate to the nucleus. There, the 
GR can bind to the glucocorticoid response elements (GREs) in the promoter region 
of the glucocorticoid responsive genes to switch on the expression of 
 anti- infl ammatory genes. Repression of infl ammatory genes by GR requires recruit-
ment of co-repressor molecules, particularly histone deacetylases (HDAC-6,-2) 
[ 81 ,  82 ]. Resistance to the anti-infl ammatory effects of GC can be induced by sev-
eral mechanisms which may differ between patients [ 83 – 92 ]. 

 One simple and clinically utilized defi nition of glucocorticoid resistance in AH 
patients is the lack of an early change in bilirubin levels (ECBL) at 7 days [ 93 ]. The 
subsequently developed Lille Model also allows patients to receive a 7-day course 
of corticosteroids and then assesses the responsiveness previously noted [ 56 ]. These 
“stopping rules” have provided some greater comfort in using steroids in AH—we 
have criteria for drug discontinuation if it is not providing benefi t. 

 It is important to only treat those with severe AH with steroids. Maddrey et al. 
fi rst described factors associated with severe AH and devised the original Maddrey 
Discriminant Function (DF) [ 50 ]. Later revised and validated, several trials and 
meta analyses have consistently shown that patients with a Maddrey’s DF score ≥32 
or spontaneous hepatic encephalopathy who are treated with steroids have a statisti-
cally signifi cant reduction in mortality compared to placebo [ 94 ,  95 ]. 

  Table 13.4     Drug therapy     • PTU X 
 • Colchicine X 
 • Lecithin X 
 • Anabolic steroids X 
 • Antioxidants X 
 • Anti-TNFs X 
 • Corticosteroids 
 • Pentoxifylline 
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 Pro- and anti-infl ammatory cytokines (particularly TNF-α and IL-10) play an 
important role in the pathogenesis of AH [ 96 ]. Pentoxifylline (PTX) is a nonselec-
tive phosphodiesterase (PDE) inhibitor that has been shown to have survival benefi t 
in initial AH studies [ 78 ,  79 ]. PTX treatment increases intracellular concentrations 
of cAMP and cGMP, and increased cAMP has been shown to positively modulate 
the cytokine infl ammatory response. Agents that enhance cAMP (such as dbcAMP, 
adenylcyclase (AC) agonists, and PDE4 inhibitors) have been used in in vivo stud-
ies to protect against LPS- and alcohol- induced   hepatitis [ 97 ,  98 ]. We have shown 
that chronic ethanol exposure increases LPS-inducible expression of PDE4B in 
monocytes/macrophages of both human and murine origin, and this is associated 
with enhanced NFκB activation and transcriptional activity and subsequent priming 
of monocytes/macrophages leading to enhanced LPS-inducible TNF-α production 
[ 99 ]. Initial clinical trials of patients with AH taking pentoxifylline have shown an 
improvement in short-term survival and a decrease in complications. In 2000, 
Akrividis et al. randomized 101 severe AH patients to receive either pentoxifylline 
(400 mg orally three times daily) or placebo for 28 days [ 78 ]. Twelve of the 49 
pentoxifylline patients (24 %) died during the study period compared to 24 of 52 
control patients (46.1 %,  p  = 0.037). PTX was particularly effective at preventing 
hepatorenal syndrome. 

 It is important to note that combining corticosteroids and pentoxifylline does not 
appear to confer benefi cial effects nor does switching from corticosteroids to pent-
oxifylline in “steroid nonresponders” [ 100 – 102 ]. Corticosteroids generally provide 
no benefi t in patients with renal impairment and can increase risk of infection (espe-
cially fungal infections) [ 103 ]. The risk:benefi t ratio has been improved by various 
models such as the early drop in bilirubin and the Lille model. However, length of 
steroid therapy in AH is still quite empiric. 

 Pentoxifylline has many theoretic advantages, including long-term safety in 
humans. It has hepatic anti-fi brotic effects as well as benefi cial effects in some mod-
els of renal dysfunction and gut-barrier dysfunction in experimental animals [ 104 –
 111 ]. Unfortunately, the most recent and largest study (Stop AH) comparing 
corticosteroids to pentoxifylline showed no benefi t over placebo with either drug 
[ 112 ]. In contrast, a recent meta-analysis including the Stop AH data did suggest 
positive short-term benefi ts with corticosteroids and less strong benefi t with pent-
oxifylline [ 113 ]. 

 Our current approach for hospitalized patients with severe AH is nutritional sup-
port including feeding tube placement if necessary, and corticosteroid therapy in 
patients without contraindications. Patients are  then   reassessed at the end of 1 week 
for response. In patients with early renal dysfunction or steroid contraindications, 
pentoxifylline is used. For patients with less severe liver disease, AH (MELD under 
19–20), or stable  cirrhosis  , we tend to use probiotic therapy ( Lactobacillus  GG) 
alone or in combination with pentoxifylline or zinc. 

 For all patients, maintaining abstinence (or at least reduced alcohol intake) is 
important. Patients should undergo regular surveillance (6 month imaging) for hepa-
tocellular carcinoma and screening for esophageal varices as appropriate. Weight con-
trol, appropriate vaccinations, and elimination of smoking are also very important.  
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    Liver Transplantation 

  Liver transplantation   is covered in detail in the chapter on that topic. Alcoholic cir-
rhosis is the second most common indication for liver transplantation in the U.S. 
behind Hepatitis C [ 114 ]. The outcome following liver transplantation is generally 
quite favorable [ 115 – 117 ]. Important factors that reduce survival after the trans-
plant include concurrent HCV infection, smoking, and a return to major drinking 
(not observed in most patients) [ 115 ,  118 – 120 ]. Many programs have a 6 month 
rule of abstinence before considering transplantation. 

 In the U.S., patients with severe AH have not been considered to be appropriate 
candidates for liver transplantation because of recent drinking and the risk of return 
to drinking [ 121 – 123 ]. Interesting research from France reported that carefully 
screened patients with severe alcoholic  hepatitis   who failed to respond to corticoste-
roid therapy had dramatic improvement in survival with early liver transplantation 
compared to matched controls [ 124 ]. These patients were highly selected, and this 
study is unlikely to translate to the U.S.,  especially   with the severe shortage of 
organs.  

    Potential New Options 

 Because there is no FDA-approved therapy for any form of alcoholic liver disease, 
there is a pressing need for effective drug therapy. The NIH has funded a consor-
tium to develop new molecular targets and new therapies for AH. Some of those 
being investigated include interleukin-1 and infl ammasome inhibitors, a caspase 
inhibitor to block apoptosis, another interleukin-1 inhibitor in combination with 
pentoxifylline and zinc, and prednisone plus an anti-endotoxin. For  milder   disease 
(<20 MELD), a probiotic ( Lactobacillus  GG) is being given. Some other clinical 
trials include use of an  extracorporeal liver assist device (ELAD)   for patients who 
have failed  steroid therapy   and  Granulocyte-macrophage colony-stimulating factor 
(GM-CSF) therapy   to stimulate liver regeneration. There are also a number of anti- 
fi brotic agents in the pipeline. It is likely that combinations of agents will be used in 
the future, with varying periods of treatment. It also is likely that different drugs 
will be used to target different disease severity. In summary, there are several agents 
in clinical trials and many more in preclinical testing that make the future of ALD 
therapy very promising.      
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    Chapter 14   
 Nonalcoholic Fatty Liver Disease                     

     Samer     Gawrieh     

     Abbreviations 

   NAFLD    Nonalcoholic fatty liver disease   
  NASH    Nonalcoholic steatohepatitis   
  TZD    Thiazoloidinediones   
  CVD    Cardiovascular disease   
  HCC    Hepatocellular carcinoma   
  ALT    Alanine aminotransaminase   

        What Is Nonalcoholic Fatty Liver Disease (NAFLD)? 

    Patient-Level Answer 

 Nonalcoholic fatty liver disease (NAFLD) is an umbrella term used to indicate vary-
ing severities of liver disease as a consequence to increasing hepatic fat content that 
occur in the setting of nonsignifi cant alcohol intake. In the simplest and more benign 
form, nonalcoholic fatty liver (NAFL) also referred to as simple  steatosis     , there is 
only increase in liver fat. On the other hand, nonalcoholic steatohepatitis (NASH) is 
the more severe form of  NAFLD  , where in addition to increased hepatic fat; there is 
variable mixture and severity of infl ammation, liver cell injury, and fi brosis.  

        S.   Gawrieh ,  M.D.      (*) 
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    Summary of the Pertinent Literature 

 NAFLD is a spectrum of hepatic injury that starts with NAFL where there is an 
increase in intrahepatic triglycerides resulting in  macrosteatosis   but without 
hepatic necroinfl ammation or fi brosis. NASH is the more severe phenotype of 
NAFLD and is defi ned by histological features on liver biopsy of macrosteatosis 
plus fi ndings of lobular infl ammation, hepatocyte ballooning with or without fi bro-
sis [ 1 ,  2 ]. These fi ndings resemble those seen in patients with alcoholic hepatitis; 
however, as Dr. Ludwig originally observed, are also seen in patients who with no 
or nonsignifi cant alcohol intake [ 3 ]. The most widely used criteria for defi ning 
signifi cant alcohol use set the thresholds at >30 g/day for men and >20 g/day for 
women [ 2 ,  4 ,  5 ]. Beyond these thresholds, steatosis and steatohepatitis may be 
related to excessive alcohol consumption.   

    Is NAFLD a Common Problem? 

    Patient-Level Answer 

 NAFLD is the most common liver disease worldwide. About one in three Americans 
has fatty liver. Many factors infl uence how common fatty liver is. Increasing body 
weight and obesity come with higher risk of NAFLD. Up to nine out of ten of the 
severely obese may have fatty liver. Different racial groups have different preva-
lence of NAFLD: Hispanics have higher chance of having fatty liver and about one 
in two has fatty liver, whereas African Americans have lower chance of having fatty 
liver and about one in four has fatty liver. Patients who have type 2 diabetes also run 
a higher risk and seven out of ten patients with diabetes may have fatty liver. These 
factors also increase the risk of having NASH with higher proportion of patients 
with severe obesity, diabetes, and of Hispanic ethnicity having NASH.  

    Summary of the Pertinent Literature 

 NAFLD is the most common liver disease not only in the US but also in other parts 
of the world. In the US, one-third of an urban population had NAFLD as defi ned by 
increased  hepatic triglycerides   content over 5 % by magnetic resonance spectros-
copy [ 6 ]. This prevalence falls well within the range of NAFLD prevalence in the 
remainder of the world (6–35 %, median prevalence 20 %) [ 7 ]. The prevalence of 
NAFLD and NASH increases with increasing body mass index (BMI) [ 8 ]. In the 
morbidly obese undergoing bariatric surgery, up to 97 % have NAFLD and up to 
72 % have NASH in different studies [ 7 – 9 ]. Patients with diabetes have a high prev-
alence of NAFLD with nearly 76 % of patients seen in diabetes clinics having 
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steatosis on imaging and up to 56 % of those undergoing liver biopsies having 
NASH despite normal  aminotransferases   [ 10 – 12 ]. Diabetes is also an independent 
risk factor for more severe NASH with advanced  fi brosis   [ 13 – 17 ]. The prevalence 
of NAFLD and NASH is impacted by race as Hispanics have higher prevalence of 
both compared to Whites, who in turn have higher prevalence of both than African 
Americans [ 6 ,  18 ]. The prevalence of  cryptogenic cirrhosis  , most commonly due to 
NASH, follows similar prevalence among different racial groups [ 19 ].   

    How Did I Get NAFLD? 

    Patient-Level Answer 

 The increase in body fat with overweight and obesity reduces insulin function in 
many organs. This results in the delivery of more fat in the form of free fatty acids 
to the liver. The liver stores the delivered fat into triglycerides to offset its  toxicity  . 
This buffer mechanism may fail in some genetically predisposed patients, who as a 
consequence, experience toxicity from these fatty acids leading to development of 
NASH with liver infl ammation and fi brosis. 

 A small minority of patients can get fatty liver without being overweight. This 
can happen with a variety of conditions, such as the use of certain medications, 
rapid weight loss, use of intravenous nutrition, or starvation.  

    Summary of the Pertinent Literature 

 There is a linear relationship between increasing body weight and NAFLD [ 8 ]. 
Increasing body fat is associated with  insulin resistance   in adipose, muscle, and 
liver tissues [ 20 ,  21 ]. Insulin resistance is present in nearly all patients with NAFLD 
and is associated with increased adipose tissue lipolysis, release and delivery of free 
fatty acids to the liver, and increased triglycerides synthesis [ 22 ,  23 ]. Free fatty 
acids are directly hepatotoxic and promote macrophage release of infl ammatory 
cytokines, hepatic infl ammation, and apoptosis [ 24 ,  25 ]. The increase in fatty acid 
oxidation is associated with oxidative stress with increased lipid, protein, and DNA 
peroxidation and dysfunction in mitochondria, lysosomes, and endoplasmic reticu-
lum, leading to hepatic infl ammation, apoptosis, and fi brosis [ 24 ,  26 – 31 ]. 

 Genome-wide association studies revealed several gene variants that alter the sus-
ceptibility to NAFLD [ 32 – 35 ]. The  adiponutrin   (patatin-like phospholipase domain-
containing protein 3, PNPLA3) gene in particular has been widely tested and 
validated in different cohorts [ 36 – 38 ]. The PNPLA3 (rs738409) variant has been 
shown to infl uence hepatic triglyceride content and NAFLD severity [ 32 – 34 ]. The 
risk allele (G) for this variant has the highest frequency in Hispanics (49 %), and the 
lowest frequency in African Americans (17 %) while its frequency in Whites was in 
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the middle (23 %), suggesting that variants in this gene may explain at least part of 
the differences in susceptibility to and severity of NAFLD across racial groups [ 32 ]. 

 Secondary causes for NAFLD should be considered when evaluating patients 
with hepatic steatosis or  steatohepatitis      who are lean and do not have the typical 
associated metabolic conditions (Table  14.1 ).

        How Is the  Diagnosis   Made? 

    Patient-Level Answer 

 Diagnosis of NAFLD relies on abdominal imaging tests such as ultrasound or CT 
scan showing signs of fatty liver and excluding other conditions that can cause fatty 
liver or elevated liver tests. However, defi nitive diagnosis and determining whether 
a patient has NAFL or NASH currently requires doing a liver biopsy.  

    Summary of the Pertinent Literature 

 NAFLD is usually suspected based on fi ndings of unexplained elevated amino-
transferases or incidental fi nding of hepatic steatosis on abdominal imaging. 
Routine imaging studies such as ultrasound, CT scan, and MRI can only detect 
signifi cant steatosis (>30 % steatosis), but cannot distinguish NAFL from NASH 
[ 39 ,  40 ]. Exclusion of concomitant chronic liver disease is done by testing for viral, 
autoimmune, and metabolic liver diseases. Other noninvasive methods are designed 
primarily to detect the fi brotic, but not the infl ammatory component of NASH. These 
include different panels of serum markers or measurement of liver stiffness via a 

   Table 14.1    Causes of steatosis and steatohepatitis   

 Insulin resistance 
 Alcohol 
 Medications (corticosteroids, amiodarone, tamoxifen, methotrexate, anti-retrovirals, valproic 
acid) 
 Starvation 
 Total parenteral nutrition 
 Wilson Disease 
 Hepatitis C virus infection (genotype 3) 
  Lipodystrophy   
 Organic solvents 
 Abetalipoproteinemia 
 Acute fatty liver of pregnancy 
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specially designed ultrasound or MRI (elastography) [ 13 ,  14 ,  41 – 44 ]. However 
concerns about their performance in detecting NASH and particularly NASH with 
advanced fi brosis are triggered by less than optimal accuracy when some of these 
noninvasive markers are tested in different cohort [ 44 – 46 ]. Liver biopsy remains 
the “gold standard” for the diagnosis of NAFLD and the identifi cation of  patients 
  with NASH, despite its clinical risks and limitations [ 47 ].   

    My Liver Tests Are Normal; Does This Mean 
I Do Not Have NASH? 

    Patient-Level Answer 

 Many patients with NAFLD have normal  liver tests   including those at risk for 
NASH with advanced liver fi brosis. Routine liver tests have poor sensitivity to 
detect liver damage in the setting of NAFLD and NASH.  

    Summary of the Pertinent Literature 

 Normal liver tests are common in patients with NAFLD [ 14 ]. When compared to 
those with elevated transaminases, patients with NAFLD and normal aminotrans-
ferases had the entire spectrum of NAFLD including NASH with advanced fi brosis 
[ 16 ]. In a recent report for a cohort with type 2 diabetes and normal aminotransfer-
ases, NAFLD diagnosed with magnetic resonance spectroscopy was diagnosed in 
76 % of the patients, and NASH was diagnosed in 56 % of the subgroup of patients 
that agreed to liver biopsy, highlighting the poor sensitivity of ALT as a predictor 
of NAFLD or NASH [ 12 ].   

    Do I Need to Have a Liver Biopsy to Know If I Have NASH 
or Severe Damage to My Liver? 

    Patient-Level Answer 

 Not every patient with NAFLD will need a liver  biopsy   but in some patients with 
NAFLD and risk factors for having NASH and signifi cant liver fi brosis, a liver 
biopsy may be necessary. Such risk factors for severe NAFLD need to be carefully 
evaluated for by managing physician. Risk and benefi ts of the liver biopsy and 
potential change in management should also be discussed in details before proceed-
ing with the biopsy.  
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    Summary of the Pertinent Literature 

 The defi nitive diagnosis of NAFLD and its subphenotypes  NAFL   versus NASH is based 
on histological analysis of a liver biopsy sample. The presence of steatosis, hepatocellular 
ballooning, and lobular infl ammation, with or without fi brosis, are necessary criteria for 
diagnosis of NASH (Fig.  14.1 ) [ 1 ,  2 ]. Although liver biopsy is generally a safe procedure, 
its invasive nature and associated small risk of complications limits its wide scale  routine 
  use to diagnose NASH [ 48 ,  49 ]. Therefore, selection of patients with NAFLD for liver 
biopsy should be based on their estimated risk for having NASH with advanced fi brosis 
and after discussing the risks of liver biopsy and impact of information obtained on prog-
nosis and management. Validated risk factors for NASH include diabetes or glucose 
intolerance, advanced age, high body mass index, high ALT, sleep apnea, high triglycer-
ides, and low platelets [ 13 ,  14 ,  50 ,  51 ]. The current multisociety guidelines recommends 
using the NAFLD fi brosis score (  http://nafl dscore.com    ) as an easily accessible tool that 
includes many of the validated risk factors for NASH and advanced fi brosis, to choose 
NAFLD patients at risk for NASH with advanced fi brosis for liver biopsy [ 13 ,  47 ].

        What Is the Outlook for My Liver If I Have NAFLD? 

    Patient-Level Answer 

 Serious liver-related  complications   such as cirrhosis, liver failure, and cancer may 
develop in some patients. Current evidence suggests that these complications are most 
likely to happen in patients with NASH and particularly those who have signifi cant 
fi brosis. The majority of patients with NAFL will not develop these complications.  

  Fig. 14.1    NASH with  cirrhosis  . Macrosteatosis, hepatocyte ballooning, lobular infl ammation, and 
severe fi brosis with regenerative nodule are seen in this liver biopsy       
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    Summary of the Pertinent Literature 

 While patients with NAFL do not usually develop liver  complications  , those with 
NASH are at increased risk for progressive hepatic fi brosis (in 32–41 %), develop-
ment of cirrhosis (in 5–25 %), liver failure (in 45–52 % of NASH cirrhosis), and 
hepatocellular carcinoma (HCC) (in 2.5–7 %) [ 52 – 59 ]. Therefore, the liver-related 
outcomes largely depend on the baseline NAFLD phenotype [ 7 ,  40 ,  47 ]. In patients 
with NASH, the single histological lesion that is most predictive of liver-related 
events is fi brosis and particularly advanced fi brosis [ 40 ,  59 ,  60 ]. There are emerging 
reports of HCC in patients with NAFLD without cirrhosis or even signifi cant fi bro-
sis [ 61 – 63 ]. While this phenomenon is interesting, it is unknown if it refl ects co- 
occurrence of a common disease, NAFLD, with HCC which is known to occur 
without cirrhosis in some patients (estimated at 5 % in the US and Europe and 40 % 
in Asia) [ 64 ] or if it is related to sampling error of surrounding hepatic tissue result-
ing in underestimation of fi brosis.   

    Will NAFLD Affect My Overall Health? 

    Patient-Level Answer 

 NAFLD increases the risk for cardiovascular disease ( CVD        ) and type 2 diabetes. The 
top three causes of death in patients with NAFLD are CVD, nonhepatic malignancies, 
and liver-related death, with the later tending to occur mainly in patients with NASH.  

    Summary of the Pertinent Literature 

 NAFLD, regardless of the underlying phenotype, is also an independent risk factor 
for CVD and  type 2 diabetes   [ 11 ,  40 ,  65 – 67 ]. CVD is the leading cause of death in 
patients with NAFLD followed by nonhepatic malignancies and cirrhosis-related 
events [ 52 ,  65 ,  68 ,  69 ]. Patients with NASH are at much higher risk for cirrhosis- 
related death than those with NAFL [ 40 ,  52 ,  59 ].   

    What Treatment Options Do I Have? 

    Patient-Level Answer 

 Weight loss is recommended for all patients with NAFLD. Mild to moderate weight 
loss of 3–7 % of baseline body weight may result in signifi cant improvement in NAFL 
and NASH.  Bariatric surgery   in the morbidly obese patients with NAFL or  NASH   
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 may   result in improvement or resolution of NAFLD. For patients with biopsy proven 
NASH without cirrhosis or diabetes, vitamin E or pioglitazone can be considered as a 
treatment that may improve liver injury with long-term use.  

    Summary of the Pertinent Literature 

 The most tested effective options are weight loss, vitamin E, and pioglitazone. 
Mild weight loss of 3–5 % of starting body weight is suffi cient to improve insulin 
sensitivity, aminotransferases, hepatic steatosis by various imaging modalities, 
and liver histology [ 70 – 88 ]. 

 Improvement in NASH histological lesions such as steatosis, ballooning, and 
lobular infl ammation usually requires more weight loss of ≥7 % of baseline weight 
[ 72 ,  77 ,  86 ,  87 ,  89 ,  90 ]. Regardless of the degree of associated weight loss, resistance 
or aerobic exercise can improve  insulin sensitivity   and  hepatic steatosis   [ 77 ,  80 ,  88 , 
 91 ]. Furthermore, physical fi tness predicts the risk of NAFLD and increased fi tness 
correlates with resolution of fatty liver by magnetic resonance spectroscopy [ 91 ]. 

 Bariatric surgery results in sustainable and considerable loss of excess weight 
(>30 %) in the morbidly obese, which is associated with remarkable improvement 
or resolution of liver injury in patients with NAFL and NASH, in addition to signifi -
cant improvement in the associated metabolic comorbidities [ 92 – 102 ]. Certain 
types of bariatric surgery such as jejunoileal and biliointestinal bypasses are associ-
ated with worsening hepatic fi brosis in patients with NAFLD [ 95 ,  99 ,  103 ]. There is 
paucity of data about the safety of bariatric surgery in patients with NASH cirrhosis 
with or without portal hypertension. 

 Of the many  antioxidants  ,  vitamin E   has been the best studied in patients with 
NAFLD [ 4 ,  104 – 108 ]. In the largest randomized study to date in NASH, the 
PIVENS, vitamin E 800 IU daily was compared to pioglitazone 30 mg daily or 
placebo for 96 weeks in NASH patients without underlying cirrhosis or diabetes [ 4 ]. 
Vitamin E and Pioglitazone resulted in improvement in hepatic steatosis, lobular 
infl ammation, hepatocellular ballooning but without signifi cant improvement in 
fi brosis. NASH resolution was observed in 43 % of subjects on vitamin E, 34 % of 
subjects on pioglitazone and 19 % of subjects on placebo. Unlike  pioglitazone  , there 
was no increase in weight seen in subjects taking vitamin E. The associations of 
vitamin E with increased mortality and prostate cancer have been subject to debate 
[ 109 – 114 ]. The safety and effi cacy of vitamin E in patients with diabetes and cir-
rhosis is unknown. Vitamin E is considered a fi rst line option for NASH patients 
without cirrhosis or diabetes according to the recent multisociety guidelines [ 47 ]. 

 Several other studies showed similar benefi cial effects of pioglitazone, a peroxisome 
proliferator-activated receptor gamma agonist, on NASH histology [ 115 – 117 ]. Concerns 
about long term safety of thiazoloidinediones (TZDs) in diabetic patients have been 
raised with reports of increased risk of congestive heart failure, bladder cancer, and bone 
fractures [ 118 ,  119 ]. The current multisociety guidelines recommend that pioglitazone 
may be used with caution to treat nondiabetic patients with biopsy-proven NASH [ 47 ]. 
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 A recent large randomized trial testing the effects of 72 weeks of  obeticholic 
acid  , a farnesoid X receptor portent agonist, in patients with NASH showed signifi -
cant improvement in all NASH histological lesions compared to placebo [ 5 ]. While 
these results are encouraging, additional clinical trials are needed to confi rm the 
effi cacy and defi ne the safety profi le of obeticholic acid. 

 Available data from clinical trials do not convincingly show effi cacy for other 
agents for NASH such as metformin, ursodeoxycholic acid, or long-chain polyun-
saturated fatty acids and therefore these cannot be recommended for patients with 
NASH at the present time [ 107 ,  120 – 124 ].   

    Can I Take “Statins” to Lower My Cholesterol If I Have 
NAFLD? 

    Patient-Level Answer 

  Statins   can be safely used in patients with NAFLD with or without elevated liver 
tests. Having NAFLD does not increase the risk for liver toxicity from statins. The 
benefi t of cardiovascular disease risk reduction with statins far outweighs the remote 
risk of severe liver toxicity in patients with NAFLD.  

    Summary of the Pertinent Literature 

 The safety of statins in patients with NAFLD has been demonstrated in several studies 
[ 125 – 127 ]. The incidence of severe elevations in transaminases in patients with pre-
sumed NAFLD and underlying increased  transaminases   was not signifi cantly differ-
ent than that in patients with dyslipidemia and normal transaminases receiving statins 
or patients with liver disease and elevated transaminases who did not receive a statin 
[ 126 ]. Another study evaluated the course of baseline increased liver enzymes in 
patients with coronary artery disease who either received or did not receive statin 
[ 125 ]. A decline in increased liver tests with statin use was observed compared to 
continued increase in patients not receiving statin. The number of cardiovascular 
events was signifi cantly higher in patients who did not get statin (30 % versus 10 %; 
relative risk reduction 68 %,  p  < 0.0001). The improvement in liver tests and potential 
improvement in liver histology with statins use in patients with NAFLD has been 
reported in other smaller studies [ 128 – 134 ]. Acute liver failure due to statin use neces-
sitating liver transplantation is very rare [ 135 ]. Based on this data, the strong relation-
ship between NAFLD and increased risk of CVD and the fact CVD is the leading 
cause of death in patients with NAFLD [ 7 ,  40 ,  65 ,  66 ,  136 ], there is no justifi cation to 
withhold statins from NAFLD patients who have appropriate indications for their use. 
Statins should only be stopped in the rare situation of severe liver injury manifesting 
as severe elevation in the liver enzymes, jaundice, or liver failure [ 137 ].   
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    What About My Kids? 

    Patient-Level Answer 

 NAFLD is the most common liver disease in children. A diagnosis of NAFLD in a 
family member, adult or child, increases the risk of NAFLD in other family members.  

    Summary of the Pertinent Literature 

 NAFLD is the most common liver disease in children in the US [ 138 ]. In an Autopsy 
series, 13 % of children had NAFLD, of whom 18 % had NASH [ 139 ]. The preva-
lence of NAFLD increases with age and follows the same ethnic distribution observed 
in adults [ 139 ]. A combination of shared environmental factors such as dietary habits 
and activity patterns in families, with genetic factors may increase the risk of fi rst 
degree family members with NAFLD to have the disease. Family studies suggest 
increased frequency of NASH or  cryptogenic cirrhosis      in addition to obesity and 
diabetes in relatives of patients with NASH [ 140 ]. Another study reported one out of 
fi ve patients with NASH had a fi rst degree relative with NASH [ 141 ]. On the other 
hand, NAFLD in children is associated with a high risk of NAFLD in their families 
with a study showing 78 % of parents and 59 % of siblings having NAFLD [ 142 ].   

    Will I Need a Liver Transplant? 

    Patient-Level Answer 

 In patients with NASH cirrhosis who develop  liver failure   or  HCC  , liver transplan-
tation should be considered as an option to improve patient survival and quality of 
life.    Careful systematic evaluation of patients is necessary to determine candidacy. 
In particular, meticulous evaluation and optimization of CVD is necessary for 
excellent outcomes. With proper selection of candidates, and optimal control of 
associated obesity, cardiac and metabolic conditions, the outcomes of liver trans-
plantation for patients with NASH are excellent.  

    Summary of the Pertinent Literature 

 Patients with NASH cirrhosis who develop liver failure or early stage HCC should 
be evaluated for  liver transplantation  . Liver transplantation for NASH is increas-
ingly common and is currently the third most common indication for liver 
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transplantation in the US [ 143 – 145 ]. Patients with NASH cirrhosis who are listed 
for liver transplantation are usually older, and have higher body mass index and 
lower incidence of  HCC   than those listed for other indications [ 143 ,  146 ]. And 
because they have high prevalence of CVD, a thorough cardiac evaluation prior to 
listing is critical to ensure optimization of the cardiac status and outcomes post- 
transplantation [ 147 ]. The patient survival at 1- and 3-year following transplanta-
tion for NASH cirrhosis is excellent [ 143 – 145 ,  148 ]. Patient or graft survival is 
not affected by NAFLD recurrence post-transplantation, which has been reported 
in up to 40 % of patients [ 145 ,  149 – 151 ]. Excellent control of associated meta-
bolic comorbidities and obesity is essential for successful outcome after liver 
transplantation [ 152 ].      
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    Chapter 15   
 Autoimmune Liver Diseases: Autoimmune 
Hepatitis                     

     Albert     J.     Czaja     

          Patient Questions 

     1.    What is autoimmune hepatitis?   
   2.    How is autoimmune hepatitis treated?   
   3.    How will I do?      

    Answers 

     1.    What is autoimmune hepatitis? 
  Autoimmune hepatitis   is a chronic infl ammation of the liver of uncertain 

cause that is characterized by features of immunological activity. 
Autoantibodies, increased serum levels of immunoglobulin, especially immu-
noglobulin G (IgG), and histological fi ndings that disclose localized infi ltra-
tions of lymphocytes, frequently in conjunction with plasma cells, and a 
damage pattern  called   interface hepatitis are typical fi ndings. Autoimmune 
hepatitis is frequently associated with other concurrent immune- mediated   dis-
eases, especially autoimmune thyroid disorders (autoimmune thyroiditis, 
Graves’ disease), and its occurrence has been ascribed to a loss of immune 
tolerance for self-antigens and the development of an auto-reactive state. 
Autoimmune hepatitis usually does not resolve without treatment, and the 
principal concern is that it can progress to cirrhosis and liver failure. The dis-
ease does not have an identifi able cause, and genetic factors may infl uence 
susceptibility to the disease.    Autoimmune hepatitis is not transmitted by a 
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single gene, but the propensity for auto-reactivity may be  present in family 
members. Other chronic liver diseases can have clinical features that resemble 
those of autoimmune hepatitis, and the diagnosis requires exclusion of viral, 
drug-related, metabolic (nonalcoholic fatty liver disease), hereditary (Wilson 
disease, hemochromatosis, alpha-1 antitrypsin disease), and cholestatic liver 
diseases (primary biliary cholangitis, primary sclerosing cholangitis).   

   2.    How is autoimmune hepatitis treated? 
 Prednisone or prednisolone in conjunction with azathioprine is the main-

stay treatment for autoimmune hepatitis. Initial doses of  the   corticosteroid 
are gradually reduced during a 4-week induction period to a dose that is 
then maintained until clinical, laboratory, and histological resolution. 
Prednisone or prednisolone can be administered alone in higher dose for 
patients with azathioprine intolerance, absence of thiopurine methyltrans-
ferase activity, or concerns about drug effects on pregnancy, and budesonide 
in combination with azathioprine can be considered for non-cirrhotic 
patients with mild uncomplicated disease or findings that might be wors-
ened by therapy with prednisone or prednisolone (obesity, diabetes, osteo-
penia, or hypertension). Drug intolerance, progressive disease despite 
compliance with therapy (treatment failure), and improvement but not reso-
lution of symptoms and laboratory tests after protracted therapy (incom-
plete response)  are   justifications for treatment modifications. Mycophenolate 
mofetil and the calcineurin inhibitors (cyclosporine and tacrolimus) have 
been used as salvage agents for drug intolerance and steroid-refractory dis-
ease, and liver transplantation should be considered in patients with features 
of liver failure (ascites, encephalopathy). The standard and nonstandard 
drugs for autoimmune hepatitis are unlicensed in the United States, and they 
have been used for off-label indications.   

   3.    How will I do? 
  Symptoms and laboratory tests improve   within 2 weeks, and the laboratory 

fi ndings can be normal or near-normal within 3 months. The average duration 
of treatment until normal or near-normal laboratory tests and liver tissue is 
22 months. Treatment can be withdrawn in >60 % of patients, and the fre-
quency of achieving a treatment-free state of at least 3 years duration is 
19–40 %. Relapse after drug withdrawal occurs in 28–87 %, usually within 
3 months, and its occurrence is lowest in individuals who have normal labora-
tory tests and liver tissue prior to drug withdrawal. Corticosteroid-induced 
complications that warrant drug withdrawal or dose adjustment occur in 
12–29 %, and cytopenia attributable to therapy with azathioprine develops in 
6 %. Fourteen percent of patients improve but not to normal or near-normal 
laboratory tests (incomplete response), and 7 % worsen during treatment 
(treatment failure). Cirrhosis develops in 12 % after 10 years and 34 % after 
20 years, and its occurrence relates to the rapidity and completeness of the 
treatment response.    Hepatic fi brosis can improve, stabilize, or disappear if 
infl ammatory activity is rapidly and completely suppressed, and the 10-year 
survival is 80–89 %.      
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    Diagnostic Criteria 

 The diagnosis requires the  presence   of clinical, laboratory, and histological features 
that typify the disease and the exclusion of other liver diseases that resemble it [ 1 , 
 2 ]. Diagnostic criteria have been codifi ed by an international panel, and they ensure 
uniformity of the diagnosis [ 3 ] (Table  15.1 ). Chronic viral hepatitis, drug-induced 
chronic liver disease (commonly associated with minocycline or nitrofurantoin), 
nonalcoholic fatty liver disease (NAFLD), hereditary liver disease (especially 

   Table 15.1    Codifi ed  international   criteria for the diagnosis of autoimmune hepatitis   

 Features  Defi nite autoimmune hepatitis  Probable autoimmune hepatitis 

 Abnormal serum AST, 
ALT and AP levels 

 Abnormal serum AST and ALT 
levels of any degree with less 
pronounced serum AP 
abnormality 

 Abnormal serum AST and ALT 
levels of any degree with less 
pronounced serum AP abnormality 

 Serum α 1 -antitrypsin, 
copper, and 
ceruloplasmin levels 

 Normal serum levels  Any abnormal serum level 
provided Wilson disease excluded 

 Abnormal serum 
globulin, γ-globulin or 
IgG level 

 Serum globulin or γ-globulin or 
IgG level greater than 1.5-fold 
ULN 

 Serum globulin or γ-globulin or 
IgG level greater than ULN 

 ANA, SMA, or 
anti-LKM1 positive 

 Serum titers >1:80 by IIF or 
levels strongly positive by 
ELISA 

 Serum titers or levels weakly 
positive or negative and 
supplemented by positivity for 
other nonstandard antibodies 

 AMA titer or level  AMA negative  AMA negative 
 IgM anti-HAV, 
HBsAg, HBV DNA, 
anti-HCV and HCV 
RNA  negative   

 All markers negative for active 
viral infection 

 All markers negative for active 
viral infection 

 Interface hepatitis on 
histological 
examination 

 Moderate-to-severe interface 
hepatitis without destructive 
biliary changes, granulomas or 
other prominent features that 
suggest alternative diagnosis 

 Moderate-to-severe interface 
hepatitis without destructive 
biliary changes, granulomas or 
other prominent features that 
suggest alternative diagnosis 

 No other etiological 
factors 

 Alcohol <25 g/day  Alcohol <50 g/day 
 No recent exposure to 
hepatotoxic drugs 

 Some drug or alcohol exposure 

 No celiac  disease    Celiac disease concurrent but 
unlikely primary cause of liver 
injury 

   ALT  alanine aminotransferase,  AMA  antimitochondrial antibodies,  ANA  antinuclear antibodies,  AP  
alkaline phosphatase,  AST  aspartate aminotransferase,  DNA  deoxyribonucleic acid,  ELISA  
enzyme-linked immunosorbent assay,  HAV  hepatitis A virus,  HBsAg  hepatitis B surface antigen, 
 HBV  hepatitis B virus,  HCV  hepatitis C virus,  IgG  immunoglobulin G,  IgM  immunoglobulin M, 
 IIF  indirect immunofl uorescence,  RNA  ribonucleic acid,  ULN  upper limit of normal range 
 Adapted from the Journal of Hepatology 1999;31:929–938 with permission of Elsevier BV and the 
European Association for the Study of the Liver  

15 Autoimmune Hepatitis



220

Wilson disease), and the immune-mediated cholangiopathies (primary biliary chol-
angitis [PBC] and primary sclerosing cholangitis [PSC]) must be excluded [ 1 ,  2 ,  4 ].

   Diagnostic scoring  systems   can support the clinical judgment. A comprehensive 
scoring system, originally designed to ensure the homogeneity of study populations, 
provides a diagnostic template that indicates the key clinical, laboratory, and histo-
logical features of autoimmune hepatitis [ 3 ] (Table  15.2 ). Each feature is graded, 
and the strength of the diagnosis is determined before and after corticosteroid 

   Table 15.2    Comprehensive diagnostic  scoring   system of the international autoimmune hepatitis 
group   

 Clinical features  Points  Clinical features  Points 

 Female  +2  Average alcohol intake 
 <25 g/day  +2 
 >60 g/day  −2 

 AP:AST (or ALT) ratio  Histologic fi ndings 
 <1.5  +2  Interface hepatitis  +3 
 1.5–3.0  0  Lymphoplasmacytic infi ltrate  +1 
 >3.0  −2  Rosette formation  +1 

 Biliary changes  −3 
 Other atypical changes  −3 
 None of above  −5 

 Serum globulin or IgG level 
above ULN 

 Concurrent immune disease, 

 >2.0  +3  including celiac disease  +2 
 1.5–2.0  +2  Other autoantibodies  +2 
 1.0–1.5  +1  HLA DRB1*03 or DRB1*04  +1 
 <1.0  0 

 ANA, SMA, or anti-LKM1  Response to corticosteroids 
 >1:80  +3  Complete  +2 
 1:80  +2  Relapse after drug withdrawal  +3 
 1:40  +1 
 <1: 40    0 

 AMA positive  −4 
 Hepatitis markers  Aggregate score pre-treatment 

 Positive  −3  Defi nite autoimmune hepatitis  >15 
 Negative  +3  Probable autoimmune hepatitis  10–15 

 Hepatotoxic drug exposure  Aggregate score post-treatment 
 Positive  −4  Defi nite autoimmune hepatitis  >17 
  Negative    +1  Probable autoimmune hepatitis  12–17 

   ALT  alanine aminotransferase,  AMA  antimitochondrial antibodies,  ANA  antinuclear antibodies,  AP  
alkaline phosphatase,  AST  aspartate aminotransferase,  HLA  human leukocyte antigen,  IgG  immu-
noglobulin G,  LKM1  liver/kidney microsome type 1,  SMA  smooth muscle antibodies,  ULN  upper 
limit of the normal range 
 Adapted from the Journal of Hepatology 31:929–938, 1999 with permission of Elsevier BV and 
the European Association for the Study of the Liver  
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 therapy. A simplifi ed scoring system facilitates clinical application of the diagnostic 
tool, and it does not score treatment response [ 5 ] (Table  15.3 ).

    The comprehensive scoring system has greater sensitivity for the diagnosis of 
autoimmune hepatitis than the  simplifi ed   scoring system (100 % versus 95 %), and 
the simplifi ed scoring system has greater specifi city (90 % versus 73 %) and accu-
racy (92 % versus 82 %) [ 6 ]. The scoring systems have not been validated by pro-
spective studies, and each system depends on antibody assessments by  indirect 
immunofl uorescence (IIF)  . Clinical judgment is the gold standard against which the 
scoring systems have been measured, and scoring results can never supersede clini-
cal judgment.  

    Typical Features 

 Autoimmune hepatitis occurs in all age groups [ 7 – 9 ], genders (female-to-male 
ratio, 3.7:1) [ 10 ,  11 ], and ethnic populations [ 12 ], and it must be considered in 
all patients with an  acute   or chronic infl ammatory liver disease of uncertain 
cause [ 13 – 16 ], including patients with graft dysfunction after liver transplanta-
tion [ 17 – 19 ]. 

   Table 15.3    Simplifi ed diagnostic scoring system of the international  autoimmune   hepatitis group   

 Category  Scoring elements  Results  Points 

 Autoantibodies  ANA or SMA  1:40 by IIF  +1 
 ANA or SMA  ≥1:80 by IIF  +2 
 Anti-LKM1 (alternative to ANA and 
SMA) 

 ≥1:40 by IIF  +2 

 Anti-SLA (alternative to ANA, SMA 
and LKM1) 

 Positive  +2 

 Immunoglobulins  Immunoglobulin G level  >ULN  +1 
 >1.1 times ULN  +2 

 Histological  fi ndings    Interface hepatitis  Compatible 
features 

 +1 

 Typical features  +2 
 Viral markers  IgM anti-HAV, HBsAg, HBV DNA, 

HCV RNA 
 No viral markers  +2 

 Probable diagnosis  ≥6 
 Defi nite diagnosis  ≥7 

   ANA  antinuclear antibodies,  DNA  deoxyribonucleic acid,  HAV  hepatitis A virus,  HBsAg  hepatitis 
B surface antigen,  HBV  hepatitis B virus,  HCV  hepatitis C virus,  IIF  indirect immunofl uorescence, 
 IgM  immunoglobulin M,  LKM1  liver microsome type 1,  RNA  ribonucleic acid,  SLA  soluble liver 
antigen,  SMA  smooth muscle antibodies,  ULN  upper limit of the normal range 
 Adapted from Hepatology 48:169–176, 2008 with permission of John Wiley & Sons, Inc. and the 
American Association for the Study of Liver Disease  
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    Clinical Presentations 

 Autoimmune hepatitis may present as a chronic indolent liver disease characterized 
by fatigue, myalgia, and jaundice [ 1 ,  2 ], an acute hepatitis [ 20 ,  21 ], an acute severe 
(fulminant) liver failure [ 22 – 24 ], or an asymptomatic chronic liver disorder [ 25 –
 27 ]. Patients with chronic symptomatic liver disease frequently have cirrhosis at 
presentation (29 %) [ 28 ], and they may present because of a spontaneous exacerba-
tion of infl ammatory activity [ 29 ]. Patients with acute severe (fulminant) liver fail-
ure may have histological fi ndings of centrilobular necrosis, absent or low titers of 
autoantibodies, and normal or mildly abnormal serum levels of immunoglobulin G 
[ 24 ,  30 ]. Asymptomatic patients frequently have histological features of moderate- 
to-  severe   interface hepatitis (91 %) and fi brosis (41 %) that are not refl ected in their 
clinical phenotype [ 25 ].  

     Autoantibodies   

  Antinuclear antibodies (ANA)  ,  smooth muscle antibodies (SMA)  , and antibodies to 
liver kidney microsome type 1 (anti-LKM1)  are   the standard serological markers of 
autoimmune hepatitis [ 1 ,  4 ], and they can be assessed by IIF or  enzyme-linked 
immunosorbent assays (ELISAs)   [ 31 ]. ANA are the sole markers of autoimmune 
hepatitis in 32 % of patients, and SMA characterize the disease in 16 % [ 32 ,  33 ] 
(Table  15.4 ). ANA and SMA occur together in 43 % of patients with autoimmune 
hepatitis, and these concurrent fi ndings have superior diagnostic value than the 
presence of ANA or SMA alone. The specifi city of concurrent ANA and SMA for 
autoimmune hepatitis is 99 %; the positive predictability is 97 %; the negative pre-
dictability is 69 %; and the diagnostic accuracy is 74 % [ 32 ]. ANA are directed 
against nuclear antigens, including centromere, ribonucleoproteins, and ribonucleo-
protein complexes [ 34 ], and they may appear and disappear during the course of the 
disease with no prognostic connotation [ 33 ].

   SMA are directed against  actin and non-actin components   of the cytoskeleton, 
and they lack disease- and organ-specifi city [ 35 – 37 ]. They support the diagnosis of 
autoimmune hepatitis, especially when present with ANA [ 32 ]. Their sensitivity for 
autoimmune hepatitis when present as the sole marker in patients with chronic liver 
disease is 16 %. The specifi city of an isolated fi nding is 96 %; the positive predict-
ability is 76 %; the negative predictability is 60 %; and diagnostic accuracy is 61 % 
[ 32 ]. Both ANA and SMA can support the diagnosis of autoimmune hepatitis, but 
their detection alone or together is insuffi cient to establish the diagnosis. Like ANA, 
SMA can appear or disappear during the course of the disease without prognostic 
implications [ 33 ]. In autoimmune hepatitis, SMA are directed, mainly but not 
exclusively, against actin (75 % versus 25 %) [ 38 ]. 

  Anti-LKM1   occur in only 1–4 % of North American adults with autoimmune 
hepatitis [ 32 ,  39 ], but when  present   they have a diagnostic specifi city of 99 % [ 32 ] 
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         Table 15.4     Autoantibodies   associated with autoimmune hepatitis   

 Autoantibodies  Antigenic target  Clinical relevance 

 ANA  Diverse nuclear antigens (centromere, 
ribonucleoproteins, ribonucleoprotein 
complexes) [ 34 ] 

 Isolated fi nding in AIH, 
32 % [ 32 ] 
 Concurrent with SMA in 
AIH, 43 % [ 32 ] 
 Diagnostic specifi city 
with SMA, 99 % [ 32 ] 
 Diagnostic accuracy with 
SMA, 74 % [ 32 ] 
 Characterizes type 1 AIH 
[ 44 ] 

 SMA  Actin and non-actin antigens (tubulin, desmin, 
vimentin, skeletin) [ 35 – 37 ] 

 Isolated fi nding in AIH, 
16 % [ 32 ] 
 Concurrent with ANA in 
AIH, 43 % [ 32 ] 
 Diagnostic specifi city 
with ANA, 99 % [ 32 ] 
 Characterizes type 1 AIH 
[ 44 ] 

 Anti- LKM1    Cytochrome mono-oxygenase (CYP2D6) [ 42 ]  Rare in North American 
adults, 1–4 % [ 39 ] 
 Mainly in European 
children, 14–38 % [ 7 ,  40 ] 
 Concurrence with ANA or 
SMA, 1–3 % [ 39 ] 
 High diagnostic 
specifi city, 99 % [ 32 ] 
 Low diagnostic 
sensitivity, 1 % [ 32 ] 
 Characterizes type 2 AIH 
[ 40 ,  44 ] 

 Anti-SLA  Transfer ribonucleoprotein complex (Sep 
[O-phosphoserine] tRNA:sec [selenocysteine] 
tRNA synthase) [ 48 ,  49 ] 

 High diagnostic 
specifi city, 99 % [ 50 ,  51 ] 
 Low diagnostic 
sensitivity, 7–19 % [ 51 ] 
 Associated with relapse 
and severity [ 53 ,  55 ] 
 Concurrent with HLA 
DRB1*0301, 83 % [ 53 ] 
 Frequent in cryptogenic 
hepatitis, 26 % [ 51 ] 
 Associated with anti-Ro/
SSA, 77–96 % [ 56 ] 

(continued)
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(Table  15.4 ). The low sensitivity of anti-LKM1 for autoimmune hepatitis in North 
American adults (1–4 %) contributes to the low diagnostic accuracy of these anti-
bodies in this population (57 %) [ 32 ]. Anti-LKM1 occur mainly in European chil-
dren (14–38 %) [ 7 ,  40 ,  41 ], and they coexist  with   ANA or  SMA   in only 1–3 % of 
adults with autoimmune hepatitis [ 32 ,  39 ]. Anti-LKM1 are directed against the 
cytochrome mono-oxygenase, CYP2D6, and this antigen has been implicated as a 
key target in autoimmune hepatitis [ 42 ,  43 ]. 

 The exclusivity of the serological fi ndings has  justifi ed   the designations of type 
1 autoimmune hepatitis, characterized by ANA and SMA, and type 2 autoimmune 
hepatitis, characterized by anti-LKM1 [ 40 ,  44 ]. These designations are clinical 
descriptors rather than valid  pathological   entities, and they have not been endorsed 
by the International Autoimmune Hepatitis Group (IAIHG) [ 3 ]. The two types of 
autoimmune hepatitis do not have distinctive clinical and histological fi ndings, 
treatments, and outcomes. The designations are useful to describe serological phe-
notypes and to defi ne homogeneous patient populations in research projects.  

     Nonstandard Autoantibodies   

 The  nonstandard   autoantibodies used in the diagnosis of autoimmune hepatitis are 
antibodies to soluble liver antigen (anti-SLA), antibodies to actin (anti-actin), and 
atypical perinuclear anti-neutrophil  cytoplasmic   antibodies (pANCA) [ 45 – 47 ] 
(Table  15.4 ). Testing for these serological markers has not been incorporated into a 

Table 15.4 (continued)

 Autoantibodies  Antigenic target  Clinical relevance 

 Anti- actin    Filamentous (F) actin [ 57 ]  Diagnostic indices may 
exceed SMA [ 58 ,  62 ] 
 Absent in 14 % of AIH 
with SMA [ 38 ] 
 Anti-α-actinin associated 
with severity [ 59 ] 

 Atypical pANCA  Neutrophilic nuclear membrane (beta-tubulin 
isotype 5) [ 63 ,  68 ] 

 Frequent in type 1 AIH, 
49–92 % [ 65 ,  66 ] 
 Absent in type 2 AIH [ 67 ] 
 Present in CUC and PSC 
[ 68 ] 
 May suggest AIH or 
overlap syndrome [ 66 ] 

   AIH  autoimmune hepatitis,  ANA  antinuclear antibodies,  IgA  immunoglobulin A,  CUC  chronic 
ulcerative colitis,  LKM1  antibodies to liver kidney microsome type 1,  pANCA  perinuclear anti- 
neutrophil cytoplasmic antibodies,  PSC  primary sclerosing cholangitis,  Ro / SSA  ribonucleoprotein/
Sjogren’s syndrome A antigen,  SLA  antibodies to soluble liver antigen,  SMA  smooth muscle anti-
bodies 

 Numbers in brackets are references  
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codifi ed diagnostic algorithm, and these antibodies are sought mainly in patients who 
lack the conventional serological markers or who have an uncertain diagnosis [ 1 ]. 

 Antibodies to soluble liver antigen are directed against a transfer ribonucleopro-
tein complex (tRNP (Ser)Sec ) that has been designated SEPSECS (Sep [O-phosphoserine] 
tRNA:sec [selenocysteine] tRNA synthase) [ 48 ,  49 ] (Table  15.4 ). Antibodies to 
SLA have exquisite diagnostic specifi city  for   autoimmune hepatitis [ 50 – 52 ], but 
they occur in only 7–19 % of patients depending on ethnic background [ 51 ]. The 
antibodies have been associated with a propensity to relapse after corticosteroid 
withdrawal (frequency of relapse, 74–100 %) [ 51 ,  53 ,  54 ], and they characterize 
patients with severe disease [ 55 ] and HLA DRB1*0301 [ 53 ]. Antibodies to SLA 
have been detected in 26 % of patients who lack the conventional autoantibodies, 
and they may allow re-classifi cation of patients with chronic cryptogenic hepatitis 
as autoimmune hepatitis [ 51 ]. Antibodies to SLA commonly coexist with antibod-
ies to  ribonucleoprotein/Sjogren’s syndrome A (Ro/SSA)   (frequency of concur-
rence, 77–96 %) [ 52 ,  56 ]. 

 Antibodies to actin (anti-actin) are directed against fi lamentous actin, and 
this reactivity is closely associated with autoimmune hepatitis [ 38 ,  57 ] 
(Table  15.4 ). Smooth muscle antibodies react  against   actin and non-actin com-
ponents [ 35 ], and  antibodies   to actin detected by ELISA have greater specifi city 
for autoimmune hepatitis than SMA detected by IIF (90 % versus 75 %) [ 58 ]. 
Antibodies to actin detected by ELISA have a similar diagnostic sensitivity for 
autoimmune hepatitis as SMA detected by IIF (74 % versus 71 %), but anti-actin 
have a greater positive predictability (58 % versus 37 %) [ 58 ]. Virtually all 
patients with anti-actin (99 %) have SMA, but up to 14 % with SMA lack anti-
actin [ 38 ]. Antibodies against both actin and α-actinin, which is the predomi-
nant epitope of the actin molecule, identify patients with severe disease, and 
double reactivity by this investigational assay may have prognostic implications 
[ 54 ,  59 ,  60 ]. The preferred assay for anti-actin has not been standardized, and 
the discrepancies between studies assessing performance parameters may be 
assay-dependent [ 57 ,  58 ,  61 ,  62 ]. 

 Atypical  perinuclear anti-neutrophil cytoplasmic antibodies (pANCA)   are 
directed against proteins within the nuclear membrane of neutrophils [ 63 ,  64 ], and 
they are present in 49–92 % of patients with autoimmune hepatitis, often in 
 extremely   high titer [ 65 – 67 ] (Table  15.4 ). Beta-tubulin isotype 5 is the primary tar-
get antigen, and it cross-reacts with an evolutionary bacterial protein (FtsZ), sug-
gesting that intestinal micro-organisms trigger the immune response. Atypical 
pANCA are useful in supporting the diagnosis of autoimmune hepatitis in patients 
who lack the conventional autoantibodies. Atypical pANCA also occur in PSC and 
chronic ulcerative colitis, and their presence in autoimmune hepatitis warrants the 
exclusion of these diseases [ 68 ]. Atypical pANCA are absent in patients with type 2 
(anti-LKM1-positive) autoimmune hepatitis [ 67 ]. Other nonstandard autoantibod-
ies, including antibodies to asialoglycoprotein receptor (anti-ASGPR) [ 69 ,  70 ], 
liver cytosol type 1 (anti-LC1) [ 71 ], and antibodies to liver kidney type 3 (anti-
LKM3) [ 72 ], are mainly investigational, not generally available, or in  some   popula-
tions, rarely present [ 46 ] (Table  15.4 ).  
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    Histological Findings 

 A liver tissue examination is required to establish the diagnosis [ 1 ,  5 ,  73 – 76 ]. 
Studies suggesting otherwise  have   not assessed the number of patients with compat-
ible clinical features but other diagnoses that would have been excluded by liver 
tissue examination [ 77 ]. 

 The histological hallmark of autoimmune hepatitis is  interface hepatitis   [ 1 – 3 ]. 
Lymphocytes, frequently in association with plasma cells, infi ltrate the portal tract, 
and the limiting plate of the portal tract is disrupted with spillage of the dense lym-
phocytic infi ltrate into the hepatic lobule. Plasma cells are abundantly present in 
66 % of liver tissue specimens, but they are not requisites for the diagnosis [ 78 ] 
(Fig.  15.1 ). Other features that can distinguish autoimmune hepatitis, especially 
from drug-induced liver injury, are hepatocyte rosette formation and emperiopole-
sis (penetration of one cell into and through a larger cell) [ 75 ].

   Lymphoid and pleomorphic cholangitis are present in 7–9 % of patients [ 79 ,  80 ], 
and isolated bile duct lesions, including destructive cholangitis, are consistent with 
the diagnosis in the absence of a cholestatic syndrome [ 80 ,  81 ]. Centrilobular (zone 
3) necrosis occurs in 29 % of patients with autoimmune hepatitis, including those 
with cirrhosis [ 82 ]. In 78 % of patients with centrilobular necrosis,  interface hepati-
tis   is also present [ 83 ]. Centrilobular necrosis has been associated with an acute 
onset [ 23 ,  83 ], but it is also a refl ection of disease severity [ 82 ].  

  Fig. 15.1     Interface   hepatitis. Lymphoplasmacytic infi ltrate of the portal tract, disruption of the 
limiting plate (interface hepatitis), and spillage of mononuclear cells into the hepatic lobule with 
periportal infl ammation and early bridging between portal tracts and central veins constitute the 
classical histological pattern of autoimmune hepatitis. The damage pattern is not disease-specifi c 
and chronic viral, drug-related, and hereditary (Wilson disease) liver diseases must be excluded. 
Hematoxylin-eosin, original magnifi cation, ×200. Re-published from  MacSween ’ s Pathology of 
the Liver , Fifth Edition, 2007, Chapter 10, Autoimmune hepatitis, Figure 10.2, by Albert J. Czaja, 
MD and Herschel A. Carpenter, MD, with permission from Churchill Livingstone Elsevier, Inc.       
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    Concurrent Immune Diseases 

 One or more immune-mediated diseases coexist with autoimmune hepatitis in 
14–44 % of patients [ 9 ,  84 – 86 ]. The frequency and nature of the concurrent diseases 
are infl uenced by age and  genetic   predisposition [ 9 ,  85 ]. Autoimmune thyroid dis-
eases (30 % versus 13 %) and rheumatic diseases (13 % versus 0 %), including rheu-
matoid arthritis, Sjogren’s syndrome, and systemic lupus erythematosus, are more 
common in patients aged ≥60 years than in young adults aged ≤30 years. In con-
trast, adult patients aged ≤30 years have concurrent ulcerative colitis more fre-
quently (10 % versus 0 %) [ 9 ,  84 ]. HLA DRB1*04 has been associated with the 
propensity for concurrent disease in white North American patients [ 87 ,  88 ], and 
this HLA phenotype is more common in the elderly [ 9 ]. In other populations, auto-
immune hepatitis is mainly a disease of the young [ 89 ], and the frequency of con-
current disease is low (14–18 %) [ 85 ]. The concurrent immune diseases must be 
managed independently, and only ulcerative colitis and celiac disease can directly 
infl uence the nature, behavior, and treatment of the liver disease. 

 Ulcerative colitis occurs in 16 % of adults with autoimmune hepatitis, and these 
patients should undergo cholangiography to exclude primary sclerosing cholangitis 
(PSC) [ 90 ]. Cholangiograms can suggest the diagnosis of PSC in 10–42 % of adults 
with otherwise typical autoimmune hepatitis [ 90 ,  91 ], and these patients respond 
variably to conventional corticosteroid therapy [ 90 ]. Similar changes (“autoim-
mune cholangitis”) are evident in 50 % of children with autoimmune hepatitis [ 41 ]. 
Corticosteroid treatment ameliorates the disease in children, but the biliary disease 
frequently progresses, liver transplantation may be required, and recurrent disease 
after transplantation is common [ 92 ]. Hepatic fi brosis commonly distorts the bile 
ducts, and these distortions can be confused with PSC by endoscopic and magnetic 
resonance cholangiography [ 93 ]. Focal bile duct strictures and dilations are the 
radiographic hallmarks of PSC. 

 Celiac disease occurs in 1–4 % of patients with autoimmune hepatitis [ 94 – 96 ], 
frequently in the absence of overt gastrointestinal symptoms, and acute, severe, and 
chronic hepatitis can occur in patients with celiac disease that is responsive to glu-
ten restriction [ 97 – 101 ]. Serological assessment for celiac disease by assays for 
immunoglobulin A (IgA) antibodies to tissue transglutaminase or endomysium can 
identify a treatable coexistent immune- mediated   disease or another basis for the 
liver dysfunction that might improve during gluten restriction [ 102 ].   

    Treatment Regimens 

 All patients  with   autoimmune hepatitis are candidates for therapy regardless of 
symptom status or disease severity [ 1 ,  2 ]. Symptoms emerge in 26–70 % of asymp-
tomatic patients, and an asymptomatic state does not preclude progressive liver 
disease or the need for treatment [ 25 – 27 ]. Untreated patients with mild autoimmune 
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hepatitis can improve spontaneously, but they do so less commonly (12 % versus 
63 %) than treated patients during 77 ± 31 months of observation [ 27 ]. Asymptomatic 
disease can progress to cirrhosis and liver failure, and the 10-year survival of 
untreated patients with mild disease is lower than that of treated patients with severe 
disease (67 % versus 98 %). 

 Prednisone or prednisolone in combination with azathioprine is the standard 
treatment of autoimmune hepatitis [ 1 ,  2 ,  103 ].  The   corticosteroids are administered 
in high initial dose during a 4-week induction phase in conjunction with a fi xed dose 
of azathioprine [ 104 ,  105 ] (Table  15.5 ). The dose of corticosteroids is reduced dur-
ing this period from 30 mg daily to 10 mg daily while the dose of azathioprine 
remains fi xed at 50 mg daily. A maintenance phase follows during which the doses 
of prednisone or prednisolone, 10 mg daily, and azathioprine, 50 mg daily, are con-
tinued. Prednisolone is preferred over prednisone in Europe, and the doses of pred-
nisolone (as high as 1 mg/kg daily) and azathioprine (1–2 mg/kg daily) are 
weight-based [ 2 ,  106 ,  107 ]. The prednisolone dose is reduced gradually over 
2–3 months to 10 mg daily. This regimen is designed to produce rapid reductions in 
the serum aminotransferase levels, especially in non-cirrhotic patients, but it may be 
associated with more corticosteroid-induced side effects [ 2 ].

   Prednisone or prednisolone can be administered without azathioprine in patients 
with known azathioprine intolerance,  severe   cytopenia (leukocyte count, <2.5 × 10 9 /l; 
platelet count, <50 × 10 9 /l), absent thiopurine methyltransferase activity, or con-
cerns about the effects of azathioprine on active malignancy or pregnancy [ 1 ]. 

     Table 15.5     Frontline    treatment    regimens   for autoimmune hepatitis   

 Preferred regimen 
 Monotherapy for 
azathioprine intolerance 

 Alternative regimen in highly 
selected patients 

 Prednisone or prednisolone 
[ 1 ] 

 Prednisone or prednisolone 
[ 1 ] 

 Budesonide [ 109 ] 

 30 mg daily × 1 week  60 mg daily × 1 week  6–9 mg daily until end point 
 20 mg daily × 1 week  40 mg daily × 1 week 
 15 mg daily × 2 weeks  30 mg daily × 2 weeks      
 10 mg daily until end point  20 mg daily until end point      
 Azathioprine [ 1 ]  Azathioprine [ 1 ]  Azathioprine [ 109 ] 
 50 mg daily from outset until 
end point 

  None    1–2 mg/kg body weight from 
outset 

  European preference: Prednisolone, up to 1 mg/kg daily, in combination with azathioprine, 
1–2 mg/kg daily. The prednisolone dose is reduced gradually over 2–3 months to 10 mg daily [ 2 , 
 106 ,  107 ] 
 Treatment end points: Normalization of laboratory tests and liver tissue; improvement but not to 
normalization of liver tests after 36 months of therapy; worsening of laboratory tests despite com-
pliance with treatment regimen; drug intolerance (severe cosmetic or metabolic changes, vertebral 
compression, severe cytopenia) [ 1 ] 
 Emerging selection criteria for alternative budesonide and azathioprine regimen: Treatment-naïve, 
non-cirrhotic, uncomplicated patients with mild infl ammatory activity or pre-morbid conditions at 
risk during conventional corticosteroid therapy [ 111 – 113 ] 

 Numbers in brackets are references  
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Monotherapy is as effective as  combination   therapy [ 108 ]. A higher dose of predni-
sone or prednisolone is required, and corticosteroid-induced side effects (mainly, 
cosmetic) occur more commonly than with combination therapy (44 % versus 10 %) 
[ 108 ]. The corticosteroid dose during the 4-week induction phase is reduced from 
60 mg daily to 20 mg daily, and the dose is continued at 20 mg daily during the 
maintenance phase [ 104 ,  105 ] (Table  15.5 ). 

 Budesonide (6–9 mg daily) in combination with azathioprine (1–2 mg/kg body 
weight daily) can be considered as an alternative frontline therapy in highly selected 
patients (Table  15.5 ). Serum aspartate (AST) and alanine (ALT)    aminotransferase lev-
els normalized more frequently (47 % versus 18 %) and side effects occurred less often 
(28 % versus 53 %) in patients randomized to the budesonide regimen compared to 
patients randomized to prednisone (40 mg daily tapered to 10 mg daily) in combination 
with azathioprine (1–2 mg/kg body weight daily) [ 109 ]. The  treatment   duration was 
6 months; the frequency of histological resolution was not assessed; and the durability 
of the response was not established. Furthermore, the poor results in the patients receiv-
ing conventional therapy were unexplained [ 109 ], and improved outcomes (except for 
less weight gain) were not evident in the budesonide-treated children [ 110 ]. The perfor-
mance characteristics of budesonide are incompletely understood in autoimmune hepa-
titis, and the use of budesonide should be highly selective and cautious. 

 Budesonide therapy has not been effective as a salvage regimen for corticosteroid- 
dependent or refractory patients [ 111 ], and it has been associated with typical 
steroid- related side effects in  patients   with cirrhosis [ 112 ,  113 ]. The target popula-
tion for budesonide therapy is undefi ned, but treatment-naïve, uncomplicated, non- 
cirrhotic patients with mild disease or with osteopenia, diabetes, hypertension, or 
obesity are prime candidates for this therapy.  

    Outcomes 

 Treatment is continued until resolution of clinical, laboratory and histological fi ndings, 
or until there is clinical evidence that the treatment is inadequate or harmful [ 1 ]. Patients 
may progress to cirrhosis or liver failure [ 114 ], develop hepatocellular carcinoma or 
other malignancies [ 115 ], or relapse after drug withdrawal [ 116 ]. Five-year survival 
exceeds 90 % in most studies [ 28 ,  117 ,  118 ], and 10- and 20-year survivals from liver-
related disease have been at least 80 % and 70 %, respectively [ 28 ,  117 ,  119 ,  120 ]. 

    Resolution 

 Normalization  of   liver tests and liver tissue is the ideal treatment response [ 1 ,  121 ], and 
it justifi es an attempt to withdraw treatment in the hope of establishing a treatment- free 
state [ 1 ,  122 ] (Table  15.6 ). The frequency of achieving a treatment- free state is 19–40 % 
in studies of at least 3 years duration [ 121 ,  123 ,  124 ], and it has been possible for at 
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           Table 15.6    Outcomes of  treatment   in autoimmune hepatitis   

 Outcomes  Features  Consequences 

 Resolution  Frequency, 22 % [ 121 ]  Treatment-free ≥3 years, 19–40 % 
[ 121 ,  123 ] 

 Incomplete 
response 

 Frequency, 14 % [ 121 ,  131 ]  Treatment-dependence [ 201 ] 
 Activity ≥36 months of therapy 
[ 131 ] 

 Treatment failure  Frequency, 7 % [ 132 ]  Disease progression and liver failure 
[ 132 ] 

 Drug toxicity  Corticosteroid-related, 
12–29 % [ 27 ] 

 Azathioprine-related cytopenia, ≤10 % 
[ 138 ] 

 Azathioprine-related, 5–10 % 
[ 136 ,  138 ] 

 Bone marrow failure rare [ 139 ,  140 ] 

 Budesonide-related, 28 % [ 109 ]  TPMT testing before azathioprine [ 2 , 
 146 ] 

 Azathioprine, category D drug 
[ 149 ] 

 Azathioprine unnecessary during 
pregnancy in AIH [ 1 ,  146 ] 

 Azathioprine safe in pregnant 
IBD [ 152 ,  153 ] 
 Pre-term delivery and low birth 
weight with early azathioprine 
exposure [ 151 ] 

  Cirrhosis    Frequency, 16 % (1–27 years) 
[ 117 ] 

 Corticosteroid-treatment effective [ 28 , 
 155 ] 

 Occurrence, 12–34 % after 
10–20 years [ 117 ] 

 10-year survival, 80–89 % [ 28 ,  117 ] 

 Hepatocellular 
carcinoma 

 Frequency, 1–9 % [ 158 – 160 ]  Outcome refl ects stage and condition 
[ 162 ] 

 SIR, 23.3 (95 % CI, 7.3–54.3) 
[ 161 ] 

 Surveillance with hepatic 
ultrasonography every 6 months, 
especially if predictive factors present 
[ 115 ,  146 ] 

 Annual incidence, 1.1–1.9 % 
[ 158 – 160 ] 
 Cirrhosis required (1–16 years) 
[ 158 ] 
 Predictive factors: portal 
hypertension, therapy ≥3 years, 
cirrhosis ≥10 years [ 157 ] 

 Extrahepatic cancer  Frequency, 5 % [ 147 ]  Prognosis generally good [ 147 ] 
 Diverse cell types, SIR 2.7 
[ 148 ] 

 Outcome depends on nature and stage 
[ 147 ] 

 Non-melanoma skin cancers 
most common, SIR 5–28.5 
[ 163 ] 

 Routine health exams indefi nitely 
[ 115 ] 

 Associated with azathioprine 
[ 164 ,  166 ] 

(continued)
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least 5 years in 36 % of patients treated to normal or near- normal liver tissue prior to 
drug withdrawal [ 125 ]. The major diffi culty in establishing a treatment-free state is to 
normalize the liver tissue. Reversion to normal liver tissue is achievable in only 22 % of 
patients who are treated with conventional corticosteroid regimens, and multiple liver 
tissue examinations may be necessary to document the occurrence [ 121 ,  122 ,  126 ].

   Laboratory tests typically improve within 2 weeks of therapy [ 127 ], and they 
may return to normal or near-normal levels after a mean treatment duration of 
3 ± 3 months [ 118 ]. Histological improvement lags behind laboratory resolution by 
3–8 months [ 128 – 130 ], and only 11 % of patients achieve normal or near-normal 
liver tissue within 6 months [ 131 ]. The average duration of treatment until normal 
or near-normal laboratory tests and liver tissue is 22 months in the United States 
[ 131 ]  and   24 months in Europe [ 2 ].  

    Incomplete Response 

 Fourteen percent of patients improve, but they do not achieve normal or near- normal 
laboratory and  histological   examinations [ 121 ,  131 ] (Table  15.6 ). These patients are 
on long-term corticosteroid therapy and at increasing risk for drug- induced compli-
cations. The inability to achieve laboratory and histological resolution after 
36 months of continuous treatment constitutes an incomplete response, and it justi-
fi es a change in management objectives [ 131 ]. The goals must be to suppress and 
stabilize the infl ammatory activity while avoiding drug-induced complications. 
Normal liver tests and liver tissue can still be achieved [ 124 ], but they are not 
aggressively pursued with full-dose treatment regimens [ 1 ,  2 ].  

    Treatment Failure 

 Seven percent of patients worsen despite compliance with the treatment regimen, and 
they are at risk for disease progression and liver failure [ 132 ] (Table  15.6 ). The accu-
racy of the original  diagnosis   must be reconfi rmed, and alternative or superimposed 

Table 15.6 (continued)

 Outcomes  Features  Consequences 

  Relapse    Frequency, 28–87 % [ 116 ,  121 , 
 169 ] 

 Progression to cirrhosis, 10 % [ 175 ] 

 Associated mainly with 
incomplete histological 
resolution [ 121 ,  172 ,  173 ] 

 Liver failure, 3 % [ 175 ] 
 Poor outcomes with repeat events 
[ 175 ] 

   AIH  autoimmune hepatitis,  IBD  infl ammatory bowel disease,  SIR  standardized incidence ratio, 
 TPMT  thiopurine methyltransferase 

 Numbers in brackets are references  
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diseases (steatosis, drug-induced liver injury, and overlap syndrome) excluded. The 
original treatment regimen must be altered to treat the refractory disease. High dose 
regimens of prednisone or prednisolone with or without high dose azathioprine are 
fi rst-line options, and other salvage therapies (calineurin inhibitors and mycopheno-
late mofetil) can also be considered [ 133 ,  134 ]. Liver transplantation is the preferred 
therapy for liver failure [ 135 ].  

    Drug Toxicity 

 Corticosteroid-induced side effects relate in part to the dose of the drug and the 
duration of the treatment. Eighty  percent   of patients taking prednisone or predniso-
lone, ≥10 mg daily, for ≥24 months experience some cosmetic changes (weight 
gain, acne, hirsutism, or striae), and the development of side effects (intolerable 
cosmetic changes, obesity, mental instability, hypertension, diabetes, or vertebral 
compression) compels dose reduction or drug withdrawal in 12–29 % [ 27 ,  121 ,  136 ] 
(Table  15.6 ). Therapy with budesonide has produced similar changes in 28 % over 
6 months in a randomized clinical trial [ 109 ], and budesonide-treated patients with 
cirrhosis may be at increased risk for budesonide-related complications [ 112 ,  113 ]. 
Cirrhosis may increase the propensity for corticosteroid-induced side effects 
because  of   reduced binding sites for free prednisolone [ 137 ] or decreased hepatic 
clearance of budesonide [ 112 ]. 

 Azathioprine  intolerance   compels dose reduction or discontinuation of the drug 
in 5–10 % of patients, and the principal side effects are cytopenia, nausea, vomiting, 
rash, and pancreatitis [ 136 ,  138 ] (Table  15.6 ). Cholestatic liver injury is uncom-
mon, but it must be considered in patients who worsen during treatment. Bone mar-
row failure is a rare complication, but a justifi cation for assessing  thiopurine 
methyltransferase (TPMT) activity   prior to treatment [ 139 ,  140 ]. Routine screening 
for TPMT has not been promulgated in autoimmune hepatitis [ 1 ,  2 ], because TPMT 
activity has not been predictive of drug toxicity [ 141 – 144 ]. The value of screening 
for TPMT activity is mainly to detect the 0.3 % of the population who have absent 
enzyme activity and are at risk for drug-induced bone marrow failure [ 145 ]. This 
reassurance before treatment  can   strengthen confi dence in the treatment regimen, 
especially in patients with cirrhosis and pretreatment cytopenia, and it supports the 
pretreatment assessment of TPMT activity [ 146 ]. Complete blood counts should be 
performed at 3–6 month intervals in all patients receiving azathioprine to monitor 
for myelosuppression [ 1 ]. 

 The incidence of extra-hepatic malignancy in treated patients with autoimmune 
hepatitis is 1 per 194 patient  years   of surveillance [ 147 ]; the 10-year probability of 
occurrence is 3 % [ 147 ]; and the standardized incidence ratio (SIR) for extra-hepatic 
malignancy is 2.7 (95 % confi dence interval, 1.8–3.9) [ 148 ]. Chronic immunosup-
pressive therapy in general is associated with an increased risk of malignancy, and 
a rigorous tumor surveillance strategy must be maintained [ 115 ]. 
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 Azathioprine is listed as a category D drug for pregnancy. Multiple congenital mal-
formations have been  described   in animals [ 149 ]; 6-thioguanine metabolites pass the 
human placenta [ 150 ]; and infants exposed in early pregnancy may be more prone to 
have preterm delivery, low birth weight, small size for gestational age, and ventricular 
 or   atrial septal defects [ 151 ]. Congenital abnormalities have not been attributed to aza-
thioprine therapy in pregnant women treated for infl ammatory bowel disease, and the 
risk of azathioprine toxicity during pregnancy may be minimal or nonexistent in this 
population [ 152 ,  153 ]. Furthermore, the severity of the maternal illness rather than the 
drug may be the basis for growth restriction and preterm delivery [ 151 ]. Azathioprine 
is a nonessential drug in the management of autoimmune hepatitis, and it is reasonable 
to avoid its use in pregnancy by adjusting  the   corticosteroid dose [ 146 ,  154 ].  

    Progressive Fibrosis and Cirrhosis 

 Progressive  hepatic fi brosis   and the development of cirrhosis are common conse-
quences of autoimmune hepatitis [ 28 ,  114 ,  117 ,  155 ,  156 ]. The fi brotic process is 
driven in part by  persistent   hepatic infl ammation, and the frequency of cirrhosis is 
54 % if therapy has failed to fully suppress infl ammatory activity within 36 months 
[ 131 ] (Table  15.6 ). The frequency of  cirrhosis   is 16 % during 1–27 years of observa-
tion (median, 5.7 years), and cirrhosis develops in 12 % after 10 years and 34 % 
after 20 years [ 117 ]. The 10-year survival of patients with histological cirrhosis is 
80–89 % [ 28 ,  117 ,  118 ,  155 ], and the longevity of patients with cirrhosis may con-
tribute to the late occurrence of hepatocellular malignancy [ 123 ,  157 ,  158 ].  

     Hepatocellular Carcinoma   

  Hepatocellular carcinoma   develops in 1–9 % of patients with autoimmune hepatitis 
and cirrhosis, and the annual incidence is 1.1–1.9 % [ 158 – 160 ] (Table  15.6 ). The 
standardized incidence ratio (SIR) for hepatocellular carcinoma in Swedish patients 
with autoimmune hepatitis is 23.3 (95 % confi dence interval, 7.5–54.3) [ 161 ]. 
Cirrhosis is a prerequisite for hepatocellular carcinoma, and the duration of cirrho-
sis before the occurrence of hepatocellular carcinoma ranges from 1 to 16 years 
(mean interval, 8.5 years) [ 158 ]. Surveillance has not been formally recommended 
because the annual incidence of hepatocellular carcinoma in autoimmune hepatitis 
does not exceed the threshold of 1.5 % for cost-effectiveness [ 162 ]. Men with auto-
immune hepatitis and cirrhosis and those patients with features of portal hyperten-
sion, immunosuppressive treatment for ≥3 years, treatment failure, and cirrhosis of 
≥10 years duration have risk factors that distinguish them from other patients, and 
these features have been proposed as indications for annual  screening   with hepatic 
ultrasonography [ 115 ,  146 ,  157 ,  158 ].  
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    Extrahepatic Malignancies 

 Extrahepatic malignancies develop in 5 % of patients with autoimmune hepatitis; 
the incidence is 1 case per  194   patient-years; and the risk is 1.4-fold greater than in 
an age- and gender-matched healthy population [ 147 ] (Table  15.6 ). Tumors are of 
diverse cell types (bladder, blood, breast, cervix, lymphatic tissue, skin, soft tissue, 
and stomach), and non-melanoma skin cancers are probably the most common 
[ 115 ,  163 ]. The SIR for extrahepatic malignancy in treated patients with autoim-
mune hepatitis is 2.7 (95 % confi dence interval, 1.8–3.9) [ 148 ]; the SIR for squa-
mous cell carcinoma of the skin is 28.5 (95 % confi dence interval, 9.9–43.1) [ 163 ]; 
and the SIR for basal cell carcinoma is 5.0 (95 % confi dence interval, 1–8.9) [ 163 ]. 
Outcomes are related to the nature and stage of the tumor at diagnosis [ 115 ,  147 ]. 
The predisposition for the malignancies is unclear, but it may relate to the immuno-
suppressive treatment or the autoimmune liver disease [ 115 ]. Non-melanoma skin 
cancers have been associated with the type and duration of immunosuppressive 
therapy (especially mercaptopurine and azathioprine) in infl ammatory bowel dis-
ease and after organ transplantation [ 164 – 166 ]. Autoimmune diseases may also pre-
dispose to the development of malignancy without implicating a predisposing 
treatment [ 167 ,  168 ]. Routine health  screening   measures should be maintained in all 
patients with autoimmune hepatitis.  

    Relapse After Drug Withdrawal 

 Relapse occurs in 28–87 % of patients, usually within 3 months after drug with-
drawal, and it warrants re- institution   of treatment [ 116 ,  121 ,  169 – 171 ] (Table  15.6 ). 
A serum aspartate aminotransferase level (AST) ≥3-fold the upper limit of the nor-
mal range (ULN) is invariably associated with recurrent  interface   hepatitis on his-
tological examination, and the laboratory fi nding alone is suffi cient to restart therapy 
[ 129 ]. The propensity for relapse has been associated with incomplete histological 
resolution, especially residual plasma cell infi ltration [ 121 ,  172 ,  173 ], progression 
to cirrhosis during therapy [ 172 ], genetic predisposition [ 53 ], and rapid corticoste-
roid withdrawal [ 174 ]. The occurrence is not predictable or preventable, but its fre-
quency can be reduced to 28 % in patients who achieve normal laboratory tests and 
liver tissue before drug withdrawal [ 121 ]. 

 Retreatment with corticosteroids induces laboratory resolution in 94 % after 
4 ± 1 months and histological improvement to normal or near normal in 59 % after 
8 ± 2 months [ 170 ]. Relapse may result in cirrhosis (10 %) or liver failure (3 %), but 
these infrequent consequences may be reduced by early laboratory detection of 
relapse and prompt re-treatment [ 175 ]. Discontinuation of medication after an ini-
tial relapse is typically followed by another relapse, and multiple relapses and re- 
treatments are associated with increased frequencies of cirrhosis (38 %) and death 
from hepatic failure or requirement for liver transplantation (20 %) [ 175 ]. 
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 The pursuit of a treatment-free state must be balanced against the risks associ-
ated with relapse and those associated with indefi nite immunosuppressive therapy 
[ 122 ]. Since relapse can be recognized quickly by standard laboratory tests and re- 
treated effectively, the withdrawal of treatment in those patients who achieve nor-
mal tests and liver tissue has been advocated [ 1 ].  The   occurrence of relapse under 
these ideal withdrawal conditions justifi es re-treatment that is maintained indefi -
nitely [ 176 ,  177 ].   

    Treatment Strategies for Suboptimal Responses 

 Suboptimal responses to conventional corticosteroid therapy warrant a revised 
treatment strategy that may  include   higher doses of standard treatment, calcineurin 
inhibitors, mycophenolate mofetil, long-term maintenance therapy, or liver trans-
plantation [ 178 ]. 

    Treatment Failure 

 High doses of prednisone or prednisolone alone or in combination with high dose 
azathioprine is the preferred management strategy for treatment failure [ 1 ,  104 , 
 134 ] (Table  15.7 ). The dose of prednisone or prednisolone is 30 mg daily in con-
junction with azathioprine, 150 mg daily. Treatment is maintained at fi xed doses for 
at least 1 month. The regimen is then modifi ed after each month of laboratory 
improvement by reducing the dose of prednisone or prednisolone by 10 mg and the 
dose of azathioprine by 50 mg until conventional maintenance doses are achieved 
(prednisone or prednisolone, 10 mg daily, and azathioprine, 50 mg daily) [ 104 ]. 
Prednisone or prednisolone, 60 mg daily, can be substituted for the combination 
regimen in azathioprine-intolerant patients and those with severe cytopenia [ 134 ]. 
The corticosteroid dose is reduced by 10 mg after each month of laboratory improve-
ment until a conventional maintenance dose of 20 mg daily is achieved (Table  15.7 ). 
Laboratory tests improve to normal or near-normal in >70 % of patients within 
2 years, but histological improvement to normal or near-normal liver tissue is 
achieved in only 14–20 %. Cirrhosis develops in 82 %, drug-induced side effects are 
common, treatment is indefi nite, and 5-year survival is 41 % [ 132 ,  133 ,  179 ].

   The calcineurin inhibitors have been used as salvage therapies for decades, but 
the regimens have not been enthusiastically endorsed in part because they may par-
adoxically increase immune reactivity [ 180 ] (Table  15.7 ). They have also been vari-
ably effective in treating autoimmune hepatitis after liver transplantation [ 181 ]; 
they have been associated with serious side effects, especially neurotoxicity [ 182 , 
 183 ]; head-to- head   comparison studies with conventional corticosteroid based sal-
vage regimens have not been performed [ 184 ]; and the optimal dosing schedule and 
drug monitoring strategy have been unclear [ 184 ]. Nevertheless, the composite 
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           Table 15.7    Salvage therapies in  autoimmune hepatitis     

 Salvage therapy  Regimen  Results 

 High dose 
combination 

 Indication: worsening disease [ 1 ]  Normal or near-normal laboratory 
tests, >70 % [ 179 ] 

 Prednisone or prednisolone, 30 mg 
daily, and azathioprine, 150 mg 
daily × 1 month [ 104 ,  134 ,  178 ] 

 Normal or near-normal liver 
tissue, 14–20 % [ 179 ] 

 Steroid dose reduction × 10 mg and 
azathioprine reduction × 50 mg each 
month of improvement until 
standard maintenance dose [ 104 , 
 134 ,  178 ] 

 Cirrhosis, 82 % [ 132 ,  133 ] 
 Side effects, common [ 132 ,  133 ] 
 5-year survival, 41 % [ 132 ,  133 ] 

 High dose 
 monotherapy   

 Indication: worsening disease [ 1 ]  Same as with high dose 
combination [ 132 ,  133 ,  179 ] 

 Prednisone or prednisolone, 60 mg 
daily × 1 month [ 104 ,  134 ,  178 ] 

 Preferred if severe cytopenia, 
absent TPMT activity, or known 
azathioprine intolerance [ 1 ,  134 ]  Steroid dose reduction × 10 mg each 

month of improvement until standard 
maintenance dose [ 104 ,  134 ,  178 ] 

 Cyclosporine  Indication: worsening disease [ 134 ]  Composite experiences (10 
reports): [ 184 ] 

 Neoral, 2–5 mg/kg daily [ 178 ,  188 ]  Laboratory improvement, 94 % 
[ 184 ,  185 ] 

 Trough levels, 100–300 ng/ml 
[ 188 ] 

 Ineffective or poorly tolerated, 
6 % [ 184 ,  185 ] 

  Tacrolimus    Indication: worsening disease [ 134 ]  Composite experiences (3 
reports): [ 184 ] 

 Initial dose, 0.5–1 mg daily [ 190 , 
 191 ] 

 Laboratory improvement, 98 % 
[ 184 ,  185 ] 

 Maintenance, ≤3 mg twice daily 
[ 184 ] 

 Ineffective or poorly tolerated, 
2 % [ 184 ,  185 ] 

 Serum, 3 ng/ml (1.7–10.7 ng/ml) 
[ 184 ] 

 Mycophenolate 
mofetil 

 Indications: worsening disease and 
azathioprine intolerance [ 134 ,  194 ] 

 Composite experiences (11 
reports): [ 184 – 186 ] 

 Initial dose, 1 g daily [ 184 ]  Laboratory improvement, 47 % 
[ 184 ] 

 Maintenance, 1.5–2 g daily [ 184 ]  Ineffective or poorly tolerated, 
53 % [ 184 ] 

 Avoid in pregnancy [ 184 ]  Azathioprine intolerance, 58 % 
[ 194 ,  196 ] 
 Refractory disease, 12 % [ 194 , 
 196 ] 
 Steroid dose reduction or 
withdrawal, 40 % [ 184 ] 

(continued)
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results from small, single-center, clinical experiences with cyclosporine and tacro-
limus have supported their effi cacy, and they are a consideration for steroid- 
refractory patients [ 184 – 186 ]. 

 Cyclosporine therapy has improved laboratory tests in 94 % of 32 patients treated 
for corticosteroid-intolerance or refractory liver disease in a composite of results 
reported in ten studies since 1985 [ 184 – 187 ]. The treatment was ineffective or 
poorly tolerated in 6 % [ 184 ] (Table  15.7 ). Cyclosporine was administered mainly 
as Neoral ® , 2–5 mg/kg daily, with dose adjustments to achieve trough levels of 100–
300 ng/ml [ 178 ,  184 ,  188 ]. 

 Tacrolimus has been similarly effective as a salvage therapy, inducing a posi-
tive response of any degree in 98 % and a negative response, defi ned as no 
response or treatment-ending drug intolerance, in 2 % of 41 patients reported in 
three studies since 1995 [ 184 ,  189 – 191 ]. Tacrolimus has been administered 
mainly at an initial dose of 0.5–1 mg daily with dose adjustments to a mainte-
nance level of 1 mg daily to 3 mg twice daily and a serum level of 3 ng/ml 
(range, 1.7–10.7 ng/ml) [ 178 ,  184 ]. 

 Mycophenolate mofetil, a next generation purine antagonist, is another drug that 
has been used in small clinical trials as a salvage therapy for corticosteroid- refractory 
and azathioprine-intolerant patients [ 184 – 186 ] (Table  15.7 ). A compilation of 
recent experiences indicates that the drug induces laboratory improvement in 47 % 
and no response or drug intolerance in 53 % when used in combination with predni-
sone or prednisolone and in lieu of azathioprine [ 184 ]. Patients treated for azathio-
prine intolerance have improved more commonly than patients treated for refractory 
liver disease (58 % versus 12 %), and these fi ndings suggest that the effectiveness of 
mycophenolate mofetil as a salvage agent could be improved by better patient selec-
tion [ 184 ,  192 – 197 ]. Complete corticosteroid withdrawal was possible in 40 % of 
patients reported in 11 studies, and the overall frequency of treatment ending side 
effects was 15 % [ 184 ]. 

 The dose of mycophenolate mofetil in autoimmune hepatitis has ranged from 
500 mg daily to 3 g daily [ 184 – 186 ] (Table  15.7 ). The drug is usually started in a 
dose of 1 g daily and increased as tolerated to a maintenance dose of 1.5–2 g daily. 
The most common side effects  have   been nausea and leukopenia [ 198 ,  199 ], and the 

Table 15.7 (continued)

 Salvage therapy  Regimen  Results 

 Liver  transplantation    Indications: MELD ≥ 16, fulminant 
presentation, intractable symptoms, 
drug intolerance, or liver cancer 
[ 203 ] 

 5-year survival (adults), 75–79 % 
[ 135 ,  204 ,  205 ] 
 Recurrence, 8–12 % at 1 year, 
36–68 % at 5 years [ 207 ] 
 Re-transplantation, 13–23 % [ 17 , 
 210 ,  211 ] 
 5-year survival after recurrence, 
89–100 % [ 212 ] 

   MELD  model of end-stage liver disease 

 Numbers in brackets are references  
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drug must be avoided in pregnancy [ 184 ]. Mycophenolate mofetil has been associ-
ated with miscarriages and congenital defects of the face and heart that refl ect 
abnormalities in the migration of the fetal cranial neural crest [ 200 ].  

    Incomplete Response 

 Patients who improve but fail to normalize their laboratory tests and liver tissue after 
36 months are unlikely to achieve an optimal end point by continuing standard ther-
apy [ 131 ] (Table  15.7 ).  The   management strategy must be modifi ed to prevent dis-
ease progression and treatment-related side effects by suppressing liver infl ammation 
on the lowest dose of medication possible. The dose of prednisone or prednisolone 
can be reduced in a gradual fashion by decrements as low as 2.5 mg daily as the dose 
of azathioprine is increased to 2 mg/kg daily [ 124 ,  176 ]. Complete withdrawal from 
corticosteroids and long-term maintenance on azathioprine alone may be possible. 
Low dose corticosteroid therapy has been maintained for 7–43 years (mean, 16 years) 
in 42 patients [ 201 ], and it has generally been well tolerated except for isolated cases 
of cryptococcal meningitis and aseptic necrosis of the hip. Progression to cirrhosis 
has occurred in 54 %, and the need  for   liver transplantation has been rare (2 %) [ 201 ].  

    Drug Toxicity 

 The incriminated medication is reduced in dose or discontinued depending on the 
severity of the toxicity [ 1 ]. The tolerated medication is then adjusted in dose to 
compensate for the  altered   regimen. Side effects, including mild cytopenia, can 
commonly be corrected by dose reduction. Determination of TPMT activity is war-
ranted before continuing azathioprine in cytopenic patients [ 1 ]. Mycophenolate 
mofetil has been effective in patients with azathioprine intolerance [ 194 ,  196 ], but 
one of its important side effects is myelosuppression [ 198 ,  199 ,  202 ]. The mecha-
nisms of bone marrow toxicity are probably different in patients taking azathioprine 
[ 140 ] and those taking mycophenolate mofetil [ 198 ,  199 ], but some caution is war-
ranted when considering the use of mycophenolate mofetil in any form of drug- 
induced bone marrow toxicity.  

    Relapse After Corticosteroid Withdrawal 

 Relapse is managed by restarting the original treatment regimen that had induced 
disease resolution (Table  15.7 ). Treatment is continued until normalization of labo-
ratory tests refl ective of  liver   infl ammation (serum aminotransferase, γ-globulin, 
and immunoglobulin G levels). The dose of prednisone or prednisolone is then 
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gradually decreased as the dose of azathioprine is increased to 2 mg/kg daily. 
Corticosteroids are fi nally withdrawn, and treatment with azathioprine is main-
tained indefi nitely. Eight-fi ve percent of patients have remained inactive on azathio-
prine therapy during a 10-year observation period [ 177 ]. 

 Patients not taking azathioprine or azathioprine intolerant can be managed on 
low dose prednisone or prednisolone [ 176 ]. The corticosteroid dose is reduced grad-
ually by 2.5 mg to the lowest dose necessary to prevent laboratory instability (typi-
cal dose, ≤10 mg daily; median dose, 7.5 mg daily) [ 176 ]. Corticosteroid-related 
complications acquired during conventional therapy improve in 85 % of patients 
treated with low dose regimens; the frequency of death from hepatic failure or 
requirement for liver transplantation is similar to that of patients treated  with   con-
ventional regimens after relapse (9 % versus 10 %); and 36 % of patients improve to 
normal or near-normal liver tests and liver tissue with protracted treatment [ 176 ].  

    Liver Transplantation 

 Liver transplantation is the preferred salvage therapy for patients with features of 
liver failure [ 134 ], and it  should   be considered if the model of end-stage liver dis-
ease (MELD) score exceeds 16 points, the presentation is fulminant, features of 
hepatic decompensation emerge, symptoms are intractable, treatment is poorly tol-
erated, or liver cancer is suspected [ 203 ] (Table  15.7 ). Ten percent of patients with 
corticosteroid-refractory disease require this intervention [ 135 ]. The 5-year patient 
survival is 75–79 % in adults [ 135 ,  204 ,  205 ] and 86 % in children [ 206 ]. Autoimmune 
hepatitis recurs in the allograft in 8–12 % after 1 year and 36–68 % after 5 years 
[ 207 – 209 ], and graft failure may warrant re-transplantation in 13–23 % [ 17 ,  210 , 
 211 ]. The actuarial 5-year survival of adults with recurrent autoimmune hepatitis is 
89–100 % [ 211 ,  212 ], and the possibility of recurrence should not defeat the pros-
pect of liver transplantation for a suitable candidate.   

    Overview 

 Autoimmune hepatitis is an immune- mediated   infl ammatory liver disease of 
unknown cause that may progress to cirrhosis or liver failure. Diagnostic criteria 
have been codifi ed, and the diagnosis requires the confi dent exclusion of other liver 
diseases that may resemble it. Liver biopsy examination is an essential component 
of the evaluation. Treatment with prednisone or prednisolone in combination with 
azathioprine is the mainstay therapy, and it improves laboratory tests and liver tis-
sue to normal or near-normal in most patients after 22–24 months. Budesonide in 
combination with prednisone or prednisolone can be considered in non-cirrhotic 
patients with mild, uncomplicated liver disease or pre-morbid conditions that would 
be aggravated by conventional corticosteroid regimens. 
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 Corticosteroid-induced side effects are mainly cosmetic, but the possibility of 
osteopenia and vertebral compression, especially in post-menopausal women, justi-
fi es a bone maintenance strategy that emphasizes regular exercise, calcium and vita-
min D supplementation, periodic bone densitometry, and bisphosphonates as 
necessary. Pretreatment assessment of TPMT activity should be considered in all 
patients who will be treated with azathioprine, especially those with  cytopenia  , and 
leukocyte and platelet counts must be monitored at 3–6 month intervals in all aza-
thioprine treated patients. 

 Treatment can be withdrawn in patients who have normalized liver tests and 
liver tissue, but relapse is always possible (frequency, ≥28 %) and serum AST and 
γ-globulin levels must be monitored closely to detect this occurrence. Re-treatment 
after relapse induces resolution of the liver dysfunction, and indefi nite therapy with 
 azathioprine   (2 mg/kg daily) is warranted. A treatment-free state is possible in 
19–40 % of patients. Other outcomes include treatment failure (7 %), incomplete 
response (14 %), drug toxicity (12–29 %), cirrhosis (54 %), hepatocellular carci-
noma (1–9 %), and extrahepatic malignancies (5 %). Treatments with high doses of 
corticosteroids alone or with azathioprine, calcineurin inhibitors, and mycopheno-
late mofetil are salvage therapies that must be used for off-label indications in a 
highly individualized and well-monitored fashion. Autoimmune hepatitis is a treat-
able chronic liver disease, and the survival expectation is high.     
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    Chapter 16   
 Autoimmune Liver Diseases: Primary Biliary 
Cholangitis                     

     Ahmad     H.     Ali     ,     Elizabeth     J.     Carey     , and     Keith     D.     Lindor     

          Patient Questions and Answers 

     1.    What does Primary Biliary  Cholangitis   do to me? 
 Primary biliary Cholangitis (or PBC for short) is a chronic, or long-lasting, 

disease that causes the small bile ducts in the liver to become infl amed and dam-
aged and ultimately disappear. This damage to the liver tissue can lead to  cir-
rhosis  , a condition in which the liver slowly deteriorates and is unable to function 
normally. In cirrhosis, scar tissue replaces healthy liver tissue, partially blocking 
the fl ow of blood through the liver. PBC can cause fatigue (feeling tired), itching 
of the skin, and dry eyes and mouth. Some patients with PBC have jaundice, a 
condition that causes yellowish discoloration of the skin and the whites of the 
eye. Some patients with PBC also have hypothyroidism (a condition in which 
the thyroid gland releases low amounts of the thyroid hormone), hyperthyroid-
ism (a condition in which the thyroid gland releases excessive amounts of the 
thyroid hormone), osteopenia (weak bones, people with this condition are more 
likely to develop bone fractures), hyperlipidemia (high blood cholesterol), 
Raynaud’s disease (a painful condition in which the fi ngers turn blue in color), 
and vitamin defi ciency (vitamins A, D, E, and K).   

   2.    Is it treatable? 
 Treatment for PBC depends on how early a health care provider diagnoses the 

disease and whether complications are present. In the  early   stages of PBC, 
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 treatment can slow the progression of liver damage to cirrhosis. In the early 
stages of  cirrhosis  , the goals of treatment are to slow the progression of tissue 
scarring in the liver and prevent complications. As cirrhosis progresses, a person 
may need additional treatments and hospitalization to manage complications. 

  Ursodeoxycholic acid   (Ursodiol) is the only therapy approved by the FDA for 
PBC. It is taken orally and the dose is calculated based on the person’s weight. 
Ursodiol is a nontoxic bile acid. It replaces the bile acids that are toxic to the 
liver. Ursodiol provides the most benefi t in patients with early stages of PBC, as 
it reduces the likelihood of needing a liver transplant and improves the survival. 
However, treatment with ursodiol in the late stages of PBC can still slow the 
progression of the disease. Although ursodiol decreases the likelihood of need-
ing a liver transplant, it does not cure the disease.   

   3.    Are there other problems I can expect? 
 Yes, there are complications that you should expect  if   you have PBC. Most 

complications of PBC occur in the fi nal stages of the disease, when PBC pro-
gresses to cirrhosis of the liver.

    (a)    Portal hypertension 
 Portal hypertension develops when the scar tissue in the liver blocks the 

normal blood fl ow to the liver. When  this   happens, you may develop one or 
more of the following symptoms: edema (lower limb swelling due to fl uid 
accumulation in the lower limbs), ascites (fl uid accumulation inside the 
abdominal cavity), and splenomegaly (enlargement of the spleen). 
Spontaneous bacterial peritonitis is a rare but serious complication that 
requires immediate attention.   

   (b)    Varices 
 Portal hypertension may cause enlargement of the blood vessels in the 

esophagus, stomach, or both. These vessels can burst, resulting in hemor-
rhage, requiring immediate medical attention.   

   (c)    Hepatic encephalopathy 
  Cirrhosis   of the liver can lead to symptoms of brain dysfunction such 

memory and concentration problems, personality problems, sleep distur-
bance, and in extreme cases, coma.   

   (d)     Metabolic bone disease   
 PBC can lead to weakening of the bones, a condition called osteopenia. 

When the bones become weaker, the condition is referred to as osteoporosis. 
Patients with this condition are more likely to develop bone fractures.   

   (e)    Hepatocellular carcinoma 
  Hepatocellular carcinoma   is a type of liver cancer that occurs mainly in 

cirrhotic patients. It has a high mortality and treatment options are very lim-
ited. For these reasons, it is recommended for patients with  cirrhosis   to be 
screened for  hepatocellular carcinoma every 6–12 months. Detecting this 
cancer in an early stage increases the chances of survival.    
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          Summary 

 Primary biliary cholangitis (PBC) is a chronic cholestatic liver disease charac-
terized by destruction of small intra-hepatic bile ducts, leading to fibrosis and 
eventually liver cirrhosis and its consequent complications. The serological 
 hallm  ark of PBC is  the antimitochondrial antibody (AMA)  , a highly disease-
specific antibody found in ~95 % of cases of PBC. Since the introduction of 
 ursodeoxycholic acid   (UDCA), the natural history of PBC has changed signifi-
cantly. Several randomized placebo- controlled studies have shown that UDCA 
improves the transplant-free survival in PBC patients. Patients with early 
stages of PBC seem to benefit the most from UDCA therapy, as they live just 
as long as the health population. UDCA therapy should be continued indefi-
nitely. In this chapter, we review the natural history of PBC before and after the 
introduction of UDCA, diagnosis, clinical manifestations, etiology, epidemiol-
ogy, and complications of PBC. We also review the management of PBC and 
its related symptoms associated conditions, and special cases related to PBC, 
focusing on AMA-negative PBC and diagnosis and management of the PBC-
Autoimmune hepatitis overlap syndrome.  

