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Chapter 1 

Hepatology 

 

 
Hepatologist 

Occupation 

Names Doctor, Medical Specialist 

Type Specialty 

Activity sectors Medicine 

Description 

Education required Doctor of Medicine 

Fields of employment Hospitals, Clinics 

Hepatology is the branch of medicine that incorporates the study of liver, gallbladder, 
biliary tree, and pancreas as well as management of their disorders. Etymologically the 
word Hepatology is formed of ancient Greek hepar(ηπαρ) or hepato-(ηπατο-) meaning ' 
liver' and suffix -logia(-λογια) meaning 'word' or 'speech'. Although traditionally 
considered a sub-specialty of gastroenterology, rapid expansion has led in some countries 
to doctors specializing solely on this area, who are called hepatologists. 
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Fluoroscopic image of common bile duct 

Diseases and complications related to viral hepatitis and alcohol are the main reason for 
seeking specialist advice. More than 2 billion people have been infected with Hepatitis B 
virus at some point in their life, and approximately 350 million have become persistent 
carriers. Up to 80% of liver cancers can be attributed to either hepatitis B or Hepatitis C 
virus. In terms of mortality, the former is second only to smoking among known agents 
causing cancer. With more widespread implementation of vaccination and strict 
screening before blood transfusion, lower infection rates are expected in the future. In 
many countries, though, overall alcohol consumption is increasing, and consequently the 
number of people with cirrhosis and other related complications