    Introduction 

 Primary Biliary Cholangitis (PBC) is a chronic progressive disease of the liver char-
acterized by destruction of the small intra-hepatic bile ducts and periportal infl am-
mation and fi brosis, leading ultimately to cirrhosis and its consequent complications 
such as liver failure and portal hypertension [ 1 ]. It was fi rst described in 1851 by 
Addison, but it was not until 1949 that Ahren introduced the term “primary biliary 
cirrhosis” [ 2 ] and the name was only recently changed to primary biliary cholangitis 
to better refl ect the disease in which cirrhosis is not universally present. The sero-
logical hallmark of PBC is the  antimitochondrial antibody (AMA)   [ 3 ,  4 ]; an autoim-
mune antibody that targets a family of mitochondrial enzymes named the 2-oxo-acid 
dehydrogenase complexes [ 5 – 7 ]. AMA is present in ~95 % of PBC patients [ 8 ,  9 ], 
and is rarely detected in healthy individuals [ 10 ]. The diagnosis of PBC is estab-
lished in the setting of a cholestatic liver profi le picture, exclusion of all other causes 
of cholestasis, and presence of AMA [ 11 ]. In some, particularly in patients who are 
AMA-negative, liver biopsy might be needed to establish a diagnosis of PBC. PBC 
affects mainly middle-aged women, with a female-to-male ratio of 10:1 [ 1 ]. 
 Ursodeoxycholic acid (UDCA)   is the only medical therapy approved by the Food 
and Drug  Admi  nistration (FDA) for treatment of PBC. About 40 % of PBC patients 
do not respond adequately to UDCA [ 12 ]. Newer therapies which have shown 
promising preliminary results are being investigated in PBC patients with an inad-
equate response to UDCA. In this chapter we review the natural history, clinical 
presentation, diagnosis,  etiolog  y, and clinical outcomes of PBC. We also review 
current clinical trials of new therapies in PBC.  
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    Natural History 

    Patterns of Clinical Disease and Natural History 
in the Pre- UDCA Era 

 The presentation of PBC varies  f  rom asymptomatic disease with only biochemical 
evidence of PBC, to symptomatic PBC or decompensated cirrhosis. PBC is usually 
asymptomatic at the time of diagnosis due to the widespread use of screening liver 
chemistries and AMA. The prevalence of asymptomatic PBC has increased from as 
low as 20 % in early series [ 13 – 15 ] to as high as 61 % in the recently published lit-
erature [ 16 ]. Mahl et al. [ 17 ] reported the clinical outcomes of 247 PBC patients, of 
whom 85.8 % were symptomatic at presentation. The median duration of follow-up 
from diagnosis was 6.4 years for the group with symptoms (range: 0.04–24.2 years) 
and 12.2 years for the group without symptoms at diagnosis (range: 1.1–19.2 years). 
The median survival of PBC patients in this study from the time of diagnosis was 
twice as long for patients who presented without symptoms compared to symptom-
atic patients (16 years versus 7.5 years) [ 17 ]. In addition, the 10-year survival was 
signifi cantly worse in the symptomatic group compared to the patients who had no 
symptoms at the time of diagnosis (78 % versus 38 %) [ 17 ]. Furthermore, of the 36 
patients who were asymptomatic at presentation, 64 % developed symptoms over a 
median time interval of 5.3 years [ 17 ]. Patients who remained asymptomatic had a 
considerably longer life span when compared to patients who developed symptoms 
(median survival 16.7 years versus 12.6 years). The overall survival of asymptom-
atic patients was diminished compared to a matched control population [ 17 ]. 
Moreover, the 10-year survival of PBC patients who developed symptoms during 
the follow-up period was signifi cantly worse than that of the patients who remained 
symptomatic (90 % versus 70 %) [ 17 ]. In another study, Springer et al. [ 18 ] exam-
ined the natural history of 91 patients referred to the Toronto Hospital between 1983 
and 1994 with abnormal liver biochemistries and liver biopsy-compatible, AMA- 
positive PBC. Median follow-up was 61.2 months. During this period, 36.2 % 
developed PBC symptoms (pruritus in 24.1 %, and jaundice in 7.7 %) [ 18 ]. Of the 
91 patients, 9.9 % reached an end-point; 7.7 % underwent liver transplantation, and 
2.2 % died from liver failure [ 18 ]. The median time interval to develop symptoms 
from presentation was 50.6 months (range: 3.5–156.8 months) [ 18 ]. The 10-year 
survival (Fig.  16.1 ) was signifi cantly lower in the entire PBC group (80 %) when 
compared to a matched population (92 %) [ 18 ]. PBC patients who remained asymp-
tomatic had a survival equal to that of the general population (Fig.  16.2 ) [ 18 ]. 
Moreover, PBC patients who became symptomatic had a 10-year survival signifi -
cantly shorter than the general population (73 % versus 94 %, Fig.  16.2 ) [ 18 ]. These 
studies indicate that PBC is a progressive disease in the majority of patients, PBC 
patients (regardless of symptoms) have a shorter life span than the general popula-
tion, a signifi cant proportion of asymptomatic PBC patients will develop symptoms, 
and PBC patients who have symptoms at diagnosis have a poorer prognosis than 
patients who are asymptomatic at presentation. In addition, these studies also indi-
cate that PBC patients who remain symptom-free have an excellent prognosis.
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    Patients with symptomatic PBC show a more rapid progression to end-stage liver 
disease and have a worse prognosis than that observed in the asymptomatic patients 
[ 16 ,  18 – 20 ]. In the late phase of the disease, serum bilirubin levels increase [ 21 ] and 
clinical features of liver failure such as portal hypertension and hepatic encephalopa-
thy develop [ 20 ]. The mean survival times in symptomatic patients vary between 6 
and 10 years [ 22 ,  23 ]. In a 28- yea  r follow-up study of a large cohort that included 770 
PBC patients [ 19 ], the percentage of patients who developed liver failure was 15.4 % 
and 26.4 % after 5 years and 10 years of diagnosis, respectively [ 19 ]. Of all the vari-
ables,  serum bilirubin   is the best predictor of survival in PBC patients [ 21 ,  24 – 28 ]. 
Advanced age, male gender, advanced histological stage,  elevated serum ALP, low 
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serum albumin, development of esophageal varices, and prolonged prothrombin time 
have also been associated with poor prognosis in patients with PBC [ 20 ]. 

 In some patients, presence of AMA may be the only evidence of PBC. In an early 
report [ 29 ], patients incidentally discovered to have positive AMA (titers ≥ 1:40) but 
no symptoms of liver disease and normal hepatic biochemistries were followed for 
over 18 years. Liver biopsies were compatible with or  diagnost  ic of PBC in 83 % of 
patients at baseline [ 29 ]. During the follow-up period, 76 % of patients developed 
PBC symptoms, and 83 % had persistently elevated serum alkaline phosphatase 
(ALP) levels [ 30 ]. Repeat liver biopsies in 10 patients showed that two patients 
progressed histologically by one stage, and two other patients progressed by two 
stages [ 30 ]. None of the patients during the follow-up period died from liver disease 
[ 30 ]. This study suggests that patients who test positive for AMA but have no liver- 
related symptoms and normal hepatic biochemistries might eventually develop 
symptomatic but slowly progressive PBC. These fi ndings, however, need to be con-
fi rmed in a larger cohort of patients.  

    Natural History in the UDCA Era 

 The natural history of PBC has  signifi   cantly changed since the introduction of 
UDCA. Responders to UDCA demonstrate survival comparable to age- and sex- 
matched healthy subjects [ 31 ]. Studies have shown that UDCA delays histological 
progression [ 32 ], delays development of esophageal varices [ 33 ], and improves the 
transplant-free survival of PBC patients [ 34 – 42 ]. Data compiled from three clinical 
trials in which PBC patients were randomly assigned to receive either UDCA or 
placebo for up to 4 years have shown that the survival free of liver transplantation 
was signifi cantly improved in the UDCA-treated arm compared to the controls 
(Fig.  16.3 ) [ 43 ]. The effect of UDCA on the development of esophageal varices has 
been evaluated in a prospective clinical trial of 180 patients who received either 
UDCA or placebo for 4 years [ 33 ]. At baseline, 22.8 % had varices. After 4 years of 
treatment, the risk of developing varices in the UDCA- versus placebo-treated 
patients was 16 % versus 58 %, respectively [ 33 ].

       Survival 

 A Markov model, using death, liver transplantation, and histological stage pro-
gression as the main clinical end points, was used to assess the survival of 262 
PBC patients (Fig.  16.4 ) [ 44 ]. In this prospective follow-up study, patients 
received UDCA at a dose of 13–15 mg/kg daily for a mean of 8 years (range: 
1–22 years). The overall 10- and 20-year survival rate was substantially better 
than that predicted by the model [ 44 ]. The predicted survival rate was 92 % at 
10 years and 82 % at 20 years [ 44 ]. The predicted survival rate without liver 
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transplantation was 84 % at 10 years and 66 % at 20 years [ 44 ]. The survival pre-
dicted by the updated Mayo model was far poorer than the survival predicted on 
UDCA therapy [ 44 ]. In patients with early histological-stage PBC, the predicted 
survival rate was 97 % at 10 years and 88 % at 20 years. In the same group, the 
predicted survival without liver transplantation was 93 % at 10 years and 77 % at 
20 years, which was similar to that of a matched control population [ 44 ]. However, 
patients with late histological stage PBC had worse 10- and 20-year survival rate 
without liver transplantation compared to that of a matched control group (68 % 
and 48 % versus 82 % and 71 %, respectively) [ 44 ].

   Models using time-fi xed Cox proportional hazards have been developed to assess 
the survival in PBC patients. The  Mayo PBC risk score   [ 26 ] is the most widely used 
model to assess the survival in PBC patients. This model helps determine treatment 
success in clinical trials of PBC and also guides timing for liver transplantation. 
Recently, serum ALP and bilirubin have been shown to be excellent predictors of 
long-term outcomes (death or liver transplantation) in PBC [ 45 ]. These biochemical 
markers are useful surrogate endpoints when designing clinical trials assessing 
newer therapies in PBC [ 45 ].   

    Diagnosis of PBC 

    Liver Biochemical Tests 

 Elevated serum ALP is the most frequent serum biochemical  ab  normality detected 
in patients with PBC [ 15 ,  16 ,  19 ,  22 ,  46 – 48 ]. Other biochemical abnormalities in 
PBC patients are mildly elevated levels of liver transaminases and elevated immu-
noglobulin M (IgM) levels [ 11 ]. Elevated serum bilirubin is rarely seen in early 
PBC; levels tend to increase as the clinical and histological stage of the disease 
progress [ 21 ]. In addition to the liver-related serum biochemistries, PBC patients 
frequently have elevated serum lipids, namely serum cholesterol levels [ 49 ].  

     Autoantibodies   

 The serological hallmark of PBC is the presence of AMA; a highly disease-specifi c 
autoantibody found in nearly 95 % of cases of PBC [ 8 ,  9 ]. An AMA titer of ≥1:40 is 
indicative of PBC. This autoantibody targets members of a family of mitochondrial 
enzymes, the 2-oxo-acid dehydrogenase complexes, and include pyruvate dehydro-
genase complex (PDC-E2), branched chain 2-oxo-acid dehydrogenase complex 
(BCOADC-E2), and 2-oxo-glutaric acid dehydrogenase complex (OADC-E2) [ 5 –
 7 ]. More specifi cally, the lipoylated domains of the E2 and E3 binding protein 
(E3BP) components of the PDC-E2 and the E2 components of the OADC-E2 and 
BCOADC-E2 are the epitopes recognized by the AMAs [ 5 ,  6 ]. In HEp-2 cell 
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monolayers, AMAs typically exhibit cytoplasmic “string of pearls” fl uorescence 
staining with a coarse, fi lamentous, granular, and speckled pattern [ 50 ]. The pres-
ence of AMA in the sera of patients with PBC was fi rst described in 1965 [ 4 ], and 
in 1987, the AMA antigens were cloned and identifi ed [ 7 ,  51 ,  52 ]. Enzyme-linked 
immunosorbent assay (ELISA) is the most widely used method of detection of 
AMA in commercial laboratories [ 12 ]. The magnitude of antibody level correlates 
poorly with the stage of PBC [ 11 ], and may persist after liver transplantation [ 53 ]. 
AMAs are rarely found in healthy individuals. In an Italian study involving 1530 
individuals, 0.5 % tested positive for AMA [ 10 ]. 

 In addition to AMA, antinuclear antibodies (ANAs) may also be detected in patients 
with PBC [ 54 ]. Some ANAs have been found to be of diagnostic and prognostic value. 
Anti-Sp100 antibodies (present in 17–41 % of PBC cases) [ 55 – 61 ], anti-Sp140 antibod-
ies (present in 11–15 % of PBC cases) [ 62 ], and antinucleoporin p62 antibodies (present 
in 13–32 % of PBC cases) [ 63 ,  64 ] are thought to be specifi c for PBC, therefore, they can 
be useful when the diagnosis of PBC is uncertain. In a Japanese study that included 276 
PBC patients [ 65 ], the presence of anti-gp210 antibodies  wa  s identifi ed as an important 
risk factor for progression to liver failure and need for transplantation [ 65 ], whereas the 
presence of anti-centromere antibodies was identifi ed as an important risk factor for 
development of esophageal varices and hepatocellular carcinoma [ 65 ]. Other ANAs 
found in the sera of PBC patients are the anti-promyelocytic leukemia proteins antibod-
ies [ 66 ], anti-SUMO antibodies [ 67 ], and anti-lamin B receptor antibodies [ 68 – 70 ]. The 
clinical signifi cance of the latter ANAs is yet to be determined.  

    Histology 

 PBC is characterized by chronic, nonsuppurative cholangitis that mainly affects the 
interlobular and septal bile ducts [ 71 ]. The term “ fl orid duct lesion  ” is used to 
describe the intense infl ammatory lesions around the bile ducts [ 72 – 74 ]. The intense 
infl ammatory infi ltrate consists of lymphocytes, plasma cells, macrophages, poly-
morphonuclear cells, and in some cases, epithelioid granulomas [ 75 – 79 ]. Histological 
staging systems in PBC have been developed by Rubin, Popper, and Schaffner [ 80 ], 
Scheuer [ 81 ], and Ludwig [ 71 ]. Of all the staging systems available, Ludwig’s stag-
ing system is the most widely used, in which stage I is characterized by infl ammation 
limited to the portal space, stage II is characterized by infl ammation involving the 
periportal areas as well, stage III is characterized by septal fi brosis or infl ammatory 
bridging, and stage IV represents cirrhosis.  Nodular regenerative hyperplasia (NRH)   
is a known complication in PBC [ 82 – 86 ] and should be differentiated from cirrhosis. 
Liver biopsy is not routinely used in clinical practice to diagnose PBC, as ~95 % of 
cases of PBC are AMA-positive. Biopsy may be indicated when the suspicion for 
PBC is high in the absence of AMA [ 11 ]. Liver biopsy may also be indicated in 
patients in whom the suspicion for PBC-Autoimmune hepatitis (AIH) overlap syn-
drome is high [ 11 ]. In these circumstances, patients may  h  ave histological features of 
AIH such as periportal or periseptal lymphocytic piecemeal necrosis [ 87 ].  
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    Role of Imaging 

 Imaging is not necessary to establish the  diagno  sis of PBC, but may be performed 
at the time of presentation to exclude biliary obstruction. Ultrasound or magnetic 
resonance cholangiography (MRC) are typically performed. In a study of 117 PBC 
patients, all extra-hepatic ducts were normal on cholangiograms [ 47 ]. The intra- 
hepatic ducts, however, were abnormal in 9 % of patients, revealing mild tapering, 
narrowing, and irregularity [ 47 ]. Transient elastography (TE), a simple and nonin-
vasive procedure, has been shown to be useful for assessing liver fi brosis in PBC 
when compared with other surrogate markers of liver fi brosis [ 88 ]. Larger and 
longer- term studies are needed to validate these fi ndings.  

    Diagnostic Approach 

 The diagnosis of PBC can be made when two of the three  following   criteria are met 
(the American Association for the Study of Liver Disease (AASLD) Guidelines) [ 11 ]:

    (a)    Biochemical evidence of cholestasis, mainly elevated serum ALP   
   (b)    Presence of AMA   
   (c)    Histopathological evidence of PBC, when liver biopsy is performed.    

       Clinical Manifestations of PBC 

    Symptoms 

     Fat  igue 

 Fatigue is the most common symptom in PBC, affecting nearly 80 % of indi-
viduals [ 89 ]. Severe fatigue can have a severe negative impact and has been 
associated with an increased mortality, depression, and poor quality of life 
[ 90 – 97 ]. Fatigue in PBC does not correlate with disease activity and seems not 
to respond to therapies, including UDCA [ 96 ]. The etiology of fatigue in PBC 
is poorly understood. It is, however, thought that chronic cholestasis that occurs 
in PBC causes degenerative changes in areas in the brain that regulate auto-
nomic functions, ultimately resulting in impaired delivery of oxygen to the 
peripheral tissue which in turn leads to expression of fatigue and its associated 
cognitive impairment through secondary dysfunction of peripheral muscles 
[ 96 ,  98 ]. Evidence in favor of an organic central nervous system process in 
PBC comes from neurophysiological studies which suggest organic brain 
changes in PBC. Newton et al. [ 99 ] found that 53 % of PBC patients had 
 concentration and memory problems, and that they repetitively failed 
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neuropsychiatric testing. These findings progressed over a 2-year follow-up 
period [ 99 ]. Patients with symptomatic PBC have worse outcomes when com-
pared to patients with asymptomatic PBC [ 100 ]. Current therapies seem to be 
ineffective in the treatment of fatigue in PBC, including liver transplantation, 
as a significant proportion of patients with PBC continue to suffer severe 
 fatigue even a  fter liver transplantation [ 101 ]. This highlights the need to under-
stand the underlying mechanism(s) of fatigue in PBC, as it will help develop 
therapies for this debilitating symptom.  

    Pruritus 

  Pruritus   is a less frequent, but more specific,  sympt  om than fatigue in patients 
with PBC [ 102 ,  103 ]. It affects 20–70 % of PBC patients [ 102 – 106 ]. The pru-
ritus of cholestasis tends to be generalized. It leads to scratching, sometimes 
violent, resulting in excoriations and prurigo nodularis [ 107 ]. This type of pru-
ritus can lead to sleep deprivation, depression, and in some patients, to suicidal 
ideations [ 107 ]. A survey was conducted in 239 PBC patients to understand 
how patients with cholestatic pruritus perceive pruritus [ 108 ]. Of these, 69 % 
reported itching. Seventeen percent reported that itch was “relentless” or so 
severe that it lead to wanting to “tear the skin off”, and 3.6 % of patients 
reported that they itched until they bled [ 108 ]. Seventy-four percent of the 162 
respondents who addressed the  qu  estion reported that itch affected sleep, 65 % 
that the itch was worst at night, and 11 % reported that nothing provided relief 
[ 108 ]. The etiology of pruritus in cholestasis is unknown. Accumulation of bile 
acids in tissues [ 109 ,  110 ], excess of histamine in patients with liver disease 
and pruritus [ 111 ], and excess of substance P [ 112 ,  113 ] (an excitatory neu-
rotransmitter) have been proposed as mechanisms by which pruritus is trig-
gered in patients with liver disease. More recently,  lysophosphatidic acid (LPA)   
and autotaxin, the serum enzyme converting lysophosphatidylcholine into 
LPA, have been found in higher concentrations in the sera of patients with cho-
lestatic disorders, including PBC, compared to control subjects, suggesting 
that LPA and autotaxin play a role in the pathogenesis of cholestatic pruritus 
[ 114 ]. The natural history of pruritus in PBC has been inadequately studied and 
most data is derived from clinical trials of therapies in PBC. Talwalkar et al. 
[ 103 ] examined the natural course of pruritus in PBC patients enrolled in a 
multicenter, randomized, placebo- controlled clinical trial of UDCA in 
PBC. They reported that the overall prevalence of pruritus in the placebo group 
did not differ between study entry and follow-up at 36 months (56 % versus 
49 %) [ 103 ]. In addition, 30 % of patients in the UDCA group reported symp-
tom improvement compared to 24 % of the placebo-treated patients after 1 year 
of therapy [ 103 ]. Conversely, only 7.9 % of patients in the UDCA group 
reported development of pruritus compared to 14.5 % patients in the placebo 
group after 1 year of therapy [ 103 ]. Similar to fatigue, pruritus can have a nega-
tive impact on the patients’ quality of lives [ 107 ].  
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    Other Conditions and Symptoms Associated with PBC 

 A number of  conditions a  re associated with PBC [ 115 ]. These include 
Hashimoto’s thyroiditis (12.5 %), Grave’s disease (1.9 %), Raynaud’s disease 
(18 %), Sjogren’s syndrome (34.3 %), systemic lupus erythematosus (2.2 %), 
scleroderma/CREST (6.1 %), rheumatoid arthritis (6.1 %), cutaneous autoim-
mune diseases (5 %), celiac disease (1.4 %), and vasculitis (2.2 %) [ 115 ]. Female 
patients are more likely to have PBC in association with these conditions than 
male patients [ 115 ]. The presence of these conditions does not reduce the sur-
vival in PBC patients [ 115 ].   

    Physical Examination 

 The  physical examination in patie  nts with PBC is usually normal. Signs of hyper-
lipidemia such as xanthomas and xanthelasmas can be found. Ascites, splenomeg-
aly, hepatomegaly, and spider angiomata are frequently found when PBC is 
complicated by portal hypertension [ 11 ,  116 ]. Jaundice and hepatic encephalopathy 
are signs of advanced disease [ 20 ].  

    Portal Hypertension 

 Portal hypertension is a feared complication of PBC. The  d  evelopment and burden 
of esophageal varices in PBC has been prospectively examined in 265 patients with 
PBC (69 % had stage III and IV PBC at baseline) enrolled in a clinical trial [ 117 ]. 
Patients were followed for a median of 5.6 years. Esophageal varices developed in 
31 % of patients, 48 % of whom experienced ≥1 episodes of variceal bleeding. 
After the development of varices, the 3-year survival was 59 %, and after the initial 
variceal bleeding episode, the 3-year survival was 46 % [ 117 ]. Unlike other liver 
diseases, patients with PBC can develop portal hypertension and gastroesophageal 
varices in the pre-cirrhotic stages of PBC [ 84 ,  86 ]. In a study of 325 patients with 
PBC enrolled in two clinical trials, 127 patients were identifi ed as early-stage 
(stage I and II) PBC at baseline; 6 % of those with early-stage PBC had gastro-
esophageal varices at baseline [ 118 ]. A number of noninvasive tools using simple 
biochemical markers have been developed to assist clinicians in identifying PBC 
patients whom might benefi t from screening upper endoscopy for gastroesopha-
geal varices. Patanwala et al. [ 119 ] developed the Newcastle Varices in PBC (NVP) 
score that uses the following parameters: serum ALP, serum albumin, and platelet 
count. This noninvasive tool has been developed in a large well-characterized 
cohort of PBC and has been validated internally and  exter  nally with excellent per-
formance (93 % sensitivity, 93 % negative predictive value, and a discriminating 
value “AUROC” of 0.86).  
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     Bone Disease   

  Osteoporosis   is a frequent complication of PBC [ 120 ]. Numerous studies have 
reported a strong association between low bone mass and PBC [ 121 – 126 ]. The 
finding of lower levels of osteocalcin (a marker of bone formation) and higher 
levels of urinary hydroxyproline (a marker of bone resorption) among PBC 
patients than in controls lends support to this phenomenon [ 127 ]. Studies have 
reported a prevalence of 20–35 % of osteoporosis among the PBC population 
[ 121 ,  127 ,  128 ]. Patients with PBC have a 30-fold increased risk of osteoporo-
sis when compared to the normal population, and patients with advanced-stage 
PBC have a 5.4-fold increased risk of developing osteoporosis compared to 
their counterparts with early- stage PBC [ 128 ]. Reports evaluating the risk fac-
tors for developing osteoporosis in PBC have identified increasing age, low 
body mass index, previous fractures, increasing serum bilirubin, severity of 
cholestasis, and advanced histological stage of PBC as independent risk factors 
for osteoporosis in PBC [ 127 ,  128 ]. The rate of bone loss during the early his-
tological course of PBC is slower than that in patients with advanced histolog-
ical-stage PBC [ 128 ]. As the histological course in patients with early PBC 
progresses, the rate of bone loss equals that in patients with advanced histolog-
ical-stage PBC [ 128 ]. Typically, PBC patients suffer from osteoporosis of the 
lumbar spine and hip area, and the rate of bone loss in the lumbar spine corre-
lates with that in the hip bone [ 128 ].  

    Hyperlipidemia 

  Hyperlipidemia   is commonly associated with PBC, occurring in 75–95 % of 
cases [ 129 ]. Typically, patients with PBC have markedly elevated total choles-
terol (up to 1775 mg/dL has been reported [ 130 ]), elevated high-density lipopro-
tein (HDL), and elevated low-density lipoprotein (LDL) [ 130 ]. Patients with 
advanced PBC tend to have higher LDL levels when compared to patients with 
early PBC [ 130 ]. The mechanisms of hyperlipidemia in PBC are different than 
those in other conditions. In vitro studies suggest that biliary cholestasis, lipid 
refl ux from the biliary ducts into the bloodstream, and an increased cholesterol 
synthesis lead to the hyperlipidemia seen in cholestatic disorders [ 131 – 136 ]. 
 Hyperlipidemia   associated with PBC does not place PBC patients at increased 
risk for atherosclerotic-related deaths. In one study, the reported percentage of 
atherosclerosis-related deaths in a cohort of 312 patients with PBC whom were 
followed for 7.4 years was only 2.2 % [ 130 ]. Importantly, the incidence of ath-
erosclerosis death among the PBC patients was not different when compared 
with a matched U.S. control population [ 130 ].  
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    Vitamin Defi ciency 

 PBC patients may have decreased bile acid  secret  ion into the intestines, leading to 
an increased risk for lipid malabsorption. Clinically important defi ciencies of fat- 
soluble vitamins A, D, E, and K are uncommon in PBC patients [ 137 – 141 ]. Fat- 
soluble vitamins may be decreased in patients with advanced PBC, leading to night 
blindness, neuropathy, and prolonged prothrombin time [ 11 ,  141 ].   

    Etiology of PBC 

 The etiology of PBC is poorly  understo  od. Findings from several studies suggest a 
role for genetics and environmental factors in the pathogenesis of PBC. Family 
studies revealed that the prevalence of PBC is ~0.72 % and 1.2 % in fi rst-degree 
relatives and offspring of affected individuals respectively [ 142 ,  143 ]. A large study 
of fi rst-degree relatives of PBC patients found that 20 % of sisters, 15 % of mothers, 
and 10 % of daughters of PBC patients were positive for AMA [ 144 ]. Several 
genome-wide association studies (GWAS) have identifi ed loci (such as  HLA , 
 IL12A , and  IL12RB2 ,  SPIB ,  IRF5 - TNPO3  and 17q12-21,  STAT4 ,  DENND1B , 
 CD80 ,  IL7R ,  CXCR5 ,  TNFRSF1A ,  CLEC16A , and  NFKB1 ) strongly associated 
with PBC [ 145 – 149 ]. Specifi c mutations of the X chromosome, particularly X 
monosomy, have been linked to the development of PBC [ 150 ]. 

 Data from several studies suggest that environmental factors may play a role in 
the development of PBC. Infections, particularly urinary tract infections caused by  E. 
coli , and the xenobiotics have been linked to the development of PBC [ 143 ]. An early 
association between PBC and UTI has been reported, as in one study, 59 % of 1032 
PBC patients reported a history of UTI [ 151 ]. Interestingly, PBC patients’ sera react 
with both  E. coli  and PDC-E2, and there is cross-reactivity between antibodies in 
PBC patients and enzymes secreted by  E. coli  [ 152 ,  153 ]. The xenobiotic 2- octynoic 
acid, used as a food additive and in manufacturing nail polish, reacts to AMA, and 
when injected into mice, it results in  hig  h titers of AMA and development of PBC-
like histological lesions [ 154 ,  155 ]. The clustering of cases of PBC around areas of 
superfund toxic waste sites has been recently reported [ 156 ], suggesting that toxin 
exposure may play a role in the development of PBC. Smoking cigarettes and use of 
hormone replacement therapies have also been associated with PBC [ 12 ,  143 ].  

    Epidemiology of PBC 

 Studies report a  prevalenc  e of PBC ranging from 19 to 365 cases per million in the 
United States, Canada, Australia, and Europe [ 157 – 159 ]. In Olmsted County, 
Minnesota, the reported age-adjusted incidence of PBC per million persons was 45 
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for women and 7 for men, with an overall incidence of 27 per million persons [ 158 ]. 
In a recent Canadian epidemiological study [ 160 ], the reported overall age- and sex- 
adjusted annual incidence of PBC in the Calgary Health Region was 30.3 cases per 
million (48.4 per million in women and 10.4 per million in men) [ 160 ]. European 
epidemiological studies have estimated PBC incidence rates of 4–58 per million 
persons-years [ 161 – 167 ]. Recent reports suggest that the incidence and prevalence 
of PBC might be increasing. In Sheffi eld, United Kingdom, the incidence of PBC has 
increased from 5.8 to 20.5 cases per million between the years 1980 and 1999 [ 46 , 
 168 ]. In Finland, the incidence and prevalence of PBC increased from 12 cases to 17 
cases and from 103 cases per million to 180 cases per million, respectively, in the 
time period between 1988 and 1999 [ 159 ]. In the Calgary Health Region, Canada, 
the prevalence increased from 100 cases per million in 1996 to 227 cases per million 
in 2002 [ 160 ]. It is still unknown whether the trends in the PBC epidemiology refl ect 
true increase in the frequency of PBC cases or an increase in awareness of the disease 
by physicians and, perhaps, prolonged survival of PBC patients after UDCA has 
been introduced. Indeed, recent reports suggest that the absolute number of PBC 
patients undergoing transplantation for PBC has been decreasing [ 169 ], refl ecting a 
change in the natural history of PBC  follo  wing the introduction of UDCA.  

    Therapy for PBC 

    Food and Herbals 

 No clinical evidence exists to support the use or avoidance of specifi c foods or 
herbal supplements in PBC patients. 

 Herbal and alternative medicines have seldom been  e  xamined in patients with 
PBC. Silymarin has tested in combination with UDCA in PBC but offered little 
benefi t [ 170 ]. Currently, no clinical evidence exists regarding safety or effi cacy of 
other herbal products.  

    UDCA 

 In addition to being safe, several randomized controlled clinical studies reported that 
the use of UDCA in patients with PBC not  on  ly improves liver biochemistries, but 
also delays histological progression, delays the development of esophageal varices, 
improves the liver-transplantation-free survival, and in a selected group of PBC 
patients, it improves the survival [ 32 – 34 ,  36 – 41 ,  43 ,  44 ,  171 ]. At least four mecha-
nisms have been proposed by which UDCA exerts its therapeutic effects: (1) UDCA 
inhibits the intestinal absorption of toxic bile acids [ 172 – 176 ], (2) UDCA stimulates 
biliary secretion of bile acids and organic anions, thereby preventing cholestasis 
induced by toxic bile acids [ 177 – 180 ], (3) UDCA exerts cytoprotective effects against 
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the hepatotoxic effects of the toxic bile acids [ 181 – 185 ], and (4) UDCA may have 
anti-infl ammatory and immunomodulatory properties, based on results from animal 
experiments [ 186 ,  187 ]. UDCA is the only medical therapy approved by the FDA for 
treatment of PBC. The recommended dose is 13–15 mg/kg/day, and it should be 
started in all patients with PBC regardless of the stage of the disease, as long as liver 
biochemistries are abnormal [ 11 ]. Lifelong treatment  with   UDCA is recommended. 
Biochemical response to UDCA at 1 year of treatment is a strong predictor of long-
term prognosis [ 38 ,  188 ,  189 ]. Biochemical response has been defi ned by numerous 
criteria: the Mayo Clinic criteria (decrease in serum ALP < 2 times the  upper limit of 
normal (ULN))   [ 190 ], the Spanish criteria (decrease in ALP < 40 % from baseline or 
to normal value) [ 38 ], the French criteria (decrease in ALP < 3 times ULN, decrease 
in aspartate aminotransferase <2 times ULN, and decrease in bilirubin <1.0 mg/dL) 
[ 188 ], and the Dutch criteria (normalization of bilirubin and/or albumin after treat-
ment if one or both were abnormal at baseline) [ 189 ] have been commonly used. 
Approximately 40 % of PBC patients have incomplete response to UDCA. This group 
of patients is at high risk for serious outcomes [ 191 ]. 

 UDCA is generally safe; no serious adverse events have been reported. Weight 
gain, loose stools, and hair thinning have been infrequently reported and have not 
raised issues of patients’ noncompliance to therapy [ 11 ,  192 ].   

    Management of Symptoms of PBC 

    Fatigue 

 A supportive positive approach to the management of  sy  mptoms in PBC, in particular 
fatigue, is vital and in itself can lead to improvements in quality of life. The two most 
important features associated with fatigue in PBC are excessive daytime sleepiness and 
autonomic dysfunction [ 96 ]. Therefore, it is crucial to rule out other causes of excessive 
daytime sleepiness and autonomic dysfunction such as obstructive sleep apnea, anemia, 
malabsorption, cardiac failure, hypothyroidism, adrenal insuffi ciency, diabetes mellitus, 
and use of sleep aid medicines, sedatives, narcotics, and antihypertensive medicines. 

 UDCA, Ondansetron (a serotonin receptor 3 antagonist) and Fluoxetine (a selec-
tive serotonin reuptake inhibitor) have not improved PBC-associated fatigue [ 193 , 
 194 ]. Modafi nil, a stimulant, has been investigated as a treatment option in PBC 
patients suffering fatigue [ 195 ]. In an open label study using modafi nil [ 196 ], 14 
PBC patients achieved objective short-term benefi ts in terms of daytime excessive 
sleepiness and fatigue. At 14 months follow-up, 66 % of patients failed to tolerate 
modafi nil long-term [ 196 ]. Larger and longer-term placebo-controlled studies are 
needed to investigate the role of modafi nil in PBC-associated fatigue. A small pla-
cebo controlled clinical trial did not show benefi t [ 197 ]. 

 Liver transplantation is reserved for PBC patients with fatigue who failed con-
servative therapies. Although it has been reported that liver transplantation improves 
fatigue in patients with PBC [ 101 ], a considerable proportion of patients with PBC 
continue to suffer from severe fatigue after liver transplantation [ 101 ].  
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     Pruritus   

 UDCA does not relieve pruritus in patients with PBC. The effects of several anti-
pruritic agents have been investigated in patients with PBC. Liver transplantation is 
reserved for patients with intractable pruritus after they fail all existing therapies. 

    Procedures That Remove the Pruritogens from the Body 

 The most commonly used drug in this class is  Cholestyramine   [ 198 ]. It is a resin 
that is not absorbed from the intestines and binds anions in the small intestines 
increasing their fecal excretion, including bile acids and cholesterol [ 199 ]. The use 
of cholestyramine has been associated with improvement of pruritus in patients 
with PBC [ 198 ,  200 ]. The recommended dose in PBC-related pruritus is 4 g per 
dose and not exceed 16 g/day, given 2–4 h before or after UDCA [ 11 ]. The side 
effects of this resin tend to be minor (mainly bloating and diarrhea) [ 199 ]. It is rec-
ommended to take cholestyramine immediately before and after breakfast, as the 
rationale for its use is to bind the pruritogens that accumulate in the gallbladder 
during the overnight fast and that are secreted into the small intestine after breaking 
the fast. Coleavalam, also a resin, was tested in a placebo-controlled clinical trial. 
The effect of this resin was not better than that of placebo [ 201 ].  

    Rifampicin 

 The use of  Rifampicin  , an antibiotic, has been associated with relief of pruritus in 
PBC patients [ 202 – 205 ]. The mechanism of action of this antibiotic as an antipru-
ritic agent is poorly understood. The recommended dose ranges between 300 mg 
daily and 600 mg (in 2 divided doses) daily [ 11 ]. It was concluded in a meta- analysis 
study of several clinical trials that rifampicin is safe [ 206 ]; however, there is a risk 
of hepatotoxicity [ 207 ], severe hemolytic anemia and nephrotoxicity [ 204 ] with the 
use of rifampicin, but these are rare events. Serial liver chemistries and renal func-
tion tests are recommended in patients using this drug.  

     Opiate Antagonists   

 Naloxone and Naltrexone are opioid antagonists used for the treatment of the pruritus 
of cholestasis [ 208 – 217 ]. They act by decreasing the opioidergic tone [ 112 ]. To 
decrease the probability of an opiate withdrawal-like reaction (characterized by tachy-
cardia, abdominal pain, high blood pressure, goose bumps, nightmares, and deperson-
alization) that some patients experience, it is recommended by some experts to initiate 
treatment in a controlled environment (surgery suite, specialty clinic, etc.) using intra-
venous infusions before instituting the oral forms [ 199 ]. The dose should be increased 
gradually to avoid opiate withdrawal-like reactions, until relief of pruritus is achieved. 
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The metabolism of naltrexone is slow in patients with cirrhosis [ 218 ], therefore cau-
tion should be exercised when using this drug in this population. A rare but serious 
adverse event associated with using naltrexone is hepatic failure [ 219 ], therefore, rou-
tine liver chemistries are recommended in patients using this medication.  

    Other Agents 

    Serotonin Antagonists   

 The serotonin system participates in the neurotransmission of nociceptive stimuli. 
Odansetron, a serotonin receptor 3 antagonist, has been examined in PBC patients 
with pruritus but provided only minimal relief of pruritus [ 220 – 223 ].  

    Antidepressants   

 Selective serotonin reuptake inhibitors have been shown to have antipruritic effects. 
Sertraline (75–100 mg daily) has been associated with relief of pruritus in PBC 
patients [ 224 ].  

   Phenobarbital 

 Phenobarbital has been shown to have antipruritic effects [ 225 ,  226 ]. The sedative 
effect of phenobarbital may also be associated with its ameliorating effects on 
pruritus.  

    Antihistamines   

 Antihistamines have been associated with relief of pruritus in PBC patients [ 227 ]. 
The sedative effect of antihistamines may also help patients sleep, as deprivation of 
sleep is a signifi cant problem in PBC patients suffering pruritus.   

    Other Options 

 A transient relief of pruritus has been reported in association with anion adsorption 
and plasma separation, and the extracorporeal liver support systems [ 228 – 230 ]. 
This option should be reserved only for patients with intractable pruritus who failed 
other therapies. 

  Plasmapheresis   seems to be effective in relieving pruritus in PBC patients 
who have intractable pruritus and failed medical therapy. Old reports have 
shown that plasmapheresis results in prompt relief of pruritus, decrease in serum 
bilirubin, and a decrease in the bile acid pool [ 231 ,  232 ]. The duration of clini-
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cal response may vary; up to 5 months of pruritus relief following  plasmapher-
esis   has been reported by a few patients [ 232 ]. Unfortunately, patients reported 
return of symptom to the pre-plasmapheresis degree 2–3 weeks after the last 
session of plasmapharesis. The mechanism by which plasmapheresis results in 
pruritus relief is removal of pruritgens, immune complexes, and bile salts, but 
this is not clear yet [ 231 ]. Most patients with PBC tolerated plasmapheresis 
quite well, and no adverse events related to plasmapheresis in PBC patients 
have been reported [ 233 ].   

    Management of  Sicca Syndrome   

 Patients with  Sicca syndrome   generally suffer from dry eyes and dry mouths, with 
their consequent complications. Therefore, measures should be taken to prevent 
complications of these symptoms. The use of artifi cial tears and humidifi cation of 
the house environment are recommended [ 11 ]. Cyclosporine ophthalmic solution 
can be used under the supervision of an ophthalmologist when conservative mea-
sures fail [ 234 ]. Measures to improve oral health include regular visits to the dentist, 
use of fl uoride-containing toothpastes, daily fl ossing, and avoidance of sugar- 
containing snacks between meals [ 235 ,  236 ]. Chewing sugar-free gum can improve 
saliva production as well as the use of cholinergic agents such as pilocarpine and 
cevimeline [ 11 ]. Oral candidiasis can occur as a complication of dry mouth and 
requires specifi c intervention [ 11 ]. In mild cases, nystatin solution might help 
reduce the symptoms and duration of infections. Oral and systemic antifungals such 
as fl uconazole are indicated in severe cases of oral candidiasis.  

    Management of  Sjogren’s Syndrome   and CREST Syndrome 

 The management of CREST (C-calcinosis, R-Raynaud’s, E-esophageal dysfunc-
tion, S-sclerdactyly, T-telangiectasia) requires a specialized team effort and these 
patients should be referred to rheumatologists and other appropriate subspecialties.   

    Complications Related to Cirrhosis 

    Hepatocellular Carcinoma 

  Hepatocellular carcinoma (HCC)   is a recognizable complication of PBC. The 
exact frequency of HCC in the PBC population is unknown but is estimated to 
be between 0.7 and 5.9 % [ 237 – 242 ]. HCC development signifi cantly affects the 
survival of patients with PBC. The reported 5- and 10-year survival times for 
patients with PBC who did not develop HCC versus those who did develop HCC 
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was 95 % vs. 75 % and 85 % vs. 45 %, respectively [ 242 ]. Older age, male sex, 
previous blood transfusion, presence of portal hypertension, and advanced his-
tological stage of PBC have been identifi ed as independent risk factors for 
development of HCC in patients with PBC [ 240 – 242 ]. Recently, it has been 
reported that patients with PBC who developed HCC and underwent liver trans-
plantation had better survival than those who did not undergo liver transplanta-
tion [ 238 ]. Regular screening for HCC with cross-sectional imaging with or 
without alpha fetoprotein at 6- to 12-month intervals is recommended for all 
patients with liver cirrhosis [ 243 ].  

    Portal Hypertension 

  Portal hypertension   is a frequent complication in cirrhotic patients. There is still 
a debate on timing of screening PBC patients for esophageal varices. A number 
of noninvasive tools have been proposed to be used as indicators for the pres-
ence of esophageal varices in PBC patients: (a) a platelet count of <200,000/
mm 3 , an albumin level <4.0 g/dL, and a bilirubin level >1.2 mg/dL [ 244 ], (b) a 
Mayo risk score of ≥4.0 [ 190 ], (c) a platelet count <140,000/mm 3  and/or a Mayo 
risk score of ≥4.5 [ 245 ], (d) the MABPT model (M-male sex, A-albumin <3.5 g/
dL, B-bilirubin ≥1.2 mg/dL, PT-prothrombin time ≥12.9 s) [ 118 ], (e) the 
Newcastle Varices PBC score (uses platelet count, albumin, and ALP level) 
[ 119 ]. Only two scores have been cross-validated in independent sets of PBC 
patients [ 119 ,  245 ].  

    Management of Portal Hypertension 

 The management of esophageal varices in patients with PBC follows the guide-
lines published by the AASLD [ 246 ]. Screening upper endoscopy is indicated 
all PBC patients when the diagnosis of cirrhosis is made. Nonselective beta 
blocker therapy (propranolol or nadolol) or endoscopic variceal ligation is rec-
ommended in patients who have medium to large varices that have not bled and 
have a high risk of hemorrhage (Child score B/C or variceal red wale markings 
on endoscopy) [ 246 ]. 

 Unlike other liver diseases, varices can develop in the early histological stages 
of PBC [ 118 ,  247 ]. In patients with pre-cirrhotic PBC and varices who fail tradi-
tional therapies (i.e. nonselective beta blockers, ligation, or both), a distal spleno-
renal shunt (DSRS) might be an alternative to prevent recurrent bleeding [ 248 ]. 
This approach does not deprive the liver of its blood supply and helps preserve 
the hepatic function in patients with PBC [ 248 ]. DSRS is rarely performed nowa-
days for this indication.   
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    Complications Related to Chronic Cholestasis 

     Osteopenia and Osteoporosis   

 Patients with PBC are at signifi cantly higher risk for osteopenia and osteoporosis 
and their consequent complications when compared to a matched population [ 120 , 
 127 ,  128 ,  249 ]. Dual-energy X-ray absorptiometry (DXA) is used to measure the 
bone mineral density (BMD) and is the gold standard for diagnosis of osteopenia 
and osteoporosis. A baseline screening DXA is recommended in all patients when 
a diagnosis of PBC is confi rmed, with follow-up DXA every 2–3 years [ 11 ]. 
Calcium (1500 mg daily) and vitamin D (1000 IU daily) supplements may be used 
if there is no history of renal stones [ 11 ]. Weight-bearing and muscle-strengthening 
exercise, smoking cessation, and avoidance of excessive alcohol intake are gener-
ally recommended [ 250 ]. Bisphosphonate therapy (namely alendronate 70 mg 
orally weekly) is recommended in PBC patients with osteoporosis. In a randomized 
controlled clinical trial, alendronate signifi cantly improved bone mineral density 
when compared to etidronate and placebo [ 251 – 253 ]. Alendronate should not be 
used in patients with acid refl ux or known varices [ 11 ].  

     Hyperlipidemia   

 PBC is frequently complicated by hypercholesterolemia, which poses no additional 
risk for atherosclerotic-related death [ 49 ,  130 ]. When classic risk factors for cardio-
vascular and cerebrovascular diseases are present, such as family history of myocar-
dial infarction, diabetes mellitus, and hypertension, the use of statins is appropriate 
provided no contraindications to their use exists. The use of statins in PBC is safe 
[ 129 ], even in the presence of abnormal liver biochemistries. UDCA might be help-
ful in reducing serum cholesterol levels in PBC patients. In a randomized placebo- 
controlled clinical trial of 177 PBC patients with hypercholesterolemia, UDCA 
signifi cantly reduced serum total cholesterol levels compared to placebo [ 254 ].   

     Liver Transplantation   

 In the 1980s, PBC was the leading indication for liver transplantation across North 
America and Europe [ 11 ]. Following the introduction of UDCA, the natural history of 
PBC has changed signifi cantly [ 31 ]. With the use of UDCA in PBC patients, the trans-
plant-free survival rates have considerably improved, even among patients with 
advanced stages of PBC when they demonstrate biochemical response to UDCA, as 
defi ned by various international groups. Patients with early-stage PBC on UDCA live 

16 Autoimmune Liver Diseases: Primary Biliary Cholangitits



272

just as long as the healthy population [ 31 ,  44 ]. In the United States the burden of PBC 
on liver transplantation has reduced over a 12-year period. Lee et al. [ 169 ] reported that 
the absolute number of liver transplants for PBC has decreased an average of 5.4 trans-
plants per year and the absolute number of cases of PBC added to the liver transplant 
waiting list has also signifi cantly decreased between the years 1995 and 2006 [ 169 ]. 
Despite these facts, 40 % of PBC patients have inadequate response to UDCA and are 
at high risk for adverse outcomes and many progress to end-stage liver disease [ 191 ]. 

  Liver transplantation   remains the only curative option for PBC patients with 
end-stage liver disease and is the sixth leading indication for liver transplantation 
(Fig.  16.5 ) [ 11 ,  255 ]. The reported 5-year survival in PBC patients who underwent 
liver transplantation in North America and Europe in the late 1990s ranged between 
78 and 87 % [ 255 – 257 ]. Acute rejection of the transplanted graft occurs in 46–56 % 
of PBC patients but is rarely of clinical signifi cance, as it responds very well to 
increasing the immunosuppression [ 258 – 260 ]. Chronic rejection of the trans-
planted graft is a more serious but rare problem, occurring in 2–9.3 % [ 261 ].

   About 20–25 % of PBC patients who undergo liver transplantation develop 
recurrent PBC [ 11 ]. Liver biopsy remains the gold standard for diagnosis of recur-
rent PBC in the transplanted graft, as AMAs may persist in the sera of PBC patients 
even after liver transplantation [ 53 ]. Tacrolimus-based immunosuppression post- 
transplantation, male sex and advanced recipient’s age have been identifi ed as risk 
factors for recurrent PBC in the transplanted graft [ 258 ,  260 ]. It has been reported 
that liver transplantation improves fatigue and pruritus in PBC patients [ 101 ]. 
However, a signifi cant proportion of PBC patients continue to suffer from severe 
debilitating fatigue after liver transplantation [ 101 ].  
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    General Advice 

    Pregnancy, Hormone Replacement, and PBC 

 Because up to 25 % of cases of PBC present younger than the age of 50, some 
women with PBC will be of childbearing age at the time of diagnosis [ 262 ]. 
Pregnancy in women with PBC is frequently symptomatic, with up to 53 % of preg-
nant women with PBC developing de novo pruritus, and up to 71 % requiring 
symptom- specifi c therapy [ 263 ]. Liver biochemistries remain stable through the 
pregnancy in 70 % of cases, however, 72 % of PBC cases develop biochemical fl are 
up in the post-partum period [ 263 ]. Pregnancy in PBC women is mostly uneventful, 
with 91 % of women reporting at least one successful live birth [ 263 ]. Moreover, 
UDCA appears to be safe during pregnancy and lactation. In one study, 6 women 
with PBC took UDCA at various time points during pregnancy without adverse fetal 
consequences [ 263 ]. 

 As with all other women with cirrhosis who become pregnant, it is advisable to 
screen for varices in the second trimester [ 11 ]. Nonselective beta blockers are safe 
during pregnancy [ 11 ]. 

 Estrogens promote cholestasis, so oral contraceptives and pregnancy can induce 
or worsen pruritus in patients with PBC [ 11 ].  

    Screening Family Members 

 First-degree family members of PBC patients are at  i  ncreased risk for developing 
PBC [ 144 ]. Screening for PBC is done by measuring serum ALP and AMA. The 
clinical value of screening family members of patients with PBC is unclear.  

    Long-Term Follow-Up 

 UDCA should be continued indefi nitely [ 11 ]. Liver biochemistries should be 
assessed at 3- to 6-month intervals. Thyroid function tests should be performed 
annually or when suspicion for hypothyroidism or hyperthyroidism is high [ 11 ]. 
Patients with a new diagnosis of cirrhosis should undergo screening endoscopy for 
esophageal varices [ 246 ]. No consensus exists on screening pre-cirrhotic PBC 
patients for esophageal varices; using any of the noninvasive markers as a guiding 
tool for screening for esophageal varices is reasonable. DXA at baseline and every 
2–3 years is recommended in all patients with PBC to screen for osteopenia and 
osteoporosis and to monitor bisphosphonate therapy [ 11 ]. Cross-sectional imaging 
with or without measuring alpha fetoprotein level every 6–12 months in PBC 
patients with cirrhosis is recommended [ 243 ].   
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    Special Cases of PBC 

    AMA-Negative PBC 

 AMAs are present in 95 % of PBC patients. Five percent of PBC cases are AMA- 
negative [ 264 ]. In these circumstances, a liver biopsy is indicated to establish the 
diagnosis.  PBC-specifi c ANAs mig  ht also be helpful in this setting. The percentage 
of AMA-negative patients might decrease in the future with the development of 
newer, more sensitive ELISA screening techniques [ 265 ]. The natural course of 
patients with AMA-negative PBC is similar to that observed in patients with classic 
AMA-positive PBC [ 266 ]. All patients with AMA-negative PBC should receive 
UDCA, and treatment should continue indefi nitely [ 11 ]. The same screening proce-
dures and long-term care in patients with classic PBC apply to patients with AMA- 
negative PBC.  

    PBC/AIH Overlap Syndrome 

 The diagnosis of PBC/AIH overlap is  suspecte  d when patients demonstrate features 
of both diseases. The true prevalence of this condition is unknown; however, the 
reported estimated prevalence ranges between 2 and 20 % [ 87 ]. Hispanics may be 
more likely to have PBC/AIH overlap syndrome than non-Hispanics [ 267 ].  

    Diagnosis of PBC/AIH 

 Diagnosis of PBC/AIH is challenging, largely due to the lack of consensus on 
the diagnostic criteria for this syndrome. The two most widely used criteria 
for the diagnosis of PBC/AIH overlap syndrome are the Paris Study Group 
Criteria [ 268 ] and the  International Autoimmune Hepatits Group (IAIHG)   
[ 269 ]. The diagnosis of the PBC/AIH overlap syndrome is based on the pres-
ence of at least two of the three diagnostic criteria for each disease [ 87 ]. For 
PBC, the diagnostic criteria are (1) ALP levels >2 times ULN, (2) positive 
AMA, and (3) liver biopsy showing bile duct lesions consistent with PBC. For 
AIH, the diagnostic criteria are (1) ALT levels >5 times ULN, (2) serum 
immunoglobulin G >2 times ULN, and (3) liver biopsy showing periportal 
and/or periseptal lymphocytic piecemeal necrosis. In addition to the men-
tioned diagnostic criteria, some of the serological markers have been found to 
be of diagnostic value. The anti-dsDNA antibodies are found more frequently 
in patients with PBC/AIH overlap syndrome (60 %) than in patients with PBC 
alone (3 %) or AIH alone (26 %) [ 270 ], and positivity for both AMA and anti-
dsDNA antibodies have been found in 47 % of cases of overlap syndrome as 
opposed to 1 % in AIH and 3 % in PBC [ 270 ].  
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    Clinical Course of PBC/AIH 

 The natural history of PBC/ AIH   is poorly understood. It has been reported that 
patients with PBC/AIH overlap syndrome had worse outcomes in terms of compli-
cations of portal hypertension and need for liver transplantation when compared to 
patients with PBC alone [ 271 ]. More recently, Levy et al. [ 267 ] reported that 
Hispanic subjects with PBC/AIH had worse outcomes in terms of development of 
portal hypertension, variceal hemorrhage, need for liver transplantation, or death, 
when compared to a non-Hispanic group of patients with PBC/AIH. 

 At this time, there is no consensus on the management of patients with PBC/
AIH. A combination of UDCA and immunosuppression is a reasonable 
approach. Given the rarity of this combination, randomized clinical trials are 
unlikely to occur.  

    Consecutive PBC/AIH 

 Rarely, PBC may morph into AIH over time. A review of 282 cases of PBC followed 
long term suggest that 4.3 % (12/282) develop features of AIH [ 272 ]. Of those who devel-
oped AIH following PBC, 16.6 % died from hepatic failure secondary to HCC [ 272 ].  

    AMA-Positive AIH 

 There are case reports of patients with AIH who test positive for AMA, but on long- 
term follow-up, these patients did not develop PBC [ 273 ].   

    Future Therapies 

 Obeticholic acid (OCA, INT-747) is a farnesoid X receptor (FXR) agonist [ 274 ] that 
has shown promising results in early clinical trials in patients with PBC who had 
inadequate response to UDCA [ 275 ,  276 ]. Preliminary reports from the ongoing 
phase III randomized placebo-controlled clinical trial of OCA in PBC patients showed 
that 47 % of patients in the 5 g—OCA arm and 46 % of patients in the 5 mg—followed 
by 10 mg-OCA arm reached the composite primary endpoint of a reduction of ALP to 
<1.67 times ULN, a total bilirubin within normal limits, and at least a 15 % decrease 
in serum ALP, compared to only 10 % of patients who received placebo (data pre-
sented in the European Association for the Study of Liver 2014 meeting). 

 NGM282, a novel specifi c inhibitor of the cholesterol 7α hydroxylase enzyme 
(the rate-limiting enzyme in bile acid synthesis), is currently evaluated in a phase II 
clinical trial in PBC patients.  
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    Expert Commentary 

 Primary biliary cholangitis (PBC), a progressive disease of the biliary tree charac-
terized by cholestasis and damage of the small bile ducts, can lead to cirrhosis and 
liver failure. The introduction of ursodeoxycholic acid (UDCA) has favorably 
changed the natural course of PBC. Once a leading indication for liver transplanta-
tion, PBC is now the sixth leading indication for liver transplantation. UDCA has 
been shown to prolong the survival of PBC patients without liver transplantation. In 
patients with early stages of PBC, institution of UDCA early in the course of the 
disease can improve the survival. Despite the documented effi cacy of UDCA, 
approximately 40 % of PBC patients show inadequate response to UDCA. These 
patients have are at high risk for serious complications. Liver transplantation, the 
only curative option in patients with end-stage liver disease due to PBC, is an inva-
sive procedure and expensive procedure. PBC recurs in the transplanted graft in up 
to 25 % of cases. These facts underscore the need for newer, more effective thera-
pies for PBC. Obeticholic acid (OCA), a fi rst-in-class farnesoid X receptor (FXR) 
agonist, has shown promising results during the fi rst year of an ongoing phase III 
clinical trial in patients with PBC. The use of the genome-wide association studies 
(GWAS) might help us identify loci of therapeutic importance, which would help us 
identify future potential therapeutic agents.     
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        Patient Questions and Answers 

     1.     What is Primary Sclerosing Cholangitis and how did I get it?  
 Primary sclerosing cholangitis, or PSC for short, is a  chronic liver disease   that 

leads to strictures or narrowing of the large and small bile ducts in the liver. The 
bile ducts are the plumbing of the liver and serve to move products produced in 
the liver to the small intestine, where they perform functions necessary for sur-
vival. While the exact cause of PSC remains unclear, it is frequently classifi ed as 
an autoimmune disease. This means that it may be the result of an overactive or 
abnormal immune  system  . Patients with PSC frequently have other autoimmune 
disorders with the most common being infl ammation of the colon, or colitis. 
Unfortunately, there is no effective therapy that prevents the progression of PSC 
and many patients will develop advanced liver disease and possibly cirrhosis 
which is severe, irreversible scarring of the liver. It is important to recognize that 
PSC is not associated with alcohol use, specifi c diets or behaviors. Primary scle-
rosing cholangitis is not the result of an infection or exposure to other individu-
als. You cannot transmit PSC to other individuals.   

   2.     What can I do to treat Primary Sclerosing Cholangitis?  
 It is important to remember that your PSC is not the result of anything you have 

done wrong. While not related to alcohol, it is important to avoid alcohol as regular 
alcohol use can by itself lead to  liver damage  . As with all chronic liver diseases, 
you should be checked for immunity or protection to hepatitis A and B. If tests 
show that you are not protected, you should undergo vaccination. Both of these 
vaccines are safe and effective. It is important to maintain a healthy diet as patients 
who are able to accomplish this are better able to tolerate  chronic illnesses  , includ-
ing PSC. Because of the strong association with colitis (infl ammation of the colon), 
you should undergo a colonoscopy (a test to examine your colon) unless you have 
already had one. Primary sclerosing cholangitis can also lead to diffi culty absorb-
ing certain vitamins such as vitamin D. When patients have low vitamin D levels it 
can lead to thinning of the bones, osteoporosis, and possible bone fractures. 
Because of this, you should undergo a test known as a bone densitometry to deter-
mine whether you are at risk for developing  bone disease  . 

 There is no specifi c medicine that has been shown to be effective in slowing 
the progression of PSC. While it is classifi ed as an autoimmune disorder, it does 
not respond to medications that are effective against other autoimmune condi-
tions. While you may want to explore alternative or natural therapies such as 
herbal therapies, I would discourage you from using these substances as they are 
frequently not regulated by the Food and Drug Administration and in some cases 
have also been shown to be harmful to the liver. You should always let all of 
your doctors know of any medicine you are taking, as some medicines may not 
be as well tolerated by patients with liver disease such as PSC.   

   3.     Will I need a    liver transplant    ?  
 The natural history of PSC is highly variable. Some patients present at a young 

age and have an aggressive course leading to the need for liver transplantation, 
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while others will carry a diagnosis of PSC for many years and not require liver 
transplantation or die from this condition. Since PSC is a progressive disease and 
there is no known effective medical therapy, it will be important that you  follow- up 
with a hepatologist or liver doctor on a regular basis even if you do not have any 
symptoms. During these visits you will be asked about symptoms as well as 
undergo a physical exam and blood tests that will allow your hepatologist to 
determine the overall status of the PSC and when a liver transplant evaluation 
should be considered. Your hepatologist may determine that a repeat examination 
of your bile ducts is necessary, particularly if there is suspicion that a cancer has 
developed in the bile ducts. Cancer of the bile ducts is known as cholangiocarci-
noma. You should have an ultrasound of the liver and gallbladder every year as 
there in an increased risk of developing both liver and gallbladder cancer. You 
should contact your physicians immediately if you experience symptoms includ-
ing jaundice or yellowing of the eyes and skin, worsening itching throughout your 
body which is most noticeable at night, fever, weight loss, and abdominal pain 
which most commonly occurs in the area over your liver.      

    Autoimmune Liver Diseases: Primary Sclerosing Cholangitis 

    Summary 

 Primary sclerosing cholangitis (PSC) is a chronic condition characterized by 
infl ammation, fi brosis, and obliteration involving the intra- as well as  extrahepatic 
bile ducts  . Initially described in 1924 and once considered a rare condition, the 
condition can no longer be considered rare as advancements in cholangiography 
have led to more frequent diagnosis. While the etiology remains elusive, it is com-
monly classifi ed as an autoimmune liver disease and other immune-mediated con-
ditions, most notably infl ammatory bowel disease, are frequently concurrently 
encountered. Genetic predisposition also appears to play a contributory role based 
on the fi nding of associated as well as protective haplotypes. Complications of 
PSC are both nonspecifi c and associated with chronic cholestatic liver disease as 
well as those specifi c to PSC. The natural history is highly variable with the 
potential for progression to cirrhosis, end-stage liver disease, and the need for 
liver transplantation. Patients with PSC are also at an increased risk for the devel-
opment of  cholangiocarcinoma   as well as colorectal, gallbladder, and hepatocel-
lular carcinoma. Despite the evaluations of multiple pharmacologic agents, there 
is currently no medical therapy that has been shown to alter the timeline to death 
or the need for liver transplantation. Liver transplantation is the only effective 
therapy for long-term survival in those who develop complications of end-stage 
liver disease and is associated with excellent long-term results. Variants of PSC 
include small-duct PSC, overlap PSC and autoimmune hepatitis, and immuno-
globulin G cholangiopathy.   
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    Epidemiology 

 Various epidemiological studies have placed the incidence of PSC from 0.9 to 1.31 cases 
per 100,000 person-years and the prevalence at 8.5 to 13.6 cases per 100,000 persons [ 1 , 
 2 ]. There is, however, signifi cant regional variability which supports the theory of genetic 
predisposition playing a role. Sixty to 70 % of affected patients have underlying  infl am-
matory bowel disease (IBD)  , more frequently chronic Ulcerative Colitis than Crohn 
Disease with colonic involvement [ 3 ,  4 ]. The IBD is typically diagnosed several years 
prior to PSC [ 5 ]. In addition, while associated with IBD, the two disorders’ activity level 
and progression do not necessarily correlate. Approximately two-thirds of those affected 
with PSC are male with the median age at diagnosis of approximately 37 [ 2 ].  

    Etiology 

 While the exact etiology of PSC remains unknown, it appears that both genetic and 
immunologic factors play prominent roles. 

     Genetics   

 Evidence supporting a genetic cause includes strong familial patterns as well as a 
strong association with specifi c haplotypes, most notably B8DR3, B8DR13, and 
B8DR15. Conversely, haplotypes DRB1*040, DRB1*070, and MICA*002 are 
associated with a decreased risk of developing PSC [ 6 – 9 ].  

     Immune-Mediated   

 An immune mechanism is supported by the fi ndings of serum autoantibodies in a large 
number of those with PSC, the most common being perinuclear antineutrophil cyto-
plasmic antibodies (p-ANCA) which are found in up to two-thirds of patients. Other 
autoantibodies occasionally encountered include antinuclear and anti-smooth muscle 
antibodies [ 10 ]. Additionally, hypergammaglobulinemia is common, as is the associa-
tion with other autoimmune disorders, most notably infl ammatory bowel disease. 

 Other potential  etiol  ogies that may play minor roles in PSC include infectious 
causes, toxin exposure, and vascular complications. 

     Infectious 

 The association of PSC with IBD has led to the theory that damaged colonic mucosa 
leads to translocation of bacteria that enter the blood stream and bile ducts. The 
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failure to identify specifi c organisms, the absence of portal phlebitis, failure of anti-
biotics or colectomy to alter the natural history and the fact that not all patients with 
PSC have IBD argues against an infectious etiology.  

     Toxin-Mediated   

 Toxin exposure as a cause of PSC is based on the theory that imbalances between 
hydrophilic and hydrophobic bile acids, such as lithocolic acid, can lead to biliary 
epithelial damage and strictures. Other toxic agents that have been evaluated include 
iron and copper, both of which are shown to be elevated in many patients with 
PSC. Elevated iron and copper levels, however, are nonspecifi c fi ndings and can be 
associated with both hepatocellular and cholestatic disorders.  

     Vascular Injury   

 Vascular injury to the hepatic artery has long been associated with biliary strictures 
in liver transplant recipients; however, examination of the hepatic vasculature in 
PSC has failed to demonstrate damage either to the hepatic artery, portal vein, or 
hepatic vein.   

    Clinical Presentation 

 The clinical presentation of patients affected by PSC is highly variable. At one end of 
the spectrum is the asymptomatic patient who is diagnosed based on cholestatic hepatic 
biochemistries obtained in the setting of IBD. The majority of patients with PSC will 
be diagnosed when presenting with symptoms that lead to further investigation. The 
most common presenting symptoms are pruritus, jaundice, right upper quadrant 
abdominal pain and acute cholangitis. Unfortunately, some patients will present with 
advanced liver disease manifested by weight loss, ascites, hepatic encephalopathy, por-
tal hypertensive bleeding, or  cholangiocarcinoma  .  

    Diagnosis 

     Laboratories   

 The majority of patients with PSC will demonstrate cholestasis on hepatic bio-
chemistries. Alkaline phosphatase values greater than 2.5-fold normal values 
are seen in the majority of patients. As a result, elevated alkaline phosphatase 
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values which are confi rmed to be of biliary origin should result in a thorough 
evaluation and consideration for PSC. Total bilirubin values are elevated in over 
50 % of affected patients and 90 % demonstrate a two to threefold elevation in 
alanine aminotransferase (ALT) and aspartate aminotransferase (AST). Serum 
iron and copper values are frequently elevated, but as previously mentioned, are 
nonspecifi c and therefore not helpful for diagnostic purposes. Despite the fi nd-
ing of p-ANCA autoantibodies in the majority of PSC patients, their presence is 
nonspecifi c and should not be utilized to make a diagnosis of PSC. This is in 
contrast to other autoimmune hepatic disorders such as autoimmune hepatitis 
and primary biliary cirrhosis where serum autoantibodies play a pivotal role in 
diagnosis.  

    Cholangiography 

 The diagnosis of PSC is  m  ade based on the classic cholangiographic findings 
of diffuse strictures with intervening areas of normal appearing bile ducts lead-
ing to the so-called “beading.” Seventy-five percent of strictures involve both 
the intra and extrahepatic bile ducts, with 15 % having strictures limited to the 
extrahepatic system. The cystic duct and gallbladder are involved in approxi-
mately 15 % of patients and a smaller number have pancreatic duct involvement 
[ 11 – 13 ]. Dominant strictures, defined as a diameter less than 1.5 mm in the 
common bile duct and less than 1.0 mm in the hepatic duct, are present in 
approximately half of PSC patients. Pseudodiverticula, particularly in the com-
mon bile duct are occasionally seen. While initially used as exclusionary crite-
ria in PSC patients, the presence of biliary stones are now well-recognized as a 
common finding and frequent cause of cholangitis. There are three current 
modalities that can be used to image the biliary system. Endoscopic retrograde 
cholangiography (ERC) allows direct biliary visualization as well as also pro-
viding the opportunity to perform cytologic analysis, stricture dilation, removal 
of stones, and biliary stenting. Potential complications of ERC include bleed-
ing, cholangitis, and pancreatitis [ 14 ]. Percutaneous hepatic cholangiography 
(PTC) also allows direct access to the biliary system but has similar complica-
tions to ERC and requires experienced radiologists as intrahepatic bile ducts 
are generally not dilated in PSC. The test of choice when attempting to make a 
diagnosis of PSC is the magnetic resonance cholangiography (MRC). The non-
invasive nature of MRC limits complications and is more cost-effective than 
ERC or PTC. These advantages must be weighed against the fact that MRC 
unlike ERC and PTC does not offer the opportunity to perform biliary brush-
ings for cytology nor intervene therapeutically. Magnetic resonance cholangi-
ography also lacks sensitivity compared to ERC when assessing for peripheral 
bile duct changes. Once a diagnosis of PSC is established, there is no indica-
tion for further instrumentation of the biliary system unless there is a change in 
the  p  atient’s clinical status.  
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    Histology 

 Liver  biopsy   at the present is not felt to be necessary to establish a diagnosis of PSC, 
nor to determine disease severity. Liver biopsy should be considered in all patients 
suspected of having small-duct PSC or overlap syndrome with autoimmune hepati-
tis. The classic fi nding when a liver biopsy is performed in PSC patients is the 
concentric fi brosis ( onion-skinning  ) involving the periductal region. This lesion, 
however, is observed in only a minority of patients [ 12 ]. Additionally, biopsy sam-
pling variation may fail to detect these lesions in patients who otherwise have clas-
sic cholangiographic fi ndings.   

    Natural History 

 The natural history of PSC is highly variable and while it is a progressive disease, 
the rate of progression per year varies signifi cantly in individual patients. Multiple 
studies have attempted to determine the time period from diagnosis to the need for 
 liver transplantation   or death and estimates range from 7 to 18 years from presenta-
tion [ 4 ,  15 ,  16 ]. Much of this variability is associated with the fact that some patients 
present early in their disease course without symptoms but have abnormal liver 
biochemistries, while others’ initial presentation may be a complication of advanced 
disease with portal hypertension or cholangiocarcinoma. 

 Various prognostic models have been utilized in an attempt to predict future outcomes 
but their value is questionable in this clinical setting due the highly variable nature of 
PSC. The most common employed of these prognostic models is one proposed by the 
Mayo Clinic and utilizes the following variables; total bilirubin, age, presence or absence 
of variceal bleeding, serum albumin, and aspartate aminotransferase values [ 17 ].  

    Primary Sclerosing Cholangitis Variants 

    Small-Duct Primary Sclerosing Cholangitis 

 Small-duct PSC is  chara  cterized by cholestatic biochemistries with a normal chol-
angiogram. Liver biopsy is essential in this group for diagnostic purposes and may 
demonstrate the periductal damage and  onion-skinning   previously described. 
Small-duct PSC represents approximately 10 % of all PSC cases. Small-duct PSC 
patients may have symptoms but a greater percentage are asymptomatic when com-
pared to large-duct PSC. Approximately 10–15 % of those with small-duct PSC will 
progress to large-duct PSC, typically over 5–10 years. Patients with small-duct PSC 
have a better long-term prognosis with fewer complications when compared to their 
large-duct counterparts [ 18 ,  19 ].  
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    Overlap Syndrome with  Autoimmune Hepatitis   

 Between 1 and 17 % of patients with PSC will also have an overlap syndrome with 
autoimmune hepatitis [ 20 – 22 ]. These patients will present with a hepatocellular 
injury as well as cholestasis and have detectable antinuclear antibodies and anti- 
smooth muscle antibodies. Immunoglobulin G elevations, as in classical autoim-
mune hepatitis, are typically seen. Liver biopsy should therefore be performed in all 
patients with PSC who have aminotransferase values greater than fi ve times the 
upper limit of normal or IgG values greater than two times the upper limit of nor-
mal. Liver biopsy demonstrates histologic fi ndings of both conditions; the periduc-
tal “onion-skinning” damage seen in PSC and the interface hepatitis and prominent 
plasma cell infi ltration which is classically described in autoimmune hepatitis. The 
autoimmune hepatitis component unlike the PSC component is responsive to immu-
nosuppression, with the most common agents utilized being corticosteroids and 
azathioprine. Patients with overlap PSC and autoimmune hepatitis may progress 
more rapidly than those affected by PSC alone due to the combination of the hepa-
tocellular and cholestatic components.  

    Primary Sclerosing Cholangitis in Association with  Autoimmune 
Pancreatitis   

 Autoimmune pancreatitis is a manifestation of a systemic disorder affecting multi-
ple organs and is associated with an elevated serum immunoglobulin G4 (IgG4). 
Histology of the pancreas shows a predominantly lymphocyte and plasma cell infi l-
trate. Pancreatic abnormalities include lesions that are frequently diffi cult to dif-
ferentiate from malignancy as well as pancreatic duct strictures. A subset of these 
patients will have biliary strictures similar to those seen in PSC occasionally in the 
absence of pancreatic abnormalities, a condition occasionally referred to as  IgG4 
cholangiopathy  . Those with IgG4 cholangiopathy tend to have a more aggressive 
disease course compared to those with PSC and normal IgG4 values [ 23 ,  24 ]. 
Primary sclerosing cholangitis associated with elevated IgG4 levels are frequently 
responsive to corticosteroid therapy and it is recommended to measure IgG4 levels 
in all newly diagnosed PSC patients [ 25 ].   

    Secondary Sclerosing Cholangitis 

 There are various conditions that can affect the biliary system and produce fi ndings 
that mimic the strictures seen in PSC. Prior to making a diagnosis of PSC these sec-
ondary causes must be carefully looked for and eliminated as potential etiologies. 
Secondary causes include  congenital biliary tract disorders   such as biliary atresia and 
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Caroli’s Disease, AIDS cholangiopathy, ischemic strictures, biliary malignancies 
such as cholangiocarcinoma not associated with PSC, previous biliary injuries as a 
result of surgery and chemical exposure to toxins such as fl uxoridine, a pyrimidine 
analogue infused via the  hepatic artery   in patients with metastatic colon cancer to the 
liver [ 26 ].  

    Complications of Primary Sclerosing Cholangitis 

 Complications of PSC can be classifi ed as those that are related to the cholestatic 
nature of the disorder and those that are unique to PSC. 

    Complications of Cholestatic Liver Disease 

 Cholestasis-related complications include pruritus, bone disease, fat soluble vita-
min defi ciency, and portal hypertension. 

     Pruritus   

 Pruritus can be one of the most disabling complications of cholestatic liver diseases 
with failure to respond to therapy frequently leading to frustration in both patients 
and clinicians. While much attention has been focused on the accumulation of biliary 
compounds in various tissues, the exact mechanism remains unknown [ 27 ]. There 
does not appear to be a strong correlation with the severity of liver disease and 
patients with mild to moderate biliary strictures may have the most severe symptoms. 
The subjective nature of pruritus makes accurate measurement diffi cult and while 
multiple tools including visual aids are available, they are not generally utilized in 
clinical practice. The treatment of pruritus generally involves a stepwise approach. 
First line therapy typically involves anion exchange resins such as cholestyramine 
initially at four grams twice daily (before and after breakfast if the gallbladder is 
present) and increasing to four times daily as necessary [ 28 ]. Patients must commu-
nicate with their pharmacist in order to ensure that cholestyramine does not interfere 
with the absorption of other medications or fat-soluble vitamins. Side effects include 
mild constipation, diarrhea, abdominal pain, fl atulence, nausea, and vomiting. If the 
pruritus remains refractory, rifampin at doses of 150–300 mg twice daily can be 
added with careful monitoring of serum liver and renal biochemistries [ 29 ]. 
Additional fi rst line agents include Sertraline, a selective serotonin uptake inhibitor, 
at 100 mg daily and nighttime antihistamines due to their sedative side-effect profi le. 
Second line therapies include naltrexone, an opioid antagonist, at 50 mg daily and 
phenobarbital at doses of 60–100 mg nightly [ 30 ]. Third line therapies include plas-
mapheresis which is effective but cumbersome. Therapies that have been proposed 
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but lack supporting data include dronabinol, ondansetron, ultraviolet light, and 
S-adenosylmethionine (SAM-E). Liver transplant has been proposed for patients 
with severe, refractory pruritus despite low  Model for End Stage Liver Disease 
(MELD)      scores. Exception points for patients with low MELD scores can be 
requested due to refractory pruritus but the subjective nature of this complication has 
 led   to few exceptions being granted.  

    Bone Disease 

  Bone disease   in the setting of chronic liver diseases is frequently referred to as 
hepatic osteodystrophy and includes osteopenia and osteoporosis. Both are now 
recognized as a frequent fi nding in all patients with chronic liver diseases but are 
most pronounced in those with cholestasis [ 31 ]. The mechanism for bone disease in 
PSC is likely multifactorial and includes decreased formation and increased resorp-
tion. Vitamin D defi ciency may play a minor role. Longer duration of IBD, older 
age, female gender, and low body weight are other contributing factors. All patients 
with newly diagnosed PSC should undergo bone mineral density assessment 
(DEXA) and at intervals of 2–3 years based on initial results [ 32 ,  33 ]. Treatment 
includes calcium 1200 mg daily and vitamin D 1000 IU supplementation. This sup-
plementation should be in conjunction with a regular exercise regimen. Hormone 
replacement while effective is not generally employed due to the side-effect profi le. 
Bisphosphonate therapy is benefi cial in patients with osteoporosis and primary bili-
ary cirrhosis and is also indicated for those with osteoporosis and PSC [ 34 ]. 
Bisphosphonates should be avoided in those patients with esophageal varices as 
they have been shown to increase the risk of bleeding due to esophageal ulcerations. 
Intravenous bisphosphonates are effective options in those with osteoporosis who 
have contraindications to oral therapy due to  esophageal   varices.  

     Fat-Soluble Vitamin Defi ciency   

 Patients with cholestatic hepatic disorders including PSC are at risk for developing 
malabsorption and defi ciency of vitamins A, D, E, and K due to decrease in the avail-
ability of bile salts [ 35 ]. While bile salt production from cholesterol and bile acids is 
normal, the impaired fl ow of bile salts due to biliary strictures results in a relative 
defi ciency in bile salt function in the small intestine. Vitamin A defi ciency is rarely 
of clinical consequence. Levels can be measured and effective supplementation is 
available. Care must be taken to avoid vitamin A toxicity from over- supplementation. 
Vitamin D defi ciency is the most clinically signifi cant of all the fat-soluble vitamin 
defi ciencies. As previously mentioned, by itself it is not responsible for bone disease, 
but likely plays a contributing role. Vitamin D levels are also easily measured and 
supplemented. Vitamin E defi ciency is rare and can be supplemented if serum levels 
are decreased. Vitamin K defi ciency can lead to elevated prothrombin times and typi-
cally responds well to supplementation.  
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     Portal Hypertension   

 Patients with PSC frequently progress to cirrhosis and develop portal hypertension 
complicated by esophageal and gastric varices, ascites, and hepatic encephalopathy. 
These patients should be treated similar to non-PSC cirrhotic patients. While cur-
rent recommendations are for all patients with cirrhosis to undergo an upper endos-
copy to evaluate for varices, those affected by PSC are also at risk for the 
development of pre-cirrhotic, pre-sinusoidal portal hypertension and should there-
fore undergo endoscopic evaluation. Nonselective beta blockade for primary pro-
phylaxis of documented varices is effective with band ligation utilized in those 
intolerant of beta blockers. Sodium restricted diets in combination with diuretics, 
most commonly spironolactone and furosemide, are the standard of care in patients 
with ascites. Beta blockers should be avoided in PSC patients with refractory ascites 
due to concerns for the development of acute kidney injury. Avoidance of factors 
that precipitate hepatic encephalopathy including intravascular volume depletion, 
infections, gastrointestinal bleeding, and electrolyte disturbances are paramount. 
Minimal hepatic encephalopathy, as well as overt encephalopathy, should be treated 
with lactulose and if necessary the addition of rifaximin as a  secon  d agent.   

    Complications Specifi c to Primary Sclerosing Cholangitis 

 Disease-specifi c complications associated with PSC include IBD and colorectal 
cancer, peristomal varices, dominant strictures, biliary stones, gallbladder carci-
noma, and cholangiocarcinoma. 

     Infl ammatory Bowel Disease and Colorectal Carcinoma   

 The majority of patients with PSC will have concurrent IBD, more frequently 
ulcerative colitis than Crohn Disease with colonic involvement. Up to 7.5 % of 
IBD patients will be affected by PSC [ 3 ,  4 ]. The IBD is typically diagnosed 
prior to PSC in the majority of patients, but can vary with some patients’ fi rst 
symptoms of IBD being years after the diagnosis of PSC or even following liver 
transplantation. Infl ammatory Bowel Disease in the setting of PSC differs from 
those not affected by PSC with more rectal sparing, greater right-sided disease, 
more backwash ileitis and more quiescent disease in those with PSC [ 36 ,  37 ]. 
While all patients with chronic colitis are at increased risk for the development 
of colorectal cancer, those IBD patients with PSC are at a much greater risk 
[ 38 ]. Current recommendations include colonoscopy every one to 2 years in 
those IBD patients who also carry a diagnosis of PSC. Colon biopsies should 
always be obtained to evaluate for dysplastic changes. The use of ursodeoxy-
cholic acid (UDCA) has been advocated by some as decreasing the risk of 
colonic dysplasia and colorectal carcinoma based on two small studies [ 39 ,  40 ], 
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but subsequent studies have not supported its effectiveness. Patients with PSC 
and IBD who undergo liver transplant have been shown as a group to have more 
diffi cult to manage IBD despite the fact that their post- transplant medical regi-
men includes one or more  immunosup  pressive agents.  

     Peristomal Varices   

 Patients with concurrent IBD and PSC have frequently undergone proctocolec-
tomy with ileostomy formation due to refractory colitis or colorectal cancer. 
These patients will occasionally develop peristomal varices. While not associ-
ated with the mortality seen in patients with esophageal or gastric variceal 
bleeding, the morbidity and impact on quality of life can be signifi cant. Local 
temporizing measures have been of limited effi cacy with transjugular intrahe-
patic portosystemic shunt (TIPS) proving to be benefi cial in refractory cases if 
no contraindications exist.  

     Dominant Biliary Strictures   

 Dominant strictures, defi ned as a diameter less than 1.5 mm in the common bile 
duct and less than 1 mm in the hepatic duct, are seen in up to half of all PSC 
patients [ 41 ,  42 ]. The length of these strictures varies but is typically short. 
Dominant strictures can result in deterioration of previously stable disease and 
lead to worsening jaundice, pruritus, and cholangitis. Strictures should be 
promptly addressed with endoscopic therapy being the preferred method. 
Following sphincterotomy, balloon dilation of the stricture with stent placement 
is frequently necessary. The need for stents, their associated exchanges and 
instrumentation increases the risk of cholangitis and mandates the need for pre 
and post-procedure antibiotics. Unfortunately, strictures in the intrahepatic 
region are not always accessible endoscopically and may require a percutaneous 
approach. Finally, it is imperative to perform brush cytology of dominant stric-
tures whether by endoscopic or percutaneous approaches to differentiate domi-
nant nonmalignant strictures from cholangiocarcinoma.  

    Biliary Stones 

 As previously mentioned,  biliary stones  , once considered exclusionary for PSC, are 
now recognized as a common fi nding. Strictures, in particular dominant strictures, 
and impaired bile fl ow play key roles in stone formation. Complications include 
pain, cholangitis, and clinical deterioration. Aggressive antibiotic use particularly 
for biliary pathogens and prompt endoscopic stone retrieval are indicated. While 
there may be a role for UDCA to prevent stone formation and improve bile fl ow, 
little data currently exists.  
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    Gallbladder Disease Including  Adenocarcinoma   

 Primary sclerosing cholangitis involves the gallbladder as well as the cystic duct in 
15 % of patients. Gallstones, which are common in the general population, are seen 
in up to 26 % of PSC patients [ 13 ]. Patients with PSC are also at risk for the devel-
opment of mass lesions.  Gallbladder polyps   in particular are common and can lead 
to dysplasia and adenocarcinoma [ 43 ]. Current recommendations include perform-
ing annual gallbladder ultrasounds to evaluate for mass lesions and if present for the 
patients to undergo cholecystectomy regardless of the size of the lesion unless con-
traindications exists [ 32 ].  

     Cholangiocarcinoma   

 One of the most feared complications of PSC is the development of cholangiocarci-
noma. Approximately 50 % of patients diagnosed with cholangiocarcinoma will be 
diagnosed within one year of their PSC diagnosis. Afterwards the annual risk is 
0.5–1.0 % with a 10-year risk of 7–10 % [ 44 – 47 ]. Unfortunately, a large number 
have advanced disease including loco-regional as well as distant disease at the time 
of diagnosis. It remains unclear as to what specifi c factors in PSC patients predis-
pose patients to develop cholangiocarcinoma. The differentiation between benign 
strictures and cholangiocarcinoma, particularly in dominant strictures, remains a 
challenge. Biochemical testing with CA19-9 is limited by the fact that it is nonspe-
cifi c and can be elevated from benign strictures and cholangitis. Patients who lack 
the Lewis antigen will not demonstrate detectable CA19-9 even in the presence of 
cholangiocarcinoma. Imaging studies with computerized tomography, ultrasound, 
MRC, and ERC fail to consistently differentiate benign from malignant strictures. 
Biliary brushing done at the time of ERC has long been recognized to have good 
specifi city but sensitivities under 50 %. Newer approaches to aid in the diagnosis of 
cholangiocarcinoma include fl uorescent in situ hybridization (FISH). This tech-
nique evaluates cells obtained from suspicious lesions by brush cytology and evalu-
ates for polysomy (the duplication of two or more chromosomes) in greater than 
fi ve cells [ 48 ]. At the present time, there are no formal recommendations from any 
society regarding cholangiocarcinoma screening and surveillance with CA19-9, 
MRC, cholangioscopy during ERC or other imaging modalities. 

 Treatment of cholangiocarcinoma has traditionally been limited. The diffuse biliary 
nature of PSC has made surgical resection an option for a limited few and chemother-
apy has not been shown to be of signifi cant benefi t. More recently, liver transplant in a 
highly selected group of patients with hilar lesions less than three cm in diameter and 
without evidence of spread has been evaluated. These patients undergo external beam 
as well as brachytherapy in conjunction with chemotherapy. Percutaneous transhepatic 
cholangiography should be avoided in these patients for fear of seeding the peritoneum 
with malignant cells. Some centers are reporting 5-year survival comparable to non-
cholangiocarcinoma patients [ 49 ]. Transplant centers with an active protocol in place 
can  petit  ion regional review boards  for   MELD exception points for these patients.    
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    Hepatocellular Carcinoma 

 While not unique to  cholestatic   liver diseases or PSC, patients with established cir-
rhosis are at risk for developing hepatocellular carcinoma (HCC). Screening and 
surveillance for HCC is indicated in all cirrhotic patients regardless of age and 
involves ultrasound examination every 6 months with suspicious lesions warranting 
further evaluation with a dynamic study such as CT or MRI [ 50 ]. The role of alpha 
fetoprotein for screening of HCC remains controversial and no recommendations 
can be made at this time.  

    Medical Therapy in Primary Sclerosing Cholangitis 

  Numerous agents   have been evaluated in the treatment of PSC and there is no evi-
dence to suggest that there is effective medical therapy. Agents that have been eval-
uated in small trials include corticosteroids, cyclosporine, tacrolimus, azathioprine, 
methotrexate, penicillamine, and colchicine. Antibiotics while indicated for inva-
sive procedures and for episodes of cholangitis, do not alter the natural history of 
PSC. The most studied of all agents is  ursodeoxycholic acid (UDCA)   which has 
been shown to slow disease progression and alter the natural history in patients with 
primary biliary cirrhosis (PBC) at doses ranging from 13 to 15 mg/kg/day [ 51 ]. 
Similar doses in PSC patients resulted in biochemical improvement but failed to 
alter the natural history [ 52 ]. Due to the large bile duct involvement in PSC relative 
to PBC, it was theorized that greater doses would be necessary for a benefi t to be 
seen. Despite increasing doses, this benefi t did not materialize and a multicenter 
trial evaluating doses of 28–30 mg/kg/day was terminated early due to an increased 
frequency of decompensation, need for transplant and death in the treatment group 
[ 53 ]. As previously mentioned, corticosteroid therapy is indicated in patients with 
IgG4- associated cholangitis and in combination with azathioprine in those with 
PSC-AIH overlap.  

     Liver Transplantation   for Primary Sclerosing Cholangitis 

 Liver transplantation has been shown to be the only effective therapy that alters the 
natural history of PSC with approximately 250 transplants performed annually in 
the United States for PSC. Listing for liver transplantation is overseen and regulated 
by the United Network for Organ Sharing (UNOS) and utilizes the MELD score to 
determine listing priority. Refractory pruritus, recurrent bacterial cholangitis, and 
cholangiocarcinoma are PSC-specifi c complications that will be considered by 
regional review boards for  MELD   exception points [ 54 ]. Due to the diffuse biliary 
strictures associated with PSC as well as the risk of future cholangiocarcinoma in 
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the recipient remnant bile duct, the biliary anastomosis performed at the time of 
transplantation is a Roux-Y-choledochojejunostomy. Overall results following liver 
transplant for PSC are excellent with 5-year survival of approximately 85 %. 
Recurrent PSC in the transplant liver occurs in approximately 20 % of patients and 
will occasionally result in the need for retransplantation [ 55 ,  56 ]. Biliary strictures 
which can be due to other factors including ischemia and hepatic artery injury are 
frequently diffi cult to differentiate from recurrent PSC strictures. Biliary access for 
 inter  ventional purposes following liver transplant typically involves a percutaneous 
approach due to the Roux-Y-choledochojejunostomy biliary anastomosis.  

    Future Trends 

 There are three major areas in PSC that will require greater attention if we are to 
make signifi cant impact on morbidity and mortality. 

 First, there is no effective medical therapy and this requires immediate attention. 
Large, multicenter, randomized controlled trials are urgently needed. Without med-
ical therapy, physicians are forced to address complications while taking a wait and 
see approach regarding liver transplantation. 

 Second, consensus recommendations regarding cholangiocarcinoma screening 
and surveillance need to be developed. Imaging studies and/or biomarkers that are 
both cost-effective and have acceptable sensitivity and specifi city are currently 
lacking. This has resulted in multiple imaging modalities usually in combination 
with CA 19-9 being employed despite lack of supporting data. 

 Finally, once a lesion that is suspicious for cholangiocarcinoma develops, current 
diagnostic testing including brush cytology and FISH are suboptimal. While the 
negative predictive value for the combination of brush cytology and FISH is 90 %, 
the positive predictive value is only 50 % [ 48 ]. Liver transplantation is now an effec-
tive therapy in selected patients with cholangiocarcinoma. It is essential that patients 
with cholangiocarcinoma be identifi ed as early as possible in order to undergo trans-
plant evaluation at centers with established protocols.     
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    Chapter 18   
 Autoimmune Liver Diseases: Overlap 
Syndromes                     

     Albert     J.     Czaja     

          Patient Questions 

     1.    What is an overlap syndrome?   
   2.    How are overlap syndromes treated?   
   3.    How will I do?      

    Answers 

     1.    What is an overlap syndrome? 
 An overlap syndrome has mixed features that suggest the concurrence of two 

immune-mediated liver diseases. Usually there is a predominant disease, such as 
autoimmune hepatitis,  primary biliary cholangitis (PBC)  , or  primary sclerosing 
cholangitis (PSC)  , and coincidental background features of another immune- 
mediated liver disease. Autoimmune hepatitis has the least disease-specifi c diag-
nostic features, and it is the most common component of the overlap syndromes. 
PBC and PSC have the most disease-specifi c diagnostic features, and an overlap 
syndrome with concurrent fi ndings of PBC and PSC is rare. The overlap syn-
dromes are probably variant forms of classical  immune-mediated liver disease   in 
which atypical laboratory, histological, or serological fi ndings complicate the 
diagnosis. They could also a be transition stage in the evolution of classical dis-
ease, two classical diseases occurring in the same individual, or separate patho-
logical entities with their own distinctive pathogenic mechanisms and clinical 
 outcomes  . The overlap syndromes occur in 3–17 % of patients with autoimmune 
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liver disease, and they almost always include features of autoimmune hepatitis 
either as the predominant or secondary component. The overlap syndromes are 
mainly clinical descriptions that have not been formally endorsed as separate 
pathological entities, and their major clinical relevance is that they respond vari-
ably to conventional treatments. The International Autoimmune Hepatitis Group 
has proposed that patients be categorized by their predominant disease and that 
those with overlapping features not be considered as separate entities.   

   2.    How are overlap syndromes treated? 
 Management guidelines promulgated by the American Association for the 

Study of Liver Diseases (AASLD) and the European Association for the Study 
of the Liver (EASL) have recommended combination therapy with corticoste-
roids in combination with low-dose  ursodeoxycholic acid (UDCA)   (typically, 
13–15 mg/kg daily). These recommendations are not strongly evidenced based, 
and treatments can be tailored to suit the predominant disease component and the 
individual treatment response. Patients with autoimmune hepatitis and back-
ground features of PBC who have serum levels of alkaline phosphatase ≤2-fold 
the upper limit of the normal range (UNL) may respond to conventional cortico-
steroid therapy, and patients with predominant features of PBC with weak or 
transient features of autoimmune hepatitis may respond to therapy with UDCA 
(13–15 mg/kg daily). Patients with 2 of 3 features of autoimmune hepatitis 
(serum alanine aminotransferase level ≥5-fold ULN, immunoglobulin G level 
≥2-fold ULN or positive test for smooth muscle antibodies, and histological 
features of moderate to severe interface hepatitis) and 2 of 3 features of PBC 
(serum alkaline phosphatase level ≥2-fold ULN or γ-glutamyl transpeptidase 
level ≥5-fold ULN, positive test for AMA, and histological evidence of fl orid 
duct lesions) are candidates for combination therapy. Patients with features of 
autoimmune hepatitis and PSC are candidates for a treatment trial with cortico-
steroids in combination with UDCA (13–15 mg daily), recognizing that no treat-
ment regimen has been consistently effective in this syndrome.  Liver 
transplantation   should be considered in patients who have or develop features of 
liver failure.   

   3.    How will I do? 
 Treatment response is variable in part because of the empiric nature of the 

treatment and the absence of an established therapy for PSC. The severity of the 
 cholestatic components  , as refl ected in the serum alkaline phosphatase and 
γ-glutamyl transpeptidase levels, histological fi ndings of bile duct injury or loss, 
and the presence or absence of PSC, infl uence the responsiveness to treatment. 
Patients with autoimmune hepatitis, antimitochondrial antibodies, and histologi-
cal evidence of isolated lymphoid, pleomorphic, or destructive cholangitis 
respond as well to conventional  corticosteroid therapy   as patients with classical 
autoimmune hepatitis if they have a serum alkaline phosphatase level ≤2-fold 
ULN. Clinical, laboratory, and histological features improve to normal or near-
normal in 81 %, and disease progression (treatment failure) occurs in 14 %. 
Patients with more pronounced features of PBC, including serum alkaline phos-
phatase level >2-fold ULN or γ-glutamyl transpeptidase level ≥5-fold ULN and 
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fl orid duct lesions on tissue examination, respond more frequently to combina-
tion therapy with  corticosteroids and low-dose UDCA than treatment with corti-
costeroids or UDCA alone. Most patients have signifi cant improvements in the 
serum levels of alkaline phosphatase, γ-glutamyl transpeptidase, and alanine 
aminotransferase (ALT) levels, and progressive hepatic fi brosis is prevented. 
Combination therapy has been effective in 20–100 % of patients with overlap-
ping features of autoimmune hepatitis and PSC, and the variability of response 
probably refl ects the severity of the cholestatic components. Median graft 
(10 years) and patient (11 years) survivals after liver transplantation for an over-
lap syndrome are similar to those of patients transplanted for a single immune-
mediated liver disease, but the frequency of recurrent disease is greater (5 years, 
53 %; 10 years, 69 %).      

    Background 

 Early diagnostic criteria for autoimmune hepatitis emphasized its infl ammatory 
nature [ 1 ], and diagnostic algorithms were refi ned to strengthen the distinction 
between autoimmune hepatitis and the  cholestatic diseases   of primary biliary  cho  l-
angitis (PBC)  an  d primary sclerosing cholangitis (PSC) [ 2 – 6 ]. The subsequent 
codifi cation of diagnostic criteria for  autoimmune hepatitis   [ 4 ,  7 ,  8 ], PBC [ 9 ], and 
PSC [ 10 ,  11 ] characterized the classical phenotypes, and diseases with mixed 
infl ammatory and cholestatic features became more diffi cult to accommodate within 
the nomenclature [ 12 – 14 ]. Designations emerged to distinguish the syndromes with 
mixed infl ammatory and cholestatic features from the classical phenotypes, and the 
concept of an overlap syndrome evolved [ 12 ,  15 – 27 ]. 

 The diagnostic scoring systems for autoimmune hepatitis that had been devel-
oped mainly to ensure homogenous patient populations in clinical trials [ 4 ,  6 ] were 
applied in efforts to identify and quantify the autoimmune hepatitis component of a 
mixed syndrome [ 28 – 32 ], and other scoring systems emerged to grade the  choles-
tatic component   [ 33 ]. Empiric treatment strategies were promulgated, and outcomes 
that supported or dismissed empiric treatments varied in part because of the lack of 
established diagnostic criteria for the overlap syndromes and the heterogeneity of 
the treatment algorithms that were applied [ 16 ,  32 ,  34 – 48 ]. 

 The absence of rigorous diagnostic and therapeutic guidelines and the burgeon-
ing clinical experiences with the hybrid syndromes prompted the International 
Autoimmune Hepatitis Group (IAIHG) to issue a position statement which encour-
aged the designation of the mixed syndromes by their predominant component 
without reference to their atypical (“overlapping”) features [ 49 ]. The IAIHG also 
cautioned against the misapplication of its diagnostic scoring systems for the diag-
nosis of these syndromes, and it projected that the performance of well-designed 
controlled clinical trials to resolve treatment issues was unlikely [ 49 ]. The American 
Association for the Study of Liver Diseases (AASLD) [ 10 ] and the European 
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Association for the Study of the Liver (EASL) [ 10 ,  11 ] endorsed treatment regi-
mens based mainly on the combination of immunosuppressive medications with 
 ursodeoxycholic acid (UDCA)  , but the clinical evidence for these recommendations 
was recognized as weak [ 25 ,  49 ]. 

 The overlap syndromes of autoimmune hepatitis, PBC, and PSC continue to 
present diagnostic and therapeutic problems, and their major clinical relevance is 
their variable response to treatments conventionally used for the classical pheno-
types [ 16 ,  46 ]. Therapies are empiric; regimens are individualized; and outcomes 
are uncertain [ 22 – 27 ].  

    Diagnosis 

 The overlap syndromes should be considered when features are recognized in 
otherwise classical autoimmune hepatitis, PBC, or PBC that are inconsistent with 
the conventional presentation [ 12 ,  24 ,  50 ]. These features commonly indicate 
excessive infl ammatory activity in a mainly cholestatic disease (PBC or PSC) or 
unusual cholestasis in a mainly infl ammatory disease (autoimmune hepatitis). The 
unusual infl ammatory or cholestatic features may be recognized at presentation or 
develop later [ 36 ,  47 ,  51 – 55 ], and an overlap syndrome should be considered in 
all patients who fail to respond to conventional therapy for the classical disease 
[ 16 ,  24 ,  56 ]. Endoscopic or magnetic resonance cholangiography is warranted in 
patients with autoimmune hepatitis and concurrent infl ammatory bowel disease, 
cholestatic laboratory features, histological evidence of bile duct injury or loss in 
the absence of AMA-positivity, or steroid-refractory liver disease [ 22 ,  24 ,  56 ,  57 ]. 
Hepatic fi brosis can distort the intrahepatic bile ducts and mistakenly suggest PSC 
by cholangiography, and focal bile duct strictures and dilations are required to 
confi rm its presence [ 58 ,  59 ]. 

    Autoimmune Hepatitis and PBC 

 The diagnosis of an overlap syndrome between autoimmune hepatitis and PBC 
requires predominant features of autoimmune hepatitis and fi ndings suggestive of 
PBC, including  antimitochondrial antibodies (AMA)  , elevated serum alkaline phos-
phatase and γ-glutamyl transpeptidase (GGT) levels, and histological fi ndings of 
 bile duct injury   or loss [ 24 – 27 ] (Table  18.1 ). Patients with predominant features of 
PBC may have coincidental features of autoimmune hepatitis, including  antinuclear 
antibodies (ANA)  , smooth muscle antibodies (SMA), atypically high serum levels 
of aspartate aminotransferase (AST), alanine aminotransferase (ALT) and immuno-
globulin G (IgG), and histological fi ndings of interface hepatitis [ 37 ,  41 ,  60 ,  61 ]. 
The designation of an overlap syndrome between autoimmune hepatitis and PBC is 
an insuffi cient descriptor of the clinical phenotype, and the distinction between 
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         Table 18.1     Diagnostic features   of the overlap syndromes   

 Overlap syndrome  Diagnostic features 

 AIH > PBC  Typical AIH with prominent interface hepatitis [ 16 ,  37 , 
 60 ,  61 ] 
 Serum AP level <2-fold ULN [ 16 ,  94 ] 
 Serum IgG level above ULN [ 61 ] 
 AMA present [ 16 ,  94 ] 
 Mild cholangitis, isolated destructive lesions, or rare 
ductopenia [ 66 ,  96 ] 

 AIH = PBC  Equally weighted features of AIH and PBC (Paris 
criteria) [ 35 ,  49 ] 
 2 of 3 features of AIH [ 35 ]: 
 Serum ALT ≥5-fold ULN 
 IgG level ≥2-fold ULN or presence of SMA 
 Moderate-severe interface hepatitis 
 2 of 3 features of PBC [ 35 ]: 
 Serum AP level ≥2-fold ULN or GGT level ≥5-fold 
ULN 
 AMA  p  resent 
 Florid duct lesions (destructive cholangitis) 
 Sensitivity, 92 %; specifi city, 97 % (against clinical 
judgment) [ 62 ] 
 EASL requires interface hepatitis in all patients [ 11 ,  49 ] 

 PBC > AIH  Predominant features of PBC [ 41 ] 
 Mild or transient infl ammatory features of AIH [ 41 ] 
 Outside Paris criteria [ 63 ] 

 AIH − PSC  Features of autoimmune hepatitis [ 16 ] 
 AMA absent [ 16 ] 
 Serum AP and GGT levels frequently increased [ 16 ,  65 ] 
 Bile duct injury or loss by histological examination [ 66 ] 
 Focal bile duct  st  rictures and dilations by ERC or MRC 
[ 16 ,  58 ,  59 ,  65 ] 
 Concurrent ulcerative colitis commonly present [ 16 ,  56 , 
 65 ,  68 ] 

 AIH − Cholestasis  Predominant features of AIH [ 16 ,  74 ] 
 Serum AP and/or GGT levels above ULN [ 16 ,  74 ] 
 AMA absent [ 16 ,  74 ,  82 ] 
 Bile duct injury or loss by histological examination 
[ 69 – 73 ] 
 Normal ERC or MRC [ 16 ,  74 ] 
 May represent AMA-negative PBC or small duct PSC 
[ 77 – 82 ] 

   AIH  autoimmune hepatitis,  ALT  alanine aminotransferase,  AMA  antimitochondrial antibodies,  AP  
alkaline phosphatase,  ERC  endoscopic retrograde cholangiography,  GGT  gamma glutamyl trans-
ferase, IgG immunoglobulin G,  MRC  magnetic resonance cholangiography,  PBC  primary biliary 
cholangitis,  PSC  primary sclerosing cholangitis,  ULN  upper limit of the normal range 

 Numbers in brackets are references  
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autoimmune hepatitis with features of PBC and PBC with features of autoimmune 
hepatitis should be made to ensure an accurate diagnosis and appropriate manage-
ment strategy [ 24 ,  49 ].

   The “Paris criteria” provide a uniform diagnostic approach, and they defi ne an 
overlap syndrome in which the features of autoimmune hepatitis and PBC are 
equally weighted [ 35 ,  49 ,  62 ] (Table  18.1 ). Three hallmark features of autoimmune 
hepatitis (serum ALT level ≥5 times the upper limit of the normal range [ULN],  IgG 
level   ≥twice ULN or positive test for SMA, and histological fi ndings of moderate to 
severe interface hepatitis) must be present with three hallmark features of PBC 
(serum alkaline phosphatase level ≥twice ULN or GGT ≥5 times ULN, positive test 
for AMA, and histological evidence of fl orid duct lesions) [ 35 ,  49 ]. The sensitivity 
and specifi city of the “Paris criteria” for the overlap syndrome of autoimmune hepa-
titis and PBC are 92 % and 97 %, respectively, using clinical judgment as the gold 
standard for diagnosis [ 62 ]. EASL has supported these diagnostic recommendations 
with the stipulation that interface hepatitis must be present in all patients with this 
overlap syndrome [ 11 ,  49 ]. 

 Not captured by the “Paris criteria” are patients with predominant features of 
autoimmune hepatitis who have AMA and histological fi ndings of bile duct 
injury or loss but less pronounced manifestations of  cholestasis   (serum alkaline 
phosphatase level <twice ULN and GGT level <5-fold ULN) [ 16 ] (Table  18.1 ). 
Similarly, patients with predominant features of PBC who have less-pronounced 
manifestations of liver infl ammation (serum ALT level <5-fold ULN and IgG 
level <twice ULN) can be overlooked [ 41 ,  63 ]. Clinical judgment remains the 
gold standard for the diagnosis of the overlap syndromes, and patients with 
mixed features cannot be excluded from the diagnosis by arbitrarily set criteria 
[ 24 ,  26 ]. In one study, the “Paris criteria” identifi ed the overlap syndrome in 
only 1 % of patients with PBC, whereas criteria that included patients with less-
pronounced mixed features and responsiveness to  corticosteroids   increased the 
yield almost threefold [ 63 ].  

    Autoimmune Hepatitis and PSC 

 The diagnosis of an overlap syndrome between autoimmune hepatitis and PSC 
requires predominant features of autoimmune hepatitis, absence of AMA, and chol-
angiographic evidence of focal  bile duct strictures   and dilations [ 24 – 26 ,  57 ] 
(Table  18.1 ). Concurrent  ulcerative colitis   is commonly present [ 16 ,  56 ]; serum 
alkaline phosphatase and GGT levels are usually increased [ 64 ,  65 ]; and histologi-
cal examination frequently discloses bile duct injury or loss [ 66 ]. Children with 
autoimmune hepatitis and cholangiographic changes of  bile duct injury   have been 
designated as having “autoimmune sclerosing cholangitis” [ 65 ,  67 ]. Female gender 
(55–74 %) and concurrent  infl ammatory bowel disease   (44–75 %) are common in 
children with the overlap syndrome between autoimmune hepatitis and PSC [ 68 ], 
but these features are not requisites for the diagnosis [ 65 ]. Patients with 
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predominant features of PSC and secondary fi ndings of autoimmune hepatitis 
should be distinguished from those mainly with features of autoimmune hepatitis as 
they may respond differently to treatment [ 36 ,  42 ,  56 ].  

    Autoimmune Hepatitis and Cholestasis 

 Patients with predominant features of autoimmune hepatitis, elevated serum alka-
line phosphatase and GGT levels, histological fi ndings of bile duct injury or  loss  , 
absence of AMA, and normal  cholangiograms   have a cholestatic syndrome which 
is unclassifi able [ 24 ,  26 ]. These patients have been designated as having “autoim-
mune cholangitis” [ 69 – 77 ], but they probably constitute an overlap syndrome with 
AMA-negative PBC or small duct PSC [ 77 – 82 ] (Table  18.1 ). This category is still 
poorly defi ned, and patients with unclassifi ed cholestasis should be separated from 
the overlap syndromes with mixed features compatible with classical diseases [ 24 ].  

     PBC and PSC   

 Patients with classical laboratory and histological features of PBC may have chol-
angiographic changes of PSC, and these mixed features have justifi ed the designa-
tion of an overlap syndrome between PBC and PSC [ 83 – 85 ] (Table  18.1 ). Eight 
patients with the overlap syndrome of PSC and PBC have been reported in 6 clini-
cal studies [ 83 – 88 ]. The frequency of this syndrome is estimated to be 0.7 % in a 
cohort of 261 patients with autoimmune liver disease followed for as long as 
20 years [ 84 ]. The infl ammatory manifestations of autoimmune hepatitis are not 
disease-specifi c [ 4 ,  7 ], whereas the serological (AMA) and histological (destruc-
tive cholangitis) features of PBC [ 9 ,  89 ] and the cholangiographic changes of PSC 
(focal biliary strictures and dilations) [ 10 ] are disease-specifi c. The low frequency 
of concurrent disease-specifi c fi ndings for PBC and PSC suggests that these over-
lap syndromes are mainly infl ammatory variants of PBC and PSC rather than two 
superimposed diseases [ 24 ].   

    Frequency 

 The frequency of the overlap syndromes varies in accordance with the diagnostic 
criteria that are applied and the patient cohort that is investigated [ 24 ]. The fre-
quency of patients with predominantly autoimmune hepatitis, AMA, and histologi-
cal features of bile duct injury or  loss   is 7 % [ 16 ]. The frequency of patients with 
predominantly PBC and features of autoimmune hepatitis is 3–13 % [ 16 ,  35 ,  63 ,  90 , 
 91 ]. Cholangiographic changes of PSC occur in 2–11 % of patients with classical 
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autoimmune hepatitis [ 16 ,  56 ,  58 ,  59 ,  92 ], and fi ndings compatible with autoim-
mune hepatitis are present in 2–33 % of patients with classical PSC [ 3 ,  17 ,  40 ,  42 , 
 51 ]. The wide range of occurrence and the occasionally high reported frequencies 
of this overlap syndrome probably refl ect the frequency that nonspecifi c infl amma-
tory changes reminiscent of autoimmune hepatitis can occur in PSC. Autoimmune 
hepatitis has unclassifi able cholestatic changes in 5–11 % [ 16 ,  26 ,  82 ]. The overall 
frequency of the overlap syndromes in cohorts of patients with autoimmune liver 
disease is estimated to be 14–20 % [ 16 ,  25 ,  40 ,  45 ,  90 ,  93 ].  

    Pathogenic Possibilities 

 The overlap syndromes have not been validated as distinct pathological entities, and 
they may simply be clinical descriptors that accommodate variant presentations of 
the classical diseases [ 18 ,  49 ]. The  serum levels   of AST, ALT, and IgG that are truly 
incompatible with the diagnosis of PBC, and the serum levels of alkaline phospha-
tase and GGT that are truly incompatible with the diagnosis of autoimmune hepati-
tis are uncertain [ 14 ,  94 ]. Similarly, the degrees of interface hepatitis and  bile duct 
injury   that confi dently differentiate autoimmune hepatitis from PBC or PSC are 
unclear [ 76 ,  95 – 97 ]. The boundary between hepatitic PBC or PSC and cholestatic 
autoimmune hepatitis is poorly drawn [ 14 ,  37 ], and the overlap syndromes may 
constitute a diagnostic category that accommodates these uncertainties [ 24 ,  26 ]. 

 The overlap syndromes could be transitional stages in the evolution of the 
classical disease [ 24 ,  26 ]. Early stages of PBC or PSC may lack disease-specifi c 
laboratory and histological fi ndings [ 92 ], and the histological fi ndings of early 
stage PBC and PSC may resemble those of autoimmune hepatitis [ 66 ]. Features 
of autoimmune hepatitis may coexist with features of PBC and small duct PSC 
during the evolution of each  cholestatic disease   [ 74 ,  76 ], and these transitions 
may explain the reported sequences of autoimmune hepatitis transitioning to 
PBC [ 55 ,  98 ], PBC transitioning to autoimmune hepatitis [ 53 ,  54 ,  98 ], and PSC 
emerging in autoimmune hepatitis [ 52 ]. Alternatively, each classical autoim-
mune liver disease may have shared pathogenic mechanisms that can produce 
similar manifestations or unmask neo-antigens that redirect the autoreactive 
response to secondary  antigenic targets   that are less typical of the primary dis-
ease [ 99 ,  100 ]. In this context, the overlap syndromes could be part of a continu-
ous spectrum of immune-mediated injury involving liver and non-liver tissues 
[ 101 ]. The emergence of features of autoimmune hepatitis in 2.5 % of patients 
with PBC and the development of PBC in 1.2 % of patients with autoimmune 
hepatitis after a mean observation interval of 6.5 years (range, 1–14 years) sup-
port this hypothesis [ 98 ]. 

 The overlap syndromes could be two autoimmune liver diseases that occur 
simultaneously in the same individual [ 18 ,  24 ]. HLA DRB1*04 is a genetic suscep-
tibility factor for autoimmune hepatitis, and it occurs more frequently in patients 
with autoimmune hepatitis or PBC than in patients with PSC [ 99 ]. In contrast, 
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patients with autoimmune hepatitis or PSC have a higher frequency of HLA 
DRB1*03 than patients with PBC [ 99 ]. These fi ndings suggest that genetic factors 
may be shared and contribute to the clustering of certain autoimmune liver diseases. 
Furthermore, the concurrence of certain highly specifi c features of one disease 
(destructive cholangitis or focal biliary strictures and dilations) in another disease is 
diffi cult to accept as within a single diagnostic boundary [ 18 ,  95 ]. Certain protective 
genetic factors might also contribute to the rarity of an overlap syndrome between 
PBC and PSC [ 99 ]. 

 The overlap syndromes could be independent pathological entities with their 
own distinctive pathogenic mechanisms and clinical phenotype [ 24 ]. This highly 
theoretical possibility is based on the presumption that diverse antigens can trigger 
autoreactive responses in genetically predisposed individuals that have targets 
within the liver and biliary system [ 102 – 104 ]. Patients with autoimmune hepatitis 
and mixed connective tissue disease are characterized by a high proportion of T 
cells that are positive for interferon-gamma (IFN-γ) and by a severe impairment of 
immune suppressor function [ 105 ]. These fi ndings suggest that patients with over-
lap syndromes have immune reactivity that is poorly regulated and shewed along a 
cytokine pathway that favors the emergence of tissue-infi ltrating  cytotoxic T cells   
[ 105 ]. This mechanism may promote the emergence of multiple  immune-mediated 
diseases   or defi ne a separate pathological entity. The possibility of a separate dis-
ease entity characterized by its own antigenic trigger, genetic predisposition, immu-
nological defects, clinical presentation, and outcome are justifi cations for the 
continued separation and study of these diseases.  

    Management Strategies and Results 

 The overlap syndromes do not have therapies that have been rigorously evaluated by 
clinical trial [ 22 ,  24 ] (Fig.  18.1 ). The treatment regimens that have been promulgated 
have been based on weak clinical evidence [ 9 – 11 ], and management strategies must 
be individualized and directed by the predominant manifestations of the disease 
[ 38 ,  49 ]. The degree of  cholestasis   as refl ected in the laboratory fi ndings (serum 
alkaline phosphatase and GGT levels), histological features (destructive cholangitis 
and bile duct loss), and radiographic images (focal biliary strictures and dilations) is 
probably the principal factor associated with  outcome   [ 16 ,  35 ,  56 ,  94 ,  106 ].

      Autoimmune Hepatitis-PBC Overlap 

 Patients with predominant features of autoimmune hepatitis and secondary features 
of PBC manifested mainly by AMA, serum alkaline phosphatase level <twice ULN, 
and histological fi ndings of isolated bile duct injury or  loss   respond as well to corti-
costeroid therapy as patients with classical autoimmune hepatitis [ 16 ,  38 ] (Fig.  18.1 ). 
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Eighty-one percent improve to normal or near-normal  liver tests and liver tissue   
with conventional corticosteroid treatment, and the frequency of treatment failure is 
similar to that of treated patients with classical autoimmune hepatitis (14 % versus 
9 %) [ 16 ]. The frequency of improvement during corticosteroid therapy is 72–77 % 
in patients with serum  IgG levels   ≥1.3-fold ULN [ 61 ], defi nite autoimmune hepati-
tis by the simplifi ed scoring system of the IAIHG [ 61 ], or histological activity 
scores that exceed activity scores for  cholangitis   [ 60 ]. These experiences indicate 
that the degree of infl ammatory activity typical of autoimmune hepatitis is a key 

  Fig. 18.1    Treatment algorithm for the overlap syndromes. All treatments are empiric and directed 
by the predominant features of the mixed syndrome. Patients with predominant features of autoim-
mune hepatitis (AIH) and secondary features of primary biliary cholangitis (PBC) that are outside 
the Paris criteria (AIH > PBC) are characterized by antimitochondrial antibodies (AMA) and 
serum alkaline phosphatase (AP) levels less than (<) twofold the upper limit of the normal range 
(ULN). These patients are frequently corticosteroid responsive, especially if serum immunoglobu-
lin G (IgG) levels are 1.3-fold ULN or greater, and they can be managed with conventional corti-
costeroid regimens with or without (±) azathioprine. Patients that satisfy the Paris criteria have 
equally weighted features of AIH and PBC (AIH = PBC), and therapy with low-dose ursodeoxy-
cholic acid (UDCA) in combination with corticosteroids has been recommended. Patients with 
predominant features of PBC and mild or transient infl ammatory changes reminiscent of AIH 
(PBC > AIH) can be treated with UDCA alone or in combination with corticosteroids. Patients 
with AIH and cholangiographic features of focal biliary strictures and dilations (AIH-PSC) war-
rant a treatment trial with UDCA in combination with corticosteroids. Patients with AIH and a 
cholestatic syndrome that could be associated with AMA-negative PBC or small duct PSC are 
characterized by the absence of AMA and normal endoscopic retrograde cholangiography (ERC) 
or magnetic resonance cholangiography (MRC). These patients are also candidates for combina-
tion therapy with UDCA and corticosteroids. Salvage therapies with calcineurin inhibitors and 
mycophenolate mofetil have not been rigorously evaluated, and the emergence of features of liver 
failure warrant liver transplantation       
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consideration when deciding to treat with corticosteroids in patients with 
PBC. Prednisone in combination with azathioprine is the preferred treatment of 
classical autoimmune hepatitis [ 107 ], and it is the regimen that can be applied to 
those patients with strong features of autoimmune hepatitis and weak manifesta-
tions of PBC (Table  18.2 ).

   Patients that satisfy the “Paris criteria” with equally weighted features of 
autoimmune hepatitis and PBC uniformly experience statistically signifi cant 
improvements in serum alkaline phosphatase, GGT, and ALT levels when 
treated with corticosteroids in combination with UDCA, and the frequencies of 

             Table 18.2    Management strategies for overlap syndromes   

 Overlap syndrome  Management strategy 

 AIH > PBC 
(outside Paris 
criteria) 

 Conventional corticosteroid therapy for classical AIH [ 7 ,  107 ]: 
  Induction phase : prednisone or prednisolone, 30 mg daily × 1 week, 20 mg 
daily × 1 week, 15 mg daily × 2 weeks, and azathioprine, 50 mg daily 
  Maintenance phase : prednisone or prednisolone, 10 mg daily, and 
azathioprine, 50 mg daily. Treatment until resolution of laboratory tests 
and liver tissue 
 Monotherapy with prednisone or prednisolone for azathioprine intolerance 
or severe cytopenia requires doubling of steroid dose [ 7 ,  107 ] 
 European preference is to administer prednisolone (up to 1 mg/kg daily) 
in combination with azathioprine (1–2 mg/kg daily) with gradual 
reduction in prednisolone dose over 2–3 months to 10 mg daily [ 8 ] 

 AIH = PBC (Paris 
criteria satisfi ed) 

 Combination therapy: UDCA, 13–15 mg/kg daily, and prednisone or 
prednisolone, 30–60 mg daily alone or in combination with azathioprine, 
50–150 mg daily. Individualize steroid and azathioprine doses to response 
[ 11 ,  35 ,  49 ,  108 ]. 
 Salvage therapies (limited experience): 
 Cyclosporine, 5–6 mg/kg daily; tacrolimus, 4–8 mg daily; mycophenolate 
mofetil, 2 g daily [ 108 ] 
 Liver transplantation [ 122 ] 

 PBC > AIH 
(outside Paris 
criteria) 

 UDCA, 13–15 mg/kg daily alone or in combination with conventional 
corticosteroid regimen depending on severity of infl ammatory activity 
[ 41 ,  108 ] 

 AIH − PSC  Combination therapy (preferred): UDCA, 13–15 mg/kg daily, prednisone 
or prednisolone, 10–15 mg daily, and azathioprine, 50–75 mg daily [ 10 , 
 11 ,  42 ,  49 ] 
 Salvage therapy: prednisolone or prednisone, 8.75–30 mg daily, and 
mycophenolate mofetil, 2 g daily (selected adults; limited study) [ 120 ], 
liver transplantation [ 122 ] 

 AIH − Cholestasis  Combination therapy (preferred): UDCA, 13–15 mg daily, prednisone or 
prednisolone, 10 mg daily, and azathioprine, 50 mg daily [ 32 ] 
 Prednisone or prednisolone, 10–20 mg daily, with or without azathioprine, 
50 mg daily, or UDCA, 13–15 mg/kg daily alone depending on 
predominant component [ 16 ,  69 ,  70 ,  72 ,  74 ,  78 ] 

   AIH  autoimmune hepatitis,  PBC  primary biliary cholangitis,  PSC  primary sclerosing cholangitis, 
 UDCA  ursodeoxycholic acid 

 Numbers in brackets are references  
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response have been superior to those of patients treated with UDCA or cortico-
steroids alone [ 35 ] (Fig.  18.1 ). These fi ndings have been supported by a retro-
spective analysis involving 88 patients who satisfi ed the “Paris criteria” from 
seven centers in fi ve countries [ 108 ]. Therapy with UDCA (13–15 mg/kg daily) 
was ineffective in 37 %, and the lack of response was associated with severe 
interface hepatitis on histological examination. In contrast, 73 % of patients 
who were previously untreated or unresponsive to UDCA improved on combi-
nation therapy with UDCA and prednisone (30–60 mg daily) alone or in combi-
nation with azathioprine (50–150 mg daily) [ 108 ] (Table  18.2 ). Combination 
therapy has also been effective in another study involving eight patients who 
had initially failed monotherapy with UDCA. Laboratory tests improved in six 
patients and fi brosis did not progress during a mean observation interval of 
7.5 years [ 43 ]. The combination regimen of corticosteroids and UDCA has been 
endorsed by EASL for the overlap syndrome of autoimmune hepatitis and PBC, 
and this recommendation has been based mainly on experiences with patients 
satisfying the Paris criteria [ 11 ,  49 ]. 

 Patients with PBC who were identifi ed retrospectively as having features of auto-
immune hepatitis have also responded to UDCA alone (13–15 mg/kg daily), and the 
frequency of response has been similar to that of patients without these features [ 41 ] 
(Fig.  18.1 ). Furthermore, the manifestations of autoimmune hepatitis have been 
transient in some placebo-treated individuals [ 41 ]. The autoimmune hepatitis com-
ponent in these patients may have constituted a self-limited infl ammatory response 
rather than a sustained and important driver of  disease activity  . UDCA (13–15 mg/
kg daily) is a treatment option in those patients with predominant features of PBC 
and mild infl ammatory or transient changes reminiscent of autoimmune hepatitis 
[ 41 ] (Table  18.2 ). In these patients, the severity of interface hepatitis on histological 
examination may be the critical determinant of when to add corticosteroids to the 
regimen with UDCA [ 108 ]. 

 Salvage therapies with  cyclosporine   (5–6 mg/kg daily), tacrolimus (4–8 mg 
daily), mycophenolate mofetil (2 g daily) have been administered to 13 patients 
who failed to improve during initial therapy (Table  18.2 ), and 54 % responded 
by attaining complete or partial responses, including 3 of 5 patients treated with 
cyclosporine, one patient treated with cyclosporine and mycophenolate mofetil, 
3 of 4 patients treated with  tacrolimus  , and three patients treated with mycophe-
nolate mofetil [ 108 ]. Nonsteroidal immunosuppressive medications are consid-
erations in the refractory patient, recognizing the empiric and limited nature of 
this rescue strategy. 

 Budesonide (3 mg thrice daily) has been used successfully in combination 
with UDCA in some patients with classical PBC [ 109 ,  110 ], but its use in the 
overlap syndrome between PBC and autoimmune hepatitis has been sparse and 
disappointing [ 48 ] (Table  18.2 ). Corticosteroid-induced  side effects   are possible 
in patients with cirrhosis probably because of decreased fi rst-pass hepatic clear-
ance of the drug and increased systemic bio-availability [ 48 ,  109 ,  111 ]. Therapy 
with budesonide has not been formally endorsed in the management of the over-
lap syndromes.  
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    Autoimmune Hepatitis-PSC Overlap 

 Corticosteroids alone [ 16 ,  36 ,  51 ,  112 ] or in combination with UDCA [ 42 ,  47 ] have 
been the principal treatments of the overlap syndrome between autoimmune hepati-
tis and PSC [ 49 ]. Conventional corticosteroid regimens have induced laboratory 
and histological improvement in 20–100 % of patients, albeit the number of indi-
viduals in these reports has ranged from 5 to 16 [ 16 ,  36 ,  46 ,  51 ,  56 ,  112 ] (Table  18.2 ). 
Corticosteroid therapy has also had uncertain effects on survival. Death from  liver 
failure   or requirement for  liver transplantation   has occurred more frequently in 
patients with overlapping features of autoimmune hepatitis and PSC than in simi-
larly treated patients with classical autoimmune hepatitis (33 % versus 8 %) [ 16 ]. 
Survival has also been lower in patients treated mainly with corticosteroids than in 
patients with classical autoimmune hepatitis (hazard ratio, 2.08) and patients with 
autoimmune hepatitis and PBC (hazard ratio, 2.14) [ 46 ]. The principal factors con-
tributing to the variable  corticosteroid responses   are unclear, but they may relate to 
the degree of cholestasis and the intensity of the histological features of interface 
hepatitis. Patients with PSC who have responded to corticosteroid therapy have 
been characterized by higher serum levels of ALT and bilirubin and lower serum 
levels of alkaline phosphatase than nonresponders [ 112 ]. 

 Prednisolone (or prednisone) in combination with UDCA has been the treat-
ment recommended in the guidelines developed by EASL and AASLD [ 10 ,  11 , 
 49 ], and currently this combination regimen is the preferred management strat-
egy (Fig.  18.1 ). Prednisolone (initial dose, 0.5 mg/kg daily, tapered to 10–15 mg 
daily) in conjunction with azathioprine (50–75 mg daily) and UDCA (15–20 mg/
kg daily) improved laboratory tests and survival in seven patients compared to 
34 patients with classical PSC who were treated with UDCA alone [ 42 ,  49 ] 
(Table  18.2 ). Corticosteroid regimens that commonly included UDCA also 
decreased laboratory abnormalities in 23 of 27 children with autoimmune hepa-
titis and autoimmune sclerosing cholangitis (83 %) and improved histological 
fi ndings in 17 (63 %) [ 49 ,  65 ,  113 ]. 

 Laboratory improvement during combination therapy has not eliminated disease 
progression, and cirrhosis developed in 75 % of treated adults during a median 
observation period of 12 years [ 47 ]. Biliary changes also worsened in treated chil-
dren with this overlap syndrome; transplant-free survival was reduced; and recur-
rent disease after  liver transplantation   was common [ 113 ,  114 ]. Furthermore, 
high-dose UDCA (28–30 mg/kg daily) in patients with classical PSC has been asso-
ciated with an increased frequency of adverse events (63 % versus 37 %), including 
death and requirement for liver transplantation, compared to treatment with placebo 
[ 115 ]. Hepatic toxicity, possibly associated with the generation of  lithocholic acid  , 
may have contributed to these results [ 116 ], and empiric therapy with corticoste-
roids and UDCA in this population must be properly dosed (13–15 mg/kg daily) and 
carefully monitored (Table  18.2 ). 

 The experience with calcineurin inhibitors has been limited (two patients) [ 49 ,  117 , 
 118 ]; therapy with UDCA alone has been poor [ 118 ]; and studies with  mycophenolate 
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mofetil have been small and variable [ 119 ,  120 ] (Table  18.2 ). Mycophenolate mofetil has 
not been effective in children with autoimmune hepatitis and sclerosing cholangitis [ 119 ], 
but it has reduced the serum AST or ALT level to less than twice ULN in 4 of 7 adults 
aged ≥20 years (57 %) and normalized these tests in 1 of 7 patients (14 %) [ 120 ]. These 
fi ndings suggest that  mycophenolate mofetil   (1–2 g daily), administered with predniso-
lone or prednisone (median dose, 8.75–30 mg daily) in conjunction with azathioprine 
(median dose, 75–100 mg daily), may be effective in highly selected adults [ 120 ].  

    Autoimmune Hepatitis-Cholestasis 

 Patients with features of autoimmune hepatitis and cholestasis of undetermined cause 
(“autoimmune cholangitis”) constitute a diagnostic category that probably includes 
patients with AMA-negative PBC and small duct PSC (Fig.  18.1 ). This heterogeneous 
group has been managed empirically with corticosteroids alone [ 16 ,  69 ,  70 ,  74 ], 
UDCA alone [ 72 ,  74 ,  78 ], or corticosteroids in combination with UDCA [ 32 ]. 
Combination therapy with prednisone or  prednisolone   (10 mg daily), azathioprine 
(50 mg daily), and UDCA (13–15 mg/kg daily) is the preferred treatment mainly 
because of potential effects on both the infl ammatory and cholestatic components of 
the syndrome and disappointing outcomes with the monotherapies (Table  18.2 ). 

 Corticosteroids alone induced laboratory and histological improvement in three 
patients, but the histological improvements were restricted to the infl ammatory man-
ifestations and not the bile duct changes [ 69 ]. Seven corticosteroid-treated patients 
failed to improve in another study, and the disease progressed during an observation 
period of 1–5 years [ 70 ]. Similarly, only 1 of 8 corticosteroid-treated patients (12 %) 
improved laboratory and histological fi ndings after a mean treatment interval of 
16 ± 1 months, and two patients worsened during therapy (25 %) [ 74 ]. 

 Treatment with UDCA induced clinical improvement in all six treated patients 
described in two studies [ 72 ,  78 ], and  outcomes   were similar to those of patients 
with classical AMA-positive PBC in one of these studies [ 78 ]. In contrast, a study 
in which the cholestatic patients were identifi ed within a cohort of patients with 
autoimmune hepatitis found that only 1 of 8 patients (12 %) treated with UDCA 
improved during 4 ± 2 months of therapy [ 74 ]. These fi ndings underscored the 
importance of the predominant disease (PBC versus autoimmune hepatitis) in 
affecting the treatment strategy and outcome. 

 Treatment with corticosteroids and UDCA has been directed mainly at patients 
with autoimmune hepatitis and cholestatic changes consistent with AMA-negative 
PBC (“autoimmune cholangitis”) [ 32 ]. These patients have had histological fea-
tures of destructive cholangitis, ductopenia, ductular hyperplasia, and fi brosis more 
commonly than patients with the overlap syndrome of autoimmune hepatitis and 
AMA-positive PBC [ 121 ]. Complete laboratory resolution has been possible more 
frequently (90 % versus 50 %) and  liver failure   has occurred less often (10 % versus 
50 %) in these patients than in those with classical AMA-positive PBC [ 32 ]. High 
scores by the comprehensive scoring system of the IAIHG [ 4 ] has characterized the 
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patients responsive to combination therapy, and these fi ndings suggest that the 
strength of the component resembling autoimmune hepatitis is a major determinant 
of a  corticosteroid response   [ 32 ]. 

 The overlap syndrome of autoimmune hepatitis and “autoimmune cholangitis” is 
infrequent, and its preferred treatment has not been endorsed by a liver society. The 
combination regimen of UDCA (13–15 mg/kg daily) in combination with predni-
sone or prednisolone (maintenance dose, 10 mg daily) and azathioprine (50 mg 
daily) treats both the infl ammatory and cholestatic components, and this choice is 
supported by its successful use in limited clinical experiences and the inconsistent 
outcomes associated with monotherapies (Table  18.2 ).  

    PBC-PSC Overlap 

  Ursodeoxycholic acid   has been the principal agent used in the management of 
the eight patients reported with the overlap syndrome of PSC and PBC [ 83 – 88 ]. 
Dosing regimens have varied from a fi xed dose (750 mg daily) [ 83 ,  84 ] to a 
weight-based dose (10 mg/kg daily increased to 15 mg/kg daily if histological 
progression) [ 88 ]. Prednisolone, 40 mg daily tapered to 5 mg daily, and azathio-
prine, 150 mg daily tapered to 100 mg daily, has been used in a patient who had 
features of autoimmune hepatitis in addition to those of PBC and PSC [ 84 ], and 
triple therapy with prednisolone, azathioprine, and ursodeoxycholic acid (doses 
unreported) has also been used in a patient with concurrent rheumatoid arthritis 
[ 85 ]. Monoclonal antibodies to  tumor necrosis   factor-alpha (adalimumab) was 
combined with  ursodeoxycholic acid   in one patient with concurrent rheumatoid 
arthritis [ 88 ]. Liver tests improved or normalized in most patients; features of 
persistent cholestasis could be stabilized long-term; and no patients died or 
required liver transplantation during observation intervals ranging from 3 to 
17 years. Cholangitis recurred in two patients with large duct PSC, and progres-
sion to cirrhosis occurred in one patient.   

    Overview 

 The overlap syndromes of autoimmune hepatitis are mixed clinical phenotypes that 
must be recognized and treated as diseases that are commonly unresponsive to con-
ventional therapies [ 12 ,  16 ,  24 ,  25 ,  27 ]. Patients with PBC or PSC may have with 
laboratory and histological manifestations of liver infl ammation reminiscent of 
autoimmune hepatitis [ 35 ,  36 ,  65 ], and patients with autoimmune hepatitis may 
have secondary features of PBC or PSC [ 16 ] or a cholestatic component (“ autoim-
mune cholangitis  ”) that suggests AMA-negative PBC or small duct PSC [ 74 ]. 
Rarely, patients may have features of PBC and PSC or features of PBC, PSC, and 
autoimmune hepatitis [ 84 ]. The overlap syndromes lack codifi ed diagnostic criteria. 
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The Paris criteria defi ne the overlap syndrome between PBC and autoimmune hepa-
titis by equally weighting features of each disease, and it is the only objective diag-
nostic guideline [ 35 ,  62 ] (Table  18.1 ). 

 Management strategies have not been subjected to rigorous clinical trial. The 
predominance and severity of the infl ammatory and cholestatic components affect 
the clinical presentation, outcome, and treatment of each syndrome [ 56 ,  94 ,  108 ]. 
All management strategies are empiric, based on limited clinical experiences, and 
variably effective. Monotherapy with  corticosteroids   (prednisone or prednisolone 
with or without azathioprine) can be considered in selected patients with predomi-
nant features of autoimmune hepatitis and cholestatic fi ndings of PBC that are out-
side the Paris criteria [ 16 ]. Monotherapy with UDCA can be considered in selected 
patients with predominant features of PBC and mild or transient liver infl ammation 
that are outside the Paris criteria [ 41 ]. Combination therapy with corticosteroids and 
UDCA is a blanket approach that can be applied to all syndromes [ 10 ,  11 ,  49 ], and 
it has been endorsed by the liver societies for the overlap syndrome between auto-
immune hepatitis and PBC and autoimmune hepatitis and PSC [ 10 ,  11 ,  49 ]. It is also 
appropriate for patients with autoimmune hepatitis and a cholestatic phenotype con-
sistent with AMA-negative PBC or small duct PSC [ 32 ]. 

  Liver transplantation   is an effective salvage therapy for patients with overlap syn-
dromes that progress to liver failure. The median graft (10.2 ± 2.2 years versus 
15 ± 0.7 years,  P  = 0.9) and patient (11.2 ± 1.1 years versus 16.1 ± 0.7 years,  P  = 0.6) sur-
vivals are similar to those of individuals without overlapping features [ 122 ]. Autoimmune 
liver disease recurs more commonly at 5 years (53 % versus 17 %,  P  = 0.001) and 
10 years (69 % versus 29 %,  P  = 0.001) after transplantation than in patients without 
overlapping features, but this difference has not affected overall survival [ 122 ].     
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    Chapter 19   
 Metabolic and Genetic Liver Diseases: 
Alpha-1 Anti-trypsin Defi ciency                     

     Helen     S.     Te     

          Patient-Level Questions 

     1.    What is alpha-1 antitrypsin (AAT) defi ciency? 
  Alpha-1 antitrypsin   is a glycoprotein produced in the liver and works by pre-

venting neutrophil proteases from destroying host tissues during infl ammation. 
A hereditary mutation in the gene that codes for this protein leads to the produc-
tion of a modifi ed AAT protein, which folds in a way that prevents its secretion 
from the liver cell. Therefore, the abnormal AAT protein accumulates in the 
liver cell, leading to cell injury and eventually, severe scarring or  cirrhosis  . In 
addition, the absence of AAT protein in the lung leads to the absence of protec-
tion against the digestive actions of enzymes such as neutrophil elastase and 
proteinase 3 on the tissue structure of the lung, resulting in the premature devel-
opment of emphysema.   

   2.    What can be done about it? 
 Lung disease from AATD can be treated with  intra  venous replacement with 

the protein, leading to improvement in lung function. Unfortunately, liver dis-
ease from AATD still has no direct treatment available, other than supportive 
measures to prevent or treat complications of  cirrhosis  . In those who have cir-
rhosis with complications, liver transplantation may be necessary. Currently, 
many investigators are actively studying various strategies geared towards 
removal or prevention of accumulation of the mutant AAT protein in the liver.   

   3.    Is the rest of my family at risk? 
 By virtue of its hereditary nature, the disease may affect more than one mem-

ber of the family. However, the severity of the disease and clinical manifestations 
vary greatly amongst individuals with the same genetic mutations, suggesting 
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that other genetic modifi ers and environmental factors may affect the clinical 
presentation of the disease. It would be prudent to screen family members for the 
disease to provide early detection and possible intervention and monitoring, if 
the disease is clinically signifi cant.   

   4.    Why do some patients with AATD manifest only lung disease, whereas others 
manifest only liver disease? 

 The peak ages for the diagnosis of liver and lung  disea  se in AATD differ, 
with liver disorders usually detected during childhood or old age, whereas lung 
disease develops in middle age. This may give the impression that the presence 
of one organ involvement excludes the other, although the risk of lung and liver 
disease indeed seems to be quite independent of each other. 

 Lung disease in AATD results from defi ciency of the AAT protein in the 
lungs, whereas liver disease results from the accumulation of the mutant protein 
in the liver cell, leading to liver injury and fi brosis. The involvement of one 
organ rather than the other may also be partially explained by the various genetic 
mutations that lead to AATD. Some cases of AATD involve the production of 
abnormal AAT proteins which predisposes to liver disease and in severe cases, 
lung disease, whereas other cases involve a decreased or complete absence of 
production of the AAT protein in the liver which can cause lung disease but not 
liver disease. However, even in the homozygous AATD, the clinical manifesta-
tion of the genetic mutation is highly variable, and the natural history is infl u-
enced by other genetic and environmental modifi ers.   

   5.    Are there things that I should avoid because of my diagnosis of AATD? 
 The development and severity of  emphysema   in AATD is  signifi cant  ly 

increased up to 1000-fold by cigarette smoking, so one must avoid smoking, pol-
lution, or occupational exposure to inhaled substances that are toxic to the lungs 
in the setting of AATD. In terms of liver disease, there is no evidence to indicate 
that alcohol use exacerbates the progression of the liver disease. However, it 
would be prudent to avoid excessive alcohol intake, given a theoretical risk of an 
additive injury on top of the AATD that may cause a more rapid progression of 
the liver disease. An increase in the production of the mutant Z protein has been 
demonstrated with the use of nonsteroidal anti-infl ammatory drugs (NSAIDS) in 
animal models of AAT liver disease, so it would also be prudent to avoid the use 
of NSAIDS in this patient population.      

    Introduction 

 First described by Laurell and Erikson in 1963, alpha-1 antitrypsin defi ciency 
(AATD) was noted as an absent alpha-1 band on protein electrophoresis of the 
serum of a patient with a lung disorder [ 1 ].  Alpha-1 antitrypsin (AAT)   is a serum 
glycoprotein synthesized by the liver and secreted into the blood. It can inhibit tryp-
sin in vitro, but it physiologically functions to inhibit neutrophil elastase and several 
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related neutrophil serine proteases released during infl ammation, and prevent them 
from destroying structural host tissues. As such, its production is regulated by 
infl ammation, with serum levels rising three to fi ve times during the host response 
to infl ammation [ 2 ]. The normal allele of the AAT gene (SERPINA1-serpin pepti-
dase inhibitor, clade A (alpha-1 antiproteinase, antitrypsin), member 1) on chromo-
some 14 is the M gene, which produces the M protein and normal serum levels of 
AAT. Mutations in the AAT gene may present as one of over 100 variant alleles, but 
majority of patients with liver disease from AATD have a Glu342Lys substitution 
in both genes and are Pi * ZZ homozygotes (also known as ZZ; Pi :protease inhibi-
tor). About 0.05 % of the United States population is homozygous for the Z allele, 
whereas 2 % of the population is heterozygous [ 3 ]. 

 The mutant Z gene drives the production of a mutant Z protein which folds 
abnormally, impeding its secretion from the  endoplasmic reticulum (ER)   of the 
hepatocyte. Its accumulation in the hepatocyte ER leads to hepatocyte injury, 
infl ammation, fi brosis, and in some patients,  cirrhosis   of the liver [ 4 ]. In addition, 
failure to excrete the protein from the liver leads to a defi ciency state in the lung, 
with Pi * ZZ homozygotes having serum levels of only 10–15 % of normal ranges [ 2 ]. 
This translates to disinhibited connective tissue breakdown by the neutrophil prote-
ases in the lung, resulting in premature  emphysema   [ 5 ]. Heterozygote carriers of a 
Z allele combined with a normal M gene, Pi * MZ, are generally healthy but appear 
to be more susceptible to liver disease in the presence of another injurious agent to 
the hepatocyte. The S variant, causing the Glu288Val substitution in the AAT gene, 
is common in North American and Western European populations particularly in 
Spain and Portugal. It may cause signifi cant lung disease or liver disease when it is 
present in combination with the  Z allele   (Pi * SZ), but not when present in homozy-
gous form Pi * SS [ 3 ]. Other rare mutations can yield a protein with a normal M 
migration on electrophoresis (M Duarte and M malton alleles), but when present in 
the heterozygous state with a Z allele, the protein may accumulate in the ER of the 
hepatocyte and cause liver disease. Such mutations can be detected by a profoundly 
low AAT level in peripheral blood that is below that expected for a Pi * MZ pheno-
type (Table  19.1 ) [ 6 ,  7 ]. The presence of null genes or other unusual alleles that do 
not direct the synthesis of a protein product that accumulates in the ER of the liver 

   Table 19.1    Clinical phenotype in alpha-1 antitrypsin defi ciency   

 Phenotype 
 Alpha-1 antirtypsin serum 
level (% of normal) [ 36 ]  Risk of emphysema 

 Risk of liver 
disease 

 Pi * ZZ  12–15 %  High  High 
 Pi * MZ  69–85 %  Minimally increased  Slightly increased 
 Pi * SZ  33–39 %  Slightly increased  Increased 
 Pi * SS  67–75 %  Minimally increased  Slightly increased 
 Pi*null-null  0  High  None 
 Pi*Z-Null  0–0.5 %  High  Increased 
 Pi*MM  100 %  Normal  Normal 
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will not cause liver disease, but null genes with resulting undetectable serum AAT 
level will almost certainly result in lung disease.

   Alpha-1 antitrypsin defi ciency is the most common hereditary neonatal liver dis-
ease. It can lead to cirrhosis and hepatocellular carcinoma in some adults [ 8 ]. 
Although the classical Pi * ZZ form of AAT is found in 1 in 1600 to 1 in 2000 live 
births in most populations [ 9 ], prospective screening studies in Sweden report that 
only about 10 % of affected individuals develop clinically signifi cant liver disease 
by the time they reach the fourth decade of life [ 10 ,  11 ], suggesting that other 
genetic and/or environmental factors may play a role in the phenotypic expression 
of the disease.  

    Pathophysiology of the  AAT ZZ Liver Disease   

 The mutant Z protein is transcribed and translated in the hepatocyte, then  t  ransported 
into the endoplasmic reticulum, where it undergoes folding into its fi nal conforma-
tion in preparation for secretion. Unfortunately, the mutant protein folds ineffi ciently 
due to the amino acid substitution. Its abnormal confi guration impairs its secretion 
from the ER, and these proteins are directed mostly into a variety of proteolytic path-
ways referred to as “ER-associated degradation (ERAD),” but some survive and take 
various conformations, including the linkage of large groups of Z protein “polymers” 
by noncovalent bonds that allow them to become visible on light microscopy as 
“globules” [ 12 ]. Although the actual degradation mechanism remains to be eluci-
dated, calnexin, and ER manosidase have been identifi ed to be possible points of 
control [ 13 ]. Pi * ZZ homozygous patients with less effi cient ERAD mechanisms are 
more susceptible to development of liver disease than those with more effi cient 
mechanisms [ 14 ].  Autophagy      is another important proteolytic pathway that is upreg-
ulated by the accumulation of Z protein polymers, leading to the degradation of 
abnormal proteins by specialized vacuoles. Increasing autophagy in animal models 
has led to a reduction in the accumulation of the Z protein polymers and consequent 
liver injury [ 15 ,  16 ]. Hepatocytes with large burden of polymerized Z proteins 
undergo apoptosis, initiating a chronic process of cell injury that leads to cell death, 
fi brosis, and eventually in some individuals,  cirrhosis  . However, it is well recognized 
that individuals with the same Pi * ZZ genotype demonstrate variable extents of clini-
cal liver injury, invoking the probable roles of environmental and genetic modifi ers 
that alter the rate and severity of the clinical manifestation of the disease.  

    Clinical Presentation and Natural History 

 As is seen in other liver diseases that affect neonates, persistent jaundice is the 
most common presenting symptom at 4–8 weeks of age in those who manifest 
the disease. Accompanying symptoms may include poor feeding, poor weight 
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gain, and pruritus. Some babies may have hepatomegaly, and the laboratory 
derangements may demonstrate either a hepatitis picture with elevated serum 
transaminases, or cholestasis with elevated alkaline phosphatase [ 17 ]. 
Occasionally, neonates present with bleeding from the gastrointestinal tract or 
from the umbilical stump, or easy bruising [ 18 ]. 

 Liver disease from AATD may be diagnosed later in childhood, presenting with 
asymptomatic hepatomegaly or elevated transaminases, or with jaundice that may 
occur during the course of an unrelated illness. It can also remain further undetected 
until the adolescence or adulthood, where it can present with complications of  cir-
rhosis   and portal hypertension, such as  splenomegaly   and hypersplenism, gastroin-
testinal bleeding from varices, ascites, or hepatic encephalopathy [ 17 ]. The diagnosis 
should be considered in adults who present with chronic liver disease or cirrhosis of 
unknown etiology. 

 The natural history of liver disease due to AATD is remarkably variable. 
Most infants that manifested jaundice early in life recover and become asymp-
tomatic by age 1 year, despite the few who would require liver transplantation. 
Majority of these children will remain without symptoms as they grow older. In 
the only prospective study of AATD diagnosed by screening 200,000 neonates 
in Sweden in the 1970s, 127 infants were diagnosed with the classic form of 
AATD. Eleven percent of these infants had prolonged jaundice, 6 % had hepa-
tomegaly with or without elevated serum transaminases, and approximately 
43 % had elevated serum transaminases alone. Five of the twenty neonates with 
clinical evidence of liver disease died of  cirrhosis   in early childhood. Follow-up 
of the remaining population at age 18 years showed that only 12 % of the ZZ 
phenotype had elevated serum transaminases, although there were no clinical 
signs of liver disease, while 10 % of the SZ phenotype had similar findings. 
Therefore, although 17 % of the population had clinical evidence of liver dis-
ease in the first 18 years of life, almost 90 % of those who reached adulthood 
had normal liver enzymes, although biopsies were not performed to confirm 
the absence of liver injury [ 11 ]. 

 Lung destruction in the form of  emphysema   caused by AATD usually manifests 
later in the third decade. The incidence of liver disease in patients who were diag-
nosed with emphysema from AATD is not clearly defi ned, although one small 
series reported elevated liver chemistry tests in 50 % [ 19 ].  

    Diagnosis 

 The diagnosis of AATD should be considered in an  individual   who presents with 
symptoms of chronic liver disease or demonstrates elevated liver chemistry tests, 
particularly those who do not have an obvious etiology. The disease is characterized 
by the presence of altered AAT proteins that accumulates in the liver, such that 
circulating serum AAT levels are expected to be low and the serum AAT phenotype 
determination by isoelectric-focusing electrophoresis would reveal the altered 
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protein type. While screening for the disease is typically performed with the AAT 
level measurement, it is important to remember that these levels may be falsely 
elevated to normal or near-normal ranges in affected patients by a concomitant 
infl ammatory host response. On the other hand, patients with advanced  cirrhosis   
and compromised synthetic function of the liver may have low serum protein levels, 
including AAT levels. Therefore, both serum concentrations and phenotype deter-
mination should be obtained when the diagnosis is seriously considered. 

 Histologically, accumulation of the abnormal AAT  molecules   in the liver is 
represented by the presence of periodic acid-Schiff-positive, diastase-resistant 
globules in the endoplasmic reticulum of hepatocytes (Fig.  19.1 ). These inclu-
sions are eosinophilic, round to oval, 1–40 μm in diameter located prominently 
in periportal hepatocytes, and less so in Kupffer cells and biliary epithelial cells 
[ 20 ]. However, it is important to note that the globules are not present in all 
hepatocytes, or can be small or “dust-like” in small infants, or totally absent in 
neonatal livers [ 21 ].

   The lung manifestation of AATD is rarely seen in childhood or adolescence, but 
becomes more common when the individual reaches the mid to late 30 years of life. 
The development and severity of  emphysema   in AATD is signifi cantly increased up 
to 1000-fold by cigarette smoking [ 22 ]. Alpha-1 antitrypsin defi ciency has been 
associated with vasculitic diseases [ 23 ], and the  c  losest association has been demon-
strated in a genome-wide sequence analysis that demonstrated the association of 
anti-proteinase 3 antineutrophil cytoplasmic antibody (ANCA) with the gene encod-
ing AAT (SERPINA1) [ 24 ]. It also has been associated with panniculitis, which can 
respond to augmentation therapy [ 25 ,  26 ].  

  Fig. 19.1    Liver histology from a patient with ZZ alpha-1 antitrypsin defi ciency, demonstrating 
eosinophilic periodic acid-Schiff-positive, diastase-resistant globules in the cytoplasm of the hepa-
tocytes (Courtesy of John Hart, MD)       
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    Management 

 Whereas the management of lung disease from AATD focuses  most  ly on avoidance 
of smoking and pollution and augmentation therapy, these strategies do not have any 
impact on the liver. Referral to a pulmonologist to evaluate and manage any lung 
manifestation would be important, as regular monitoring of lung function would be 
essential as the risk of emphysema increases with age. Avoidance of fi rst- hand or 
second-hand smoking as well as pollution must be stressed [ 27 ]. Augmentation ther-
apy or exogenous AAT replacement, if indicated, can benefi t lung disease. 

 Currently, the management of liver disease due to AATD consists mainly of sup-
portive measures, as there is no available specifi c therapy targeted to the liver. The 
use of long-term ursodiol in children with milder liver disease from AAT has been 
associated with improvement in liver chemistry tests, but a true benefi t on histologic 
disease or the natural history of the disease remains to be seen [ 28 ]. When  cirrhosis   
of the liver is suspected or established, screening for hepatocellular carcinoma and 
for esophageal varices should be performed, and preventive measures against some 
complications such as variceal bleeding or malnutrition can be instituted. In the set-
ting of advanced fi brosis or cirrhosis, abstinence from alcohol is necessary to avoid 
a more rapid decompensation. When hepatic decompensation or hepatocellular car-
cinoma has developed, liver transplantation may be necessary. Liver transplantation 
in children and adults is associated with excellent survival rates of 90 and 83 % in 5 
years, respectively [ 29 ]. Animal models of AAT liver disease have demonstrated a 
unique toxicity of nonsteroidal anti-infl ammatory drugs to the Pi * ZZ liver by 
increasing the production of the mutant Z protein [ 30 ], so it would be prudent to 
avoid the use of NSAIDS in this patient population. 

 Various directed therapies are currently under investigation for AATD. Similar 
to other genetic diseases,  gene therapy   for AAT have been demonstrated to succeed 
in mouse models, including one model where inhibition of the synthesis of the 
mutant Z protein by 80 % and generation of the normal M AAT protein were 
achieved with an exogenous mRNA incorporated into recombinant adeno- associated 
virus vectors, allowing prevention of liver disease and lung disease at the same time 
[ 31 ]. This therapy appears promising with its dual benefi ts, provided its effi cacy can 
be duplicated in humans and safety concerns can be overcome. The use of stem cells 
as a delivery tool has also been explored in mouse models, where gene transfer via 
lentivirally transduced hematopoietic stem cells has led to sustained human AAT 
expression [ 32 ]. Induced pluripotent stem cells (IPSC) have been used to correct the 
point mutation in individuals with AATD, and these corrected IPSC’s can differen-
tiate into hepatocyte-like cells in vitro with demonstrated ability to function when 
transplanted into the liver of a mouse [ 33 ]. 

 Studies on small molecules that may alter the folding process of the Z protein to 
prevent retention or polymerization and allow secretion or degradation have also 
been undertaken. A drug called 4-phenylbutyrate was able to increase the secretion 
of the mutant Z protein in cell culture and animal models [ 34 ], but unfortunately did 
not show this benefi t in humans [ 35 ]. Other drugs that have been studied in animal 
models include rapamycin and carbamazepine, which are aimed at inducing autoph-
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agic degration of the mutant Z protein in the endoplasmic reticulum and preventing 
its accumulation. These interventions have led to reduced fi brosis and reduced lev-
els of markers of liver injury [ 16 ,  28 ]. Known toxicities from these drugs in humans 
are a signifi cant concern, however, so a clinical trial of carbamazepine to treat 
AATD in humans is currently being conducted at doses that are much lower than 
those given  t  o animal models. At the present time, use of  carbamazepine and 
rapamycin   in AATD remain experimental.  

    Conclusions 

 Homozygous AATD is a common metabolic liver disease that affects children and 
adults with a highly variable penetrance and natural history that are infl uenced by 
other genetic and environmental modifi ers. Accumulation of the mutant Z protein in 
the hepatocyte ER activates an intracellular injury cascade of cell injury that leads 
to apoptotic cell death, fi brosis, and eventually in some individuals, cirrhosis. 
Currently, there is no specifi c treatment for liver disease from AATD other than sup-
portive measures, and liver transplantation if indicated, but promising avenues uti-
lizing  gene therapy  , stem cell transplantation, and stimulation of  autophagy   are 
currently under active investigation. 

       References 

    1.    Laurell C, Eriksson S. The electrophoretic alpha 1 globulin pattern of serum in alpha 1 anti-
trypsin defi ciency. Scan J Clin Lab Invest. 1963;15:132–40.  

     2.    Perlmutter DH. Alpha-1 antitrypsin defi ciency. In: Suchy F, Sokol R, Balisteri W, editors. 
Liver disease in children. 3rd ed. Philadelphia: Lippincott Williams & Wilkins; 2007.  

     3.    Nelson DR, Teckman J, Di Bisceglie AM, Brenner DA. Diagnosis and management of patients 
with alpha1-antitrypsin (A1AT) defi ciency. Clin Gastroenterol Hepatol. 2012;10(6):575–80.  

    4.    Lindblad D, Blomenkamp K, Teckman J. Alpha-1-antitrypsin mutant Z protein content in individ-
ual hepatocytes correlates with cell death in a mouse model. Hepatology. 2007;46(4):1228–35.  

    5.    Eriksson S. Discovery of alpha 1-antitrypsin defi ciency. Lung. 1990;168(Suppl):523–9.  
    6.    Lomas DA, Elliott PR, Sidhar SK, Foreman RC, Finch JT, Cox DW, et al. alpha 1-Antitrypsin 

Mmalton (Phe52-deleted) forms loop-sheet polymers in vivo. Evidence for the C sheet mecha-
nism of polymerization. J Biol Chem. 1995;270(28):16864–70.  

    7.    Lomas DA, Finch JT, Seyama K, Nukiwa T, Carrell RW. Alpha 1-antitrypsin Siiyama 
(Ser53 → Phe). Further evidence for intracellular loop-sheet polymerization. J Biol Chem. 
1993;268(21):15333–5.  

    8.    Eriksson S, Carlson J, Velez R. Risk of cirrhosis and primary liver cancer in alpha 1- antitrypsin 
defi ciency. N Engl J Med. 1986;314(12):736–9.  

    9.    Sveger T. The natural history of liver disease in alpha 1-antitrypsin defi cient children. Acta 
Paediatr Scand. 1988;77(6):847–51.  

    10.    Sveger T. Liver disease in alpha1-antitrypsin defi ciency detected by screening of 200,000 
infants. N Engl J Med. 1976;294(24):1316–21.  

     11.    Sveger T, Eriksson S. The liver in adolescents with alpha 1-antitrypsin defi ciency. Hepatology. 
1995;22(2):514–7.  

H.S. Te



337

    12.    Lomas DA, Mahadeva R. Alpha1-antitrypsin polymerization and the serpinopathies: pathobi-
ology and prospects for therapy. J Clin Invest. 2002;110(11):1585–90.  

    13.    Qu D, Teckman JH, Omura S, Perlmutter DH. Degradation of a mutant secretory protein, 
alpha1-antitrypsin Z, in the endoplasmic reticulum requires proteasome activity. J Biol Chem. 
1996;271(37):22791–5.  

    14.    Wu Y, Whitman I, Molmenti E, Moore K, Hippenmeyer P, Perlmutter DH. A lag in intra-
cellular degradation of mutant alpha 1-antitrypsin correlates with the liver disease phe-
notype in homozygous PiZZ alpha 1-antitrypsin defi ciency. Proc Natl Acad Sci U S A. 
1994;91(19):9014–8.  

    15.    Hidvegi T, Ewing M, Hale P, Dippold C, Beckett C, Kemp C, et al. An autophagy-enhancing 
drug promotes degradation of mutant alpha1-antitrypsin Z and reduces hepatic fi brosis. 
Science. 2010;329(5988):229–32.  

     16.    Kaushal S, Annamali M, Blomenkamp K, Rudnick D, Halloran D, Brunt EM, et al. Rapamycin 
reduces intrahepatic alpha-1-antitrypsin mutant Z protein polymers and liver injury in a mouse 
model. Exp Biol Med. 2010;235(6):700–9.  

     17.    Perlmutter DH. Alpha-1-antitrypsin defi ciency: diagnosis and treatment. Clin Liver Dis. 
2004;8(4):839–59. viii–ix.  

    18.    Hope PL, Hall MA, Millward-Sadler GH, Normand IC. Alpha-1-antitrypsin defi ciency pre-
senting as a bleeding diathesis in the newborn. Arch Dis Child. 1982;57(1):68–70.  

    19.    von Schonfeld J, Breuer N, Zotz R, Liedmann H, Wencker M, Beste M, et al. Liver function in 
patients with pulmonary emphysema due to severe alpha-1-antitrypsin defi ciency (Pi ZZ). 
Digestion. 1996;57(3):165–9.  

    20.    Yunis EJ, Agostini Jr RM, Glew RH. Fine structural observations of the liver in alpha-1- 
antitrypsin defi ciency. Am J Pathol. 1976;82(2):265–86.  

    21.    Teckman JH, Jain A. Advances in alpha-1-antitrypsin defi ciency liver disease. Curr 
Gastroenterol Rep. 2014;16(1):367.  

    22.    Silverman EK, Sandhaus RA. Clinical practice. Alpha1-antitrypsin defi ciency. N Engl J Med. 
2009;360(26):2749–57.  

    23.    Morris H, Morgan MD, Wood AM, Smith SW, Ekeowa UI, Herrmann K, et al. ANCA- 
associated vasculitis is linked to carriage of the Z allele of alpha(1) antitrypsin and its poly-
mers. Ann Rheum Dis. 2011;70(10):1851–6.  

    24.    Lyons PA, Rayner TF, Trivedi S, Holle JU, Watts RA, Jayne DR, et al. Genetically distinct 
subsets within ANCA-associated vasculitis. N Engl J Med. 2012;367(3):214–23.  

    25.    Lyon MJ. Metabolic panniculitis: alpha-1 antitrypsin defi ciency panniculitis and pancreatic 
panniculitis. Dermatol Ther. 2010;23(4):368–74.  

    26.    Valverde R, Rosales B, Ortiz-de Frutos FJ, Rodriguez-Peralto JL, Ortiz-Romero PL. Alpha-1- 
antitrypsin defi ciency panniculitis. Dermatol Clin. 2008;26(4):447–51. vi.  

    27.    Turner AM. Alpha-1 antitrypsin defi ciency: new developments in augmentation and other 
therapies. BioDrugs. 2013;27(6):547–58.  

     28.    Lykavieris P, Ducot B, Lachaux A, Dabadie A, Broue P, Sarles J, et al. Liver disease associated 
with ZZ alpha1-antitrypsin defi ciency and ursodeoxycholic acid therapy in children. J Pediatr 
Gastroenterol Nutr. 2008;47(5):623–9.  

    29.    Kemmer N, Kaiser T, Zacharias V, Neff GW. Alpha-1-antitrypsin defi ciency: outcomes after 
liver transplantation. Transplant Proc. 2008;40(5):1492–4.  

    30.    Rudnick DA, Shikapwashya O, Blomenkamp K, Teckman JH. Indomethacin increases liver 
damage in a murine model of liver injury from alpha-1-antitrypsin defi ciency. Hepatology. 
2006;44(4):976–82.  

    31.    Mueller C, Tang Q, Gruntman A, Blomenkamp K, Teckman J, Song L, et al. Sustained 
miRNA-mediated knockdown of mutant AAT with simultaneous augmentation of wild-type 
AAT has minimal effect on global liver miRNA profi les. Mol Ther. 2012;20(3):590–600.  

    32.    Wilson AA, Kwok LW, Hovav AH, Ohle SJ, Little FF, Fine A, et al. Sustained expression of 
alpha1-antitrypsin after transplantation of manipulated hematopoietic stem cells. Am J Respir 
Cell Mol Biol. 2008;39(2):133–41.  

19 Metabolic and Genetic Liver Diseases: Alpha-1 Anti-trypsin Defi ciency



338

    33.    Yusa K, Rashid ST, Strick-Marchand H, Varela I, Liu PQ, Paschon DE, et al. Targeted gene 
correction of alpha1-antitrypsin defi ciency in induced pluripotent stem cells. Nature. 
2011;478(7369):391–4.  

    34.    Burrows JA, Willis LK, Perlmutter DH. Chemical chaperones mediate increased secretion 
of mutant alpha 1-antitrypsin (alpha 1-AT) Z: a potential pharmacological strategy for pre-
vention of liver injury and emphysema in alpha 1-AT defi ciency. Proc Natl Acad Sci U S A. 
2000;97(4):1796–801.  

    35.    Teckman JH. Lack of effect of oral 4-phenylbutyrate on serum alpha-1-antitrypsin in patients 
with alpha-1-antitrypsin defi ciency: a preliminary study. J Pediatr Gastroenterol Nutr. 
2004;39(1):34–7.  

    36.   Wise RA. Alpha-1 antitrypsin defi ciency. In: Porter R, editor. Merck manual of diagnosis and 
therapy. Whitehouse Station, NJ: Merck Sharp & Dohme Corp, a subsidiary of Merck & Co, 
Inc.; 2014 [updated June 2014; cited 2015 January 2, 2015].   http://www.merckmanuals.com/
professional/pulmonary_disorders/chronic_obstructive_pulmonary_disease_and_related_dis-
orders/alpha-1_antitrypsin_defi ciency.html    . Accessed 2 Jan 2015.    

H.S. Te

http://www.merckmanuals.com/professional/pulmonary_disorders/chronic_obstructive_pulmonary_disease_and_related_disorders/alpha-1_antitrypsin_deficiency.html
http://www.merckmanuals.com/professional/pulmonary_disorders/chronic_obstructive_pulmonary_disease_and_related_disorders/alpha-1_antitrypsin_deficiency.html
http://www.merckmanuals.com/professional/pulmonary_disorders/chronic_obstructive_pulmonary_disease_and_related_disorders/alpha-1_antitrypsin_deficiency.html


339© Springer International Publishing Switzerland 2017 
K. Saeian, R. Shaker (eds.), Liver Disorders, 
DOI 10.1007/978-3-319-30103-7_20

Chapter 20
Metabolic and Genetic Liver Diseases: 
Hemochromatosis

Matthew J. Stotts and Bruce R. Bacon

 1. What are the most common symptoms of patients with hereditary hemochromatosis?
Currently, the majority of patients with hereditary hemochromatosis (HH) are 

identified through routine screening laboratory tests, or through screening family 
members of a patient with the disease. Patients identified in this manner usually 
have no symptoms or physical examination findings.

When symptoms do occur, they are typically nonspecific and include fatigue 
and lethargy. Eventually, patients may develop more organ-specific symptoms 
or signs—such as joint pains and “bronzed” or grayish skin pigmentation—as 
well as symptoms related to HH complications such as chronic liver disease, 
congestive heart failure, and diabetes.

 2. How is the diagnosis of hemochromatosis made?
Patients with abnormal iron studies or liver function tests, symptoms or signs 

of hemochromatosis, or with a positive family history should be evaluated for 
the possible diagnosis of hemochromatosis.

Initial evaluation should include serum iron, total iron-binding capacity 
(TIBC, or transferrin), and serum ferritin. The transferrin saturation (TS) should 
be calculated from the ratio of iron to TIBC. If the TS is greater than 45 % or if 
the serum ferritin is elevated, the diagnosis should be strongly considered and 
HFE mutation analysis should be performed.

If a patient is homozygous for the C282Y allele or a compound heterozygote 
(C282Y/H63D) with abnormal iron studies as described above, they are consid-
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ered to have HH. For compound heterozygotes, other etiologies of liver disease 
should be additionally considered.

 3. What is the role of magnetic resonance imaging (MRI) in the diagnosis and man-
agement of hemochromatosis?

Given that the diagnosis of HH can be made based on serum iron studies and 
genetic testing, noninvasive assessment of hepatic iron concentration (HIC) is 
unlikely to aid in the diagnosis or management of these patients. When secondary 
causes of iron overload are present, however, ferritin is not a reliable predictor of 
total body iron stores. In this setting, a noninvasive and reliable measurement of 
HIC makes MRI an attractive modality, as it could aid in assessing the degree of 
iron overload in addition to monitoring iron stores with appropriate treatment.

The use of MRI to assess HIC is currently limited to use in a few centers with 
special interest, as the diagnostic accuracy remains unclear. A recent rigorous 
meta-analysis noted substantial heterogeneity among the available literature, 
with studies using different MRI sequences and different thresholds for positiv-
ity [1]. More studies will need to be performed to make any firm conclusions 
regarding the use of MRI to measure HIC. A specific MRI protocol called 
FerriScan may have increased utility in this situation [2].

 4. What is the treatment for a patient with hereditary hemochromatosis?
The treatment of HH is relatively straightforward and requires serial phle-

botomy to deplete excess iron stores. Once the serum ferritin is <50 μg/L and the 
transferrin saturation is <50 %, the majority of excessive iron stores have been 
depleted. At this point, most patients can begin a regimen of maintenance phle-
botomy, typically 1 unit every 2–3 months.

With treatment, patients typically have less fatigue and less abdominal pain. 
Liver enzymes and cardiac function may improve, and glucose intolerance may 
become more easily managed. Advanced cirrhosis, hypogonadism, and arthrop-
athy typically do not improve with phlebotomy.

 5. What is the prognosis?
Patients diagnosed and treated before developing cirrhosis should expect a normal life 

span. Among patients not diagnosed and treated early, common causes of death include 
complications of chronic liver disease and the development of hepatocellular carcinoma.

 6. Should the family members of patients with hemochromatosis be screened?
Once a patient with hemochromatosis is identified, all first-degree relatives should 

be offered screening. This is done by obtaining both HFE mutation analysis (for C282Y 
and H63D mutations) and tests for transferrin saturation and ferritin simultaneously. If 
a relative is found to be a C282Y homozygote or a compound heterozygote (C282Y/
H63D) and has abnormally elevated iron studies, they have the diagnosis of HH.

 Introduction

Hereditary hemochromatosis (HH) refers to a group of iron metabolism disorders 
that can result in chronic deposition of iron into tissues. Left untreated, this rela-
tively common disorder can result in life-threatening complications—including the 
development of cirrhosis, hepatocellular carcinoma, diabetes, and heart disease.
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The principal underlying abnormality of the HFE gene was first described in 
1996, identified as a missense mutation leading to a tyrosine for cysteine substitu-
tion at amino acid position 282 of the HFE protein [3]. Patients who are homozy-
gous for this defect, known as C282Y, account for approximately 80–85 % of HH 
patients [4]. Two other regularly identified mutations of the HFE gene, H63D, and 
S65C, are generally not associated with iron overload unless they are a compound 
heterozygote with a C282Y mutation. Other inherited iron overload syndromes may 
occur independently of the HFE gene; these are thought to result from mutations of 
genes coding for iron regulatory proteins, namely hepcidin, hemojuvelin, transfer-
rin receptor 2, and ferroportin [5]. These underlying mutations result in increased 
and inappropriate intestinal iron absorption, resulting from low expression of the 
iron-regulatory protein hepcidin [6, 7].

As iron is deposited into tissue, it interacts with oxygen to produce superoxide 
and hydroxyl radicals that can damage critical cell components. Long-standing iron 
overload can result in end-organ consequences. With early diagnosis and appropri-
ate treatment, however, patients with HH can expect to have a normal lifespan and 
effectively halt disease progression [8].

 Classification of Hemochromatosis: Primary 
Versus Secondary Iron Overload Syndromes

The classification of iron overload is typically divided into three groups: those with 
inherited causes (primary or hereditary hemochromatosis), those with various 
causes of secondary iron overload, and those with parenteral iron overload.

Of the primary form (HH), approximately 85–90 % of patients are homozygous 
for C282Y. A minority of patients are compound heterozygotes (meaning one allele 
has C282Y and one has either H63D or S65C). The remaining hereditary forms 
likely involve mutations in other genes of iron homeostasis.

Secondary iron overload occurs when the intestine absorbs excessive amounts of 
iron, caused by some other stimulus. Examples include various forms of anemia due 
to ineffective erythropoiesis (such as thalassemia, aplastic anemia, and some 
patients with sickle cell anemia), chronic liver disease, and, more rarely, an exces-
sive intake of medicinal iron.

In instances of parenteral iron overload, patients receive excessive iron as either 
red blood cell transfusions or as parenteral iron. Over time, these patients can 
become significantly iron overloaded.

 Epidemiology

Hereditary hemochromatosis is considered the most common known genetic disorder 
identified in Caucasians. It is inherited in an autosomal recessive fashion. The C282Y 
allele likely originated in Northern Europe—it is very common among descendants of 
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the Celtic population. Prospective population studies show that one in eight people 
with European heritage are heterozygous for the trait and roughly one in 200–220 are 
homozygous [5, 9, 10]. It is important to note that only homozygotes (and occasion-
ally C282Y/H63D compound heterozygotes) are at risk for developing serious iron 
overload, whereas heterozygotes have near normal iron metabolism and do not 
develop the disease.

The disease’s clinical penetrance is variable, with studies indicating that approxi-
mately 70 % of C282Y homozygotes develop evidence of iron overload, of which 
fewer than 10 % develop severe iron overload accompanied by organ damage [11, 
12]. In this setting, the European Association for the Study of the Liver (EASL) 
recognizes different stages of HH. Stage 1 refers to the “genetic susceptibility” for 
the disorder without increased iron stores, Stage 2 refers to those with evidence of 
iron overload without tissue or organ damage, and Stage 3 refers to those with iron 
overload who have developed tissue and organ damage [13].

 Pathophysiology

The underlying pathophysiologic mechanisms of HH fall into the following four 
main categories: increased absorption of dietary iron, decreased expression of hep-
cidin (the iron-regulatory hormone), altered function of the HFE protein, and iron- 
induced tissue injury and fibrogenesis.

Increased Intestinal Iron Absorption: The earliest association between the HFE pro-
tein and iron metabolism occurred when the HFE protein (along with 
β2-microglobulin) was discovered to form a complex with the transferrin receptor-1 
(TfR1) [14]. This association was observed in duodenal crypt enterocytes, which 
are considered to be the predominant sites of iron absorption in the intestine. This 
prompted a number of studies examining the effect of the HFE protein on iron 
uptake. This so-called crypt cell hypothesis is now regarded as less essential in the 
development of iron overload since hepcidin emerged as a key regulator in iron 
metabolism.

Hepcidin: Considered the principal iron-regulatory hormone, hepcidin is expressed 
predominantly in hepatocytes [15]. It is then secreted into the circulation, where it 
binds to ferroportin in macrophages and ferroportin on the basolateral surface of 
enterocytes. The ferroportin is then internalized and degraded, thereby inhibiting 
iron export [16].

By way of this process, hepcidin prevents iron absorption. Excess iron and 
inflammation induces hepcidin expression, resulting in decreased iron absorption 
and decreased iron release from macrophages [15]. Iron deficiency decreases hepci-
din expression, resulting in increased iron absorption. Patients with mutations of the 
genes for HFE, hemojuvelin, hepcidin, or TfR2 will have inappropriate iron absorp-
tion as a result of decreased hepcidin expression [15].
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HFE protein: The HFE gene encodes a 343-amino acid protein that consists of a 
large extracellular domain, a single transmembrane domain, and a short cytoplas-
mic tail [3]. The extracellular domain consists of three loops (α1, α2, α3) with intra-
molecular disulfide bonds within the α2 and α3 loops. Its structure is similar to other 
major histocompatibility complex (MHC) class I proteins, although evidence indi-
cates that it does not participate in antigen presentation [17].

The major mutation of HH, the C282Y mutation, is a missense mutation that 
results in a substitution of tyrosine for cysteine at amino acid position 282, abolish-
ing the disulfide bond in the α3 loop [3]. This subsequently interferes with the inter-
action of the HFE protein and β2-microglobulin, resulting in decreased presentation 
to the cell surface and increased rates of degradation.

The major mechanism by which HFE influences iron-dependent regulation of 
hepcidin remains uncertain. HFE can bind to both TfR2 and the classic transferrin 
receptor, TfR1 [18, 19]. Additionally, both HFE and TfR2 may interact with HJV, 
suggesting that an HFE and TfR2 complex may regulate BMP6 signaling [20]. It 
has been proposed that the complex of HFE acts as an iron sensor at the cell mem-
brane of the hepatocyte [19]. As transferrin saturation (TS) increases, the HFE pro-
tein is displaced from TfR1, making it available to bind to TfR2. The complex of 
HFE and TfR2 has been postulated to influence hepcidin expression [21].

Iron-Induced Liver Damage: Experimental iron overload in the liver has been shown 
to cause iron-dependent oxidative damage and associated impairment of membrane-
dependent function of mitochondria, microsomes, and lysosomes [22, 23]. One 
hypothesis is that hepatocyte iron-induced lipid peroxidation causes hepatocellular 
injury and death. Byproducts then activate Kupffer cells, which produce profibro-
genic cytokines and stimulate hepatic stellate cells to increase collagen synthesis 
and hepatic fibrinogenesis [24].

 Clinical Features

The clinical course of HH involves progressive iron accumulation over decades. 
The first biochemical abnormality seen is elevated transferrin saturation (TS), with 
a subsequent rise of ferritin that occurs with a progressive increase in iron stores. 
Patients may develop nonspecific symptoms that commonly include weakness or 
lethargy, right upper quadrant abdominal pain, arthralgias (typically of the second 
and third metacarpophalangeal joints), chondrocalcinosis, impotence, and 
decreased libido. They may also develop porphyria cutanea tarda, a blistering skin 
rash that occurs in sun-exposed areas. With progressive disease, iron deposition in 
the pancreas leads to loss of beta cell function and the development of diabetes 
mellitus. Cardiomyopathy can develop. Cirrhosis can develop insidiously, often 
with normal or minimally elevated transaminases. The classic description of 
“bronze diabetes” refers to the bronzed or slate-gray skin changes, which requires 
careful clinical observation.
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It is important to note the variable penetrance of the disease for those patients 
with HH, as not all patients with the genetic abnormality will go on to develop 
disease. In large population studies, approximately 70 % of patients who are 
homozygous for C282Y have been shown to have an elevated ferritin, of whom 
only a small percentage develop the clinical consequences of iron storage disease 
[9, 11, 12]. In addition, older case series, wherein patients were diagnosed based 
on symptoms or examination findings, have shown that men typically presented 
10 years earlier and ten times more frequently than women [5]. This difference is 
likely due to women experiencing progressive iron losses from menstruation and 
iron loss during pregnancy.

Over the last several decades, a notable transition has occurred in the presenta-
tion of patients with hemochromatosis. In case series from the 1950s to the 1980s, 
most patients identified had the classic signs and symptoms as described above 
[25–27]. Through the 1990s, however, patients with HH were identified increas-
ingly by abnormal iron studies on routine labs or through family screening. In this 
setting, approximately 75 % of those identified did not exhibit any symptoms or 
manifestations of advanced disease [28, 29].

 Diagnosis

Persons should undergo evaluation for the diagnosis of HH if they have a fam-
ily history of HH, suspected symptoms or organ involvement, or abnormal 
laboratory or radiographic findings suggestive of iron overload. All patients 
with abnormal liver function should have iron studies at some point in their 
evaluation [5].

The diagnosis of HH is based on documentation of increased iron stores, namely 
an elevation in serum ferritin, in addition to genotypic evidence of being homozy-
gous for C282Y or a compound heterozygote for C282Y/H63D.

The diagnostic approach for HH is shown in Fig. 20.1, adapted from the guide-
lines of the American Association for the Study of Liver Diseases (AASLD) [5]. 
While patients with first degree relatives should be screened with both iron studies 
and HFE genotype (see below), the recommended algorithm for both symptomatic 
and asymptomatic patients is to first obtain both a serum transferrin saturation and 
ferritin level. Transferrin saturation (TS) is calculated as follows:

 TransferrinSaturation Iron TIBC= ( )´/ %100  

The recommended cutoff for TS is 45 %—higher values are considered abnor-
mal and warrant further evaluation. Note that abnormal TS is often the earliest phe-
notypic manifestation of HFE-related HH.

While serum ferritin has less variability than TS, ferritin is often falsely posi-
tive in multiple inflammatory conditions. These include necroinflammatory liver 
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diseases such as alcoholic liver disease, chronic hepatitis B and C, and nonalco-
holic fatty liver disease (NAFLD). In this setting, ferritin is considered a nonspe-
cific finding. In the absence of inflammation, however, serum ferritin concentration 
provides a valuable correlation with the degree of total body iron stores. In the 
HEIRS study (HEmochromatosis and IRon overload Screening) of 99,711 North 
American participants, serum ferritin levels were found to be elevated in 57 % of 
female and 88 % of males who were C282Y homozygotes [9]. In addition, serum 
ferritin levels have been shown to predict advanced fibrosis and cirrhosis in 
patients with HH (see below).

If both the ferritin level is normal and the transferrin saturation is less than 45 %, 
no further evaluation is required. Evidence for this includes a study of young 
patients under the age of 35, where this combination of laboratory findings had a 
negative predictive value of 97 % for excluding iron overload [30].

If either test is abnormal (TS ≥ 45 % or ferritin > the upper limit of normal), fur-
ther workup with HFE mutation analysis should be performed.

Once HFE genotyping is performed, it is important to know how to interpret 
the results (see Fig. 20.2). If the patient is found homozygous for C282Y, they 
have hereditary hemochromatosis and should be managed accordingly. If they 
are compound heterozygotes (C282Y/H63D), they may have iron overload, but 
other causes of their symptoms or laboratory abnormalities should be consid-
ered. Liver biopsy may be useful (see below). If the patient is found to be non-
C282Y or a C282Y heterozygote, they are not at risk for significant iron 
overload.

Abnormal liver test
Suspected signs or symptoms of HH

Abnormal laboratory or radiographic findings suggesting iron overload

Adult 1st Degree
Relative of HH

Check serum ferritin and transferrin
saturation (TS) 

Normal ferritin
And

TS < 45%

No further evaluation

Elevated ferritin
and/or

TS ≥ 45%

Obtain HFE Genotype
(see figure 2)

Fig. 20.1 Clinical algorithm for the evaluation of possible HFE-related hereditary 
hemochromatosis
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 The Role of Liver Biopsy

With readily available genetic testing of the HFE gene, liver biopsy has become 
less important in the diagnosis of HH. Its primary role is to establish the pres-
ence of advanced fibrosis or cirrhosis, in addition to assisting when the diagno-
sis is unclear.

For patients with a known diagnosis of HH, the decision to perform a liver 
biopsy can be made based on laboratory parameters. If a patient is found to be 
C282Y homozygous or C282Y/H63D compound heterozygous with a ferritin 
level lower than 1000 μg/L and normal liver tests, they can be managed with phle-
botomy without performing a liver biopsy. A ferritin of <1000 μg/L has been 
found to be an accurate predictor for the absence of cirrhosis [31, 32]. In a study 
of 670 asymptomatic C282Y homozygotes, 350 patients with an elevated serum 
ferritin (with a cutoff of 500 μg/L) or abnormal liver tests or hepatomegaly under-
went a liver biopsy [32]. Cirrhosis was discovered in 5.6 % of males and 1.9 % of 
females. In this study, ferritin >1000 μg/L had 100 % sensitivity and 70 % speci-
ficity for identifying cirrhosis; specifically, no subject with a ferritin of <1000 μg/L 
had cirrhosis. Fewer than 2 % of C282Y homozygotes with a ferritin of <1000 μg/L 
at the time of diagnosis have cirrhosis or fibrosis in the absence of other risk fac-
tors [31, 33]. It should be noted, however, that alcohol changes the risk of devel-
oping cirrhosis. A study has shown that large amounts of alcohol consumption of 
greater than 60 g of alcohol a day noted that >60 % of patients with HH had cir-
rhosis, compared to <7 % of those who consumed less [34].

Obtain HFE Genotype (see figure 1)  

C282Y heterozygote
or Non-C282Y

Compound
Heterozygote
(C282Y/H63D)

C282Y/C282Y 
Homozygote

Ferritin < 1000 µg/L and
normal liver enzymes

Ferritin > 1000 µg/L or
elevated liver enzymes

Liver Biopsy +
Initiate PhlebotomyInitiate Phlebotomy

Consider alternative
diagnosis

± Liver Biopsy
± Initiate

Phlebotomy

Fig. 20.2 Clinical algorithm for the evaluation of possible HFE-related hereditary hemochroma-
tosis in patients with abnormal iron studies or a pertinent family history (see Fig. 20.1)
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If the diagnosis is in question—and especially if the patient is not homozygous 
for C282Y—a liver biopsy should be considered to evaluate for other causes of liver 
disease.

When performed, a liver biopsy should include Perls’ Prussian blue stains for the 
evaluation of hepatic iron stores (see Fig. 20.3). In addition, a portion of the liver can 
be obtained for the measurement of hepatic iron concentration (HIC). A hepatic iron 
index (HII) can be obtained which measures the rate of hepatic iron accretion; this is 

Fig. 20.3 Histology of HFE-related hereditary hemochromatosis. (a) This liver biopsy sample 
was obtained from a 53-year-old C282Y homozygous female who presented with a ferritin level 
of 1873 ng/mL and a transferrin saturation of 61 %. With Perls’ Prussian blue staining, iron deposi-
tion is seen in perisinusoidal hepatocytes. (b) In this specimen taken from another patient with 
HFE-related hereditary hemochromatosis, iron deposition is seen much greater in the periportal 
zone (acinar zone 1) than in the centrilobular zone (acinar zone 3)
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calculated by dividing the HIC (in μmol/g) by the patient’s age in years, based on the 
concept that homozygotes would continue to absorb excess dietary iron throughout a 
lifetime. This is no longer routinely used but is useful in certain scenarios.

The AASLD recommends performing a biopsy in patients who are homozy-
gous for C282Y or compound heterozygotes if liver enzymes (ALT, AST) are 
elevated or if the serum ferritin is >1000 μg/L. In patients with non-HFE-related 
HH, biopsy may provide diagnostic information, given that many patients with 
other liver diseases (such as ALD, NAFLD, chronic viral hepatitis) can have 
abnormal serum iron studies. When secondary iron overload occurs with other 
liver diseases, iron deposition is usually mild and generally occurs in perisinusoi-
dal lining cells (Kupffer cells) and hepatocytes in a panlobular distribution [35]. 
In patients with non-HFE- related HH, data on hepatic iron concentration is use-
ful, along with histopathologic iron staining, to determine the degree and cellular 
distribution of iron loading.

 Clinical Management: Phlebotomy

While there has never been a randomized controlled trial of phlebotomy in the treat-
ment of HH, evidence exists that the initiation of phlebotomy prior to the develop-
ment of cirrhosis significantly reduces the associated morbidity and mortality [8]. A 
prospective study has demonstrated that the prognosis and development of compli-
cations depends on the amount and duration of iron excess, and that early diagnosis 
and treatment prior to the development of cirrhosis or diabetes could increase sur-
vival of patients with HH to that of the normal population [8]. In this setting, phle-
botomy is considered the mainstay of treatment.

The decision to initiate phlebotomy in a patient with HH is based on the known 
survival benefit of early diagnosis and treatment. Patients with evidence of end 
organ damage (including abnormal liver tests) due to iron overload should undergo 
treatment. Considering asymptomatic patients who are homozygous for C282Y 
with an elevated ferritin and normal liver tests is more difficult given limited lon-
gitudinal data. However, because phlebotomy is easy and safe, in addition to the 
societal benefit of blood donation, current guidelines favor the initiation of pro-
phylactic phlebotomy in these patients. Patients without iron overload (e.g. those 
with the genetic susceptibility but with a normal ferritin level) would be unlikely 
to benefit from therapy.

In addition to preventing progression of disease, clinical symptoms likely to 
be improved by phlebotomy include malaise, fatigue, skin pigmentation, and, if 
diabetic, insulin requirements. Symptoms less responsive to phlebotomy include 
arthropathy and testicular atrophy. Patients with established cirrhosis should not 
expect reversal, although reversal of hepatic fibrosis can be seen. Patients with 
established cirrhosis will continue to have an increased risk of the development 
of hepatocellular carcinoma despite depletion of iron stores and should continue 
to be screened.
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Consensus guidelines from the American Association for the Study of Liver 
Disease (AASLD) provide recommendations for phlebotomy in these patients, with 
the goal of reducing total body iron stores while avoiding development of anemia of 
blood loss or eventual iron-deficiency [5]. Most patients in this setting are able to 
tolerate the removal of 1 unit of blood per week—younger patients can potentially 
tolerate 2 units a week. Each unit of blood contains an estimated 200–250 mg of iron. 
While a normal individual’s total body iron averages 3–4 g, patients with hemochro-
matosis can have total body stores of greater than 20 g of iron. In this context, phle-
botomy may require 2–3 years to adequately reduce stores. Each phlebotomy should 
be preceded by the measurement of a hemoglobin or hematocrit to ensure that these 
are not reduced by more than 20 % of the starting baseline values. In addition, serum 
ferritin levels should be measured after every 10–12 phlebotomies (roughly once 
every 3 months) in the initial stages of treatment. Once this value falls to 50–100 μg/L, 
the clinician can be confident that excess iron stores have been mobilized and 
depleted. To prevent the development of iron deficiency, serum ferritin levels may 
need to be followed closely as phlebotomy approaches these goal values.

Once the serum ferritin is at goal, patients should be monitored for iron reaccu-
mulation with a target goal of a ferritin of 50–100 μg/L. Initially, checking ferritin 
levels every 3 months is useful for monitoring for the presence of excess iron. Most 
patients will require maintenance phlebotomy of 1 unit every 2–3 months, though 
this rate varies as some patients may not require maintenance phlebotomy, while 
others may require it monthly.

Vitamin C supplementation should be avoided in patients undergoing phlebot-
omy because it is known to accelerate the mobilization of iron to a level that may 
saturate the circulating transferrin and result in an increase in free radical activity 
[36]. This may be associated with an increased risk of sudden cardiac death in 
patients with advanced disease. No dietary adjustments are necessary, however.

Iron chelators are not recommended unless phlebotomy is contraindicated, as 
with instances of patients with severe anemias or dyserythropoeitic syndromes. 
Table 20.1 summarizes treatment strategies for patients with hemochromatosis.

Blood removed by phlebotomy from patients with hereditary hemochromatosis 
has been deemed safe for donation by the American Red Cross and the US Food and 
Drug Administration [37].

 Clinical Management: Hepatocellular Cancer Screening

Hepatocellular carcinoma has long been associated with HH and is a major life- 
threatening complication that can develop [27]. The relative risk for the develop-
ment of HCC is approximately 20, with an annual incidence of 3–4 %. This increased 
risk may be due to iron overload promoting hepatic carcinogenesis via free radicals. 
Theoretically, this risk would be decreased by reducing iron stores via phlebotomy. 
However, the risk of HCC is not eliminated by phlebotomy in HH patients with 
cirrhosis.
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Given this risk, HH patients with cirrhosis should undergo screening for HCC at 
6 month intervals as per AASLD guidelines [38]. Ultrasonography is the most widely 
used test for surveillance and is in line with current recommendations. AFP (serum 
alpha-fetoprotein) is an inadequate screening test and is not recommended [38].

 Clinical Management: Transplant Considerations

With the development of decompensated cirrhosis or early-stage HCC, liver trans-
plantation can be life-saving. In the past, the survival of patients with hemochroma-
tosis was lower than that of patients undergoing liver transplantation for other 
causes, with deaths usually occurring in the perioperative period and related to 
infectious or cardiac conditions [39–41]. These complications may have been sec-
ondary to inadequate removal of excess iron stores prior to performing liver trans-
plantation. Survival after liver transplantation is currently comparable to that of 
other patients [42].

 Family Screening

Once a patient with hereditary hemochromatosis is identified, screening should be 
offered to screen all first-degree relatives [5]. For ease of testing, HFE mutation 
analysis (to obtain the genotype) in addition to iron studies (ferritin and transferrin 
saturation, to obtain the phenotype) should be performed simultaneously. This will 
allow for the detection of early disease and prevention of complications.

For children of an identified homozygous patient, HFE testing of the other parent 
can be useful. If the other parent has normal HFE testing, the child will be an obli-
gate heterozygote and will not need further workup as they are not at risk for iron 
overload. However, if the other parent is a C282Y heterozygote, their offspring have 
a 50 % chance of being homozygous.

Table 20.1 Recommended treatment strategy of patients with hemochromatosis

Treatment of hereditary hemochromatosis

One phlebotomy (removal of 500 mL blood) weekly or biweekly

Check hemoglobin/hematocrit prior to each phlebotomy

  Allow no more than a 20 % decrease from baseline

Check serum ferritin every 10–12 phlebotomies

Stop frequent phlebotomy when serum ferritin reaches 50–100 μg/L

Avoid vitamin C supplements

Note: patients with secondary iron overload due to dyserythropoiesis may require iron chelators
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C282Y heterozygotes and H63D heterozygotes are not at risk of developing iron 
overload and should be reassured accordingly. Occasionally, H63D homozygotes can 
develop mild iron overload—though this is not thought to be clinically significant [43].

C282Y homozygotes or compound heterozygotes with an increased serum fer-
ritin should be initiated with therapeutic phlebotomy. Those with normal ferritin 
should be followed with yearly iron studies.

 General Population Screening

Given the low clinical penetrance of the disease in addition to existing economic 
models, screening of the average risk general population is not recommended [5].

Future trends: Since the discovery of the HFE gene in 1996, there have been major 
advances in the understanding of the mechanisms that control iron regulation and 
absorption. Recognizing that early treatment will prevent the manifestations of HH, 
ongoing studies should be performed to assess the cost-effectiveness of targeted 
screening.
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    Chapter 21   
 Metabolic and Genetic Liver Diseases: 
Wilson’s Disease                     

     Syed     Rahman       and     Kia     Saeian     

          Patients’ Questions 

     1.    Question 1: How did I get Wilson's disease and are my siblings and/or  children   
also going to get it? 

 Patient level answer: Wilson's disease is passed on by a mutation in a gene. 
Genes come in pairs, with one gene in each pair coming from a parent. This 
genetic disorder is an autosomal recessive disorder, in which both genes in a pair 
need to be abnormal for the disease to be present, meaning that you need to inherit 
two abnormal genes from each of your parents. Please refer to Table  21.1  for a 
detailed explanation of genetic transmission based on individual scenarios. Of 
note, a carrier does not have the disease, but can pass genes to their children.

       2.    Question 2: How does my diet and intake of different  foods   affect the accumula-
tion of copper in my liver and other organs? 

 Patient level answer: Foods are absorbed, along with their respective copper 
content, in the intestines. Patients with Wilson's disease have impaired copper 
excretion, leading to unhealthy copper concentrations in the body. Patients with 
the disease, therefore, should generally avoid foods with high copper concentra-
tions. Foods that should be avoided include shellfi sh, nuts, chocolate, mush-
rooms, and organ meats. Patients need to keep in mind environmental exposures, 
such as copper pipes, containers, or cookware, which may increase copper levels 
in foods and drinks.   

   3.    Question 3: Besides changing my diet, how can my Wilson’s disease be treated? 
 Patient level answer: Wilson's disease can be treated with medications, 

including   D -penicillamine  ,  trientine  , and  zinc  .  D -penicillamine promotes urinary 
 copper excretion with an extensive side effect profi le complicated by skin, bone 
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marrow, liver, and kidney problems. Trientine also promotes urinary copper 
excretion, albeit with less potency, but also with fewer side effects.  Zinc   inter-
feres with the absorption of copper from the intestines; however, the most  prob-
lematic   side effect is gastric irritation. Lastly, antioxidants, specifi cally vitamin 
E, may serve as adjunctive therapy.   

   4.    Question 4: What can I expect and do I necessarily need a  liver transplant   down 
the line? 

 Patient level answer: Wilson's disease is present on a spectrum from patients 
who do not have symptoms to patients affl icted with hematological, ocular, hepatic, 
neurological, and/or psychiatric symptoms. Potential complications of Wilson’s 
disease include, but are not limited to, neurological disabilities, hemolytic anemia, 
scarring of the liver or cirrhosis, and, occasionally, cancer. Liver transplant is nec-
essary when medications fail or liver disease has progressed to liver failure.      

     Background   

 Wilson's disease (WD), or  hepatolenticular degeneration     , is an inherited autosomal 
recessive disease initially described by Samuel Alexander Kinnier Wilson in 1912, 
who initially described some of its protean neurological manifestations [ 1 ]. It is 
caused by a gene mutation on chromosome 13q 14.3 or  ATP7B gene encoding   a 
copper- transporting P-type ATPase  . The gene is expressed in hepatocytes and functions 
in the transmembrane transport of copper [ 2 – 4 ]. To identify and manage WD, a 
rudimentary understanding of copper metabolism is necessary. Copper is initially 
absorbed via enterocytes in the duodenum and proximal jejunum, transported 
through the portal circulation bound to albumin, and is eventually delivered to the 
liver. In the liver, copper is intracellularly bound to the protein metallothionein. 

   Table 21.1    Autosomal recessive inheritance in Wilson's disease from parents to children   

 Scenario (If the parents…)  Transmission (….then the children) 

 If both parents have the 
disease… 

 …then all children will have the disease 

 If one parent has the 
disease and one parent is a 
carrier… 

 …then there is a 50 % chance that the child will have the disease 
and a 50 % chance that the child will be a carrier 

 If only one parent has the 
disease… 

 …then all children will be carriers 

 If both parents are 
carriers… 

 …then there is a 25 % chance that the child will have the disease, a 
50 % chance that the child will be a carrier, and a 25 % chance that 
the child will not have the disease or be a carrier 

 If only one parent is a 
carrier… 

 …then there is a 50 % chance that the child will be a carrier and a 
50 % chance that the child will not have the disease or be a carrier 

 If neither parent has the 
disease and is not a 
carrier…. 

 ….then none of the children will have the disease or be a carrier 
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Any excess copper acts as a substrate for ATPase, with two major cellular functions: 
to incorporate copper into  ceruloplasmin   and to permit copper excretion via the 
biliary system. Ceruloplasmin not bound to copper is called  apoceruloplasmin     . 

 The prevalence of WD is 3–30 in one million individuals [ 5 ]. WD is generally 
diagnosed in patients between the ages of 3 and 35 years, although it can be diag-
nosed at any age. Clinicians should consider WD when confronting unexplained 
liver disease, elevated serum aminotransferase, or clinical features of chronic liver 
disease, particularly, but not necessarily, when concomitant neurological signs and 
symptoms are present [ 6 ]. Although there is no gold standard, a number of clinical 
and biochemical parameters defi ne WD. A high index of suspicion and appropriate 
interpretation of the testing is required for early recognition and treatment. 

 As no single test or fi nding defi nes WD, the clinician often uses the preponder-
ance of the evidence to make the diagnosis. The overlap of serological or histologi-
cal features with other disorders adds complexity to the diagnosis. For instance, 
serum immunoglobulins and autoantibodies classically seen in autoimmune hepati-
tis may be present in WD, as may plasma cells on histological evaluation from a 
liver biopsy. More importantly, patients with presumed autoimmune  hepatitis   
refractory to corticosteroid therapy should be assessed for WD.  

     Clinical Manifestations   

  Dysfunction   in copper metabolism consequently results in toxic copper accumulation 
in the blood, cornea, brain, and liver. This translates to a spectrum of expression rang-
ing from completely asymptomatic to symptomatic, classically resulting in hepatic 
and neurological sequelae. The variable and at times incomplete penetrance of the 
WD gene is responsible for the range of presentation, including its hepatic, neurologi-
cal, psychiatric, hematological, gastrointestinal, endocrinological, renal, cardiac, skel-
etal, and ocular symptoms (Fig.  21.1 ). Notably, neurological symptoms should prompt 
a neurological evaluation and radiographic imaging of the brain, preferably via mag-
netic resonance imaging (MRI). Specifi cally, proton-density MRI sequences remain 
sensitive in displaying the extent of neuropathology [ 7 ]. Histologically, astrocytes are 
increased within the gray matter associated with swollen glia, liquefaction, and spon-
giform degeneration. Clinically, in a case series of 25 patients with WD, 11 of the 25 
patients, or 44 %, presented with neurological symptoms [ 8 ]. Specifi cally, movement 
abnormalities are categorized as  akinetic–rigid syndromes  , similar to Parkinson’s dis-
ease, pseudosclerosis dominated by tremor, ataxia, and dystonic syndrome [ 9 ]. 
Behavioral and psychiatric symptoms, particularly in children, consist of personality 
changes and unstable behavior resulting in deteriorating school performance. In refer-
ence to hematological symptoms,  Coombs-negative hemolytic anemia   is often 
neglected as a presenting symptom in WD. Marked hemolysis is often associated with 
severe liver disease. Clinicians should also be aware of ocular signs and symptoms, in 
particular  Kayser–Fleischer rings   (Fig.  21.2 ) and sunfl ower  cataract  s caused by cop-
per deposition on Descemet’s membrane in the cornea and lens respectively, necessi-
tating a slit lamp examination [ 10 ,  11 ]. Up to 95 % of patients with neuropsychiatric 
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  Fig. 21.1    Signs and Symptoms in Wilson’s disease       

  Fig. 21.2    Kayser–
Fleischer ring. Printed with 
permission of British 
Journal of Ophthalmology       
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symptoms have Kayser–Fleischer rings, whereas they are less often encountered in 
those with a hepatic presentation. In a case  series   of 30 patients with WD, 14 out of 22 
or 63 % of patients without fulminant hepatic failure (FHF) and 6 out of 8 patients or 
75 % of patients with FHF presented with Kayser–Fleischer rings [ 12 ]. At the same 
time, the absence of  Kayser–Fleischer rings   does not exclude the diagnosis of WD 
and other cholestatic liver diseases (which may also result in excessive copper accu-
mulation due to decreased biliary excretion) have been associated with the develop-
ment of Kayser–Fleischer rings.

    The natural history of WD is variable, with the most worrisome complication being 
FHF. It is important to recognize characteristic clinical fi ndings in FHF (Table  21.2 ) 
[ 13 – 19 ]. Predominantly in young females (the female:male ratio is 4:1), FHF, if 
untreated, carries an almost 95 % risk of mortality [ 20 ]. Traditionally, a ratio of serum 
alkaline phosphatase to total bilirubin <1 has been believed to have 86 % sensitivity and 
50 % specifi city for a diagnosis of fulminant WD [ 21 ,  22 ], a more recent study by 
Korman et al. [ 23 ] reporting that an alkaline phosphatase to total bilirubin ratio of less 
than 4 yielded 94 % sensitivity and 96 % specifi city for FHF due to WD. Thus, a pro-
portionately low alkaline phosphatase level should be a clue to the clinician with regard 
to WD, particularly in the patient with FHF. A prognostic scoring system for WD 
(Table  21.3 ) was developed by Nazer et al. [ 24 ] with score of 7 and above suggestive 
of high mortality in a combined pediatric and adult WD population and subsequently, 
a modifi ed version based on bilirubin, aspartate aminotransferase, albumin, white cell 
count, and international normalized ratio was prospectively validated in a pediatric 
population (Table  21.4 ). Based on the new index, a score greater than 11 predicts a high 
risk of mortality, a requisite for liver transplantation with sensitivity 93 %, specifi city 
97 %, positive predictive value 92 %, and negative predictive value 97 % [ 25 ]. Patients 
with advanced fi brosis and cirrhosis are susceptible to complications associated with 
cirrhosis, which are detailed elsewhere in this text. Although copper chelation therapy 
does not  necessarily lead to regression of advanced fi brosis, disease stabilization with 
chelation therapy is the rule in those without a fulminant presentation, although a pro-
portion of patients, 15–20 %, experience a worsening of their neurological symptoms 
with chelation. Lastly, in a retrospective case series of 363 patients with WD, the fre-
quency of malignancy was 0, 4.2, 5.3, and 15 % in the <10 years age group, 10–19 
years, 20–29 years, and 30–39 years respectively. In general, malignancy, and particu-
larly hepatocellular  carcinoma  , is an uncommon complication of WD isolated to those 
with cirrhosis, who should be screened on a regular basis [ 26 ].

   Table 21.2    Characteristic clinical fi ndings in fulminant hepatic failure [ 13 – 19 ]   

 Clinical fi ndings 

 Coombs-negative hemolytic anemia with features of acute intravascular hemolysis 
 Coagulopathy nonresponsive to parenteral vitamin K 
 Rapid progression to renal failure 
 Serum aminotransferases (<2,000 IU/L) 
 Normal or subnormal serum alkaline phosphatase (<40 IU/L) with an alkaline phosphatase to 
total bilirubin ratio of less than 4 [ 23 ] 
 Female:male ratio 2:1 
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          Diagnosis   

 When the diagnosis of WD is suspected, initial testing should be pursued with 
serum  ceruloplasmin  , 24-h urinary copper excretion, and slit-lamp examination to 
assess for Kayser–Fleischer rings. When warranted based on this initial testing, 
further testing, including the serum free copper concentration, hepatic copper con-
centration based on biopsy, the   D -penicillamine   challenge  test  , and genetic testing 
are options that can be considered (Table  21.5 ) [ 13 ].

       Ceruloplasmin      

 An extremely low serum  ceruloplasmin   level <50 mg/L is highly suspicious for 
WD, but a serum  ceruloplasmin   within the normal range does not exclude the diag-
nosis, especially as  ceruloplasmin   is an acute phase reactant and ongoing infl amma-
tion may result in an “elevation” to within the normal range [ 13 ]. In a prospective 
study using serum  ceruloplasmin   as a screening test for WD of 2,867 patients tested, 
only 17 had a  ceruloplasmin   level <20 mg/L, and only 1 of these was confi rmed to 
have WD, proving that subnormal  ceruloplasmin   has a low positive predictive value 
[ 27 ]. Disorders resulting in protein loss, such as nephrotic syndrome and poor pro-
tein synthesis, such as end-stage liver disease, may also result in low  ceruloplasmin   
levels in the absence of WD.  

   Table 21.3    Prognostic index according to Nazer et al. [ 24 ]   

 Score 
 Serum bilirubin 
(μmol/L) 

 Serum aspartate 
(IU/L)  Prolongation in prothrombin time (s) 

 0  <100  <100  <4 
 1  100–150  100–150  4–8 
 2  151–200  151–200  9–12 
 3  201–300  201–300  13–20 
 4  >300  >300  >30 

   Table 21.4    New Wilson Index for predicting mortality [ 25 ]   

 Score 
 Bilirubin 
(μmol/L) 

 International 
normalized ratio 

 Aspartate 
(IU/L) 

 White cell 
count (10 9 /L) 

 Albumin 
(g/L) 

 0  0–100  0–1.29  0–100  0–6.7  >45 
 1  101–150  1.3–1.6  101–150  6.8–8.3  34–44 
 2  151–200  1.7–1.9  151–300  8.4–10.3  25–33 
 3  201–300  2.0–2.4  301–400  10.4–15.3  1–24 
 4  >301  >2.5  >401  >15.4  <20 
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    24-h  Urinary Copper Excretion      

 The 24-h urinary copper excretion measurement should be elevated (>100 μg/day) in 
patients with WD, but care must be taken to ascertain adequate urine collection (the 
volume and urine creatinine can confi rm adequacy). Care must also be taken to avoid 
contamination, as actions as simple as rinsing the container with tap water can poten-
tially falsely elevate the copper concentration. In patients with renal insuffi ciency or 
failure, this test is unfortunately not reliable. Measurement of urinary copper excre-
tion after a challenge by two doses of  D -penicillamine (e.g., 500 mg) 12 h apart, fol-
lowed by a 24-h urine collection, has been validated in the pediatric population as a 
sensitive diagnostic test, but because of the lack of validation in adults and variable 
dosing regimens reported, this test is not typically used in adult patients. 

 The fi ndings of low serum  ceruloplasmin  , high 24-h urinary copper excretion, 
and  Kayser–Fleischer rings   essentially point to a diagnosis of WD, but if there is a 
discrepancy amongst these fi ndings, further testing, particularly liver biopsy  with   
hepatic parenchymal copper quantitation and genetic testing, should be pursued.  

    Liver Biopsy and  Hepatic    Copper   Quantitation 

 Measurement of the hepatic parenchymal copper concentration is a reliable method 
for the diagnosis of WD. Care must be taken to obtain an adequate sample (prefer-
ably > 1 cm in length), to use copper-free containers, and to ship the sample dry for 
processing. Hepatic copper concentration of > 250 μg/g of dry weight is essentially 
diagnostic of WD, with levels of <40–50 μg/g of dry weight essentially eliminating 

   Table 21.5    Standard laboratory tests used to diagnose Wilson's disease   

 Laboratory test  Normal value  Diagnostic value  Notes 

 Serum copper 
concentration 

 <150 μg/L  >200 μg/L  Most useful during follow-up 
and to assess response 

 Ceruloplasmin level  200–400 mg/L  <200 mg/L  <200 mg/L in 1 % of controls 
and 10 % in carriers and known 
copper defi ciency 

 Hepatic copper 
concentration 

 <40–50 μg/g  >250 μg/g  <250 μg/g in 20 % of patients 
with Wilson’s disease 

 24 h urinary copper 
concentration 

 <40 μg/24 h  >100 μg/24 h  High urinary copper levels may 
be found in various chronic 
liver diseases 

  D -penicillamine 
challenge 

 >1600 μg/24 h  Test by 500 mg of 
 D -penicillamine at baseline and 
then again at 12 h 

 Genetic testing  Negative result does not 
exclude a diagnosis 
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WD as the etiology. Further testing may be required in those with intermediate 
hepatic copper concentrations. Histochemical stains, such as rhodamine or orcein, 
may detect copper overload, but are often insuffi cient, particularly in younger indi-
viduals as they only detect lysosomal deposition of copper, which is a later phenom-
enon, thus missing the predominant cytoplasmic copper bound to metallothionein. 
Histologically, hepatic copper deposition in WD progresses from diffuse cytoplas-
mic accumulation, to steatosis, to steatohepatitis, and eventually, to cirrhosis. 
Initially, early accumulation of copper results in glycogenated nuclei, microvesicu-
lar, and macrovesicular steatosis [ 28 ]. Subsequently, progression is characterized 
histologically by periportal infl ammation, including plasma cells, mononuclear cel-
lular infi ltrates, erosion of the limiting plate, lobular necrosis, and bridging fi brosis 
[ 29 ,  30 ]. Mallory bodies are also observed in 50 % of biopsy specimens [ 31 ]. If FHF 
develops, it is characterized by parenchymal apoptosis and necrosis in the setting of 
cirrhosis [ 32 ]. Ultrasound abnormalities demonstrate enlargement and separation of 
the mitochondrial inner and outer membranes, increased density and granularity of 
the matrix, and the occurrence of large vacuoles pathognomonic of WD [ 33 ]. As a 
clinical pearl, clinicians should be wary that WD may histologically resemble non-
alcoholic fatty  liver   disease, nonalcoholic steatohepatitis, or  autoimmune   hepatitis.  

     Serum Free   Copper  Concentration   

 The measurement of serum copper includes measurement of copper bound to  ceru-
loplasmin  , thus depending on the  ceruloplasmin   concentration. The total serum cop-
per measurement may have a range of values in WD [ 9 ]. A more reliable measure is 
that of the serum free or non ceruloplasmin   bound copper concentration, which can 
be calculated by subtracting  ceruloplasmin  -bound copper (3.15 ×  ceruloplasmin   in 
mg/L equals the amount of  ceruloplasmin  -bound copper in μg/L) from the total 
serum copper concentration (in μg/L; serum copper in μmol/L × 63.5 equals serum 
copper in μg/L) [ 34 ]. A number of other conditions, including cholestatic liver dis-
eases, can have an impact on the measurement of this level, but a value >200 μg/L 
is suggestive of WD. Most clinicians do not use this test in the diagnostic algorithm, 
but rather as a measure to assess the effi cacy of treatment.  

     Genetic Testing   

 Genetic tests can directly examine disease-specifi c ATP7B gene mutations on both 
alleles of chromosome 13. Specifi cally, molecular diagnostic studies can be used for 
the screening of fi rst-degree relatives in newly diagnosed patients with WD, to clas-
sify patterns of either haplotypes or DNA polymorphisms with regard to the ATP7B 
gene. A diagnostic scoring system was proposed for WD based on clinical and labo-
ratory parameters: >4, certain of WD; 2–3 likely WD; and 0–1 unlikely WD 
(Table  21.6 ). In addition, a phenotypic classifi cation was developed distinguishing 
WD based on hepatic and neurological presentations (Table  21.7 ) [ 35 ].

S. Rahman and K. Saeian



363

          Treatment   

 Treatment for WD is based on clinical, laboratory, or histological evidence of dis-
ease; neurological or hepatic involvement; and being asymptomatic or symptomatic 
at presentation. In the absence of FHF, initial treatment should be started early and 
involve chelating agents (  D -penicillamine   and  trientine  ).  Zinc   is mainly used for 
maintenance treatment, with the exception of neuropsychiatric symptoms necessitat-
ing  zinc   as fi rst-line therapy. Medications are tailored on an individual basis taking 
into consideration clinical response and side effect profi les (Table  21.8 ) [ 13 ]. Owing 

   Table 21.6    A scoring system for the diagnosis of Wilson's disease [ 35 ]   

 Score category  Score 

  Symptoms  
  Kayser–Fleischer rings (slit-lamp examination) 
   Present  2 
   Absent  0 
  Neuropsychiatric symptoms suggestive of Wilson’s disease (on typical brain MRI) 
   Present  2 
   Absent  0 
  Coombs-negative hemolytic anemia (positive high serum copper) 
   Present  1 
   Absent  0 
  Laboratory tests  
  Urinary copper (in the absence of acute hepatitis) 
   Normal  0 
   1–2× ULN  1 
   >2× ULN  2 
   Normal, but >5× ULN 1 day after challenge with 2× 0.5 g  D -penicillamine  2 
  Liver copper quantitation 
   Normal  -1 
   Up to 5× ULN  1 
   >5× ULN  2 
 Rhodamine-positive hepatocytes (only if quantitative copper measurement is not 
available) 
   Present  0 
   Absent  1 
  Serum ceruloplasmin (nephelometric assay, normal: >20 mg/day 
   Normal  0 
   10–20  1 
   <10  2 
  Mutation analysis  
  Disease causing mutations on both chromosomes  4 
  Disease causing mutations on one chromosome  1 
  No disease causing mutation detected  0 

   ULN  upper limit of normal  
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to an initial rise in serum free copper, a small proportion of patients experience 
neurological deterioration with initiation of therapy. Based on the side effect profi le, 
it is now our practice to consider  trientine   more often initially. Ultimately, for patients 
with refractory WD or those with FHF, liver transplantation is the only viable treat-
ment option, although the neurological and psychiatric complications may not 
respond to this intervention. These complications may also present an obstacle to 
adherence to the post-transplantation regimen. Overall, patient survival rates at 6 and 
12 months and 5 and 10 years after liver transplantation are 89.1, 89.1, 75.6 and 
58.8 % respectively [ 36 ]. Ammonium tetrathiomolybdate, currently not commer-
cially available, is a promising agent that prevents intestinal absorption and cellular 
uptake of copper by forming a complex with it. Although considered experimental, 
it has been effective in limited studies and is particularly intriguing as it may pre-
clude neurological deterioration with the onset of therapy, likely by avoiding an ini-
tial increase in serum free copper.

   Pregnant patients with WD who are stable on a treatment regimen should be 
maintained on therapy, although breast feeding should be interrupted because of 
concern regarding precipitating FHF. Of note,  zinc   and  trientine   are the safest drugs 
for pregnant patients with WD [ 37 ]. Clinicians should ensure compliance, under-
standably given the severe nature of WD, by measuring at least annual 24-h urinary 
copper excretion and serum free copper. On treatment, 24-h urinary copper excre-
tion should rise up to 200–500 μg/24 h (either of the chelating agents) or to 
50–125 μg/24 h on  zinc  . Alternatively, serum free copper should be approximately 

   Table 21.7    Phenotypic classifi cation of Wilson's disease [ 35 ]   

  Hepatic presentation  
 The defi nition of hepatic presentation requires the exclusion of neurological symptoms by a 
detailed clinical neurological examination at the time of diagnosis 
  H1: Acute hepatic Wilson’s disease  
 Acutely occurring jaundice in a previously apparently healthy subject, either due to a hepatitis- 
like illness or Coombs-negative hemolytic disease, or a combination of both. May progress to 
liver failure necessitating emergency liver transplantation 
  H2: Chronic hepatic Wilson’s disease  
 Any type of chronic liver disease, with or without symptoms. May lead to or even present as 
decompensated cirrhosis. Diagnosis is based on standard biochemical, and/or radiological, or 
biopsy evidence 
  Neurological presentation  
 Patients in whom neurological and/or psychiatric symptoms are present at diagnosis 
  N1: Associated with symptomatic liver disease  
 Usually patients have cirrhosis at the time of the diagnosis of neurological Wilson’s disease. 
Chronic liver disease may predate the occurrence of neurological symptoms by many years or 
may be diagnosed during the diagnostic workup in a neurologically symptomatic patient 
  N2: Not associated with symptomatic liver disease  
 Documentation of the absence of marked liver disease (fi brosis/steatosis may be present any 
time); requires a liver biopsy 
  NX: Presence or absence of liver disease not investigated  
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100 μg/L on treatment [ 6 ]. Treatment is life-long unless a liver transplant is 
 performed.  Interestingly  , Kayser–Fleischer rings may become less prominent or 
disappear with chelation therapy.  

    Conclusion 

 Future trends in the fi eld focus on better and more reliable diagnostic measures, 
hepatocyte transplantation, and gene therapy offering new diagnostic options and 
potential cures. Currently, only preclinical data on animal models exist on the latter 
providing a proof of concept. Further advances in immune tolerance, safe methods 
for selective proliferation in  hepatocyte transplanted cells  , and the utilization of 
alternative vectors or even non-viral-based gene methods to ensure gene expression 
are needed [ 38 ]. Alternatively, research into early diagnostic markers along with 
new methods of ascertaining compliance will continue to help clinicians to diag-
nose and treat patients affl icted with WD.     

   Table 21.8    Treatment for Wilson's disease   

 Therapy 
 Mechanism of 
action  Side effects  Notes 

  D -Penicillamine  Promotes 
urinary copper 
excretion 

 Hypersensitivity 
reaction, nephrotoxicity, 
lupus-like reaction, 
Goodpasture syndrome, 
bone marrow toxicity, 
myasthenia gravis, 
polymyositis 

 Induce vitamin B6 
defi ciency requiring 
supplementation 
 Urine protein excretion 
should be monitored on 
therapy. 

 Trientine  Promotes 
urinary copper 
excretion 

 Lupus-like syndrome, 
sideroblastic anemia 

 Zinc  Inhibits copper 
absorption 

 Gastric irritation  Mainly used as fi rst-line 
therapy in asymptomatic 
patients or as maintenance 
therapy. 

 Tetrathiomolybdate  Inhibits copper 
absorption and 
cellular uptake 

 Bone marrow toxicity, 
hepatotoxicity 

 Not commercially 
available. May prevent 
neurological deterioration. 

 Antioxidants  Adjunctive therapy. 
 Dietary restrictions  Decrease 

copper 
absorption 

 Avoid foods rich in copper 
(examples include 
chocolate, liver, nuts, 
mushrooms, and shellfi sh). 

 Liver transplantation  Typically reserved for 
fulminant hepatic failure 
or decompensated 
cirrhotics. 
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    Chapter 22   
 Metabolic and Genetic Liver Diseases: 
Glycogen Storage Diseases                     

     Grzegorz     W.     Telega     

           Question 1.    Why do we think of glycogen storage disease?

    (a)    Low glucose. 
 Glycogen is a form of glucose storage. The body produces glyco-
gen from the excess of glucose that is present inside the cells. 
Glycogen allows glucose storage, while limiting  oncotic pressure   
from concentrated glucose. Glycogen is formed from several hun-
dreds of glucose molecules bound by 1–6 and 1–4 (branching) 
bonds. Glycogen is stored in many tissues, most prominently in 
muscles and in the liver. Only the liver, however, is able to release 
glucose from glycogen into the circulation. Other tissues can break 
down glycogen to glucose 6-phosphate, which enters the glycoly-
sis pathway and is used for energy production inside the cell. 

 A common feature of glycogen storage disorders (GSD) is the 
ineffi cient release of glucose from glycogen stores; this can lead to 
 hypoglycemia   at the time of starvation. As brain energy metabo-
lism depends heavily on the availability of glucose, severe  hypo-
glycemia   can lead to metabolic  strokes  , irreversible brain damage, 
and death. The duration of starvation, the rate of  glucose utiliza-
tion   (which is increased in febrile illness), and the type of GSD 
determine the severity of  hypoglycemia  . Hypoglycemia tends to 
be more severe in GSD type Ia, less severe in types VI and IX, and 
there is generally no  hypoglycemia   in type V and type VII GSD. 

        G.  W.   Telega ,  M.D., M.S.      (*) 
  Department of Pediatric Gastroenterology, Hepatology, and Nutrition , 
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  Hypoglycemia   may manifest as lethargy, a change in mental 
status, seizures, focal neurological symptoms, tremors, irritability, 
and excessive frequency of feedings. Hypoglycemia causes an 
increase in the levels of triglycerides, lactic acid, ketones, and uric 
acid, which can be detected even after  hypoglycemia   is corrected. 
These laboratory abnormalities support any suspicion of GSD, if 
 hypoglycemia   has not been directly documented [ 1 – 3 ].   

   (b)    Large liver. 
 In GSD, glycogen cannot be properly metabolized, which leads to 
an accumulation of glycogen inside the cells. As the liver is the 
main storage site of glycogen, liver size is increased in most  types   
of glycogen storage disorders (with the exception of types II, V, 
and VII). 

 Despite its enlarged size in GSD, the liver is generally not 
fi brotic and the  hepatomegaly   may be missed on casual physical 
examination. When GSD is suspected, special attention should be 
given to palpation and percussion of the liver. Ultrasound can pro-
vide supportive evidence for  hepatomegaly  . Typically, there is no 
jaundice and aminotransferase levels are normal or only mildly 
elevated [ 1 – 3 ]. 

 Only in GSD type IV and in adults with type III can liver fi bro-
sis develop. In these patients, splenomegaly may be present as a 
result of portal hypertension.   

   (c)    Weak muscles. 
  Skeletal muscle involvement   is a feature of some forms of GSD 
(types II, III, V, VII, and IX). Muscle involvement is a dominant 
presentation in GSD types II, V, and VII; thus, these patients are 
rarely referred to the hepatologist. Myopathy usually involves both 
skeletal and cardiac muscle. In GSD type IX  hepatomegaly   can be 
associated with mild muscle involvement [ 1 ,  2 ,  4 ].   

   (d)    Multiple hepatic adenomata. 
 The  diagnosis of   GSD should be considered in patients who are 
found to have multiple hepatic adenomata, which do carry a small 
risk for transformation into hepatocellular carcinoma.       

   Question 2.    How is the diagnosis of GSD made?

    (a)     Genetic testing  . 
 Direct genetic testing is available for most types of glycogen storage 
disease. The clinician should choose appropriate testing based on the 
observed clinical pattern, as many types of GSD have specifi c clini-
cal features. Tables  22.1  and  22.2  provide clinical vignettes and cor-
responding genes and enzymes specifi c to the GSD type.

        (b)     Liver biopsy  . 
 Liver biopsy can be used when genetic testing is equivocal or 
inconsistent with the clinical picture. Biopsy allows for the direct 
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    Table 22.1    Types of glycogen storage disease (GSD)   

 Type  Enzyme  Clinical features 

 Ia  Glucose 6-phosphatase  Presentation in early infancy, severe hypoglycemia, 
hepatomegaly, unable to tolerate starvation [ 3 ,  5 ] 

 Ib  Glucose-6-phosphate specifi c 
transporter defi ciency 

 Presentation in early infancy, severe hypoglycemia, 
hepatomegaly, unable to tolerate starvation, 
neutropenia, frequent infections, enterocolitis 
(IBD-like symptoms), renal involvement [ 4 ,  5 ] 

 II  Lysosomal acid 
alpha-1,4-glucosidase 

 Currently classifi ed as lysosomal storage disease. 
Onset in early infancy, muscle weakness, 
cardiomyopathy, abnormal brain myelination, no 
hypoglycemia, no hepatomegaly [ 1 ,  7 ] 

 III  Debranching enzyme 
defi ciency 

 Presentation in infancy, usually (>85 % of cases type 
IIIa) combined liver and skeletal muscle involvement, 
liver only (type IIIb 15 %), cardiomyopathy, lactic 
acidosis and hyperuricemia are less severe than in 
GSD type I [ 4 ,  6 ] 

 IV  Branching enzyme defi ciency  Presentation in late infancy, poor growth, mild 
hypoglycemia, hepatosplenomegaly, progressive liver 
fi brosis and portal hypertension, muscle involvement, 
broad spectrum of severity [ 1 ,  7 ] 

 V  Muscle phosphorylase 
defi ciency 

 Myopathy, exercise intolerance, rhabdomyolysis, no 
hypoglycemia, no liver involvement [ 1 ,  7 ] 

 VI  Liver phosphorylase 
defi ciency 

 Presentation in childhood, mild hypoglycemia, 
hepatomegaly [ 2 ,  8 ] 

 VII  Muscle phosphofructokinase 
defi ciency 

 Myopathy, exercise intolerance, no hypoglycemia, no 
liver involvement, mild hemolytic anemia [ 1 ,  7 ] 

 IX  Phosphorylase kinase 
defi ciency 

 presentation in childhood, mild hypoglycemia, 
hepatomegaly, mild myopathy [ 1 ,  2 ,  7 ,  8 ] 

   IBS  irritable bowel syndrome  

    Table 22.2    Genetic factors in the various types of GSD [ 1 – 3 ]   

 Type  Gene  Location  Inheritance 

 Ia  G6PC  17q21.31  Recessive 
 Ib  SLC37A4  11q23.3  Recessive 
 II  GAA  17q25.3  Recessive 
 III  AGL  1p21.2  Recessive 
 IV  GBE1  3p12.2  Recessive 
 V  PYGM  11q13.1  Recessive 
 VI  PYGL  14q22.1  Recessive 
 VII  PFKM  12q13.11  Recessive 
 IX  PHKA2 

 PHKB 
 PHKG1 
 PHKG2 

 Xp22.13 
 16q12.1 
 7p11.2 
 16p11.2 

 X-linked 
 Recessive 
 Recessive 
 Recessive 
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testing of glycogen content, and the measurement of enzyme activ-
ity in glycogen synthesis and degradation  pathways (Table  22.1 ). 

 Additionally, liver biopsy can suggest alternative diagnoses in 
the investigation of the  hepatomegaly   without hepatitis ( lysosomal 
storage  , peroxisomal, mitochondrial,  beta oxidation disorders  , 
lymphomas). Liver biopsy can provide an estimate of the degree of 
fi brosis in GSD types III and IV, and can serve as a supplemental 
study in the evaluation of adenomas when radiological investiga-
tion is equivocal. 

 While performing a liver biopsy the clinician needs to pay 
attention to appropriate test selection based on the clinical pattern 
observed. Samples for enzymatic studies need to be fl ash-frozen 
and shipped to the reference laboratory according to specifi cations 
[ 1 – 3 ].       

   Question 3.    How do you get GSD?

•    Genetics of glycogen storage disease. 
 Most glycogen storage disorders are autosomal recessive. The 

patient has mutations of both copies of the specifi c gene for a given 
GSD type. The exception is GSD type IX, which has complex 
genetics consisting of both autosomal recessive and X-linked 
forms. The complex genetics of type IX GSD stems from the fact 
that the enzyme is a complex protein consisting of 16 subunits 
encoded by four separate genes. (Table  22.2 ) [ 1 – 3 ].      

   Question 4.    What is the danger of doing nothing?

    (a)    Risk of  hypoglycemia  .

•     Mortality  . 
 Episodes of severe  hypoglycemia   can lead to life-threatening 

brain injury. The maintenance of normoglycemia through the 
ingestion of uncooked corn starch, and/or continuous enteral 
feeds drastically improve survival.  

•    Brain damage  . 
 Severe  hypoglycemia   can result in brain injury, which can be 

irreversible and could accumulate over the course of the dis-
ease. The prevention of  hypoglycemia   is essential to avoid brain 
damage.      

   (b)    Other  complications  .

•     Adenomas   frequently develop in patients who survive to adoles-
cence or adulthood. Adenomas are most common in GSD types Ia 
and Ib, but they have been described in other forms of GSD involv-
ing the liver. They present as hypervascular lesions with a small 
risk of malignant transformation and are mainly confi ned to adults.  
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•   Abnormal growth and short stature are common in most forms 
of GSD.  

•    Hyperlipidemia   is a compensatory response to insuffi cient glu-
cose supply.  

•    Gout   can be a consequence of long-lasting hyperuricemia 
resulting from the increased production and decreased renal 
clearance of uric acid.  

•    Osteoporosis  .  
•    Liver fi brosis   is a feature of GSD type IV and to a lesser degree 

type III. Hepatocyte damage results from the abnormal molecu-
lar structure of glycogen.  

•    Renal disease is   a feature of GSD type Ib.  
•    Myopathies   are a feature of GSD types II, III, V, VII, and to a 

lesser degree IX.  Muscle weakness   is progressive and can 
involve both skeletal and cardiac muscle.          

   Question 5.    How can we manage the disease?

    (a)     Dietary management  : the goal of dietary management is the main-
tenance of euglycemia. This requires a constant supply of dietary 
carbohydrates, which can be achieved by frequent meals contain-
ing uncooked cornstarch. The benefi t of uncooked cornstarch is 
that its digestion inside the gastrointestinal tract is slow enough 
that it can provide a stable carbohydrate supply for a few hours. 
The disadvantage of cornstarch is its poor palatability, which leads 
to the need for enteral access (nasogastric or gastrostomy tube) in 
most patients. The alternative to cornstarch is a continuous enteral 
feeding regimen with an adequate carbohydrate supply. As the diet 
requires a high carbohydrate supply, it frequently leads to protein, 
essential fatty acids or vitamin defi ciencies. The clinician needs to 
closely monitor the patient's nutritional status. Milder forms of 
GSD (types VI, IX) may only require uncooked cornstarch meals 
at night-time [ 6 ,  7 ]. Whenever patients with GSD are in a catabolic 
state (infection, gastroenteritis, nil by mouth for procedures) they 
need to be closely monitored for  hypoglycemia   and may require 
intravenous glucose infusion.   

   (b)     Liver transplantation   may be indicated for patients with liver ade-
nomas and those with poor metabolic control. A liver transplant 
normalizes glucose control, improves growth, and eliminates the 
need for a special diet. It will not change myopathies in GSD types 
II, V, and VII and is not indicated in those conditions. Liver trans-
plantation will not correct neutropenia and renal involvement in 
GSD type Ib, but it does improve the overall phenotype [ 8 ].       
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   6.    What about other children and… grandchildren?

•    Genetic counseling is indicated for all patients with GSD. Most 
forms of GSD are recessive; thus, parents are faced with an approxi-
mately 25 % risk of another child having GSD. A genetic counselor 
can explain to the family the testing available and provide advice 
regarding procreative choices.           
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    Chapter 23   
 Metabolic and Genetic Liver Diseases: Urea 
Cycle Defects                     

     Grzegorz     W.     Telega     

           Question 1.    Why do we think of urea cycle  defects  ?

    (a)    Change in mental status. 
 The urea cycle is a series of enzymatic reactions converting highly 
toxic  ammonia   into less toxic urea. Ammonia is a ubiquitous 
byproduct of amino acid metabolism. The urea cycle takes place 
exclusively in the liver. Although  ammonia   can be toxic to all tis-
sues, the brain is the most prominent target of  ammonia   toxicity. 
Acute  encephalopathy   is associated with astrocyte swelling with-
out axonal damage. Patients present with a change in mental status 
or ataxia. Severe or prolonged  hyperammonemia   ultimately leads 
to progressive irreversible changes in the brain characterized by 
cortical and brain stem gliosis and neuronal atrophy. 
Encephalopathy is the main cause of mortality and morbidity in 
urea cycle defects [ 1 ,  2 ]. 

 As the most common and severe form of urea cycle defect – 
ornithine  transcarbamylase   ( OTC  ) defi ciency – is X linked, males 
are at a higher risk of acute presentation. The most dramatic pre-
sentation of  OTC   defi ciency would be a male newborn without any 
apparent obstetric risk who does well for the fi rst few hours of life, 
but then develops lethargy, hypothermia, and apnea in the fi rst 
24–28 h of life. Although most male patients present in the new-
born period, late presentation can occur. Heterozygote females 
with  OTC   defi ciency and less severe forms of urea cycle defects 
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(carbamyl phosphate synthetase defi ciency, argininosuccinate 
 synthetase defi ciency, argininosuccinate lyase defi ciency, and argi-
nase defi ciency) frequently have a history of episodic changes in 
mental status associated with a high protein intake and may pres-
ent in adulthood [ 1 ,  2 ]. 

 Respiratory alkalosis can be early sign of  encephalopathy  . This 
distinguishes urea cycle defects from organic acidurias, where 
 hyperammonemia   is accompanied by acidosis and ketosis. Valproic 
acid is  known   to cause episodes of  hyperammonemia   and meta-
bolic decompensation in patients with mild forms of  OTC   defi -
ciency. Family history may provide clues to the diagnosis.   

   (b)    High  ammonia  . 
  Hyperammonemia   is the cardinal metabolic abnormality of urea 
cycle defects. Levels of  ammonia   can fl uctuate depending on 
dietary protein intake and the presence of a catabolic state.   

   (c)    Liver dysfunction. 
 Ornithine transcarbamylase ( OTC  ) defi ciency is associated with 
liver dysfunction which occasionally leads to a misdiagnosis of 
 liver   failure.    

      Question 2.    How do we make the  diagnosis  ?

    (a)    Laboratory workup. 
 Any patient presenting with acute onset or progressive  encepha-
lopathy   in the absence of obvious intoxication or portal hyperten-
sion should undergo  ammonia   measurement. 

 Once  hyperammonemia   has been documented, the clinical 
focus should be on the rapid correction of  ammonia   levels and the 
prevention of permanent brain damage. Diagnosis of a specifi c 
defect, although important, should not delay therapy. 

 An organic acid profi le may suggest a specifi c condition; diag-
nosis can be confi rmed by genetic testing or by measurement of 
specifi c enzyme activity at liver biopsy.   

   (b)    Genetic testing. 
 Genetic tests are available for each specifi c disorder as a diagnos-
tic tool, but can also be used for the prenatal diagnosis or detection 
of heterozygote carriers. Tables  23.1  and  23.2  provide clinical 
vignettes and the corresponding  genes   and enzymes of specifi c 
disorders.

            3.    How did I get it?

    (a)     Genetics   of urea cycle defects. 
 Ornithine transcarbamylase, the most common urea cycle defect is 
X-linked, although heterozygote females can experience mild 
 encephalopathy   with high-protein meals. Other urea cycle defects 
are autosomal recessive [ 3 ].   
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   (b)    Metabolic changes in urea cycle defects. 
 The most typical metabolic feature of urea cycle defects is the 
presence of severe  hyperammonemia   in the absence of acidosis. 
Plasma glutamine levels are frequently elevated. Elevated citrul-
line is characteristic of citrullinemia type I (very high levels) and 
argininosuccinate lyase defi ciency (moderate elevation). High uri-
nary orotic acid levels are characteristic of ornithine  transcarba-
mylase   defi ciency [ 2 ].   

   Question 4.    What is the danger of doing nothing?   

   (a)    Risk of  hyperammonemia  .   
   (b)     Mortality  . 

 Severe forms of urea cycle defect are universally lethal without 
treatment (males with  OTC   defi ciency). Milder forms of urea 
cycle defects can lead to progressive brain damage and subsequent 
mortality related to neurological complications [ 1 ].   

   Table 23.1    Clinical features of urea cycle defects   

 Enzyme  Typical clinical features 

 Ornithine 
transcarbamylase 

 Severe encephalopathy with onset at between 24 and 48 h of life 
in male homozygotes. Mild recurrent encephalopathy after 
protein- rich meals in female heterozygotes. Mild liver 
dysfunction [ 1 ,  3 ] 

 Carbamyl phosphate 
synthetase 

 Early onset: in the fi rst month of life, lethargy, coma 
 Late onset: coma induced by pregnancy or valproic acid, rarely 
focal strokes [ 1 ,  2 ] 

 Citrullinemia type I 
 Argininosuccinic acid 
synthetase 

 Pediatric onset: vomiting, failure to thrive, hepatomegaly, 
developmental delay, protein avoidance, lethargy. 
 Adult onset: insomnia, sleep reversal, nocturnal sweats and 
terrors, recurrent vomiting (especially at night), diarrhea, tremors, 
episodes of confusion after meals, lethargy, convulsions, 
delusions and hallucinations, and brief episodes of coma [ 1 ,  2 ] 

 Argininosuccinate lyase  Vomiting, feeding lethargy in the fi rst few days of life, 
subsequently developmental delays and infection-induced 
episodes of hyperammonemia. Mild liver fi brosis [ 1 ,  2 ] 

 Arginase  Onset in childhood, developmental delay, seizures, lethargy after 
high-protein meals [ 1 ,  2 ] 

   Table 23.2    Genes involved in specifi c disorders [ 2 ,  3 ]   

 Disease  Gene  Location  Inheritance 

 Ornithine transcarbamylase defi ciency   OTC    Xp11.4  X-linked 
 Carbamyl phosphate synthetase defi ciency  CPS1  2q34  Recessive 
 Argininosuccinic acid synthetase citrulinemia type I  ASS1  9q34.11  Recessive 
 Argininosuccinate lyase defi ciency  ASL  7q11.21  Recessive 
 Arginase defi ciency  ARG1  6q23.2  Recessive 
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   (c)     Brain damage  . 
 Every episode of symptomatic  hyperammonemia   has the potential 
to cause brain damage. The main goal of therapy is to reduce the 
frequency and severity of  hyperammonemia   episodes. Brain dam-
age is preventable in most patients with early diagnosis and proper 
management [ 1 ].   

   (d)    Other  complications  . 
 Liver dysfunction (elevated aminotransferases, hyperbilirubine-
mia, mild coagulopathy) may be present in urea cycle defects, par-
ticularly in  OTC   defi ciency. The level of dysfunction is not 
typically a serious concern in itself. Its signifi cance is related to the 
fact that liver dysfunction can misdirect the evaluation of  hyper-
ammonemia   to the workup of liver failure and delay the diagnosis 
and treatment of urea cycle defects [ 1 ].   

   Question 5.    How can we manage the disease?   

   (a)     Dietary management   .  
 Goal of therapy is to provide suffi cient supply of protein and 
energy to prevent activation of protein catabolism, gluconeogene-
sis and  ammonia   production. Diet should be carefully monitored 
as excess of protein can also lead to  hyperammonemia  . 

 Management of urea cycle defects revolves around nitrogen 
metabolism. Clinician should monitor nitrogen intake (protein, 
amino acids), nitrogen retention (appropriate growth) and nitrogen 
excretion ( ammonia  , glutamine). A positive nitrogen balance will 
result in  hyperammonemia   by inducing catabolism of amino acids. 
Negative nitrogen balance will lead to protein breakdown, gluco-
neogenesis and  ammonia   production. Although protein restriction 
is necessary it is essential that well balanced mixture of amino 
acids, including essential amino acids is provided [ 4 ]. 

 Dietary management can fail in severe forms of urea cycle 
defects since  hyperammonemia   can be triggered by infections. 
Rhabdomyolysis leading to  ammonia   production can be directly 
caused by  viral   infections or can be a result of gluconeogenesis 
activated by increased energy requirements [ 4 ].   

   (b)     Treatment   .  
 Treatment of acute  hyperammonemia   is necessary in situations when 
dietary management fails to prevent  hyperammonemia  . Arginine can 
be used to increase renal  ammonia   excretion by the formation of 
argininosuccinic acid. This is particularly effective in argininosucci-
nate lyase defi ciency, where the excretion of argininosuccinic acid is 
limited by the availability of arginine. Sodium benzoate and phenyl-
acetate can serve as  ammonia   scavengers and are effective in reduc-
ing  ammonia   levels in  OTC   and CPS defi ciency [ 4 ].   
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   (c)     Liver transplant   .  
 Liver transplantation is curative in urea cycle defects and is indi-
cated in severe forms of disease where dietary management is not 
likely to prevent brain damage over a prolonged period of time. 
 Liver transplant   survival in urea cycle defects is no different than 
in other indications for  liver   transplantation [ 1 ].   

   Question 6.    What about other  children   and… grandchildren?

•    Genetic counseling should be offered for all families affected by 
urea cycle defects, as early diagnosis and management can prevent 
permanent brain damage. Genetic testing can identify asymptom-
atic carriers and is available for pre-natal diagnosis [ 1 ].               
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    Chapter 24   
 Metabolic and Genetic Liver Diseases: 
Porphyrias                     

     Grzegorz     W.     Telega     

       Porphyrias are diverse disorders related to abnormal  heme    production  .  Heme   is an 
iron-containing molecule involved in oxygen transport (hemoglobin) and the func-
tion of oxidative enzymes (cytochrome P450 complex, catalase, mitochondrial 
cytochromes). Bone marrow and liver are the main sites of  heme   production; thus, 
the  symptomatology   of porphyrias involves liver and erythroid cells. Accumulation 
of porphyrins (intermediate products in  heme   production) can be neurotoxic, lead-
ing to peripheral  neuropathies  . Other porphyrins lead to severe  photosensitivity   and 
skin injury. 

 The  complexity   of enzyme regulation makes symptoms highly sensitive to envi-
ronmental (alcohol, lead, drugs, diet, infections) and endogenous (hormones, hemo-
chromatosis) factors. In some patients, symptoms of porphyria can be induced 
without apparent genetic mutation. The most common example is  sporadic por-
phyria cutaena tarda  , where uroporphyrinogen decarboxylase can be inhibited by an 
excess of hepatic iron, estrogen administration, pregnancy, alcohol intake, hepatitis 
C or HIV infection [ 1 ].

    Question 1.    Why do we think of it?

    (a)     Acute   porphyrias .  
 Symptoms of acute (hepatic) porphyrias are typically triggered by 
increased demands for hepatic  heme   production, which can be 
induced by exposure to toxins, estrogen hormones, or infections.
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•     Abdominal pain  . 
 Abdominal pain is usually episodic, evolving over a few hours to days. 
Episodes of pain almost always start after puberty and are more common in 
girls than in boys. Pain is poorly localized, frequently associated with vomit-
ing, constipation, and ileus. Abdominal pain can be associated with increased 
adrenergic activity (tachycardia, hypertension, pallor, sweating), dysuria, 
and urinary retention. The mechanism of abdominal pain is poorly under-
stood, but it appears to be neurological (small fi ber  neuropathy  ) rather than 
infl ammatory in nature. Tenderness, leukocytosis, and fever are absent or 
mild. Although symptoms are not specifi c, the presence of a recurrent pat-
tern, particularly in association with  neuropathy   and dark urine should sug-
gest porphyria.  

•    Neuropathy  . 
  Neuropathy   is common, but does not occur in all patients with porphyria, even 
when abdominal symptoms are severe. Peripheral  neuropathy   is primarily a 
motor  neuropathy  . Symptoms usually start as a proximal weakness of the 
extremities. Deep tendon refl exes are diminished, although they may be normal 
in the early stages. Neuropathy is the result of axonal degeneration rather than 
demyelination. Cranial nerves, particularly VII and X, can be affected [ 2 ].  

•    Central nervous system   involvement. 
 Psychiatric symptoms, such as anxiety, insomnia, depression, and suicidal 
ideation, are common. Seizures, disorientation, hallucinations, optic  neuropa-
thy  , cortical blindness, bulbar paralysis, and death have been described. 
Syndrome of inappropriate antidiuretic hormone secretion with resulting 
hyponatremia is common in acute attacks [ 2 ].      

   (b)     Cutaneous presentation  . 
 Cutaneous presentation related to  photosensitivity   is a feature in most 
types of porphyria (congenital erythropoietic porphyria [CEP], por-
phyria cutanea tarda [PCT], hereditary coproporphyria [HCP], variegate 
porphyria [VP]). Skin friability, blistering, hypo- and hyperpigmentation 
develop in the areas exposed to sun [ 1 ,  3 ].   

   (c)    Hepatic changes in  porphyrias  . 
 Elevated aminotransferases have been reported in porphyrias (espe-
cially PCT and erythropoietic protoporphyria [EPP]   ). Fibrosis and cir-
rhosis have been described. In EPP, some patients progressed to acute 
liver failure. Microscopic evaluation of liver biopsy tissue rarely shows 
signifi cant abnormalities. Most characteristic is red fl uorescence of the 
liver tissue upon exposure to ultraviolet light. The risk for hepatocellu-
lar carcinoma is increased (PCT, acute intermittent porphyria [AIP], 
HCP, VP) [ 2 ,  3 ].       
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   Question 2.    How do we make the diagnosis?

    (a)     Laboratory evaluation  . 
 Initial screening for porphyrias should include urinary porphyrin 
precursors (5-aminolevulinic acid and porphobilinogen) and 
plasma porphyrins for cutaneous porphyrias. 5-Aminolevulinic 
acid dehydratase level can be measured in erythrocytes. 

 Specifi c enzyme activity can be measured on liver biopsy in 
hepatic forms of porphyria. This can be used in patients who are 
suspected to have the sporadic form of porphyria or when genetic 
testing is not diagnostic.   

   (b)     Genetic testing  . 
 The clinician should select appropriate genetic testing based on 
clinical symptomatology and screening tests. Tables  24.1  and  24.2  
provide clinical vignettes and corresponding genes and specifi c 
enzymes. Genetic testing is available for diagnosis, the identifi ca-
tion of asymptomatic  carriers  , and prenatal diagnosis.

   Table 24.1    Clinical features of porphyrias   

 Type  Enzyme  Clinical features 

 5-aminolevulinic acid 
dehydratase 
porphyria 

 5-aminolevulinic acid 
dehydratase 

 Rare, primarily neurological symptoms, 
no photosensitivity [ 2 ] 

 Acute intermittent 
porphyria 

 Porphobilinogen 
deaminase 

 The most common acute form of 
porphyria. Intermittent neurological 
symptoms (up to 80 % of carriers are 
asymptomatic), no photosensitivity. 
Symptoms usually after puberty, more 
prevalent in females than in males [ 2 ] 

 Congenital 
erythropoietic 
porphyria 

 Uroporphyrinogen III 
synthetase 

 Anemia and photosensitivity. Extremely 
variable severity ranging from fetal 
hydrops to mild photosensitivity in 
adults. Hypertrichosis [ 1 ] 

 Porphyria cutanea 
tarda 

 Uroporphyrinogen 
decarboxylase 

 Anemia and photosensitivity. Sporadic 
cases are common. Photosensitivity is 
severe, presenting in the fi rst year of life 
in familial cases. Symptoms respond to 
phlebotomy and low-dose chloroquine 
and hydroxychloroquine. Associated 
with alcohol use and chronic hepatitis C 
[ 1 ] 

 Hereditary 
coproporphyria 

 Coproporphyrinogen 
oxidase 

 Intermittent neurological symptoms, 
mild photosensitivity 

 Variegate porphyria  Protoporphyrinogen 
oxidase (PPO) 

 Intermittent neurological symptoms, 
mild to moderate photosensitivity [ 2 – 6 ] 

 Erythropoietic 
protoporphyria 

 Ferrochelatase  Acute blistering photosensitivity, liver 
failure, motor neuropathy [ 2 ,  4 ] 
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            3.    How did I get it?

    (a)     Genetics   of porphyrias. 
 Most porphyrias are autosomal dominant, although rare recessive disorders 
(ALAD defi ciency porphyria [ADP]   , CEP) have been described. Sporadic 
forms, where symptoms are induced by a combination of external and 
endogenous factors rather than gene mutation, are common in patients with 
symptoms of PCT, with the adult population reported to have an association 
with alcohol use and chronic hepatitis C. “Dual porphyrias,” where a single 
patient has mutations in two separate genes in the  heme   synthesis pathway, 
have also been described [ 1 ].       

   4.    What is the danger of doing nothing?

    (a)     Mortality  . 
 Historically, prognosis in acute neurovisceral porphyria has been poor, with 
mortality approaching 80 % in some reports. Recent experience shows that 
with proper diagnosis, efforts to prevent acute attacks, and supportive care 
during the attacks, mortality can be reduced to less than 6 %. Up to 75 % of 
patients diagnosed with AIP and VP report “leading a normal life” [ 3 ].   

   (b)     Seizures  . 
 Seizures may be the result of the direct toxicity of porphyrins, but are most 
often associated with hyponatremia. Many anti- epileptic medications can 
induce  heme   synthesis and precipitate acute attacks of porphyria.   

   (c)     Neuropathy  . 
 After an acute attack has been successfully treated, neurological symptoms 
improve within a few days. A severe attack can lead to prolonged (years) or 
permanent  neuropathy  . Recovery from recurrent attacks is usually more 
prolonged than from the initial attack [ 2 ].   

   Table 24.2    Genes involved in porphyria [ 1 ,  3 ,  6 ]   

 Disease  Classifi cation  Gene  Location  Inheritance 

 5-aminolevulinic acid 
dehydratase porphyria 

 Hepatic  ALAD  9q32  Recessive 

 Acute intermittent porphyria  Hepatic  HMBS  11q23.3  Dominant 
 Congenital erythropoietic 
porphyria 

 Erythropoietic  UROS  10q26.1–
q26.2 

 Recessive 

 Porphyria cutanea tarda  Hepatic  UROD  1p34.1  Type 1 sporadic 
 Type 
2 – dominant 

 Hereditary coproporphyria  Hepatic  CPOX  3q11.2–
q12.1 

 Dominant 

 Variegate porphyria  Hepatic  PPOX  1q23.3  Dominant 
 Erythropoietic 
protoporphyria 

 Erythropoietic  FECH  18q21.31  Dominant 
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   (d)     Gastrointestinal symptoms  . 
 After an acute attack, abdominal pain improves within a few hours. 
Patients with known acute porphyrias face the danger of misdiag-
nosis of acute abdominal disorders (appendicitis, pancreatitis, 
gallstones), which can be misrepresented as acute porphyria.   

   (e)     Photosensitivity   and  skin disease  . 
  Photosensitivity   is a feature of most types of porphyria (CEP, PCT, 
HCP, VP). Skin lesions (friability, blistering, hypo- and hyperpig-
mentation) develop in the areas of direct sun exposure. Recurrent 
exposure leads to scarring and supra-infections, which result in 
deformities of the digits, eyelids, ears, nose, and face, and can 
cause severe disability. Involvement of the cornea can lead to 
blindness. Brown/red discoloration of the teeth can result from 
porphyrin deposition.   

   (f)     Hematological abnormalities  . 
 Hemolysis is a frequent feature of CEP and EPP. Anisocytosis, 
reticulocytosis, polychromasia, and unconjugated hyperbilirubine-
mia are frequent features. Secondary splenomegaly and hyersplen-
ism can develop.       

   Question 5.    How can we manage the disease? 
 Treatment depends on the accurate diagnosis of porphyria.

    (a)    Avoidance of  precipitating drugs  . 
 Most common groups of medications that are unsafe in acute por-
phyria include:
   Angiotensin-converting-enzyme inhibitors  
  Antibiotics (dapsone, rifampin, sulfonamides)  
  Anti-diabetic (chlorpropamide, sulfonylurea derivatives)  
  Anti-epileptics (barbiturates, carbamazepine, felbamate, lamotrigine, 

mephenytoin, valproic acid)  
  Antifungals (griseofulvin, ketoconazole)  
  Calcium channel blockers  
  Ergot preparations  
  Hormonal therapy (danazol, progestins)  
  Hypnotic/sedative (glutethimide, meprobamate, methyprylon)  
  Muscle relaxants (cadisoprodol)  
  Non-steroidal anti- infl ammatory   drugs (diclofenac, phenylbutazone)  
  Others (metoclopramide) 
 Many other medications could potentially induce attacks of acute 

porphyria; thus, all medications should be checked for effects 
on cytochrome P450 and the heme production pathway, and for 
clinical reports of porphyria attacks [ 1 ,  2 ]. Patients should 
avoid smoking and alcohol intake.      
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   (b)     Skin protection  . 
 In porphyrias associated with  photosensitivity   (CEP, PCT, HCP, 
and VP) skin should be protected from direct sun exposure at all 
times. After inadvertent exposure, special efforts should be focused 
on the prevention of the skin infections, which should be aggres-
sively treated with antibiotics [ 1 ].   

   (c)     Dietary management  . 
 Glucose administration improves symptoms in acute porphyrias 
(AIP, HCP, VP). Owing to the risk of hyponatremia, electrolytes 
should be closely monitored, particularly when infusing a large 
volume of glucose-based intravenous solutions. 

 Special attention to adequate carbohydrate intake should be 
paid during infections, surgeries, and other serious illnesses, as 
acute porphyria attacks are more likely to occur under such cir-
cumstances. Adequate (but not excessive) iron intake can alleviate 
the course of acute porphyria [ 2 ].   

   (d)     Transfusions  . 
 Transfusions can be effective in the treatment of erythropoietic forms 
of porphyria (CEP). Transfusions downregulate heme synthesis and 
the production of porphyrins, leading as a consequence to a reduction 
in  photosensitivity  .   

   (e)     Phlebotomy  . 
 Phlebotomy is effective and results in remission of PCT, but not 
VP. It is most commonly used in combination with low-dose chlo-
roquine. The mechanism of the effect of phlebotomy is likely 
related to a reduction in hepatic iron deposits that upregulates uro-
porphyrinogen decarboxylase activity [ 1 ,  4 ].   

   (f)     Medications  . 
 Intravenous heme arginate, heme albumin or hematin can be used 
in the treatment of acute porphyria attacks (AIP, HCP, VP) [ 2 ]. 
Chloroquine and hydroxychloroquine can be effective in the man-
agement of PCT [ 1 ]. Oral charcoal can increase the excretion of 
porphyrins in CEP, beta carotene improves sun tolerance, and cho-
lestyramine can improve protoporphyrin excretion in EPP.   

   (g)     Liver and bone marrow transplant  . 
 Bone marrow transplantation is curative in erythropoietic porphyr-
ias (CEP, EPP). Patients with severe forms of the disease can qual-
ify for bone marrow transplantation. 
 Liver transplantation is curative in hepatic forms of porphyria; it 

may be indicated in severe forms of acute intermittent por-
phyria [ 5 ].       

   Question 6.    What about other  children   and… grandchildren? 

 Genetic counseling is indicated in all familial forms of porphyria. 
Genetic testing is available for diagnosis, the identifi cation of asymp-
tomatic carriers, and for prenatal diagnosis.    
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    Chapter 25   
 Drug-Induced Liver Injury                     

     Raj     Vuppalanchi     

        Question 1 : Doc, what caused my liver problem if all my blood tests came back 
negative? 

  Patient Level Answer : Since test results for other causes of acute liver injury such 
as hepatitis A, B, or C and autoimmune hepatitis were negative and imaging includ-
ing ultrasound or CT scan did not reveal any blockage by gall stones or problems 
with gallbladder or pancreas, we need to suspect drug-induced liver injury (DILI) as 
a potential cause keeping in mind that it is primarily a diagnosis of exclusion. Let us 
review your recent medication history including your herbal and dietary supplement 
(HDS) usage to see if there is any temporal association between exposure to those 
agents and onset of your liver injury. 

  Question 2 : What do you mean by drug-induced liver injury? I did not take any 
Tylenol (acetaminophen)! 

  Patient Level Answer : Although liver injury from accidental or intentional over-
dose of acetaminophen is the most familiar scenario, there are many other drugs or 
HDS that can cause DILI due to rare and unpredictable hepatotoxic injury. One 
recent study showed antibiotics, antidepressants, and HDS products as commonly 
implicated agents for DILI. 

  Question 3 : How do you make a diagnosis of DILI? 

  Patient Level Answer : DILI  cannot   be diagnosed simply by blood chemistries 
alone, or by liver biopsy or imaging studies. Although it is a diagnosis of exclu-
sion, it requires pertinent clinical information and careful medication and HDS 
usage history to fi nd a temporal association between the implicated agent and 
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onset of liver injury. It is important to identify the offending agent to avoid inad-
vertent re-exposure. 

  Question 4 : Will my liver recover? Will I develop cirrhosis or need a liver 
transplant? 

  Patient Level Answer :  The   majority of DILI cases improve with discontinuation of 
the offending agent, and liver-related deaths are infrequent at less than 5 %. In the 
rare case when liver injury is severe, individuals may develop acute liver failure and 
require evaluation for liver transplantation. In certain instances of liver injury from 
dietary supplements containing anabolic steroids, the  jaundice   is pronounced and 
recovery is very slow. 

    Introduction 

 Drugs that enter the systemic circulation undergo biotransformation in the liver to 
more water soluble forms for eventual elimination through bile or urine. The cen-
tral role of the liver in the process of  metabolism and detoxifi cation  , unfortu-
nately, places it at a disproportionate risk for drug-induced injury. Individuals 
with liver injury resulting from damage to hepatocytes (hepatocellular) or biliary 
tree (cholestatic) or both (cholestatic hepatitis or mixed) develop asymptomatic 
abnormalities in liver tests or develop symptoms such as upper abdominal pain, 
jaundice, acholic stools, dark urine or other constitutional symptoms [ 1 ,  2 ]. Drug-
induced liver injury (DILI) can mimic almost all known liver diseases and diag-
nosis can be diffi cult due to a lack of established biomarkers and varied clinical 
 presentation   [ 3 – 5 ]. Clinical judgment, often by exclusion of competing etiology, 
is probably the most frequent method used to identify a case of DILI. In clinical 
trials, modifi ed Hy’s law, i.e., ALT elevation >3 times upper limit of normal 
(ULN) with total bilirubin >2 times ULN is used as a surrogate for a drug likely 
to cause severe DILI (fatal or requiring transplant) [ 6 ].  Valid methods   for accurate 
diagnosis, phenotyping with prediction of severity and outcome of  DILI   are lack-
ing and are a signifi cant unmet need [ 7 ,  8 ]. 

 DILI may be broadly  classifi ed   as intrinsic, that is predictable and dose depen-
dent, or idiosyncratic hepatotoxicity that is rare and not necessarily dose dependent 
[ 9 ]. Intrinsic liver injury is often reproducible with characteristic histologic change 
affecting a particular zone of the liver lobule and is usually testable in animal mod-
els. Very few drugs causing intrinsic hepatotoxicity remain on the market since 
these compounds are excluded from moving forward in the preclinical phase of 
drug development. Agents that cause intrinsic DILI are further subclassifi ed as 
either direct, in which the agent itself is a poison or indirect, in which the agent is 
metabolized reproducibly to a toxic substance. Examples of direct hepatotoxins 
include carbon tetrachloride or the herbicide Paraquat. Acetaminophen 
(paracetamol,  N -acetyl- p -aminophenol or APAP) is a classic example of an indi-
rect intrinsic hepatotoxin.  
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    Intrinsic DILI 

 Drugs that cause dose-dependent hepatotoxicity  are   usually legacy drugs and have 
been in use for several decades prior to the current liver safety assessment for new 
drugs by Food and Drug Administration [ 10 ]. One such classic example is acet-
aminophen (paracetamol,  N -acetyl- p -aminophenol or APAP). It fi rst became avail-
able in the United States in 1955 when phenacetin was removed from the market in 
the early 1950s due to nephrotoxicity associated with chronic use. Soon after the 
recognition of Reye syndrome with aspirin [ 11 ],  APAP   became the drug of choice 
for the treatment of fever and pain in the US and around the world. The toxicity of 
APAP was initially reported by Thomson and Prescott in 1966, following ingestion 
of large doses of the drug in two patients [ 12 ]. These patients developed severe 
 hepatotoxicity   with characteristic histologic appearance of hepatocellular necrosis 
in the centrilobular areas of the liver resulting in death within 3 days of ingestion 
[ 12 ]. Prior to the late 1990s, APAP was not widely recognized as a cause of acute 
liver failure (ALF) in the United States and did not appear in the transplant data-
bases until that time. In 2005, Larson et al. reported that APAP accounted for 42 % 
of all cases of ALF enrolled across several transplant centers participating in the 
Acute Liver Failure Study Group [ 13 ]. The annual percentage of APAP-related 
ALF during the study rose from 28 % in 1998 to 51 % in 2003. Unintentional 
(chronic therapeutic usage) and intentional overdoses equally accounted for these 
cases. In the unintentional group, it was recognized that up to 40 % took two or 
more acetaminophen preparations simultaneously, and up to 60 % use APAP in 
combination with narcotics [ 13 ]. It was also recognized that APAP contributed to 
ALF in children with recent data suggesting that it is responsible for 14–25 % of 
cases [ 14 ,  15 ]. One major regulatory event that occurred recently was reduction in 
the unit of APAP from 500 to 325 mg in combination-opioid products (  http://www.
fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm239894.htm    ). APAP is 
currently found in more than 600 different over-the-counter and prescription medi-
cines including pain relievers, fever reducers, sleep aids, and numerous cough, cold, 
and fl u medicines. Concerns related to unintentional overdose have resulted in 
increased scrutiny from Regulatory agencies leading to the recent initiative such as 
“know your dosage” campaign (  http://www.knowyourdose.org/    ). 

 Susceptibility profi le for APAP hepatotoxicity is of interest as some patients 
may be more prone than others to the adverse event. These risk factors could be 
genetic or nongenetic host-related factors such as chronic alcoholism causing 
induction of CYP2E1 or malnutrition associated with glutathione (GSH) defi -
ciency. The toxicity of  acetaminophen   is dose related and occurs because of the 
generation of a toxic intermediate metabolite, NAPQI by hepatic cytochrome P450 
2E1 ( CYP2E1  )   . Although this toxic metabolite is generated with the consumption 
of therapeutic doses of acetaminophen; it is rapidly detoxifi ed by conjugation with 
GSH. In humans with chronic alcoholism, there is a several-fold induction of 
hepatic CYP2E1 activity that lasts up to 48 h from the time of the last drink. 
Coupled with  hepatic depletion   of GSH because of malnutrition and starvation, 
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patients with  alcoholism might be predisposed to APAP toxicity at therapeutic 
doses. Existing data suggest that these patients might be sensitive to acetamino-
phen at therapeutic doses, but fi ndings from systematic studies are unavailable. 
Kuffner et al., administered 4 g of APAP or placebo for 3 days to patients with 
alcoholism who had entered a detoxifi cation center and showed no signifi cant dif-
ference in liver tests between the placebo and APAP groups [ 16 ]. Although the 
authors concluded that it was safe to administer the maximum recommended daily 
dose of APAP to newly-abstinent patients with alcoholism for up to 3 days, it is 
very likely that in real-life individuals may take APAP over prolonged periods 
while continuing to consume alcohol [ 17 ]. 

 Some studies have  also   reported increased risk of APAP  hepatotoxicity   in patients 
receiving the antiepileptic drugs phenobarbital and phenytoin likely related to 
decreased glucuronidation from inhibition of UDP-glucuronosyltransferases [ 18 ]. 
Investigations of genotypic variants of GST and UGT, however, failed to confer a 
phenotypic susceptibility to APAP toxicity [ 19 ]. There has been some concern about 
obesity and associated nonalcoholic fatty liver disease ( NAFLD  )    as a risk factor for 
APAP hepatotoxicity based on animal studies [ 20 ]. Unfortunately, these studies did 
not unequivocally establish the mechanism(s) whereby  NAFLD   could favor APAP 
hepatotoxicity, although some investigations suggested that preexistent induction of 
CYP2E1 could play a signifi cant role by increasing the generation of NAPQI, the 
toxic metabolite of APAP. Moreover, preexistent mitochondrial dysfunction associ-
ated with NAFLD could also be involved. In contrast, some investigations sug-
gested that factors that could reduce the risk and severity of APAP hepatotoxicity in 
obesity and  NAFLD   include higher hepatic APAP glucuronidation, reduced 
CYP3A4 activity, and increased volume of body distribution. Thus, the occurrence 
and the outcome  of   APAP-induced liver injury in an obese individual with NAFLD 
might depend on a delicate balance between metabolic factors that can be protective 
and others that favor large hepatic levels of NAPQI [ 20 ]. Currently, there does not 
appear to be a clear signal with regard to BMI and risk of APAP hepatotoxicity. 

 Traditionally, toxicity has been defi ned as a single acute ingestion of APAP of 
greater than 150 mg/kg in children and greater than 10 g in adults [ 21 ]. Defi nitions 
of chronic toxicity, or multiple time point ingestions, vary but daily use of more 
than 90 mg/kg in children and more than 4 g/day in adults is considered toxic.  The   
diagnosis of APAP toxicity for patients that present for medical evaluation in the 
fi rst 24 h with clear histories of APAP ingestion is relatively straightforward. 
The Rumack-Matthew nomogram (  http://www.tylenolprofessional.com/assets/
Nomogram.pdf    ) was created as a risk stratifi cation tool for patients presenting for 
medical evaluation following acute single-dose ingestions of APAP [ 22 ]. The 
nomogram defi nes an APAP concentration of greater than 150 μg/mL obtained 4 h 
after the overdose as the threshold level of toxicity that indicates the need for treat-
ment [ 22 ]. However, alternative clinical scenarios such as staggered or chronic 
ingestions of APAP and ingestions in individuals with increased CYP2E1 from 
alcoholism are  not   accounted for this nomogram [ 23 ]. Rarely, chronic ingestion has 
been attributed to result in progressive liver disease and cirrhosis but this phenom-
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enon has not been well documented. Additional discussion about treatment aspects 
is beyond the scope of this chapter and is the subject of a recent review and position 
statement from American Association for Study of Liver Disease [ 24 ,  25 ].  

    Idiosyncratic DILI 

  Idiosyncratic   DILI is a  heterogeneous and rare entity   caused by multitude of pre-
scription or herbal and dietary supplements with a varied presentation, ranging from 
asymptomatic liver test abnormalities to fatal liver failure [ 2 ,  26 ]. It is primarily a 
diagnosis of exclusion and thus prone to misdiagnosis both in clinical practice and 
in clinical trial setting [ 27 ]. Idiosyncratic DILI from any one drug is not only rare, 
but a largely unpredictable event causing hepatic damage at therapeutic concentra-
tions and causing nonzonal necrosis. One population-based study from Iceland sug-
gested an incidence of 19 cases per 100,000 inhabitants per year [ 28 ]. The incidence 
is more prevalent with certain agents such as amoxicillin-clavulanic acid (~1 in 
2300 users), diclofenac, azathioprine, infl iximab and nitrofurantoin [ 28 ]. 

  Mechanisms   of injury are usually immunogenic or host susceptibility from 
genetic or acquired inability to detoxify hepatotoxic drug intermediates [ 29 ]. 
Therefore, it has been diffi cult to systematically investigate the prevalence and 
risk factors for developing idiosyncratic DILI [ 30 ,  31 ]. The international consen-
sus meeting on DILI held in 1989 recommended that in the absence of a liver 
biopsy DILI should be defi ned as ALT or conjugated bilirubin >2-fold increase 
over the upper limit of normal (ULN) or a combined increase of AST, alkaline 
phosphatase or bilirubin provided one of them is twofold above ULN [ 32 ]. 
Although the European investigators continue to adopt this defi nition (e.g., 
Spanish DILI network investigators), the US DILI Network (DILIN) investiga-
tors viewed this defi nition as far too inclusive and felt it cannot discriminate 
DILI from fl uctuations in liver biochemistries that are known to occur in indi-
viduals with underlying fatty liver (seen in up to 30 % US adults). The criteria for 
enrollment into DILIN was therefore more restrictive and set at AST or ALT at 
>5 times ULN or alkaline phosphatase (Alk P) >2 times ULN on two consecutive 
occasions or Bilirubin >2.5 mg/dl along with elevated AST or ALT or Alk P or 
INR >1.5 along with elevated AST or ALT or Alk P. 

    Clinical Features and Natural History 

 Acute DILI has been traditionally  characterized   into hepatocellular, cholestatic and 
mixed (hepatocellular and cholestatic) patterns based on “ R ” ratio calculated using 
the formula of (ALT/ULN)/(AlkP/ULN) from the blood test results at the time of 
initial presentation.  R  ratios of >5 are defi ned as hepatocellular, <2 as cholestatic, 
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and between 2 and 5 as a mixed pattern of enzymes. If the ALT value is >2 times 
ULN and the AlkP is normal, the pattern is considered hepatocellular, and an  R  ratio 
need not be calculated. Similarly, if the AlkP value is >2 times ULN but the ALT is 
normal, the pattern is considered cholestatic, and an  R  ratio need not be calculated. 
This  biochemical pattern   of liver injury in part forms the basis for the so-called 
signature pattern of DILI caused by a specifi c compound (e.g., amoxicillin- 
clavulanic acid causes cholestatic liver injury, isoniazid (INH) causes hepatocellu-
lar liver injury). Interestingly, recent data from the DILIN suggest that such a 
signature is neither sensitive nor specifi c. Furthermore, there appears to be no sig-
nifi cant correlation between biochemical pattern of liver injury and liver histology 
in patients with DILI [ 33 ]. Chronic DILI is currently defi ned as evidence of persis-
tent laboratory, radiological, or pathological abnormalities 6 months after DILI 
onset. Data from the DILIN study show that up to 7 % of children and 14 % of adults 
developed chronic DILI and liver biopsies in these individuals often reveal evi-
dence of chronic hepatitis or bile duct injury [ 2 ,  34 ]. 

 There are a plethora of presentations for idiosyncratic DILI. Clinical scenarios 
may range from asymptomatic liver enzyme abnormalities to symptoms that could 
be general (fatigue, itching, pain etc.), immuno-allergic (fever, rash, peripheral or 
tissue eosinophilia), vascular (nodular regenerative hyperplasia) or severe with 
jaundice, coagulopathy, ascites sometimes progressing to fulminant hepatic failure. 
However, in real life, patients with these symptoms come to the attention of the 
health care provider at variable time points and careful history taking is essential to 
determine the chronology of events leading to the presenting symptoms. The clini-
cal phenotype with  characteristic   histologic features from example agents is sum-
marized in Table  25.1 .

       Diagnosis of DILI 

 Making a  diagnosis   of DILI is often very challenging due to varied presentations in 
varied clinical scenarios with reliable diagnostic tests. One of the commonly used 
instruments in the clinical trials and by regulatory authorities is the Roussel Uclaf 
Causality Assessment Method ( RUCAM     ). It is a structured means of assigning 
points for temporal association, clinical, biochemical, serologic and radiological 
features. The overall score ranges from −9 to +14 with a higher score associated 
with a higher likelihood of DILI from the implicated agent. In the real world, how-
ever, fi rst and foremost in the diagnosis of DILI, is to entertain the possibility of 
DILI in any patient with unexplained liver injury. Clinical judgment, often by 
exclusion of competing etiology, is probably the most frequent method used to 
identify a case of DILI (Fig.  25.1 ). In judging the likelihood of DILI from an impli-
cated agent, a process called  causality assessment   primarily based on six features 
are crucial for a defi nitive diagnosis.
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•     Latency: The duration between the exposure to the offending agent and the onset 
of liver injury is typically called the latency period and could be variable ranging 
from 5 days and up to 3 months. Drugs such as sulfonamides and macrolide 
antibiotics have short latency period of few days where as drugs such as INH, 
nitrofurantoin or amiodarone have long latency period of up to several months.  

•   Dechallenge: Improvement in liver tests is usually observed within a few 
days (acetaminophen) or few weeks (macrolide antibiotics or sulfonamides) 
of discontinuation of the offending agent. Certain drugs, however, cause per-
sistent elevations in liver tests and often associated with bile duct damage or 
chronic hepatitis.  

•   Pattern of injury: Drugs often have  a   signature pattern in their clinical presenta-
tion. For example, anabolic steroids cause bland cholestasis, or amoxicillin- 
clavulanic acid (Augmentin) causes mixed pattern, or INH causes hepatocellular. 
A few drugs can cause immune-allergic hepatitis with features such a rash, facial 
edema, myalgia, arthralgia, eosinophilia and atypical lymphocytes. For example, 
allopurinol causes these symptoms with short latency. Telaprevir is another 

   Table 25.1    Plethora of clinical  presentations   with characteristic histologic features from example 
agents   

 Phenotype  Histological features  Example agents 

 Acute fatty liver with 
lactic acidosis 

 Microvesicular hepatic steatosis ± other 
tissue involvement 

 Didanosine, Fialuridine, 
Valproate 

 Acute hepatic necrosis  Collapse and necrosis of liver 
parenchyma 

 Isoniazid, Niacin 

 Autoimmune-like 
hepatitis 

 Plasma cells and interface hepatitis 
with detectable autoantibodies 

 Nitrofurantoin, 
Minocycline 

 Bland cholestasis  Balloon hepatocytes with minimal 
 infl ammation   

 Anabolic steroids 

 Cholestatic hepatitis  Balloon hepatocytes with 
infl ammation, predominance of serum 
alkaline phosphate elevation 
(phenytoin, amoxicillin-clavulanic 
acid) 

 Phenytoin, Augmentin 

 Fibrosis/cirrhosis  Hepatic collagenization with minimal 
infl ammation 

 Methotrexate, 
Amiodarone 

 Immunoallergic 
hepatitis 

 Eosinophilic infi ltrate  Trimethoprim- 
sulfamethoxazole 

 Nodular regeneration  Micro- or macroscopic liver nodules  Azathioprine, Oxaliplatin, 
TDM1 

 Nonalcoholic fatty liver  Macro- and microsteatosis, hepatocyte 
ballooning and periportal infl ammation 

 Tamoxifen 

 Sinusoidal obstruction 
syndrome 

 Infl ammation with obliteration of 
central veins 

 Busulfan 

 Vanishing bile duct 
syndrome 

 Paucity of interlobular bile  ducts    Sulfonamides, 
Beta-lactams 

  Modifi ed from Hayashi et al. Seminar liver Disease 2014 [ 65 ]  
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recent example of a drug that has been associated with Drug Rash Eosinophilia 
and Systemic Symptoms (DRESS).  

•   Exclusion of competing etiology: A careful history and work up for exclusion of 
competing etiology is crucial as DILI is primarily a diagnosis of exclusion. For 
exclusion of acute hepatitis C, the routinely ordered viral hepatitis panel that 
include hepatitis C antibody is inadequate since it takes approximately 4 weeks 
to develop positive antibodies. A hepatitis C virologic assay is necessary to 
exclude acute hepatitis C. A liver biopsy is not required to make a diagnosis of 
DILI. However, rarely a liver biopsy should be considered if autoimmune hepa-
titis remains a competing etiology or when liver enzymes fail to improve with 
discontinuation of the offending drug.  

•   Prior reports of the implicated agent: Some drugs are well known, well described, 
and well reported to cause DILI and have a characteristic signature with more 
than 50 cases including case series that have been described.  Causality assess-
ment   of such cases in general is easier when adequate information is available. 
Alternatively, certain drugs despite extensive use have no evidence that they 
cause liver injury. Although single case reports may have been published, they 
are largely unconvincing. Implicating such an agent as the cause for DILI would 
raise concerns about concomitant drugs that could have been missed, or surrepti-
tious use of herbal and dietary supplements often under the perception of being 
safe due to natural ingredients.  

  Fig. 25.1    Flow chart  for   evaluation of a case of apparent DILI. The diagnosis of DILI requires 
pertinent clinical information and adequate evaluation for exclusion of competing etiology       
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•   Re-challenge: Although included  in   several causality instruments, a premeditated 
re-challenge with the suspected drug is not recommended. However,  inadvertent 
re-challenge followed by a repeat liver injury is very convincing for DILI related 
to that drug.     

    LiverTox: A Clinical and Research Information 
Resource on DILI 

 A signifi cant  development   in this fi eld is LiverTox (livertox.nih.gov),  a   novel online 
resource with content developed by Liver Disease Branch of the National Institute 
of Diabetes and Digestive and Kidney Diseases (NIDDK) with help from National 
Library of Medicine. It is in the public domain and freely available to use. It includes 
a complete and accurate summary of clinical features, diagnosis, cause, frequency, 
patterns, and management of DILI associated with prescription and nonprescription 
drugs such as HDS. LiverTox is a single-destination shortest path for easy accesses 
to up-to-date, accurate, and comprehensive information for the health care provider 
facing challenging cases of apparent DILI. The  RUCAM   worksheet is also avail-
able through the LiverTox website (  http://www.livertox.nih.gov/rucam.html    ).  

    Drug-Induced Autoimmune Hepatitis 

 Certain drugs  can   cause autoimmune hepatitis with presence of autoantibodies, 
hyper gammaglobulinemia, and characteristic liver histology similar to de novo auto-
immune hepatitis [ 35 ]. Resolution of liver test  abnormalities   has also been reported 
with discontinuation of the offending drug but often in real world, steroids are initi-
ated due to diffi culty in differentiating from de novo autoimmune hepatitis (AIH). 
When liver tests improve with steroid therapy, consideration could be given for ces-
sation of steroid therapy through a slow taper especially in drugs that have a defi nite 
association with AIH such as nitrofurantoin, minocycline, methylodopa, hydrala-
zine, or halothane. Latency period with these agents is typically long and could be 
several months. For example, nitrofurantoin (Macrobid), characteristically causes a 
chronic hepatitis after many weeks, months or even years of therapy with some cases 
presenting with cirrhosis  associated    with   serum antinuclear antibodies (ANA) [ 35 ].  

    Herbal and Dietary Supplement-Related Liver Injury 

 A dietary  supplement   is any product intended to supplement diet and may contain 
vitamins, minerals, herbs, amino acids or extracts thereof. Unlike most prescribed 
pharmaceuticals, attribution of DILI to herbal and dietary supplements ( HDS  ) is 
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confounded by product variability, complexity, and contamination or adulteration 
[ 36 ]. These  factors   notwithstanding, the problem of DILI attributable to HDS 
remains an important concern for Americans, as HDS are the second most com-
mon cause of DILI among enrollees into the DILIN. The widespread use of HDS, 
the current lack of regulation, and the uncertainty of the manufacturer or provider- 
initiated reporting of adverse events preclude an accurate estimation of the fre-
quency of use and the scope of attributable hepatotoxicity. That said, approximately 
15 % of the DILIN cohort have experienced liver injury caused by HDS [ 37 ]. In the 
recent report from DILIN,    liver injury caused by HDS increased from 7 to 20 % 
( P  < 0.001) during the study period between 2004 and 2013 [ 37 ]. Bodybuilding 
HDS caused prolonged jaundice (median, 91 days) in young men, but did not result 
in any fatalities or liver transplantation. Non-bodybuilding HDS cases presented 
more with hepatocellular injury, predominantly in middle-aged women, and, more 
frequently, led to death or transplantation, compared to injury from conventional 
medications (13 % vs. 3 %;  P  < 0.05) [ 37 ].  

    DILI in Patients with Disease State 

 Certain  disease   conditions may predispose individuals to DILI due to alterations in 
host immune function, drug metabolizing enzyme activity, lower serum albumin, 
glutathione reserve in the liver and overall ability to scavenge chemically reactive 
metabolites that can induce hepatotoxicity. One classic example is the increased 
incidence of trimethoprim–sulfamethoxazole hepatotoxicity (up to 20 %) in patients 
with acquired immune defi ciency syndrome compared to the general population 
[ 38 ]. Another, well-known example is the increased incidence of DILI from antitu-
berculosis treatment in patients who have advanced disease and lower pretreatment 
serum albumin (<3.5 g/dl) [ 39 ]. A recent study examined the association between 
on-treatment weight loss and risk of DILI from tuberculosis treatment and reported 
that weight loss of 2 kg or more within 4 weeks, concomitant hepatitis C, older age 
and multi-drug resistant TB were independently associated risk factors [ 40 ]. Among 
these, the strongest risk factor was on-treatment weight loss (OR 211, 95 % CI: 
36–1232) [ 40 ]. Furthermore, patients  with   concomitant alcohol intake had threefold 
higher odds of developing hepatotoxicity [ 39 ]. Alcohol consumption is one of the 
criteria in  the   RUCAM causality assessment instrument [ 32 ] although the risk of 
liver injury has only been reported in select medications such as INH, methotrexate 
or halothane [ 41 ]. Chronic alcohol abuse might increase the hepatotoxicity of anti-
tuberculosis treatment through the induction of hepatic CYP2E1 [ 42 ,  43 ]. It has 
been suggested that alcoholism in conjunction with patient’s poor nutritional status 
may result in poor glutathione reserve and increased risk of DILI [ 17 ,  43 ]. 

 Obesity, diabetes, and hepatic steatosis result in  a      chronic oxidant stress and mito-
chondrial dysfunction [ 44 ], which may enhance the toxicity of drugs that target mito-
chondria, e.g., acetaminophen [ 45 ]. However, concern related to baseline liver test 
abnormalities from underlying nonalcoholic fatty liver disease (NAFLD) or chronic 
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hepatitis C and risk of hepatotoxicity especially with drugs such as statins and 
thiazolidinediones (rosiglitazone and pioglitazone) did not really pan out and cur-
rently liver safety iof these agents in patients with underlying chronic liver disease is 
much less of an issue [ 46 – 50 ].  Minor fl uctuations   in aminotransferases upon initiat-
ing statin therapy are not uncommon but serious hepatotoxicity is quite rare and even 
when happens, it is almost universally reversible upon prompt recognition and with-
drawal of the offending agent [ 46 ,  51 ]. Rare cases of statin-induced autoimmune 
hepatitis have been reported and in such cases immunosuppressive therapy may be 
necessary until sustained biochemical improved is achieved [ 52 ]. Recommendations 
of the Liver Expert Panel to the National Lipid Association on Statin Safety states 
that current evidence supports the use of statins to treat hyperlipidemia in patients 
with nonalcoholic fatty liver disease and nonalcoholic steatohepatitis [ 53 ].  

    Treatment of DILI 

 The mainstay  of   treatment for DILI is prompt recognition, discontinuation, and 
avoiding reexposure to the offending agent. The recovery period is varied with rela-
tively rapid improvement unless there is bile duct damage or drug-induced AIH. A 
low-fat diet is generally recommended in those with jaundice and anti-pruritic 
agents such a doxepin or hydroxyzine are prescribed to alleviate symptoms of itch-
ing. For some specifi c drugs, however, there are specifi c therapies available. These 
include  N -actyl cysteine (NAC or mucomyst) for acetaminophen poisoning, intra-
venous  L -carnitine for valproate toxicity, cholestyramine for lefl unomide (Arava), 
and steroid or immunosuppressant therapy for drug-induced AIH. Close follow-up 
until a 50 % improvement in ALT or AlkP with subsequent follow-up to document 
normalization of liver test abnormalities is required to ensure that the patient has not 
progressed to chronic DILI. We generally recommend follow up until normaliza-
tion of liver test abnormalities and then discharge from our clinic. Consideration 
should be given for referral of the patient with apparent DILI to one of the DILIN 
centers (  https://dilin.dcri.duke.edu/    ).  

    Total Parenteral Nutrition-Related Liver Injury 

 Parenteral nutrition-associated liver disease (PNALD) is  characterized   by elevated 
liver tests, hepatic steatosis and progressive hepatic fi brosis that could evolve into a 
life-threatening disease  with   high mortality and morbidity [ 54 ]. It is estimated that 
up 40 % of patients receiving long-term total parenteral nutrition (TPN) develop 
 PNALD   [ 55 ]. Progression to  cirrhosis and portal hypertension   occurs rarely but 
appears to be more common in infants and neonates than in adults [ 55 ]. Although 
the exact  pathogenesis   is unclear and probably multifactorial, there is accumulating 
evidence over the past few decades that the lipid component of TPN is the most 
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probable cause of PNALD. Both animal and human research during the past decade 
has implicated phytosterols and  ω -6 ( n –6) fatty acids as the most likely components 
in the current lipid formulations as primary reasons for PNALD [ 56 – 58 ]. 

 PNALD should be suspected in all patients receiving TPN in the hospital or at 
home. Pattern of injury is often mixed pattern or cholestatic and competing etiologies 
such as extra-hepatic causes of cholestasis and DILI should be excluded. In most 
cases, elevated liver tests are observed after the fi rst 2 weeks of TPN, although some 
patients may develop abnormalities several months later [ 55 ,  59 ]. Histologic exami-
nations reveal mild to moderate cholestasis with minimal infl ammation or necrosis 
and no evidence of fat accumulation [ 60 ]. With continued TPN and enteral fasting, 
severe cholestasis is associated with bile duct regeneration, portal infl ammation, and 
fi brosis with cirrhosis developing within months [ 55 ,  60 ]. 

 Vital information with  regard   to treatment aspect of PNALD comes from the 
pediatric world. Several nonrandomized human trials provide substantial data to the 
benefi cial effects of  ω -3-rich fatty acids in the treatment of PNALD [ 61 – 63 ]. Recent 
data suggest marked improvement in survival when PNALD is recognized at early 
stages and treated with lipid emulsions that contain fi sh oil rather than plant-based 
lipid emulsions [ 62 – 64 ]. Unfortunately, in the United States, only plant-based lipid 
emulsions are currently approved for use, with fi sh oil based lipid emulsions avail-
able only through compassionate-use program. 

 In summary, DILI is a diagnosis of exclusion and should be considered during 
evaluation of every case of unexplained liver injury. Our knowledge about PNALD 
is evolving and we certainly hope that formulations with fi sh oil based lipid emul-
sions are available in the US sooner than later.      
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    Chapter 26   
 Miscellaneous Disorders: Pregnancy- 
Associated Liver Disorders, Vascular 
Disorders, Granulomatous Diseases, 
and Amyloidosis                     

     Eric     F.     Martin     

       This chapter discusses miscellaneous hepatic disorders including pregnancy- 
associated liver disorders, vascular disorders of the liver, granulomatous diseases of 
the liver, and hepatic amyloidosis. This chapter reviews the normal physiologically 
adaptive changes that occur during pregnancy and the subsequent changes in the 
liver biochemical profi le. Liver diseases unique to pregnancy are one of fi ve liver 
disorders—hyperemesis gravidarium (HG), intrahepatic cholestasis of pregnancy 
(ICP), preeclampsia, HELLP syndrome, and acute fatty liver of pregnancy (AFLP). 
This chapter also discusses the epidemiology, pathogenesis, radiographic fi ndings, 
diagnosis, and the treatment of various vascular disorders affecting the liver, namely 
portal vein thrombosis, Budd-Chiari syndrome, and sinusoidal occlusive syndrome. 
This chapter also reviews the incidence, etiology, and pertinent clinical and labora-
tory fi ndings of various granulomatous liver diseases and explains the indications 
for treatment. This chapter concludes by explaining the etiologies, clinical and labo-
ratory fi ndings, management, and outcomes of hepatic amyloidosis. 

    Pregnancy-Associated Liver Disorders 

     1.    Is it normal to have elevated liver enzymes during  pregnancy  ? 
 Due to the signifi cant physiologic, hormonal, and metabolic changes that 

occur during pregnancy, alterations in the liver biochemical profi le are expected 
and normal. However, abnormal liver tests which require further investigation 
occur in 3–5 % of all pregnancies. Abnormally elevated liver enzymes during 
pregnancy are either due to a specifi c set of diseases that are unique to pregnancy 
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(i.e. hyperemesis gravidarum, intrahepatic cholestasis of pregnancy, preeclampsia, 
HELLP syndrome, and acute fatty liver of pregnancy) or diseases that are  not 
  unique to pregnancy.   

   2.    What imaging studies are safe for the baby? 
  Ultrasonography   remains the safest technique to visualize the liver during 

pregnancy. If additional imaging is needed, magnetic resonance imaging (MRI) 
is considered safe during pregnancy; however, gadolinium, which is the intrave-
nous (IV) contrast most commonly used with MRI, should be avoided. 
 Gadolinium- based contrast   has been shown to cross the blood–placenta barrier 
after IV administration. The effects on the exposed fetus are unknown.     

     Normal Physiological and Hormonal Changes   in Pregnancy 

 Throughout pregnancy, the body undergoes a multitude of physiologically adaptive 
changes that affect all organ systems including the liver. The subsequent changes in 
the liver biochemical profi le, therefore, are normal and expected in pregnancy 
(Table  26.1 ). Any changes in the liver biochemical profi le should be interpreted in 
this context. However, 3–5 % of all pregnancies are complicated by liver disorders 
[ 1 ]. The recognition of liver disease during pregnancy is imperative as early diag-
nosis may improve maternal and fetal outcomes.

   Plasma volume increases by approximately 50 % during pregnancy; however, 
the blood fl ow to the liver remains constant. In addition to a rise in maternal heart 

   Table 26.1    Biochemical changes during normal pregnancy   

 Test  Change from nonpregnant state 

 Bilirubin (total)  Unchanged (or slightly decreased) 
 Aminotransferases (AST, ALT)  Unchanged 
 Alkaline phosphatase  Increases 2–4 fold 
 Albumin  Decreases 
 Prothrombin time  Unchanged 
 Fibrinogen  Increases by 50 % 
 Globulin  Increases in α and β globulins, decreases in γ 

globulin 
 Alpha-fetoprotein  Increases 
 White blood cell count  Increases 
 Platelets  Unchanged 
 Ceruloplasmin  Increases 
 Cholesterol  Increases twofold 
 Triglycerides  Increases 
 Hemoglobin  Decreases (from second trimester) 
 Cell volume  Decreases 
 Uric acid  Decreases 
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rate and cardiac output, there is also a decrease in blood pressure and  systemic vas-
cular resistance (SVR)     . These changes may mimic the physiologic changes seen in 
patients with decompensated chronic liver disease. Spider angiomata and palmar 
erythema, which are also seen in those with chronic liver disease, are the result of 
increased serum estrogen levels and are normal fi ndings in pregnancy and usually 
resolve after delivery. 

 During a normal pregnancy, alkaline phosphatase levels are elevated due to 
increased placental isoenzyme activity and serum albumin concentrations fall due 
to the expansion in plasma volume [ 2 – 4 ]. Serum aminotransferase concentrations 
(aspartate aminotransferase [AST] and alanine aminotransferase [ALT])      , total bili-
rubin, and γ-glutamyl transpeptidase (GGT) remain normal throughout pregnancy 
or are marginally reduced due to hemodilution [ 2 ,  3 ]. Therefore, any elevations of 
AST, ALT, and serum bilirubin are considered pathologic and require further 
investigation. 

 Ultrasonography remains the safest modality to visualize the liver during preg-
nancy. If additional detailed imaging is needed,    MRI without contrast is safe during 
pregnancy with no harmful effects towards the developing fetus [ 5 ,  6 ]. However, 
gadolinium-enhanced MRI should be avoided due to the transplacental transfer of 
gadolinium, whose effects on the fetus are largely unknown [ 7 ].  

     Classifi cation   of Liver Diseases in Pregnancy 

 Liver diseases in pregnancy are broadly categorized as diseases that are unique to 
pregnancy and those that are not (Table  26.2 ). Most liver dysfunction that occurs dur-
ing pregnancy is directly related to the pregnant state and is due to one of fi ve liver 
diseases unique to pregnancy—hyperemesis gravidarum (HG), intrahepatic cholesta-
sis of pregnancy (ICP), preeclampsia, HELLP syndrome, and acute fatty liver of preg-
nancy (AFLP). Liver diseases that are not related to pregnancy are further categorized 
upon the presence or absence of preexisting liver disease (Table  26.2 ).

    Table 26.2    Classifi cation of liver disease in pregnancy   

 Diseases unique to pregnancy 

 Diseases not unique to pregnancy 

 Preexisitng liver diseases 
 Liver disease coincident with 
pregnancy 

 Hyperemesis gravidarum (HG)  Chronic hepatitis B and C  Viral hepatitis 
 Intrahepatic cholestasis of 
pregnancy (ICP) 

 Cirrhosis and portal 
hypertension 

 Biliary disease 

 Acute fatty liver of pregnancy 
(AFLP) 

 Autoimmune liver disease  Budd-Chiari syndrome 

 Preeclampsia and eclampsia  Wilson disease  Drug-induced liver injury 
(DILI) 

 HELLP syndrome  Liver transplantation 

   HELLP  hemolysis, elevated liver enzymes, and low platelets  
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       Liver Diseases Unique to Pregnancy 

 Gestational age at the time of onset of signs and symptoms is critical in determin-
ing the etiology of liver disease as each condition has a characteristic timing of 
onset ( Table    26.3 ).

      Hyperemesis Gravidarum 

    Defi nition and Diagnosis   

  Nausea and vomiting of pregnancy (NVP)     , which is often referred to as “morning 
sickness,” is common and affects nearly 80 % of pregnant women [ 8 ,  9 ]. Hyperemesis 
gravidarum (HG), which represents a severe end of the spectrum of NVP, occurs in 
only 0.3–2.0 % of all pregnancies [ 10 ,  11 ]. The diagnosis of HG is clinical and is 
supported by intractable vomiting resulting in dehydration, electrolyte imbalance, 
muscle wasting, ketosis, and weight loss of more than 5 % body weight. Symptoms 
related to HG may manifest as early as week 4 of pregnancy and typically subside 
by 18–20 weeks of gestation [ 12 ].  

    Etiology   

 The exact cause of HG remains unclear; however, immunological, hormonal, and 
psychological factors likely play a role. Risk factors for HG include elevated body- 
mass index (BMI), hyperthyroidism, underlying psychiatric illness, molar preg-
nancy, preexisting diabetes mellitus, and multiple pregnancies [ 13 ,  14 ]. 

 Serum aminotransferases are elevated in nearly 50 % of patients diagnosed 
with HG, the levels of which may rise to more than 20 times the upper limit of 
normal [ 14 ,  15 ]. Hyperbilirubinemia is uncommon in HG but if present rarely 

  Table 26.3     Characteristic 
timing   of liver diseases 
unique to pregnancy  

 Liver disease  Trimester 

 Hyperemesis gravidarum (HG)  1, 2 
 Intrahepatic cholestasis of pregnancy 
(ICP) 

 1 a , 2, 3 

 Pre-eclampsia  2, 3 
 HEELP  2, 3 
 Acute fatty liver of pregnancy (AFLP)  2, 3 

   HEELP  hemolysis, elevated liver enzymes, and low 
platelets 
  a Rare case reports of ICP developing as early as ges-
tational week 6–10  
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exceeds 4 mg/dL. The degree of elevation in liver biochemical tests correlates 
with the severity of symptoms. The elevated liver tests quickly normalize upon 
resolution of vomiting.  

    Pathology   

 Given the typical clinical manifestations of HG, a diagnostic liver biopsy is seldom 
needed. If performed, majority of liver biopsies are normal or with nonspecifi c fi nd-
ings demonstrating cholestasis with mild centrilobular necrosis [ 16 ].  

    Treatment   

 The fi rst-line approach to mild presentations of HG typically includes avoidance of 
environmental triggers with bowel rest followed by reintroduction of small and fre-
quent meals and anti-histamines. Thiamine (vitamin B1) supplement is recom-
mended to prevent Wernicke encephalopathy, especially in women with a protracted 
course of emesis. Hospitalization is often necessary for more severe presentations 
and may require intravenous rehydration, nutritional support,    and antiemetic ther-
apy. Treatment of HG using intravenous corticosteroids remains controversial and 
typically reserved for severe refractory cases.  

    Outcomes and Recurrence   

 Infants of mothers with HG may be born prematurely, be small for gestational 
age and have significantly lower birth weights than infants born to mothers 
without HG [ 17 ,  18 ]. There are no clear associations with HG and congenital 
anomalies or perinatal death. If untreated, there are reports of consequences 
related to micronutritent deficiency, namely Wernicke encephalopathy and 
malnutrition, namely poor wound healing, muscle wasting, and immunosup-
pression [ 19 ,  20 ]. 

 HG often recurs in subsequent pregnancies. There is a 15 % increased risk of HG 
in the second pregnancy in women with a history of HG compared to only 0.7 % 
increased risk in women without previous HG [ 21 ].   

    Intrahepatic Cholestasis of Pregnancy 

   Introduction and Epidemiology 

 Intrahepatic cholestasis of pregnancy (ICP) is characterized by  pruritus   and an elevation 
in serum bile acid concentrations. While ICP typically occurs during the second or third 
trimester, rare cases developing as early at 6–10 weeks have been reported [ 22 – 24 ]. The 
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prevalence of ICP has signifi cant geographic variation. The highest prevalence rates of 
ICP were previously reported in Bolivia and Chile with a prevalence from 11.8 to 27.6 % 
[ 25 ,  26 ]. The prevalence in the US is estimated at 0.3–5.6 % [ 27 ,  28 ].  

    Pathogenesis   

 The exact cause of ICP is largely unknown but recent epidemiologic and clinical stud-
ies suggest that hormonal, genetic, and environmental factors are likely involved [ 29 ]. 

 Estrogen and progesterone directly inhibit the bile salt export pump and induce 
cholestasis. Serum concentrations of estrogen during pregnancy peak in the third 
trimester, which correlate with the onset of ICP. Genetic variants in genes encoding 
for several hepatobiliary transporters were discovered in patients with ICP that 
likely explain familial cases and the higher incidence in certain ethnic groups. The 
multidrug resistance 3 (MDR3) protein, which serves as the transporter for phos-
photidylcholine across the canalicular membrane into bile, is associated with 
ICP. Specifi cally several mutations in the  ABCB4  gene that encodes MDR3 have 
been identifi ed in patients with ICP. Mutations in the  ABCB4  gene leads to loss of 
function of MDR3, which results in elevated serum bile acids without phospholip-
ids leading to injury of the canalicular membrane and cholestasis [ 30 ,  31 ]. The 
incidence of  ABCB4  gene mutations in Caucasian patients diagnosed with ICP is 
estimated at 16 % [ 32 ].  

    Clinical Manifestations and Laboratory Findings   

 The onset of ICP is typically preceded by the development of pruritus. Pruritus 
predominates on the palms and soles of the feet, but may be generalized and become 
intolerable. Pruritus is typically worse at night and often disrupts sleep. Pruritus 
usually resolves within a few days after delivery. Jaundice, which typically presents 
after the onset of pruritus, develops in less than 20 % of patients [ 33 ]. Women with 
ICP may develop diarrhea and steatorrhea due to severe cholestasis requiring fat 
soluble vitamin supplementation. 

 The laboratory hallmark of ICP is elevated serum total bile acid concentrations, 
which may be the fi rst or only laboratory abnormality [ 34 ]. Total and direct biliru-
bin along with 5′ nucleotidase may also be elevated. Total bilirubin levels rarely 
exceed 10 mg/dL. Alkaline phosphatase is also elevated, but is not specifi c for cho-
lestasis during pregnancy due to expression of placental alkaline phosphatase isoen-
zyme. On the other hand, serum levels of  gamma glutamyl transpeptidase (GGT)      
are often normal or only slightly elevated in ICP, which is atypical in cholestatic 
liver disease as GGT levels typically parallel other cholestatic markers. Elevated 
GGT levels may indicate MDR3 mutation or underlying liver disease unrelated to 
pregnancy. Serum aminotransferase levels may at times exceed 1000 U/L, which 
should also prompt distinction from concurrent viral hepatitis. The prothrombin 
time (PT) is usually normal, but it may become prolonged due to vitamin K defi -
ciency in the setting of severe cholestasis with jaundice or recent use of bile acid 
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sequestrants, namely cholestyramine, rather than intrinsic liver dysfunction. For 
this reason, vitamin K should be administered prior to  delivery   to prevent postpar-
tum hemorrhage.  

    Diagnosis   

 The diagnosis of ICP is based upon the presence of pruritus with elevated total 
serum bile acid concentrations and/or aminotransferases in the absence of diseases 
that may produce similar clinical and laboratory fi ndings. A fasting serum bile acid 
concentration >10 μmol/L is considered diagnostic [ 35 ].  

    Pathology   

 Given the characteristic clinical and laboratory fi ndings in ICP, liver biopsy is 
rarely needed to confi rm the diagnosis. When performed, histopathology is charac-
terized by cholestasis in the absence of infl ammation or necrosis. The portal tracts 
are unaffected [ 36 ].  

    Medical Management   

  Ursodeoxycholic acid   (ursodiol) is the fi rst-line treatment of ICP and should be 
given from time of diagnosis until delivery. Ursodiol (10–15 mg/kg/day) provides 
relief from pruritus, improves liver biochemical tests and is well tolerated by mother 
and fetus [ 37 ]. As in other chronic cholestatic liver diseases, ursodiol, which is a 
hydrophilic bile acid, may provide some degree of cytoprotection against the hepa-
totoxic effects of the hydrophobic bile acids. In addition, ursodiol increases bile 
fl ow, decreases plasma bile acid and sulphated progesterone  metabolite   concentra-
tions, increases bile sale export pump expression, and restores proper transport of 
bile across the placenta, which is impaired in ICP [ 38 ,  39 ]. 

 There are no clear guidelines regarding the optimal time for delivery in patients 
with ICP [ 40 ]. In severe cases of ICP, current consensus opinion supports the prac-
tice of induction of labor between 36 and 38 weeks gestation to allow for fetal lung 
maturity and minimize incidence of intrauterine fetal demise (IUFD) that is associ-
ated with ICP [ 40 ].  

    Maternal and Fetal Outcomes   

 Overall, the maternal prognosis in ICP is good. Pruritus typically disappears within 
a few days after delivery and is accompanied by normalization of total serum bile 
acid concentrations and other liver biochemical markers. Recurrent cholestasis 
occurs in up to 70 % of subsequent pregnancies with variable degrees of severity. In 
two recent longitudinal population-based cohort studies from Sweden and Finland, 
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women with a history of ICP had a signifi cantly increased risk for developing hepa-
tobiliary disease, namely hepatitis C virus (HCV), fi brosis, cirrhosis, gallstones dis-
ease, cholangitis, nonalcoholic pancreatitis, and nonalcoholic liver cirrhosis 
including cases of PBC cirrhosis [ 41 ,  42 ]. 

 In contrast to a more favorable maternal prognosis, ICP carries signifi cant fetal 
risk. Fetal complications correlate with serum bile acid concentrations, with a neg-
ligible risk if levels remain <40 μmol/L [ 35 ,  43 ]. The main complications of ICP 
include prematurity and  IUFD     , which has an estimated incidence between 1 and 2 % 
[ 44 ,  45 ].   

    Preeclampsia and HELLP Syndrome 

    Defi nition   and  Epidemiology   

 Preeclampsia is a common complication of pregnancy with an incidence of 2–7 % 
in healthy nulliparous women [ 46 ]. It is characterized by new onset hypertension 
and either proteinuria or end-organ dysfunction after 20 weeks of gestation [ 47 ]. 
Preeclampsia itself typically does not have liver involvement; however, if present 
signifi es severe disease. Multiple risk factors for the development of preeclampsia 
include a personal or family history of preeclampsia, presence of antiphospholipid 
antibodies, preexisting diabetes mellitus, pre-pregnancy body mass index (BMI) 
>35 kg/m 2 , nulliparity, a twin pregnancy, and maternal age ≥ 40 years [ 48 ]. 

 HELLP syndrome represents a severe form of preeclampsia and occurs in up to 
0.8 % of all pregnancies and 10–20 % of women with severe preeclampsia. HELLP 
syndrome is characterized by hemolysis (H), elevated liver enzymes (EL), and low 
platelets (LP). In contrast to preeclampsia, nulliparity is not a risk factor for HELLP 
syndrome as at least 50 % of patients with HELLP syndrome are multiparous [ 49 ].  

    Pathogenesis   

 The exact pathophysiology of HELLP syndrome is unknown, but proposed mecha-
nisms include aberrant placental development and function with subsequent vascu-
lar remodeling and uteroplacental ischemia. The ensuing thrombotic microangiopathy 
leads to microangiopathic hemolytic anemia and liver damage.  

    Clinical Presentation   

 The clinical presentation of HELLP syndrome varies. The most common symptom is 
epigastric or right upper quadrant abdominal pain, which is often associated with nau-
sea, vomiting, and malaise. Mistaking these nonspecifi c symptoms for a viral illness is 
an unfortunate error that may result in signifi cant maternal morbidity or mortality 
because severe right upper quadrant pain may  suggest   imminent hepatic rupture [ 50 ]. 
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 The majority of cases present between 28 and 36 weeks of gestation. However, 
postpartum HELLP may occur in up to 30 % of cases, most of which present within 
48 h of delivery with some as far out as 7 days after delivery [ 51 ].  

    Diagnosis   

 The diagnosis of HELLP syndrome relies on the abnormalities comprising its 
name—hemolysis (microangiopathic hemolytic anemia with schistocytes), elevated 
liver enzymes, and low platelet count. Elevated serum aminotransferases are seen in 
up to 10 % of pregnant women with severe preeclampsia, but the frequency and 
severity of which is much higher in HELLP syndrome than in severe preeclampsia 
[ 52 ]. Serum aminotransferases in HELLP are often >500 U/L. Classifi cation sys-
tems for the diagnosis of HELLP have been developed and include the Tennessee 
[ 49 ,  53 ] and Mississippi [ 52 ] classifi cations (Table  26.4 ).

   The differential diagnosis for a clinical presentation similar to that of HELLP 
syndrome includes acute viral hepatitis, hemolytic uremic syndrome (HUS), throm-
botic thrombocytopenic purpura (TTP), antiphospholipid syndrome, acute appendi-
citis, gallbladder disease, lupus fl are, and AFLP.  

    Pathology   

 Liver biopsy remains a high-risk procedure due to thrombocytopenia. When per-
formed, biopsy demonstrates fi ndings typical of preeclamptic livers, which include 
periportal hemorrhage and fi brin deposition. Moderate amount of lobular macrove-
sicular steatosis may be present, which is in contrast to the centrizonal microvesicu-
lar steatosis that is typical of AFLP [ 54 ].  

  Table 26.4    Diagnostic 
criteria for HELLP syndrome  

 Tennessee classifi cation  Mississippi classifi cations 

 Complete syndrome  Class 1: platelets ≤50 × 10 9 /L 
   Platelets ≤100 × 10 9 /L  1. AST or ALT ≥70 U/L 
   AST ≥ 70 U/L  2. LDH ≥ 600 U/L 
   LDH ≥ 600 U/L  Class 2: platelets ≤100 × 10 9 /L 
 Incomplete syndrome  1. >50 × 10 9 /L 
   Any 1 or 2 of the 

above 
 2. AST or ALT ≥70 U/L 

 3. LDH ≥ 600 U/L 
 Class 3: platelets ≤150 × 10 9 /L 
 1. ≥100 × 10 9 /L 
 2. AST or ALT ≥40 U/L 
 3. LDH ≥ 600 U/L 
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    Management   

 Bed rest and control of hypertension is imperative for all patients with preeclamp-
sia/HELLP. In addition, all women with severe preeclampsia/HELLP should 
receive intravenous magnesium sulfate to prevent cerebral changes and eclamptic 
seizures. Urgent delivery is indicated if HELLP syndrome develops after 34 weeks 
of gestation, or earlier in the setting of multiorgan dysfunction, renal failure, DIC, 
liver infarction or hemorrhage, suspected abruptio placentae, or fetal distress. 
Although corticosteroids have been shown to signifi cantly improve platelet counts, 
their use did not reduce the risk of severe maternal morbidity, maternal death, or 
perinatal/infant death [ 55 ]. Plasma exchange therapy has been used successfully in 
patients with severe HELLP syndrome with organ failure or refractory disease 
resulting in signifi cant improvement in abnormal laboratory values,  shorter   ICU 
stay, and improved mortality rates [ 56 ,  57 ].  

    Outcomes and Prognosis   

 A variety of maternal and fetal morbidities are associated with HELLP syndrome. 
The risk of serious morbidity correlates with the severity of maternal symptoms and 
laboratory abnormalities [ 58 ]. Maternal signs and symptoms typically improve 
within 48 h of delivery; however, a protracted course may ensue. Maternal compli-
cations include retinal detachment, DIC, abruptio placentae, acute kidney injury, 
pulmonary edema, subcapsular liver hematoma, and hepatic rupture [ 51 ]. Various 
surgical and interventional radiologic procedures have been described for the man-
agement of hepatic rupture, namely hepatic artery ligation, hepatic packing or 
lobectomy, arterial embolization, and liver transplantation. 

 Prematurity is common and results in 70 % of births [ 59 ]. Overall perinatal mor-
tality is 7–20 %. The commonest causes of perinatal death include prematurity, 
intrauterine growth retardation, and abruptio placentae [ 60 ]. The recurrence rate of 
HELLP is low at 2–6 % [ 51 ,  61 ,  62 ].   

    Acute Fatty Liver of Pregnancy 

    Defi nition   and  Epidemiology   

 Acute fatty liver of pregnancy (AFLP) is a rare but potentially fatal complication 
that occurs in the third trimester. AFLP is rare with an estimated incidence of 1 in 
7000 to 1 in 20,000 pregnancies [ 63 ,  64 ]. It is characterized by microvesicular 
fatty infi ltration of hepatocytes. It was fi rst described in 1934 as “acute yellow 
atrophy of the liver” and at the time was thought to be universally fatal [ 65 ]. 
Fortunately, early diagnosis and prompt delivery have dramatically improved the 
prognosis [ 66 ].  
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    Pathogenesis   

 There is a strong association between AFLP and fetal defi ciency of mitochondrial 
long-chain 3-hydroxyacyl CoA dehydrogenase (LCHAD), which is an inherited 
defect in mitochondrial β-oxidation of fatty acids [ 67 ]. LCHAD is part of the  mito-
chondrial trifunctional protein (MTP)     , which is a complex mitochondrial enzyme 
alpha subunit. Several mutations have been observed in the gene coding for LCHAD 
in families with a child with LCHAD defi ciency whose mothers developed AFLD 
[ 67 ].  G1528C  is the most common mutation associated with LCHAD defi ciency. 
Fetal LCHAD defi ciency results in accumulation of hepatotoxic fetal fatty acids to 
which the mother is exposed via maternal–fetal circulation. These hepatotoxic 
metabolites deposit in the maternal liver and cause liver injury. LCHAD-defi cient 
fetuses were found in approximately 20 % of women who developed AFLP [ 68 ]. On 
the other hand, an LCHAD-defi cient fetus was associated with a 79 % chance of 
developing either ALFP or HELLP [ 67 ]. Most LCHAD-defi cient newborns present 
with a metabolic crisis within the fi rst year of life while others may suffer a sudden 
and unexpected death as early as a few months of age [ 69 ]. Therefore, screening the 
offspring of women who develop AFLP as early as possible after delivery can be 
lifesaving [ 69 ,  70 ]. Identifying LCHAD-defi cient newborns early is particularly 
important as treatment with dietary modifi cations can dramatically reduce morbid-
ity and mortality.  

    Clinical and Laboratory Findings   

 AFLP typically occurs in the third trimester. The initial manifestations of AFLP are 
nonspecifi c and often include nausea or vomiting, epigastric or right upper quadrant 
pain, headache, fatigue, anorexia, and jaundice. Hypertension, edema, and ascites 
may also be present as nearly 50 % of patients with AFLP have associated pre-
eclampsia [ 71 ]. Serum aminotransferase levels are elevated with levels typically 
≤500 IU/mL. The bilirubin level is almost always elevated. In severe cases, progres-
sion may be rapid within hours to days with progression to hepatic failure, renal 
failure, and severe coagulopathy with hemorrhage leading to death of the mother 
and fetus [ 72 ].  

    Diagnosis   

 The diagnosis of AFLP is generally a clinical diagnosis based on the presentation in 
relation to gestational age and compatible laboratory and radiographic fi ndings. 
However, there is often a large clinical overlap between AFLP and HELLP that 
may make it diffi cult to differentiate between the two. Evidence of hepatic dysfunc-
tion such as encephalopathy or hypoglycemia in the setting of coagulopathy is more 
indicative of AFLP. 

 Liver biopsy is diagnostic for AFLP showing characteristic microvesicular 
hepatic steatosis [ 73 ]. The fat droplets are small and surround centrally located 
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nuclei, which give the cytoplasm a distinctive foamy appearance. The vacuolated 
hepatocytes stain red with use of an oil red O stain. These histologic changes disap-
pear within days to weeks after delivery without persistent injury. The Swansea 
diagnostic criteria have been proposed as an alternative to liver biopsy for the diag-
nosis of AFLP (Table  26.5 ) [ 1 ].

       Management   

 AFLP does not typically resolve before delivery and is considered an obstetric emer-
gency. If delivery is delayed catastrophic complications may develop, namely hem-
orrhage or intrauterine death. Therefore, treatment includes a combination of 
maternal stabilization and prompt delivery of  the   fetus, regardless of gestational age.  

    Maternal and Fetal Outcome   

 Liver biochemical and coagulation profi les usually normalize within 7–10 days 
after delivery [ 74 ]. Although most patients recover with no signifi cant clinical 
sequelae, substantial morbidity and mortality can occur [ 74 ]. The maternal mortal-
ity rates for AFLP are estimated at 1.8–4.0 % with stillbirth rates as high as 12 % 
[ 64 ,  74 ]. Some patients with severe AFLP that persisted after delivery were suc-
cessfully treated with liver transplantation [ 64 ,  75 ,  76 ] including a case report of a 
successful auxiliary liver transplant [ 77 ]. AFLP can recur in subsequent pregnancies 
even if the workup for the LCHAD mutation is negative; however, the exact risk in 
unknown.     

    Vascular Disorders 

     1.    Do all patients diagnosed with portal vein thrombosis need anticoagulation? If 
so, for how long? 

    Table 26.5    Swansea  criteria   for diagnosis of AFL   

 Six or more of the following features in the absence of another explanation 

 Vomiting  Leukocytosis (>11 × 10 6 /L) 
 Abdominal pain  Ascites or bright liver on ultrasound 
 Polydipsia/polyuria  Transaminemia (AST or ALT >42 IU/mL) 
 Encephalopathy  Hyperammonia (>47 μmol/L) 
 Hyperbilirubinemia (>14 μmol/L)  Renal insuffi ciency (serum Cr >150 μmol/L) 
 Hypoglycemia  Coagulopathy (PT > 14 or APTT > 34) 
 Hyperuricemia (>340 μmol/L)  Microvesicular steatosis on liver biopsy 

   AST  aspartate aminotransferase,  ALT  alanine aminotransferase,  Cr  creatinine,  PT  prothrombin 
time,  APTT -activated  p  artial thromboplastin time  
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 Anticoagulation for portal vein thrombosis (PVT) depends largely on the time 
interval since the blood clot was formed because the indication and duration of 
anticoagulation is different for acute PVT compared to chronic PVT. The goal of 
treatment of acute PVT is to recanalize or reopen the obstructed veins, which will 
prevent congestion of venous blood in the intestines that could cause intestinal 
infarction and portal hypertension. Therefore, anticoagulation should be given for 
at least 3 months to all patients with acute PVT to allow for recanalization of the 
obstructed veins or longer in causes when acute PVT is associated with permanent 
thrombotic risk factors that are not otherwise correctable. On the other hand, the 
goal of treatment of chronic PVT with anticoagulation is to prevent recurrent-
thrombosis. Long-term anticoagulation is generally given to all patients with 
chronic PVT without cirrhosis that have an identifi able, uncorrected risk factor 
for venous thrombosis as long as there is no major contraindication.     

    Portal Vein Thrombosis 

 Portal vein thrombosis (PVT) refers to obstruction of the portal vein (PV) or its 
branches due to thrombosis or to invasion or constriction by a malignant tumor. The 
prevalence of PVT in population based autopsy studies was nearly 1 % [ 78 ,  79 ]. 
From a clinical prospective, PVT is subdivided into acute and chronic. Although 
acute and chronic PVT represent successive stages of the same disease and share 
similar causes, their respective management is different. In addition to the stage at 
which the PVT is recognized, management is also based on the presence or absence 
of cirrhosis (Portal vein thrombosis in cirrhosis is discussed separately in Chap.   10    ). 

    Causes of Portal Vein Thrombosis 

 Numerous local and systemic risk factors are associated with the development of 
PVT (Table  26.6 ).    Malignant tumor invasion of the PV and cirrhosis are the most 
common local risk factors for PVT [ 80 – 82 ]. An inherited or acquired prothrombotic 
condition is a common risk factor for the development of PVT, regardless of the 
presence of a local risk factor (Table  26.7 ) [ 81 ,  83 – 96 ]. In young adults without 
malignancy or cirrhosis, PVT is commonly the presenting manifestation of an 
underlying myeloproliferative disease, namely polycythemia vera or essential 
thrombocytosis [ 90 ,  97 ].

        Acute Portal Vein Thrombosis 

  Acute PVT   refers to the sudden formation of a thrombus within the main PV and/or 
its branches or involves a variable portion of the mesenteric veins and/or splenic 
vein. Occlusion can be partial or complete. 
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    Clinical and Laboratory Features   

 The presentation of acute PVT usually includes acute onset abdominal pain. 
Rebound tenderness and guarding may be present in the setting of an infl amma-
tory focus as cause for the PVT or when PVT is complicated by intestinal infarc-
tion. Although partial thrombosis is often associated with fewer symptoms, rapid 

   Table 26.6     Local risk factors   for portal vein thrombosis   

 Malignancy  Injury to the portal venous system 
   Any abdominal organ  Splenectomy 
 Cirrhosis  Colectomy, Gastrectomy 
 Focal infl ammatory lesions  Cholecystectomy 
   Neonatal  Liver transplantation 
   Neonatal omphalitis  Abdominal trauma 
   Umbilical vein catheterization  Surgical portosystemic shunting, TIPS 
   Diverticulitis, Appendicitis   
   Pancreatitis 
   Duodenal ulcer 
   Cholecystitis 
   Tuberculous lymphadenitis 
   Infl ammatory bowel disease 
   Cytomegalovirus  hepatitis   

    Table 26.7    Prevalence of acquired and inherited risk factors for acute PVT and BCS   

 Risk factor  Acute PVT (%)  BCS (%) 

 Myeloproliferative disorders  21–40  40–50 
 Antiphospholipid antibody syndrome  6–19  4–25 
 Parosysmal nocturnal hemoglobinuria  0–2  0–19 
 Factor V Leiden mutation  3–32  6–32 
 Prothrombin gene (Factor II) mutation  14–40  3–7 
 Protein C defi ciency  0–26  4–30 
 Protein S defi ciency  2–30  3–20 
 Antithrombin III defi ciency  0–26  0–23 
 Hyperhomocysteinemia  11–22  22–37 
 Recent pregnancy  1–40  6–12 
 Recent contraceptive use  12–44  6–60 
 Systemic disease a   4  23 
 >1 risk factor  52  46 
 Local factor (Table  26.6 )  21  6 

   a Including connective tissue disease, IBD, Behcet disease, and HIV  
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and complete obstruction of the portal or mesenteric veins may cause intestinal 
congestion resulting in severe continuous colicky abdominal pain and diarrhea. 
Although a transient, moderate increase in serum aminotransferases may be seen 
in patients with acute PVT, liver function is preserved on account of increased 
hepatic arterial blood fl ow that compensates for the decreased portal venous 
infl ow as well as collateral circulation that quickly develops from preexisting 
veins in the porta hepatis [ 98 ]. 

 In the absence of thrombus extension to mesenteric venous arches, all manifes-
tations of acute PVT are reversible by way of recanalization or development of a 
cavernoma [ 99 ]. Intestinal infarction is the most dreaded complication of acute 
PVT and has been reported in 2–28 % of cases [ 99 – 102 ]. Intestinal infarction 
occurs after thrombosis extends to the mesenteric veins causing intestinal conges-
tion, ischemia, and eventually infarction. Clinical features suggestive of transmu-
ral intestinal ischemia include persistent severe abdominal pain lasting more than 
5–7 days, bloody diarrhea, ascites, or multiorgan failure with metabolic acidosis 
[ 103 ,  104 ]. Intestinal infarction carries a mortality rate of 20–60 % with signifi -
cant morbidity due to extensive intestinal resection or post-ischemic intestinal 
stenosis [ 105 – 109 ]. 

 A thrombus may become  infected   resulting in acute septic PVT, which is referred 
to as acute pylephlebitis [ 110 ]. Blood cultures often grow  Bacteroides  species with 
radiographic evidence of multiple, small liver abscesses. Acute septic PVT is almost 
always associated with an abdominal infection [ 99 ,  110 ,  111 ].  

    Radiographic Features and Diagnosis   

 Sonographic fi ndings of acute PVT include hyperechoic material in the vessel 
lumen with distension of the PV and its tributaries with Doppler imaging dem-
onstrating absent fl ow in part or all of the lumen [ 112 ]. A CT or MRI can pro-
vide additional information regarding the extent of the thrombus, dating of the 
thrombus, presence of a local factor, or intestinal congestion and/or ischemia 
[ 113 ]. Thinning of the intestinal wall or lack of mucosal enhancement of a 
thickened intestinal wall after intravenous contrast is suggestive of  intestinal 
  infarction [ 114 ].  

    Treatment   

 The goal of treatment of acute PVT is to allow recanalization of the obstructed 
veins and prevent portal hypertension and intestinal infarction. Immediate ini-
tiation of systemic anticoagulation therapy is generally recommended for acute 
PVT [ 109 ,  115 ]. Although anticoagulation therapy is of proven benefi t in 
patients with acute DVT [ 116 ], there are no controlled studies of anticoagula-
tion therapy in patients with acute PVT. As such, DVT data are extrapolated to 
patients with acute PVT. However, pooled data from retrospective surveys 
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showed that when started immediately, 6 months of anticoagulation resulted in 
complete recanalization in 50 %, partial recanalization in 40 %, and no recanali-
zation in 10 % of patients [ 99 ]. In the case of pylephlebitis, antibiotics alone 
may result in recanalization [ 111 ,  117 ]. 

 The optimal duration of anticoagulation for acute PVT is unknown. An interna-
tional panel of experts recommend that in patients with acute PVT, anticoagulation 
be given for at least 3 months, while indefi nite anticoagulation be given for those 
with chronic prothrombotic conditions [ 99 ]. The published data on other treatment 
modalities (transjugular intrahepatic portosystemic shunt [TIPS], thrombolysis, or 
surgical thrombectomy) in the management of acute PVT is limited [ 118 ,  119 ].   

    Chronic Portal Vein Thrombus 

 In patients with chronic PVT, the obstructed portal vein becomes replaced by a 
network of portoportal collaterals that bypass the obstructed venous segment. 
Collectively, these collaterals are referred to as a  portal cavernoma  . These 
enlarged portoportal collaterals can cause compression and deformation of the 
biliary lumen, termed portal cholangiopathy or portal biliopathy [ 120 ,  121 ]. In 
adults,  chronic extrahepatic PVT   is often complicated by recurrent gastrointes-
tinal bleeding related to portal hypertension and hepatic encephalopathy due to 
extensive portosystemic shunting [ 101 ,  102 ,  122 ]. However,  gastrointestinal 
bleeding   is usually better tolerated than other causes of portal hypertension due 
to younger age of patients and preserved liver function. 

    Radiographic Findings and Diagnosis   

 A diagnosis of chronic PVT with cavernous transformation is often made by 
abdominal ultrasound, CT, or MRI that demonstrates serpiginous structures while 
the main portal vain and/or its main branches are not visible.  

    Treatment   

 Treatment for chronic PVT is divided into three approaches—prevention and 
treatment of gastrointestinal bleeding, prevention of recurrent thrombosis, and 
treatment of portal cholangiopathy. Endoscopic screening for gastroesophageal 
varices with beta-adrenergic blockers and/or endoscopic variceal ligation 
should be performed for patients with portal cavernoma as is the practice for 
patients with cirrhosis [ 108 ,  123 ]. Currently, there are no consensus guidelines 
for permanent anticoagulation in the setting of chronic PVT. As such, manage-
ment should be developed on a case- by- case basis with consideration of the 
thrombotic potential of the underlying condition, the extension of the throm-
bus, and the increased risk of portal hypertensive bleeding. Retrospective 
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studies including patients with acute and chronic PVT showed that anticoagu-
lation therapy significantly decreased the risk of recurrent thrombosis without 
increasing the risk of gastrointestinal bleeding [ 101 ]. However, on account of 
the paucity of data, expert opinion recommends anticoagulation therapy for 
patients with chronic PVT only in those with a documented permanent pro-
thrombotic condition [ 108 ]. Endoscopic or percutaneous therapies may be used 
for symptomatic management of portal cholangiopathy. Biliary surgery with-
out portal decompression is extremely hazardous and best avoided.  

    Outcomes   

 The prognosis of patients who are anticoagulated for chronic PVT is good with a 
5-year mortality from intestinal infarction or gastrointestinal bleeding of less than 
5 % [ 101 ].    

    Budd-Chiari Syndrome 

    Defi nition and Etiology 

 Budd-Chiari syndrome (BCS) describes hepatic venous outfl ow tract obstruction 
independent of the level or mechanism of obstruction [ 115 ,  124 ].  Cardiac and peri-
cardial diseases   as well as sinusoidal obstruction syndrome are generally excluded 
from this defi nition. BCS is typically caused by thrombosis of the  hepatic vein (HV)   
or the terminal portion of the inferior vena cava (IVC). BCS is a rare disorder with 
an estimated incidence of 0.2–0.8 per million per year [ 125 – 128 ]. Pure IVC or IVC/
HV obstruction predominates in Asia, whereas pure HV obstruction predominates 
in Western countries [ 128 ]. BCS is divided into “primary” BCS when related to a 
primary venous disease (i.e. thrombosis or phlebitis) and “secondary” BCS when 
related to compression, thrombosis, and/or invasion by a lesion originating outside 
the  veins   (Table  26.8 ).

   Similar to PVT, BCS is strongly associated with prothrombotic conditions 
(Table  26.7 ). Myeloproliferative neoplasms, antiphospholipid syndrome, and oral con-
traceptive use are among the most common risk factors for BCS. More than 1 throm-
botic risk factor may be present in 25–46 % of cases [ 90 ,  129 ]. Thus, routine screening 
for all thrombotic risk factors is recommended in patients diagnosed with BCS.  

     Clinical and Laboratory Features   

 The clinical presentation of BCS is variable and depends largely on the extent and 
rate of outfl ow obstruction, as well as the development of collaterals [ 130 ]. The 
clinical presentation ranges from asymptomatic to fulminant hepatic failure, or to 
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cirrhosis with complications of portal hypertension [ 129 ,  131 ]. Nearly 20 % of BCS 
cases are asymptomatic [ 132 ]. Common signs and symptoms include abdominal 
pain, fevers, ascites, lower  extremity   edema, gastrointestinal bleeding, and hepatic 
encephalopathy [ 126 ,  133 ]. Dilated truncal subcutaneous veins are highly specifi c 
for IVC obstruction. Liver biochemical profi le may be normal or increased. The 
protein level in ascitic fl uid is variable, though ascites protein >2.5 g/dL with a 
serum-ascites albumin concentration gradient ≥1.1 g/dL is suggestive of BCS or 
cardiac/pericardial disease. The disease onset may be insidious or rapid. Given 
these nonspecifi c clinical and laboratory signs, BCS should be considered in all 
patients with acute or chronic liver disease [ 109 ,  115 ].  

     Radiographic Findings   

 Fluroscopic venography has long been the gold standard for evaluation of the 
HV. Fortunately, sonographic fi ndings correlate well with venography [ 134 – 136 ] 
and pathologic examination [ 137 ]. Doppler ultrasound by an experienced 

   Table 26.8     Inherited and acquired risk factors   for Budd-Chiari syndrome   

 Primary  Secondary 

 Myeloproliferative disorders    Hepatocellular carcinoma 
   Polycythemia vera    Renal cell carcinoma 
   Essential thrombocytosis    Adrenal adenocarcinoma 
   Chronic myelogenous leukemia    Primary hepatic hemangiosarcoma 
 Inherited thrombophilia    Epitheloid hemangioendothelioma 
   Antiphospholipid antibody syndrome    Sarcoma of the IVC 
   Parosysmal nocturnal hemoglobinuria    Right atrial myxoma 
   Factor V Leiden mutation    Alveolar hydatid disease 
   Prothrombin gene mutation    Cysts (parasitic/nonparasitic) 
   Protein C defi ciency    Abscess 
   Protein S defi ciency    Large FNH 
   Antithrombin III defi ciency    Hepatic resection or transplantation 
   Factor II mutation    Blunt abdominal trauma 
   Hyperhomocysteinemia    Pancreatitis 
   Methylene-tetrahydrofolate reductase 

mutation 
 Acquired disorders 
   Pregnancy 
   Oral contraceptives 
 Systemic disease 
   Infl ammatory bowel disease 
   Behcet disease 
   Human immunodefi ciency virus 
   Sarcoidosis 
    Idiopathic   
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examiner is often the most effective and reliable means of diagnosis [ 109 ]. MRI 
and CT can confi rm the diagnosis if an experienced Doppler ultrasound examiner 
is not available. Caudate lobe hypertrophy is found in nearly 75 % of patients 
with BCS [ 80 ,  137 ]. This is due to separate venous drainage of the caudate lobe 
directly into the IVC that allows for sparing of the outfl ow with compensatory 
hypertrophy [ 138 ]. Thus, invasive procedures such as venography and liver 
biopsy are necessary only in patients when the diagnosis remains unclear after 
noninvasive radiographic procedures [ 109 ].  

     Histopathology   

 Sinusoidal dilation, congestion, and centrilobular fi brosis are characteristic histo-
pathological features of BCS (Fig.  26.1 ) [ 139 ,  140 ]. Cirrhosis may ultimately be 
seen. In the most-advanced cases, thrombosis of intrahepatic portal veins may be 
seen with  fi brous   enlargement of the portal tract.

        Management   

 The conventional management of BCS includes immediate anticoagulation, 
medical management of the complications of portal hypertension, and treatment 
of the underlying prothrombotic disease [ 141 ,  142 ]. Table  26.9  summarizes the 
algorithm for the treatment strategy of primary BCS [ 115 ,  124 ]. Similar to PVT, 
there are no prospective randomized controlled trials of anticoagulation in 
patients with BCS. For this reason, guidelines directing anticoagulation for 
patients with DVT are often extrapolated to patients with BCS, which support 
the use of indefi nite systemic anticoagulation in patients who develop an 

  Fig. 26.1    Budd-Chiari syndrome. ( a ) Low magnifi cation showing perivenular congestion and 
necrosis with intact perioportal parenchyma in a patient with Budd-Chiari syndrome (H&E). ( b ) 
Higher magnifi cation demonstrates centrilobular hemorrhage and necrosis with an acute thrombus 
(H&E) (Courtesy of Monica T. Garcia-Buitrago, MD, University of Miami)       
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idiopathic DVT with a permanent risk factor without defi nitive cure of the 
underlying thrombophilia [ 116 ]. Platelet count should be carefully monitored 
given the high incidence of heparin- induced thrombocytopenia in BCS patients 
[ 143 ,  144 ]. Oral contraceptives should be stopped. Percutaneous recanalization 
of the HV or ICV utilizing thrombolysis, angioplasty and/or stent should be 
considered in patients with short-length stenosis of main HV or IVC [ 145 ,  146 ]. 
TIPS has been successfully used in a subset of patients who did not respond to 
medical treatment or recanalization with excellent long-term survival [ 147 ]. 
Patients who develop cirrhosis from HV obstruction are less likely to respond to 
these measures and may need to be referred for LT.

        Outcomes and Prognosis   

 The natural history of BCS is poorly understood. However, improvement in diag-
nostic and therapeutic strategies has resulted in 5-year survival rates approaching 
90 % [ 129 ,  145 ,  146 ]. 

 HCC is rare in BCS and is primarily seen in patients with long-standing disease, 
especially in those with obstruction of the suprahepatic IVC [ 89 ,  148 – 150 ]. 
Particularly challenging is differentiating HCC from benign macroregenerative 
nodules, which frequently develop in patients with well-controlled BCS [ 151 ]. 
Most of these nodules are benign and  resemble   focal nodular hyperplasia (FNH) on 
radiographic and pathologic examination. 

 Patients with splanchnic vein thrombosis and myeloproliferative disease are at 
increased risk of developing myelofi brosis or acute leukemia [ 97 ]. Therefore, 
despite adequate medical management, long-term prognosis may be threatened 
more by subsequent neoplastic disease than by liver failure. However, studies have 
shown that the slow course of myeloproliferative syndromes is not signifi cantly 
affected by LT, and that LT is an acceptable option in these patients despite the 
potential negative long-term effects [ 152 ,  153 ].   

   Table 26.9    Proposed algorithm for treatment of primary Budd-Chiari Syndrome         

 1. In all patients with primary BCS 
 – Anticoagulation as soon as diagnosis is established 
 – Treatment of underlying (hematologic) condition 
 – Symptomatic treatment of complications of portal hypertension 
 – Look for short-length stenosis of HV or IVC and perform angioplasty/stenting 

 2. Consider TIPS if patients are not suitable for or unresponsive to angioplasty/stenting 
 3. Consider liver transplantation in patients unresponsive to TIPS 
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    Sinusoidal Obstruction Syndrome 

    Introduction 

 Sinusoidal obstruction syndrome (SOS), previously termed hepatic  venooclu-
sive disease (VOD)  , is characterized by hepatomegaly, right upper quadrant 
pain, jaundice, and ascites. The acute form of SOS occurs most commonly as 
a consequence of myeloablative regimens used in preparation for  hematopoi-
etic stem cell transplant (HSCT)  . These so-called conditioning regimens are 
combinations of high- dose chemotherapy drugs with or without  total body 
irradiation (TBI)  . A chronic, more indolent form of SOS may develop follow-
ing toxicity of pyrrolizidine alkaloids from plants that are often ingested in the 
form of herbal teas, hence the term Jamaican brush tea disease. SOS clinically 
resembles BCS; however, HV outflow obstruction in SOS is due to the occlu-
sion of the terminal hepatic sinusoids and venules rather than the HV and/or 
IVC in BCS.  

     Pathogenesis   

 SOS begins with injury to the HV endothelium. Specifi c to HSCT, sinusoidal endo-
thelial cells (ECs) become activated by the conditioning regimen, drugs used during 
the procedure (i.e. granulocyte colony stimulating factor or calcineurin inhibitors) 
[ 154 ,  155 ], and the complex process of engraftment [ 156 ]. Activation of sinusoidal 
ECs trigger multiple pro-infl ammatory pathways that result in accumulation of cells 
and debris in the space of Disse, the perisinusoidal space located between the endo-
thelium and the hepatocyte, resulting in narrowing of the hepatic sinusoids. The 
ECs become detached and embolize to the central area of the lobule where they 
cause a postsinusoidal outfl ow obstruction, namely SOS.  

     Epidemiology and Risk Factors   

 Including myeloablative conditioning regimens, multiple other risk factors for the 
development of SOS have been identifi ed (Table  26.10 ). The reported incidence 
between HSCT units range from 0 to 50 % [ 157 – 162 ]. An incidence of SOS around 
20–40 % is seen more consistently in those who receive more liver-toxic regimens, 
which has led many centers to abandon high-dose conditioning regimens in favor of 
the increasingly popular reduced-intensity conditioning regimens that carry little or 
no risk for SOS. The regimens known to cause the most liver injury are those that 
contain cyclophosphamide in combination with either busulfan or TBI (greater than 
12 Gy), regimens that include  N , N -bis(2-chloroethyl)- N -nitrosourea (BCNU) or 
multiple alkylating agents [ 109 ].
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        Clinical and Laboratory Findings   

 The clinical signs and symptoms of SOS include weight gain with or without asci-
tes, right upper quadrant pain of liver origin, hepatomegaly, and jaundice [ 109 ]. 
Symptom onset is typically between 10 and 20 days after initiation of therapy using 
cyclophosphamide-containing regimens, but may be as late as 30 days after com-
pleting non-cyclophosphamide  myeloablative   therapy [ 162 – 164 ].  

     Diagnosis   

 Diagnostic criteria have been published to defi ne SOS, which include the Seattle 
and Baltimore criteria (Table  26.11 ) [ 160 ,  162 ]. Most patients who receive liver- 
toxic conditioning regimens will develop some degree of sinusoidal injury, even in 
the absence of clinical signs and symptoms [ 165 ]. Confounding diagnoses that are 

   Table 26.10    Risk factors for sinusoidal obstruction syndrome   

 Patient factors  Disease factors  Transplant factors 

 Younger age (in 
children) 

 Advanced malignancy  Myeloablative conditioning 

 Older age (in adults)  Acute leukemia    Cyclophosphamide with busulfan 
 Poor performance 
status 

 Neuroblastoma    Cyclophosphamide with TBI 

 Preexisitng liver 
disease 

 Thalassemia major  Allogenic HSCT (greater than 
autologous) 

 HCV or HBV  Delayed platelet engraftment  Unrelated donor HSCT 
 Hepatic fi brosis  Presence of acute GVHD  Mismatched HSCT 
 Iron overload  Abdominal radiotherapy  Subsequent transplants 
 Positive CMV 
serology 

 Prior chemotherapy  Sirolimus GVHD prophylaxis 

 Prior fungal infection    6-mercaptopurine  Norethisterone use 
 HFE C282Y genotype    6-thioguanine 
 Exposure to toxins    Actinomycin D 
   Pyrrolizidine 

alkaloids 
   Azathioprine (Imuran) 

   Herbal medications    Cytarabine 
   Cytosine arabinoside 
   Dacarbazine 
   Gemtuzumab ozogamicin 

(Mylotarg) 
   Melphalan (Alkeran) 
   Oxaliplatin (Eloxatin) 
   Urethane 

   HCV  hepatitis C virus,  HBV  hepatitis B virus,  CMV  cytomegalovirus,  GVHD  graft-versus-host- 
disease,  TBI  total body irradiation,  HSCT  hematopoietic stem cell transplantation  
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also common in this population include sepsis-induced cholestasis, drug-induced 
cholestasis, fl uid overload from renal failure or congestive heart failure, liver 
involvement of fungal or viral infections in the setting of immunosuppression, and 
(hyper)acute graft-versus-host disease (GVHD).

   Radiographic evaluation may support the diagnosis of SOS but imaging itself is 
not diagnostic. Imaging is helpful to confi rm the presence of hepatomegaly and 
ascites as well as rule out biliary obstruction. Sonographic fi ndings that are 
 suggestive of SOS include reversal of portal venous fl ow, attenuation of hepatic 
venous fl ow, gallbladder wall edema, and increased resistive indices to hepatic 
artery fl ow [ 166 – 168 ]. 

 The current gold standard to confi rm the diagnosis of SOS is transjugular liver 
biopsy with portal pressure measurements. Percutaneous approach for a liver biopsy 
is often contraindicated due to thrombocytopenia, coagulopathy, and ascites. 
Transvenous approach is preferred not only for liver biopsy but it also allows for 
measurement of  hepatic venous pressure gradient (HVPG)     , which is particularly 
helpful in distinguishing SOS from GVHD. In HSCT patients, HVPG >10 mmHg 
has specifi city greater than 90 % and positive predictive value greater than 85 % for 
the diagnosis of SOS [ 169 ]. 

 Liver histology shows sinusoidal dilation and congestion around the central vein 
with central venous subendothelial edema and perivenular hepatic necrosis 
(Fig.  26.2 ). The portal tracts are typically normal without evidence of infl ammation 
[ 113 ]. These histologic features also aid in differentiating SOS from GVHD. In 
GVHD, typical features include bile duct damage and apoptosis, which are absent 
in SOS. Likewise, centrizonal hepatocellular damage seen  in   SOS is not character-
istic of GVHD.

        Management   

 The most important approach to prevent SOS is avoidance of liver-toxic condi-
tioning regimens in high-risk patients. Reduced-intensity regimens, which include 
fl udarabine with low dose TBI or fl udarabine with busulfan and antithymocyte 
globulin, are increasingly used to offset the high morbidity and mortality associ-
ated with high-dose myeloablative conditioning regimens. Switching fl udarabine 
for cyclophosphamide results in a much lower incidence of SOS with improved 
transplant outcomes [ 170 ,  171 ]. 

   Table 26.11    Diagnostic criteria for SOS after hematopoietic stem cell transplantation   

 Seattle criteria  Baltimore criteria 

 2 or 3 of the following within 20 days of HSCT  Serum total bilirubin >2 mg/dL + ≥2 
other criteria 

 • Serum total bilirubin >2 mg/dL  • Hepatomegaly (usually painful) 
 • Hepatomegaly or RUQ pain of liver origin  • >5 % weight gain 
 • >2 % weight gain due to fl uid accumulation  • Ascites 
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    Prophylactic Medical Therapy   

 The preventative effects of ursodiol, heparin, prostaglandin E1, and pentoxyfylline 
on SOS have been studied but with mixed results [ 172 – 176 ]. Defi brotide is argu-
ably the drug with the most promise in the management of SOS by way of prophy-
laxis and treatment of established disease. It is a polydeoxyribonucleotide adenosine 
receptor agonist that possesses antithrombotic, anti-infl ammatory, and anti- ischemic 
properties without signifi cant systemic anticoagulation effects [ 177 – 181 ]. 
Prophylactic defi brotide was shown to decrease the incidence of SOS in children at 
high risk for SOS undergoing myeloablative allogeneic HSCT [ 182 ].  

    Medical Management   of Established Disease 

 The management of SOS depends largely upon the severity of the disease. The 
severity of SOS on presentation is variable and is conventionally divided into 
mild, moderate, and severe disease based on serum total bilirubin and aminotrans-
ferases (AST and ALT), weight above baseline, renal function, and disease tempo 
(Table  26.12 ) [ 162 ]. Mild SOS by defi nition has a self-limiting course and does 
not require treatment. Moderate SOS requires analgesics and/or treatment of fl uid 
excess, but resolves completely. Severe SOS is defi ned as disease that does not 
resolve by day 100 or results in death. Supportive care is the basis of management 
for all patients with SOS and includes maintenance of fl uid and electrolyte bal-
ance, minimization of exposure to hepatotoxic agents, and pain control. Patients 

  Fig. 26.2    Sinusoidal obstruction syndrome. Fibrous occlusion of a centrilobular vein in a patient 
with SOS (H&E) (Courtesy of Monica T. Garcia-Buitrago, MD, University of Miami)       
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with mild to moderate SOS generally have good outcomes with supportive care, 
whereas severe SOS predicts poor outcomes and requires more aggressive ther-
apy. Multiple pharmacologic agents for the treatment of severe SOS have been 
investigated. Of these, defi brotide has generated the best outcomes and is the 
preferred therapy for severe SOS. Defi brotide is currently  an   investigational agent 
that is available for the treatment of SOS through an Expanded Access Treatment 
IND Protocol [ 183 ]. Defi brotide was associated with a substantial decrease in 
100-day mortality with a strong correlation between complete remission of SOS 
and survival [ 184 ]. Patients who fail defi brotide therapy may be considered for 
TIPS or LT [ 185 – 187 ]. However, SOS is most often a complication of the condi-
tioning myeloablative regimen for HSCT for patients with hematologic malig-
nancy, therefore, the underlying malignancy itself is often a contraindication to 
LT. Thus, LT may be considered only for those who underwent HSCT for a benign 
condition or in whom the underlying malignancy has a favorable prognosis after 
transplant.

         Prognosis   

 Similar to the variable incidence rates of SOS, fatality rates vary depending on the 
diagnostic criteria used for SOS. Fatality rates following high-dose myeloablative 
conditioning regimens are 15–20 %.    

    Granulomatous Liver Disease 

     1.    How common are hepatic granulomas? 
 In autopsy studies, granulomas are found in up to 10 % of liver biopsies. 

However, an isolated granuloma found on a liver biopsy is not enough to diag-
nose granulomatous liver disease. Likewise, granulomas may be found in 
patients with known liver disease and may be an incidental fi nding with no 
association with clinical course or response to therapy. On the other hand, 
hepatic granulomas may serve as a clue for an underlying systemic disorder, the 
diagnosis of which will most often be made with a thorough history, physical 
exam, and laboratory testing.   

   Table 26.12    Proposed grading systems for severity of SOS   

 Mild  Moderate  Severe 

 Total bilirubin (mg/dL)  <5.0  <5.1–8.0  >8.0 
 AST/ALT  <3 × normal  3–8 × normal  >8 × normal 
 Weight above baseline  <2 %  2–5 %  >5 % 
 Serum creatinine  Normal  <2 × normal  >2 × normal 
 Disease tempo  Slow  Moderate  Rapid 
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   2.    Do all hepatic granulomas require treatment? 
 Although the majority of hepatic granulomas that are found incidentally are 

asymptomatic, a thorough history, physical exam, and laboratory evaluation 
should be completed to identify the cause. Hepatic granulomas may not require 
treatment, especially if involvement is isolated to the liver. The goal of treating 
hepatic granulomas is predicated on treating the underlying disease.     

     Defi nition   and Incidence 

 Granulomas are rounded aggregates of activated macrophages called epitheloid 
macrophages accompanied by a rim of CD4 +  helper T (T H ) lymphocytes and fi bro-
blasts that develop over time within a host tissue, including the liver, as result of an 
immunologic response to exogenous and/or endogenous antigenic stimuli. They are 
often well circumscribed and separate from adjacent, uninvolved tissue. Granulomas 
may occur anywhere in the hepatic lobule in a variety of conditions. Their locations 
are often helpful in the differential diagnosis of specifi c disease processes. 
Granulomas are found in 4–10 % of needle liver biopsies [ 188 ].  

    Morphologic  Types   

 Several types of granulomas are described in liver disease based on their histologic 
features and constituents (Table  26.13 ). These include necrotizing, non-necrotizing, 
fi brin-ring, and lipogranulomas.

        Causes   of Hepatic Granulomas 

 Many disease states are associated with hepatic granulomas, which include sar-
coidosis, autoimmune, infectious diseases, drug, cancer, and idiopathic 
(Table  26.14 ). Hepatic granulomata may be seen in patients with established 
chronic liver disease and may not necessarily indicate the presence of a second 
disease process [ 189 ,  190 ]. Likewise, the presence of a single  granuloma   on liver 
biopsy may be an innocuous fi nding without any indication of underlying granulo-
matous liver disease [ 191 ].

        Clinical and Laboratory Findings    

 The clinical manifestations of granulomatous liver disease depend largely on the 
underlying cause and its severity. Granulomas are typically asymptomatic though 
signs and symptoms may include abdominal pain, weight loss, fatigue, chills, 
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hepatosplenomegaly, lymphadenopathy, and fever. Although liver biochemical 
tests may be normal, the typical liver biochemical test pattern is that of infi ltra-
tive disease with elevated alkaline phosphatase levels and normal or mildly ele-
vated serum aminotransferases and bilirubin. Peripheral eosinophilia may be 
present in drug- or parasite-related granulomatous disease.  

    Specifi c Types of Granulomatous Liver Disease 

     Sarcoidosis      

 Sarcoidosis is one of the most common causes of hepatic graulomata in the US 
[ 192 ]. Sarcoidosis is a systemic granulomatous disease of unknown etiology that is 
characterized by formation of non-necrotizing granulomas (Fig.  26.3 ). Sarcoidosis 
is more common in young African Americans, but it can affect people of any age, 
gender, and race [ 193 ,  194 ]. Although hepatic granulomata are present in 50–80 % 
of patients with sarcoidosis, symptomatic hepatic sarcoidosis occurs in only 5–15 % 
of patients with sarcoidosis [ 193 ,  195 ].

   Typical laboratory findings include elevated alkaline phosphatase and 
GGT. Serum  angiotensin-converting enzyme (ACE)      levels are elevated in 75 % 
of patients with sarcoidosis due to secretion of ACE from epithelioid cells of 

   Table 26.13    Types of granuloma   

 Type  Histologic features  Examples 

 Necrotizing  Peripheral macrophages with or without giant 
cells 

 Tuberculosis 

 Central necrosis 
 Non-necrotizing  Cluster of macrophages with or without giant 

cells 
 Sarcoidosis 

 Drugs 
 Lipogranuloma  Lipid vacuole(s) surrounded by macrophages 

and lymphocytes 
 Fatty liver 

 Mineral oil 
 Fibrin-ring  Central lipid vacuole or empty space  Q fever 

 Macrophages and lymphocytes  Allopurinol 
 Ring of fi brin  Hodgkin’s lymphoma 

  Table 26.14    Disease states 
involved in granulomatous 
disease  

 Sarcoidosis 
 Autoimmune 
 Infectious disease 
 Drugs 
 Cancer 
 Idiopathic 
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the hepatic granulomas. However, there are no pathognomonic laboratory or 
histopathologic findings that clearly establish the diagnosis of hepatic sarcoid-
osis. Therefore, a definitive diagnosis of sarcoidosis often involves identifica-
tion of characteristic extrahepatic manifestations of sarcoidosis, namely 
pulmonary and dermatologic findings [ 196 ].       Because hepatic sarcoidosis typi-
cally has a benign course without a definitive diagnostic test, other causes of 
hepatic granulomatous disease must be ruled out before establishing a diagno-
sis of hepatic sarcoidosis. 

 Treatment of hepatic sarcoidosis is usually not recommended. A short course of 
corticosteroids may be considered in the setting of portal hypertension and cirrho-
sis; however, it is unclear if this is helpful as the endpoints of therapy or outcome 
measures are not clearly defi ned.  

     Autoimmune      

 PBC is another common cause of hepatic granulomata in the US. Hepatic granulo-
mas are present in 25 % of patients with PBC [ 192 ]. In addition to elevated alkaline 
phosphatase, bilirubin, and GGT, anti-mitochondrial antibody (AMA) is positive in 
more than 90 % of patients with PBC often with an elevated serum immunoglobulin 
M (IgM) [ 197 ]. The histologic fi ndings of PBC are similar to those in sarcoidosis 
with the exception that patients with PBC also have bile duct infl ammation. 

 Treatment of PBC includes ursodiol 13–15 mg/kg/day [ 198 ]. Although ursodiol 
may slow the progression of disease, PBC may continue to progress and develop 
cirrhosis. Other autoimmune disease associated with hepatic granulomas include 
Crohn’s disease and Wegener’s granulomatosis (polyangiitis) [ 199 ,  200 ].  

  Fig. 26.3    Hepatic sarcoidosis. ( a ) Low power view of liver parenchyma with portal and periportal 
non-necrotizing granulomatous infl ammation in a patient with sarcoidosis (H&E). ( b ) High power 
view of non-necrotizing granulomas consisting of compact aggregates of epithelioid histiocytes 
and a sparse rim of lymphocytes in a patient with sarcoidosis (H&E) (Courtesy of Monica 
T. Garcia-Buitrago, MD, University of Miami)       
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     Infectious Diseases   

 Numerous infectious diseases are associated with the development of hepatic gran-
ulomatosis (Table  26.15 ).  

    Tuberculosis   

 Hepatic granulomas are found in nearly 20 % of patients with pulmonary tuberculo-
sis, 75 % of patients with extrapulmonary tuberculosis, and more than 90 % of 
patients with miliary tuberculosis [ 201 ]. Systemic symptoms may include fevers, 
weight loss, anorexia, and night sweats.

  Abnormal  liver   biochemical tests include elevated alkaline phosphatase and 
GGT with mildly elevated serum bilirubin. Hepatic granulomas are typically found 
in the portal tract and are most often necrotizing (Fig.  26.4 ). Rupture into the bile 
ducts may result in tuberculous cholangitis.

  Table 26.15    Causes of 
hepatic granulomas  

 Infection 
   Viral  CMV 

 Infectious mononucleosis 
 HAV 
 HCV 

   Bacterial  Brucella 
   Mycobacteria   M. tuberculosis  

 M. aviam-intercellulare 
   Rickettsiae  Q fever 
   Fungi  Histoplasmosis 

 Coccidioidomycosis 
 Blastomycosis 

   Protozoa  Toxoplasmosis 
   Spirochetes   T pallidum  
   Helminths  Schistomsomiasis 

  Toxocara canis  
  Fasciola hepatica  
  Ascaris lumbricoides  

 Systemic disease  Systemic disease 
 Crohn’s disease 

 Drugs  Allopurinol 
 Phenytoin 
 Penicillin 

 Primary biliary 
cirrhosis 

 Early stages (most commonly) 

 Foreign bodies  Talc 
 Suture 

 Neoplasms  Hodgkin’s lymphoma 
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   Anti-tuberculosis medications should be promptly initiated once the diagnosis is 
confi rmed. If the diagnosis of tuberculosis cannot be confi dently ruled out, anti- 
tuberculous therapy should be considered prior to starting an empiric course of 
corticosteroids.

  Mycobacterium avium-intracellulare complex (MAC) is associated with hepatic 
granulomatosis and may be seen in immunocompromised patients, such as those 
with HIV [ 202 ]. MAC should be considered in patients with cholestasis and fevers, 
especially if the patient is HIV positive and hepatic granulomas are seen on liver 
biopsy.

  Histoplasmosis and coccidiodomycosis are among the most common fungal 
infections associated with hepatic granulomas in the US. Histoplasmosis should be 
considered in patients who live in the Southern or Central US, while coccidioido-
mycosis should be considered in those who live in the Southwestern US. Less com-
monly, hepatic granulomatosis may also be seen in candidiasis, blastomycosis, or 
cryptococcosis.

  Q fever results from infection with  Coxiella burnetti  (a rickettsial organism). 
Hepatic granulomas seen with Q fever are classically referred to as fi brin-ring gran-
ulomas, characterized by a fi brinoid necrotic ring surrounded by histiocytes and 
lymphocytes [ 203 ]. 

 Advanced schistosomiasis results in dense portal fi brosis known as Symmer’s 
clay pipestem fi brosis. Schistosome eggs reach the portal vein radicles where granu-
lomas typically form with a characteristic peripheral rim of abundant eosinophils 
often with eggs detected within the granuloma. 

 Hepatic granulomas have been  reported   in patients with chronic HCV and HBV 
[ 204 ,  205 ]. Granulomas are typically small and non-necrotizing and may recur after 
LT if untreated.   

  Fig. 26.4    Hepatic tuberculosis. ( a ) Necrotizing granulomatous infl ammation from a case of 
mycobacterial infection in the liver (H&E). ( b ) Acid-fast stain of a hepatic granuloma showing 
few acid-fast bacilli (Ziehl-Neelsen × 100) (Courtesy of Monica T. Garcia-Buitrago, MD, 
University of Miami)       
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     Lipogranuloma      

 Lipogranulomas result from fatty liver or ingestion of mineral oil in the form of 
laxatives or food products. These granulomas are characterized by fat droplets sur-
rounded by macrophages and lymphocytes. Lipogranulomas do not result in signifi -
cant liver injury and are not of major clinical consequence.  

     Cancer      

 Hodgkin lymphoma is the most common malignancy associated with hepatic granu-
lomatosis. Non-Hodgkins lymphoma and renal cell carcinoma are also associated 
with hepatic granulomatous disease [ 206 ,  207 ].  

     Drugs   

 Many drugs have been associated with hepatic granulomatosis (Table  26.16 , 
Fig.  26.5 ). Drug-related granulomas generally resolve without signifi cant clinical 
sequelae.

         Foreign Body   

 Granulomas due to retained foreign body are typically comprised of macrophages 
forming giant cells.  Common   examples include talc from intravenous drug users 
and retained suture material [ 208 ].  

     Idiopathic   

 Idiophatic granulomatous hepatitis is often seen in patients with fever of unknown 
origin with no identifi able cause for the granulomas. Symptomatic idiopathic gran-
ulomatous hepatitis may be treated with an empiric course of corticosteroids.    

    Hepatic Amyloidosis 

     1.    How common is hepatic amyloidosis and what are the common clinical and 
laboratory fi ndings? 

 According to several autopsy series, 56–95 % of patients with amyloidosis 
were found to have hepatic involvement. Nearly 50 % of these patients had signs 
or symptoms of hepatic involvement. Despite its relative high prevalence, clinical 
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manifestations of hepatic amyloidosis are typically mild. The most common 
fi ndings include hepatomegaly and elevated alkaline phosphatase levels.   

   2.    Do I need a liver biopsy to diagnosis amyloidosis of my liver? 
 The role for liver biopsy in diagnosing amyloidosis of the liver is controver-

sial. Liver biopsy for presumed hepatic amyloidosis is considered high risk due 
to increased risk of bleeding and generally should be avoided. The diagnosis of 
amyloidosis may be made by performing a much less invasive biopsy of the 
rectum or abdominal fat.     

   Table 26.16    Drugs associated with granulomatous liver disease   

 Anti-Infl ammatory  Cardiovascular 
   Aspirin    Chinidine 
   Dimethicone    Diltiazem 
   Gold    Disopyramide 
   Mesalamine    Hydralazine 
   Sulfasalazine    Metolazone 
   Phenazone    Phenprocoumon 
 Anti-Neoplastic    Prajmalium 
   Procarbazine    Procainamide 
 Antimicrobial    Quinidine 
   Amoxicillin-clavulanic acid    Tocainide 
   Cephalexin    Trichlormethiazide 
   Dapsone    Hydrochlorothiazide 
   Isoniazid  Neurologic 
   Mebendazole    Carbamazepine 
   Nitrofurantoin    Chlorpromazine 
   Oxacillin    Diazepam 
   Penicillin    Methyldopa 
   Sulfa antibiotics    Phenytoin 
 Biologic  Miscellaneous 
   Etanercept    Allopurinol 
   Pegylated interferon    Bacille Calmette-Guerin (BCG) 
 Herbal/Alternative    Contraceptives 
   Greeen juice    Feprazone 
   Seatone    Halothane 
 Hypoglycemic    Mineral oil 
   Glyburide    Papaverine 
   Chlorpropamide    Ranitidine 
   Rosiglitazone    Quinine 
   Tolbutamide    Propylthiouracil 

   Saridon (Excedrin) 
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  Fig. 26.5    Allopurinol-induced hepatic granuloma. Non-necrotizing granuloma with eosinophils 
from a case of allopurinol-induced granulomatous liver disease (H&E ×40) (Courtesy of Monica 
T. Garcia-Buitrago, MD, University of Miami)       

   Table 26.17    Classifi cation of amyloidosis   

 Type  Fibril  Syndrome 

 AA  Serum amyloid A  Reactive amyloid (secondary) 
 – Acquired (from chronic infections or 

infl ammation) 
 – Hereditary (Familial Mediterranean fever, 

FMF) 
 AL  Monoclonal immunoglobulin light 

chain 
 Primary amyloid 

 ATTR  Transthyretin (TTR)  Familal amyloidotic polyneuropathy (FAP) 

  Other types include Aβ 2 M (dialysis-associated amyloid), Aβ (Alzheimer’s disease), and A1APP 
(diabetes/insulinoma)  

    Introduction 

  Systemic amyloidosis   is characterized by deposition of insoluble glycoprotein 
fi brils in the extracellular matrix and blood vessel walls. These deposits result in a 
wide range of clinical manifestations depending on their type, amount of deposi-
tion, and the organ in which they are deposited. Classifi cation of amyloidosis is 
based on the protein involved (Table  26.17 ).    Systemic amyloidosis is also classifi ed 
as primary amyloidosis (AL) or secondary amyloidosis (AA). In AL, which accounts 
for 80 % of all cases, the amyloid consists of kappa or lamba immunoglobulin light 
chains that are produced by a monoclonal population of plasma cells. In AA, the 
amyloid is derived from serum amyloid A, which is an acute phase reactant that is 
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secreted from the liver in response to chronic infections or infl ammatory processes 
such as rheumatoid arthritis, osteomyelitis, infl ammatory bowel disease, tuberculo-
sis, leprosy, or lymphoma.

    Familial Mediterranean fever (FMF)      is an autosomal recessive disorder that is 
characterized by acute attacks of fever with sterile peritonitis, pleurisy or synovitis 
that predisposes to AL amyloidosis [ 209 ]. Although renal dysfunction is the most 
common manifestation of amyloidosis in  FMF  , the gastrointestinal tract, liver, and 
spleen may also be involved. 

  Familial amyloidotic polyneuropathy (FAP)         is a variant of amyloidosis that is 
caused by deposition of variant transthyretin (TTR) [ 210 ]. Normal TTR is produced 
predominantly in the liver and transports vitamin A and thyroid hormones. FAP is 
characterized by progressive peripheral and autonomic neuropathy that develops 
due to accumulation of mutant TTR that is deposited in nerves, spleen, heart, eyes, 
thyroid, and adrenals. The liver is generally spared.  

     Clinical and Laboratory Findings   

 The clinical presentation of systemic amyloidosis is generally related to the organ 
in which the amyloid deposits and includes early satiety, intestinal malabsorption, 
nephrotic syndrome, heart failure, peripheral or autonomic neuropathy, dysgeusia, 
and carpal tunnel syndrome. Hepatic involvement may be seen in up to 90 % of 
patients with AL amyloidosis and 60 % of patients with AA amyloidosis [ 211 – 213 ]. 
Hepatic amyloidosis should be suspected in those with hepatomegaly in the setting 
of chronic infectious or infl ammatory processes, particularly if it is associated with 
proteinuria or monoclonal gammopathy, involuntary weight loss, and unexplained 
elevation of alkaline phosphatase. Hepatomegaly, which is either due to passive 
congestion or infi ltration, is present in 57–83 % of patients with hepatic amyloido-
sis. Although patients may develop ascites with hepatic amyloidosis, it is more 
likely due to concurrent heart failure or hypoalbuminemia. Patients may develop 
sinusoidal portal hypertension with gastrointestinal bleeding from esophageal vari-
ces [ 214 ,  215 ]. The most common biochemical abnormality is an elevated alkaline 
phosphatase, which may be >500 IU/mL with mildly elevated serum aminotransfer-
ases [ 216 ].    Serum albumin levels may also be low largely due to proteinuria, which 
may be in the nephrotic range in 30 % of patients.  

     Radiographic Findings   

 Ultrasonographic fi ndings typically include heterogenous echogenicity [ 217 ]. Focal 
or diffuse parenchymal attenuation with or without extensive calcifi cations are often 
seen on CT scan. MRI demonstrates markedly increased signal intensity on 
T1-weighted images of the liver without signifi cantly changed signal intensity on 
T2-weighted images.  
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     Histopathology   

 The role of liver biopsy in the diagnosis of hepatic amyloidosis remains controver-
sial due to the increased risk of bleeding and/or hepatic rupture with reported rates 
of hemorrhage in 4–5 % patients with hepatic amyloidosis [ 218 ]. However, these 
fi ndings have not been consistently reproduced [ 195 ]. Although biopsy of the 
affected tissue is likely to be diagnostic, it is generally safer to sample other areas 
such as subcutaneous abdominal fat pad, rectal mucosa, and labial salivary gland. 
For these reasons, a liver biopsy is generally avoided. If liver biopsy is performed, 
characteristic fi ndings on liver biopsy include amyloid fi bril deposits in the vessel 
walls and/or hepatic sinusoids (Fig.  26.6 ). The amyloid fi brils stain with  Congo   red 
and appear as apple-green birefringence under polarized light.

        Management   

 Management of AA amyloidosis is based on treating the underlying disease, which 
is associated with regression of signs and symptoms [ 219 ]. Treatment of AL amy-
loidosis remains more diffi cult. Variable degrees of regression of hepatic amyloido-
sis have been reported after cytotoxic chemotherapy [ 220 ]. 

 LT is the defi nitive treatment for FAP. Because TTR is predominately produced 
in the liver, LT effectively suppresses the production of circulating mutant TTR and 
theoretically ceases the formation of amyloid and disease progression [ 221 ,  222 ]. 

  Fig. 26.6    Hepatic amyloidosis. Liver biopsy showing globular eosinophilic deposits of amyloid 
along the sinusoids in the space of Disse (H&E) (Courtesy of Monica T. Garcia-Buitrago, MD, 
University of Miami)       
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Compared to 10-year survival rates of 56–62 % for untreated controls, 10-year sur-
vival rates after LT are 83–100 % [ 223 ,  224 ]. In addition, sequential liver transplan-
tation, also known as domino liver transplantation (DLT), has been successfully 
utilized in the management of FAP. In DLT, the explanted liver from patients with 
FAP can be transplanted into selected patients, on the basis that these livers main-
tain normal structure and function apart from the production of variant TTR, which 
was removed only to arrest the accumulation of amyloid and clinical progression of 
polyneuropathy. Recipient selection is critical as recipients of FAP livers develop 
sensory neuropathy as early as 7–10 years after successful DLT [ 225 – 227 ].  

     Outcome   

 Prognosis varies according to the type of amyloidosis, the degree of organ 
involvement, and the response to therapy of the underlying disorder. The 
5-year survival for AA amyloidosis with hepatic involvement is 43 % com-
pared to 72 % for those without hepatic involvement. The prognosis for AL 
amyloidosis is generally poor with a mean survival of less than 2 years. 
Mortality is usually due to cardiac or renal disease and only rarely due to 
hepatic involvement. Patients with FAP have a more rapid progression of car-
diac and neurologic disease with an average life expectancy of 9–13 years 
after onset of symptoms [ 210 ,  222 ].      
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    Chapter 27   
 Portal Hypertension                     

     Douglas     A.     Simonetto      and     Vijay     H.     Shah     

          Commonly Encountered Patient Questions and Answers 

     1.    What is portal hypertension and what causes it? 
  Portal hypertension   means elevated pressures in the vascular system respon-

sible for draining the venous blood from the intestines, stomach, pancreas, and 
spleen into the liver.    The most common cause of portal hypertension is cirrhosis 
(“scarring”) of the liver, which in turn is a result of chronic injury or infl amma-
tion, such as alcohol abuse, viral hepatitis, fatty liver, etc. The cirrhotic liver 
becomes shrunken and hard from scarring, limiting the passage of the incoming 
venous blood thus resulting in portal hypertension. Other  causes   of portal hyper-
tension include clotting of the veins draining in or out of the liver and uncommon 
conditions such as sarcoidosis, amyloidosis, lymphoma, etc. Occasionally, the 
cause of portal hypertension is not identifi ed and called idiopathic noncirrhotic 
portal hypertension.   

   2.    What are the consequences of portal hypertension? 
 The most important consequence of portal hypertension is the formation 

of  gastroesophageal varices.   Given the increased pressures, the blood drain-
ing from the gastrointestinal tract tries to find an alternative route to bypass 
the stiff and shrunken liver (collaterals). One of these routes goes through 
small veins in the stomach and esophagus, turning them into large varicose 
veins filled with blood. The most dreadful complication of portal hyperten-
sion is rupture of these varicose veins, which may result in vomiting of 
blood in large volumes. This complication can be prevented with medica-
tions or endoscopic therapies. Another important consequence of portal 
hypertension is the development of  hepatic encephalopathy.   One important 
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function of the liver is to clear toxins from the blood, absorbed in the intes-
tines. However, the blood coming from the intestines, containing toxins, 
now is bypassing the liver through collaterals. These toxins then can reach 
the brain and lead to confusion, disorientation, daytime sleepiness and, 
when severe, even coma.   

   3.    How do I know if I have portal hypertension? 
 There are invasive and noninvasive ways  of   diagnosing portal hypertension. 

The noninvasive methods are preferred given their safety and lower costs. 
Imaging tests, such as ultrasound of the abdomen, can reveal an enlarged 
spleen. This fi nding is very suggestive of portal hypertension as the spleen 
becomes engorged with extra blood that cannot be drained through the cir-
rhotic liver. Low platelet count is often noted on blood tests, as platelets are 
getting trapped on the now enlarged spleen. Measuring the stiffness of the liver 
or the spleen, with magnetic resonance or ultrasound can be used as well to 
help diagnose portal hypertension. An important test, not only helpful to diag-
nose portal hypertension, but to detect esophageal varices (varicose veins in 
the esophagus)  is   upper endoscopy. During this procedure, an endoscope (long 
slender instrument with a camera on the tip) is introduced through the mouth 
and driven down to the esophagus and stomach.    The presence of esophageal 
varices confi rms the diagnosis of portal hypertension and their fi nding is 
important so preventive measures can be instituted to avoid their rupture and 
bleeding. Finally, the most accurate way of diagnosing portal hypertension is 
by directly measuring the pressure in the veins inside and outside the liver. 
This test is not routinely used given its associated risks and cost; however it 
may be required in certain circumstances.      

    Introduction 

 Portal hypertension refers to a pathologic pressure elevation of the splanchnic 
veins draining to the liver and it is defined by an increase of the portal pressure 
gradient (difference in pressure between the portal vein and the inferior vena 
cava) above the normal range of 1–5 mmHg.    Development of portal hyperten-
sion is one of the most important events in the progression of liver cirrhosis and 
it is a cause of significant morbidity and mortality in this population [ 1 ]. 
 Complications directly   related to portal hypertension include variceal bleed-
ing, ascites, and hepatic encephalopathy, all of which will be reviewed in the 
following chapters. Therefore, assessment of portal hypertension is clinically 
important for risk stratification and patient management. This is an area of 
ongoing research as we attempt to identify less-invasive, inexpensive, and 
reproducible methods for diagnosis of portal hypertension. This chapter will 
focus on the pathophysiology, causes, and assessment of portal hypertension.  
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    Pathophysiology 

 The primary factor in the development of portal hypertension is an increased resistance 
of  portal venous fl ow.   In cirrhosis, the most common cause of portal hypertension 
worldwide, the formation of fi brous tissue and regenerative nodules hinders the portal 
blood fl ow through the liver. Besides this structural factor, a dynamic and potentially 
reversible component was demonstrated in 1985 by Bhathal and Grossman [ 2 ]. In this 
study, the authors demonstrated that the use of  nitroprusside   was able to partially reduce 
the portal pressure. This dynamic component accounts for 30 % of the increased intra-
hepatic resistance in cirrhosis and it results from the contraction of activated hepatic 
stellate cells and myofi broblasts surrounding the hepatic sinusoids. This model allowed 
for the subsequent discovery of a number of vasoactive substances and drugs able to 
modify the intrahepatic vascular resistance.    Disequilibrium between the production and 
response of vasoconstrictors (endothelins, thromboxanes, angiotensin II, etc.) and vaso-
dilators (mainly, nitric oxide) was subsequently demonstrated (Fig.  27.1 ).

   The second contributing factor to portal hypertension results from increased 
portal-collateral blood fl ow.  The   hyperdynamic circulatory state in cirrhosis was 
fi rst described in 1953 by Abelmann and Kowaski [ 3 ]. They demonstrated that 

  Fig. 27.1       Imbalance of vasoconstrictors and vasodilators in cirrhosis       
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patients with alcoholic cirrhosis presented with increased cardiac output and 
reduced peripheral vascular resistance. Vasodilation of the splanchnic circulation 
was later demonstrated and found to be a result of increased systemic levels of 
vasodilator substances and local hyporesponsiveness to vasoconstrictors. The 
increase of blood fl ow into the portal system is responsible for maintenance and 
further aggravation of portal hypertension. 

    Neoangiogenesis—formation of new blood vessels—, resultant of vascular 
endothelial growth factor (VEGF) release, also plays a major role in the develop-
ment of a hyperkinetic state and the formation  of   porto-systemic collaterals. 
Unfortunately, these collaterals are not able to fully accommodate the excess fl ow 
or alleviate the portal pressure and they lead to one of the most dreaded complica-
tions of portal hypertension, the development of  esophageal varices  .  

       Assessment of Portal Hypertension 

 The direct measurement of portal pressure, which in normal individuals ranges 
from 7 to 12 mmHg [ 4 ], can be accomplished via transhepatic or transvenous cath-
eterization of the portal vein. However these methods harbor a signifi cant risk of 
complications, including intraperitoneal bleed, and are no longer performed, 
except in selected cases [ 5 ]. In recent years, many advances have been made in the 
assessment of portal hypertension with the goal of identifying less-invasive and 
reproducible diagnostic methods. Below we review the currently used methods and 
future directions. 

    Hepatic Venous Pressure Gradient 

    Portal hypertension can be accurately determined by the pressure gradient between 
the portal vein and the inferior vena cava, measured by the hepatic venous gradient 
pressure (HVPG). This gradient represents the actual liver portal perfusion pres-
sure, which in normal individuals ranges from 1 to 5 mmHg [ 1 ]. 

 The HVPG measurement is a safe and reproducible technique performed under 
 local anesthesia and conscious sedation.   Under fl uoroscopic guidance a balloon- 
tipped catheter is advanced into the main right hepatic vein via the internal jugular, 
antecubital, or femoral vein. HVPG is then calculated as the difference between the 
wedged (WHVP) and the free (FHVP) hepatic venous pressures.    The WHVP is an 
indirect measurement of the hepatic sinusoidal pressure which provides a good esti-
mate of the portal vein pressure in cirrhotic patients [ 6 – 8 ]. The WHVP is obtained 
by infl ating the balloon at the tip of the catheter and occluding the hepatic vein. 
FHVP is measured by maintaining the tip of the catheter fl oating freely in the 
hepatic vein, about 2–4 cm distal to the IVC. 
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 Accuracy in HVPG measurement is extremely important and therefore several 
recommendations have been published to assure adequate measurements [ 9 ]. The 
operators should wait for stabilization of the venous pressures, at 60 s for WHVP 
and 20 s for FHVP. All measurements should be permanently recorded or printed to 
allow for later review of the tracings. Also important is to obtain at least duplicate 
and ideally triplicate measurements, to ensure accurate results. Signifi cant variabil-
ity is suggestive of errors. 

 As mentioned above, HVPG measurement is a safe procedure with no absolute 
contraindications. Caution should be exerted in patients with a history of cardiac 
arrhythmias when moving the catheter through the right atrium. Also,    coagulopa-
thies are common in cirrhotic patients and may require correction prior to the pro-
cedure according to individual center’s guidelines. Allergy to iodine contrast is not 
a contraindication as CO 2  may be used or patients may be premedicated with sys-
temic steroids. The risk of complications is small (<1 %) and are usually related to 
the venous puncture site. The use of ultrasound assistance helps to decrease the risk 
of complications [ 10 ]. 

 HVPG is considered the gold standard test for diagnosis of portal hypertension. 
Recently, HVPG has been also utilized for prognostic evaluation, monitoring response 
to therapy and determining the etiology or classifi cation of portal hypertension. 

    HVPG and  Diagnosis   of Portal Hypertension 

 As mentioned earlier, the HVPG in normal subjects ranges from 1 to 5 mmHg. 
HVPG values greater than 10 mmHg correspond to clinically signifi cant portal 
hypertension, characterized by the development  of   esophageal varices and/or asci-
tes. Values between 6 and 9 mmHg correspond to subclinical portal hypertension 
[ 11 ]. Unfortunately, HVPG is not widely available and therefore, it is not utilized 
routinely in most centers for the sole diagnosis of portal hypertension. The excep-
tion are patients undergoing a transjugular liver biopsy, where the HVPG can be 
easily obtained with little added cost or risks.  

    HVPG  and   Classifi cation of Portal Hypertension 

 In addition to cirrhosis, portal hypertension can be caused by myriad condi-
tions which can be classified according to their anatomical location: prehe-
patic, intrahepatic, or posthepatic (Table  27.1 ). Intrahepatic portal hypertension, 
most commonly caused by cirrhosis, presents with elevated HVPG, resultant of 
increased WHVP and normal FHVP. In prehepatic or presinusoidal portal 
hypertension both the WHVP and the FHVP are normal resulting in a normal 
HVPG. Whereas, in posthepatic portal hypertension, both the WHVP and 
FHVP are elevated.
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       HVPG  and   Prognosis in Portal Hypertension 

 Several studies have correlated the HVPG values with different outcomes in por-
tal hypertension secondary to cirrhosis. The development of gastroesophageal 
varices is noted when HVPG values are above 10 mmHg, whereas variceal bleed-
ing typically ensues when HVPG is above 12 mmHg [ 12 – 14 ]. HVPG has also 
been shown to be a good predictor of survival, with values above 16 mmHg in 
alcoholic cirrhosis associated with increased mortality [ 15 ]. HVPG above 
20 mmHg within 48 h of an acute variceal bleed episode was also associated with 
poor outcomes and low 1-year survival [ 16 ]. When adjusted by MELD score, 
presence of ascites, encephalopathy, and age, HVPG remained as an  independent 
  prognostic variable with an increased in mortality risk of 3 % for each 1 mmHg 
increase in the gradient [ 17 ]. HVPG has also been studied in preoperative risk 
assessment of hepatic decompensation in patients undergoing hepatoma resec-
tion. HVPG levels above 10 mmHg were associated with persistent decompensa-
tion 3 months after surgery [ 18 ]. 

 Acute alcoholic hepatitis leads to a signifi cant temporary rise in portal pres-
sure, likely driven by a robust infl ammatory response [ 19 ,  20 ]. HVPG values 
greater than 22 mmHg were independently associated with higher in-hospital 
mortality [ 21 ]. Finally, HVPG has also been found to be an independent predic-
tor of the development of hepatocellular carcinoma, when values are above 
10 mmHg [ 22 ].  

    HVPG and Treatment Response in Portal Hypertension 

 The use of pharmacological therapy to prevent  recurrent   variceal bleeding was fi rst 
demonstrated in 1984 by Lebrec et al. [ 23 ]. They found that daily administration of 
propranolol, a nonselective beta-blocker, at doses reducing the heart rate by 25 %, 
was able to consistently decrease the HVPG values compared to placebo [ 24 ]. HVPG 
has since been used in clinical studies to assess the effects of vasoactive drugs in 
portal hypertension. 

 A clinically signifi cant hemodynamic response has been defi ned by a reduc-
tion of HVPG by at least 20 % from baseline or to values below 12 mmHg. When 
at least one of these goals are achieved, either with pharmacological therapy [ 25 ] 

   Table 27.1       Hepatic venous pressure gradient in the classifi cation of portal hypertension   

 Types of portal hypertension  Wedged (WHVP)  Free (FHVP)  Gradient (HVPG) 

 Prehepatic  Normal  Normal  Normal 
 Intrahepatic 
   Pre-sinusoidal  Normal  Normal  Normal 
   Sinusoidal  Increased  Normal  Increased 
   Post-sinusoidal  Increased  Normal  Increased 
 Posthepatic  Increased  Increased  Normal 
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or spontaneously [ 26 ], the risk of fi rst or  recurrent   variceal bleed decreases to 
less than 10 %, compared to 20–50 % in nonresponders. In addition to variceal 
bleed  prevention, studies have demonstrated a signifi cant reduction in ascites and 
spontaneous bacterial peritonitis when these hemodynamic parameters are 
reached [ 27 ,  28 ]. Finally, the effect of hemodynamic response on improvement 
of survival has been well demonstrated and adjusted for improvement in liver 
function [ 27 ,  29 ,  30 ]. 

 The timing and frequency of HVPG monitoring, however, has not been well 
established. Most studies have repeated HVPG measurement in 1–3 months after 
a bleeding episode, whereas the highest risk for rebleeding is within the fi rst 
several days. Therefore a high proportion of patients (30–40 %) had to be 
excluded from the studies due to early death or rebleeding. Also, repeated mea-
surements of HVPG have been suggested not to be a cost-effective approach in 
clinical practice [ 31 ].   

    Endoscopic Assessment of Portal Hypertension 

 Given limited availability, cost and invasiveness of HVPG measurement, esophagogas-
troduodenoscopy (EGD) or  upper endoscopy   remains the most widely used test in clini-
cal practice for assessment of portal hypertension and its complications,  including 
  esophageal varices, gastric varices, and portal hypertensive gastropathy (PHG). The role 
of endoscopy in the diagnosis and management of gastroesophageal varices will be 
reviewed in later chapters. At the present time, endoscopy is still recommended at diag-
nosis of cirrhosis although esophageal varices are present in only approximately 
30–40 % of patients with compensated cirrhosis [ 32 ]. In the future, less-invasive and 
inexpensive methods may become available and validated for assessment of portal 
hypertension and risk stratifi cation. In that case, we may be able to determine which 
patients may benefi t from endoscopic assessment of varices based on the presence and/
or severity of portal hypertension.  

    Physical Examination 

 On first assessment of patients with chronic liver disease,  the   physical exami-
nation may provide diagnostic clues for the presence of portal hypertension 
and cirrhosis. The findings of splenomegaly, telangiectasias, abdominal wall 
varicosities (caput medusae), encephalopathy (e.g. asterixis), and ascites are 
highly specific (range 75–98 %) but have low sensitivity (range 15–68 %) for 
diagnosis of cirrhosis, especially in the compensated state [ 33 ]. The presence 
of  telangiectasias   or spider angiomata, in addition to laboratory parameters 
discussed below, was a fair predictor of the presence of esophageal varices in 
compensated cirrhosis [ 34 ].  
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    Biochemical Parameters 

 Laboratory  studies   have been extensively investigated, either isolated or in combi-
nation with other parameters, in the assessment of portal hypertension and gastro-
esophageal varices. The combination of serum albumin, bilirubin, and INR, as used 
in the Child-Turcotte-Pugh score have been shown to correlate with HVPG levels 
greater than 20 mmHg [ 35 ]. A model combining serum albumin, ALT, and INR was 
able to predict the presence of clinically signifi cant portal hypertension 
(HVPG > 10 mmHg) with 93 % sensitivity and 61 % specifi city, and an area under 
the curve (AUC) of 0.952. Otherwise, thrombocytopenia (with platelet count less 
than 88,000) has been the only parameter most frequently associated with the pres-
ence of large esophageal or gastric varices [ 36 ]. Several different combinations of 
laboratory markers have been evaluated to determine the presence or stage of liver 
fi brosis. The aspartate aminotransferase/platelet ratio index (APRI), a well vali-
dated noninvasive tool for diagnosis of liver fi brosis/cirrhosis, has been recently 
tested in the assessment of clinically signifi cant portal hypertension. APRI greater 
than 1.09 demonstrated 66 % sensitivity and 73 % specifi city for predicting clini-
cally signifi cant portal hypertension (HVPG > 12 mmHg) and an area under the 
curve (AUC) of 0.716 [ 37 ]. 

 Other  fi brosis markers  , including the presence of circulating endothelial cells 
(CEC) and CEC/platelet count index, have not been specifi cally evaluated in the 
assessment of portal hypertension however they may have a role also in this setting 
[ 38 ,  39 ]. Serum laminin levels have been shown to correlate well with HVPG val-
ues; however its diagnostic accuracy for HVPG greater than 12 mmHg was only 
70 % [ 40 ]. Similar results have been obtained with measurement of serum hyal-
uronic acid levels [ 41 ]. 

 FibroTest, a commercially  available   panel of biochemical markers of fi brosis, 
has also been shown to correlate well with HVPG [ 42 ]. However the area under the 
receiver operating characteristic curves (AUROC) for the diagnosis of severe portal 
hypertension (HVPG greater than 12 mmHg) was only 0.79, equivalent to that of 
platelet count and Child-Turcotte-Pugh score.  

       Abdominal Imaging 

 Imaging studies, such as ultrasound, magnetic resonance imaging, or computed 
tomography, are able to identify morphologic features of liver cirrhosis and signs of 
portal hypertension. While splenomegaly is a sensitive sign of portal hypertension, 
it markedly lacks specifi city [ 34 ]. Contrastingly, the presence of portal-systemic 
collaterals, such as paraumbilical vein recanalization, spleno-renal collaterals, and 
dilated left short gastric veins, are virtually a 100 % specifi c for clinically signifi cant 
portal hypertension, however their sensitivity is limited, especially in compensated 
cirrhosis [ 43 ,  44 ].  
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    Liver Stiffness 

 Assessment of  liver stiffness,   mainly by transient elastography, has been demon-
strated to correlate with the presence of portal hypertension [ 45 ]. Liver stiffness is 
mainly determined by the presence of fi brosis, which in turn leads to development 
of portal hypertension by increasing the intrahepatic resistance to portal blood fl ow. 
Recently, liver stiffness, measured by magnetic resonance elastography, has been 
directly correlated with elevated portal pressure, in the absence of fi brosis, in an 
animal model of posthepatic portal hypertension [ 46 ]. 

  Transient elastography (TE)   has been fi rst demonstrated to correlate with HVPG 
in patients with viral hepatitic C recurrence post liver transplantation [ 47 ]. The 
AUROCs for the diagnosis of portal hypertension (HVPG > 6 mmHg) and clinically 
signifi cant portal hypertension (HVPG > 12 mmHg) were 0.93 and 0.94, respec-
tively. Interestingly, the correlation of liver stiffness and HVPG was only signifi -
cant for values below 12 mmHg [ 48 ]. This suggests that further increase in portal 
pressure,    becomes almost independent from fi brosis progression as assessed by 
liver stiffness. A recent meta-analysis including 18 studies and 3644 patients, dem-
onstrated TE to be a good screening tool for diagnosis of clinically signifi cant portal 
hypertension (HVPG > 10 mmHg) with 90 % sensitivity and 79 % specifi city. The 
role of  TE   in diagnosis of esophageal varices, however, was not as promising with 
a sensitivity of 87 % but specifi city of only 53 % [ 49 ]. Finally, TE cannot  be   obtained 
or provides unreliable results in 3–16 % of cases, mostly due to obesity or presence 
of ascites [ 50 ]. 

  Magnetic resonance elastography (MRE)   has become a safe, noninvasive, and 
reliable tool in predicting advanced fi brosis or cirrhosis [ 51 ]. Its use in the assess-
ment of portal hypertension has not been extensively explored; however recent 
studies have suggested a correlation of liver MRE with HVPG results [ 52 ]. 

 Finally, the combination of different noninvasive tests, including liver stiffness, 
spleen diameter, and platelet count, has been proposed with promising results. The 
portal hypertension risk score was calculated with the formula: 5.953 + 0.188 × liver 
stiffness + 1.583 × sex (1: male; 0: female) + 26.705 × spleen diameter/platelet count 
ratio. In patients with compensated cirrhosis, this model demonstrated an AUROC 
of 0.935 [ 44 ].  

     Spleen Stiffness   

 Splenomegaly is a specifi c feature of portal hypertension, and therefore spleen 
stiffness has recently been explored as a new noninvasive tool for estimating portal 
pressure. Measurement of spleen stiffness by transient elastography was superior 
to liver stiffness, liver stiffness-spleen diameter to platelet count ratio and platelet 
count to spleen diameter ratio, in both the assessment of clinically signifi cant por-
tal hypertension and the presence of gastroesophageal varices [ 53 ]. Finally, 
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 assessment   of viscoelastic parameters of the spleen by MRE was superior to liver 
MRE in detection of severe portal hypertension (HVPG > 12 mmHg) with an 
AUROC of 0.81 [ 52 ].   

    Etiology 

 In addition to cirrhosis, portal hypertension can be caused by a myriad of conditions 
which can be classifi ed according to their anatomical location: prehepatic, intrahe-
patic, or  posthepatic   (Table  27.2 ).

         Prehepatic 

 The most common cause of prehepatic portal hypertension is portal vein thrombosis 
(PVT). In the absence of cirrhosis, portal vein thrombosis usually results from a 
combination of prothrombotic and local factors. Common thrombophilic disorders 
associated with PVT include primary myeloproliferative disorders, antithrombin, or 

   Table 27.2       Causes of portal hypertension   

 Prehepatic 
   Portal vein thrombosis 
   Splenic vein thrombosis 
 Intrahepatic 
    Presinusoidal   
    Schistosomiasis 
    Idiopathic noncirrhotic portal hypertension 
    Primary biliary cirrhosis 
    Sarcoidosis 
    Congenital hepatic fi brosis 
    Nodular Regenerative Hyperplasia 
    Adult polycystic liver disease 
   Sinusoidal 
    Cirrhosis 
    Amyloidosis 
    Zellweger syndrome 
    Gaucher’s disease 
    Vinyl Chloride toxicity 
   Postsinusoidal 
    Sinusoidal obstruction syndrome (veno-occlusive disease) 
 Posthepatic 
   Budd-Chiari syndrome 
   Cardiac disease (constrictive pericarditis, right sided heart failure, restrictive 

cardiomyopathy) 
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protein S defi ciency, antiphospholipid syndrome, hyperhomocysteinemia, factor V 
Leiden, and factor II G20210 mutations. Local factors precipitating or favoring 
PVT include local infl ammatory processes (neonatal omphalitis, pancreatitis, 
appendicitis, diverticulitis, peptic ulcer disease, sepsis, etc.), or injury to the portal 
vein system (splenectomy, colectomy, gastrectomy, etc.) [ 54 ]. Management of 
acute or chronic portal vein thrombosis includes the use of anticoagulation, which 
should be long-term if permanent prothrombotic conditions are identifi ed [ 55 ].  

       Intrahepatic 

 Intrahepatic causes of portal hypertension can be further divided according to the 
location of increased vascular resistance: presinusoidal, sinusoidal, or postsinusoi-
dal. Presinusoidal portal hypertension is characterized by fairly normal WVHP and 
FHVP, and therefore with normal or slightly elevated HVPG. The main causes of 
presinusoidal portal hypertension include nodular regenerative hyperplasia, schisto-
somiasis, sarcoidosis, primary biliary cirrhosis, autoimmune cholangiopathy, con-
genital hepatic fi brosis, tuberculosis, adult polycystic disease, and lymphoma. 

 The most common cause of sinusoidal portal hypertension is cirrhosis, but it can 
also result from infi ltrative conditions (amyloidosis, mastocytosis, Gaucher’s dis-
ease, etc.). Finally, postsinusoidal  portal hypertension   is usually caused by veno- 
occlusive disease, also called hepatic sinusoidal obstruction syndrome. Both, 
sinusoidal and postsinusoidal portal hypertension are characterized by elevated 
WHVP with normal FHVP, therefore resulting in high HVPG [ 56 ].  

       Posthepatic 

 The most frequent causes of posthepatic portal hypertension are Budd-Chiari syn-
drome and cardiac conditions (such as constrictive pericarditis, restrictive cardio-
myopathy,    complex congenital heart disease, and Fontan physiology). Posthepatic 
portal hypertension is characterized by a normal HVPG, with elevated WHVP and 
FHVP  values  .      
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Chapter 28
Endoscopic Management of Portal 
Hypertension

Murad Aburajab

Question 1: What is portal hypertension?

Patient level answer: Portal hypertension is the elevation of portal vein pressure that 
typically exceeds 6 mmHg as a result of the increased resistance of portal blood 
flow. Clinically, the hepatic venous pressure gradient (HVPG), which is the differ-
ence between the wedged and the free hepatic venous pressure measurement, gives 
an estimate of the portal pressure gradient in cases of liver cirrhosis. This gradient 
usually becomes clinically important when it exceeds 10 mmHg at which point it 
places patients at risk of decompensation by forming esophageal varices and asci-
tes [1, 2]. Over 90 % of cases of portal hypertension in the western world are attrib-
uted to liver cirrhosis and there is a marked decrease in median 1-year survival 
when compensated cirrhosis transitions to decompensated cirrhosis [3, 4].

Question 2: When do esophageal varices form and what is the risk of bleeding?
Patient level answer: The risk of bleeding correlates with the HVPG. Once HVPG 

is above 10 mmHg, patients are at risk of forming gastroesophageal varices and 
of the development of ascites. The risk of bleeding escalates when the gradient is 
above 12 mmHg and correlates with increasing HVPG. Varices can develop in 
compensated cirrhotic patients at a rate of 5–7 % per year [4]. It is estimated that 
30 % of patients with compensated cirrhosis have varices at the time of diagno-
sis, with a bleeding risk of 5–15 % depending on the size of the varices. Small 
varices can progress into larger ones at a rate of 8 % per year; several factors 
involved in this progression include higher Child–Pugh class, ongoing alcohol 
intake and the presence of red wale marks at the initial endoscopic evaluation [5]. 
The mortality rate after first variceal bleeding episodes is not negligible. Almost 
20 % of patients die within 6 weeks of their first bleeding episode [4, 6].
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Question 3: What are the repercussions of bleeding from esophageal varices? What 
is meant by primary and secondary prophylaxis?

Patient level answer: The role of prevention is important in managing cirrhotic 
patients with esophageal varices. Every episode of variceal bleeding can increase 
the complications of liver cirrhosis, such as spontaneous bacterial peritonitis, 
hepatorenal syndrome, and hepatic encephalopathy, which can lead to increased 
patient morbidity and mortality. Prophylaxis is classified into two major strate-
gies: primary prophylaxis indicates that the patient has esophageal varices, but 
has never bled from them previously, and secondary prophylaxis in which the 
patient has had a previous variceal bleeding episode and the aim is to prevent 
further bleeding episodes.

 What Are the Options for Primary Prophylaxis?

Based on the American Association for the Study of Liver Diseases guidelines 
(AASLD), all patients diagnosed with liver cirrhosis should have a screening endos-
copy for esophageal and gastric varices [4]. During an endoscopic evaluation, 
esophageal varices are graded according to their size. It is recommended to classify 
esophageal varices as small or large, with the latter described as being larger than 
5 mm. Some physicians classify esophageal varices as small, medium, or large, 
depending on how much of the esophageal lumen they occupy. That classification is 
not helpful from a management standpoint, as medium and large varices are treated 
the same; the same applies to the previous grading system of 0–4. It is also neces-
sary to identify high-risk stigmata such as red wale marks during an endoscopic 
evaluation, because such features are not only risk factors for bleeding, but also a 
predictor of variceal progression [7].

Primary prophylaxis is crucial to prevent the first bleeding episodes. This can be 
carried out either by using a nonselective beta-adrenergic blocker (NSBB) or endo-
scopic variceal banding (EVB). The management strategy for primary prevention is 
summarized in Table 28.1.

 What Are the Medical Options for Primary Prophylaxis?

Nonselective beta-adrenergic blockers are the drugs of choice for primary prophy-
laxis. They lower the portal pressure by causing splanchnic arteriolar vasoconstric-
tion through their β-2 effect and lower cardiac output by blocking β-1 receptors, 
which reduce portal venous inflow [8]. Propranolol and nadolol are the two most 
commonly used medications. Their role in preventing the progression of the size of 
varices and bleeding in small varices is controversial. A multi-center study showed 
no benefit of using NSBBs compared with placebo in preventing the development of 
esophageal varices in cirrhotic patients who did not have esophageal varices; on the 
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other hand, there were significant adverse outcomes in that group [9–11]. A recent 
meta-analysis performed by Qi et al. [12], which included a total of six randomized 
controlled studies, showed the NSBBs did not show any significant benefit on pro-
gression, bleeding events or mortality compared with the placebo group. Yet, some 
experts advocate using NSBBs in patients with small varices, who are a high risk, as 
in a Child–Pugh score of B or C, alcoholic liver disease, and in patients who had red 
wale marks at their initial endoscopic evaluation [13]. Merkel et al. [14] showed in 
a placebo-controlled trial that using nadolol was effective in reducing the progres-
sion and bleeding of small varices, but did not add significant survival benefit.

Nonselective beta-adrenergic blockers play a pivotal role in preventing bleeding 
in patients with medium and large varices. For esophageal varices to rupture and 
bleed, HVPG is generally ≥12 mmHg. There is a marked reduction in the risk of 
bleeding when HVPG was lowered either below 12 mmHg or >20 % from the base-
line [15]. It has been shown that either nadolol or propranolol reduces the risk of the 
first variceal bleed compared with the placebo group (30 % in controls vs 14 % in 
patients receiving beta-blockers) by lowering the HVPG [8]. Additionally, there 
was a significant survival benefit in patients who received NSBBs [16]. The starting 
dose of propranolol is 20 mg twice a day and 40 mg once day for nadolol. The strat-
egy is to reduce the heart rate by at least 20 % from the baseline and to adjust the 

Table 28.1 Management strategy after the results of the first endoscopic evaluation in patients 
with liver cirrhosis (primary prophylaxis)

Management

No varices Repeat endoscopy in 3 years (sooner if decompensation occurs)

Small varices In a CTP B/C 
patient or varices 
with red signs

Nonselective β-blockers 
(propranolol or nadolol)

Start propranolol (20 mg 
bid) or nadolol (20 mg 
qd)

Titrate to maximal 
tolerable dose or a heart 
rate of 55–60 bpm

No need to repeat EGD

In a CTP A 
patient, without 
red signs

Nonselective β-blockers 
optional

Same as above

If no β-blockers are given, 
repeat endoscopy in 
2 years (sooner if 
decompensation occurs)

Medium/large 
varices

All patients 
independent of 
CTP class

Nonselective β-blockers 
(propranolol, nadolol) or 
endoscopic variceal 
ligation

Same as above

Ligate every 1–2 weeks 
until variceal obliteration. 
First surveillance 
endoscopy 1–3 months 
after obliteration, then 
every 6–12 months 
indefinitely

Choice depends on patient characteristics and preferences, and local resources
bid twice a day, bpm beats per minute, CTP Child–Turcotte–Pugh, EGD esophagogastroduodenos-
copy, qd once daily
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medication to its maximal tolerated dose. Some 15–20 % of patients cannot tolerate 
the medication owing to side effects such as lightheadedness and asthma-related 
symptoms, which lead to complete withdrawal of the medication [17].

Besides nadolol and propranolol, carvedilol is an NSBB with intrinsic alpha-1 
adrenergic blocking activity, the use of which for primary prophylaxis against variceal 
bleeding is becoming more widespread. In a recent study, in patients receiving 
carvedilol who had not initially responded to propranolol there was a greater reduction 
in HVPG compared with patients who had responded to propranolol treatment. Not 
only did patients who had received carvedilol achieved a better hemodynamic response, 
they also had a lower mortality rate compared with patients treated only with endo-
scopic variceal banding [18, 19]. More recent data suggest that NSBBs should be 
avoided in patients with refractory ascites as they result in poor outcomes [20].

To conclude, the use of NSBBs in patients with medium and large varices, in 
those with high-risk stigmata for bleeding, and in patients with small varices who 
have not had variceal bleeding results in decreased bleeding episodes and improved 
survival. Their use is limited to patients who tolerate the medications, requires a 
hemodynamic response to therapy, and is not advocated in cirrhotic patients with no 
esophageal varices and those with refractory ascites.

 What Are the Endoscopic Options for Primary Prophylaxis?

As noted above, all patients with the diagnosis of cirrhosis should undergo screen-
ing for esophageal varices [3], but the role of EVB in primary prophylaxis is still 
controversial. It is clear that EVB is very effective in eradicating esophageal varices 
and reducing first bleeding events. However, most comparative studies have not 
shown superiority in reducing bleeding-related mortality compared with NSBBs for 
primary prophylaxis. A recent Cochrane review by Gluud and Krag [21] included 
19 randomized trials comparing EVB with NSBBs for primary prevention. There 
was a greater reduction in bleeding events in the EVB group (RR = 0.68, 95 % CI: 
0.52–0.90); however, EVB was not superior to NSBBs with regard to bleeding- 
related mortality. Despite this evidence, there is clear agreement that EVB is the 
option of choice for primary prophylaxis in patients who either cannot tolerate or 
have a contraindication to NSBBs, those with refractory ascites, and those with 
high-risk esophageal varices. Of note, trials of endoscopic variceal sclerotherapy for 
primary prophylaxis do not support its use for primary prophylaxis.

 What About Combining NSBBs and EVB?

Combination therapy using EVB in addition to NSBBs in primary prevention has 
been studied with conflicting results [22–24]. A recent retrospective study by Je 
et al. [25] investigated the long-term efficacy of the combination of EVB and 
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propranolol compared with propranolol alone. A total of 504 patients were enrolled 
in the study. There was a marked difference in preventing the first variceal bleed in 
favor of a combination strategy, with no difference in overall mortality between the 
two groups. On the other hand, Lo et al. conducted a randomized study comparing 
combination therapy of EVB and nadolol with nadolol alone. There was no differ-
ence in bleeding events and bleeding-related mortality in the groups; however, in 
contrast to the report by Je et al [25]. there were more adverse events in the com-
bined group related to EVB, including esophageal ulcerations [23]. Given the cur-
rent evidence, there is no clear added benefit of combination EVB and NSBB 
therapy and it cannot be routinely recommended as the first-line modality for pri-
mary prevention.

 What Are the Options for Secondary Prophylaxis?

Patients who survive the first episode of variceal bleeding are at a high risk of recur-
rent bleeding. This risk is greater than 60 % within the first 2 years, with a higher 
risk of bleeding within the first 6 weeks after the index bleed and 33 % mortality 
[15]. In this particular scenario, combination therapy using NSBBs and EVB is the 
standard treatment and has proved its superiority when compared with either treat-
ment alone. This was shown in a meta-analysis of 9 trials where combination ther-
apy reduced the risk of variceal rebleeding, but not overall mortality, when compared 
with the use of NSBBs or EVL alone [26]. The added benefit of NSBBs to that of 
EVB lies in reducing portal pressure, which reduces the risk of bleeding. 
Additionally, studies demonstrate that NSBBs reduce the risk of spontaneous bacte-
rial peritonitis by 12 %, independent of their hemodynamic effect on HVPG [27].

Once patients recover from the first variceal bleed, treatment should be targeted 
at eradicating those varices. An endoscopic banding session should be scheduled at 
2- to 4-week intervals after the index bleeding episode until the esophageal varices 
are completely eradicated. This process typically takes 2–4 sessions. Once they are 
eradicated, the patient should be back in 3 months for a first surveillance, and, if 
negative, this should be repeated every 6 months. Endoscopic variceal sclerotherapy 
is also an option that has been shown to decrease rebleeding, but is now infrequently 
employed (typically in cases in which EVB is not technically feasible) in light of the 
more favorable complication profile of EVB. The management strategy for second-
ary prevention is summarized in Table 28.2.

 What Are the Complications of EVB?

Adverse events of esophageal variceal banding are observed in 14 % of patients. 
The two most common complications are chest pain and dysphagia, but both are 
short-lived complications [28]. Post-banding ulcers occur at the banding site in 
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0.5–3.0 % of cases; these ulcers are shallow in nature and have the tendency to bleed 
in 5–6.6 % of treated patients. Studies showed that using pantoprazole daily for 
9 days following the procedure can significantly reduce the size of post-banding 
ulcers and their bleeding risk [29]. Life-threatening bleeding associated with post- 
banding ulceration has been reported and requires urgent attention. Post-banding 
strictures have also been reported, but are typically easily managed. Endoscopic 
variceal sclerotherapy is associated with a higher rate of esophageal ulcers and with 
fever and chest and abdominal pain. It is also associated with risks of perforation, 
mediastinitis, and portal vein thrombosis.

 What to Do If Those Varices Bleed

Patients with liver cirrhosis who present with suspected variceal bleeding should be 
admitted to the intensive care unit. After rapid stabilization and resuscitation of the 
patient, including assessing the need for airway protection with a low threshold for 
intubation and securing adequate intravenous access, urgent endoscopy with thera-
peutic intent should be undertaken. Blood transfusion should not be undertaken 
until the hemoglobin falls below 7 mg/dl and caution should be exercised not to 
over-resuscitate using crystalloids or other blood products so that the portal pres-
sures are not elevated further, hence predisposing to more rebleeding, associated 
with increased mortality [30]. Once endoscopy is undertaken, EVB is now typically 
the standard of care if esophageal variceal bleeding is identified. Esophageal vari-
ceal sclerotherapy is also effective in this setting.

Table 28.2 Management strategy in preventing rebleeding in patients with liver cirrhosis 
(secondary prophylaxis)

Treatment Management

First-line therapy Nonselective β-blockers 
(propranolol, nadolol) and 
Endoscopic variceal 
ligation

Start propranolol (20 mg 
bid) or nadolol (20 mg qd)

Titrate to the maximum 
tolerable dosage or a heart 
rate of 55–60 bpm

No need to repeat endoscopy

Ligate every 1–2 weeks until 
variceal obliteration

First surveillance endoscopy 
1–3 months after 
obliteration, then every 
6–12 months

Second-line therapy (if 
combined 
pharmacological + endoscopic 
treatment has failed)

TIPS or shunt surgery (CTP 
class A patients, where 
available)

TIPS transjugular intrahepatic portosystemic shunt
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There is a major established role of using vasoactive pharmacological agents in 
the acute portal hypertensive bleeding event. Vasopressin and terlipressin have a 
vasoconstrictive effect on splanchnic circulation and octreotide prevents postprandial 
elevation and portal pressures. Thus, these agents either lower the portal pressure or 
prevent a rebound elevation in portal pressure in response to bleeding and subse-
quently enhance the efficacy of endoscopic therapy. Vasopressin is associated with 
significant side effects, including potential coronary vasoconstriction, and is thus 
now rarely used. Terlipressin is very effective, but is not available in the USA, leaving 
octreotide as the most common agent used in variceal bleeding there. The dose of 
octreotide is a 50-μg intravenous bolus followed by an infusion of 50 μg/h. Although 
the optimal duration of infusion has not been well established, given the risk of early 
rebleeding, which is approximately 50 % in the first 5 days after endoscopic interven-
tion, it is reasonable to continue the octreotide infusion for 5 days, although some 
studies showed no difference in outcome if octreotide infusion was continued for 
2 days or 3 days versus a 5-day strategy [31, 32] In our practice, we commonly con-
tinue the octreotide for at least 3 days. It is well-established that the short-term use of 
prophylactic antibiotics in cirrhotic patients and portal hypertensive bleeding with or 
without ascites not only decreases the risk of infectious complications, but also 
improves survival [33]. Antibiotics must be given to patients with liver cirrhosis who 
suffer from gastrointestinal bleeding irrespective of their ascites status. The use of 
oral norfloxacin at a dose of 400 mg BID for 7 days or intravenous ceftriaxone in a 
dose of 1 g/day for 7 days also diminish the incidence of bacterial peritonitis [34].

 What Is the Classification Scheme of Gastric Varices?

Gastric varices are present in approximately 17 % of patients with cirrhosis [35]. 
Although they bleed less frequently than esophageal varices, the episodes of bleed-
ing tend to be more severe, with higher mortality of almost 45 %. The most accepted 
and well-known classification for gastric varices is the Sarin system (Fig. 28.1). 
They are classified into: GOV1, esophageal varices that extend below the gastro-
esophageal junction into the lesser curvature of the stomach; GOV2 extends beyond 
the gastroesophageal junction into the fundus of the stomach; IGV1 are isolated 
gastric varices that are limited to the fundus of the stomach and have no contiguity 
with esophageal varices (Fig. 28.2); and isolated gastric varices in other areas of the 
stomach are called IGV2. The most prevalent type of gastric varix is GOV1 (75 %), 
followed by GOV2 (21 %), IGV2 (4 %), and IGV1 (<1 %).

 How Do I Manage the Patient with Gastric Variceal Bleeding?

Initial management of suspected gastric variceal bleeding is similar to that for 
esophageal varices. Patients should be admitted to the intensive care unit and resus-
citative measures taken in addition to using vasoactive agents and antibiotics. 
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Fig. 28.1 Sarin classification for gastroesophageal varices

Fig. 28.2 Isolated gastric varices on (a) endoscopic view, (b) endoscopic ultrasound view
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The typical endoscopic options to stop esophageal variceal bleeding including band 
ligation and sclerotherapy apply to GOV1, but are suboptimal in the management of 
gastric variceal bleeding due to GOV2, IGV2, and IGV1. It bears repeating that in 
the setting of GOV1, given the short segment of the gastric varices in continuity 
with esophageal varices, EVB and endoscopic variceal sclerotherapy are viable 
options for treatment. The reported success rate of endoscopic banding for GOV1 
and achieving hemostasis was near 85 % [36]. Despite its effectiveness in control-
ling esophageal variceal bleeding, EVB should typically be avoided for the other 
forms of gastric varices, unless there are no other options. Several factors may play 
a role in its lack of efficacy in this setting, including the greater mucosal thickness 
overlying the varix in the stomach, along with the typically larger size of the varix, 
making it difficult and challenging to engulf the entire varix into the suction hood 
during the process of ligation.

Although endoscopic sclerotherapy has its place in the treatment of esophageal 
varices, its use has been less successful in the management of isolated and fundic 
gastric varices (non-GOV1). Studies have shown that the overall success rate for 
achieving initial hemostasis is between 60 and 100 %; however, the rebleeding rate 
was unacceptably high, approaching 90 % [37, 38]. Almost 50 % of the rebleeding 
is due to ulcers induced by sclerotherapy itself, exacerbating a situation that is 
already difficult to manage.

 Can We Use Endoscopic Glue to Treat Gastric Varices?

The endoscopic injection of tissue adhesives such as cyanoacrylate (CA) has been 
successfully used for the cessation of bleeding from gastric varices, including GOV2, 
IGV2 and IGV1 obliteration. CA is a monomer that undergoes rapid polymerization 
when it comes into contact with hydroxyl ions, as in water or blood. Histoacryl 
(N-butyl-cyanoacrylate) and 2-octyl-cyanoacrylate have been used as tissue adhe-
sives to be injected directly into a gastric varix. Studies have shown the efficacy of 
using CA in treating gastric varices with a success rate ranging between 91 and 100 % 
and a rebleeding rate of 8–23 % [39–42]. Tissue adhesives have been used both in the 
acute setting to control bleeding and to eradicate after a previous bleeding episode. 
Reported complications are infrequent and include ulceration, thromboembolic epi-
sodes in less than 1 % including cerebrovascular accidents, splenic infarction, pulmo-
nary embolism, and adrenal abscesses [43]. Extrusion of the glue from the injection 
site can occur a few weeks following treatment, causing ulcerations that may bleed in 
4.4 %; however, those events are controllable [43]. Other technical complications can 
occur if the injector needle becomes trapped in the varix during the process of injec-
tion, which can occur as a result of the polymerization and premature solidification 
of CA. Care must be taken not only to promptly removed the needle, but also to use 
irrigation with either normal saline or D5W, because entrapment of the needle may 
result in worsening the bleeding upon forceful removal. Currently, the use of CA for 
this indication has not been approved by the FDA, but a number of centers through-
out the country offer the service for patients who have no other options.
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Endoscopic ultrasound (EUS) has the ability to detect blood flow in gastric vari-
ces through its Doppler capability and allows the precise localization of gastric vari-
ces and their perforating veins (Fig. 28.2). Using this technology, not only does EUS 
allow for the accurate delivery of CA into the gastric varix, but it also detects resid-
ual blood flow following CA injection, which carries prognostic implications [44, 
45]. There are different approaches to the EUS-guided therapy of gastric varices by 
injecting CA, placing fibered coils that are used in interventional radiology, or a 
combination of the two. Binmoeller et al. [46] shared their outstanding experience 
in 30 patients who underwent EUS-guided treatment for gastric fundic varices using 
a combined glue and coil approach. Initial hemostasis was achieved in 100 % of 
patients and gastric varices were obliterated in 96 % of patients in a single session.

 Are There Non-endoscopic Approaches to Treating  
Gastric Varices?

Non-endoscopic treatments of gastric varices are grouped under rescue therapy. 
These include placement of a transjugular intrahepatic portosystemic shunt (TIPS) 
and balloon-occluded retrograde transverse obliteration (BRTO), in addition to tem-
porizing measures such as balloon tamponade (e.g., the use of the Minnesota tube 
or the Sengstaken–Blakemore tube). Both TIPS and BRTO are very effective rescue 
measures when other treatments fail Chap. 34, particularly in the hands of experi-
enced interventional radiologists, and are addressed elsewhere in this text.

 Conclusion

Portal hypertension carries ominous complications as in esophageal and gastric 
variceal bleeding. It can lead to major morbidity and mortality. Using NSBBs 
remain the most appropriate approach  in primary prevention with added benefit in 
secondary prevention. 
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    Chapter 29   
 Portosystemic Encephalopathy                     

     Jawaid     Shaw      and     Jasmohan     S.     Bajaj     

          What Is Portosystemic or Hepatic Encephalopathy? 

    Patient-Level Answer 

 In patients with liver disease, hepatic encephalopathy (HE) is a well-known condi-
tion in which changes in mental activity occur leading to confusion and other think-
ing problems. Alterations in sleep patterns, mood, and bodily movements may also 
occur.  

    Provider-Level Answer 

 In the United States (US) chronic hepatitis C and alcohol are the most common 
causes of chronic liver disease ( CLD  ) and its resultant end stage of cirrhosis. The 
expanded diagnostic codes for cirrhosis indicate that it is the eighth leading 
cause of death in the US [ 1 ]. HE is a serious complication of cirrhosis and its 
relative contribution to the utilization of resources is rapidly growing [ 2 ,  3 ]. The 
updated defi nition for HE as per the 2014 American Association for the Study of 
Liver Diseases ( AASLD  )    practice guidelines is “a  brain dysfunction   caused by 
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liver insuffi ciency and/or portosystemic shunting (PSS); it manifests as a wide 
spectrum of neurological or psychiatric abnormalities ranging from subclinical 
alterations to coma” [ 4 ]. As per these guidelines, all cases of HE should be  clas-
sifi ed   according to one component from each of the following underlying dis-
ease-based three axes [ 4 ]: type A (acute liver failure), type B (portosystemic 
bypass without intrinsic liver disease), and type C (cirrhosis). The latter two 
types (B and C) present similarly and can be classifi ed according to the West 
Haven Criteria (WHC) clinical grading according to the severity ranging from 
mild confusion to comatose state (Grade 1–IV), with further subdivision into 
episodic, recurrent, and persistent forms depends on as to how HE appears spaced 
in time and further on qualifying the HE episode/s as precipitated or nonprecipi-
tated (Table  29.1 ). HE may not always be simple to diagnose. Cases that are mild 
with no obvious clinical profi le may be diagnosed by using  neuropsychometric 
testing   and are classifi ed as covert hepatic encephalopathy ( CHE  ). The previous 
 terminology   for CHE included minimal hepatic encephalopathy (MHE) or sub-
clinical HE. On the other hand, overt HE (OHE) is readily identifi able to the 
clinician and does not need specifi c neuropsychometric testing. At times, HE 
may be diffi cult to diagnose given subtle signs and symptoms. Hence, under the 
new terminology called SONIC (Spectrum of Neuro-cognitive Impairment in 
Cirrhosis), CHE includes minimal and Grade I HE, and OHE encompass Grades 
II–IV HE [ 5 ,  6 ]. For the remainder of this chapter, we will use the terms MHE 
and CHE interchangeably. The term  OHE   refers to the decompensated phase of 
cirrhotic liver disease [ 7 ] which carries a poor prognosis compared to cirrhotics 
without HE even when adjusted for disease severity based on MELD score [ 8 ]. 
The prevalence of OHE is approximately 30–40 % during the clinical course of 
cirrhotic liver disease [ 9 ]. In a study from India, the 1-year risk of a recurrent 
episode of HE after a previous event was found to be 40 %[ 10 ]. The rate of  CHE   
in the United States has been reported to be as high as 60–80 %[ 11 ,  12 ]. There is 
now an understanding that patients with CHE have a higher likelihood of eventu-
ally developing OHE [ 11 ,  13 ,  14 ]. After undergoing a transjugular intrahepatic 
portosystemic shunt (TIPS) procedure, the incidence of HE has been reported as 
20–31 % [ 15 ]. Looking at the United States inpatient national admission data 
with HE from 2005 to 2009 (approx. 110, 000 patients), investigators found that 
despite the lack of increased inpatient mortality, resource utilization has risen 
during the same cycle putting an increased fi nancial burden on the health care 
system [ 3 ].

   Table 29.1    Hepatic  encephalopathy   description   

 Type  Grade  Time course  Spontaneous or precipitated 

 A  MHE  Covert  Episodic  Spontaneous 
 1 

 B   2    Overt  Recurrent  Precipitated 
 C  3 

 4  Persistent 
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        What Are the Symptoms of Hepatic Encephalopathy? 

    Patient-Level Answer 

 The common symptoms of HE are related to  mental activities   (feeling slow, confu-
sion, lethargy, slurred speech, diffi culty drawing objects, changes in handwriting), 
changes in sleep patterns, slip-ups with memory, and mood issues such as feeling 
depressed and not wanting to eat. Diffi culties  in   driving may also be noticed by the 
patient or family/friends. Problems with balance and coordination are frequent and 
may result in falls.  

    Provider-Level Answer 

 The presence of nonspecifi c neuropsychiatric signs and symptoms is the hallmark 
of HE [ 5 ,  16 ].  MHE      is regarded as a preclinical stage  of   OHE in SONIC and is 
comprised of defi cits in multiple domains including attention, vigilance, response 
inhibition, and executive function [ 11 ,  17 ,  18 ]. Over recent years, CHE has received 
more attention given its propensity to degenerate into OHE. The diffi culty with 
CHE is that it is diffi cult to diagnose clinically even for an astute physician, given 
its characteristic cognitive profi le [ 16 ,  19 ,  20 ]. Driving skills are known to be 
impaired in CHE patients hence, exposing the driver as well as others to danger 
[ 21 – 23 ]. Studies have demonstrated that patients with CHE have impaired quality 
of life as well as working capability [ 24 – 27 ]. Furthermore, not only does CHE pre-
dict the subsequent onset of OHE [ 14 ,  28 ,  29 ] but it is also associated with poor 
prognosis and is an independent predictor of survival [ 30 ]. The appearance  of 
  asterixis or disorientation as per consensus heralds the onset of OHE [ 5 ]. However, 
asterixis (fl apping tremor) which refl ects negative myoclonus is not seen in HE 
alone as it can be elicited in other metabolic conditions such as uremia and carbon 
dioxide narcosis [ 31 ]. Sleep–wake cycle disturbances (insomnia, hypersomnia, and 
excessive day time sleepiness) due to disturbance in the circadian rhythm are com-
mon even in  early   stages of HE and may precede other neuropsychiatric distur-
bances [ 32 ,  33 ]. With the progression of HE from covert to overt stages, more 
advanced neuro-psychiatric signs and symptoms emerge. These may include pro-
gressive disorientation, behavioral issues including confusion, irritability, apathy, 
disinhibition, depression, agitation, increased sleepiness, and fi nally stupor leading 
to coma [ 34 ,  35 ]. 

 An initial thorough history and physical examination should be performed with 
specifi c questions directed to both the patient as well as the caregiver to assess for the 
presence of any cognitive or mental status changes. In the case of CHE, the caregiver 
may be better able to answer some of the questions about changes in sleep patterns, 
behavior, mood, and driving errors. The provider should pose direct questions about 
disturbances in cognition such as impairment in working memory, decrease in attention 
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span, diffi culty in driving leading to accidents, and/or problems working with machines 
potentially leading to work impairment. On examination, initially assess the general 
level of alertness and orientation. A detailed neurological examination may reveal 
upper motor neuron signs (hypertonia, brisk refl exes, positive Babinski sign) in many 
HE patients but maybe absent in coma.  Extrapyramidal dysfunction   manifested as 
expression-less masked facies, slowness of movements/speech, parkinsonian-like 
tremors, and dyskinesic movements can be observed [ 31 ]. In addition to examination 
fi ndings due to other manifestations of cirrhosis, distinct and focal transient neurologi-
cal defi cits including hemiplegia have been reported with no evidence of abnormalities 
seen on brain imaging or cerebrospinal fl uid analysis [ 36 ]. Seizures including those 
leading to status epilepticus are rare but are reported in patients with HE [ 37 ,  38 ] as are 
rapidly progressive Parkinsonian-like symptoms which have been shown in a study 
done using SPECT imaging to be related to disturbances at the pre- and postsynaptic 
level in the striatal region involved  in   dopaminergic neurotransmission. These symp-
toms are not responsive to ammonia lowering strategies and have been reported in 
around 4.2 % of patients [ 39 ]. A dramatic but rare pattern of spinal cord involvement in 
some patients with HE (wherein the mental status changes may be minimal) related to 
liver disease and PSS is characterized by progressive spastic lower limb weakness and 
termed as hepatic myelopathy (HM). MRI of spine is often normal in HM with no 
reported motor involvement of upper limbs. Hepatic  myelopathy   can predate OHE in 
some case. There are approximately 90 cases reported in literature since the fi rst 
description in 1949 [ 40 ]. These motor manifestations of HM do not respond to usual 
ammonia lowering strategies but early liver transplantation (LT) does lead to better 
neurological outcomes hence, making a case for MELD exception for patients with 
HM [ 41 ].   

    What Are the Causes of Hepatic Encephalopathy? 

    Patient-Level Answer 

 Patients with  underlying   portal hypertension can have HE triggered by infections, 
bleeding in the GI tract (upper or lower GI), effects from medications (excessive use 
of pain medications and sleeping pills or lack of adherence to ammonia lowering 
regimens), dehydration, electrolyte disturbances (particularly low sodium and 
potassium levels), being constipated, and/or changes in diet.  

    Provider-Level Answer 

 The  precipitation   of HE may be secondary to multiple causes including infection, 
electrolyte abnormalities, medication nonadherence, gastrointestinal bleeding, 
excessive diuretic use, and constipation. In a US-based study lactulose nonadherence 
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was the most common precipitating event after the fi rst OHE episode [ 42 ] but infec-
tions are typically thought to be the most common cause of episodic OHE implicated 
in 56 % of cases [ 43 ] with electrolyte disorders more commonly implicated in recur-
rent cases [ 44 – 47 ]. The most common infectious triggers of OHE are SBP and urinary 
tract infections. 

 When approaching the patient with OHE, the clinician should ask focused ques-
tions to assess for other  precipitants   such as prescription/nonprescription drug usage 
(sedative medications like benzodiazepines, narcotics, recreational drugs), alcohol 
usage, reasons for being dehydrated (over-diuresis, GI losses), and history of proce-
dures (iatrogenic/spontaneous shunts, recent large-volume paracentesis). However, 
it is not always possible to fi nd a clear precipitant as reported in one study in which 
for 12 % patients no precipitant was found [ 46 ]. 

 Overt hepatic encephalopathy has nonspecifi c neuropsychiatric manifestations 
but in the right clinical setting, the diagnosis remains straight forward. A number of 
other entities which can result  in   acute confusional states or delirium include 
metabolic causes (diabetes related: hypoglycemia or hyperglycemia, diabetic keto-
acidosis, nonketotic hyperosmolar state), electrolyte abnormalities (hyponatremia 
or hypernatremia, hypokalemia, hypercalcemia), pulmonary issues (hypoxic or 
hypercarbic states), renal-mediated (uremia), toxin-related (acute alcohol intoxica-
tion, Wernicke’s or Korsakoff syndromes, and delirium tremens), medications and 
illicit drugs (inappropriate use or over dosage of either prescription or over-the- 
counter medications, drugs of abuse like sedative-hypnotics, opiates, antihista-
mines, hallucinogens, heroine, cannabis, atypical alcohols) infectious (sepsis and 
meningo-encephalitic syndromes, severe systemic infections) CNS-related (cere-
brovascular accidents including subdural hematomas, brain tumors, traumatic brain 
injuries, convulsive or nonconvulsive seizures, and dementing or psychiatric ill-
nesses). In the end, any severe medical and physical stress (leading to organ failure 
or infl ammation) can lead to altered mentation.  Hyponatremia   (serum sodium levels 
<130 mEq/l) is an independent risk factor for development of OHE and may be a 
target for preventive intervention [ 48 ].  Diabetes mellitus   in patients with hepatitis 
C-related cirrhosis has been shown to be a risk factor for development of HE at 
earlier stages of liver decompensation. Patients with liver cirrhosis and renal dys-
function are also at an elevated risk of developing HE irrespective of the severity of 
the underlying liver disease [ 49 ]. 

 Individual cases can follow different patterns of disease progression within the 
 category   of type C HE. And it appears that the  pathogenesis   of OHE and CHE is 
likely to be similar and the differences occur among levels of severity and stages 
of liver disease. Studies into  the   pathophysiology of HE and CHE have focused on 
the accumulation of toxins in the bloodstream and brains of patients with chronic 
liver disease.  Ammonia   is only a single component of this multifactorial disease 
and synergistic action of ammonia with other toxins may play a role in changing 
the metabolism of amino acid neurotransmitters and increasing the permeability 
of blood–brain barrier to these neurotransmitters. Ultimately, this leads to shifting 
of the balance towards the inhibitory gamma-aminobutyric acid (GABA) neuro-
transmission with suppression of the excitatory neurotransmitters like glutamate 
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and catecholamine. The presence of the chronic neuro-infl ammation, sepsis, oxi-
dative stress, hyponatremia, and perturbations of gut fl ora could have a larger role 
in development of HE as well [ 50 – 53 ]. Although the mechanism by which ammo-
nia cause brain dysfunction are not fully elucidated but there is some evidence of 
the association of ammonia with MHE [ 54 ]. The main source of ammonia in the 
body seems to be the gut microbiota, although animal model studies suggest alter-
native sources [ 55 ]. Glutamate is found mainly in the enterocytes of the small 
bowel and to a lesser extent in the colon and glutaminase from these multiple 
sources produces ammonia by metabolizing glutamine into glutamate and ammo-
nia [ 56 ]. Ammonia is typically metabolized in the liver to urea, a water-soluble 
molecule that can be excreted by the kidneys. The diseased liver is not able to 
process the ammonia at normal capacity. It has been demonstrated that in patients 
with acute liver failure (ALF) brain and muscle cells get more involved in ammo-
nia metabolism [ 57 ]. Studies have shown that after insertion of a  portacaval shunt   
in rats there is increased expression of an intestinal glutaminase in rat enterocytes 
leading to increased ammonia levels, which may explain the increased risk of HE 
among patients who have undergone this procedure [ 58 ]. In the  endoplasmic 
reticulum   of brain astrocytes (only cells to metabolize ammonia in brain) gluta-
mine synthetase produces equimolar ratios of ammonia and glutamine [ 57 ,  59 ]. 
Hence, with the advancing liver failure the intracellular levels of glutamine 
increase. As  glutamine   is an osmotic agent this increase is believed to be one of 
the putative reasons in the development of low-grade cerebral edema in patients 
with MHE or OHE [ 60 ]. 

 The role of infl ammation with or without hyperammonemia in the pathogene-
sis of HE is being recognized clearly more [ 61 ]. In patients with cirrhosis, infl am-
matory processes result mainly from infections but also from other causes like GI 
bleeding, obesity, and alterations in the intestinal fl ora. In a recent study by Merli 
et al., addressing the association between bacterial infections and cognitive dys-
function in cirrhotic ( n  = 150) vs. noncirrhotic patients ( n  = 81) found that neuro-
cognitive changes were signifi cantly increased in the cirrhotic group as compared 
to the noncirrhotics (90 % vs. 39 %) after the diagnoses of sepsis [ 62 ]. There were 
lowered scores  on   cognitive testing in patients with cirrhosis with systemic 
infl ammatory response syndrome (SIRS) and induced hyperammonemia only 
when they also had increased levels of the infl ammatory cytokines (tumor necro-
sis factor (TNF), interleukins (IL)-1 and IL-6) implying that hyperammonia only 
causes alterations in cognition in presence of neuro-infl ammation and not alone 
[ 51 ]. This has been demonstrated in animal model studies as well where in admin-
istration of lipopolysaccharide in the liver damaged rats resulted in brain edema 
leading to altered consciousness but not in healthy rats [ 63 ]. Again, various other 
studies have demonstrated that the serum levels of  various   infl ammatory cyto-
kines (TNF-alfa, IL-6, and IL-18) in cirrhotic patients are associated with pres-
ence and severity of both OHE and CHE [ 64 ,  65 ]. In the end, it appears that 
infections promote the development of HE and cerebral edema in patients with 
ALF with infl ammatory cytokines synergizing with hyper-ammonemia to produce 
cerebral edema [ 66 ,  67 ].   
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    Are There Any Tests for Establishing the Diagnosis of Hepatic 
Encephalopathy? 

    Patient-Level Answer 

 While there are multiple tests available which help in establishing the diagno-
sis of HE including simple blood tests, electroencephalography (EEG) which 
measures brain electrical activity, brain CT or MRI scans, the diagnosis of 
OHE is ultimately made by physician based on examination and historical find-
ings and no single test by itself establishes the diagnosis of OHE. The diagno-
sis of MHE, which cannot be detected simply on examination or questioning 
requires specialized paper and pencil or computerized tests for testing the 
thinking ability of the patient. The physician depending upon the circumstances 
may do none, one, some, or all of these tests.  

    Provider-Level Answer 

 The diagnosis of OHE  requires   clinical evaluation and exclusion of other 
etiologies as noted above with judicious use of additional testing depending 
on circumstances and the severity of mental status changes [ 68 ]. Laboratory 
 testing   should include basic metabolic panel (for renal function, hypokale-
mia, or hyponatremia), liver function tests, coagulation panel, CBC (for leu-
kocytosis and platelet counts), urine analysis, ascitic fluid analysis to rule 
out SBP, culturing of blood, urine, ascitic fluid, and serum alphafetoprotein 
levels in the appropriate setting. The measurement of serum ammonia rou-
tinely in CLD patients suspected to have HE is not helpful as a high blood 
level of ammonia by itself does not provide any extra diagnostic or prognos-
tic value [ 69 ]. However, in a case of OHE if the serum ammonia level is 
normal then the diagnosis of OHE should be reconsidered. Adding com-
plexly to the utility of ammonia levels is that not only can other nonhepatic 
causes result in elevations of ammonia (such as medications) but problems 
with preservation and processing samples may also lead to difficulty with 
accurately determining ammonia levels. A study done in an emergency 
department (ED) setting to see whether elevated blood ammonia levels coin-
cide with HE (additionally established by the WHC and the critical flicker 
frequency) found that ammonia blood levels do not reliably detect HE. The 
use of ammonia as sole indicator for HE in the ED may result in frequent 
errors in diagnosis [ 70 ]. Brain imaging (CT or MRI scans) do not contribute 
significantly to diagnosis or prognosis but should be considered in the 
appropriate clinical setting keeping in view the fact this subgroup of patients 
are at increased risk of intracranial bleeding [ 71 ]. 
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    Grading of OHE 

 The West Haven criteria ( WHC  )     is   the “gold standard” classifi cation of hepatic enceph-
alopathy classifying HE into fi ve grades (0–IV) based upon impairment in conscious-
ness, intellectual function, and behavior [ 16 ]. Grade 0 represents patients without 
detectable changes (unimpaired), grade I includes patients with trivial lack of aware-
ness, shortened attention span, and altered  sleep   and mood, with grades II–IV repre-
senting progressive stages of overt HE and coma. This scale has been recommended by 
the Working Party on HE for assessment of OHE in clinical trials as well [ 16 ].  

    Other Classifi cation Systems 

 The Hepatic Encephalopathy Scoring Algorithm ( HESA  )   : It may be particularly use-
ful for assessing  patients   with low grades of HE and minimal variability was detected 
between the scores given at the different study sites [ 72 ]. The HESA combines clini-
cal indicators with simple neuropsychological tests often used to detect milder grades 
of HE (grade I/II). The performance of each indicator was robust when compared 
across grades and sites [ 73 ]. HESA is simple, time effi cient, and sensitive to subtle 
brain changes like the WHC but more objective, which should yield greater reliability 
across the spectrum of HE. However, the length of HESA makes it diffi cult to apply 
in clinical practice and thus it is predominantly used in research settings. 

 The Clinical Hepatic Encephalopathy Staging Scale ( CHESS  )   : This scale was 
designed to monitor the severity of HE on a linear scale from 0 (unimpaired) to 9 
(deep coma) with each of the nine questions registering a value of 0 or 1. The test is 
considered to have good reproducibility and internal consistency with low inter 
observer variability [ 74 ]. 

 The  Modifi ed-orientation log (MO-Log)  : This is an eight-question adaptation of 
the original orientation log devised for predicting outcomes in traumatic brain injury 
[ 75 ,  76 ]. The questions in  MO-Log   are heavily weighted towards disorientation to 
time (the earliest form of disorientation in OHE). The test is scored from 24 (highest) 
and 0 (lowest). A recent study found that MO-Log is a valid tool for assessing severity 
and is better than WHC in predicting outcomes in hospitalized HE patient [ 75 ]. 

 Glasgow Coma Scale ( GCS  )   : For deeper grades of coma with nonverbal/mini-
mally responsive patients wherein a questionnaire cannot be used, a validated GCS 
can be utilized. GCS adds to the assessment  of   severe HE by providing a wider 
separation for cases in grades III and IV.  

    CHE Testing Strategies 

  These   tests are three  types  

    1.    Paper-pencil   
   2.    Computerized   
   3.    Neuro-physiological    
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      Paper-And-Pencil Tests 

 Psychometric Hepatic Encephalopathy Score ( PHES  )   : This battery comprises of 
seven tests and  measures   psychomotor speed and precision, visual perception, 
visuo-spatial orientation, visual construction, concentration, attention, and memory. 
As there were concerns about the poor sensitivity of some of the subtests this led to 
the introduction of a revised battery called the Portosystemic Encephalopathy (PSE) 
Syndrome Test consisting of fi ve tests. These tests are easy to administer and have 
been validated [ 18 ]. The test was originally developed in Germany and it has been 
shown that fi gure connection test can be used with similar results as number con-
nection test in illiterate patients [ 77 ]. 

 Repeatable Battery for the Assessment of Neuropsychological Status ( RBANS  ): 
   This test is used to diagnose neurocognitive disorders and evaluates global cognitive 
functioning based on language, visual perception, attention, immediate, and delayed 
memory. Some studies have confi rmed its usefulness in characterizing cognitive impair-
ment in liver transplant candidates [ 12 ,  78 ]. This, however, is not widely used given that 
two domains, delayed  memory   and language are not usually impaired in CHE.  

    Computerized Tests 

 Inhibitory Control Test ( ICT  )   :    Tests attention, response inhibition, and working 
memory. On a computer screen every 500 ms, a continuous stream of letters are 
presented with targets (alternating X and Y) and lures (nontarget X and Y). Note is 
made of the percentage of target and lure response including the reaction time. With 
lower lure response along with higher target response and shorter reaction times 
indicating a good performance on the test [ 79 ]. ICT is a sensitive, inexpensive, with 
good validity but requires highly functional patients [ 80 ]. This test is available for 
free download at   www.hecme.tv    . 

 The  EncephalApp Stroop Test  : It measures psychomotor speed and cognitive 
fl exibility evaluating the functioning of the anterior attention system [ 81 ]. Recently, 
the Stroop mobile application for smart phone or tablet computer (EncephalApp 
Stroop) has been used as a valid tool to screen for CHE compared to conventional 
paper-pencil tests [ 82 ]. A more recent study by the same group demonstrated that 
EncephalApp has good face validity, test-retest reliability, and external validity for 
the  diagnosis   of CHE [ 83 ]. This “app” is available for free download on iTunes and 
is not only easy to administer but also simple to score and interpret. The details of 
this test can be viewed as webcasts at   www.chronicliverdisease.org    . 

 The Scan Test: This test is a three-level-diffi culty reaction time test that measures 
speed and accuracy to perform a digit recognition memory task of increasing complex-
ity to diagnose varying degrees of HE [ 84 ]. In one study, this test was most closely 
related to central brain atrophy as compared to other psychometric tests (Trail-making 
Tests and Symbol Digit Modality Tests) [ 85 ]. This test has some prognostic value as 
well with patients who already had history of OHE performing signifi cantly worse than 
those who never had  a   bout of OHE [ 30 ,  86 ].  
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    Neurophysiological Tests 

 Critical flicker frequency (CFF)  test     :    In this test, patients are presented with 
light pulses at a frequency of 60 Hz downward (being gradually reduced by 
0.1 Hz decrements per second). Patients are asked to identify the time at which 
the fused light begins to flicker. A critical flicker frequency of below 39 Hz 
diagnoses CHE with high sensitivity and specificity [ 87 ]. In recent studies, 
CFF has been evaluated as an objective measure for grading for assessing 
recovery from MHE and from propofol sedation for cirrhotics undergoing 
endoscopy [ 88 ,  89 ]. Yet some other studies assessed the use of CFF as a marker 
for objective HE evaluation in patients undergoing TIPS with an aim to select 
the patients pre-TIPS to decrease the rate of post- TIPS HE and for early liver 
transplantation [ 87 ,  90 ]. A recent meta-analysis has shown that CFF is a diag-
nostically accurate test, which could be used as an adjunct to conventional 
psychometric test batteries such as PHES at this point in time till more research 
percolates [ 91 ]. CFF has the advantage of being simple and easy to use, not 
being dependent on language, verbal fluency, numeracy, and being independent 
of literacy, gender, and age. 

 The electroencephalogram (EEG): Is able to capture changes in the electric 
activity of cerebral cortex and classifi es HE in fi ve grades of severity from nor-
mal to coma without necessary need of patient cooperation [ 92 ]. The initial 
tracings of posterior dominant alpha rhythm slowing in mild HE degenerate into 
appearance of theta and high-amplitude irregular delta waves with the progres-
sion of HE into advanced stages and coma. However, this neurophysiological 
method may lack objectivity as not only metabolic issues and drugs infl uence 
the test but is also subject to both inter and intra-observer variability [ 93 ]. 
Hence, more objective quantitative methods of EEG analysis like spectral anal-
ysis (computerized analysis of the frequency distribution in the EEG) and digi-
tal analysis are being advocated [ 94 ,  95 ]. Another limiting factor of EEG is that 
it requires a proper set up and expertise to conduct  and   to interpret the tracing.  

    Strategies to Manage Test Results 

 By consensus, at least two validated tests (PHES and one of the computerized or 
neurophysiological tests)    should be used for multicenter studies while for single 
center studies or clinical evaluation a validated test depending on the local familiar-
ity with the test may be used [ 6 ]. Only properly trained persons should administer 
the tests and repeat testing for CHE or MHE should be done within 6 months if 
testing for these was negative initially [ 23 ].    
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    What Are My Treatment Options? 

    Patient-Level Answer 

 It is important to address the potential trigger of the HE. Hence, actively seeking 
and treating the infections, correcting the electrolyte disturbances, avoiding medi-
cations causing excessive sleepiness, avoiding constipation by taking medications, 
and making appropriate dietary changes are the foundations of treatment.  

    Provider-Level Answer 

 While a majority of patients with episodic OHE may need to be hospitalized, the 
grade and severity of HE often determines the level of care, with patients who are 
not able to safely protect their airways preferably being managed in  the   intensive 
care unit. Since the majority (up to 90 %) of OHE episodes do have a precipitating 
trigger as outlined above [ 96 ], actively seeking and treating these precipitants is of 
paramount importance and may in itself result in resolution of the OHE episode. 
The main objectives of drug treatment in OHE are to reduce ammonia production 
and absorption. Thus a two-pronged approach is used. 

    Nonabsorbable Disaccharides 

 Despite lack  of   defi nitive randomized controlled trials, the use of  lactulose   is still 
prevalent as the fi rst line treatment of acute episodes of OHE [ 4 ]. Both lactulose and 
lactitol (not available in US) have multifactorial mechanisms of action with the net 
result of reducing plasma ammonia levels. These mechanisms include acidifi cation 
of the colonic lumen with resultant conversion of ammonia to nonabsorbable 
ammonium, modifying the colonic fl ora from urease to non-urease producing bacte-
rial species, increasing the stool volume, and a cathartic effect diminishing transit 
time and subsequently ammonia absorption [ 97 ]. Clinical familiarity with the medi-
cation, long-standing clinical effectiveness based on years of experience, and a 
cost-friendly profi le favor usage of lactulose [ 98 ]. The dose should be properly 
titrated to 2–3 soft bowel movements per day being cognizant of the fact that over-
use may not only lead to serious side effects such as diarrhea, dehydration, perianal 
rash, but may also per se precipitate HE [ 42 ]. Alternative routes of administration 
like via nasogastric tube or by rectum may have to be resorted to if patient is not 
able to take the medications by mouth safely. Lactose in place of lactulose can be 
used in lactose intolerant patients [ 99 ]. Two recent, single center open label trials 
provide some evidence for lactulose usage as a secondary prevention agent for OHE 
in cirrhosis [ 10 ,  100 ].  
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    Antibiotics 

 More research into  the   pathogenesis of HE is pointing towards the role of infec-
tions, alterations in the microbiome of cirrhotic patients, infl ammation, and hyper-
ammonemia [ 61 ,  101 ]. Hence, controlling infl ammation, diminishing bacterial 
production of ammonia and altering the microbiota in cirrhotic patients underlies 
the rationale for antibiotic use in HE [ 102 ,  103 ].

    Rifaximin   is a gut-specifi c antimicrobial agent with broad spectrum activity, 
including against anaerobic enteric bacteria with less than 1 % of the drug being 
absorbed systemically after oral administration resulting in higher concentration in 
GI tract [ 104 ]. It has been demonstrated to be either superior or equivalent as com-
pared to lactulose, other antimicrobials and placebo in numerous trials in patients 
with mild to moderate severe HE with the added advantage of having low side effect 
profi le [ 105 ]. In a well designed trail, studying usage of rifaximin at a dose of 
550 mg twice daily over 6 months duration in patients with two prior OHE episodes 
demonstrated superiority over placebo in preventing recurrent episodes and decreas-
ing hospitalization [ 106 ]. Along with this, rifaximin usage has been show to improve 
the health-related quality of life (HRQOL) in patients versus placebo [ 107 ]. 
Rifaximin added to lactulose is the best documented agent to maintain remission in 
those who have already experienced one or more bouts of OHE while on lactulose 
treatment after their initial episode of overt hepatic encephalopathy [ 106 ].    

 Neomycin is  an   aminoglycoside with intestinal glutaminase inhibitor activity 
and has a spectrum against most gram-negative aerobes, except pseudomonas 
[ 108 ]. Although, this drug was used previously to treat HE and remains FDA 
approved, its use has fallen out of favor predominantly because of its toxicity 
profi le (intestinal malabsorption, nephrotoxicity, and neurotoxicity) particularly 
with long-term use in the setting of cirrhosis. A randomized controlled study 
comparing neomycin  to   lactulose found no signifi cant difference between the 
two agents [ 109 ]. Another agent, metronidazole was used in 11 patients with 
mild to severe HE who were treated for 1 week and had similar effi cacy as com-
pared to  neomycin [ 110 ]. However, given its toxicity profi le (ototoxicity, neph-
rotoxicity, and irreversible neurotoxicity) which gets exacerbated due to 
prolonged rate of elimination in cirrhotic patients metronidazole is not recom-
mend for the management of HE [ 111 ]. Vancomycin use in acute episodes of HE 
may be less unsafe however, limited data along with cost and resistance issues 
preclude its routine clinical use and hence this is not FDA approved for this indi-
cation [ 112 ]. A well-done study addressed cost effectiveness of six different 
strategies in the management of HE (no HE treatment; lactulose monotherapy; 
lactitol monotherapy; neomycin monotherapy; rifaximin monotherapy; and or 
up front lactulose with crossover to rifaximin if there was a poor response or 
intolerance to lactulose). The study concluded that the no HE treatment arm 
was the least effi cacious while as the rifaximin salvage being the most effi ca-
cious and that rifaximin monotherapy alone was not cost effective [ 98 ]. However, 
studies have shown that since rifaximin may be associated with a lower rate of 
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hospitalizations, this could result in overall cost-savings [ 113 ]. If patients have 
recurrent episode of OHE being precipitated by well-recognized precipitants like 
variceal GI bleeds and good control of these precipitants is achieved prophylac-
tic agents may be stopped. Another scenario is if patients liver function and 
nutritional status (muscle mass) improves prophylactic agents may be stopped. 
One may consider performing neuropsychometric testing prior to stopping  HE 
  medication as testing positive on these tests will predict recurrence of HE epi-
sodes, however this approach is not data driven [ 4 ].  

    Branched Chain Amino Acids (BCAAs) 

 These  are   essential amino acids (valine, leucine, and isoleucine) which  are   metab-
olized by the skeletal muscles and not by liver itself. In patients with cirrhosis, 
there occurs a fl ip in the plasma amino acids concentrations: aromatic amino acid 
(AAA), phenylalaninie, and tyrosine along with methionine are increased while 
as the  BCAA   are reduced [ 114 ]. This altered ratio ultimately contributes to altera-
tion in the neuronal excitability. In a recent, updated cochrane systematic analysis 
comprising of 16 randomized clinical trials (827 participants) with both OHE and 
MHE showed that BCAA had a benefi cial effect on hepatic encephalopathy. 
However, no effect was found on mortality, quality of life, or nutritional parame-
ters with the note that additional trails need to be done to further explore the use 
of these medications [ 115 ]. An older study however, showed no clear value of 
using IV BCCA to treat episodes of OHE [ 116 ]. It is not considered as standard 
of care to use IV BCCA in treatment of HE. These are not available pharmaco-
logically in the US.  

     L -ornithine  L -aspartate (LOLA) 

 By enhancing  the   metabolism of ammonia to glutamine,     LOLA   helps to lower 
the plasma ammonia concentrations and is used in some countries other than US 
[ 117 ]. In a RCT, 126 patients with chronic OHE were assigned to get IV LOLA 
or a placebo found that patients in the treatment arm with mild OHE had 
improvements in the ammonia levels and clinical parameters [ 118 ]. However, 
authors concluded more studies were required in MHE and severe grades of 
OHE. A recent, RCT studied the utility of prophylactic LOLA infusion after 
TIPS placement and found that it signifi cantly reduced the venous ammonia 
concentration hence benefi ting patients mental status [ 119 ]. Another RCT, try-
ing to address the reversal of MHE by rifaximin, probiotics, and  L -ornithine 
 L -aspartate (LOLA) individually by comparing it with placebo group found that 
these agents are better than placebo in MHE [ 120 ]. However, as of now oral 
supplementation with LOLA has not been found to be effective. These are not 
available pharmacologically in the US.  
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    Prebiotics and Probiotics 

 While prebiotics  are   selectively fermented ingredients, probiotics are live microor-
ganisms both of which modulate the gut microfl ora in a way, which is benefi cial for 
the host. The combinations of both agents are called synbiotics.    Lactulose which 
has know effi cacy for HE treatment as per some, has probiotic properties as well 
[ 121 ]. A cochrane meta-analysis, reviewing use of probiotics in HE did not fi nd 
convincing evidence for use as there were no benefi cial and or harmful effects in HE 
[ 122 ]. A later study, focusing more on the usage of probiotics and synbiotics on 
MHE found that these might be effective treatments but need more vigorous ran-
domized studies [ 123 ]. Yet another study has shown that Lactulose and probiotics 
are equally effective in secondary  prophylaxis   of HE as compared to a placebo 
[ 100 ]. Clearly, the use of prebiotics and probiotics seems to be an interesting fi eld 
and may hold some promise for future. Hence, groups are working to fi nd safer 
strains of probiotics for use in future studies [ 124 ].  

    Polyethylene Glycol (PEG) 

  PEG solution   is a cathartic agent and in a recent single center trial, PEG was com-
pared with Lactulose in patients hospitalized for OHE. Twenty-fi ve  patients   were 
randomized to either arm to receive  PEG   (4 l over 4 h) versus Lactulose (20–30 g 
three to four doses over 24 h period). It was concluded that, PEG led to more rapid 
HE resolution as compared to Lactulose therapy (1 day vs. 2 days) suggestive of 
some superiority [ 125 ]. However, more trials are needed to validate these results in 
a larger population.  

    Molecular Adsorbent Recirculating System (MARS) 

 This is based on  the   concept of albumin dialysis which  was   designed to  remove 
  protein and albumin bound toxins such as bilirubin, bile acids, nitrous oxide, and 
endogenous benzodiazepines and also removes nonprotein bound ammonia that 
accumulates in liver failure. In a multicenter RCT, of extracorporeal albumin dialy-
sis (ECAD) for hepatic encephalopathy in advanced cirrhosis using MARS; A total 
of 70 patients were randomized, 39 to ECAD and standard medical therapy (SMT) 
vs. 31 to SMT alone. The difference in improvement proportion of HE between the 
groups, the primary end was ascertained. The primary endpoint was met whereby a 
higher proportion of patients had a 2 grade improvement in HE in the ECAD + SMT 
arm (mean 34 %) vs. SMT arm (19 %) with a  p  value = 0.044 and more rapid 
improvement ( p  = 0.045) with good tolerability of MARS in this trail [ 126 ]. In the 
most recent, RELIEF Trail; evaluating effect of MARS in 189 patients with acute 
on chronic liver failure (ACLF) by randomizing into two groups MARS + SMT vs. 
SMT alone. The primary endpoints were LT free survival at 28 and 90 days. The 
survival endpoints were not met, but safety was demonstrated. However, looking at 
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the proportion of patients with HE Grade III–IV HE improvement to HE Grade 0–I 
was higher in MARS treated patients (62.5 %) compared SMT (38.2 %) with trend 
towards statistical signifi cance ( p  = 0.07) [ 127 ]. Although, MARS system has FDA 
approval for usage in HE but its usage is precluded by high operating cost, avail-
ability, and the need for careful selection of patients who may tolerate this modality 
amongst others. Hence, this may be  considered   a reserve therapy for  patients   not 
responding to standard of care.    

    What Should I Eat? 

    Patient-Level Answer 

 You should keep on eating several small meals at regular intervals in a day and a 
late snack before going to bed at nighttime. This late snack should consist of com-
plex  carbohydrates   such as whole-grain breads, starchy vegetables, and proteins.  

    Provider-Level Answer 

  Malnutrition   is an under recognized problem in patients with HE and the presence of 
severe protein calorie malnutrition can exacerbate the manifestations of HE in turn. 
It is know that muscles have a role in clearing ammonia, hence loss of muscle mass 
may further exacerbate the manifestations of HE [ 59 ,  128 ]. Per se malnutrition may 
be an independent risk factor for survival in cirrhotic patients [ 129 ]. All patients with 
HE should get a formal evaluation of nutritional status with the involvement of dieti-
cians, nutrition experts, or special teams. While as hand-grip dynamometer has a 
good sensitivity and specifi city for providing information on depletion of body cell 
mass with its associated effect on survival in males but it cannot be held true for 
females [ 130 ,  131 ]. The best method of providing  nutrition   is orally however, alter-
native routes like nasogastric tubes and parenteral may be used in patients with 
higher levels of HE who are either not able to cooperate or able to maintain adequate 
oral intake. Avoidance of fasting state, along with small frequent meals and a late 
night snack has been shown to be benefi cial in a recent systematic analysis [ 132 ]. 
The energy intake should be maintained at 35–40 kcal/kg/day of ideal body weight 
with a protein intake of 1.2–1.5 g/kg/day and these recommendation have been 
incorporated in the recent evidence-based guidelines by ISHEN [ 133 ]. The source of 
 the   dietary protein should be richer in vegetable and dairy proteins rather than meat 
based proteins. In patients not able to tolerate proteins, use of oral BCAA supple-
mentation should be considered [ 134 ]. There is some overlap of signs and symptoms 
in both HE and Wernicke’s encephalopathy (WE), also patients  with   cirrhosis (alco-
hol and nonalcohol related) may be defi cient in water-soluble vitamins including 
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thiamine. Hence, oral vitamin supplements may be considered in HE patients as 
vitamins are safe and cheap. In case of WE, parenteral thiamine supplementation 
prior to giving a glucose load is important.  Correcting   of electrolyte abnormalities in 
particularly, low sodium and potassium levels that are risk factors for development of 
HE is pertinent [ 48 ,  135 ]. However, extreme caution needs to be exercised while cor-
recting low sodium levels, which should be done slowly as rapid corrections can lead 
to central pontine myelinolysis, which is a devastating condition.   

    Do Patients with MHE Need Treatment? 

    Patient-Level Answer 

 While as  patients   with MHE are not routinely offered treatment, in special cases 
treatment might be offered. If such is the case, the treating liver specialist will deter-
mine as to who such patients would be.  

    Provider-Level Answer 

 A recent prospective study found that despite controlling for MELD score, patients 
with CHE are at increased risk for development of OHE, worsened survival and 
increased risk of hospitalization and hence, strategies to detect and treat CHE early 
may improve these outcomes [ 136 ]. Falls are frequent among patients with MHE 
with debilitating consequences. A small prospective study, found that 40 % of 
patients vs. 13 % without MHE suffered falls requiring increasing utilization of 
health care resources [ 137 ]. Another recent study, examining the effects of underly-
ing cognitive reserve on the HRQOL in patients with progression of CHE con-
cluded that patients with lower cognitive reserve might benefi t from early 
interventions to measures and improves HRQOL [ 138 ]. In the RIME trial, MHE 
patients were randomized into rifaximin vs. placebo arms and found that rifaximin 
therapy was associated with a signifi cant improvement in both HRQOL and cogni-
tive performance as compared to placebo [ 139 ]. Another study also demonstrated 
that use of lactulose associated with both improvement in cognition and HRQOL 
[ 140 ]. MHE is known to alter the driving capabilities and hence making them prone 
to traffi c accidents. Rifaximin was found to improve the driving performance in a 
simulated setting along with cognition and psychosocial aspects of quality of life 
[ 141 ]. However, from a societal point of view as in CHE the need to hospitalizations 
is less and the therapy may be needed for longer time, rifaximin as compared to 
lactulose was not found to be a cost effective strategy for prevention of driving 
accidents [ 142 ]. The results of a small open-label study showing that lactulose used 
as a primary prophylactic agent may prevent the development of OHE need to be 
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replicated in larger and well-controlled studies [ 143 ]. However, at this point in time 
as per the  guidelines   routine treatment of MHE patients is not offered but individual 
patients may be offered lactulose or lactitol therapy if their quality of life is impaired 
after undergoing psychometric testing [ 4 ].   

    Do I Need a Liver Transplant? 

    Patient-Level Answer 

 If despite optimal treatment  strategies   for HE there is no resolution of symptoms, 
liver transplantation (LT) may be considered by the liver doctors.  

    Provider-Level Answer 

 HE alone is not an indication for LT without underlying severely compromised 
liver function. However, exceptions to this rule are patients with severely impaired 
quality of life despite maximal therapy for HE who may still have good underlying 
liver function. Large spontaneous portosystemic shunts (like splenorenal shunts) 
can cause such a scenario and hence, these shunts should be actively sought and 
abolished by embolization in the pre-LT period, otherwise even after successful LT, 
HE may return [ 144 ]. LT is a complex exercise involving coordinated planning and 
is not without its associated risks and complications. Separate guidelines have been 
published by the AASLD for the evaluation of LT patients [ 145 ]. Meticulous assess-
ment of patients in the pre-LT period should be embarked upon to differentiate HE 
from alternative causes like neurodegenerative or dementing illnesses using appro-
priate imaging studies and expertise. Another, observation is that HE induces struc-
tural and functional brain impairment and hence even after LT all the neurologic 
manifestations may not reverse [ 146 ]. This possibility should be discussed with the 
patient and care-givers ahead of time. In the end, a multifactorial confusional syn-
drome developing in the postoperative period has been defi ned which entails thor-
oughly search for  the   various causes so as to reverse them [ 147 ].   

    Can I Drive Safely? 

    Patient-Level Answer 

 There is association of driving errors and traffi c accidents in people with MHE. Your 
liver doctor may be in a position to advise you further on continuation of driving 
safely or not.  
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    Provider-Level Answer 

 In patients with subclinical HE earlier studies, done around a decade apart using 
 neuropsychological testing   reported that 44–60 % of the patients were unfi t to 
drive [ 148 ,  149 ]. A study performed on road test using a blinded professional 
driving instructor (48 cirrhotic patients out of whom 14 had MHE) found that 
patients with MHE had impaired fi tness to drive [ 150 ]. Similar results (50–60 % 
of patients with MHE and stage 1 HE, unfi t to drive) were found in another study 
[ 22 ]. Patients with cirrhosis are signifi cantly more prone to traffi c accidents and 
violations as compared to controls with MHE patients being at the highest risk as 
also corroborated by the state driving agencies [ 21 ,  151 ]. The  neurocognitive 
manifestation   of HE results in impairment in attention, response inhibition, work-
ing memory, and visuomotor coordination [ 18 ]. All these impairments set up the 
stage for diffi culty in driving, as there occurs impaired reaction time leading to 
navigational diffi culties and psychomotor speed [ 148 ,  149 ,  152 ]. Even after suc-
cessful therapy for an episode of OHE, not only is there persistence of residual 
cognitive issues but also treated OHE patients can easily be tipped over by pre-
cipitants to get recurrent episodes of OHE [ 16 ,  153 ,  154 ]. To add insult to the 
injury, not only do patients with both OHE and MHE report of higher fatigue 
while driving but also exhibit lack of insight about  their   driving capabilities [ 22 , 
 155 ,  156 ]. All of these factors can potentially lead to deleterious consequences if 
these patients keep on driving. However, given the above discussion as per the 
current consensus the presence of MHE or CHE does not in itself mean that the 
affected person cannot drive [ 157 ]. The providers while following the state laws 
(only six states require physicians to report drivers with medical impairments at 
this time) should try to act in the best interests of their patients at both the indi-
vidual and the societal levels [ 157 ,  158 ]. This is pertinent in view of the fact that 
physicians are not trained to evaluate for driving fi tness. But this does not absolve 
them of counseling their HE patients about the dangers of driving to self and the 
others. If the provider is concerned, the best course of action is to ask stop driving 
with involvement of the caregiver in the discussion and to refer the diffi cult cases 
to the proper driving authorities for resolution [ 4 ]. 

 Early readmissions to hospitals are considered a quality measure associated 
with penalties of reduced insurance reimbursements for  some   disease states, 
which could be extended to all the hospital readmissions soon. The 30-day read-
mission, for decompensated cirrhosis has been reported between 20 and 37 %: 
some of these readmissions may be avoidable, are costly and associated with 
increased mortality. The most common cause of re-admissions in this study was 
HE [ 159 ]. Hence, improving transitions of care and focusing on as to how to 
prevent readmissions is a huge challenge calling for urgent research. Newer tech-
nology tools like smart phones and tablets may play a role in future to achieve 
these goals. Recently, a validated model has been developed to identify patients 
at risk for OHE development using albumin levels, PHES, and history of previ-
ous episode of HE, which may help in some advance planning [ 160 ].      
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Chapter 30
Ascites

Adam J. Schiro

 1. What causes ascites to develop?
Patient-Level Answer: Fluid within the abdominal cavity, or ascites, can 

develop for many reasons including heart or kidney disease but is seen most 
commonly in patients with liver cirrhosis. Fluid accumulation happens because 
of increased pressures in the blood vessels that supply the liver causing leaking 
of fluid into the abdomen.

 2. How is it treated?
Patient-Level Answer: The first step is to follow a low-salt diet because 

excess salt leads to excess fluid within the abdomen. If this is not effective, the 
next step is to use diuretic medications to remove salt and fluid from the blood-
stream. In certain patients who continue to have problems with ascites we may 
recommend a special procedure called a shunt or TIPS to relieve the high pres-
sures which lead to ascites

 3. Why does it keep coming back?
Patient-Level Answer: The most common explanation is too much salt in the 

diet. If diuretic pills are being used to treat ascites, the dose may need to be 
increased to achieve better effect. Sometimes an ultrasound is needed to make 
sure there isn’t another explanation for worsening ascites such as a blood clot in 
the vessels supplying the liver or a liver cancer.
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 Introduction

Ascites is defined as an excess of fluid within the peritoneal cavity. According to the 
International Club of Ascites grading is performed according to severity [1]. Grade 
1 is defined as mild and is not clinically evident, diagnosed by imaging such as 
ultrasound or computerized tomography. Grade 2, moderate ascites, is defined as 
proportionate sensible abdominal distention. Grade 3, severe ascites, is defined as 
noticeable tense distension of the abdomen.

 Pathogenesis

The development of ascites in patients with cirrhosis occurs via a complex mecha-
nism and molecular pathway known as the “peripheral arterial vasodilation hypoth-
esis.” The initial event appears to be the development of portal hypertension. This 
occurs in the setting of advanced fibrosis which leads to architectural distortion and 
increased hepatic vascular tone via the release of various vasoconstrictive agents 
such as angiotensin, endothelin, and thromboxane, as well as reduced levels of 
hepatic nitric oxide. This elevation of portal pressures leads to a reflexive systemic 
vasodilatation. This process is primarily driven by peripheral release of nitric oxide 
leading to a diffuse vasodilatory state, especially dilatation of the splanchnic circu-
lation. This vasodilation leads to perceived underfilling and a drop in mean systemic 
arterial pressure. This triggers a baroreceptor-mediated response involving activa-
tion of the renin-angiotensin-aldosterone system, release of anti-diuretic hormone, 
and activation of the sympathetic nervous system. Sodium and water retention is 
promoted, and in the setting of splanchnic vasodilatation, permeability and leakage 
of fluid into the peritoneal space occurs. This cycle leads to more vasodilation, more 
underfilling, and more retention of sodium and water, forming essentially a vicious 
cycle. The mechanism and pathogenesis for development of ascites in the noncir-
rhotic patient is quite distinct from that which occurs in the setting of cirrhosis and 
will not be discussed in further detail.

 Diagnosis

In the United States ascites occurs due to underlying cirrhosis and portal hyperten-
sion in roughly 85 % of cases. The remaining cases of ascites include additional 
noncirrhotic causes of portal hypertension, cardiac disease, peritoneal carcinomato-
sis, and miscellaneous nonportal hypertension related disorders [2].

A thorough history including inquiry into specific risk factors for the develop-
ment of cirrhosis including amount of alcohol consumption, history of intravenous 
drug use, tattoos, high-risk sexual behavior, blood transfusions received prior to 
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1992 when universal screening was implemented, presence of coexisting autoim-
mune disease, family history of iron or copper storage disorders, and country of 
origin. Assessment for underlying risk factors for nonalcoholic steatohepatitis 
(NASH) such as the presence of obesity, diabetes mellitus, and hyperlipidemia 
should also be made.

Presence of coexisting risk factors or medical comorbidities should guide the 
clinical evaluation in a patient with new onset ascites. A patient with known malig-
nancy, especially of the colon, breast, pancreas, or lung, who suddenly develops 
ascites, should be suspected of having malignancy related ascites. Abdominal pain 
can be a useful distinguishing feature as patients with ascites due to malignancy are 
more likely than patients with ascites from cirrhosis to complain of abdominal pain. 
A patient with known cardiac disease or cardiac risk factors should be evaluated for 
heart failure or cardiomyopathy leading to ascites. Additional clinical clues sug-
gesting pancreatitis, thyroid dysfunction, renal impairment, or risk factors for tuber-
culosis should prompt further investigation as to an underlying disorder leading to 
the development of noncirrhotic ascites.

Physical exam findings are typically readily apparent. Abdominal distention, 
bulging flanks, especially in the setting of known liver disease should prompt fur-
ther investigation and work-up. Typically flank dullness to percussion is noted, 
often appreciated higher up the abdominal wall than normally expected and accom-
panied by shifting when the patient is repositioned. Generally 1500 mL of ascitic 
fluid is required to manifest as shifting dullness [3]. The presence of intraluminal 
gastrointestinal gas, increased central adiposity, and intra-abdominal masses can 
mimic ascites and make clinical investigation difficult. If exam findings are equivo-
cal and there remains a high degree of suspicion to suspect underlying ascites, 
abdominal ultrasonography can be useful and is able to detect as little as 100 mL of 
free fluid within the abdominal cavity.

Once the presence of ascites is confirmed based on exam or imaging, abdominal 
paracentesis is recommended for further evaluation with appropriate diagnostic 
fluid testing. Per American Association for the Study of Liver Disease (AASLD) 
guidelines this should be performed in every case of newly diagnosed ascites 
whether inpatient or outpatient, and also during each hospitalization for patients 
with cirrhosis and ascites who are admitted to the hospital to exclude the presence 
of spontaneous bacterial peritonitis (SBP) [4]. This, in addition to patients who 
display clinically features suggestive of SBP (altered mental status, confusion, 
abdominal pain, fevers, peripheral leukocytosis, etc.).

The abdominal paracentesis procedure itself is quite safe and relatively few true 
contraindications exist. Coagulopathy is frequently cited as a precluding factor for 
safe performance of the procedure, as elevated international normalized ratio (INR) 
values are common in patients with cirrhosis and evidence of hepatic synthetic dys-
function. In reality, due to balanced deficiencies of both procoagulant and antico-
agulant factors, the elevations of INR seen in cirrhotic patients likely overestimate 
a truly elevated bleeding risk, and paracentesis has been shown to be quite safe in 
this patient population [5]. Valid exclusionary criteria would, however, include the 
presence of clear evidence of fibrinolysis or disseminated intravascular coagulation 
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(DIC). In general the routine use of plasma transfusion prior to performing paracen-
tesis is not recommended and has never been shown to prevent bleeding or improve 
outcomes. Serious complications including bowel perforation, hemoperitoneum, or 
death are exceedingly rare. The most common complication is abdominal wall 
hematoma occurring in 2 % of cases, and significant enough to require a blood 
transfusion in only 1 % of procedures [5]. Complications are typically less common 
when more experienced providers perform the procedure, and the use of ultrasonog-
raphy guidance is strongly encouraged especially in obese patients or patients with 
abdominal surgical scars.

Routine laboratory analysis should include cell count, gram stain, total protein 
and albumin from ascitic fluid and serum (in order to calculate a serum-ascites albu-
min gradient), bacterial cultures, glucose, and lactate dehydrogenase (LDH). 
Depending on gross appearance of the ascitic fluid, or on other clinical factors 
which may be present, such as concern for malignancy or thoracic duct injury, addi-
tional values may be run as appropriate such as cytology, lipase and amylase levels, 
triglycerides, and/or bilirubin levels. The cutoff value for total PMN count in order 
to make a diagnosis of SBP is generally accepted to be 250 PMN’s per mm3. The 
total leukocyte count can be elevated in other conditions besides SBP, including in 
peritoneal carcinomatosis and in tuberculous peritonitis, though these entities typi-
cally display a lymphocyte predominance on differential [6]. If the specimen is 
grossly bloody, which typically occurs following a traumatic “tap,” the total PMN 
count may be elevated due to the increased number of neutrophils within blood 
itself. A correction factor is employed to calculate the total number of polymorpho-
nuclear cells (PMN’s) by subtracting 1 PMN for every 250 red blood cells (RBC’s) 
identified on the cell count.

Historically, characterization of ascites fluid was regarded similarly to pleural 
effusions, as either exudative or transudative using mainly total protein levels, as 
well as LDH, however, this was shown to be notoriously inaccurate [2]. A more 
effective classification scheme is based on calculation of the serum-ascites albumin 
gradient, or SAAG, which provides a representative estimation of hydrostatic- 
oncotic balance. The preferred classification terms now for ascites are high-albumin 
gradient and low-albumin gradient in place of transudative and exudative respec-
tively. Calculation is accomplished by subtracting the level of albumin from the 
ascitic fluid from the serum albumin level at the time the paracentesis was per-
formed (keeping in mind exogenous administration of intravenous albumin prod-
ucts could lead to inaccuracies). Serum and ascitic fluid samples should be obtained 
at least on the same day; preferably within the same hour. In patients with portal 
hypertension, an elevated hydrostatic pressure gradient is present between the por-
tal system and the ascitic fluid. This requires balance in terms of colloid oncotic 
pressure, of which albumin serves as a representative marker for, therefore leading 
to a direct correlation of the SAAG value and portal pressures. A generally accepted 
cutoff SAAG value of ≥1.1 g/dL has been shown to be consistent with portal hyper-
tension with an accuracy of 97 % [2]. Conditions which lead to falsely low SAAG 
value include systemic hypotension by reduction of the portal pressure gradient, as 
well as with hyperglobulinemia where oncotic pressures are elevated thus  narrowing 
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the gradient. Falsely elevated SAAG values can be seen in conditions such as chy-
lous ascites where lipids interfere with the laboratory analysis of albumin.

Ascitic fluid culture is used most commonly to detect the presence of a specific 
organism in cirrhotic patients with SBP in order to tailor antibiotic therapy and track 
resistance patterns for various organisms. TSBP infections are typically monomi-
crobial and characterized by overall low bacterial concentration as compared to 
infections of the urine or stool. As a result, typical culture methods tend to yield 
lower diagnostic results. It has been shown that, as with blood cultures for the detec-
tion of bacteremia, the practice of bedside inoculation of ascitic fluid samples into 
culture tubes dramatically improves diagnostic capabilities and this practice is rec-
ommended as standard of care when performing diagnostic paracentesis [7].

Total protein levels from ascitic fluid are useful in several circumstances. In 
patients with ascites of unclear etiology, and an elevated SAAG ≥1.1 g/dL, a low 
total protein level is mores suggestive of underlying cirrhosis whereas an elevated 
total protein level >2.5 g/dL is more suggestive of ascites from underlying heart 
failure [8]. This cutoff is less absolute and there are a significant number of patients 
with ascites due to cirrhosis who also have an ascitic fluid total protein of >2.5 g/
dL. SAAG values tend to narrow with diuresis in patients with ascites from right- 
sided heart failure, whereas SAAG is generally unaffected by diuresis in cirrhotic 
patients. In patients with ascites and a SAAG value <1.1 g/dL, a low total protein 
level <2.5 g/dL is most consistent with nephrotic syndrome. Total protein levels are 
also inversely related to risk of development of SBP, through deficiency in opso-
nins, among other factors. Conversely, infections resulting from secondary bacterial 
peritonitis, which are often polymicrobial, tend to correlate with higher levels of 
ascitic fluid total protein. Highly sensitive diagnostic criteria exist to aid in identifi-
cation of patients with intra-abdominal infection resulting from secondary bacterial 
peritonitis from perforated viscous [9]. The criteria include total protein >1 g/dL, 
glucose <50 mg/dL, and LDH > upper limit of normal for serum, and are associated 
with sensitivity of nearly 100 % and specificity of 45 % in identifying secondary 
bacterial peritonitis.

Glucose levels from ascitic fluid can be helpful for confirming a suspected diag-
nosis of SBP. Generally sterile ascitic fluid should have similar concentrations of 
glucose to serum; however, in the case of bacterial infection, levels of glucose typi-
cally fall to very low or undetectable levels. This can happen with either SBP or 
with secondary bacterial peritonitis from intestinal perforation, and is not generally 
helpful at distinguishing the two. LDH levels are typically reduced in sterile ascites, 
as the molecule is not easily released from the bloodstream. Levels of LDH in SBP 
are generally increased due to release of LDH from neutrophils. These levels are 
even more significantly elevated in cases of secondary bacterial peritonitis.

In cases where pancreatic ascites is suspected, amylase levels are generally 
found to be significantly elevated above serum levels as compared to uncomplicated 
ascites, where amylase values are generally around half of serum values.

Gram stain of ascitic fluid is routinely performed, but its sensitivity for detection 
of a causative organism in the setting of SBP is limited. The gram stain is positive 
in roughly 10 % of cases of SBP owing to the low inoculum requirements for this 
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type of infection [10]. Gram stain is more useful for the diagnoses of cases of sec-
ondary peritonitis or intestinal perforation were multiple types of organisms (poly-
microbial) are noted.

For cases of suspected Mycobacterium tuberculosis infection of the peritoneal 
cavity, ascitic fluid culture or smear for acid-fast bacilli are largely insensitive for 
solidifying the diagnosis. For adequate diagnostic yield the gold standard is obtained 
via laparoscopic biopsies of the peritoneum. Tuberculous peritonitis can be easily 
confused for SBP, which is compounded by the fact that it occurs 50 % of the time 
in a setting of underlying cirrhosis. Additional diagnostic clues suggesting tubercu-
lous peritonitis include a mononuclear predominance on cell count and a negative 
bacterial culture [11]. Unlike tuberculous pleural effusions, testing of ascitic fluid 
for adenosine deaminase (ADA) levels has not been shown to be helpful as it is far 
less sensitive than peritoneal biopsy.

Malignant ascites develops in the setting of direct malignant infiltration of the 
lining of the peritoneal cavity with the prototypical example being peritoneal carci-
nomatosis. This is distinguished from the scenario of massive hepatic tumor infiltra-
tion leading to portal hypertension and the development of ascites, as no malignant 
cells would be expected to be isolated from the ascitic fluid in this situation. 
Malignancy-related ascites may also present with an elevated white cell count, 
though this is often predominately lymphocytic.

If there is concern for injury to the thoracic duct or lymphatic system, or if the 
ascites fluid has a milky appearance to it, a fluid triglyceride level should be 
obtained. Chylous ascites is characterized by fluid triglyceride levels of ≥200 mg/
dL, though observed values often exceed 1000 mg/dL. Similarly, if bile injury is 
suspected or if the ascites fluid has a dark brown hue, a bilirubin level should be 
obtained. Levels ≥6 mg/dL or levels greater than serum concentration are sugges-
tive of a bile leak.

 Complications

The development of infection in previously sterile ascitic fluid is the most important 
complication resulting from the presence of ascites. The pathogenesis, diagnosis, 
management, and prophylaxis of SBP are discussed separately. Additional compli-
cations include cellulitis, abdominal wall hernias, hepatic hydrothorax, and the 
development of tense ascites.

Patients with ascites and peripheral edema are especially prone to developing 
superficial skin infections of the lower extremities and abdominal wall. This risk is 
compounded in obese patients and patients with a greater degree of edema. One 
retrospective analysis of cirrhotic patients who developed cellulitis found a signifi-
cantly higher risk of development of renal failure (21.7 % versus 5.4 %, p = 0.001) 
as well as death or transplant at 3 months (23 % versus 4 %, p < 0.001) [12].

Increased intra-abdominal pressure as a result of ascites leads to abdominal wall 
defects in approximately 20 % of patients [13]. The most common site of herniation 
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is at the umbilicus, but incisional hernias and less commonly inguinal hernias are 
also seen. Incarceration and necrosis is of concern especially in the setting of asci-
tes, and typically elective hernia repair is recommended to prevent these complica-
tions but of course patients may be at high operative risk. Paracentesis with complete 
removal of existing ascites is recommended given high rates of hernia recurrence if 
fluid is present at the time of surgery. Transjugular intrahepatic portosystemic shunt 
(TIPS) can also be a consideration for management of problematic umbilical her-
nias if surgery is felt to be prohibitively high risk.

Ascites in the setting of portal hypertension and hypoalbuminemia with decreased 
colloid oncotic pressures can lead to the development of pleural effusions as well. 
Classically hepatic hydrothorax manifests as an isolated right-sided pleural effusion 
(70–85 %) although isolated left-sided (10–15 %) and bilateral effusions are also 
encountered and are believed to result from defects in the diaphragm. They tend to 
occur in patients with refractory or diuretic resistant ascites, and can lead to dys-
pnea, hypoxia, respiratory failure, and infection. Management of hepatic hydrotho-
rax can be problematic as it almost uniformly recurs following therapeutic 
thoracentesis and carries a poor prognosis. Tube thoracostomy has not been shown 
to be helpful in this setting and should be avoided especially as it may result in copi-
ous fluid loss and electrolyte abnormalities. For patients who are unable to be man-
aged with dietary sodium restriction, diuretics, and intermittent thoracentesis, 
placement of TIPS should be considered as should consideration of liver 
transplantation.

Tense ascites refers to development of critical amount of intra-abdominal fluid 
leading to symptoms of abdominal pain, respiratory compromise, and potentially 
abdominal compartment syndrome. The treatment is urgent therapeutic 
paracentesis.

 Treatment

The goals of therapy for management of ascites include improving quality of life, 
reducing abdominal discomfort, preventing umbilical hernia development, reduc-
ing the risk of infections such as SBP, and ultimately improving survival. 
Management strategies center on control of the offending etiology. In alcoholic 
cirrhosis, abstinence from alcohol is imperative. Similarly, patients with cirrhosis 
from underlying treatable conditions such as Wilson’s disease, autoimmune hepati-
tis, or hepatitis B virus, need these disorders addressed and may see resolution or a 
significant improvement in ascites with a focus on underlying disease 
management.

Reversible or iatrogenic causes of ascites development in a setting of cirrhosis 
should be sought out and addressed. These would include dietary indiscretion and 
lack of adherence to a sodium restricted diet, noncompliance with diuretic therapy, 
intravenous fluid infusion with normal saline, infection, gastrointestinal hemor-
rhage, or hepatocellular carcinoma.
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Dietary sodium restriction is a cornerstone of therapy, and is crucial to combat-
ing the renal retention of sodium seen in portal hypertension. Patient’s need strict 
adherence to a low-sodium diet, typically limited to 2000 mg daily, and formal 
dietician-led education on this topic is strongly recommended. The major limitation 
with this strategy is compliance. Patients following a 2000 mg daily sodium diet 
ingest 88 mmol of sodium per day. Roughly 10 mmol are lost through nonrenal 
mechanisms such as via the stool or perspiration. If a patient with a serum sodium 
level of 130 mEq/L undergoes a 5 L paracentesis, this entails the removal of 
650 mmol of sodium. Assuming a patient is completely anuric, these 650 mmol 
should take over 8 days to re-accumulate on an 88 mmol per day diet. Patients 
requiring paracentesis more frequently than this are therefore not compliant with 
the 2000 mg sodium diet. Urinary sodium excretion can also be assessed. Patients 
who excrete more than 78 mmol of sodium per day and who are adherent to a 
2000 mg sodium diet should expect their weight to remain stable or decline. If this 
is not the case despite excretion of 78 mmol of sodium per day, then this suggests 
dietary indiscretion. While 24-h urine excretion is the gold-standard, random urine 
sodium to potassium ratio has been shown to correlate well. A ratio of >1 in the 
setting of dietary sodium compliance should lead to weight and fluid losses. For this 
minority of patients, ascites can be managed with diet alone, and without diuretics.

In general fluid restriction is not routinely recommended, except in cases of 
severe hyponatremia with serum sodium levels <120 mEq/L. Hyponatremia results 
from water retention (as a result of ADH release) out of proportion to sodium reten-
tion (as a result of renin-angiotensin-aldosterone activation), and in these cases fluid 
restriction is warranted. Cirrhotic patients typically tolerate low levels of serum 
sodium as a result of chronic hyponatremia and rarely develop symptoms or conse-
quences unless there is a rapid fluctuation in serum levels.

For ascites which persists despite strict dietary adherence to a low-sodium diet, 
the mainstay of therapy is diuretic agents. Typically a combination of the aldoste-
rone antagonist spironolactone and the loop diuretic furosemide are used in combi-
nation. Given the opposing effects on serum potassium levels of the two agents, a 
ratio of 5:2 in terms of spironolactone to furosemide dose is generally preferred. 
Goals of therapy should include both total body weight reduction, as well as an 
increase in urinary sodium concentration. It is postulated that diuretics may play a 
role in preventing SBP via concentration of ascitic fluid opsonin activity which 
plays a critical role in preventing the development of SBP [14]. Intravenous admin-
istration of diuretics is employed commonly in the inpatient setting, and while gen-
erally effective for patients with congestive heart failure, this should be employed 
with caution in cirrhotic patients. The alternations in renal physiology and hemody-
namics among cirrhotic patients readily predispose them to the development of azo-
temia. The concomitant use of intravenous administration of colloidal substance 
such as albumin, to which furosemide is highly bound to in serum, has not been 
shown to be of benefit in the cirrhotic population [15]. In addition to electrolyte 
abnormalities, other potential adverse effects from diuretics used in the manage-
ment of ascites center around intravascular volume depletion in the setting of over- 
diuresis. This scenario is a common precipitant of hepatic encephalopathy, azotemic 
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renal failure, and severe hyponatremia. It is generally recommended that the pres-
ence of a serum creatinine of greater than 2.0 mg/dL, a serum sodium less than 
120 mmol/L, or new hepatic encephalopathy should prompt discontinuation of 
diuretics, and in many cases should be followed by an attempt at intravascular vol-
ume expansion.

Refractory ascites is defined by the persistence of abdominal ascites despite 
adherence to a low-sodium diet and high-dose diuretic regimen, and occurs in less 
than 10 % of patients [16]. This diagnosis should prompt a thorough evaluation of a 
patient’s medications, with particular attention to anti-hypertensive agents. In 
patients with baseline hypotension as defined by systolic blood pressure less than 
100 mmHg, these agents should be discontinued, which allows for improved renal 
hemodynamics and an improved or effective response to diuretics. The alpha- 
adrenergic agonist midodrine has been suggested to be of potential benefit in 
patients who continue to have refractory ascites in the setting of hypotension after 
discontinuation of antihypertensive medications [17].

Therapeutic abdominal paracentesis can be safely performed to allow for large 
volume removal of abdominal ascites fluid. There is generally no limit on the 
amount of fluid volume which can safely be removed in a single procedure, though 
concerns tend to arise regarding electrolyte abnormalities resulting from fluid shifts 
after removal of more than 5 L of fluid. Cases of removal of up to 41 L in a single 
session have previously been reported [18]. In an effort to combat electrolyte abnor-
malities and large fluid shifts, co-administration of colloidal substances has been 
proposed for large volume paracentesis. Absolute guidelines for this practice remain 
controversial as the clinical benefit is somewhat unclear, though this practice aims 
to prevent post-paracentesis circulatory dysfunction syndrome. A randomized trial 
comparing administration of albumin to placebo found fewer changes in electro-
lytes and serum creatinine, though ultimately mortality and morbidity did not differ 
between the two groups [19]. A subsequent meta-analysis of the use of albumin 
during paracentesis specifically in tense ascites, as compared to alternative volume 
expansion agents and vasoconstrictors found that use of albumin resulted in 
decreased mortality (OR 0.64; 95 % CI 0.41–0.98) [20]. As a result it is generally 
advisable to administer albumin (6–8 g/L of fluid removed) in large-volume para-
centesis. Removal of volumes of 5 L or less are generally felt to be safe to perform 
without administering albumin, as this small volume has not been shown to alter 
post-procedure hemodynamics, namely plasma renin levels [21].

In patients with refractory ascites who require intermittent therapeutic abdomi-
nal paracentesis, attention should be brought to patients requiring increasingly fre-
quent paracentesis as this may suggest underlying dietary indiscretion in terms of 
adherence to low-sodium diet. The following example will explain the molecular 
reasoning to support this inference. A removal of 5 L of abdominal ascites in a 
patient with a serum sodium concentration of 130 mmol/L will removed 650 mmol 
of sodium. A 2000 mg sodium diet will afford 88 mmol of sodium intake daily, of 
which typically 10 mmol are lost through nonrenal mechanisms. Assuming a patient 
were completely anuric, the time required to re-accumulate the 5 L of fluid removed 
during paracentesis would be approximately 8.3 days. It can be assumed that with 
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preserved renal function this time interval would be significantly longer. For patients 
requiring paracentesis more frequently than this, it is therefore physiologically 
impossible that the patient is adhering to a low-salt diet.

For difficult to manage ascites that is refractory to diuretics, requiring frequent 
paracentesis, or with which other complications such as hepatic hydrothorax have 
arisen, consideration should be given to portal-caval shunt formation in the form of 
transjugular intrahepatic portosystemic shunt (TIPS). TIPS was initially developed 
as a method to relieve portal pressure gradients in an effort to abate variceal hemor-
rhage, but was subsequently adopted for patients with refractory ascites requiring 
frequent paracentesis. Outcomes from this intervention have overall been mixed in 
terms of survival advantage. A 2006 meta-analysis from the Cochrane Review 
found that in cirrhotic patients with ascites, compared to repeated paracentesis, 
TIPS was more effective a fluid removal without an improvement in overall mortal-
ity, rate of GI hemorrhage, renal failure, or infection. There was a significant 
increase in incidence of hepatic encephalopathy among patients undergoing TIPS, 
however [22]. Another meta-analysis of trials comparing TIPS to repeated paracen-
tesis again found superiority with TIPS in terms of treatment of ascites, and also 
showed a trend toward improved overall survival, though this did not reach statisti-
cal significance (OR 0.74, 95 % CI 0.40–1.37) [23]. Some of the controversy among 
survival from early trials involving TIPS placement may be attributed to the use of 
uncovered stents early on, which have since been replaced by polytetrafluoroethyl-
ene (PTFE)-coated stents with subsequent improvement in patency and reinterven-
tion rates. A retrospective analysis assessing PTFE-coated compared to uncovered 
stents found improved survival at 3 months, 1 year, and 2 years (93 %, 88 %, 76 % 
respectively) for the PTFE group compared to the uncovered group (83 %, 73 %, 
62 % respectively) [24]. A subsequent randomized trial of 80 patients comparing 
covered versus uncovered stents again found improved clinical outcomes, and a 
trend toward improved survival in the covered stent group which did not reach sta-
tistical significance [25]. Only 32 of the 80 patients underwent TIPS placement for 
refractory ascites in this trial, however, as GI bleeding was the most common indi-
cation for TIPS among patients enrolled. Overall TIPS is a useful tool for patients 
with refractory ascites and should be considered for appropriate patients who do not 
otherwise have contraindications such as heart failure, severe tricuspid regurgita-
tion, severe coagulopathy, hepatic encephalopathy. It should be performed with 
caution in patients with very elevated MELD score as well as outcomes in this 
group tend to be poorer [26]. TIPS can also be considered for conditions resulting 
for complications of ascites including hepatic hydrothorax and symptomatic umbil-
ical hernia. Patients with refractory ascites who are not transplant candidates, and 
who are either not candidates for TIPS or have had previously failed attempt at 
TIPS placement may be candidates for a peritoneovenous shunt, though these pro-
cedures are fraught with complications and high rate of shunt failure as well as a 
lack of survival advantage [16].
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 Future Trends

New strategies for the management of ascites are an attractive area of research inter-
est due to the significant morbidity, mortality, and health care utilization associated 
with ascites. One strategy which has previously been suggested has been albumin 
infusion therapy concomitantly with diuretics. A trial of 100 consecutive patients 
with new onset ascites found that weekly albumin infusion combined with oral 
diuretics compared to diuretics alone portended a significant survival advantage of 
16 months at mean follow-up of 7 years [27]. Another area of research interest has 
been with splanchnic vasoconstrictor Terlipressin. This agent has been used over-
seas to improve renal function in patients with hepatorenal syndrome (HRS). A 
small trial aimed to investigate its use in patients with ascites without HRS, and 
found that Terlipressin effectively induced natriuresis as indicated by sodium clear-
ance and change in urine sodium concentration [28]. It has been hypothesized that 
this agent may provide a novel method of managing ascites, though further random-
ized clinical trials are needed, and this agent is currently not available in the United 
States.
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Chapter 31
Spontaneous Bacterial Peritonitis (SBP)

Adam J. Schiro

 1. How do I know I have SBP?
Patient-Level Answer: In order to get SBP, you have to have ascites or fluid 

in the abdomen as a result of your liver disease. Once this fluid is present it runs 
the risk of becoming infected. The most common signs of infection include 
abdominal pain, fevers, or confusion. The only way to diagnose SBP is with a 
paracentesis where a sample of fluid is removed from the abdomen and analyzed 
to see if an infection is present.

 2. How is it treated?
Patient-Level Answer: SBP is a serious infection and can lead to death if not 

treated promptly and aggressively. Typically once the diagnosis is suggested 
based on preliminary findings from a paracentesis, antibiotics should be started. 
The length of treatment depends on how well a patient is responding to the treat-
ment but is typically between 5 and 10 days.

 3. What can be done to prevent me from getting SBP again?
Patient-Level Answer: The most effective way to prevent SBP is to prevent 

the development of ascites or fluid in the abdomen from accumulating in the first 
place. Once fluid is present, there are certain patients who may benefit from tak-
ing antibiotics regularly to prevent an infection from developing including those 
who have had prior episodes of SBP.
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 Pathogenesis and Risk Factors

Spontaneous bacterial peritonitis (SBP) is defined as an intraperitoneal infection of 
ascitic fluid without underlying anatomic or pathologic cause. The term was ini-
tially described by Conn in 1964 who postulated that translocation of enteric patho-
gens in decompensated cirrhotic patients could lead to peritonitis and bacteremia, a 
vastly underreported syndrome at the time [1]. Initial reports suggested an exceed-
ingly high mortality rate of greater than 90 % associated with SBP. Despite advances 
in management and more widespread use of antimicrobial prophylaxis, mortality 
continues to range from 10 to 30 % making it a significant cause of death in patients 
with end-stage liver disease [2].

At least 90 % of cases of SBP are monomicrobial with the most common caus-
ative organisms including gram negative enteric flora such as Escherichia coli and 
Klebsiella pneumoniae, as well as various Streptococcal species [3]. Studies seem 
to suggest a role for bacterial overgrowth and delayed intestinal motility as predis-
posing factors for the development of SBP. A study by Chang, et al. from 2003 
compared cirrhotic patients with and without a history of SBP and found signifi-
cantly higher rates of bacterial overgrowth and small intestinal dysmotility as 
assessed by hydrogen breath testing and small bowel manometry respectively 
among patients with a history of SBP [4]. The study was limited by significantly 
higher Child-Pugh score in the group with a history of SBP. A subsequent analysis 
using jejunal aspirates from cirrhotic patients found an association between bacte-
rial overgrowth and acid-suppressive therapy, but no association with the develop-
ment of SBP [5]. Independent of bacterial overgrowth concerns, the phenomena of 
bacterial translocation of enteric pathogens in patients with cirrhosis has been well 
documented. For example, analysis of mesenteric lymph node sampling has revealed 
increased levels of bacteria in cirrhotic compared to noncirrhotic patients [6].

SBP typically develops in patients with advanced liver disease, and risk is 
directly proportional to Child-Pugh score which has been shown to be an indepen-
dent risk factor for bacterial infections in general including SBP [7]. An elevated 
Model for End-Stage Liver Disease (MELD) score has also been implicated. A 
retrospective case–control analysis found that for every 1-point increase in MELD 
score there is an associated 11 % increased risk of developing SBP [8].

There has also been considerable interest in the role of acid-suppressive therapy 
in the development of SBP. A retrospective case–control analysis of cirrhotic 
patients admitted with SBP compared to matched control cirrhotic patients admitted 
for other reasons found on multivariate analysis that PPI use was associated with an 
increased risk of SBP (odds ratio 4.31, 95 % CI 1.34–11.7) [9]. A more recent large, 
multicenter prospective analysis found no increase in risk of SBP among patients 
taking proton-pump inhibitors [10].

Additional known risk factors predisposing to the development of SBP include: 
low ascitic fluid total protein concentrationcoagulopathy, hyperbilirubinemia, gas-
trointestinal hemorrhage, and prior episode of SBP [11–14]. Several randomized 
trials were analyzed and based on results showing mortality benefit and reduced rate 
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of infection, primary prophylaxis with antibiotics to prevent SBP is recommended 
in patients with cirrhosis and ascites whose ascitic total protein level is less than 
1.0 g/dL, in addition to evidence of either impaired renal function (serum creatinine 
≥1.2 mg/dL, blood urea nitrogen ≥25 mg/dL, or serum sodium ≤130 mEq/L) or 
hepatic failure (Child-Pugh score ≥9 or total bilirubin ≥3 mg/dL) [14, 15]. Genetic 
variability in terms of inflammatory signaling may play a role in terms of SBP risk 
as well. A recent genotypic analysis showed that specific variants of a Toll-Like 
Receptor 4 gene were associated with lower serum levels of tumor necrosis factor- 
alpha (TNF-α) and a significantly decreased risk of severe bacterial infections 
among patients awaiting liver transplant. Zero deaths as a result of severe bacterial 
infections were observed while awaiting transplant in this group [16].

Immune dysfunction is thought to play a significant role in cirrhotic patients by 
predisposing them to the development of infections including SBP. For example, 
complement deficiency has been well documented in the cirrhotic population and 
has been demonstrated to correlate with elevated rates of SBP [17]. A variety of 
other host factors play a role as well including malnutrition, decreased phagocyte 
activity, neutrophil dysfunction, and altered inflammatory cytokine levels [18].

True SBP in patients with ascites due to noncirrhotic causes, or elevated ascitic 
protein levels >2.5 g/dL is very uncommon and limited in the literature to case 
reports and small series [19]. Typically when there is an infection in this setting, an 
underlying predisposing anatomic defect leading to secondary bacterial peritonitis 
should be sought.

 Clinical Manifestations

SBP tends to develop only in cases of clinically apparent and preexisting ascites. Its 
most common presenting features include abdominal pain, fevers, encephalopathy, 
diarrhea or ileus, and hemodynamic instability or sepsis, and it should be strongly 
considered in any patient with cirrhosis and clinically apparent ascites who presents 
with these complaints. Common laboratory findings include peripheral leukocytosis 
with or without left shift, acidosis, and renal failure. A significant number of patients 
present without symptoms, and more routine use of paracentesis for hospitalized 
cirrhotic patients with ascites has led to increased recognition of this clinical entity. 
Despite this, mortality rates related to SBP have remained high [20].

 Diagnosis

SBP is associated with high mortality and early identification and initiation of appro-
priate antibiotics is critical to mitigating this risk. Based on AASLD guidelines it is 
recommended that all hospitalized patients with cirrhosis and ascites receive a diag-
nostic paracentesis during their admission, and paracentesis should also be obtained 
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any time a patient shows clinical signs or laboratory evidence suggestive of possible 
SBP. Despite these recommendations a recent large retrospective database analysis 
found that paracentesis remains underutilized, being performed in 61 % of the 17,711 
cirrhosis-related hospitalizations included in the study. Patients who received a para-
centesis had a 24 % reduction of in-hospital mortality, though their length of stay and 
cost of hospitalization were slightly higher [21]. Paracentesis should ideally be per-
formed prior to the administration of antibiotics if clinically feasible to prevent false 
negative results from partially treated sample specimens. Procedural delay should be 
avoided, and in general, an elevated prothrombin time or international normalized 
ratio is not a contraindication to diagnostic paracentesis as it has been shown to be 
safe despite presence of abnormal coagulation factors [22]. Patients with SBP who 
had paracentesis performed >12 h after admission had a 2.7-fold higher mortality 
compared to those who received early paracentesis [23].

It is important to utilize sterile technique to prevent contamination from skin 
flora. Direct bedside inoculation of the sample into culture media has been shown to 
be superior to conventional inoculation of sample sent to a clinical laboratory with 
increased sensitivity for diagnosing SBP [24]. Fluid sample should be sent for aero-
bic and anaerobic culture, cell count with differential, gram stain, and if the initial 
sampling albumin and total protein levels, in addition to other values relevant on a 
case by case basis (i.e. cytology for cases of suspected metastatic malignancy, etc.).

The diagnosis of SBP is made by the finding of ≥250 polymorphonuclear (PMN) 
cells per mm3 with positive culture results and potential causes of secondary perito-
nitis excluded. Patients meeting criteria based on cell count alone should be pre-
sumed to have SBP and treatment with antibiotics should be initiated empirically 
while awaiting culture results. Correction for grossly blood specimens as occurs 
during a traumatic paracentesis can be performed by subtracting one PMN from the 
total count for every 250 red blood cells per mm3 present in the specimen. Additional 
ascitic fluid chemistries can also be helpful in confirming or excluding the presence 
of SBP. For example, the serum-ascites albumin gradient (SAAG) is calculated by 
subtracting the ascitic fluid albumin level from the serum level. A value of >1.1 g/
dL indicates the presence of portal hypertension with 97 % certainty. As SBP rarely 
develops in patients without portal hypertension, a SAAG of <1.1 g/dL makes the 
diagnosis of SBP unlikely [25]. Additionally, the total protein concentration of 
ascitic fluid has been shown to inversely correlate with the risk of development of 
SBP [11].

 Management

It is imperative that intravenous antibiotics be initiated promptly following diagnos-
tic paracentesis in cases of suspected SBP due to the high mortality associated with 
this disease, especially in patients with fevers, abdominal pain, or altered mental 
status. Patients who are asymptomatic but are found to have bacterascites (defined 
as the presence of bacteria on culture or gram stain in the setting of PMN count less 
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than 250 cells per mm3) should have a repeat paracentesis performed within 48 h 
and antibiotics should be initiated if symptoms develop or the PMN count rises 
above 250 cells per mm3. Initial therapy regimen should consist of broad antimicro-
bial coverage such as a third generation cephalosporin or floroquinolone, though 
local resistance patterns should be taken into account when selecting an agent. 
Choice of antibiotic should be rapidly narrowed when culture results and sensitivi-
ties become available to prevent the development of bacterial resistance.

There is a relative dearth of large, prospective, randomized controlled trials 
available to guide initial antibiotic selection, and a 2009 Cochrane review was 
unable to provide clear evidence in favor of any specific regimen [26]. One small 
prospective trial found improved efficacy with IV cefotaxime as compared to 
ampicillin- tobramycin (clinical cure in 85 % as compared to 56 %, p < 0.02) as well 
as fewer superinfections and lower rates of renal failure [27]. In general, aminogly-
cosides are avoided due to their accumulation in the ascitic fluid and thus difficulty 
in measuring true levels with the potential development of renal failure.

 Duration of Treatment

SBP typically responds rapidly to appropriate antibiotic administration, and clinical 
resolution is typically readily apparent. Typical treatment regimens consist of 
5 days of therapy based on findings from a prospective, randomized trial which 
found equivalent outcomes among patients with SBP who were treated with either 
5 or 10 days of antibiotics. Clinical cure was obtained in 93.1 % with 5 days of 
therapy versus 91.2 % with 10 days of therapy. The groups had similar rates of 
recurrence (11.6 % and 12.8 % respectively) as well as hospital mortality (32.6 % 
and 42.5 % respectively), neither of which were statistically significant [28]. Short 
treatment duration has the added benefit of reduced costs as well as minimizing the 
development of antimicrobial resistance. After completion of therapy, repeat clini-
cal assessment should be performed and if persistent symptoms or signs of ongoing 
infection are present (abdominal pain, fevers, leukocytosis, altered mental status) 
then repeat paracentesis should be performed. Antibiotics should be continued if the 
polymorphonuclear cell count remains elevated above 250 cells per mm3. For the 
majority of patients who respond promptly to treatment and have clinical resolution 
of symptoms, a repeat paracentesis is not typically needed despite previous recom-
mendations of follow-up paracentesis to guide therapy.

Renal failure is common among patient with SBP, occurring in approximately 
one-third of patients [29]. A recent meta-analysis found that the development of 
renal failure was the highest independent predictor of mortality among patients with 
SBP, followed by MELD score. Mortality among those with renal dysfunction in 
the analysis was 67 % compared to 11 % in patients without renal impairment [30]. 
Altered renal hemodynamics that occur during infection are thought to play a role, 
including activation of the renin-angiotensin system as well as release of 
 norepinephrine, effectively reducing renal perfusion [31]. Volume expansion using 
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IV albumin has been shows to improve outcomes among sub-groups of patients 
with SBP who develop renal failure. A randomized controlled analysis assessed 
administration of intra-venous albumin concomitantly with antibiotics in patients 
with SBP who also have evidence of elevated serum creatinine >1.0 mg/dL, blood 
urea nitrogen >30 mg/dL, or serum bilirubin >4 mg/dL. The treatment arm who 
received albumin had lower risk of progression to renal failure as well as lower 
overall mortality [32]. These findings have been corroborated in other randomized 
trials including a meta-analysis as well [33]. Thus, albumin at a dose of 1.5 g/kg IV 
within 6 h of diagnosis followed by 1 g/kg IV on day 3 should be administered.

Nonselective beta-blockers are commonly used for prophylaxis of esophageal 
varices in certain scenarios. This class of medications has myriad influences on 
systemic hemodynamics and on circulatory reserve. The role of nonselective beta- 
blocker usage in outcomes among patients with SBP has been investigated. A retro-
spective analysis of 607 consecutive patients with cirrhosis undergoing paracentesis 
found that nonselective beta-blocker usage in patients without SBP was associated 
with increased survival (HR 0.75, 95 % CI 0.581–0.968). Conversely, among 
patients who were diagnosed with SBP, beta-blocker use reduced survival (HR 
1.58, 95 % CI 1.098–2.274), led to more prolonged length of hospitalization (mean 
29.6 days per person year versus 23.7 days per person year) and increased incidence 
of hepatorenal syndrome (24 % versus 11 %) [34]. Therefore, patients who are tak-
ing nonselective beta-blockers for prophylaxis of esophageal varices should have 
this medication discontinued at the time that SBP is first suspected.

 Prophylaxis

Patients who are considered to be at high risk for the development of SBP have been 
shown to benefit from antimicrobial prophylaxis to prevent infections and reduce 
mortality. High risk groups include patients with a history of prior episode of SBP, 
patients with GI bleeding, and patients with a low ascitic fluid total protein 
concentration.

Patients with a history of prior episode of SBP are at particularly high risk of 
developing recurrent infection. One study of consecutive cirrhotic patients who sur-
vived and recovered from an initial episode of SBP found a 43 % incidence of recur-
rent SBP at 6 months and 69 % incidence at 1 year with overall 1 year survival of 
only 38 % [12]. Similar risk of SBP recurrence at 1 year was found in a randomized, 
controlled trial assessing prophylactic norfloxacin versus placebo in patients with a 
history of prior episode of SBP. Risk of development of SBP at 1 year in the pla-
cebo arm was 68 % compared to 20 % in the arm receiving prophylactic norfloxacin 
400 mg daily [35].

Patients with low ascitic fluid total protein concentration have a significantly 
increased risk of development of SBP and have been demonstrated to benefit from 
prophylactic antibiotic administration as well. A prospective trial assessing use of 
norfloxacin versus placebo in patients with low protein ascites found rates of SBP 
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in the placebo group to be 22.7 % as compared to 0.0 % in the group receiving anti-
microbial prophylaxis. There was a trend toward improved mortality as well in the 
treatment group; however, this did not reach statistical significance [36].

Advanced cirrhosis and renal dysfunction are additional patient subsets that have 
been suggested to benefit from prophylaxis against SBP. A randomized controlled 
trial including patients with advanced cirrhosis (Child-Pugh score ≥9, with serum 
bilirubin ≥3 mg/dL) or impaired renal function (serum creatinine ≥1.2 mg/dL, blood 
urea nitrogen ≥25 mg/dL, or serum sodium level of ≤130 mEq/L) compared prophy-
lactic treatment with norfloxacin to placebo in the prevention of SBP [15]. Primary 
endpoints were 3-month and 1-year survival, and secondary endpoints included the 
probability of development of SBP or hepatorenal syndrome at 1-year. The risk of 
developing SBP at 1-year was 7 % in the treatment group compared to 61 % with 
placebo (p < 0.001), and overall survival was significantly improved at 3-months 
(94 % versus 62 %, p = 0.003) and at 1-year (60 % and 48 %, p = 0.05). The trial served 
for the basis of the AASLD guideline statement suggesting antimicrobial prophy-
laxis for patients meeting the clinical criteria required for inclusion into the study.

In general, regimens with coverage against gram negative organisms have been 
preferred for use as prophylactic agents including quinolones and trimethoprim- 
sulfamethoxazole. A randomized trial assessing the use of trimethoprim- 
sulfamethoxazole five times per week (Monday–Friday) for prophylaxis in patients 
at high risk for SBP (low ascitic protein level, renal dysfunction, hyperbilirubine-
mia, etc.) found that treatment reduced the risk of development of SBP from 27 % 
in the placebo group to 3 % in the treatment group. There was a trend toward 
improved mortality as well, though this was not statistically significant [37]. 
Another trial looking at once-weekly ciprofloxacin among cirrhotic patients with 
low protein ascites found similar reduction in risk of development of SBP from 
22 % in the placebo group to 3.6 % in the treatment group [38].

Gastrointestinal bleeding and variceal hemorrhage predispose patients to the 
development of SBP and prophylactic antibiotics have been shown to improve out-
comes in these patients. A meta-analysis consisting of a total of five trials and 534 
patients with cirrhosis and gastrointestinal bleeding found that short course antibi-
otic prophylaxis administration reduces rates of infections including SBP and 
improves overall survival [14]. A Cochrane systematic review from 2010 confirmed 
these findings. A total of 12 trials and 1241 patients were included in this analysis. 
Overall mortality was improved with use of antibiotics among patients with cirrho-
sis and gastrointestinal bleeding (RR 0.79, 95 % CI 0.63–0.98), as well as improve-
ments in infection-related morality (RR 0.43, 95 % CI 0.19–0.97) and risk of SBP 
(RR 0.29, 95 % CI 0.15–0.57). Length of hospitalization and rebleeding risks were 
also improved among patients receiving prophylactic antibiotics [39]. As practice 
habits have changed and antimicrobial prophylaxis in the setting of gastrointestinal 
bleeding in cirrhotic patients has become more routine, improved outcomes over 
the years have been observed among these patients. In-hospital mortality from vari-
ceal hemorrhage in 1980 at a single center in Europe was 42.6 %, and had improved 
by year 2000 to 14.5 % [40]. Although direct causality has not been proven, prophy-
lactic antibiotics are postulated to play a role in this observed improvement.
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Current updated practice guidelines from the AASLD in 2012 recommend prophy-
lactic antibiotics be given to all patients with cirrhosis who present with gastrointesti-
nal bleeding, whether or not they have ascites, with a recommended duration of 
therapy of 7 days. These recommendations are also endorsed by the ASGE as reflected 
in the recent guideline statement regarding use of antibiotics for GI endoscopy [41].

Current guidelines do not comment on the routine use of antibiotic prophylaxis 
to prevent SBP in the setting of patients awaiting liver transplant who do not already 
have an indication. A small trial that assessed the effect of daily administration of 
ciprofloxacin in patients with advanced liver disease awaiting transplant found that, 
compared to placebo, treatment with ciprofloxacin was not associated with improve-
ments in hepatic function, though rates of hospitalization were improved (5 % in 
Ciprofloxacin group versus 32 % in placebo group, p = 0.02) [42]. The trial did not 
look at perioperative or posttransplant outcomes, and at this time there is a lack of 
data to support routine use of antibiotics in this setting. Another area where routine 
antibiotic prophylaxis is not routinely recommended is among patient receiving 
treatment with sclerotherapy. A trial comparing use of antibiotics to prevent post- 
sclerotherapy bacteremia found no significant difference among patients receiving 
prophylactic imipenem/cilastatin. A higher risk of infection was observed in patients 
who underwent emergent as compared to elective sclerotherapy, which was likely 
reflective of increased risk of infection among cirrhotic patients with active gastro-
intestinal bleeding [43].

 Future Trends

Evolving research and active investigation is underway involving several areas of 
SBP. One particular area of interest involves the use of enhanced diagnostic tools 
for the detection and diagnosis of patients with SBP, as early identification and 
implementation of appropriate therapy has consistently been shown to improve out-
comes as previously discussed. Serum procalcitonin concentration has been identi-
fied as an important tool in the early identification of patients with sepsis from a 
bacterial infection, and has been increasingly integrated into sepsis protocols among 
emergency rooms and intensive care units [44]. Research has suggested a role for 
this biomarker in the diagnosis of patients with SBP as well. The identification of a 
diagnostic marker easily obtained from the serum would potentially be of benefit 
given the challenges sometimes associated with obtaining a prompt diagnostic para-
centesis specimen. A recent meta-analysis identified three relevant trials and found 
pooled sensitivity and specificity values for use of this marker in the diagnosis of 
SBP of 86 % and 80 % respectively [45]. This finding suggests a high diagnostic 
accuracy and the authors note that further larger trials are warranted.

Additional investigation has suggested a role for ascitic fluid markers as well, 
citing the possibility of false negatives obtained from a manual cell count if lysis of 
PMN’s has occurred during prolonged transport or specimen processing. One trial 
assessed the use of ascitic lactoferrin concentration among consecutive ascitic fluid 

A.J. Schiro



527

samples [46]. Among the 22 samples meeting diagnostic criteria for SBP, an ascitic 
lactoferrin level of ≥242 ng/mL had a sensitivity and specificity of 95 % and 97 % 
respectively with an area under the receiver operating characteristic curve of 0.98.

For even more rapid identification of SBP, investigation into the use of dipsticks 
for ascitic fluid analysis is also underway. One such product is designed to detect 
leukocyte esterase from ascitic fluid, and calibrated to a PMN count of 250 cells per 
mL. An analysis of 1089 ascitic fluid samples found a sensitivity and specificity of 
100 % and 59 % respectively for the detection of samples positive for SBP [47]. At 
this point the product remains investigational and further investigation is 
underway.

Identification of additional antimicrobial agents given ongoing concerns for 
resistance, side-effect profiles, and cost, is an area of interest as well. A commonly 
used agent among patients with cirrhosis and hepatic encephalopathy is rifaximin. 
Recent literature has suggested that this agent may reduce incidence of SBP and 
may impact the bacterial flora as well. In one retrospective study, consecutive 
patients with cirrhosis and large-volume ascites were analyzed, excluding patients 
with a history of SBP or patients already receiving prophylactic antibiotics. The 
authors identified 49 patients who received rifaximin and after mean follow-up of 
4.2 months, 89 % remained SBP-free compared to 68 % of those not on rifaximin 
(p = 0.002) [48]. Another study prospectively assessed patients undergoing diagnos-
tic paracentesis and found that treatment with rifaximin did not reduce incidence of 
SBP compared to no antibiotics [49]. The predominate species isolated among 
patients not receiving antibiotics were Escherichia coli and enterococci whereas 
those on rifaximin tended to grow Klebsiella species, suggesting that rifaximin 
plays a role in modulating the bacterial flora and impacting pathogenesis. Further 
studies are needed to better delineate the role of rifaximin in patients with or at risk 
for SBP.
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    Chapter 32   
 Hepatorenal Syndrome                     

     Michael     M.     Yeboah     

          Patient Questions and Answers 

     1.    What is hepatorenal syndrome? 
 The hepatorenal  syndrome   is a potentially life-threatening but reversible kid-

ney disease which usually develops in patients with advanced liver disease. It 
occurs when the worsening liver disease leads to constriction of the blood ves-
sels in the kidney and causes diversion of blood supply away from the kidneys. 
Generally, correction of the liver problem leads to resolution of the kidney prob-
lem. The condition therefore emphasizes the close relationship between the liver 
and the kidney in the body.   

   2.    What are  the   symptoms of hepatorenal syndrome? 
 There are 2 types of hepatorenal syndrome. The fi rst one is called type 1 hepa-

torenal syndrome. Type 1 hepatorenal  syndrome   tends to progress very rapidly 
and may lead to death within 2–3 weeks if no treatment is given. Patients with 
this type of hepatorenal syndrome have nonspecifi c symptoms including general 
malaise and will usually notice reduction in their urine volume. These patients 
are often very sick overall and will need to be admitted to the hospital if they are 
not already hospitalized. The diagnosis is then made by the doctor after full 
assessment, including the results of urine and blood tests. The second type, 
called type 2 hepatorenal syndrome is relatively less aggressive and progresses 
rather slowly over weeks to several months. Type 2 hepatorenal syndrome usu-
ally does not cause specifi c symptoms apart from some reduction in urine vol-
ume and increasing swelling of the belly. Patients with type 2 hepatorenal 
syndrome are usually well enough to stay at home and are followed-up in the 
clinic from time to time.   
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   3.    How is hepatorenal syndrome treated? 
    Patients with type 1 hepatorenal syndrome are usually very sick and need to 

be admitted to hospital immediately for treatment. The most effective and ideal 
treatment option is liver transplantation. This helps to reverse the liver failure 
and leads to resolution of the hepatorenal syndrome, and more importantly pre-
vents death in most people with hepatorenal syndrome. 

 In situations where the person cannot have liver transplantation for what-
ever reason, maximum medical management will be given that includes 
medicines that help the body to redirect more blood flow to the kidneys. 
Also some of these patients will undergo some form of dialysis where a 
machine helps in doing the work of the kidney by removing toxins from the 
blood, at least temporarily. This is especially the case when the patient is 
awaiting liver transplantation. The dialysis on its own will neither cure the 
liver nor the kidney problem. 

 Patients with type 2 hepatorenal syndrome may remain overall well for sev-
eral months. In some of them, however, the kidney condition worsens over time 
and may switch to become type 1 hepatorenal syndrome and will need to be 
treated as above. Treatment options for type 2 hepatorenal syndrome include 
attempts at improving the liver function by treating underlying viral hepatitis, 
stopping alcohol use, or addressing any other reversible cause of the liver prob-
lem. If improvement in liver function cannot be achieved through such means, 
liver transplantation will be necessary in suitable patients. Some patients who 
have had hepatorenal syndrome for several weeks will ultimately develop chronic 
kidney failure and will need long-term dialysis treatment or combined liver and 
kidney transplantation.   

   4.    Does one need to take specifi c medications daily? 
    Patients with the type 1 hepatorenal syndrome are usually very sick and 

are admitted to the hospital for treatment. For those who have resolution of 
the hepatorenal syndrome (either through medical treatment or after liver 
transplantation), no specific ongoing medications will be necessary; how-
ever, the patient may be on medications for other reasons. For instance those 
who undergo liver transplantation will need to take regular medications to 
prevent rejection of the liver. Patients with type 2 hepatorenal syndrome are 
usually at home and are followed in the outpatient clinic periodically. Those 
with very low blood pressure may be given a particular medicine to help 
improve their blood pressure but most of them will not need any specific 
medications.   

   5.    What is the prognosis for hepatorenal syndrome? 
 Unfortunately,  the   prognosis for persons with the hepatorenal syndrome is 

generally poor. Most of those who develop the type 1 hepatorenal syndrome die 
within a couple weeks unless they respond to medical treatment their liver con-
dition resolves in a timely manner or if they receive a liver transplantation 
urgently. Patients with the type 2 hepatorenal syndrome tend to be relatively 
well for several weeks to months but will ultimately need liver transplantation 
to stay alive unless the liver failure resolves one way or the other. Some of these 
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patients will also need kidney transplantation or will require long-term dialysis 
because the hepatorenal syndrome would have progressed to chronic kidney 
failure over time. Persons with the hepatorenal syndrome have to abstain from 
alcohol ingestion and avoid any medications that could affect the function of the 
liver or kidney.      

    Summary 

 Approximately 5.5 million people in the United States have cirrhosis,    a condi-
tion that is associated with very high morbidity, healthcare costs, and death. 
Kidney dysfunction is a major complication of cirrhosis, with the incidence 
increasing as the severity of cirrhosis progresses.    The prevalence is highest in 
cirrhotic patients with ascites. The onset of kidney dysfunction in liver failure 
portends a poor prognosis. Patients with advanced liver disease and kidney 
failure are at increased risk for death while awaiting liver transplantation and 
are at a higher risk for complications and reduced survival after transplantation 
when compared with patients without kidney failure. Kidney dysfunction in the 
setting of liver failure is due mostly to conditions that lead to reduced kidney 
blood flow (pre-renal causes) or from problems within the kidney (intrinsic 
renal causes). 

 The pathophysiologic hallmark of cirrhosis complicated by renal dysfunction is 
portal hypertension. The development of  portal hypertension   is associated with 
splanchnic vasodilatation and reduction in effective blood volume, a hyperdynamic 
systemic circulation which is characterized by increased heart rate and cardiac output 
and also intense renal vasoconstriction due the activation of neurohumoral vasocon-
strictor systems like the sympathetic nervous system (SNS), renin-angiotension-aldo-
sterone-system (RAAS), and vasopressin, which is aimed at counteracting the 
hemodynamic effects of splanchnic vasodilatation. The foregoing establishes a tenuous 
background renal blood fl ow and makes the kidneys overly sensitive to further hemo-
dynamic compromise occurring either spontaneously from progression of the underly-
ing portal hypertension or as precipitated by sepsis or hypovolemia among others. 
These patients also have increased sensitivity to both endogenous and exogenous neph-
rotoxins, including intravenous contrast and nonsteroidal anti-infl ammatory drugs. 

 The hepatorenal syndrome is one of the many potential causes of renal dysfunc-
tion in patients with chronic liver disease. It is relatively less common but is a 
potentially life-threatening complication. Identifying the specifi c cause of acute 
renal dysfunction is diffi cult in the clinical setting as the initial clinical fi ndings and 
test results are usually nonspecifi c. The patients may also have intrinsic renal dis-
eases that are commonly associated with chronic renal dysfunction, including dia-
betic nephropathy, IgA nephropathy, and glomerulonephritis from hepatitis B or 
hepatitis C infection.  
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    Introduction: Hepatorenal Syndrome 

 The occurrence of kidney failure in the setting of advanced liver failure has been 
known for over 150 years [ 1 ]. The modern description of the hepatorenal syndrome 
which laid down the foundation for our present understanding of its pathophysiol-
ogy is attributed to Sherlock and Hecker [ 2 ]. Over the years, most of their original 
fi ndings have been confi rmed, including the underlying hemodynamic disturbances. 
Considerable effort has also gone into clearly defi ning the hepatorenal syndrome in 
order to distinguish patients with the hepatorenal syndrome from other patients who 
have renal dysfunction from causes other than the hepatorenal syndrome. This is 
important as the treatment and clinical course is very different. To this end the diag-
nostic criteria for the hepatorenal syndrome has undergone some modifi cations over 
this period [ 3 ]. Current medical treatment of the hepatorenal syndrome is based on 
an attempt to correct the systemic and splanchnic vasodilatation and to improve the 
circulating blood volume. However, despite the advances made over the last 2–3 
decades, only about 40 % of patients respond to the available treatments which gen-
erally speaking are only seen as bridge therapy pending liver transplantation [ 4 ,  5 ].  

     Defi nition   

 The hepatorenal syndrome (HRS) is a severe and potentially life-threatening com-
plication of advanced cirrhosis, alcoholic hepatitis, and fulminant acute liver fail-
ure. It is one of the many possible causes of renal dysfunction in subjects with 
chronic liver disease and occurs in approximately 11 % of cirrhotics with refractory 
ascites. HRS is characterized by signifi cant reduction in renal blood fl ow due to an 
intense renal vasoconstriction on the background of marked systemic and splanch-
nic vasodilation. HRS is associated with very poor prognosis. Two subtypes (types 
1 and 2) of HRS are described based on the clinical presentation and overall clinical 
course. There are no specifi c diagnostic tests and treatment options are limited. 
Although HRS presents clinically with a pre-renal hemodynamic picture, it is unre-
sponsive to volume expansion. The diagnosis needs to be made as early as possible 
in order to initiate treatment.  

    Pathophysiology 

 The HRS represents the culmination of signifi cant hemodynamic derangement that 
is initiated by portal hypertension. It is characterized by intense intrarenal vasocon-
striction in association with overt  splanchnic vasodilatation   and a relatively insuf-
fi cient cardiac output [ 6 – 10 ]. Increased pressure in the portal system due to 
worsening cirrhosis causes increased shear stress in the splanchnic vasculature. 
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This, in addition to bacterial translocation from the bowel and the associated infl am-
matory response lead to the elaboration of endogenous vasodilators including nitric 
oxide, prostacyclins, glucagon, and carbon monoxide that contribute to splanchnic 
vasodilatation, pooling of blood, and reduced effective circulating blood volume 
[ 9 – 14 ]. The body compensates for the effective  hypovolemia   by the establishment 
of a hyperdynamic circulation, including increased heart rate and cardiac output. As 
portal hypertension progresses, the splanchnic vasodilatation and associated reduc-
tion in systemic vascular resistance worsen, and with time, the heart is unable to 
generate adequate output to maintain the arterial pressure. The cause of this so- 
called  cirrhotic cardiomyopathy   is unclear [ 13 – 18 ]. Relative adrenal insuffi ciency 
is common in patients with cirrhosis and worsens as the cirrhosis progresses. This 
subclinical adrenal insuffi ciency state could affect cardiac function and may play a 
role in the development of the cardiomyopathy and the circulatory dysfunction [ 19 ]. 
Also, with advancing cirrhosis,    neurohumoral vasoconstrictor systems like the sym-
pathetic nervous system (SNS), renin-angiotension-aldosterone-system (RAAS), 
and vasopressin are activated. These vasoconstrictor mechanisms while helping to 
achieve and maintain an adequate circulating blood volume, are associated with 
detrimental vasoconstriction in various organs including the kidney, brain, and 
liver. In the kidney, the consequences include intense vasoconstriction, reduction in 
blood fl ow, reduced GFR, and salt and water retention that causes ascites and the 
oligoanuric state typical of the hepatorenal syndrome [ 19 – 24 ].  

    Epidemiology 

 The typical patient at risk of HRS is one with advanced, decompensated chronic 
liver disease. These patients usually  have   resistant ascites and other complications 
of cirrhosis, including spontaneous bacteria peritonitis (SBP), esophageal varices, 
and hepatic encephalopathy. HRS may also complicate fulminant liver failure and 
severe alcoholic hepatitis. The incidence of hepatorenal syndrome increases with 
advancing cirrhosis and is estimated to occur in approximately 20 % and 40 % of 
cirrhotics at 1 year and 5 years respectively. HRS occurs in 11 % of hospitalized 
patients  with   cirrhosis and ascites [ 6 ,  7 ]. Risk factors for development of HRS 
include orthostatic hypotension and hyponatremia. Common precipitating clinical 
events include SBP, gastrointestinal bleeding, and large-volume paracentesis.  

    Current Diagnostic Criteria and Clinical Subtypes 

 For some time now, the defi nition of HRS has been based on the International Club 
of Ascites (ICA) 2007 guidelines [ 3 ]. HRS is a diagnosis of exclusion with no spe-
cifi c diagnostic test. In patients with advanced liver cirrhosis or fulminant acute 
liver failure, the diagnosis of HRS may be made if the following criteria are met:
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•    Serum creatinine >1.5 mg/dl  
•   No improvement of serum creatinine (decrease to a level of ≤1.5 mg/dl) after at 

least 2 days with diuretic withdrawal and volume expansion with albumin  
•   No signs of shock  
•   No recent use of nephrotoxic drugs  
•   Absence of parenchymal kidney disease as indicated by proteinuria >500 mg/

day, microhematuria (>50 red blood cells per high power fi eld)    

 Very recently,  the   ICA published new guidelines for the defi nition of AKI in 
patients with cirrhosis and also the diagnosis of HRS [ 45 ]. In the new guidelines, 
the defi nition of AKI is based on the ICA-AKI criteria which is a modifi cation of 
the Kidney Disease Improving Global Outcomes (KDIGO) criteria. The major 
change in the diagnostic criteria of HRS noted in the 2015 guidelines compared to 
the 2007 criteria is that the threshold of serum creatinine ≥1.5 mg/dl has been 
abandoned. 

 The 2015 ICA defi nition of AKI and diagnostic criteria for HRS are as follows: 
 ICA-AKI criteria: Increase in serum creatinine ≥0.3 mg/dl (≥26.5 μmol/l) within 

48 h; or a ≥50 % increase in serum creatinine from baseline which is known, or 
presumed to have occurred within the prior 7 days. 

 The new HRS diagnostic criteria are:

•    Diagnosis of cirrhosis and ascites  
•   Diagnosis of AKI according to ICA-AKI criteria  
•   No response after 2 consecutive days of diuretic withdrawal and plasma volume 

expansion with albumin 1 g/kg body weight  
•   Absence of shock  
•   No current or recent use of nephrotoxic drugs (NSAIDs, aminoglycosides, iodin-

ated contrast media etc.)  
•   No macroscopic signs  of   structural kidney injury*, defi ned as:

 –    absence of proteinuria (>500 mg/day)  
 –   absence of microhaematuria (>50 RBCs per high power fi eld)  
 –   normal fi ndings on renal ultrasonography       

 *Patients who fulfi ll these criteria may still have structural damage such as tubu-
lar damage. Urine biomarkers will become an important element in making a more 
accurate differential diagnosis between HRS and acute tubular necrosis. 

  Renal biopsy   is not required to make the diagnosis and is usually avoided because 
of the signifi cant risk of bleeding in this group of patients. HRS has long been des-
ignated as a “functional” condition because no major histological abnormalities 
were evident on biopsy. Also the return of renal function after liver transplantation 
and the ability of the affected kidney to function in a recipient without liver failure 
are consistent with this [ 25 ,  26 ]. Of note, most of the information used to identify 
HRS as a functional condition was based on data from several decades ago; at a time 
when HRS was not particularly well-defi ned as is true currently. It may therefore 
not be entirely true that  HRS   uniformly has normal histological fi ndings as the biop-
sies might have been done in patients with renal dysfunction but who did not have 
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HRS as per current diagnostic criteria. Also, per current knowledge, the rate of 
recovery of renal function following liver transplantation is rather variable in 
patients with a presumed diagnosis of HRS [ 27 ,  28 ]. Possible explanations for this 
are (1) inability to routinely identify when HRS progresses to ATN. (2) HRS is not 
as “functional” as we think [ 28 ,  29 ]. In a review of autopsy series, Kanel et al. noted 
refl ux of proximal convoluted tubular epithelium into Bowman’s space in 71.4 % of 
cases with the hepatorenal syndrome, while this lesion was only present in 0–27.3 % 
of other autopsy categories [ 30 ]. They suggested that since this lesion had been 
previously described with experimental renal ischemic change and terminal hypo-
tension, it is possible that it is caused in part by the decreased or altered renal blood 
fl ow known to be associated with the hepatorenal syndrome. 

 Clinically, two distinct  subtypes   of HRS are encountered based on the rate of 
decline in renal function and the overall prognosis. Type 1 HRS is associated with 
rapidly progressing renal failure with a natural course that lead to death at a median 
of 2 weeks. It usually develops in the presence of a precipitating event such as SBP, 
gastrointestinal bleeding, and large-volume paracentesis and is defi ned as at least a 
twofold increase in serum creatinine to a level greater than 2.5 mg/dl (221 μmol/l) 
in less than 2 weeks. In many subjects, the occurrence of the HRS is associated with 
deterioration of function in other organs, including the liver, heart, and brain. 

 Type 2 HRS is a more chronic form of HRS and is associated with a slower pro-
gression of renal failure and without treatment, the median survival is about 
6 months [ 31 ,  32 ]. It is common in patients with refractory ascites.  

    Clinical Presentation 

 At presentation, there are no  obvious   clinical features that may differentiate patients 
with HRS from those with other causes of acute kidney dysfunction. Diligent 
assessment of the patient together with tests to exclude other causes of kidney dys-
function will help to make the diagnosis using the criteria noted above. Urine output 
decreases over time and most patients with type 1 HRS become oligo-anuric within 
a relatively short time.    Patients with type 2 HRS may not have any signifi cant 
decrease in urine output at the time of the initial presentation with the main fi nding 
being the elevation is serum creatinine. The urine sodium is usually very low, con-
sistent with pre-renal hemodynamic state. The urine sediment is bland.  

     Treatment   

 HRS was previously a terminal condition but improvements in our understanding of 
the pathophysiology over the last 2–3 decades has led to improvement in manage-
ment which has helped to change the prognosis of this condition. Despite the 
advances made, however, only about 40–50 % of patients with HRS respond to 
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treatment, and at best, current pharmacologic agents have only modest effects on 
survival, and for most patients their use is only aimed as a bridge to liver transplan-
tation [ 33 ,  34 ]. Unfortunately most of these patients will die before a suitable liver 
becomes available. Therefore, novel treatment options are needed to improve the 
long-term survival of these patients. 

 Following the diagnosis of HRS (see above for diagnostic criteria), initial 
medical management should focus on identifying and managing any precipitat-
ing factors. Fluid management is essential and strict charting of fl uid input and 
output is required. In patients with hyponatremia free water restriction will be 
necessary. Development of tense ascites can contribute to poor renal perfusion 
(consistent with abdominal compartment syndrome) and needs to be treated 
appropriately. Concomitant infusion of intravenous albumin will help to reduce 
the degree of intravascular hypovolemia in those who undergo large-volume 
paracentesis (>4 l of ascitic fl uid) or who undergo anything more than a diag-
nostic paracentesis in the setting of already established renal insuffi ciency. 
Underlying infections should be treated aggressively. Spontaneous bacterial 
peritonitis is a common precipitant of type 1 HRS and should be actively looked 
for and treated including administration of intravenous albumin (1.5 mg/kg 
within 6 h of diagnosis and 1 mg/kg on day 3) in addition to appropriate antibi-
otics. In patients with type 1 HRS, the urine output may decline rapidly and the 
need for RRT will permeate the discussions. Initiation of aggressive medical 
treatment in this situation should be made after discussions at the multidisci-
plinary level. Median survival in such patients is very limited and apart from 
specifi c clinical situations where there is a very high possibility of liver recov-
ery in the short-term as in acute fulminant liver failure or acute alcoholic hepa-
titis, initiation of a treatment like RRT may be futile, unless the patient is a 
candidate for liver transplantation.    Currently available medical and other treat-
ment options are discussed below.  

     Medical Therapy   

 Based on its underlying pathophysiology, both renal vasodilators and systemic 
vasoconstrictors have been tried in patients with HRS. The renal vasodilators 
(including dopamine, endothelin-A receptor antagonists, and prostaglandin ana-
logues) had minimal benefi ts together with signifi cant adverse effects and have 
been abandoned. The mainstay of pharmacologic treatment for HRS is therefore 
based on systemic vasoconstrictors. These agents are used with the aim of revers-
ing splanchnic vasodilatation to improve the circulating blood volume and the 
target is to raise the mean arterial pressure by approximately 10–15 mmHg. All 
the vasoconstrictors are given in combination with intravenous albumin. Of the 
available systemic vasoconstrictors, the vasopressin analogue, terlipressin is the 
most widely used worldwide. In situations where terlipressin cannot be used or in 
countries like the United States where terlipressin is not available, other options 
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include vasopressin, norepinerphrine, octreotide, and midorine. Norepinerphrine 
is specifi cally a good option to consider in patients admitted to the intensive care 
unit. Octreotide is a nonspecifi c inhibitor of endogenous vasodilators. It is usually 
given subcutaneously in combination with the alpha-adrenergic agonist, mido-
drine. Most of the data related to the use of these agents have come from single 
center studies with very few patients and there were no control groups in most of 
the studies. A recent head-to- head randomized trial found that terlipressin plus 
albumin was signifi cantly more effective than octreotide and midodrine plus albu-
min in improving renal function in patients with HRS [ 35 – 37 ]. A meta-analysis 
involving a total of 154 patients with type 1 HRS did not fi nd any statistically 
signifi cant difference between terlipressin and norepinerphrine in terms of resolu-
tion of HRS and 30-day mortality [ 36 ]. 

 The optimal duration of medical therapy is unknown but in most instances, treat-
ment is continued for 2–4 weeks, depending on the clinical response. Patients who 
do not have any response after 2 weeks of therapy are unlikely to benefi t from this 
treatment and the therapy should be discontinued. Of those who respond to treat-
ment, approximately half of them will relapse and most of these patients will 
respond to a repeat course of treatment. In patients who relapse and for those with 
 rather   low baseline mean arterial blood pressure, consideration should be given to 
ongoing treatment with midodrine.  

    Transjugular Intrahepatic Portosystemic Shunt (TIPS) 

  TIPS      is a potential treatment for refractory ascites. Insertion of TIPS has been 
associated with reduction of portal pressure and improvement in hemodynamic 
and neurohumoral parameters in cirrhotic patients. TIPS has also been shown to 
improve urine output, sodium excretion, and GFR in patients with HRS. Although 
the data remains limited, there is evidence that TIPS may improve short-term 
outcomes in patients with the HRS. Indeed in some cases long-term improve-
ment in survival has been noted. In one report, placement of TIPS after initial 
response to medical treatment with octreotide and midodrine in combination 
with albumin in patients with type 1 HRS resulted in improved long-term sur-
vival and sustained improvement in renal function compared with patients who 
did not undergo TIPS [ 38 ]. Despite the reassuring results, TIPS has many com-
plications, including encephalopathy, heart failure, and worsening of renal func-
tion from contrast exposure and many of these patients have contraindications to 
this procedure. Selected patients who have failed pharmacologic treatment and 
who are deemed not candidates for liver transplantation may be considered for 
TIPS if there are no major contraindications including absence of overt hepatic 
encephalopathy and any evidence of right-sided heart failure or pulmonary 
hypertension on echocardiography.  
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    Renal Replacement Therapy (RRT) 

     RRT   does not change the clinical course of HRS and may be associated with signifi -
cant morbidity and increased hospital length of stay. In patients with type 1 HRS, it 
should only be offered as a bridge therapy in those awaiting liver transplantation 
and in selected patients where the liver failure is expected to resolve as in those with 
acute alcoholic hepatitis. Patient survival on RRT is dependent on the severity of 
the liver failure. The choice of RRT modality in patients with type 1 HRS is contro-
versial but continuous renal replacement therapy (CRRT) tends to be tolerated bet-
ter than hemodialysis on account of the underlying hemodynamic instability. 
Patients with type 2 HRS who progress to ESRD generally tolerate hemodialysis. 
When no contraindications are present, such patients  should   be listed for combined 
 liver   and kidney transplantation.  

    Molecular Adsorbent Recirculation System (MARS) 

     MARS   is a specialized dialysis technique which enables the removal of water- 
soluble and albumin-bound substances of molecular weight <50 kDa. It is hoped 
that removal of such vasodilators would help to reverse the hemodynamic situation 
in HRS. So far, in patients with type 1 HRS, MARS has failed to show any signifi -
cant benefi t in randomized controlled trials.  

     Liver Transplantation   

 Despite the improved short-term outcomes associated with the use of current avail-
able medical treatment, to date, liver transplantation remains the best treatment 
option for suitable patients with HRS as it affords the chance for cure of the liver 
failure and also leads to resolution of the HRS if performed in a timely manner. 
Unfortunately this superior treatment modality is limited by availability of organs 
and in practice, most patients with type 1 HRS will die before a suitable organ 
becomes available. Liver transplantation seem to offer a clear survival benefi t to 
patients with type 1 HRS regardless of which medical therapy they had received and 
this is also independent of whether HRS had been reversed or not prior to the liver 
transplantation [ 39 ,  40 ]. The rate of recovery of renal function after liver transplanta-
tion is variable and is likely dependent on the time that had elapsed prior to liver 
transplantation [ 41 ]. The variability in the reports may also be due to the underlying 
diffi culties in making a defi nitive diagnosis of HRS. In established cases of HRS 
complicated by anuria, it is not routinely possible to identify those who subsequently 
develop superimposed to acute tubular necrosis (ATN). Clearly the outcome in such 
patients will be different from those without ATN. The relatively prolonged clinical 
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course in patients with type 2 HRS means they are more likely to survive to liver 
transplantation. Patients with HRS and who are dialysis-dependent for a prolonged 
period (>8 weeks) should be considered for combined liver and kidney transplanta-
tion as their chance of developing end-stage kidney disease in the future is higher. 
New guidelines for combined liver and kidney transplantation in such patients are 
being considered by the united network for organ sharing (UNOS). Since the intro-
duction of the Model of end-stage liver disease (MELD) scores (which incorporates 
serum creatinine)    into the liver allocation system in the United States in 2002 with 
the aim of giving priority to the sickest patients, more patients with renal dysfunc-
tion, including those with HRS have been transplanted. Similarly, the number of 
combined liver and kidney transplantations has increased.  

     Prevention   

 Once it is established, the hepatorenal syndrome is generally associated with poor 
outcomes and thus it behooves providers place emphasis on its prevention in the fi rst 
place. To achieve this, it is important to identify the presence of known precipitating 
factors (e.g. SBP, gastrointestinal bleeding, large-volume paracentesis, and alcoholic 
hepatitis) and manage them appropriately. Indeed, a precipitating event can be identi-
fi ed in most cases of type 1 HRS. SBP is common in cirrhotic patients and is a com-
mon precipitant of type 1 HRS. Approximately a third of patients with who have 
SBP will go on to develop HRS. A high level of suspicion is always necessary to 
make the diagnosis as a number of patients will present nonspecifi cally and without 
overt abdominal pain. Empiric antibiotics should be initiated as soon as possible until 
the sensitivity test result is available. Concomitant administration of intravenous 
albumin with the antibiotic (1.5 g/kg) within 6 h of diagnosis of infection and another 
dose of albumin (1 g/kg) on day 3 of antibiotic treatment has been shown to reduce 
the incidence of both renal dysfunction and mortality in such patients [ 42 ]. Also 
primary prophylaxis with norfl oxacin (400 mg daily) reduced the incidence of SBP, 
delayed the development of HRS, and improved survival in selected patients with 
advanced cirrhosis and low ascitic fl uid protein levels [ 43 ]. Although signifi cant gas-
trointestinal bleeding tends to cause acute tubular necrosis in patients with advanced 
cirrhosis, it may also precipitate HRS especially in the setting of superimposed bac-
terial infection. Large-volume paracentesis (>5 l) is commonly complicated by HRS 
in predisposed patients due to its effect on the existing tenuous hemodynamic state. 
Administration of intravenous albumin (e.g. 8 g/l of ascitic fl uid removed) at the time 
of the procedure can reduce this risk. Severe alcoholic hepatitis (SAH) is a life-
threatening condition and may be complicated by hepatorenal syndrome. Treatment 
with a corticosteroid has short-term survival benefi t and is the recommended treat-
ment for SAH. Pentoxifylline is an alternative treatment where corticosteroids are 
contraindicated. Despite a suggestion of benefi t, a recent, relatively large study failed 
to detect a signifi cant difference in incidence of hepatorenal syndrome in patients 
 with   severe alcoholic hepatitis who were treated with pentoxifylline [ 44 ].  
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    Conclusion 

 The hepatorenal syndrome is a severe complication that occurs in patients with 
advanced cirrhosis, severe alcoholic hepatitis, and fulminant liver failure. It is one 
of many possible causes of renal dysfunction in patients with cirrhosis. 

    Improvements in our  understanding   of the underlying pathophysiology over the 
last 2–3 decades has led to development of current treatment that has changed the 
natural history of HRS from what was a uniformly terminal condition to one that is 
potentially reversible.    Despite the advances made, however, at best, the current 
treatment options have only modest effects on survival, and for most patients, their 
use is only aimed as a bridge to liver transplantation. Further research is required in 
order to develop novel treatment for this condition. For example, a better under-
standing of the causes of  cirrhotic cardiomyopathy      with the view to preventing or 
treating it may help to reduce the incidence of HRS. The role of subclinical adrenal 
insuffi ciency in enhancing the hemodynamic derangement is not entirely clear and 
will need to receive attention. The reasons for the varied renal outcome after liver 
transplantation will also need further studies.     
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Chapter 33
Hepatopulmonary Syndrome

Rahul Sudhir Nanchal and Tessa Damm

 Patient-Level Questions

 1. What is hepatopulmonary syndrome and what causes it?
Hepatopulmonary syndrome is a condition that may be present in patients with 
liver disease. It is characterized by low levels of oxygen in the body. We think 
that the diseased liver is responsible for changes in the lungs that cause the low 
oxygen levels. Oxygen enters the body through transfer from the airspaces in the 
lung to small blood vessels that are a part of the lung circulation. These small 
blood vessels in the pulmonary circulation are affected by this condition and 
become enlarged or dilated and are not able to efficiently participate in receiving 
oxygen from the lung airspaces leading to low oxygen levels in the body

 2. What are the consequences of hepatopulmonary syndrome?
The most important consequence of hepatopulmonary syndrome is the low level 
of oxygen in the body. This may lead to shortness of breath at rest or with exer-
cise. The shortness of breath may become worse on standing up from a supine or 
sitting position. Frequently patients may have to wear supplemental oxygen to 
raise the levels of oxygen in their body and alleviate their shortness of breath. 
The definitive cure for heptaopulmonary syndrome is liver transplantation; how-
ever, complete resolution may take several months after liver transplant.

 3. How do I know if I have hepatopulmonary syndrome?
The most commonly used method of diagnosing hepatopulmonary syndrome is 
contrast-enhanced echocardiography. In this test, tiny air bubbles are injected 
into a peripheral vein while visualizing the heart via echocardiography at the 
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same time. Normally the tiny injected bubbles pass through the right side of the 
heart and into pulmonary circulation where they are trapped by the small vessels 
of the lungs. This is because the bubbles are usually larger than the small lung 
vessels. However, in hepatopulmonary syndrome, the lung vessels are dilated 
and allow passage of the air bubbles into the left side of the heart. This is seen on 
echocardiography.

 Historical Perspectives

Observations linking chronic liver disease to pulmonary abnormalities first appeared 
in the medical literature in 1884 when Fluckiger reported cyanosis and finger club-
bing in patients with cirrhosis [1]. This was followed by confirmation of arterial 
hypoxemia and elegant autopsy studies describing widespread vasodilation of the 
pre-capillary pulmonary arterioles in 13 patients with cirrhosis [2]. Seminal obser-
vations from these histopathological studies included normal lung structures (alve-
oli and connective tissue) and increase in number of vessels along the alveolar wall 
caused by pre-capillary arteriolar vasodilation. Hepatopulmonary (HPS) syndrome 
was recognized as a clinical entity when the intellectual leap of intrapulmonary 
vasodilation causing arterial hypoxemia was made [3].

 Epidemiology and Natural History

There remains a lack of large prospective series defining the epidemiology of 
HPS. Retrospective series mostly from single centers report prevalence ranges 
between 5 and 32 % [4]. The wide variance in prevalence is likely secondary to vari-
ability in cutoffs used to define gas exchange abnormalities. Although most com-
monly associated with cirrhosis and portal hypertension, HPS has been described in 
hepatitis without cirrhosis and portal hypertension as well as in noncirrhotic portal 
hypertension without underlying chronic liver disease [5–8]. Further neither the 
presence nor the degree of hypoxemia in HPS correlate well with the severity of 
liver disease as adjudicated by the Child-Pugh’s or Model for End-Stage Liver 
Disease (MELD) classification [9]. However, the presence of HPS confers an 
increased risk of mortality when compared to similar patients who do not have HPS 
[9, 10]. Moreover, survival is markedly worse if the room air partial pressure of 
oxygen is less than 50 mmHg at the time of diagnosis. Reasons for demise in 
patients with HPS are usually related to complications of liver disease and are rarely 
secondary to arterial hypoxemia. Although, the exact biological pathways that lead 
to the development of HPS need to be elucidated, a recent study found that poly-
morphisms in candidate genes involved in the regulation of angiogenesis was asso-
ciated with a higher risk of HPS [11].
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 Pathophysiology

The main pathological features of HPS are gross dilatation of the pulmonary pre- 
capillary and capillary vessels as well as an increase in the absolute number of 
dilated vessels [2]. Additionally, some pleural and pulmonary arteriovenous com-
munications (true shunts) may also be observed. Reduced tone of the pulmonary 
vasculature and inhibition of hypoxic pulmonary vasoconstriction are some other 
findings that characterize HPS [12]. The arterial hypoxemia seen in HPS is second-
ary to intrapulmonary vascular dilatations (IPVD) resulting in ventilation-perfusion 
inequality [13, 14]. Blood flow or lung perfusion is increased while ventilation 
remains preserved. The ventilation perfusion mismatch may be exacerbated by true 
shunting of deoxygenated blood through pulmonary arteriovenous communications 
[13, 14]. The severity of arterial hypoxemia is related to the extent of the intrapul-
monary mechanisms in play.

 Animal Models

A rat common bile duct ligation (CBDL) model has features akin to human HPS 
[15]. In this model, proliferating cholangiocytes secrete endothelin-1 (ET-1), which 
binds to upregulated endothelin B receptors [16]. This enhances nitric oxide (NO) 
production through endothelial nitric oxide synthetase (NOS) [17]. Further an 
increase in pulmonary monocytes is observed which enhance nitric oxide and car-
bon monoxide production through inducible NOS and heme-oxygenase-1 respec-
tively [18]. Moreover, an increase in blood levels of vascular endothelial growth 
factor is observed (VEGF) [19]. These mechanisms in concert are responsible for 
the development of IPVD and de novo pulmonary angiogenesis resulting in hypox-
emia [20]. The anti-angiogenesis factor sorafenib has shown to be associated with 
improvements in oxygenation in CBDL rats with HPS [21].

 Human Disease

Besides autopsy studies demonstrating the presence of vascular dilatations and 
shunts, the understanding of molecular mechanisms leading to HPS in humans is 
limited. Several lines of indirect evidence implicate NO and angiogenesis as likely 
contributors. Exhaled nitric oxide levels in patients with HPS are higher compared 
to those without HPS and these levels normalize after liver transplantation [22, 23]. 
Polymorphisms in genes associated with angiogenesis have now been linked to the 
presence of HPS [11]. Often, hypoxemia post liver transplantation takes several 
months to resolve suggesting that there is perhaps remodeling of the pulmonary 
vasculature, lending credence to the theory of angiogenesis. In one study, ET-1 
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levels in the hepatic vein were higher in patients with HPS and IPVD compared to 
patients without IPVD and blood ET-1 levels corresponded with the degree of bile 
duct proliferation in liver biopsy specimens [24]. It is, however, important to under-
stand that a causal relationship between the aforementioned mechanisms and 
hypoxemia in HPS has yet to be established.

 Diagnostic Criteria

Formal accepted diagnostic criteria for HPS comprise of three components—(1) 
documentation of impaired oxygenation, (2) presence of intrapulmonary vasodila-
tion (IPVD), and (3) evidence of cirrhosis or portal hypertension [25].

Because patients with liver disease hyperventilate and this phenomenon may 
increase the arterial tension of oxygen, milder forms of HPS may be missed if 
hypoxemia is used as the sole criterion. It is therefore important to use the sensitive 
alveolar-arterial (A-a) oxygen gradient to document defects in oxygenation for 
milder forms. A cut-off value of 15 mmHg for younger patients and 20 mmHg for 
patients aged 64 or older while breathing ambient air (21 % oxygen) is agreed upon 
as being diagnostic of impaired oxygenation in the right clinical setting [25].

The severity of the oxygenation defect is associated with survival and is a guide 
to the timing and risks of liver transplantation. Therefore the technique of alveolar- 
arterial gradient for the diagnosis of impaired oxygenation in HPS is used to classify 
patients into the following 4 categories of severity [25]

 (a) Mild disease—PaO2 > 80 mmHg
 (b) Moderate disease—PaO2 >60 to <80 mmHg
 (c) Severe disease—PaO2 >50 to <60 mmHg
 (d) Very severe disease—PaO2 < 50 mmHg (or <300 mmHg while breathing 100 % 

oxygen)

 Demonstration of IPVD

There are two commonly used tests to demonstrate the presence of IPVD—contrast- 
enhanced echocardiography (CEE) [26] and nuclear medicine lung perfusion scan 
using technetium-labeled macro-aggregates of albumin [27].

CEE is the most sensitive test and is more commonly used. Agitated saline which 
creates microbubbles is infused into a peripheral vein causing opacification of the 
right atrium and ventricles. Normally as the microbubbles move through the pulmo-
nary circulation they are trapped by the pulmonary capillaries and should not appear 
on the left side of the heart. Appearance of microbubbles in the left atrium within 
3–6 cardiac cycles is indicative of passage through an abnormally dilated pulmo-
nary vascular bed. Earlier appearance of microbubbles on the left side (<3 cardiac 
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cycles) indicates a right to left intra-cardiac shunt. Almost 60 % of patients referred 
for liver transplantation have a positive CEE, but only half meet the diagnostic cri-
teria for HPS (IPVD with normal A-a gradient). The clinical significance of these 
subclinical IPVD is currently not known [4, 28].

Using the lung perfusion approach involves injecting macro-aggregates of albu-
min into the peripheral venous circulation. These macro-aggregates should not pass 
into systemic circulation as they are trapped by the pulmonary vasculature. 
Appearance in the systemic circulation as measured by scintigraphy is indicative of 
either IPVD or a right to left shunt at the cardiac or pulmonary level. A shunt frac-
tion (brain/total body macro-aggregates) of greater than 6 % denotes a positive 
result. This test is less sensitive than CEE and maybe useful in the determining the 
degree of contribution of IPVD to hypoxemia in patients with coexisting lung dis-
ease and other causes of hypoxemia.

Pulmonary angiography is another modality that may be used but is not generally 
recommended. It is reserved for patients whose hypoxemia is poorly responsive to 
100 % oxygen and may demonstrate true arteriovenous (AV) communications that 
may be amenable to coil embolization. The appearance of the pulmonary vascula-
ture in HPS with pulmonary angiography has two patterns—Type I HPS character-
ized by pre-capillary dilatations without AV communications and Type 2 HPS 
characterized by true localized pulmonary AV communications. Type 2 HPS is 
poorly responsive to oxygen therapy and consideration should be given to coil 
embolization in these cases [29, 30].

 Clinical Manifestations and Laboratory Testing

In addition to the general manifestations of chronic liver disease such as spider nevi, 
dyspnea is the most common complaint of patients with HPS, occurring in nearly 
70 % patients [31]. However, this complaint is nonspecific and may result from a 
variety of coexisting conditions. These conditions may be complications of chronic 
liver disease and portal hypertension such as ascites and hepatic hydrothorax or 
independent associated entities such as volume overload, muscle wasting, anemia, 
and intrinsic lung disease. HPS may be concurrent with these pleural and pulmo-
nary complications of advanced liver disease and therefore clinical judgment may 
be necessary in several cases in the attribution of the degree of hypoxemia to HPS 
versus one of the concomitant conditions.

Physical examination findings are nonspecific as well and include the presence 
of digital clubbing, cyanosis, and spider nevi. Two phenomena associated with HPS 
are orthodeoxia (hypoxemia that worsens in the upright position) and platypnea 
(increased shortness of breath in the seated versus supine position). These occur 
because change in position from supine to upright result in redistribution of pulmo-
nary blood flow to lung bases, preferentially perfusing dilated vasculature and wors-
ening ventilation perfusion defects [32]. Although classically described in HPS, 
both platypnea and orthodeoxia are not sensitive indicators of disease [28].
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The single most consistent laboratory abnormality is a decrease in the diffusing 
capacity for carbon monoxide [28]. However, this is not specific and unlike other 
gas exchange indexes may not normalize after liver transplantation [33, 34]. The 
chest radiograph may demonstrate an interstitial reticular pattern in the lower lung 
zones reflecting the presence of IPVD. Often chest imaging and pulmonary function 
tests may be representative of other conditions that coexist with HPS and contribute 
to hypoxemia. In these cases demonstration of IVPD via CEE and judgment is 
essential to attribute clinical manifestations to HPS [35].

 Treatment

 Pharmacological Therapies

Patients with significant degrees of hypoxemia at rest or with exercise are universally 
treated with supplemental oxygen therapy. However, oxygen therapy has never been 
demonstrated to reliably improve dyspnea or improve quality of life in patients with 
HPS. Although a variety of pharmacological agents targeting putative biological path-
ways have been tested in uncontrolled studies, effects have been variable and none have 
shown to dependably improve oxygenation. These interventions include pentoxifylline 
[36], mycophenolate mofetil [37], somatostatin [29], methylene blue [38], almitrine [39], 
cyclo-oxygenase inhibitors [40], antibiotics [41], propranolol [42] and garlic [43, 44].

 Transjugular Intrahepatic Portosystemic Shunt (TIPS)

Since HPS can occur in noncirrhotic portal hypertension, portal decompression has 
been evaluated as a therapy to reduce portal pressures and alleviate hypoxemia in 
patients with HPS. However, like pharmacological interventions, studies are limited 
to case reports and have had variable results [45, 46]. A recent meta-analysis con-
cluded that although TIPS may have promise as a treatment strategy, future prospec-
tive studies were warranted [47]. Coupled with the fact that TIPS could potentially 
increase venous return and exacerbate the hyperdynamic circulatory state thereby 
exacerbating the severity of HPS, it is not currently recommended as a treatment 
alternative for HPS. It may, however, still be used for other indications such as 
refractory ascites and variceal bleeding in patients with concomitant HPS.

 Liver Transplantation (LT)

Liver transplantation remains the only viable option that improves both oxygenation 
and survival in HPS [48]. In the past severe hypoxemia (room air PaO2 < 50 mmHg) 
was considered a contraindication to LT. However, several reports have documented 
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complete resolution of hypoxemia after LT [49]. Moreover poor 5 year survival of 
nontransplanted patients with HPS compared to those receiving LT [9], combined 
with the absence of correlation between the severity of HPS and degree of hepatic 
dysfunction resulted in HPS becoming a standard indication for LT. Since the sever-
ity of liver disease does not correlate well with the degree of hypoxemia and HPS 
detrimentally affects overall survival, patients with HPS and significant hypoxemia 
(room air PaO2 < 60 mmHg) are eligible for MELD exception points [50], which 
gives them priority on the liver transplantation list. Currently, a standard MELD 
score increase amounting to a 10 % wait list mortality equivalent is granted every 
3 months if the repeat PaO2 remains less than 60. To be eligible for the MELD 
exception, patients need to be free of underlying primary lung disease that may 
account for the hypoxemia [51]. Controversy currently exists around whether the 
severity of pre-transplant hypoxemia is predictive of post-transplant mortality [9, 
51]. Most studies reporting outcomes post-transplant are single center, have small 
numbers of patients and have significant heterogeneity in definitions of HPS, thus 
comparisons are difficult [52–54]. A recent large retrospective study reported that 
the severity of pre-transplant hypoxemia did not predict post-transplant mortality 
and that the MELD exception policy may have resulted in improved outcomes [55]. 
Investigators have also demonstrated that patients with HPS eligible for LT have 
minimal wait list mortality, resolve their hypoxemia post-transplant, and do well 
long term [48]. Although the degree of hypoxemia does not appear to affect post LT 
mortality, there is expert agreement that the severity of pre-transplant hypoxemia is 
directly related to the time it takes for the hypoxemia to resolve post-transplant.

It is important to note that resolution of hypoxemia post LT is slow, often taking 
up to 12 months [51, 52], or longer in some case reports [53]. During the immediate 
postoperative period, hypoxemia can be severe requiring high concentrations of 
inspired oxygen. Paradoxically, there are now several case reports of inhaled pulmo-
nary vasodilators especially inhaled nitric oxide leading to hypoxemia reversal and 
reduction in the amount of supplemental oxygen required [56, 57]. Post LT, patients 
with HPS may require extubation at higher than traditional oxygen concentrations 
and use of high flow oxygen delivery systems as a bridge to hypoxemia resolution. 
Use of trans-tracheal oxygen therapy has been recently reported as an efficient way 
of providing oxygen post LT [58].

 Future Directions

Currently MELD exception is available only to patients with diagnosed HPS and no 
concurrent additional pulmonary disease. This may exclude many patients with 
HPS and mild lung disease such as COPD who have the potential to do well long 
term after LT. A more precise measurement of the contribution of HPS to hypox-
emia could be accomplished through macro-aggregate albumin nuclear perfusion 
scanning; thus reconsideration of how MELD exception is granted in HPS is war-
ranted. Finally better insights into the biological pathways that underpin HPS are 
needed so that intelligent therapies may be developed.
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    Chapter 34   
 Endoscopy and the Liver Patient                     

     Abdul     H.     Khan     

          Patient Questions 

     1.    Is endoscopic therapy for varices painful and can I eat afterwards? 
 Patient-Level Answer: Generally banding of varices is painless and patients 

do not feel the bands at all. The bands are also not large enough to cause block-
age of food passing through. In a small percentage of patients, a small ulcer can 
be left behind when the band falls off and this may be painful or bleed. An acid 
suppressing medication can help heal an ulcer if present. There is no specifi c diet 
restriction after banding but a reasonable approach is to allow clear liquids on 
the day of banding and then soft foods for a day or two afterwards before resum-
ing a general diet.   

   2.    Can varices get big enough to block my food pipe? 
 Patient-Level Answer: No, varices do not cause blockage of the esophagus 

even when becoming large. Varices are large veins but they are soft and easily 
compressible so the pressure associated with food passage is large enough to 
overcome the varices and allow food to pass. Varices do not cause any symp-
toms unless they rupture.   

   3.    My doctor says I have varices. What can I do to prevent variceal bleeding? 
 Patient-Level Answer: To prevent varices from bleeding, you can treat the 

underlying liver disease to whatever extent possible. If you have varices that are 
at high risk of bleeding based on their endoscopic appearance or the severity of 
your liver disease, you may benefi t from starting a class of medications called 
nonselective beta-blockers that reduce the pressure in the varices. Alternatively, 
your doctor may recommend you undergo serial endoscopy for placement of 
rubber bands on the varices until they shrink and disappear. The best choice for 
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you depends on a number of factors that your doctor will discuss with you such 
as the presence of ascites (fl uid in the belly), your tolerance of beta-blockers, 
your other medical conditions, and your risk of undergoing endoscopy.      

    Introduction 

  Portal hypertension   is abnormally elevated pressure in the portal venous system 
as a result of several conditions but most often due to cirrhosis in the United 
States. In the case of cirrhosis, there is increased resistance to blood fl ow 
through the hepatic sinusoids due to fi brosis causing a pressure gradient from 
the infl owing portal vein to the outfl owing hepatic vein. This gradient is consid-
ered abnormal above 5 mmHg and generally becomes clinically signifi cant por-
tal hypertension at 10 mmHg [ 1 ]. Due to this increased resistance to blood fl ow 
through the liver, blood is shunted through collateral routes back to the heart, 
which can result in a number of endoscopic fi ndings: esophageal varices, gastric 
varices, portal hypertensive gastropathy, and less common fi ndings of ectopic 
varices, portal hypertensive colopathy, and hemorrhoids. The clinical relevance 
of all these fi ndings is that they can result in  GI hemorrhage   of variable severity, 
which in some instances can be life- threatening. GAVE (gastric antral vascular 
 ectasia  ), commonly known as “watermelon stomach,” is also seen in cirrhotic 
patients, but is not due to portal hypertension and thus does not improve with 
reduction of portal pressure. 

 Esophageal varices are the most important consequence of  portal hypertension   
in the GI tract as they are responsible for the most morbidity and mortality. The 
prevalence of gastric varices is less clear but signifi cantly less than esophageal 
varices. Portal hypertensive gastropathy, while quite common in cirrhosis, is 
much less life- threatening. Portal hypertensive colopathy, and varices in other 
parts of the GI tract are uncommon. Clinicians have sought to determine the natu-
ral history, severity, and effi cacy of endoscopic and non-endoscopic intervention 
on these gastrointestinal sequelae of portal hypertension to reduce morbidity and 
mortality of cirrhotic patients.  

    Esophageal Varices 

 Esophageal varices are veins in the  submucosa   of the esophageal wall that 
become enlarged due to increased collateral return of blood to the heart as a 
result of portal hypertension. Varices can suddenly rupture resulting in bleeding 
that is most often overt, manifested by hematemesis and/or melena, along with 
anemia. In some cases, the bleeding may be so severe that it results in loss of 
consciousness, hemodynamic shock, and death. It so happens that variceal 
bleeding is common enough among cirrhotics to result in signifi cant mortality 
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making it a natural target for intervention. Ideally, clinicians would be able to 
identify those  cirrhotics   that have varices, stratify those patients according to 
their risk of bleeding, and treat cirrhotics where appropriate, to reduce the risk 
of developing varices, progression of varices, and both  bleeding and re-bleeding   
from varices. However, clinicians cannot rely on patients to inform them of 
symptoms that would suggest the presence of varices since varices are com-
pletely asymptomatic until they bleed. Furthermore, when bleeding does occur 
from varices, it tends to occur without warning and be quite signifi cant, even 
life-threatening. Therefore, management of varices involves screening tests to 
detect varices and monitor their change over time, and to apply interventions 
where appropriate, to reduce the risk of variceal hemorrhage. 

    Epidemiology 

 The problem of variceal bleeding among cirrhotics is not rare. Approximately 40 % 
of asymptomatic cirrhotics have varices and the prevalence is even higher in those 
with ascites [ 2 ]. Among  cirrhotics   with varices, 25–40 % will bleed at some point 
[ 3 ]. It has been shown that varices can change over time. Those cirrhotics who do 
not already have varices, develop varices at a rate of 5–8 % per year and those with 
small varices may progress to large varices at a rate of 10–15 % per year [ 2 ]. A 
prospective study evaluating the natural history of esophageal varices in 206 
patients with cirrhosis found that over the course of 3 years, almost a third of 
patients without varices developed varices, and almost a third of patients with small 
varices progressed to large varices [ 4 ]. 

 The mortality rate from bleeding esophageal varices in cirrhotics was histori-
cally 30–60 % but has signifi cantly dropped in the past three decades to a 6 week 
mortality after the fi rst variceal bleeding episode of roughly 15–20 % [ 5 ,  6 ]. A 
retrospective French study of all cirrhotics admitted to a single hospital ICU with 
variceal bleeding comparing the years 1985 and 2000, found a signifi cant in-
hospital mortality reduction from 42.6 % in 1985 to 14.5 % in 2000 ( p  < 0.05), 
reduced re- bleeding rate from 47 to 13 %, and reduced bacterial infection rate 
from 38 to 14 % [ 7 ]. Even in the past decade, a signifi cant improvement in out-
come has been demonstrated. A retrospective cohort study comparing cirrhotics 
admitted with variceal bleeding admitted in 2000 ( N  = 57) vs. 2010 ( N  = 64) 
showed that the 2010 group had signifi cantly more use of octreotide,  antibiotics  , 
band ligation in place  of   sclerotherapy, and less blood transfusions. The re-
bleeding rate at 6 months improved from 31.4 % in 2000 to 18.0 % in 2010 
( p  = 0.01) and the 6 week mortality also improved signifi cantly from 24.6 to 
10.9 % ( p  = 0.05) [ 8 ]. These improvements can be attributed to improvements in 
endoscopic therapy specifi cally band ligation, pharmacological therapy,    and sup-
portive care, as will be discussed.  
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    Diagnosis 

 The ideal screening test for esophageal varices in cirrhotics would be painless, inex-
pensive, and accurate. Currently, the most reliable test is upper endoscopy where a 
camera is used to directly view the esophagus for varices which appear as bulging 
submucosal veins in the distal esophagus.  It   is a controlled dynamic test in that the 
esophagus is observed over a period of minutes to allow passage of esophageal 
contractions, suction of fl uid, and air insuffl ation of the lumen to ensure relative 
certainty in detecting the presence or absence of varices and thus is considered the 
gold standard. It does require sedation and passage of an endoscope which carries 
some cardiopulmonary risk and low risks of bleeding, infection, and gastrointestinal 
perforation. Other less-invasive tests have been studied as a possible alternative to 
standard endoscopy since half of cirrhotics do not have varices and only some frac-
tion will need intervention. A French prospective multicenter study of 120 patients 
with portal hypertension of which 74 (61.6 %) had esophageal varices on endos-
copy, underwent capsule endoscopy to detect esophageal varices resulting in a sen-
sitivity of 77 % with a false positive rate of 14 % [ 9 ]. A prospective study for variceal 
screening comparing EGD as a gold standard to multidetector CT on 102 cirrhotics 
found that CT was 90 % sensitive in detecting large esophageal varices but with 
only 50 % specifi city [ 10 ]. An even less-invasive screening test that has been evalu-
ated is the ratio of platelet count to spleen length on the basis that it takes into 
account two modalities, a biochemical marker and ultrasound imaging, that are 
abnormal in portal hypertension so this should cause a low platelet count and large 
spleen length resulting in a much lower ratio than in a normal person. A retrospec-
tive study of 145 patients with compensated cirrhotics found that using a ratio <909 
was associated with a sensitivity of 100 % and a specifi city of 71 % for predicting 
esophageal varices so it was deemed to be especially helpful in ruling out varices in 
cirrhotics due to its strong negative predictive value [ 11 ]. Endoscopy remains the 
diagnostic test of choice as it is the most reliable in detecting varices and in addition 
can stage the varices for bleeding risk, and allow intervention where appropriate.  

    Risk Factors/Natural History 

 A test that predicts not only the presence of varices in cirrhotics but also the risk of 
bleeding is the HVPG (hepatic venous pressure gradient) which estimates portal 
pressure via a catheter passed into the hepatic vein. The free hepatic vein pressure, or 
posthepatic pressure, is measured and subtracted from the wedge pressure, or pre-
hepatic pressure, which is measured after infl ating an occlusive balloon. This differ-
ence is the portal pressure gradient. Portal hypertension occurs at a gradient greater 
than 5 mmHg but it has been found that esophageal varices tend to form at pressures 
greater than 10 mmHg, and they are unlikely to bleed unless the pressure gradient is 
at least 12 mmHg [ 1 ]. Furthermore, several studies including  a   meta-analysis have 
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shown that in patients with elevated HVPG > 12 mmHg, reducing the HVPG to less 
than 12 mmHg or a reduction by more than 20 % of baseline results in a signifi cant 
reduction in bleeding risk and mortality [ 12 ]. 

 Cirrhotics with esophageal varices are not all at the same risk for bleeding and 
this has implications on management. There are endoscopic and clinical factors that 
independently affect bleeding risk. As the severity of cirrhosis increases, the risk of 
variceal bleeding increases at least 50 % for each successive step in Child’s class 
from A to B to C [ 13 ]. Not surprisingly, a history of variceal bleeding is also a 
strong risk factor for variceal bleeding [ 14 ]. 

 Endoscopically, varices are graded based on size and mucosal appearance when the 
esophageal lumen is insuffl ated and without contraction waves. Several classifi cation 
systems evaluate varices and the Japanese classifi cation is the most detailed as it incor-
porates variceal size, shape, color, and additional features; grade 1 are small straight 
varices that fl atten with insuffl ation, grade 2 are medium size that occupy less than 
one-third of the lumen (Fig.  34.1 ), and grade 3 are large varices that occupy more than 
one-third of the lumen [ 15 ]. Larger variceal size and presence of a red spot or red wale, 
which are linear red marks on a varix, are associated with higher bleeding risk [ 14 ].

       Prevention of Variceal Hemorrhage 

    Screening for Esophageal Varices in Cirrhotics 

 A great deal of research has been performed on cirrhotics to determine what inter-
ventions can be done to prevent the development of varices in those who have no 
varices (pre primary prophylaxis), prevent bleeding from varices in those who have 
varices that have never bled (primary prophylaxis), and to prevent  re-bleeding   in 
those who have a history of variceal bleeding (secondary prophylaxis). 

  Fig. 34.1    Endoscopic 
view of grade 2 varices in 
distal esophagus       
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  Cirrhotics   commonly develop portal hypertension as part of their disease and 
thus, are at risk for development of esophageal varices. If there was a safe and cost- 
effective intervention to signifi cantly reduce the risk of esophageal variceal bleed-
ing, it could be applied to all cirrhotics and endoscopy could be forgone, but such a 
treatment is not currently available. Endoscopy is a safe and effective method of 
screening cirrhotic patients for varices and can be done with moderate IV sedation 
unless the patient has signifi cant cardiopulmonary disease, encephalopathy, or high 
tolerance to sedatives due to alcoholism or medications such as opioids and benzo-
diazpeines, in which case they should be sedated with monitored anesthesia. The 
patient is risk stratifi ed based on the severity of cirrhosis and endoscopic exam to 
guide management of their varices. 

 In cirrhotics that do not have varices on endoscopy, the question arises as to how 
often they should be screened for development of varices, but there is no clear rec-
ommendation for screening interval. A prospective study 321 cirrhotics without 
history of bleeding were followed for a median of 2 years during which time 26.5 % 
had variceal  bleeding  . The three independent risk factors for bleeding were pres-
ence of red wales, large-sized varices, and advanced Child’s class. Of the etiologies 
of cirrhosis, alcohol was most associated with bleeding. Thus consensus guidelines 
recommend screening cirrhotics who have no or small varices every 2–3 years, but 
yearly if they have Child’s class C cirrhosis, alcoholic cirrhosis, or small varices 
with red wale sign [ 13 ,  16 ].  

    Nonselective Beta-Blockers 

 The class of medications most studied and found to be most useful in preventing 
variceal bleeding is  nonselective beta-blockers (NNSB)  , such as propranolol, timo-
lol, and nadolol. The effect of NNSB on varices has been studied due to their effect 
of blocking the increased cardiac output effect of beta-1 adrenergic receptors and 
the splanchnic venous dilation effect of beta-2 adrenergic receptors thus reducing 
blood fl ow through varices [ 17 ]. When researching the effect of any medication or 
treatment for variceal bleeding prophylaxis, a physiologic marker used has been 
HVPG which is the accepted surrogate of portal pressure, and as stated earlier, 
effective treatment should result in a drop in HVPG to less than 12 mmHg or a 
reduction from baseline HVPG by at least 20 %. Due to HVPG being relatively 
invasive, some studies use the simple physiologic marker of a change in baseline 
heart rate to signify an adequate dose of NSBB based on an early study showing 
cirrhotics that were given propranolol suffi cient to reduce baseline heart rate by 
25 % resulted in a persistent reduction in  portal  , venous pressure [ 18 ]. Unfortunately, 
it has also been shown that 15 % of patients have at least relative contraindications 
to NSBB such as insulin dependent diabetes or emphysema, and 15 % may develop 
side effects that prevent reaching effi cacious doses. Furthermore, there are recent 
studies showing a deleterious effect of NSBB on cirrhotics with refractory ascites in 
terms of mortality, perhaps due to the already compromised cardiac output of these 
patients, but large randomized controlled trials are lacking [ 17 ].  
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    Pre-primary Prophylaxis 

 There has been interest in therapies  to   prevent the development of varices in cirrhot-
ics who have no varices on screening endoscopy. This is based on the logic that if 
the formation of varices can be prevented, then variceal bleeding is not possible. 

 A study of 213 patients with minimal portal hypertension based on HVPG of 
6 mmHg and no varices at baseline endoscopy were randomized to timolol or pla-
cebo to assess for development of varices. Over a median time of 4.5 years, approxi-
mately 40 % of patients developed varices in both groups but serious adverse events 
were more common in the timolol group (18–6 %) and this was statistically signifi -
cant [ 19 ]. Similarly, another randomized double blind trial found no reduction in the 
rate of variceal formation when comparing cirrhotics on propranolol vs. placebo, 
although a third of patients were lost to follow-up [ 20 ]. Thus attempting to prevent 
the formation of varices using beta-blockers for patients with portal hypertension is 
not recommended. In contrast, a 12 year study of 218 compensated HCV cirrhotics 
found that none of the 34 patients who achieved  sustained virologic response (SVR)   
developed esophageal varices, compared with 22/69 (31.8 %) untreated cirrhotics 
and 45/115 (39.1 %) non-SVR cirrhotics [ 21 ]. Therefore, the only recommended 
intervention to  prevent   development of varices in cirrhotics that do not have varices 
is to treat the underlying liver disease to whatever extent possible.  

    Primary Prophylaxis 

 In contrast to pre-primary prophylaxis, medical intervention has had success in pre-
venting bleeding in select patients with cirrhosis who have varices (primary prophy-
laxis). Many  treatments   have been studied, but the two most effective treatments 
have been found to be NNSB  and   endoscopic band ligation (Fig.  34.2 ).

  Fig. 34.2    Endoscopic 
view through cap of bands 
ligating two esophageal 
varices       
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   A randomized controlled trial of 161 cirrhotics randomized to nadolol vs. pla-
cebo for a median period of 3 years, showed the rate of variceal growth from small 
to large was 37.2 % in the placebo group but only 10.8 % in the  nadolol group  , 
although there was no mortality difference and more adverse events in the nadolol 
group [ 22 ]. However, two more recent randomized controlled trials did not show 
positive results in cirrhotics with small varices [ 20 ,  23 ]. In one of the studies, 150 
cirrhotics with small varices defi ned as <5 mm in diameter, were followed for 
2 years and the growth to large varices was similar: 11 % in the propranolol group 
and 16 % in the placebo group ( p  = 0.79). This study also evaluated the role of 
HVPG measurements in these patients and found that a baseline HVPG could not 
reliably predict which patients would respond to NSBB, nor did a signifi cant drop 
in  HVPG   due to NSBB therapy correlate with prevention of variceal growth [ 23 ]. A 
recent meta-analysis of six randomized controlled trials of cirrhotics without history 
of GI bleeding with either no or small varices that were treated with NSBB vs. pla-
cebo found no signifi cant difference in the development of large varices, prevention 
of fi rst variceal bleeding, or mortality, and even a subgroup analysis showed no 
differences between patients with no varices or small varices. However, there was a 
signifi cant increase in adverse events in the NSBB group (OR 3.47; 95 % CI 0.08–
3.70) [ 24 ]. 

 The results are much more favorable for NSBB used in primary prophylaxis in 
cirrhotics with large varices. In such patients, nadolol was shown to signifi cantly 
reduce the rate of fi rst bleeding when compared to controls in a prospective, ran-
domized trial of 79 patients followed for 2 years [ 25 ]. A multicenter, randomized 
trial comparing propranolol to placebo in preventing fi rst bleeding from large vari-
ces included 174 patients, and in 3.5 years, 26 % in the propranolol group had bled 
while 41 % in the placebo group bled, although this was not statistically signifi cant 
[ 26 ]. A larger, similar multicenter, randomized study of 230 Child’s C cirrhotics 
with large varices over 2 years showed that 26 % in the  propranolol group   bled, as 
in the previous study, but 61 % in the placebo group bled, and the survival differ-
ence was also statistically signifi cant at 72 % in the propranolol group vs. 51 % in 
the placebo group [ 27 ]. A meta-analysis of 589 cirrhotics further supported the 
effi cacy of both propranolol and nadolol in primary prophylaxis of variceal bleed-
ing and improved mortality compared to placebo in high-risk patients [ 28 ]. Using a 
Markov model, propranolol for primary prophylaxis of variceal bleeding was found 
to be cost effective compared to placebo over a 5 year period [ 29 ]. 

 There is emerging concern that although NSBB are effective in primary prophy-
laxis for variceal  bleedin  g, they may induce a poor outcome in the subset of cirrhot-
ics with refractory ascites. It is thought that these patients have low systemic blood 
pressure that is more sensitive to the drop in cardiac output induced by beta block-
ade. A prospective nonrandomized study of 151 cirrhotics with refractory ascites 
compared the outcomes of those on propranolol versus those not on beta-blockers 
with a median follow-up of 8 months and they found a signifi cant difference in 
1 year morality of 19 % vs. 29 % in favor of those who did not receive  propranolol   
[ 30 ]. There was some criticism regarding lack of HVPG analysis of patients and 
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perhaps more severe liver disease in the propranolol group so more studies would 
be helpful [ 17 ]. 

 Other  treatments   for primary prophylaxis have not been found to be effective, 
either on their own or in combination with NSBB. Based on the physiological fi nd-
ing of greater reduction in portal pressure with the combination of nitrates and beta- 
blockers compared to beta-blockers alone, it was theorized that this combination 
may also be effective in primary prophylaxis of variceal bleeding. However, a dou-
ble blind randomized control trial of 349 cirrhotics that received a combination of 
propranolol and isosorbide mononitrate or propranolol with placebo showed nearly 
identical rates of variceal bleeding and mortality, while the nitrate group experi-
enced signifi cant more headaches [ 31 ]. 

  Endoscopic sclerotherapy  , where  a   sclerosant is directly injected into the varix to 
cause its obliteration by inducing fi brosis, has been found to be effective in control-
ling actively bleeding esophageal varices. However, in primary prophylaxis, sclero-
therapy has not been effective in reducing the rate of variceal bleeding and its 
complication rate is as high as 50 % mainly due to chest pain [ 32 ].  Sclerotherapy   is 
not recommended for prophylaxis of varices. 

  Endoscopic band ligation   has been extensively studied for primary prophylaxis 
and is clearly effective in cirrhotics with high-risk varices (Fig.  34.3 ). An early 
randomized controlled trial of 68 cirrhotics with high-risk varices showed signifi -
cant reduction in fi rst bleed (8.6 % vs. 39.4 %) during the mean follow-up period of 
just over a year [ 33 ]. A meta-analysis of  band ligation   compared to placebo for 
primary prophylaxis consisting of 601 cirrhotics showed a relative risk reduction of 
fi rst bleed of 64 % and risk reduction in mortality from upper GI bleeding of 80 %. 
The same study showed band ligation was more effective than propranolol for pri-
mary prophylaxis of variceal bleeding with a relative risk reduction of 52 % but 
there was no signifi cant difference in bleeding related mortality or overall mortality 
between these two treatments [ 34 ].

  Fig. 34.3    Endoscopy 
showing resolved 
esophageal varices 
1 month after band ligation       
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   A prospective randomized control study from India for primary prophylaxis of 
cirrhotics with medium or large (at least 3 mm diameter) esophageal varices was 
conducted comparing band ligation (41 patients) to propranolol (41 patients). They 
found the probability of variceal bleeding was 43 % in the propranolol group and 
17 % in the ligation group over 18 months of follow-up, and this was statistically 
signifi cant [ 35 ]. Another randomized control trial of 62 cirrhotics with  high-risk 
varices   were followed for a mean of 15 months and was terminated early due to an 
interim analysis showing a signifi cant failure rate for  propranolol   with four deaths 
from variceal bleeding out of 31 patients compared to no deaths in the ligation 
group [ 36 ]. A meta-analysis of 16 randomized control trials of cirrhotics with high- 
risk varices, looked into this issue of primary prophylaxis, but focused on three tri-
als with careful randomization to minimize selection bias, which the authors 
suspected were infl uencing the outcomes of many trials. In these three trials, they 
found no difference between band ligation and  NSBB   in mortality or rates of vari-
ceal bleeding. About half of the patients in the band ligation group developed super-
fi cial ulcers while 12 % of the NSBB group had to stop therapy and 20 % had to 
reduce dosage due to adverse effects [ 37 ]. 

 The problem with the band ligation strategy is that it is costly, there is some risk 
of sedation and endoscopy, and the patient has to be compliant since it often requires 
multiple sessions to obliterate the varices. The banding itself results in sloughing of 
the mucosa leaving a shallow ulcer that tends to heal within 2 weeks; however the 
ulceration can potentially be deeper resulting in signifi cant bleeding in 2–5 % of 
patients. A randomized, double blind,  placebo-controlled trial   of proton pump 
inhibitor therapy for 10 days after elective variceal banding followed by repeat 
endoscopy to assess for varices and ulcers showed that both groups had similar 
number of postbanding ulcers but the size of the ulcers in the placebo group was 
twice as large, and there were three patients with  postband ligation   bleeding in the 
placebo group but none in the pantoprazole group [ 38 ]. Therefore, PPI therapy after 
banding is recommended. 

 Since the two most effective treatments for primary prophylaxis of  esophageal 
variceal bleeding   have been found to be band ligation and NSBB, it was thought the 
combination of the two may be even more effective, and several trials have studied 
this possibility. A small single blind randomized controlled trial of 66 cirrhotics 
with medium to large varices were treated with band ligation alone or band ligation 
and propranolol until eradication of varices and then were followed up for a mean 
of 12 months to evaluate for  variceal bleeding   and recurrence of varices. All 66 
patients achieved eradication of varices with no difference in time or number of 
endoscopic sessions needed to eradicate the varices. Only two patients experienced 
adverse effects from beta-blockers. There was no difference in bleeding with only a 
total of three patients who bled during the study of which only one was from vari-
ceal bleeding, and there was also no difference in  mortality  . Recurrence of varices, 
however, favored the combination group, 9–38 % with  p  = 0.003 [ 39 ]. A similarly 
designed randomized control trial of 144 patients was conducted requiring a mean 
of 3.3 endoscopic sessions over 2 months to achieve variceal eradication. Bleeding 
occurred evenly in both groups and all were from esophageal varices: 5 in combina-
tion group and 6 in the band ligation group with two bleeding deaths in the band 
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ligation group. This study also found recurrence of varices favored the combination 
group, 19–33 % ( p  = 0.03). In the combination group, six patients discontinued  pro-
pranolol   due to side effects [ 40 ]. These studies show a modest benefi t of combina-
tion therapy in select patients, but currently combination therapy of  endoscopic 
band ligation and NSBB   is not recommended for primary prophylaxis of esopha-
geal varices. 

 More recently, an increased interest has developed in carvedilol, a NSBB that 
also has an alpha1-adrenergic receptor blocking effect that reduces vascular resis-
tance causing both a reduction in both portal pressure and systemic pressure, and 
this effect seems to be stronger than propranolol [ 41 ]. A study of 104 patients was 
conducted to evaluate the effi cacy of carvedilol in propranolol nonresponders. It 
included  cirrhotics   with esophageal varices without prior bleeding who were given 
propranolol as primary prophylaxis with a desired dose of 80–160 mg/day in order 
to achieve effi cacy, which was evaluated after 4 weeks on the maximal tolerated 
dose by obtaining an HVPG measurement. If the HVPG was <12 mmHg or dropped 
by 20 %, the patient was deemed a propranolol responder and continued on that 
dose. If these parameters were not reached, the patient was switched to carvedilol, 
and the HVPG was again measured after 4 weeks on a stable dose, and continued if 
adequate drop in HVPG was reached. Of the 104 patients started on propranolol, 
only 37 (35.6 %) were propranolol responders with adequate HVPG response. Of 
the remaining 67 switched to carvedilol, 38 (56.7 %) showed adequate HVPG 
response, suggesting that carvedilol may be better tolerated and more effi cacious 
than propranolol for primary prophylaxis [ 42 ].  Carvedilol   has also been compared 
to band ligation for primary prophylaxis of esophageal variceal bleeding in cirrhot-
ics. One such multicenter randomized control trial in Scotland of cirrhotics with 
medium or large varices followed for 2 years included 77 patients in the carvedilol 
group with a goal dose of 12.5 mg daily, and 75 patients in the band ligation group, 
who underwent band ligation every 2 weeks until eradication. Eleven patients 
(14.2 %) in the carvedilol group had to discontinue due to adverse reactions, while 
23 patients (30.7 %) were unable to complete the endoscopy protocol in the band 
ligation group and 58 % reached variceal eradication. The study found no difference 
in  mortality  : 35 % in the carvedilol group and 37 % in the band ligation group. 
However, incidence of variceal bleeding during the follow-up period favored 
carvedilol 10–23 % ( p  = 0.04) [ 41 ]. 

 In summary,  cirrhotics   without varices or small varices without high-risk stig-
mata are considered low risk for bleeding do not require primary prophylaxis for 
variceal bleeding, just periodic screening endoscopy. Cirrhotics with large varices 
or with high-risk stigmata can be treated with band ligation or NSBB. If tolerated, 
NSBB are a reasonable fi rst option. Band ligation is appropriate in the 15 % of 
patients with contraindications to NSBB and in the 15–20 % who are unable to 
reach therapeutic doses due to side effects. Band ligation may also be a better choice 
in patients with refractory ascites [ 43 ]. Carvedilol may be the most effective 
NSBB. Combination therapy may have some benefi t in reducing recurrence of vari-
ces but currently there is insuffi cient data showing a reduction in variceal bleeding 
or mortality compared to band ligation or NSBB alone.  
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    Surveillance 

 Over time, the severity of liver disease progresses at variable rates, and this can 
result in the development and progression of esophageal varices. Studies have 
shown that in cirrhotics without varices, varices develop at a rate of 5–8 % per year. 
Furthermore, patients with small varices progress to  large   varices at a rate of 5–20 % 
per year. Because varices are not stable over time and do not cause symptoms until 
they rupture, periodic endoscopy is necessary to monitor for change. There is no 
strong data to determine the optimal frequency of surveillance but guidelines have 
been developed to assist in management depending on endoscopic fi ndings: 

 No varices: every 2–3 years 
 Small varices, no red wale: every 1–2 years 
 Small varices with red wale or alcoholic cirrhosis: every 1 year 

 If large varices are present, then primary prophylaxis should be initiated. If 
NSBB is chosen for primary prophylaxis, then endoscopic surveillance is not neces-
sary. If band ligation is chosen, then yearly endoscopy  after   variceal obliteration is 
reasonable [ 44 ].   

    Acute Variceal Hemorrhage 

 Any cirrhotic who presents with signs of overt gastrointestinal bleeding such as 
hematemesis, melena, hematochezia, and/or hemodynamic instability should raise 
a strong suspicion for variceal hemorrhage. In fact, 60–65 % of upper GI bleeding 
in  cirrhotics   is due to varices [ 45 ]. Variceal hemorrhage is a potentially fatal and the 
cause of death is usually due to direct consequence of acute blood loss with hypo-
volemic shock, or the immediate complications of acute blood loss including renal 
failure, liver failure, hepatic encephalopathy, and sepsis [ 46 ]. 

 As in any patient with upper  GI bleeding  , the patient initially has to be stabilized. 
Volume status has to be quickly assessed and good IV access obtained for volume 
resuscitation and possible blood transfusion. The patient’s condition has to be opti-
mized as quickly as possible to prepare for upper endoscopy which not only confi rms 
the diagnosis but allows intervention in an effort to resolve the bleeding. There are a 
few special steps that have been shown to be important in cirrhotics with possible of 
variceal bleeding, compared to upper GI bleeding in other circumstances. 

    Intubation 

 Due to the proximal location of esophageal varices in the GI tract along with the 
potentially compromised mental state in cirrhotics from hepatic encephalopathy 
and/or volume loss, variceal bleeding poses a signifi cant aspiration risk which has 
been shown to be 2.4–3.3 % during endoscopy [ 47 ]. A retrospective study was 
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performed to analyze whether all cirrhotics with  variceal   bleeding should be intu-
bated. This study of 69 hospital admissions with confi rmed active variceal bleeding 
within 12 h of admission all had less than stage II hepatic encephalopathy, no signs 
of alcohol or drug intoxication, normal chest X-rays, and no signs of respiratory 
distress or aspiration prior to admission. Of these 69 hospital admissions, 47 under-
went elective intubation for the endoscopy while 22 did not, and their characteris-
tics were similar except that the non-intubation group had a signifi cantly higher 
Child’s Pugh score of 9.1–8.0. Nonetheless, it was the intubation group which had 
the worse outcome with aspiration pneumonia in 19–0 % and nine deaths compared 
to just one in the non-intubation group. The reason for this worse outcome with 
intubation is unclear but it was not a prospective trial so there may have been factors 
leading to physicians selecting intubation that did not reveal themselves in the study 
[ 48 ]. Intubation of patients with suspected variceal bleeding for airway protection is 
reasonable in any cirrhotic with  altered   mental status, but is not necessary for all 
cirrhotics.  

    Restricted Resuscitation 

 There is an understandable reaction on the part of clinicians to overt gastrointestinal 
hemorrhage, especially hematemesis, to aggressively resuscitate the patient with IV 
fl uids and blood products to reduce the risk of circulatory shock and symptomatic 
anemia. This assumption has been studied objectively to determine the optimal 
resuscitation strategy. A randomized controlled trial of 889 patients admitted with 
gastrointestinal bleeding were randomized to liberal transfusion in which blood  was 
  transfused when the hemoglobin level dropped to 9 g/dl, or restrictive transfusion in 
which blood was transfused only when the hemoglobin level dropped to 7 g/dl. The 
study period was 45 days and included 277 cirrhotics of which 190 were found to 
have esophageal variceal bleeding. There was a signifi cant mortality difference 
among cirrhotics favoring the restrictive strategy regardless of Child’s class by 
more than a 2:1 margin, 12–22 % [ 49 ]. Similarly, aggressive volume replacement 
with IV fl uids may cause rebound portal hypertension which can exacerbate vari-
ceal bleeding, so it has been suggested that a patient should be resuscitated such that 
the heart rate be kept less than 100 bpm with a systolic blood pressure of 
90–100 mmHg [ 50 ].  

    Antibiotics 

 It has been found that cirrhotics admitted with GI bleeding are at signifi cantly 
increased risk of infection during hospitalization, and this is associated with both 
variceal re-bleeding and increased mortality. Several studies have shown better out-
comes in those treated empirically with antibiotics. A meta-analysis evaluated fi ve 
randomized controlled trials comparing antibiotics to no treatment in 534  cirrhotics   
hospitalized with upper GI bleeding. Four of the studies used  fl uoroquinolones   as the 
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antibiotic which was given for a median of 7 days. The results favored the antibiotic 
group for several outcomes: remaining infection-free 86–55 %, free of  spontaneous 
bacterial peritonitis (SBP)   and bacteremia 92–73 %, and short-term survival up to 
14 days 85–76 % [ 51 ]. Out of concern that there is emerging fl uoroquinolone resis-
tance, a randomized controlled trial of decompensated cirrhotics admitted with GI 
bleeding compared the outcome of 63 patients receiving oral  norfl oxacin   to 61 
patients receiving IV ceftriaxone. Over the course of 10 days, the  norfl oxacin group   
had a higher rate of infection, 33 % vs. 11 %, reaching statistical signifi cance [ 52 ]. 
The available data strongly supports short-term antibiotic prophylaxis for all cirrhot-
ics admitted with upper GI bleeding to reduce infection, re-bleeding, and improve 
survival.  Fluoroquinolones   are acceptable but if the patient is already on fl uoroqui-
nolones or there is concern for resistance, IV ceftriaxone is a reasonable choice.  

    Encephalopathy 

 Like SBP, variceal bleeding can precipitate hepatic encephalopathy in cirrhotics. 
Patients with hepatic encephalopathy should obviously continue therapy with 
lactulose if they develop upper GI bleeding. A study was conducted to determine 
if cirrhotics without known hepatic encephalopathy would also benefi t from lactu-
lose during hospitalization for acute variceal bleeding. It was a prospective, ran-
domized trial of 35 patients each in the lactulose group and placebo group. 
 Randomization   was performed at time of endoscopy and the endoscopist and 
patient were not blinded but the clinician performing twice daily assessment of 
encephalopathy during hospitalization remained blinded. They found that 14 
(40 %) patients in the control group but only 5 (14 %) patients in the treatment 
group developed clinical evidence of encephalopathy ( p  = 0.03) with a median 
encephalopathy grade of two, and a median time to development of encephalopa-
thy of 2 days. This study supports a low threshold for starting lactulose in any 
cirrhotic admitted with variceal bleeding, but more data is needed to make it the 
standard of care [ 53 ].  

    Vasoactive Drugs 

 Medications that acutely reduce portal pressure and hepatic blood fl ow in patients 
with portal hypertension have been given at the  time   of acute variceal bleeding in 
an attempt to reduce severity of bleeding in order to improve outcomes [ 54 ]. 
Vasoactive drugs include anti diuretic hormone analogues such as vasopressin and 
terlipressin, and  somatostain analogues   such as octreotide. Somatostatin tends to 
be well tolerated but vasopressin is known to cause many serious side effects due 
to intense systemic vasoconstriction including mesenteric and peripheral ischemia, 
myocardial infarction, and arrhythmias in over a third of patients, and this has 
limited its use [ 50 ]. An early randomized trial comparing vasopressin to octreotide 
as an adjunct to endoscopy for  acute variceal bleeding   was published in 1992. It 
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included 48 cirrhotics with active variceal  bleeding   randomized to continuous 
infusion of octreotide or  vasopressin   after endoscopy. Complete bleeding control 
was achieved in 63 % of the octreotide group and 46 % in the vasopressin group, 
although there was no difference in mortality after 42 days. Serious side effects 
were more frequent in the vasopressin group, 40–12 % [ 55 ]. A meta-analysis com-
paring somatostatin analogues in addition to endoscopy compared to endoscopy 
alone for acute variceal bleeding evaluated eight randomized trials with a total of 
939 patients and found that combination therapy was associated with a signifi cant 
improvement in early hemostasis but no difference in mortality or adverse events 
[ 56 ]. Thus, a somatostatin analogue is the preferred vasoactive drug for any cir-
rhotic hospitalized with suspicion of variceal bleeding and should be given as an 
IV infusion for 3–5 days if variceal bleeding is confi rmed on endoscopy [ 16 ]. 
Vasoactive drugs are not, however, adequate as a replacement to endoscopy.  

    Endoscopy for Acute Esophageal Variceal Hemorrhage 

   Optimal Time 

 As in any patient admitted with acute upper GI bleeding, endoscopy must be done 
in a timely manner to allow not only diagnosis of the cause of bleeding but to apply 
intervention to stop the bleeding. A retrospective cohort study evaluated 101 cir-
rhotics admitted with upper GI bleeding that were found to have active variceal 
bleeding at time of endoscopy, and found that “door-to-endoscopy” time <12 h was 
 associated   with lower re-bleeding rates and lower mortality in patients that pre-
sented with hematemesis and in patients with fi rst time variceal bleeding [ 57 ]. 
Another retrospective study of 311 cirrhotics admitted with upper GI bleeding 
found that 25 patients died during hospitalization in a median time of 20 days after 
admission. The median time to endoscopy was signifi cantly shorter for survivors 
(12.9 h vs. 17.7 h,  p  = 0.001) [ 58 ]. Current  guidelines   recommend that as soon as the 
patient is hemodynamically stable, endoscopy should be performed, ideally within 
12 h of presentation [ 16 ,  59 ].  

   Endoscopic Therapy 

 Once the patient has been stabilized, resuscitated, and intubated if necessary, endos-
copy is performed. The diagnosis of variceal bleeding is made if active bleeding is 
seen from the varices or if there are varices with large fresh blood in the stomach 
without other explanation. The traditional treatment in this setting was sclerotherapy 
where a sclerosing agent such as ethanolamine is injected  directly   into the varix just 
below the site of bleeding to induce fi brosis and obliterate the varix. Many studies 
have shown sclerotherapy to be effective in variceal bleeding cessation [ 60 ]. The 
main drawback with sclerotherapy are the considerable side effects including chest 
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pain, ulceration, esophageal stricture, pleuritis, perforation, portal vein thrombosis, 
emboli, and bacteremia [ 61 ]. Band ligation has emerged as the preferred treatment. 

 Band ligation allows endoscopic placement of a rubber band directly on the varix 
resulting in its obliteration. This can be applied directly on to the site of bleeding for 
immediate bleeding control. The multiband device allows several bands to be 
deployed quickly in succession rather than endoscope removal and re-intubation, 
making this technique more effi cient and effective. A randomized control trial of 
179 cirrhotics with acute esophageal variceal bleeding was conducted in which 
patients were treated with vasoactive drugs and underwent endoscopy within 6 h. At 
endoscopy, they were randomized to receive sclerotherapy or band ligation. The 
outcomes favored band ligation in terms of initial failure to stop bleeding (4–15 %, 
 p  = 0.02), serious side effects (4–13 %,  p  = 0.04), and 6 week survival (83–67 %, 
 p  = 0.01) [ 62 ]. There have been some studies that found no difference [ 63 ] or better 
outcomes for sclerotherapy [ 64 ] in the setting of acute variceal bleeding. Generally 
both are acceptable but band ligation is favored due to fewer complications [ 16 ,  59 ].   

    Severe Acute Bleeding with Endoscopic Failure to Stop Hemorrhage 

 When acute variceal bleeding is severe, initial endoscopic therapy with band 
ligation or sclerotherapy may fail to stop the active bleeding or the patient may 
show evidence of rebleeding (within 72 h). The  mortality rate   in these patients 
is very high. The most defi nitive way to reduce blood fl ow through the varices 
is to shunt the blood from the portal venous system into the systemic circulation 
and  this   was traditionally done by a surgical shunt between the splenic vein and 
the gastric vein. Later, the less-invasive technique of  TIPS   (transhepatic porto-
systemic  shunt  ) became available, allowing blood to bypass the high resistance 
to fl ow in the liver. If the bleeding is severe, a temporizing measure may be 
necessary prior to TIPS being available to the patient. Traditionally, this was 
achieved by balloon tamponade where a rubber tube with a dual esophageal and 
gastric balloon are passed and infl ated to apply compressive pressure to the vari-
ces, and distal migration is prevented by application of traction on the tube by a 
string that emerges from the mouth and is attached to a helmet. It has been 
shown to be effective in the short term but must be removed within 48 h to pre-
vent esophageal necrosis and rupture. It is generally considered a bridge to 
defi nitive therapy, mainly TIPS. 

 More recently, studies have been performed to evaluate the effi cacy of covered 
 metal esophageal stents   for uncontrolled bleeding esophageal varices based on the 
same concept of applying compressive pressure to the esophageal varices to stop 
the bleeding until more defi nitive therapy can be offered. One of the earlier studies 
using covered esophageal metal stents involved 20 cirrhotics with history of vari-
ceal bleeding who had acute recurrence of variceal bleeding that could not be con-
trolled endoscopically. The stents were successfully placed in all patients resulting 
in immediate cessation of esophageal variceal bleeding, and there was no stent 
related complication or recurrence of esophageal variceal bleeding. Partial  stent 
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migration   distally occurred in fi ve patients and was corrected endoscopically. One 
patient required surgery for gastric variceal bleeding. Two deaths within a week of 
stent placement were due to liver failure. All other patients had the stent removed 
uneventfully in 1 week and underwent further treatment such as TIPS [ 65 ]. A cov-
ered metal stent can also be useful in patients as defi nitive therapy in patients with 
recurrent esophageal variceal bleeding refractory to endoscopic therapy who are not 
candidates for TIPS, since it is relatively better tolerated with less risk of esopha-
geal necrosis and rupture than balloon tamponade [ 66 ]. There are no studies to date 
comparing  balloon tamponade   to covered metal stents for esophageal variceal 
bleeding refractory to endoscopic therapy. 

 Patients with advanced cirrhosis and history of variceal bleeding are known 
to be at higher risk of failing to achieve a durable response to endoscopic ther-
apy when presenting with esophageal variceal bleeding. The predictors of early 
re-bleeding (within 5 days) in a study of 256 patients were a high  MELD score   
greater than 17 and transfusion requirement of 4 or more units of blood in first 
24 h, along with active variceal bleeding at the time of initial endoscopy [ 67 ]. 
Thus, a study was conducted to evaluate optimal standard medical/endoscopic 
therapy for such patients compared to just directly proceeding to TIPS under 
the hypothesis that this subset may be better served by TIPS as upfront therapy. 
In this randomized multi- center trial, patients were included if they were 
admitted with upper GI bleeding and had a history of Child’s C cirrhosis or had 
Child’s B cirrhosis with active variceal bleeding at time of endoscopy. All 
patients were given vasoactive drugs and antibiotics upfront. The 31 patients in 
the endoscopy arm were treated with band ligation or sclerotherapy and contin-
ued on vasoactive drugs for at least 24 h after cessation of bleeding at which 
time they were transitioned to medical therapy of an NNSB plus a nitrate and 
serial  band ligation   sessions until varices were obliterated. The 32 patients in 
the TIPS arm underwent TIPS within 72 h of the diagnostic endoscopy with 
placement of a coated endoprosthesis with dilation of the stent to ensure 
HVPG < 12 mmHg. During the median 16 months of follow-up, re-bleeding 
occurred in 14 (50 %) of the endoscopy group and just one patient in the TIPS 
group ( p  = 0.001), and 1 year survival also favored the TIPS group 86 % vs. 
61 % ( p  < 0.001). Delaying TIPS did seem to affect the outcome as 4 of the 7 
endoscopic failures who received TIPS as a rescue therapy died. The rate of 
hepatic encephalopathy, which is a known risk in TIPS due to shunting of 
blood past the liver, was actually higher in the endoscopy group 40 % vs. 28 % 
at 1 year, though this did not reach statistical significance ( p  = 0.13) [ 68 ]. 
Another study was performed comparing upfront TIPS to endoscopic therapy 
in 126 cirrhotics (mostly Child’s B and due to HBV) admitted with esophageal 
variceal bleeding. These patients differed from the previous study in that they 
did not have a history of variceal bleeding. This study, with average follow-up 
of about 1.5 years, also found better outcomes in the TIPS group in terms of 
rebleeding (11 vs. 31 patients) and survival (80.6 % vs. 64.9 %) which reached 
statistical significance [ 69 ]. If early  re-bleeding   occurs within 5 days of endo-
scopic therapy where esophageal variceal bleeding was initially controlled, 
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TIPS is likely the best long-term option with balloon tamponade or metal stent 
as a bridge to TIPS.   

    Secondary Prophylaxis 

 If endoscopic therapy does control variceal bleeding without early re-bleeding, the 
question arises as to the best strategy for secondary prophylaxis to prevent re- 
bleeding of varices. The risk of re-bleeding  from   esophageal varices is as high as 
60 % in 2 years and highest in the fi rst 6 weeks after each episode of variceal bleed-
ing, with a mortality of 15–20 % with each bleeding episode [ 70 ]. As stated earlier, 
both NSBB and endoscopic band ligation are effective in primary prophylaxis 
although not in combination. This combined approach has also been tested for sec-
ondary prophylaxis but with greater success. A randomized prospective trial of cir-
rhotics with esophageal bleeding were treated successfully and then randomized at 
discharge to serial band ligation with the intent of variceal eradication (37 patients) 
or the combination of band ligation and nadolol (43 patients). After a mean of 
16 months, the results favored the combination group for recurrent bleeding 
38–14 % without a difference in mortality [ 71 ]. Another randomized trial compar-
ing the combination drugs of isosoribide mononitrate and propranolol vs.  endo-
scopic band ligation   for secondary prophylaxis with about 60 patients in each arm 
found that band ligation was more effective for preventing rebleeding, 20 % vs. 
42 %, over a mean of 2 years [ 72 ]. A meta-analysis of nine trials and 955 patients 
found that the combination of band ligation and NSBB does reduce the risk of over-
all bleeding and bleeding specifi cally from varices and just a slight reduction in 
bleeding related mortality, but still, no improvement in overall mortality [ 73 ]. The 
type of NSBB does not seem to matter nor does the addition of a nitrate seem neces-
sary. A randomized study of 121 cirrhotics compared a similar drug combination of 
isosoribide mononitrate and nadolol to carvedilol for secondary prophylaxis but 
over a longer median of 2.5 years, and found equal bleeding rates of about 61 % and 
no difference in adverse events or mortality [ 74 ]. Guidelines recommend a combi-
nation of NSBB and band ligation for secondary prophylaxis of esophageal variceal 
bleeding [ 16 ,  59 ]. Another option is TIPS but due to the risk of hepatic encepha-
lopathy, remains best suited  for   cirrhotics with other complications of portal hyper-
tension or if they have already failed secondary prophylaxis with combination 
therapy of band ligation and NSBB [ 70 ].   

    Gastric Varices 

 The second most common site of varices after the esophagus, is in the stomach. 
Although the rate of bleeding is less than for esophageal varices, the severity and 
mortality rate may be higher [ 75 ]. Gastric varices can occur with or without 
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esophageal varices. There are several  types   of gastric varices based on location. The 
most common are varices extending from the GE junction into the cardia along the 
lesser curvature accounting for three-fourths of gastric varices, but these are essen-
tially treated like esophageal varices. Discussion of gastric varices, most often 
refers to varices involving the fundus (fundic and cardiofundic varices) as they are 
managed differently. Isolated gastric varices elsewhere in the stomach are rare. 

 Unlike the linear ascending orientation of esophageal varices, gastric varices 
have a  web-like arrangement   making it more diffi cult to target. Thus, endoscopic 
control of variceal bleeding has proven more diffi cult. Endoscopic treatments that 
have been used for gastric varices include sclerotherapy, band ligation, and injec-
tion of tissue adhesives. The most studied and used tissue adhesive is cyanoacrylate. 
The combination of cyanoacrylate with lipoidol is endoscopically injected with a 
needle directly into the varix and forms a space-occupying cast within the varix to 
seal off the site of bleeding. Radiologic therapies of balloon retrograde transvenous 
obliteration (BRTO) and TIPS are also options. 

    Primary Prophylaxis 

 If effective,  primary prophylaxis   against gastric variceal bleeding would be useful 
for the same reasons as for esophageal varices, namely, bleeding can be sudden and 
severe with the possibility of death. There are not many studies evaluating this issue 
but a randomized control trial for primary prophylaxis of gastric varices with about 
30 patients in each arm was performed, comparing placebo, NSBB, and endoscopic 
injection of cyanoacrylate on patients with gastrofundal or isolated fundal varices. 
Over a median follow-up of about 2 years, the probability of bleeding was 13 % for 
cyanoacrylate, 28 % for NSBB, and 45 % for placebo which was a statistically sig-
nifi cant difference. There was also a survival benefi t in the cyanoacrylate group 
compared to placebo of 90–72 % [ 76 ]. This was a relatively small study however, 
and more data is needed. Cyanoacrylate is not  without   complications. In a study of 
753 patients, rebleeding occurred in 4.4 %, sepsis in 1.3 %, and embolization of the 
glue cast to other sites in 0.7 % [ 77 ]. Prophylactic antibiotics should be given when 
using cyanoacrylate [ 16 ].  

    Acute Variceal Hemorrhage 

 For acute gastric variceal  bleeding  , pre-endoscopic management is the same as for 
esophageal varices in terms of resuscitation with restrictive fl uid strategy, prophy-
lactic antibiotics, and vasoactive drugs. These measures by themselves are gener-
ally not adequate to control gastric variceal bleeding [ 78 ]. Like for primary 
prophylaxis, the endoscopic therapy that has emerged as the best for acute bleeding 
despite generally small numbers in randomized controlled trials, is cyanoacrylate 
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injection. A randomized prospective study of about 100 patients comparing band 
ligation to cyanoacrylate injection for cirrhotics with acutely bleeding gastric vari-
ces found no difference in immediate bleeding control for those with active bleed-
ing at time of endoscopy (93 % for both groups), but the rate of rebleeding in 2 years 
was 63.1 % for band ligation but just 26.8 % for cyanoacrylate ( p  = 0.01) [ 79 ]. A 
retrospective analysis of 105 patients admitted with gastric variceal hemorrhage 
compared endoscopic injection of cyanoacrylate ( N  = 61) to TIPS ( N  = 44) and 
found no difference in rebleeding rate or mortality [ 80 ]. It should be noted that cya-
noacrylate treatment is limited to where there is available expertise and it is not yet 
approved for use in gastric varices by the FDA [ 16 ]. 

 If endoscopic control of gastric variceal bleeding fails, interventional radiology 
is consulted for consideration of BRTO vs. TIPS. BRTO (bollon-occluded retro-
grade transvenous obliteration) is a procedure where a catheter is advanced in a 
retrograde fashion through the veins draining the gastric cardia to the site of hemor-
rhage and a balloon is infl ated to stop fl ow from the vessel followed by injection of 
a sclerosant to obliterate the blood vessel. TIPS remains the most defi nitive therapy 
but is more invasive and carries the risk of hepatic encephalopathy [ 16 ].  

    Secondary Prophylaxis 

 Similar to esophageal varices, studies have evaluated  secondary prophylaxis   for 
gastric varices to determine best management of patients after recovering from 
gastric variceal hemorrhage. Due to emerging data supporting cyanoacrylate 
injection for gastric varices, a randomized comparative trial was conducted com-
paring cyanoacrylate injection to TIPS for secondary prophylaxis of gastric vari-
ceal bleeding. Patients admitted with gastric variceal bleeding from fundic or 
cardiofundic varices were treated somatostatin, antibiotics, lactulose, and under-
went endoscopy with cyanoacrylate injection if acutely bleeding at the time. 
After the bleeding had been controlled for 3 days, patients were randomized to 
serial endoscopy with cyanoacrylate injection or TIPS with 37 patients in each 
arm. The results favored TIPS in terms of higher rate of gastric variceal oblitera-
tion, 51–20 % ( p  < 0.02) and less rebleeding 43–59 % ( p  0.12). The overall com-
plication rate was the same at 40 % but far more in the TIPS group developed 
hepatic encephalopathy, and there was no signifi cant mortality difference over 
3 years [ 75 ]. Another randomized study of secondary prophylaxis compared pro-
pranolol to serial endoscopic cyanoacrylate injection with 32 patients in each 
group. They had an unusually high gastric variceal obliteration rate in the cyano-
acrylate arm of 100 % and a beta-blocker compliance rate of 100 %. In a median 
follow-up of about 2 years, rebleeding results favored cyanoacrylate 9–44 % 
[ 81 ]. Where the expertise is available, cyanoacrylate injection for secondary pro-
phylaxis in gastric varices is reasonable as it does not have the complication of 
hepatic encephalopathy that TIPS does. 
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 A newer endoscopic technique is endoscopic ultrasound guided therapy which 
allows injection directly into the gastric varix under ultrasound guidance. A retrospec-
tive study evaluated EUS-guided injection of cyanoacrylate vs. stainless steel coils 
into patients with gastric varices to determine effi cacy in preventing bleeding and 
adverse events. Coil injection was only possible in patients in whom a single feeding 
vein could be identifi ed leading directly into the varix. There were 19 patients in the 
cyanoacrylate group and 11 in the coil group. All ten cases with active gastric variceal 
bleeding were in the cyanoacrylate group. Intervention was technically successful in 
nearly all patients and none had gastric variceal bleeding during the mean follow-up 
period of 17 months. There were nine asymptomatic glue emboli in the cyanoacrylate 
group and two others had fever or pain, whereas the only adverse event in the coil 
group was a patient with chest pain [ 82 ]. This is a technique that requires more study.   

    Portal HTN Gastropathy/Colopathy 

 In addition to varices, portal hypertension can cause changes to the mucosa of 
the GI tract as well, predominantly in the stomach but also in the small bowel 
and colon. Pathologically, there develops  an   engorgement of capillaries and 
venules within the  mucosal   and submucosal layers without infl ammatory infi l-
trate.  Portal hypertensive gastropathy (PHG)   can be classifi ed based on its endo-
scopic appearance. Mild PHG (Fig.  34.4a ) is the usual diffusely edematous 
appearance of the mucosa sometimes described as a snakeskin or mosaic pat-
tern. In severe PHG (Fig.  34.4b ), there additionally is acid hematin, bulging red 
and black spots, or active oozing in the stomach. This occurs in the fundus and 
body and does not involve the antrum. Portal hypertensive gastropathy is com-
monly seen in cirrhotics to at least a mild degree; its exact prevalence is uncer-
tain but is likely at least 20 %. Unlike true gastritis, it does not cause pain nor 
does it ulcerate. Its clinical relevance is that it can slowly bleed in which case it 

  Fig. 34.4    ( a ) Mild portal hypertensive gastropathy; ( b ) Severe portal hypertensive gastropathy       
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can lead to chronic iron defi ciency anemia and hemoccult positivity, but overt 
signs of bleeding would be highly uncommon. Virtually all symptomatic patients 
have the severe form of PHG [ 83 ].

   When screening patients endoscopically for varices, PHG is often found. It is 
not recommended to start primary prophylaxis based on the fi nding of PHG. In 
patients with chronic iron defi ciency in which PHG seems to be the cause, the 
best treatment is oral iron supplementation and NSBB based on a few studies. 
One of those studies was a trial of 54 cirrhotics with acute GI blood loss or 
chronic anemia secondary to PHG who were randomized to propranolol or pla-
cebo. The percentage of patients free of rebleeding favored propranolol 65–38 % 
at 1 year [ 84 ]. Due to the diffuse nature of PHG, endoscopic options are limited. 
There was a small study of just 11 patients admitted with GI bleeding attributed 
to PHG who were endoscopically treated with argon plasma coagulation in an 
effort to burn the gastropathic mucosa to stop bleeding. Over a median follow-up 
of 22 months, they reported a success rate of 86 % in preventing further bleeding 
and rebound of hematocrit to baseline levels [ 85 ]. In severe cases of bleeding 
from PHG in which other causes of anemia and GI blood loss have been ruled out 
and the patient is transfusion dependent despite iron therapy and NSBB, TIPS 
can be considered. Multiple studies have shown that in such situations, TIPS 
results in improvement in PHG and reduction in transfusions [ 83 ]. 

 Portal hypertensive colopathy is a manifestation of the same pathological process 
in the colon. It is less common than PHG and seems to cause symptoms less often. 
Similar to PHG, acute overt bleeding is extremely rare, but it can cause chronic blood 
loss resulting in anemia. The endoscopic  appearance   is more variable than PHG and 
nonspecifi c, and therefore can often go unrecognized. It can appear as erythema, soli-
tary red spots,  irregular   vascularity, and mucosal edema. There are no established 
guidelines for treatment so it is often treated similarly to PHG with iron supplemen-
tation and NSBB, with TIPS reserved for the most severe refractory cases [ 83 ].  

    Future Directions 

 Research will continue to fi nd medications and interventions to treat cirrhosis 
and portal hypertension to prevent varices and mucosal congestion. A new 
endoscopic treatment for active gastrointestinal bleeding, including variceal 
bleeding, is hemospray. It is a granular, water-absorbent powder that is directly 
administered through the endoscope on to the site of bleeding. It increases clot-
ting factors and platelets to create a mechanical plug and allow immediate tem-
porary hemostasis. A prospective study of 14 cirrhotics admitted with upper GI 
bleeding and no history of variceal bleeding underwent upper endoscopy con-
fi rming active bleeding from esophageal varices in nine patients, and they were 
all treated with hemospray over the distal 15 cm of the esophagus and GE junc-
tion. Immediate hemostasis was achieved in all nine and there was no bleeding 
on follow-up EGD in 24 h at which time band ligation was able to be performed. 

A.H. Khan



577

They also reported no deaths in 2 weeks follow-up [ 86 ]. This seems to be a 
promising technique in speed of application, technical ease of use, and effi cacy 
of hemostasis. Larger, controlled studies using this technique are expected.  

    Summary 

 Portal hypertension due to liver disease can result in several endoscopic fi ndings in the GI 
tract, all of which are similar in that they do not cause symptoms except for GI bleeding, 
which can sometimes be acute and severe. Endoscopic screening for esophageal varices 
is recommended and primary prophylaxis is indicated with either NSBB or endoscopic 
banding for select cirrhotics depending on the severity of underlying liver disease and 
endoscopic features of the varices. Acute esophageal variceal bleeding can be life-threat-
ening and requires inpatient management with resuscitation with judicious use of IV fl u-
ids and blood transfusions, vasoactive drugs such as somatostatin, antibiotics, and 
endoscopic evaluation and/or therapy within 12 h of presentation. Secondary prophy-
laxis, after bleeding is controlled, includes both NSBB and endoscopic therapy. Refractory 
bleeding may require temporizing measures such as a covered esophageal stent or bal-
loon tamponade as a bridge to defi nitive therapy, usually TIPS. Gastric variceal bleeding 
is more diffi cult to control endoscopically but tissue adhesives such as cyanoacrylate 
have an emerging role; TIPS is still often required. Portal hypertensive gastropathy/
colopathy may cause chronic GI blood loss and rarely requires treatment but NSBB and 
endoscopic ablation along with iron supplementation are usually effective.     
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    Chapter 35   
 Liver Resection                     

     Amir     H.     Fathi       and     T.     Clark     Gamblin     

       Liver resection has been transformed from a procedure with substantial mortality 
risk to one that is now performed frequently with less morbidity and mortality. This 
chapter aims to underscore important aspects of preoperative evaluation for patients 
undergoing liver surgery. Operative guidelines and essential techniques are also 
addressed in addition to alternative management approaches to patients who are not 
surgical candidates. 

    Patient Selection and Assessment 

    Preoperative Considerations 

  Preoperative care   of patients with liver pathology requires a multidisciplinary 
approach to formulate the best individual treatment plan. Assessing patient candi-
dacy for surgical intervention begins with a thorough evaluation of overall health, 
history and physical exam, medications, comorbid conditions, and patient’s func-
tional capacity. Comorbid health conditions are a major determinant of postopera-
tive morbidity and mortality. Anesthesiology and perioperative  medicine  , in addition 
to the surgical team should evaluate each patient to stratify the risks and optimize 
outcomes. Serious or untreated medical conditions such as recent myocardial, cere-
bral infarction or advanced renal disease may exclude select patients from surgical 
resection [ 1 ,  2 ]. 

 Comorbid illnesses are particularly prevalent in the elderly population. Advanced 
age alone should not be an exclusion criterion; however, age does carry a higher risk 
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for postoperative complications [ 3 ,  4 ]. Patients’ functional status and reserve is of 
much greater importance than the numeric age. Functional status refers to an indi-
vidual’s ability to perform normal daily activities required to meet basic needs, such 
as maintaining well-being and daily routines. Decline in functional status is mea-
sured by an individual’s loss of independence in  activities of daily living (ADL)      
over a certain period of time. Several tools have been developed to score the ability 
of patients to maintain their independence in the context of their daily life. They 
numerically rate physical, emotional, and cognitive status of patients. One of the 
most commonly used tools is the  Eastern Cooperative Oncology Group (ECOG)   
performance status scale [ 5 ]. The ECOG scale is a simple way to quickly assess the 
patients’ current status and when used longitudinally, it illustrates how the disease 
and/or treatment are affecting the daily living abilities of patients (Table  35.1 ).

   After comprehensive assessment of patients’ overall health and functional status, 
in-depth evaluation of patients’ liver health is vital. Assessment starts by examining 
the risk factors for liver diseases such as congenital or familial syndromes, hepatitis, 
and alcohol intake. Please see Chap.   9     for liver diseases and syndromes. All patients 
should be specifi cally asked about alcohol intake history. These questions have a 
particularly important impact on treatments such as liver transplantation. Hepatitis 
testing can be selective, based on the presence of risk factors such as intravenous 
drug abuse, history of tattoos, high-risk sexual behavior, past episode of jaundice, or 
history of blood transfusions prior to 1990. All of the patients with hepatocellular 
carcinoma should be tested for hepatitis due to the known association. 

 The presence of cirrhosis and/or portal hypertension introduces unique chal-
lenges for liver surgery. In cirrhotic patients, a fi rm, nodular and enlarged liver poses 
technical diffi culties in mobilization and parenchymal transection. Impairment of 
liver function after resection in cirrhotic patients is greater, may last longer and 
could result in liver failure. Additionally, potential liver  regeneration   is negatively 
impacted by cirrhosis. Therefore, the principles of parenchymal sparing should be 
strictly followed for cirrhotic patients. Portal hypertension imposes an increased 
risk for bleeding during surgery and in the postoperative period. A decreased  platelet 
count is often used as a surrogate marker for portal hypertension rather than inva-
sive measurement of hepatic vein pressure gradients. 

   Table 35.1    ECOG performance status scale   

 Grade  ECOG 

 0  Fully active, able to carry all pre-disease performance without restriction 
 1  Restricted in physically strenuous activity but ambulatory and able to carry out work 

of a light or sedentary nature such as light house work, offi ce work 
 2  Ambulatory and capable of all self-care but unable to carry out any work activities. Up 

and about more that 50 % of walking hours 
 3  Capable of only limited self-care, confi ned to bed or chair more than 50 % of waking 

hours 
 4  Completely disabled. Cannot carry on any self-care. Totally confi ned to bed or chair 
 5  Dead 
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 Patients with biliary instrumentation have an increased risk of infections due to 
the colonized biliary tree associated with manipulation and/or stent placement. 
Postoperative alterations of immune system are thought to be a potential predispos-
ing factor to infections. The risk of postoperative infection is particularly high in 
patients with cirrhosis and ascites or jaundice.  

    Assessment of Liver Function 

 There is no individual test to completely assess the liver’s functional status. 
Assessment requires analysis and interpretation of multiple factors. Accurate esti-
mation of liver resection extent and the predicted remnant volume assists in predic-
tion of the potential postoperative complications. It also guides the therapeutic 
decisions which may include a staged resection or hybrid procedures with incorpo-
ration of ablation techniques. 

 Recent improvements in anesthesia support, surgical techniques, and ICU care 
have led to a surgical mortality of less than 3 % following liver resections at many 
high volume institutions. However, overall morbidity related to liver failure follow-
ing resection remains between 16 and 50 % [ 6 ,  7 ]. 

 Currently, measures to assess preoperative liver function are broadly divided to 
three major categories: (1) Classifi cation systems, (2) Dynamic Liver tests, (3) 
Predicting postoperative liver volume. 

     Classifi cation Systems   

 While many systems have been proposed for risk stratifi cation and selection of 
patients undergoing liver surgery, the  Child-Turcotte-Pugh (CTP)   scoring system is 
most commonly utilized [ 8 ,  9 ]. The parameters measured in this classifi cation 
include presence or absence of clinical ascites and encephalopathy, serum albumin, 
total bilirubin, and the  international normalized ratio (INR)  . Based on clinical sever-
ity or measured laboratory value, each parameter will earn points. The fi nal point 
total (which is a summation of all fi ve categories) will classify the patient into three 
groups (A, B or C). These groups are used to stratify the patients’ liver synthetic and 
detoxifi cation function (Table  35.2 ). Numerous studies have demonstrated the pre-
dictive validity of the CTP score as a surrogate for liver function and prognostic of 
outcomes. For example, in patients with cirrhosis, the 1-year mortality related to 
liver failure is less than 5 % for Child-Pugh class A patients, compared with 20 % 
and 55 % for class B and C patients, respectively. Child-Pugh class B cirrhosis lim-
its candidates for liver resection, and prohibits a major hepatectomy. Class C cir-
rhosis is a contraindication for surgical intervention.

   Another classifi cation system is the MELD (Model for End-Stage Liver  Disease     ) 
[ 10 ]. This system is used to assess patients for liver transplantation and estimates 
the 3-month predicted mortality. It is a logarithmic equation comprised of serum 
creatinine, total bilirubin and INR values to predict the anticipated mortality. MELD 
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score has been increasingly used to provide a complementary predictive value to 
Child-Pugh score. Patients with a MELD score above 14 may be excluded from 
major surgical interventions.  

     Dynamic Liver Tests   

 Although not routinely used in North America, dynamic tests can provide additional 
information on the future liver remnant by evaluating hepatic uptake, metabolism 
and excretion capacity.  Indocyanine green (ICG)      clearance and  Galactose 
Elimination Capacity (GEC)      are two most commonly utilized quantitative tests. 

 ICG clearance test is validated as a valuable adjunct in quantifying liver function. 
ICG is a dye that is selectively taken up and cleared from the circulation by the liver 
and its clearance is an indicator of hepatocyte function. Studies, suggest that an ICG 
retention values after intravenous injection above 10–15 % at 15 min are considered 
abnormal and are used as a cutoff to identify patients at high risk for liver failure 
following liver resection [ 11 ].  

    Predicting  Postoperative Liver Volume   

  Future liver remnant (FLR)      refers to the residual liver volume after hepatic resec-
tion. It is one of the most important determinants of postoperative liver function. 
Underlying liver disease and its inherent impaired liver functional capacity requires 
a larger remnant liver to achieve the necessary hepatic function. Studies have sug-
gested that for patients with normal liver parenchyma, FLR > 20–30 % is suffi cient 
to avoid postoperative liver insuffi ciency. In cirrhotic patients with impaired base-
line liver function, at least a 40 % FLR is recommended to compensate [ 12 ]. For 
patients who have received extensive systemic chemotherapy, FLR > 30 % reduces 
the rate of  postoperative hepatic insuffi ciency (PHI)      and may provide enough func-
tional reserve for clinical rescue [ 13 ]. 

 Three-dimensional  Computed Tomography (CT)   scan or  Magnetic Resonance 
Imaging (MRI)   has been utilized to perform preoperative volumetric analyses. 

   Table 35.2    Child-Turcotte-Pugh (CTP) scoring system   

 Points  1  2  3 

 Ascites  None  Mild to Moderate (diuretic controlled)  Severe 
 Encephalopathy  None  Mild  Severe 
 Bilirubin (mg/dL)  <2  2–3  >3 
 Albumin (g/L)  >3.5  2.8–3.5  <2.8 
 PT (sec > control)  or   <4  4–6  >6 
 INR  <1.7  1.7–2.3  >2.3 

   INR  international normalized ratio,  PT  prothrombin time 

 Class A: 5–6 points; Class B: 7–9 points; Class C: 10–15 points  
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Based on the predicted anatomical resection planes, software can calculate the 
 corresponding remnant volumes. Image guided volumetry does not account for 
underlying parenchymal dysfunction and should not be used as the single decision 
variable. Inconsistencies can also occur when multiple, large or infi ltrating tumors 
replace a large volume of the liver. 

 A number of techniques have been utilized to improve an insuffi cient FLR, in 
order to achieve a safe liver resection. These include  portal vein embolization (PVE)      
and recently introduced ALPPS (Associated Liver Partition and Portal vein ligation 
for Staged hepatectomy). Portal vein embolization or ligation interrupts the fl ow 
and diverts the portal blood fl ow to the liver remnant, causing remnant growth. This 
effect is maximized in 4–6 weeks and is most effective for the patients with a nor-
mal liver [ 14 ]. ALPPS (Associated Liver Partition and Portal vein ligation for 
Staged hepatectomy) is a recent modifi cation of staged liver resections that 
approaches resection in two steps. It relies on the regenerative capacity of the rem-
nant liver after parenchymal transection and portal vein ligation in a short period of 
1–2 weeks during a single hospitalization [ 15 ].   

    Imaging  Modalities   

 The last critical component to the proper patient selection for liver surgery is to 
delineate the liver anatomy. It is crucial to outline the topography and characterize 
the liver pathology with its anatomical relationship to the critical structures. High 
quality preoperative cross-sectional imaging is imperative for this assessment. 

  Ultrasound (US)   is an inexpensive, high resolution imaging technique that does 
not use ionizing radiation. Its versatility and real time imaging capability make it a 
useful screening tool. However, its sensitivity and specifi city are lower than 
CT. Therefore it is not routinely used for preoperative planning. Intraoperative ultra-
sonography is an essential component of liver surgery. It is used for identifying the 
lesions, screen the remnant liver for occult disease, and ultimately determine resect-
ability (Fig.  35.1a ).

   To date, CT scan and MRI are the most reliable preoperative imaging modalities 
to evaluate the liver. In addition to the information gained about the liver, they are 
also used to evaluate for extrahepatic disease. CT volumetry is one of the most com-
mon means of predicting the volume of functional liver remnant following a pro-
posed resection [ 16 ]. It typically involves the ratio of remaining volume to total liver 
volume (Fig.  35.1b ). MRI is a cross-sectional scanning technique that uses mag-
netic fi elds and radiofrequency pulses to generate images with tissue contrast 
(Fig.  35.1c ).  MRI cholangiography (MRCP)      is a technique that is utilized to specifi -
cally evaluate the biliary and pancreatic systems. Diagnostic quality images are 
obtained via this technique with high sensitivity and specifi city for assessment of 
biliary duct dilations, strictures and other abnormalities (Fig.  35.1d ) [ 17 ]. The 
images obtained by MRCP are very similar to ones acquired by Endoscopic 
Retrograde CholangioPancreatography (ERCP)       (Fig.  35.1e ) or  Percutaneous 
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  Fig. 35.1    Examples of different liver imaging modalities. ( a ) CT scan image of a liver lesion. ( b ) 
MRI imaging showing a solid liver tumor. ( c ) Ultrasonic image of a solid gallbladder lesion with 
posterior enhancement. ( d ) MRCP reconstruction of biliary tree. ( e ) ERCP imaging of biliary tree       

 

A.H. Fathi and T.C. Gamblin



589

Transhepatic Cholangiography (PTC)     . In contrast to those invasive procedures, 
MRCP is noninvasive and avoids morbidities such as post procedural pancreatitis. 
MRCP also provides the ability of visualization of the extrabiliary anatomy, allow-
ing for exclusion or inclusion of alternative diagnoses. However, this modality does 
not provide the potential of a tissue diagnosis and the opportunity for therapeutic 
interventions such as stent placement.  

    General  Principles   

 The liver is the largest solid organ in the human body. It lies protected under lower 
ribs, closely molded to the undersurface of the diaphragm. Most of liver bulk is 
located in the right side of the body, secured by multiple ligaments. 

 Liver is divided into right and left lobes by Cantlie’s line which runs from gall-
bladder fossa anterior, to the IVC fossa posterior. These lobes are subdivided by the 
Couinaud classifi cation into eight functionally independent segments. Each seg-
ment has its own vascular infl ow, outfl ow, and biliary drainage. In the center of each 
segment, there is a branch of the portal vein, hepatic artery, and bile duct. In the 
periphery of each segment, there is vascular outfl ow through the hepatic veins. 

 Indications for liver resection vary widely from trauma to oncologic treatments 
(Table  35.3 ). Liver resections are divided into two major categories: Anatomic and 
non-anatomic. Anatomic resections follow the mentioned segmental divisions and 
could range from a single segment resection (Segmentectomy), to over six segment 
resections (Right Trisegmentectomy). Major  hepatectomy   is defi ned as resection of 
three or more Couinaud liver segments. Non-anatomic resection planes are not lim-
ited by these segmentations. For example, a wedge resection of liver parenchyma is 
considered non-anatomical resection. The  International Hepato-Pancreato-Biliary 
Association (IHPBA)   Brisbane 2000 terminology committee classifi es the liver 
resections to fi ve main categories [ 18 ]: (1) Right Hepatectomy: resection of seg-
ments V–VIII, (2) Left Hepatectomy: Resection of segments II–IV, (3) Extended 
Right Hepatectomy (Right Trisegmentectomy): Resection of segments IV–VIII, (4) 
Left Lateral Segmentectomy: Resection of segments II and III, (5) Extended Left 
Hepatectomy (Left Trisegmentectomy)   : Resection of segments II, V, and VIII.

   Liver resection for treatment of benign tumors or cystic lesions is performed for 
symptomatic patients, when malignancy is suspected, or diagnostic dilemmas exist. 
Lesions with potential for malignant transformation, such as adenomas may also be 
an indication for resection. In such cases, parenchymal preservation should be stressed 
and removal of normal liver tissue should be minimized. Liver resection may be nec-
essary in the management of some complex benign biliary strictures as well. 

 In malignant cases, oncologic appropriateness of liver resection and patient 
 performance status are key determinants. Preoperative transcutaneous needle biopsy 
of liver tumor masses is not routinely necessary. Preoperative biopsy should be 
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pursued only if the information gained will alter the treatment plan. In the presence 
of a strong presumptive and clinical diagnosis of a potentially resectable liver tumor, 
it is preferred to avoid percutaneous methods, which could result in possible tumor 
dissemination, rupture, or hemorrhage. 

 Diagnostic laparoscopy has also emerged as a signifi cant technique for revealing 
occult disease burden which has escaped preoperative imaging studies. Its benefi ts, 
when the occult disease is found, include decreased procedure-related morbidity 
and shorter time to initiation of adjuvant therapy [ 19 ].   

  Table 35.3    Most common 
indications for liver resection  

 1. Traumatic Injury 
 2.  Living Donor Liver Resection for 

Transplanting 
 3. Malignant Liver Neoplasms 
   (a) Primary 
     • Hepatocellular carcinoma 
     • Intrahepatic cholangiocarcinoma 
     • Cyst adenocarcinoma 
   (b) Metastatic, from 
     • Colorectal cancer (CRS) 
     •  Neuroendocrine neoplasms or 

non-colorectal cancers 
     • Tumors directly invading the liver 
      – Adrenal tumors 
      – Renal carcinoma 
      – Gastric cancer 
      – Colonic cancer 
      –  Retroperitoneal and inferior 

vena cava sarcoma 
 4. Benign Liver Neoplasms 
   (a) Hemangioma 
   (b) Adenoma 
   (c) (FNH) Focal nodular hyperplasia 
   (d) Cystadenoma 
 5. Gallbladder Cancer 
 6. Extrahepatic Cholangiocarcinoma 
 7. Benign Conditions 
   (a)  Intrahepatic biliary strictures/

fi stulae 
   (b) Hepatolithiasis 
   (c) Recurrent pyogenic cholangitis 
   (d) Liver cysts/polycystic liver disease 
   (e) Parasitic infections 
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    Operative Guidelines 

    Perioperative Preparation and Anesthesia Considerations 

  Perioperative preparation   includes intravenous antibiotic administration prior to 
skin incision and deep venous thrombosis prophylaxis.  Coagulopathy   is ruled out 
and blood products should be available for possible transfusion. Patients with a 
signifi cant history of cardiopulmonary disease should undergo preoperative 
evaluation. 

 To minimize bleeding during parenchymal transection, central venous pressure 
less than fi ve mmHg is desirable. Routine perioperative blood transfusion should be 
avoided, as allogeneic red blood cell transfusion has been associated with worse 
perioperative outcome and a possible impact on cancer-related survival [ 20 ]. 

  Normothermia   should be maintained with warmed fl uids and external warming 
devices. Low body temperatures are associated with coagulopathy and postopera-
tive complications such as surgical site infections [ 21 ]. 

  Postoperative analgesia   can be delivered by intravenous or epidural routes. The 
ability to metabolize narcotics after major liver resections may be reduced, thus the 
patient must be monitored carefully for oversedation and respiratory depression.  

    Operating Room Details 

     Patient Positioning   

 Patient is positioned supine on the operating room table. Both arms extended per-
pendicularly to the body and secured on arm boards. Care is taken to avoid overex-
tension of the arms and to prevent any potential injury to the brachial plexus nerves 
in the axilla. Proper padding should be applied to all of the body pressure points, 
such as elbows and heals to prevent any iatrogenic pressure ulcers. For large poste-
riorly lying tumors, a shoulder roll or lateral decubitus position may be utilized. 
Central venous catheters and arterial lines are commonly used for major resections. 
The prepping and draping includes the lower chest from nipple line down to the 
both groins.   

    Surgical Technique 

     Incision   

 The incision length and type depends on the tumor location, type of planned resec-
tion and history of prior abdominal procedures. A xiphoid to umbilicus, upper mid-
line incision should suffi ce for left sided or central resections. However, larger 
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tumors of the right side of the liver will require a right subcostal incision with 
 vertical midline extensions for an open resection. Incisions and port placements for 
minimally invasive liver surgery will be described later in the chapter.  

    Critical Steps of Operation 

 There are four defi ned steps for liver surgery.

   Step One:   Exploration    

  Upon entering the abdomen, the peritoneal cavity should be carefully explored 
to rule out distant disease.  

  Step Two:   Mobilization ,  exposure and reassessment    

  In order to gain adequate exposure, it is essential to divide the suspensory hepatic 
ligaments. The extent of liver mobilization is determined by the tumor location 
and the planned anatomical resection. Visual and manual exploration of liver 
follows the mobilization. Intraoperative ultrasound (IOUS) is used in every case. 
It assists in evaluating the number and location of tumors along with their exact 
relation with the major vasculature and biliary structures.  

  Step Three:  Infl ow ,  Outfl ow control and preservation of    biliary tree integrity    

  Prior to parenchymal transection, the vascular and biliary drainage division should 
be planned and arterial and venous blood supply should be controlled. 
Intraoperative cholangiogram as well as intraoperative ultrasound are valuable 
adjunct diagnostic methods to delineate the biliary and vascular anatomy before 
any transection. It is recommended to encircle the Porta Hepatis via foramen of 
Winslow for a Pringle maneuver, if necessary. 

 Control of the hepatic arterial and portal venous blood supply to the portion of 
liver to be removed could be obtained by extrahepatic dissection or alternatively 
by ligation within liver parenchyma. Special attentions should be exercised during 
dissection to preserve the adjacent vascular and biliary structures, associated with 
the future liver remnant. The remnant liver must maintain intact arterial and portal 
infl ow, biliary drainage and at least one of three hepatic veins. Extrahepatic dissec-
tion and control of these veins is possible in the majority of cases. However, intra-
hepatic control of the veins, carried out during parenchymal transection, is also 
feasible and acceptable. Furthermore, there are multiple short hepatic veins drain-
ing directly from the posterior surface of the liver to the IVC. These veins should 
be individually identifi ed and ligated, if right lobe mobilization is necessary.  

  Step Four:   Parenchymal transection    

  A number of methods and tools are available to transect the liver parenchyma. 
Historically, the one that has been used most extensively is the crush-clamp tech-
nique. In this method, the Glisson capsule is scored with diathermy along the line 
of proposed transection and a Kelly clamp is used to crush the liver tissue and 
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expose small vessels, biliary channels, and larger pedicles. Once exposed, these 
structures are divided using a variety of techniques, including clips and/or suture 
ligation. Recently, several devices have been developed to facilitate this process, 
such as: (1) bipolar cautery (LigaSure; Valleylab, Boulder, CO); (2) Saline- 
linked radiofrequency ablation monopolar device (TissueLink; TissueLink 
Medical, Dover, NH), or a bipolar variation (Aquamantys, TissueLink Medical); 
(3) Harmonic Scalpel (SonoSurg; Olympus Key Med, New York, NY). Ultrasonic 
or water-jet dissectors also have been used for parenchymal dissection. Ultrasonic 
dissector has some advantages in dissecting vessels, particularly in the perfor-
mance of segmental and subsegmental resections, especially in the cirrhotic 
liver. The water-jet dissector (Helix Hydro-Jet ERBE; USA Inc., Marietta, GA) 
is another effi cient device and is valuable in the exposure of major pedicles. 

 Use of vascular staplers for safely securing and dividing infl ow and outfl ow 
vessels in major liver resections is well described in the literature. In addition to 
vascular division, application of surgical stapling devices for parenchymal tran-
section in hepatic surgery has also been reported. This technique has multiple 
advantages including the speed in which the transection can be performed. This 
accelerated transection potentially eliminates the necessity for prolonged infl ow 
occlusion (Pringle’s maneuver). Furthermore, any secondary biliary radicals will 
also be sealed with the staple cartridges. One potential disadvantage of the sta-
pled technique is the cost of multiple stapler cartridges. The cost issue should be 
weighed in light of impact on ICU admission, blood transfusion, and OR time, 
which if minimized, potentially offsets the cost of the stapler cartridges [ 22 ].      

    Minimally Invasive Approaches in Liver Resection 

    General  Principles   

 Michel Gagner is credited for the fi rst laparoscopic partial hepatectomy in 1992 
[ 23 ]. Despite close to 20 years of development and over 3000 reported cases inter-
nationally, minimally invasive liver surgery remains an emerging fi eld [ 24 ]. 

 In 2008, a consensus statement divided minimally invasive liver procedures into 
three categories: (1) pure, (2) hand-assisted, and (3) hybrid laparoscopy [ 25 ]. Pure 
laparoscopy involves complete mobilization and resection via laparoscopic ports, 
with an incision for specimen extraction only. Hand-assisted laparoscopy involves 
the elective placement of a hand port for mobilization or resection, which is then 
used for specimen extraction. Hybrid laparoscopy refers to a procedure in which the 
mobilization of liver is done laparoscopically, but resection and extraction are per-
formed through a mini-laparotomy. This classifi cation was reiterated in the report of 
Second International Consensus Conference held in Morioka, Japan, 2014 [ 26 ]. 

 The indications for laparoscopic resection do not vary from open hepatic surgery 
and the same oncologic principles are utilized. Appropriate oncologic resection 
must include negative margins and maintenance of maximal hepatic remnant 
(Table  35.4 ).
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   Laparoscopic liver resection provides the potential advantages including: shorter 
operative times, shorter lengths of hospitalization, less operative blood loss, reduced 
transfusion requirements, a reduced need for analgesia, improved maintenance of 
abdominal wall integrity, earlier access to adjuvant therapy because of quicker 
recovery, fewer postoperative adhesions, and improved cosmesis. Multiple large 
studies have compared the open technique to the laparoscopic  approach   and demon-
strated similar outcomes [ 27 ].  

     Positioning   

 Patient positioning for minimal invasive liver procedures is similar to that described 
for open technique.  

     Port Placemen  t and  Conduct of Operation   

 A single laparoscopic port is placed in order to carefully inspect the peritoneal cav-
ity and provided no occult disease is present, additional ports are placed accord-
ingly. If the hand-assisted technique is required, the hand port will be placed in 
accordance with planned resection and the patient’s body habits. 

   Table 35.4    Indications and contraindications for laparoscopic partial hepatectomy   

  Indications  
 Location 
 1. Segments I through VIII 
 Pathology 
 1. Benign and malignant neoplasms 
 2. Cystic lesions 
 3. Parasitic lesions 
 Size 
 1. Any size lesion, not in proximity to major vascular structures 
 2. Pedunculated lesions, not in proximity to major vascular structures 
  Relative contraindications  
 Location 
 1. Lesions near the inferior vena cava (IVC), hilum, or hepatic veins insertion site to IVC 
 2. Multiple bilateral lesions 
 Pathology 
 1. Coagulopathy or thrombocytopenia 
 2. Moderate to severe portal hypertension 
  Absolute contraindications  
 1. Gallbladder cancer and hilar cholangiocarcinoma 
 2.  Inability to obtain a negative surgical margin that would otherwise be possible in an open 

approach 
 3. Patient unable to tolerate pneumoperitoneum 
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 Following port placement, the four steps and principles for open liver surgery are 
pursued. This process will include: Laparoscopic exploration of abdominal cavity 
for any possible disease spread, mobilization and exposure of the liver by proper 
ligament division and retraction, reassessment of the disease process with the use of 
laparoscopic IOUS, infl ow, outfl ow control and preservation of biliary tree integrity 
by laparoscopic dissection, parenchymal transection with the use of laparoscopic 
energy devises, dissectors, and staplers. When the resection is completed and hemo-
stasis achieved, the umbilical access port is enlarged for specimen removal within a 
specimen bag, if necessary. 

 In conclusion, laparoscopic liver surgery is a safe procedure for thoughtfully 
selected patients, when performed by experienced surgeons. It offers considerable 
perioperative benefi ts compared to laparotomy. In addition, oncologic outcomes 
and survival for HCC and colorectal metastases have been demonstrated to be 
equivalent in nonrandomized trials.   

     Complications and Hazards   of Liver Surgery 

 Three major complications of liver resection are bleeding, biliary complications, 
and liver failure. Hemorrhage may occur during the operation from open branches 
of hepatic artery, portal vein, or hepatic veins and requires immediate attention. 
There are multiple techniques to halt bleeding ranging from manual compression 
and suture repair of the bleeding vessel to vascular isolation. As mentioned before, 
Pringle maneuver can provide helpful infl ow control to the liver. This technique will 
temporarily occlude arterial and portal venous fl ow to the liver, which in return will 
facilitate the identifi cation and control of bleeding source. 

 Biliary fi stula, strictures, or leakage can also occur postoperatively. This may 
require drainage, endoscopic stenting, percutaneous transhepatic biliary drainage, 
or rarely a second surgical procedure. 

 Postoperative liver failure and postoperative mortality are related to the extent of 
remnant liver preserved. Minimal risk of postoperative liver failure is present if the 
majority of the resection volume has been replaced by an extensive tumor mass. In 
such patients, compensatory hypertrophy of the unaffected residual liver already 
may have occurred prior to resection and the loss of functional parenchyma is lim-
ited. The incidence of other surgical complications such as intraabdominal infec-
tions may also trigger postoperative liver failure. Furthermore, cirrhosis predisposes 
patients to multiorgan failure after major hepatic resections. 

 Ascites accumulation after liver resection is one of the most frequent complica-
tions encountered after liver resection in cirrhotic patients, occurring in up to 80 % 
of patients. Gross abdominal distension can interfere with respiratory function and 
may result in leakage, infection and/or disruption of the surgical incision. Large 
volume ascites may also lead to major fl uid, protein, and electrolyte imbalances. 

 Most common types of postoperative infections include: surgical site and soft 
tissue infections, bacteremia and blood stream infections, intraabdominal and/or 
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deep organ/space infections such as liver abscesses. Alteration of humoral and cel-
lular immunity is common in cirrhotic patients. Therefore, infections should be 
treated aggressively with broad-spectrum antibiotics after liver surgery, to avoid 
 subsequent   complications.   

    Alternatives for Liver Resection 

  Transplantation and surgical resection   are the gold-standard curative treatment 
options for any primary or metastatic liver lesion. Unfortunately, resection is only 
feasible in approximately 30 % of patients at diagnosis. Tumor size, location, and/or 
quantity may preclude a surgical resection. The patients’ general condition and con-
current comorbidities also may prevent liver resection. Multiple treatment options 
exist for those patients deemed unresectable (Table  35.5 ).

    Chemotherapy and radiation therapy   are the mainstay of adjuvant treatment 
sequencing. In addition, these treatment options could be used as a palliative approach 
or in an effort to downstage the tumors. Regional therapies such as transarterial che-
moembolization (TACE), radioembolization, or ablative techniques are also utilized 
as bridging treatments, while patients wait on the liver transplantation list. 

 In summary, liver resection is a curative approach for thoughtfully selected patients. 
It can be performed safely with low mortality and acceptable morbidity rates in spe-
cialized centers. Unfortunately, it is only feasible in approximately 30 % of patients at 
diagnosis. Therefore, other treatment options such as liver directed therapies and liver 
transplantation must also be present for comprehensive management.     
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    Chapter 36   
 Liver Transplantation: An Overview                     

     Joohyun     Kim       and     Johnny     C.     Hong     

          Who Should Be Considered for Liver Transplantation? 

 For patients with irreversible liver disease, either secondary to acute or chronic causes, 
 orthotopic liver transplantation (OLT)   is a durable life-saving treatment modality with 
excellent long-term survival outcomes [ 1 – 3 ]. Furthermore, OLT provides/restores 
long-term physiologic and psychological well-being as well as superior quality of life 
compared to patients with liver disease or other chronic conditions [ 4 ,  5 ]. The general 
indications for OLT include: end-stage liver disease, hepatic encephalopathy, hyper-
bilirubinemia, portal hypertension, hepatic synthetic dysfunction, poor quality of life 
due to liver disease, and specifi c liver and bile duct cancers. 

    Viral Hepatitis 

  Viral hepatitis   is the most common primary liver disease in cirrhotic patients. In 2014, 
20 % of all liver transplantation cases in the United States (US) were for  hepatitis 
C-related   cirrhosis and 13 % were for alcohol-related cirrhosis. Chronic hepatitis C 
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recurs universally after liver transplantation, between 80 and 100 % of cases recur 
within 4 years after OLT and 20–40 % of patients develop cirrhosis in the graft after 
5 years [ 6 ,  7 ]. With the recent introduction of direct-acting antivirals in the treatment of 
 hepatitis C,   it is likely that the rates of recurrence as well as progression to cirrhosis will 
diminish [ 8 ]. In contrast, recurrence of  hepatitis B   infection after OLT (<5 %) has been 
effectively controlled with  the    use of a combination of long- term antivirals and intra-
venous anti-hepatitis B immunoglobulin after OLT [ 9 ].  

    Nonalcoholic Fatty Liver Disease 

 While hepatitis C-related cirrhosis remains the most common indication for OLT, 
there has been a downward trend over the past decade as shown in Fig.  36.1 . 
Interestingly, the proportion of OLT for nonalcoholic  steatohepatitis   has markedly 
increased. Nonalcoholic steatohepatitis commonly recurs after OLT, but  it   rarely 
progresses to cirrhosis. This group of patients is frequently associated with meta-
bolic syndrome, obesity, and chronic diabetic kidney disease.

       Alcohol-Related Cirrhosis 

  Alcoholic liver disease   is another common cause of cirrhosis. Patients with alcoholic 
liver disease commonly have comorbidities such as Wernicke’s encephalopathy, mal-
nutrition (including vitamin defi ciency), and cardiomyopathy. It is important to 
maintain abstinence prior to transplantation, and some patients show stabilization 
and improvement of liver function such that transplantation is not required. Patients 
with substance abuse issues need an appropriate referral for a comprehensive evalu-
ation and treatment. A multidisciplinary approach is required to address the multiple 
medical comorbidities related to cirrhosis and chronic illness as well as to ensure 

  Fig. 36.1    Trends in the 
distribution of major 
indications for liver 
transplantation over the 
past decade in the United 
States.  HCC  hepatocellular 
carcinoma,  HCV  hepatitis 
C,  ALD  alcoholic liver 
disease,   NASH  
  nonalcoholic 
steatohepatitis,  ALF  acute 
liver failure       
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adequate psychosocial coping and a support structure to minimize the risk for recidi-
vism. Any concern related to the patient’s compliance should be addressed before the 
patient is placed on the recipient list.  

    Acute Liver Failure 

 Hepatic failure occurs in patients without any previous history of chronic liver disease, 
and this rare disease entity is called fulminant hepatic failure or acute liver failure (ALF). 
Traditionally, fulminant liver failure  was   defi ned as severe liver injury in which hepatic 
encephalopathy occurred less than 8 weeks after the onset of symptoms in an individual 
without preexisting liver disease, whereas subfulminant liver failure was defi ned as an 
onset of encephalopathy after 8 weeks but before 26 weeks after the onset of symptoms. 
The previous subcategories  of   ALF based on timing and severity of clinical presenta-
tion—hyperacute as the onset of encephalopathy within 7 days, acute as the onset 
between 7 and 28 days, and subacute as the onset between 28 days and 24 weeks—are 
no longer advocated by the  National Institutes of Health (NIH)   working group [ 10 ]. 

 In 2008, the NIH working group on acute liver failure recommended that the term 
“acute liver failure” is preferable and that the most reliable signs of severe acute liver 
injury are the presence of coagulopathy (international normalized ratio [INR] >1.5) and 
any degree of encephalopathy occurring within 24 weeks of the fi rst onset of symptoms 
in patients without underlying liver disease [ 10 ]. In 2014, acute liver failure accounted for 
4 % of all liver transplantation indications in the United States.  Acetaminophen (APAP)   
toxicity is the leading cause (40 %) of ALF. The other common etiologies are idiosyn-
cratic drug-induced liver injury (13 %),  hepatitis B   infection (6 %), ischemic hepatitis 
(6 %), autoimmune hepatitis (4 %), Wilson’s disease (3 %), pregnancy (2 %), Budd-Chiari 
syndrome (2 %), malignancy (1 %), and indeterminate (17 %). Multiorgan failure is the 
most common cause of death from ALF, accounting for >50 %, followed by intracranial 
hypertension and infection. The progress of the disease is rapid once the patient develops 
encephalopathy and is associated with an extremely high mortality without OLT. With 
timely OLT, the long-term patient survival ranges from 60 to 80 %. As such, it is recom-
mended to identify the etiology of ALF (i.e., APAP toxicity, mushroom poisoning, etc.), 
initiate an etiology-specifi c therapy for patients with ALF, and transfer the patients to a 
liver transplantation center as soon as ALF is suspected [ 10 ].   

    When Should Liver Transplantation Be Considered 
for Treatment of Liver and Bile Duct Cancers? 

 Curative treatment of  hepatobiliary malignancy  , complete extirpation of the 
tumor including all microscopically detectable disease, requires a multidisci-
plinary approach to provide the best chance for long-term tumor recurrence-
free survival. It is prudent to have a comprehensive treatment plan in place 
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prior to tumor manipulation. Incomplete resection (residual tumor) or invasive 
procedures (i.e. biopsy, locoregional therapy) increase the risk for tumor cell 
seeding that may negatively impact the overall patient survival. As such, all 
therapeutic modalities, including OLT, should be included in the initial treat-
ment decision algorithm. 

  Hepatocellular carcinoma (HCC)   is the most common type of liver cancer and 
a common indication for OLT. Hepatocellular carcinoma (HCC) accounts for 
90 % of all primary liver cancers and it is projected to become the third leading 
cause of cancer-related death in the US by 2030. It is estimated that 80–90 % of 
all HCC cases result from cirrhosis. This explains the relatively high HCC moral-
ity rate, because management options are more limited in the setting of cirrhosis 
[ 11 ,  12 ]. Liver resection plays a limited role in HCC because of the higher rate 
of recurrence and post-hepatectomy liver failure in cirrhosis [ 12 ,  13 ]. 

 OLT offers the best oncologic resection of HCC, treats cirrhosis, and restores 
normal hepatic function. The proportion of OLT for HCC has remarkably 
increased. In 2014, 25 % of OLTs in the US were for HCC (Fig.  36.1 ). HCC 
may recur even when OLT is performed without evidence of extrahepatic 
spread (e.g., major vascular invasion or distant metastasis). The Milan criteria 
were introduced to select patients with early HCC who would benefit from 
OLT. These criteria are based on the size and number of tumors: one lesion 
≤5 cm or two or three lesions ≤3 cm. A systemic review reported a 5-year sur-
vival rate ranging from 65 to 78 % for patients who underwent OLT for HCC 
within the Milan criteria, which is comparable to the survival rate of patients 
with noncancer indications [ 14 ]. 

 The current MELD system allows exception points to a patient with HCC meet-
ing one of the following criteria: one lesion ≥2 cm and ≤5 cm or two or three 
lesions ≥1 cm and ≤3 cm. All eligible patients with HCC meeting specifi c criteria 
are immediately granted MELD exception points (independent of the patient’s cal-
culated laboratory MELD score). In patients with localized HCC, OLT provides an 
excellent curative treatment for eligible patients, 5-year tumor recurrence-free sur-
vival between 60 and 70 %. 

  Cholangiocarcinoma (CCA)   is a malignant neoplasm arising from epithelial 
cells of the extrahepatic and intrahepatic bile ducts, excluding the papilla of 
Vater and the gallbladder [ 15 ]. CCA is the second most common primary hepa-
tobiliary malignancy in the US. The incidence of CCA is increasing, and its 
prognosis remains grim without surgical treatment [ 16 ,  17 ]. Early diagnosis has 
been a constant challenge, because there is no effective screening test, and most 
patients with unresectable disease die within 6–12 months of diagnosis. 
Anatomically, CCA is classifi ed into the proximal type, also known as hilar 
(HCCA), perihilar, or Klatskin tumors, that accounts for 60–70 % of cases; distal 
type for 20–30 %; and intrahepatic (ICCA) or peripheral for the remaining 
5–10 %. The three different types of CCA have distinct pathophysiology, differ 
in their epidemiological features and clinical presentations, and vary in surgical 
treatments [ 18 ]. The primary modality of treatment for HCCA is radical bile  duct 
  resection with partial hepatectomy; for ICCA, partial hepatectomy; and for the 
distal type of CCA,  pancreaticoduodenectomy  . For patients with unresectable 
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HCCA or ICCA, OLT presents a viable option and has been reported to provide 
survival benefi ts [ 19 ]. A predictive index for tumor recurrence after liver trans-
plantation for locally advanced intrahepatic and  hilar cholangiocarcinoma   has 
been reported to facilitate patient selection. Based on this patient-tumor stratifi -
cation system, a survival benefi t of 5-year tumor recurrence- free of up to 78 % 
can be achieved with neoadjuvant therapy followed by OLT in the low risk cat-
egory. There was no long-term survivor for patients in the high-risk group [ 20 ]. 
However, current MELD allocation only grants exception points for patients 
with HCCA meeting stringent Mayo Criteria (Table  36.1 ).

       When Should Evaluation for Liver Transplantation 
Be Considered? 

 Regardless of the etiology of cirrhosis, patients may suffer from complications of 
portal hypertension and hepatic dysfunction, including hepatic encephalopathy, vari-
ceal bleeding, ascites, spontaneous bacterial  peritoniti  s and/or  hepatorenal syndrome  . 
While the initial episodes of hepatic decompensation typically respond well to medi-
cal treatments, the underlying liver disease progresses, which leads to more frequent 
and severe occurrences of these complications. For patients with decompensated cir-
rhosis, the annual mortality and 5-year patient survival rates are approximately 20 % 
and 50 %, respectively. 

   Table 36.1    Criteria for  MELD exception   for liver transplant candidates with cholangiocarcinoma   

 •  Centers must submit a written protocol for patient care to the UNOS Liver and Intestinal 
Committee before requesting a MELD score exception for a candidate with CCA. This 
protocol should include selection criteria, administration of neoadjuvant therapy before 
transplantation, and operative staging to exclude patients with regional hepatic lymph node 
metastases, intrahepatic metastases, and/or extrahepatic disease. The protocol should include 
data collection as deemed necessary by UNOS. 

 •  Candidates must satisfy diagnostic criteria for hilar CCA: malignant-appearing stricture on 
cholangiography and biopsy or cytology results demonstrating malignancy, carbohydrate 
antigen 19-9 >100 U/mL, or aneuploidy. The tumor should be considered unresectable on the 
basis of technical considerations or underlying liver disease (e.g., PSC). 

 •  If cross-sectional imaging studies (CT scan, ultrasound, MRI) demonstrate a mass, the mass 
should be ≤3 cm. 

 •  Intra- and extrahepatic metastases should be excluded by cross-sectional imaging studies of the 
chest and abdomen at the time of initial exception and every 3 months before score increases. 

 •  Regional hepatic lymph node involvement and peritoneal metastases should be assessed by 
operative staging after completion of neoadjuvant therapy and before LT. Endoscopic 
ultrasound-guided aspiration of regional hepatic lymph nodes may be advisable to exclude 
patients with obvious metastases before neoadjuvant therapy is initiated. 

 •  Transperitoneal aspiration or  biopsy    of the primary tumor (either by endoscopic ultrasound, 
operative, or percutaneous approaches) should be avoided because of the high risk of tumor 
seeding associated with these procedures. 
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 The etiology of the patient’s liver disease generally dictates the timing for referral to a 
transplant center or specialist. In patients with cirrhosis, the progression of the disease is 
initially slow and may take many years. However, once the patient shows the fi rst signs 
of complications of cirrhosis, it is diffi cult to predict the clinical course of the patient, and 
the patient’s health condition may rapidly deteriorate. Furthermore, chronic illness fre-
quently leads to multiple patient comorbidities, i.e., malnutrition, debilitation, psychoso-
cial issues, cardiopulmonary risk factors, that need to be addressed prior to  orthotopic 
liver transplantation (OLT)  . As such, it is recommended to start the evaluation of the 
patient’s candidacy for OLT after the fi rst episode of hepatic decompensation, defi ned a 
major complication of cirrhosis, i.e., variceal hemorrhage, and hepatorenal syndrome. 

 In those with acute (fulminant) liver failure, the course of the disease is rapid and 
the risk of death without transplantation is extremely high. Whenever this  diagnosis   
is suspected, early transfer to a transplant center is imperative in order to ensure 
timely evaluation and if deemed suitable for liver transplantation, medical optimiza-
tion, and subsequent OLT. It is important to take into consideration the inherent wait-
ing time for organ availability for transplantation due to an ongoing organ crisis.  

    How Long Is the Waiting Time for a Deceased-Donor Liver 
After Placement on the Waiting List? 

 For patients with end-stage liver disease, OLT is the only life-saving treatment 
modality. With the scarcity of organs for transplantation, the current  Model for End-
Stage Liver Disease/Pediatric End-Stage Liver Disease (MELD/PELD)   liver alloca-
tion system prioritizes the organ based on medical urgency based on the patient’s risk 
of death while awaiting liver transplantation. In short, the deceased donor liver  graft   
is allocated for the sickest patient on the waiting list, based on the patient’s MELD 
score, to reduce the number of patients dying while on the waiting list. 

 For patients 12 years of age and older, the MELD scoring system uses the 
patient’s values for  serum bilirubin  , serum creatinine, and the international normal-
ized ratio to predict the 90-day mortality risk while on the waiting list. It is  calcu-
lated   according to the following formula [ 21 ]:

  

MELD Score creatinine mg dL

bilirubin m

= ´ ( )
+ ´

0 957

0 378

. log /

. log
e

e gg dL

INR

/

. log

.

( )
+ ´ ( )
+

1 120

0 643
e

   

UNOS has made the following modifi cations to the score:

•    For candidates with an initial MELD score greater than 11, the MELD score is 
then re-calculated as follows:

MELD Score = MELD(i)+1.32*(137-Na)−[0.033*MELD(i)*(137-Na)]
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• MELD(i) is initial MELD score without consideration of serum sodium values. 
Sodium values less than 125 mmol/L will be set to 125, and values greater than 
137 mmol/L will be set to 137.  

•   If the patient has been   dialyzed     twice within the last 7 days, then the value for 
serum creatinine used should be 4.0  

•   Any value less than 1 is given a value of 1 (i.e., if  bilirubin   is 0.8, a value of 1.0 
is used) to prevent the occurrence of scores below 0 (the   natural logarithm     of 1 
is 0, and any positive value below 1 would yield a negative result)    

 MELD score ranges from 6 to ≥40. Patients having a MELD  score   < 9 are associ-
ated with 1.9 % mortality whereas patients having a MELD score ≥40 are associated 
with a mortality rate of >70 %. 

 For patients less than 12 years of age, the  PELD scoring system   uses the values 
for serum bilirubin, serum albumin, INR, whether or not the patient is less than 
1 year old, and whether or not the patient has growth failure (<−2 standard devia-
tion) to predict survival.
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While the MELD score correlates well with a 3-month risk of  mortality      for the 
majority of the patients on the waiting list, there are some conditions associated 
with chronic liver disease that may diminish patient survival but that are not directly 
accounted for in the MELD scoring system. In short, the severity of illness in 
patients with certain liver disease  types and comorbidities   may not be refl ected on 
the patient’s calculated laboratory MELD score. For patients who meet these spe-
cifi c disease-related criteria,  MELD exception  s points maybe granted. These stan-
dard MELD exceptions were developed to more accurately refl ect the patient’s 
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mortality risk while awaiting OLT. Standard MELD exceptions include: HCC, 
hepatopulmonary syndrome, portopulmonary hypertension, familial amyloid poly-
neuropathy, primary hyperoxaluria, hilar cholangiocarcinoma, and hepatic artery 
thrombosis occurring within 14 days after OLT. 

 The implementation of the  MELD/PELD system   has decreased the  mortality rate   
while on the waiting list. It is important to note that while the MELD scoring system 
is a powerful predictor of pre-transplant survival, it does not predict survival rate 
after OLT. 

    Allocation of Liver Grafts 

 It is estimated that approximately 3000 patients on the liver transplantation waiting 
list become too sick and die every year in the US. Therefore, it is imperative to have 
an effective and fair organ allocation system. The fi rst national computer-based 
matching system was introduced in 1977 by the  United Network for Organ Sharing 
(UNOS)  , an  independent   nonprofi t organization. The  organ allocation policy   has 
been revised multiple times, and allocations are based on three major factors: geo-
graphic location, ABO blood type, and the severity of illness of the patients. UNOS 
divided the US into 11 regions and 59 service areas, and organs are primarily allo-
cated by this geographic system. Blood type is another important consideration. In 
general, ABO-incompatible deceased liver transplantation is not performed due to 
the high incidence of posttransplant liver failure and severe ischemic cholangiopa-
thy. The third and the most important factor is the severity of illness of a patient, and 
to improve the allocation effi ciency, UNOS has been using the model for end-stage 
liver disease (MELD) score to prioritize candidates for  liver transplantation   since 
2002. The MELD score was originally introduced to predict mortality in cirrhotic 
patients undergoing a transjugular intrahepatic postosystemic shunt procedure. 
Multiple follow-up studies have validated that the MELD score correlates to the 
3-month mortality rate of cirrhotic patients in a variety of settings. For example, a 
prospective observational study of 3437 adult liver transplant candidates reported 
that the 3-month  mortality rate   in patients with a MELD score of less than 9 was 2 %; 
in contrast, the mortality rate of patients with a MELD score of 40 or higher was 
71 % [ 22 ]. The MELD score is based on the results of three blood tests: the  pro-
thrombin time international normalized ratio (PT-INR)   and the serum levels of total 
bilirubin and creatinine. Because this score is based on objective laboratory fi ndings, 
the process has become more transparent  and   effi cient. An Internet-based calculation 
tool is also available at the  Organ Procurement and Transplantation Network (OPTN)   
website, and it notes that a candidate for liver transplantation has a MELD score 
ranging from 6 to 40 [ 21 ]. The MELD score has also been utilized to stratify the risk 
of patients. Waitlist and  posttransplant mortality   analyses have demonstrated that 
patients with a MELD score that is less than 15 do not gain survival benefi t from 
liver transplantation [ 23 ]. On the other hand, if a patient’s MELD score is 35 or 
higher, UNOS prioritizes the patient to a liver graft from donors in the expanded 
geographic area in order to increase the probability of an organ offer for that sick 
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patient. It is important to note that the MELD score, which is a powerful predictor of 
pre-transplant survival, does not predict survival rate after liver transplantation. 

 In some specifi c patient groups, the MELD score does not refl ect the severity of the 
liver disease or the patient’s actual waiting list mortality risk. Liver function may be 
normal in patients with HCC, and an  allocation system   based on “raw” MELD score 
may not allow a timely transplant prior to cancer progression beyond transplant eligi-
bility. For HCC patients whose outcome after liver transplantation is reasonably good 
enough to justify the use of deceased-donor organs (a 5-year tumor recurrence-free 
survival between 60 and 70 %), the current MELD system allows exception points to 
the patients with HCC meeting one of the following criteria: one lesion ≥2 cm and 
≤5 cm or two or three lesions ≥1 cm and ≤3 cm. Prior to October 8, 2015, all eligible 
patients with HCC meeting specifi c criteria were immediately granted MELD excep-
tion points of 22 (independent of the patient’s calculated laboratory MELD score), 
which is equivalent to 15 % risk of 3-month mortality. However, 5 % of all HCC 
patients still dropped out within 3 months of the listing [ 24 ]. Additional MELD points 
were granted every 3 months as long as the patient remained within Milan criteria. 
While HCC patients are waiting on the list, various types of locoregional therapies 
(i.e.,  transarterial embolization (TACE)  , microwave ablation, Yttrium 90 radioembo-
lization, radiofrequency ablation) are available to control tumor burden progression 
[ 25 ].  These   neoadjuvant therapies have been effective bridge treatments to OLT. 

 Most recently, a revision to the  OPTN/UNOS policy   on the timing of exception 
scores assigned and maximum value of exception scores for candidates with HCC 
was implemented on October 8, 2015. The revised policy is intended to create a 
better balance in transplant opportunities between candidates with HCC and those 
with allocation priority based on their calculated MELD and PELD scores. Under 
this modifi cation, a new timetable delays assignment of new or extended exception 
scores. The transplant candidate will be registered with their calculated MELD and 
PELD scores for at least 6 months and should remain within the HCC criteria prior 
to receiving a MELD exception score of 28 and PELD score of 34. The revised 
policy also capped a maximum MELD exception score of 34 for transplant candi-
dates meeting the HCC criteria. 

 Patients with unresectable, localized hilar  cholangiocarcinoma   can be consid-
ered for liver transplantation after neoadjuvant radio-chemotherapy, and they 
receive MELD exception points at a UNOS-qualifi ed transplant center. On the other 
hand, the survival benefi t from liver transplantation in patients with intrahepatic 
cholangiocarcinoma is being debated, and under the current UNOS policy, they do 
not receive MELD  exception points  . Other examples of the MELD exception 
include hepatopulmonary syndrome, portopulmonary hypertension, and neuroen-
docrine tumor liver metastasis. 

 Acute liver failure is a rare, lethal, and rapidly progressing type of liver disease. 
Therefore, UNOS classifi es the disease as a special category called “Status 1A.” To be 
listed as Status 1A, an acute liver failure patient must meet at least one the following 
criteria: ventilator dependence, requirement of dialysis (or continuous hemofi ltration), 
or an  international normalized ratio (INR)   greater than 2.0. Status 1A patients get top 
priority for liver organs over all other candidates, regardless of their MELD score. In 
general, with the exception of Wilson’s, acute decompensation of the underlying liver 
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disease is not considered to be a criterion for Status 1A. The immediate failure of liver 
transplantation (primary nonfunction or hepatic artery thrombosis) is also categorized 
as Status 1A. All other potential  liver   transplantation patients receive points based on 
their MELD score or the MELD exception criteria.  

    The Key Considerations and Contraindications for Liver 
Transplantation 

 Liver transplantation is a spectrum of care including the donor/recipient selection, 
the surgical procedure, the postoperative management with  immunosuppression  , 
education, and rehabilitation. The candidacy should be evaluated from many differ-
ent angles with the best prediction of short-term and long-term outcomes. The can-
didate’s overall medical history, including the status of the primary liver disease, 
should be reviewed, and a  posttransplant management plan   should be established. 
When the candidate is on the list and eventually receives the organ offer, the quality 
of the donor and the physical condition of the candidate should be evaluated before 
the fi nal decision for transplantation is made (Table  36.2 ).

   Careful review of the candidate’s medical history is an important initial step. 
Severe hemodynamic instability is not infrequent during a liver transplantation 
procedure and the candidate’s baseline cardiopulmonary function should be healthy 
enough to tolerate it. In addition to the risk factor assessment, electrocardiograms 
and echocardiograms are used to screen candidates for ischemic heart disease, 
 congestive heart failure, valvular heart disease, and arrhythmias. Patients at risk of 
coronary artery disease, especially those who are elderly or who have diabetes, need 
a coronary angiogram. Severe coronary artery disease or valvular heart disease, 
which are not amenable to treatment, preclude liver transplantation. If the  echocar-
diogram   result suggests high right ventricular systolic pressure, right heart catheter-
ization is indicated. If the right heart catheterization confi rms signifi cant pulmonary 
hypertension, appropriate medical treatment should be offered to correct it, because 
the outcome of liver transplantation with persistent severe pulmonary hypertension 
is dismal. Patients whose pulmonary hypertension responds to medical therapy are 
considered candidates for transplantation. Patients with fl uid overload from acute 

   Table 36.2     Contraindications   to liver transplantation   

 Cardiopulmonary factors  Other systemic factors 

 •  Severe coronary artery disease or valvular 
heart disease not amenable to treatment 

 •  Persistent severe pulmonary hypertension 
with medical treatment 

 •  Severe respiratory failure with maximum 
ventilator support 

 •  Shock with maximum use of vasopressor 
agents 

 • Uncontrolled active infection 
 •  A recent history of cancer from nonhepatic 

origin with high risk of recurrence 
 •  Any cancer with distant metastasis 
 • Irreversible severe brain injury 
 •  Signifi cant psychosocial issues precluding 

recovery from transplantation 
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kidney injury may underestimate the cardiac function and they may require dialysis 
for an accurate estimation of that function. Some patients have hypoxemia from 
hepatopulmonary syndrome, and the 5-year mortality rate of those patients reaches 
76 % without liver transplantation; however, liver transplantation can decrease the 
mortality rate to 23 % [ 26 ]. UNOS assigns  MELD exception points   to a patient with 
signifi cant hepatopulmonary syndrome. After liver transplantation, the hypoxia 
gradually recovers within a period of 3 months or more. When a suitable donor is 
available, the cardiopulmonary function of the patient should be re-evaluated. A 
patient with severe respiratory failure or with shock who requires maximum sup-
portive care cannot tolerate surgical stress from liver transplantation. Uncontrolled 
active infection, such as pneumonia, is also a known contraindication. 

 Renal dysfunction is relatively common in patients with liver cirrhosis and asci-
tes. Accurate assessment  of   renal function is diffi cult as the Cockcroft-Gault equa-
tion overestimates the  glomerular fi ltration rate (GFR)   in cirrhotic patients. The 
 Modifi cation of Diet in Renal Disease (MDRD-6)   equation with six variables has 
been suggested as an alternative calculation method for cirrhotic patients [ 27 ]. 
Assessment of renal function in liver transplant candidates is important, because 
patients with renal impairment frequently develop metabolic acidosis,  hyperkale-
mia  , and volume overload during liver transplantation. Planned intraoperative renal 
replacement therapy can improve the outcome in patients with renal impairment 
[ 28 ].  Hepatorenal syndrome (HRS)   is an important cause of acute kidney injury in 
cirrhotic patients, and the patient’s kidney function may return after liver transplan-
tation in 58–94 %. However, 1-year patient survival after liver only transplantation 
in hepatorenal syndrome was reported low at 66–74 %. Therefore, patients with 
irreversible acute kidney injury and advanced chronic kidney disease require a com-
bined liver and kidney transplantation. In light of the fact that GFR of liver trans-
plantation recipients drops up to 40 %, consideration for combined liver and kidney 
transplantation should be individually evaluated. Criteria for combined liver-kidney 
transplantation based on GFR from MDRD-6 were proposed, but there is a wide 
disparity in the selection criteria for a simultaneous combined liver and kidney 
transplantation among transplantation centers [ 29 ,  30 ]. 

 A recent history of cancer from  nonhepatic origin   is a contraindication of liver 
transplantation. The decision to perform a liver transplant needs to be informed by 
carefully considering the type and stage of the cancer and the time period since the 
last curative treatment. Any evidence of distant metastasis is a contraindication for 
liver transplantation, but liver metastasis from neuroendocrine tumors is an excep-
tion. If the primary  neuroendocrine tumor   is completely resected and the liver is the 
only site of the metastasis, liver transplantation can offer a reasonable long-term 
outcome with a 5-year overall survival rate of 58 % [ 31 ]. For patients on the waiting 
list with primary liver cancer within criteria for liver transplantation, the progres-
sion of the disease should be periodically monitored by CT or MRI. 

 Multiorgan failure, sepsis, and cerebral edema are major causes of death in ALF, 
and only less than 20 % of all patients can survive without a liver transplant. Because 
most patients who survive without transplantation can expect a normal life, various 
prognostic criteria based on age, coagulopathy, causes of the liver injury and 
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encephalopathy have been developed to select patients who do not require liver 
transplantation. However, all of these criteria have the limitation of low sensitivity, 
and none of them have been widely accepted in practice because the consequence 
of false-negative selection for liver transplantation is death which could otherwise 
have been prevented [ 32 ]. The progression of  cerebral edema   should be carefully 
monitored in ALF. As noninvasive tests are generally not accurate to predict out-
come, invasive monitoring of intracranial pressure can be considered. It has been 
reported that neurologic recovery is poor when cerebral perfusion pressure is less 
than 40 mmHg or when intracranial pressure is higher than 40 mmHg. However, 
bleeding is a known complication and the benefi t of this approach has been debated 
[ 33 ]. The progression to irreversible neurologic injury or the development of severe 
infection precludes liver transplantation as it does in any other indications. 

 A suitable deceased donor may not be available in a timely manner, and living 
donor liver transplantation can be an option when it is available. According to a US 
multicenter study, the median time from listing to fi rst living donor evaluation was 
1.5 days and the median time from evaluation to living donor transplantation was 
only 1 day. Whether or not the potential living donor’s decision to donate has been 
infl uenced by  coercion   should be carefully considered even in this time-sensitive 
situation [ 34 ].  

    Donor Factors 

 When a deceased donor is available, the risk of transmission of disease from the 
donor, such as cancer or infection, should be reviewed fi rst. Next, the following fac-
tors should be considered when attempting to match a suitable recipient candidate for 
liver transplantation: ABO blood type, size, and functional capacity.  ABO   incompat-
ible deceased donor liver transplantation is generally reserved for a desperate situa-
tion, such as in acute liver failure, and it is related with poor outcome [ 32 ]. In live 
donor liver transplantation, pretreatment of recipients with plasmaphreresis and ritux-
imab has been shown to improve the outcome of ABO- incompatible liver transplanta-
tion [ 35 ]. The size match is another important factor. When the capacity of the 
abdominal cavity in a recipient is small, a relatively large graft implantation may 
result in impairment of organ perfusion, especially when the abdomen is closed. If a 
graft, especially a partial graft, is too small for a recipient, it may result in posttrans-
plant graft failure. The third and the most diffi cult factor to evaluate is the functional 
capacity of the recipient and the graft. In general, the recipient with a higher metabolic 
demand (e.g., high MELD score) requires a better quality graft that can support imme-
diate posttransplant recovery. The major factors related to graft “quality” are: age, 
underlying liver disease (e.g., fatty change and viral infection), and ischemic time. 
There is no upper limit for the chronological age of a donor. However, when a donor 
with advanced age is considered, other risk factors should be carefully reviewed. 
Underlying liver disease of the donor is an important factor to consider. When a 
donor’s blood test result for viral hepatitis C is positive without evidence of signifi cant 
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clinical liver disease, transplantation can still be considered for a patient who already 
has hepatitis C. In the same manner, a donor with the hepatitis B core antibody with-
out chronic liver disease can donate his or her liver to a patient with  hepatitis B.   A liver 
biopsy can aid in making this decision. Signifi cant fatty infi ltration of the liver graft 
(more than 30–60 % of macrovesicular steatosis) assessed by intraoperative visualiza-
tion and biopsy is related to a higher incidence of primary nonfunction. In general, the 
assessment of a graft’s suitability for transplantation, during organ procurement, to a 
specifi c recipient, is based on the direct visualization by experienced transplant sur-
geons and liver biopsy (if deemed necessary) [ 36 ]. 

 During procurement and storage, the liver graft suffers from the interruption of 
blood fl ow, and the ischemic time correlates with the incidence of graft dysfunction. 
To minimize ischemic injury, the timing of the  donor’s   surgery and the recipient’s 
surgery, including transportation time, should be optimally arranged. Ischemic 
injury is also related to the type of donation.  

    Liver Graft Options 

  Liver grafts   are donated from either deceased or live donors. For the deceased 
donor, the organ is procured after brain or circulatory death. Donation after brain 
death (DBD) donation is the most common type in the US. After a potential donor 
has been declared to be brain dead, suitable organs are allocated by the local organ 
procurement organization. All related donor surgery teams work together to procure 
organs at the designated time. This type of donation is ideal, because the organs 
receive blood perfusion until the moment when the cold preservation solution is 
infused into the graft, and ischemic organ injury can be minimized. When an indi-
vidual has irreversible brain damage but does not meet the brain death criteria and 
withdrawal of care has been decided by the family, organs from this potential donor 
can be procured after cardiac arrest and declaration of death. This type of donation 
is called donation after circulatory (or cardiac) death, DCD [ 37 ]. The time between 
the withdrawal of ventilator support and the time of death is variable, and organs 
from this donation receive varying degrees of ischemic injury from diminished oxy-
gen supply and blood fl ow [ 38 ]. The additional ischemic injury results in a higher 
incidence of primary nonfunction and ischemic cholangiopathy, and the impact of 
these two types of complications is signifi cant [ 39 ]. The recipient with primary 
nonfunction cannot survive without emergency retransplantation; the patient with 
ischemic cholangiopathy may require multiple biliary interventions, and subse-
quent retransplantation of the liver. 

 A healthy live donor can donate a part of his or her liver to a designated recipient. 
There are a few benefi ts associated with live donor liver transplantation. It is an 
elective surgery by directed donation and the graft ischemic duration can be mini-
mized, as it is possible to coordinate the donor’s surgery and the recipient’s surgery 
so they can occur simultaneously at the same center. With live donation of partial 
liver graft, the preservation of the interest and well being of the live donor is a top 
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priority independent of the recipient. As such, a comprehensive evaluation of both 
the psychosocial and overall health status is an important fi rst step. The surgical 
approach is planned based on pre-transplant imaging studies. The surgical plan for 
the liver resection is designed to preserve the vascular infl ow and outfl ow of both 
the donor and the recipient. Therefore, the amount of liver for donation is deter-
mined by the vascular anatomy of the donor’s liver. A young and healthy donor can 
tolerate resection of two-thirds of the  liver   volume. When the liver volume and 
quality is suffi cient for the immediate postoperative recovery, the liver eventually 
regenerates to meet the metabolic demand in both the donor and the recipient. When 
a suitable deceased donor is not presumed to be available in a timely manner, live 
donor liver transplantation can be considered.  

    Surgical Procedures in Liver Transplantation 

    Donor Operation 

 The deceased donor  organ   procurement can yield either a whole liver or partial (split) 
graft. Deceased donor procedure can be variable but typically consists of: (a) evalu-
ation of suitability of the organ for transplantation, (b) cold preservation of the organs 
through the cannulation into the systemic and portal circulation (e.g., aorta and infe-
rior mesenteric vein), (c) dissection and removal of the organs from the abdominal 
cavity, and (d) transport of the organ (cold preservation) to the recipient hospital. The 
organs start to undergo ischemic injury once the blood fl ow ceases, and this persists 
until the organ is reperfused with blood fl ow in the recipient. Even though tissue 
ischemia terminated at the time of the graft reperfusion, the infl ammatory reaction 
from the reperfusion causes temporary and often severe organ damage. This isch-
emia-reperfusion injury is the main mechanism of injury in primary nonfunction, and 
no effective treatment is available to date. As such, shortening the organ ischemic 
duration is currently the only method to minimize ischemia- reperfusion injury. 

 The scarcity of organs for transplantation makes any innovation to increase the 
organ supply extremely important. When the deceased donor liver quality is ideal 
(e.g., a young donor without risk factors) and the anatomy is favorable, splitting the 
liver of a deceased donor to yield functional grafts for two recipients have improved 
the availability of donor organs and lowered mortality on the liver transplant wait-
ing list. Splitting of the liver is an effective approach to expand the donor pool, and 
when performed by experienced centers, produced long-term survival outcomes 
comparable to whole organ liver transplantation [ 3 ,  40 ]. 

 Partial liver grafts can also be obtained through live donation. Live donor hepa-
tectomy consists of (a) delicate hilar dissection and liver mobilization and (b) 
parenchymal division. This procedure requires detailed planning, including the 
level of vascular division, the need for reconstruction, and the parenchymal volume 
distribution. All of the blood fl ow to the graft is kept patent until the recipient is 
ready  for   implantation. If there is a need for vascular or biliary reconstruction, the 
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remnant liver (live donor) should remain intact to minimize the complication risk of 
the live donor while the partial graft intended for the recipient is reconstructed at the 
back table [ 41 ]. The overall complication rate for live donor hepatectomy has been 
reported to be up to 38 % with an incidence of live donor mortality at 0.2 % [ 42 – 45 ]. 
Long-term graft and recipient survival in both adults and children for split grafts 
from deceased and live donors is comparable to whole organ OLT [ 3 ].  

    Recipient  Oper  ation 

 Abdominal exploration is the fi rst step in the recipient procedure. If there is an 
unexpected cancer spread outside of the liver, the transplantation should be aborted 
and the graft should be offered to the next candidate on the waiting list. When the 
intra-abdominal inspection is unremarkable, the hilum is dissected for vascular and 
biliary reconstruction and the liver is mobilized from the retroperitoneum. Once the 
native liver is removed (total hepatectomy), the graft liver is implanted in the fol-
lowing manner: the suprahepatic vena cava, infrahepatic vena cava (if caval replace-
ment method is used), followed by the portal vein and hepatic artery. 

 Once the graft outfl ow and infl ow anastomoses are completed, blood fl ow in the 
graft is restored and the graft reperfusion is established. At this time, the outfl ow of 
electrolytes and cytokines from the graft may cause temporary hemodynamic insta-
bility (reperfusion syndrome), and may cause hemodynamic instability and cardiac 
arrest in severe cases. The arterial anastomosis is then performed to complete all the 
vascular anastomoses. 

 Successful outcomes of liver transplantation are critically dependent on adequate 
venous outfl ow and uncompromised infl ow to the graft. Hepatic artery and portal vein 
thrombosis are serious complications after OLT and decrease patient and graft sur-
vival [ 46 ]. As such, prompt diagnosis for vascular insuffi ciency and immediate vascu-
lar reconstructions (i.e., vascular conduits) are necessary when the portal venous or/
and hepatic arterial infl ow is/are not optimal  for   the new graft. Biliary reconstruction 
is the last step in graft implantation. In most cases, a choledocho- choledochostomy 
(duct-to-duct anastomosis) is performed. However, a bilio-enteric drainage by Roux-
en-Y hepaticojejunostomy is performed in cases when the native bile duct is not suit-
able for anastomosis, or when there is a risk for native bile duct cancer.    

    What Is the Success Rate of Liver Transplantation? 

 OLT is a durable and the defi nitive lifesaving treatment modality for patients with 
irreversible liver failure. The current 5-year patient and graft survival rate of primary 
liver transplantation is 74 % and 67 %, respectively [ 21 ]. Recovery after liver trans-
plantation is dependent on overall physical condition, surgical risk, operative factors, 
and graft function. The graft function is impacted by multiple factors including the 
age of the donor, the underlying liver condition of the donor (viral liver disease or fatty 
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change), and the duration of time that the liver graft has been outside of the donor’s 
body (ischemic time). After liver transplantation, the recovery can be complicated by 
vascular thrombosis in the liver graft or primary nonfunction. Other risks in recipients 
include graft rejection, recurrence of liver disease, and side effects of  immunosup-
pression  . Those side effects include infection, increased risk of cancer, hypertension, 
diabetes, lipid metabolism abnormality, and kidney injury among others. 

 To date, the balance between serving the “sickest fi rst,” as stipulated in the US 
Department of Health of Human Servises (HHS) “fi nal rule,” strikes a delicate bal-
ance with avoiding futile transplantation. While patients with MELD scores ≥40 
have the highest 3-month waitlist mortality rate (80–100 %), these patients receive 
the greatest survival benefi t from OLT, compared to patients with lower  MELD 
scores  . Allocation of organs to the “sickest fi rst” has changed the characteristics of 
liver transplant recipients during the last decade and has brought new medical and 
economic challenges to bring these patients through OLT. Patients undergoing OLT 
today have more severe end-stage liver disease, are older, and have greater comor-
bidity, compared with the pre- MELD era. The presence of septic shock, cardiac 
risk, and signifi cant comorbidities are known factors related to diminished survival 
after liver transplantation. With appropriate patient risk stratifi cation and optimiza-
tion, the patient with the highest acuity undergoing OLT can achieve a 5-year patient 
survival rate of 75 % [ 47 ]. 

 Despite advances in  perioperative management   and immunosuppression, up to 
22 % of patients suffer hepatic graft failure following primary OLT [ 48 – 51 ]. Causes 
of early graft failure after OLT include primary graft nonfunction and vascular 
complications [ 46 ,  51 ]; causes of late graft failure include recurrence of liver dis-
ease, chronic rejection, and complex biliary strictures related to a variety of etiolo-
gies [ 49 ,  52 ].  Retransplantation of the liver (ReLT)   is the only option for survival 
when the transplanted graft fails. At present, ReLT makes up approximately 10 % of 
the total number of liver transplants performed in the US [ 48 ]. While ReLT is con-
sidered a high-risk procedure because of the technical demands of the operation and 
the severity of illness in the recipient, a 5-year graft failure-free survival rate of 
65 % has been demonstrated in a select group of retransplant recipients [ 53 ,  54 ]. 

    Posttransplant Care and Outcome 

 Immediate posttransplant recovery is related to baseline physical performance status, 
presence or absence of medical and surgical complications, and graft function. Some 
degree of multiorgan dysfunction is common, and many of those patients require renal 
replacement therapy, ventilator support, and frequent blood product transfusions. 
Severe malnutrition and sarcopenia are common and the risk of infection is high. 

 The immediate postoperative liver graft function can be assessed by the patient’s 
general condition, such as mental status, requirement of blood transfusion, and 
overall hemodynamics. Lab values are informative, and trends of lactate dehydro-
genase, prothrombin time, aminotransferases, total bilirubin, lactate, and pH are 
useful ways to monitor the course. If a patient has a T-tube, the amount of output 
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and the color of bile refl ect the liver function. Liver Doppler ultrasound can confi rm 
if the blood fl ow is good in the hepatic artery, the portal vein, and the hepatic vein 
[ 55 ]. The major causes of immediate graft failure that require emergency retrans-
plantation are hepatic artery or portal vein thrombosis, and primary nonfunction. 
The incidence rate for hepatic artery thrombosis is 5 % while for the portal vein 
thrombosis is 2 % [ 46 ]. Primary nonfunction is a diagnosis of exclusion, and it is a 
complete failure of liver graft function without any technical factor. The incidence 
of primary nonfunction has been reported as between 2 and 10 %. 

 Prevention of rejection is an important part of posttransplant care. During the oper-
ation, the patient receives an induction dose of immunosuppression, most commonly 
with high-dose corticosteroids. The corticosteroid dose can be tapered over varying 
time periods. In general, the period is shorter in hepatitis C patients, and it is longer or 
lasts for a lifetime in patients with autoimmune liver diseases. Other induction immu-
nosuppressive agents, i.e.  baxiliximab  , may be included. Maintenance immunosup-
pressive agents such as  calcineurin inhibitor (CI)   (cyclosporine and tacrolimus), 
mycophenolate mofetil, and mammalian target of rapamycin (mTOR) inhibitors (siro-
limus or everolimus) are initiated within a few days after OLT  Nephrotoxicity   and 
 neurotoxicity   are two important side effects of the CI during the early postoperative 
course. Daily blood levels of the CI are obtained for careful monitoring. Tremor is a 
common side effect of CI, and it may last for a few months. A single episode of seizure 
after liver transplantation is not uncommon, and the CI may be the precipitant. 
Nephrotoxicity needs long-term monitoring, as renal failure is a major cause of long-
term morbidity in liver transplantation. Patients on CI should avoid nephrotoxic drugs, 
such as  nonsteroidal anti-infl ammatory drugs (NSAIDS)  , IV contrasts, and aminogly-
cosides. A third drug, mycophenolate mofetil, is frequently added to support  immune 
suppression   especially during the early postoperative period. The side effects of 
mycophenolate mofetil include gastrointestinal disturbances and neutropenia. These 
symptoms are common in liver transplantation from other causes, such as other drugs 
or cytomegalovirus infection, and differentiation is necessary before the dose of 
 mycophenolate mofetil   is adjusted. When a patient has signifi cant kidney injury, 
mTOR inhibitors can be considered to replace or lower the dose of the CI. The mTOR 
inhibitors do not have nephrotoxicity, but they are associated with pancytopenia and 
impaired wound healing. Because of their anti-tumor activity, mTOR inhibitors can 
also be considered in patients whose indication is HCC or other malignancies. 

 Control of infection is another important issue. Transplantation patients are typi-
cally on prophylactic antibiotics including antifungal agents during the perioperative 
period. Bactrim is typically prescribed for 1 year as a prophylaxis against 
Pneumocystis jiroveci pneumonia, and dapsone or monthly-inhaled pentamidine are 
alternative drugs that can be used. Cytomegalovirus is the most common cause of 
opportunistic infection after solid organ transplantation, and various forms of the 
prophylactic protocol using intravenous ganciclovir and oral valganciclovir are used 
for as long as 3–6 months after transplant to prevent it with the recipient and donor 
baseline CMV status used as a guide. Epstein-Barr virus infection is related to  post-
transplant lymphoproliferative disease (PTLD)  , which may progress to malignant 
lymphoma. No antivirals have yet been proven to have effi cacy in treating the 
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 Epstein-Barr virus  , and lowering  immune suppression   is recommended in patients 
with PTLD. 

 In practice, long-term posttransplant care is focused on maintaining organ func-
tion and controlling the side effects of immune suppression. Medication compliance 
is important for preventing chronic rejection. Steroid use is not common at this late 
stage, except in patients with autoimmune liver disease or with combined kidney 
transplantation. New-onset posttransplant diabetes and hypertension are known 
side effects of CI, especially in tacrolimus.  Hyperlipidemia   can be caused by CI, but 
it is more common in mTOR inhibitors. Proteinuria, pneumonitis, and mouth ulcers 
are other known side effects of mTOR inhibitors. Women of childbearing potential 
need counseling, and mycophenolate mofetil has been shown to have teratogenic 
properties. Cyclosporine has two additional uncommon side effects: gingival hyper-
plasia and hirsutism. Overall cancer risk is higher with  immune suppression   and 
general cancer prevention and monitoring is recommended. Skin cancer is the most 
common type of posttransplant cancer and the use of sun screen and appropriate 
surveillance by monitoring are recommended. 

 Many primary diseases as indications of liver transplantation can recur in the 
graft liver. Hepatitis B can be effectively controlled by lifelong treatment with anti-
virals and/or intravenous  hepatitis B   immunoglobulin. Recurrence of hepatitis C 
has been almost universal, and treatment has been diffi cult with traditional 
interferon- based therapy due to the signifi cant side effects and the increased risk of 
rejection. Preliminary results of recently introduced direct acting antivirals, with or 
without combined use of  ribavirin  , are promising with options now available for 
almost all of the genotypes [ 31 ]. Nonalcoholic  steatohepatitis   commonly recurs in 
the graft, and control of metabolic syndrome is a more important issue in this group 
of patients. In patients with a history of alcoholic liver disease, recurrence of alco-
hol and other substance abuse should be monitored and patients should receive 
counseling.  Autoimmune hepatitis   patients need long-term or lifelong low-dose ste-
roids to prevent recurrence. In rare instances, autoimmune hepatitis can develop in 
the graft in a patient without a history of the disease; when this occurs it is called de 
novo autoimmune hepatitis. Other forms of autoimmune liver disease, namely pri-
mary biliary cirrhosis and primary sclerosing cholangitis, also can recur. In con-
trast, metabolic liver diseases, including A 1 -antitrypsin defi ciency and Wilson’s 
disease, do not recur after liver transplantation. In patients with HCC, the most 
common site of the recurrence is the liver graft, and appropriate surveillance and 
early initiation of local control therapy such as  transarterial embolization   and/or 
radiofrequency embolization is the mainstay of the treatment. The role of prophy-
lactic adjuvant chemotherapy, including the use of mTOR inhibitors, is being evalu-
ated by multicenter trials. 

 Overall, the percentage of 5-year patient survival after primary OLT is around 
74 %, and more than half of all transplant patients live longer than 20 years [ 5 ]. 
Quality of life and prevention of systemic disease are important issues for those 
long-term survivors. They need long-term follow up to prevent cardiovascular dis-
ease, preserve renal function, and screen for cancer.   
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    Future Trends 

 The limitation of the donor pool is the biggest challenge in liver transplantation. 
The high and increasing prevalence of metabolic syndrome and hepatic steatosis in 
the general population places increasing constraints on this limited donor pool. As 
such, innovation in organ resuscitation, such as machine perfusion devices that will 
convert high-risk otherwise discarded organs to transplantable liver, is critical to 
close the gap between organ demand and supply. Live donor liver transplantation 
remains a valuable source for expanding the donor pool.     
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( see also   Hereditary 
hemochromatosis (HH) )   See also   

  Hepatectomy  ,   585   ,   589   ,   593    
  Hepatic adenoma  ,   58   ,   82  

 complications  ,   55   ,   56   
 management  ,   56–57   
 risk factors  ,   54    

  Hepatic amyloidosis 
 clinical and laboratory fi ndings  ,   438   
 FAP  ,   438  
 FMF  ,   438  
 histopathology  ,   439   
 management  ,   439–440  
 outcome  ,   440  
 radiographic fi ndings  ,   438  
 systemic amyloidosis  ,   437    

  Hepatic angiosarcoma  ,   82    
  Hepatic cysts 

 biliary cystadenocarcinomas  ,   64–65  
 biliary cystadenomas  ,   64–65  
 diagnosis  ,   64  
 hydatid cysts  ,   65–68  
 simple cysts  ,   63–64  
 types  ,   63   

  Hepatic cytochrome P450 2E1 (CYP2E1)  ,   391   
  Hepatic encephalopathy (HE)  ,   106  
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 brain dysfunction  ,   481  
 carbohydrates  ,   495  
 causes 

 acute confusional states/delirium  ,   485  
 ammonia  ,   485  
 cirrhosis  ,   486  
 diabetes mellitus  ,   485  
 endoplasmic reticulum  ,   486  
 glutamine  ,   486  
 hyponatremia  ,   485  
 infl ammatory cytokines  ,   486  
 pathogenesis  ,   485  
 pathophysiology  ,   485  
 portacaval shunt  ,   486  
 portal hypertension  ,   484  
 precipitation  ,   484   ,   485  

 CHE  ,   482  
 cirrhosis  ,   495  
 classifi cation  ,   482  
 CLD  ,   481  
 diagnosis 

 CHE testing  ,   488  
 classifi cation systems  ,   488   
 clinical evaluation and exclusion  ,   487  
 computerized tests  ,   489   
 grading, OHE  ,   488   
 neurophysiological tests  ,   490   
 paper-and-pencil tests  ,   489   
 strategies  ,   490  
 testing  ,   487  

 dietary protein  ,   495  
 disease states  ,   498  
 driving  ,   498  
 electrolyte abnormalities  ,   496  
 liver transplantation  ,   497   
 malnutrition  ,   495  
 MHE treatment  ,   496   ,   497  
 neurocognitive manifestation  ,   498  
 neuropsychological testing  ,   498  
 neuropsychometric testing  ,   482    
 nutrition  ,   495  
 OHE  ,   482  
 symptoms 

 asterixis/disorientation  ,   483  
 dopaminergic neurotransmission  ,   484  
 driving  ,   483  
 extrapyramidal dysfunction  ,   484  
 liver disease and PSS  ,   484  
 mental activities  ,   483  
 MHE  ,   483  
 stages  ,   483  

 treatment 
 antibiotics  ,   492   ,   493   
 BCAAs  ,   493  

 intensive care unit  ,   491  
 LOLA  ,   493  
 MARS  ,   494   ,   495  
 nonabsorbable disaccharides  ,   491  
 PEG  ,   494  
 prebiotics and probiotics  ,   494   

  Hepatic encephalopathy scoring algorithm 
(HESA)  ,   488   

  Hepatic fi brosis  ,   31   ,   59   ,   64   ,   135   ,   179   ,   183   ,   205   , 
  206   ,   227   ,   233   ,   310   ,   348   ,   399   ,   465   

  Hepatic hemangioma 
 clinical presentation  ,   52   
 diagnosis  ,   53   
 management  ,   53–54    

  Hepatic hydrothorax  ,   513   ,   516   
  Hepatic lymphoma  ,   84    
  Hepatic venous pressure gradient (HVPG)  , 

  427   ,   469   ,   471–473         
 classifi cation, portal hypertension  ,   459–460   
 coagulopathies  ,   459  
 diagnosis  ,   459  
 local anesthesia and conscious sedation  ,   458  
 prognosis  ,   460   
 variceal bleeding  ,   460   ,   461  
 wedged (WHVP) and free (FHVP)  ,   458   

  Hepatitis A 
 clinical presentation  ,   126   ,   127  
 diagnosis and treatment  ,   128   
 epidemiology  ,   122   
 pathogenesis  ,   125  
 prevention  ,   130  
 signs and symptoms  ,   121   
 time course  ,   128  
 transmission  ,   124   ,   125  
 in USA  ,   123  
 vaccine  ,   90–91   ,   122  
 worldwide prevalence  ,   123   

  Hepatitis A virus (HAV)  ,   90   ,   91   ,   130   
  Hepatitis B immune globulin (HBIG)  ,   136   
  Hepatitis B vaccination  ,   91   ,   600   ,   601   ,   611   ,   616   
  Hepatitis B virus (HBV)  ,   91   
  Hepatitis C virus (HCV) 

 bleeding  ,   146  
 chronic infection  ,   145  
 cirrhosis  ,   145   ,   158  
 drug–drug interactions  ,   149–151       
 end-stage renal disease (ESRD)  ,   152  
 fi brosis/cirrhosis  ,   156  
 HIV  ,   158   ,   159  
 intravenous drug users  ,   143  
 liver disease  ,   149   ,   157  
 liver transplantation  ,   156  
 psychiatric effects  ,   148  
 renal impairment  ,   155  
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 Hepatitis C virus (HCV) ( cont. ) 
 side effects  ,   148   ,   156   ,   158  
 sofosbuvir/ledipasvir  ,   149  
 symptoms  ,   143  
 T cell response  ,   144  
 testing  ,   144  
 treatment  ,   153   ,   158     

  Hepatitis E virus 
 clinical presentation  ,   127   
 diagnosis and treatment  ,   129  
 epidemiology  ,   124  
 pathogenesis  ,   125  
 prevention  ,   130  
 signs and symptoms  ,   121  
 transmission  ,   125   
 vaccine  ,   122  
 worldwide epidemiology  ,   124   

  Hepatoblastoma (HB)  ,   73   ,   83   
  Hepatocellular carcinoma (HCC)  ,   28   ,   29   ,   56   , 

  95   ,   137   ,   233   ,   252   ,   269   ,   302   ,   349   ,   602    
 Barcelona clinic liver cancer staging 

system  ,   78  
 chemotherapy  ,   73  
 diagnosis  ,   76   
 epidemiology  ,   74   ,   75   
 fi brolamellar carcinoma  ,   80  
 imaging studies  ,   72  
 incidence of  ,   75  
 liver failure  ,   208  
 liver transplantation  ,   208  
 management  ,   77–80     
 prognosis  ,   73  
 radiographic features  ,   77  
 risk factors  ,   75   ,   76  
 sorafenib  ,   73  
 staging  ,   76   

  Hepatolenticular degeneration  ,   356    
  Hepatomegaly  ,   370   ,   372     
  Hepatopulmonary syndrome (HPS) 

 cirrhosis  ,   546  
 clinical manifestations and laboratory 

testing  ,   549–550   
 epidemiology and history  ,   546   
 pathophysiology 

 animal models  ,   547   
 arterial hypoxemia  ,   547  
 diagnostic criteria  ,   548   
 human disease  ,   547–548  
 IPVD  ,   548–549   

 treatment 
 LT  ,   550–551   
 pharmacological therapies  ,   550  
 TIPS  ,   550   

  Hepatorenal syndrome (HRS)  ,   109   ,   609   

 ascites and cirrhosis  ,   535   
 cirrhotic cardiomyopathy  ,   535   ,   542  
 clinical features  ,   537   
 defi nition  ,   531   ,   534  
 diagnosis, ICA-AKI criteria  ,   536   
 hypovolemia  ,   535  
 kidney dysfunction, cirrhosis  ,   533   
 liver transplantation  ,   540–541   
 MARS, dialysis  ,   540  
 medical therapy  ,   538–539   
 medications  ,   532  
 neurohumoral vasoconstrictor systems  ,   535  
 portal hypertension  ,   533  
 prevention  ,   541   
 prognosis  ,   532  
 renal biopsy  ,   536   
 RRT  ,   540   
 splanchnic vasodilatation  ,   534  
 subtypes  ,   537  
 symptoms  ,   531   
 TIPS  ,   539  
 treatment  ,   532   ,   537–538    

  Hepatosplenic T-cell lymphoma (HSTCL)  ,   84   
  Hepatotoxic drugs  ,   17   ,   393   
  Herbal and dietary supplements (HDS)  ,   398   
  Hereditary hemochromatosis (HH) 

 C282Y  ,   340   ,   341  
 cardiomyopathy  ,   343  
 clinical management 

 hepatocellular cancer screening  ,   349  
 phlebotomy  ,   348   ,   349   
 transplantation  ,   350  

 cysteine substitution  ,   341  
 diagnosis  ,   339   ,   344   ,   345    
 epidemiology  ,   341  
 ferritin  ,   344  
 H63D  ,   340   ,   341  
 homozygotes and compound 

heterozygotes  ,   351  
 liver biopsy  ,   346–348    
 MRI  ,   340  
 mutation analysis  ,   350  
 pathophysiology 

 hepcidin  ,   342  
 HFE protein  ,   343   
 increased intestinal iron absorption  ,   342  
 iron-induced liver damage  ,   343  

 primary  vs  secondary iron overload 
syndromes  ,   341   

 prognosis  ,   340  
 progressive iron accumulation  ,   343  
 screening  ,   351  
 superoxide and hydroxyl radicals  ,   341  
 treatment  ,   340    
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  Herpes viruses 
 adenovirus  ,   168  
 cytomegalovirus (CMV)  ,   168  
 EHF  ,   170–171   
 epstein-barr virus  ,   168  
 herpes simplex virus  ,   166–167   
 infl uenza  ,   169–170   
 parvovirus B19 (PV-B19)  ,   169   
 VZV  ,   167    

  HESA   . See  Hepatic encephalopathy scoring 
algorithm (HESA)  

  HH   . See  Hereditary hemochromatosis (HH)  
  Hilar cholangiocarcinoma  ,   603   ,   606   ,   607   
  HRS   . See  Hepatorenal syndrome (HRS)  
  HVPG   . See  Hepatic venous pressure gradient 

(HVPG)  
  Hydatid cysts  ,   65   
  Hyperammonemia  ,   375–378                
  Hyperbilirubinemia  ,   12   ,   13   ,   167   ,   168   ,   385   , 

  405   ,   416   ,   520   ,   525   
  Hyperemesis gravidarum 

 defi nition and diagnosis  ,   408  
 etiology  ,   408–409  
 outcomes and recurrence  ,   409  
 pathology  ,   409  
 treatment  ,   409    

  Hyperkalemia  ,   609   
  Hyperlipidemia  ,   6   ,   263   ,   271   ,   399   ,   

509   ,   616      
  Hypervascular lesions  ,   28   ,   44   ,   372   
  Hypoglycemia  ,   369   ,   370   ,   372   ,   373            

 I 
  ICG   . See  Indocyanine green (ICG)  
  ICT   . See  Inhibitory control test (ICT)  
  Idiosyncratic DILI 

 alcohol consumption  ,   398  
 biochemical pattern  ,   394  
 characterization  ,   393  
 chronic oxidant stress  ,   398  
 diagnosis  ,   394–397     
 drug-induced autoimmune hepatitis  ,   397   
 HDS  ,   397  
 hepatotoxicity  ,   398  
 heterogeneous and rare entity  ,   393  
 LiverTox  ,   397  
 mechanisms  ,   393  
 minor fl uctuations  ,   399  
 mitochondrial dysfunction  ,   398  
 plethora, clinical presentations  ,   394   ,   395   
 PNALD  ,   399   ,   400  
 treatment  ,   399   

  IgG4 cholangiopathy  ,   296   

  Incidental hepatic lesions 
 benign lesions  ,   47–48  
 CT scan  ,   43  
 history and physical examination  ,   45  
 imaging studies  ,   46   
 investigation  ,   44–45   
 laboratory evaluation  ,   45  
 malignant lesions  ,   47  
 MRI contrast imaging techniques  ,   48  
 MRI of liver  ,   46–48  
 subsequent imaging study  ,   44–45    

  Indirect immunofl uorescence (IIF)  ,   221   ,   
222   ,   225   

  Indocyanine green (ICG)  ,   586   
  Infectious mononucleosis (IM)  ,   168   
  Infl uenza vaccination  ,   91   
  Inhibitory control test (ICT)  ,   489   
  Interface hepatitis  ,   217   ,   222   ,   226   ,   234     
  Interferons  ,   139   ,   140   ,   147   ,   158   
  International Autoimmune Hepatits Group 

(IAIHG)  ,   224   ,   274   ,   309   ,   320   
  International Hepato-Pancreato-Biliary 

Association (IHPBA)  ,   589   
  International normalized ratio (INR)  ,   585   ,   607   
  Intrahepatic cholestasis of pregnancy (ICP) 

 clinical manifestations and laboratory 
fi ndings  ,   410–411   

 diagnosis  ,   411  
 maternal and fetal outcomes  ,   411–412  
 medical management  ,   411   
 pathogenesis  ,   410  
 pathology  ,   411  
 pruritus  ,   409   

  Intrapulmonary vascular dilatations (IPVD)  , 
  547   ,   549   

  Intrauterine fetal demise (IUFD)  ,   411   ,   412   
  Intrinsic DILI 

 acetaminophen  ,   391  
 APAP  ,   391  
 diagnosis  ,   392  
 hepatic depletion  ,   391  
 hepatotoxicity  ,   391   ,   392  
 NAFLD  ,   392    

  Iron overload syndrome  ,   341       (see  Intrauterine 
fetal demise (IUFD) )     

 K 
  Kayser–Fleischer rings  ,   357–361   ,   365   
  Kendoll histological activity index score  ,   37   
  Keratoconjunctivitis  ,   168   
  Kidney failure   . See  Hepatorenal syndrome 

(HRS)  
  King’s College Hospital criteria  ,   23   ,   24         
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 L 
  Large volume paracentesis (LVP)  ,   100   ,   108   
  Lipogranuloma  ,   430   ,   435   
  Liver adenomatosis  ,   57   
  Liver biopsy 

 adequate biopsy sampling  ,   38  
 AIH  ,   28   
 complications 

 laparoscopic  ,   35  
 percutaneous  ,   34  
 transjugular  ,   34–35  

 diagnosis  ,   31   
 experience of pathologist  ,   36   
 hepatitis C  ,   28  
 liver enzymes  ,   27   ,   28  
 medication  ,   32–33  
 methods  ,   33  
 pre-biopsy testing  ,   32  
 preparation  ,   32  
 sampling and adequacy  ,   35   
 specimen interpretation  ,   37–38  
 staging  ,   31  
 tissue processing  ,   35–36  
 treatment  ,   32  
 tumor  ,   28   ,   29   

  Liver cancer 
 diagnosis and management  ,   84   
 imaging studies  ,   72  
 liver masses, benign/malignant  ,   72  
 prognosis  ,   73   
 treatment options  ,   72   ,   73   

  Liver cirrhosis  ,   270   ,   412   ,   456   ,   462   ,   469–471   , 
  474   ,   475   ,   485   ,   535   ,   609   

  Liver cyst  ,   43   ,   46   ,   590   
  Liver disease 

 acetaminophen  ,   95  
 alcoholic and nonalcoholic cirrhosis  ,   95  
 esophageal varices, screening for  ,   20  
 fi brosis progression  ,   94  
 HCC  ,   20   ,   95  
 hepatitis A vaccination  ,   90–91    
 hepatitis B vaccination  ,   91  
 hepatitis, treatment of  ,   20   ,   21  
 infl uenza vaccination  ,   91  
 lifestyle interventions  ,   19  
 liver functions  ,   17–18   
 medication adjustments  ,   19  
 medications, avoidance of 

 alcohol consumption  ,   18   
 hepatotoxic drugs  ,   17  
 sodium and fl uid, intake of  ,   18  

 NAFLD  ,   94   ,   95  
 NASH  ,   95  
 NSAIDs and opioids  ,   95   ,   96  

 nutrition  ,   19  
 opioids  ,   96  
 pneumococcal vaccination  ,   92  
 severity 

 CTP score  ,   23   
 imaging  ,   22  
 King’s College Hospital criteria  ,   23   
 laboratory tests  ,   22  
 liver biopsy  ,   22  
 MELD score  ,   23  
 portal pressure measurement  ,   22  
 prognostic models  ,   22  
 signs/symptoms  ,   21   

 tramadol  ,   96  
 vaccination  ,   19   

  Liver function tests  ,   2   
  Liver grafts  ,   606–608   ,   611   ,   612      
  Liver imaging  ,   47   
  Liver metastasis 

 cirrhosis  ,   83  
 malignant liver mass  ,   72  
 treatment  ,   83   

  Liver panel testing  ,   1   ,   2   ,   14   
  Liver resection  ,   81  

 chemotherapy and radiation therapy  ,   596  
 classifi cation systems  ,   585–586  
 coagulopathy  ,   591  
 complications and hazards  ,   595–596   
 dynamic liver tests  ,   586  
 imaging modalities  ,   587–589  
 minimally invasive approaches 

 conduct of operation  ,   594–595  
 port placement  ,   594–595  
 positioning  ,   594  

 normothermia  ,   591  
 patient positioning  ,   591  
 perioperative preparation  ,   591  
 postoperative analgesia  ,   591  
 postoperative liver volume  ,   586–587  
 preoperative care  ,   583   ,   584   
 surgical techniques 

 biliary tree integrity  ,   592  
 exploration  ,   592  
 incision  ,   591–592  
 mobilization, exposure and 

reassessment  ,   592  
 parenchymal transection  ,   592  

 transplantation and surgical resection  ,   596   
  Liver transplantation  ,   72   ,   106   ,   271–272   ,   379   , 

  550–551    
 bacterial peritonitis  ,   603  
 CCA  ,   73   ,   81   
 cerebral edema  ,   610  
 diagnosis  ,   604  
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 donor operation  ,   612   
 echocardiogram  ,   608  
 EHE  ,   82  
 HB  ,   83  
 HCC  ,   79   ,   80   
 hepatobiliary malignancy  ,   601  
 hepatorenal syndrome  ,   603  
 immunosuppression  ,   608   ,   614  
 liver metastasis  ,   83  
 MELD exception  ,   603   
 MELD scores  ,   614  
 neuroendocrine tumor  ,   609  
 nonhepatic origin  ,   609  
 perioperative management  ,   614  
 posttransplant management plan  ,   608  
 recipient operation  ,   613   
 time-sensitive situation  ,   610   

  LiverTox  ,   17   ,   397   
  L-ornithine L-aspartate (LOLA)  ,   493   
  LT   . See  Liver transplantation (LT)  
  LVP   . See  Large volume paracentesis (LVP)  
  Lysophosphatidic acid (LPA)  ,   261     

 M 
  Magnetic resonance elastography (MRE)  , 

  463   ,   464   
  Malignant liver lesions 

 CCA  ,   80   ,   81   
 HCC  ,   74–77   ,   79   ,   80      
 metastatic lesions and lymphoma  ,   83   ,   84  
 primary liver tumors  ,   82   ,   83    

  MARS   . See  Molecular adsorbent recirculating 
system (MARS)  

  Mayo PBC risk score  ,   258   
  Metabolic bone disease  ,   252   
  Metastatic liver lesions  ,   83–84    
  Microbubbles  ,   548   
  Middle East respiratory syndrome coronavirus 

(MERS-CoV)  ,   170   
  Minimal hepatic encephalopathy (MHE)  , 

  106   ,   107   ,   483   
  Mitochondrial trifunctional protein (MTP)  ,   415   
  Model for end stage liver disease (MELD)  ,   23   , 

  298   ,   301   ,   302   ,   520   ,   585  
 allocation system  ,   607  
 cholangiocarcinoma  ,   607  
 exception points  ,   607  
 liver transplantation  ,   606  
 MELD/PELD system  ,   606  
 mortality  ,   605  
 mortality rate  ,   606  
 OPTN/UNOS policy  ,   607  
 posttransplant mortality  ,   606  

 score  ,   605  
 types and comorbidities  ,   605   

  Model for End-Stage Liver Disease/Pediatric 
End-Stage Liver Disease (MELD/
PELD)  ,   604   

  Modifi cation of Diet in Renal Disease 
(MDRD-6)  ,   609   

  Modifi ed-orientation log (MO-Log)  ,   488   
  Molecular adsorbent recirculating system 

(MARS)  ,   494   ,   495   ,   540   
  MRI cholangiography (MRCP)  ,   10   ,   587   ,   589   
  MTP   . See  Mitochondrial trifunctional protein 

(MTP)    

 N 
  NAFL   . See  Nonalcoholic fatty liver (NAFL)  
  NASH   . See  Nonalcoholic steatohepatitis 

(NASH)  
  National Institute on Alcohol Abuse and 

Alcoholism  ,   180   
  National Institutes of Health (NIH)  ,   601   
  Nausea and vomiting of pregnancy (NVP)  ,   408   
  Nephrotoxicity  ,   159   ,   267   ,   391   ,   492   ,   615    
  Neuropathy  ,   381   ,   382   ,   384        
  Neutropenia  ,   140   ,   373   ,   615   
  Nodular regenerative hyperplasia (NRH)  , 

  59–63   ,   259   
  Non-alcoholic fatty liver (NAFL) disease  ,   94   , 

  392   ,   600   
 adiponutrin  ,   201  
 antioxidants  ,   206  
 bariatric surgery  ,   205  
 biopsy  ,   203   ,   204  
 complications  ,   204   ,   205  
 cryptogenic cirrhosis  ,   201   ,   208  
 CVD  ,   205  
 diagnosis  ,   202–203   
 HCC  ,   208   
 hepatic steatosis/steatohepatitis  ,   202  
 hepatic triglycerides  ,   200  
 insulin resistance  ,   201  
 insulin sensitivity  ,   206  
 liver tests  ,   203  
 macrosteatosis  ,   200  
 NASH  ,   205  
 obeticholic acid  ,   207  
 pioglitazone  ,   206  
 statins  ,   207  
 steatosis  ,   199  
 toxicity  ,   201  
 transaminases  ,   207  
 type 2 diabetes  ,   205  
 vitamin E  ,   206   
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  Non-alcoholic steatohepatitis (NASH)  ,   95   , 
  600   ,   616   

 aminotransferases  ,   201  
 cirrhosis  ,   202   ,   204  
 cryptogenic cirrhosis  ,   208  
 fi brosis  ,   201  
 NAFLD  ,   199  
  vs .NAFL  ,   204   

  Noncirrhotic liver  ,   46   ,   76   
  Nonselective beta-adrenergic blockers 

(NSBBs)  ,   470–473                    
  Nonselective beta-blockers (NNSB)  ,   560    
  Nonstandard autoantibodies 

 actin (anti-actin)  ,   225  
 pANCA  ,   224–225     

  Nonsteroidal anti-infl ammatory drugs 
(NSAIDs)  ,   95   ,   615   

  Norfl oxacin  ,   475   ,   524   ,   525   ,   541   ,   568    
  Nucleoside  ,   134   ,   138–141   
  Nucleotide analogues (NAs)  ,   138   ,   141   
  NVP   . See  Nausea and vomiting of pregnancy 

(NVP)    

 O 
  Occult hepatitis B infection  ,   135   
  Octreotide 

 acute variceal bleeding  ,   568  
 antibiotics  ,   557  
 somatostain analogues  ,   568  
 vasopressin  ,   569   

  Okuda classifi cation  ,   76   
  Opiate antagonists  ,   267–268   
  Oral contraceptives (OCPs)  ,   54   ,   59   
  Organ allocation  ,   606   
  Organ Procurement and Transplantation 

Network (OPTN)  ,   606   ,   607   
  Ornithine transcarbamylase (OTC) defi ciency  , 

  375–378             
  Orthodeoxia  ,   549   
  Orthotopic liver transplantation (OLT)  ,   135   , 

  599   ,   604   
  Oseltamivir  ,   170   
  Osteopenia  ,   93   ,   271   
  Osteoporosis  ,   93   ,   263   ,   271    
  Overlap syndromes 

 autoimmune hepatitis  ,   309  
 cholestatic components  ,   308   ,   309  
 corticosteroid therapy  ,   308  
 diagnostic features  ,   311    
 frequency  ,   313  
 immune-mediated liver disease  ,   307  
 liver transplantation  ,   308  
 pathogenic possibilities 

 antigenic targets  ,   314  
 bile duct injury  ,   314  
 cholestatic disease  ,   314  
 cytotoxic T cells  ,   315  
 immune-mediated diseases  ,   315  
 serum levels  ,   314  

 PBC and PSC  ,   307   ,   313  
 UDCA  ,   308   ,   310   

  Overt hepatic encephalopathy (OHE)  ,   106   ,   107     

 P 
  Packed red blood cell (PRBC) transfusion 

strategy  ,   107   
  pANCA   . See  Perinuclear anti-neutrophil 

cytoplasmic antibodies (pANCA)  
  Pancreaticoduodenectomy  ,   602   
  Paracentesis 

 albumin level  ,   510  
 antibiotics  ,   519  
 clinical signs  ,   522  
 coagulation factors  ,   522  
 coagulopathy  ,   509  
 complications  ,   510   
 dietary sodium restriction  ,   514   ,   515  
 electrolyte abnormalities  ,   515  
 meta-analysis  ,   526  
 SBP  ,   519  
 TIPS  ,   516  
 treatment  ,   527   

  Parenteral nutrition-associated liver disease 
(PNALD) 

 characterization  ,   399  
 cirrhosis and portal hypertension  ,   399  
 pathogenesis  ,   399   

  Parvovirus B19 (PV-B19)  ,   169    
  PBC   . See  Primary biliary cirrhosis (PBC)  
  PBC-PSC overlap 

 autoimmune cholangitis  ,   321  
 corticosteroids  ,   322  
 liver transplantation  ,   322  
 tumor necrosis  ,   321  
 ursodeoxycholic acid  ,   321    

  Percutaneous ablation  ,   73   ,   77   ,   78   
  Percutaneous transhepatic cholangiography 

(PTC)  ,   294   ,   587–589   
  Perinuclear anti-neutrophil cytoplasmic 

antibodies (pANCA)  ,   225   
  PHES   . See  Psychometric hepatic 

encephalopathy score (PHES)  
  PHG   . See  Portal hypertensive gastropathy 

(PHG)  
  PHI   . See  Postoperative hepatic insuffi ciency 

(PHI)  
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  Phlebotomy 
 diagnosis and treatment  ,   348  
 hemochromatosis  ,   349   ,   350   
 prospective study  ,   348  
 serum ferritin  ,   349  
 vitamin C supplementation  ,   349   

  Plasmapheresis  ,   268   ,   269   
  Platypnea  ,   549   
  PNALD   . See  Parenteral nutrition-associated 

liver disease (PNALD)  
  Pneumococcal vaccination  ,   92   
  Polycystic liver disease  ,   64   
  Porphyrias 

 abdominal pain  ,   382  
 abnormal heme production  ,   381  
 acute  ,   381  
 central nervous system  ,   382  
 children  ,   386  
 complexity  ,   381  
 cutaneous presentation  ,   382  
 dietary management  ,   386  
 gastrointestinal symptoms  ,   385  
 genetic testing  ,   383   ,   384   
 hematological abnormalities  ,   385  
 hepatic changes  ,   382  
 laboratory evaluation  ,   383  
 liver and bone marrow transplant  ,   386  
 medications  ,   386  
 mortality  ,   384  
 neuropathy  ,   382   ,   384  
 phlebotomy  ,   386  
 photosensitivity  ,   385  
 precipitating drugs  ,   385   
 seizures  ,   384  
 skin protection  ,   386  
 sporadic porphyria cutaena tarda  ,   381  
 symptomatology  ,   381  
 transfusions  ,   386   

  Portal hypertension 
 abdominal imaging  ,   462  
 ascites    (see  Ascites )  
 assessment  ,   458–464  
 bleeding  ,   469   ,   470  
 causes  ,   455   ,   464   ,   465     
 complications  ,   456   ,   473–474   
 defi nition  ,   455  
 development  ,   456  
 diagnosis  ,   456   
 endoscopic glue  ,   477–478   
 esophageal varices    (see  Esophageal 

varices )  
 fi brosis markers  ,   462   
 gastric variceal bleeding  ,   475–477   
 gastroesophageal varices  ,   455  

 hepatic encephalopathy  ,   455  
 HVPG    (see  Hepatic venous pressure 

gradient (HVPG) )  
 hyperdynamic circulation  ,   457  
 intrahepatic  ,   465   
 laboratory markers  ,   462  
 liver stiffness  ,   463   
 neoangiogenesis  ,   458  
 nitroprusside  ,   457  
 non-endoscopic approaches  ,   478  
 physical examination  ,   461  
 portal venous fl ow  ,   457  
 portosystemic collaterals  ,   458  
 posthepatic  ,   465  
 prehepatic  ,   464–465  
 primary prophylaxis  ,   470–472  
 secondary prophylaxis  ,   473   
 spleen stiffness  ,   463–464   
 upper endoscopy  ,   461  
 varices bleed  ,   474–475   
 vasoconstrictors and vasodilators  ,   457    

  Portal hypertensive colopathy  ,   575   ,   576   
  Portal hypertensive gastropathy (PHG)  , 

  575   ,   576   
  Portal vein embolization (PVE)  ,   587   
  Portal vein thrombosis (PVT) 

 acute  ,   417  
 clinical and laboratory features  ,   

418–419   
 local risk factors  ,   417   ,   418   
 radiographic features and diagnosis  ,   419   
 treatment  ,   419–420   

  Portopulmonary hypertension (PPHTN)  ,   103   
  Postoperative 

 AKI  ,   108  
 ascites, management of  ,   108  
 end stage liver disease  ,   106–107  
 hepatic encephalopathy  ,   107  
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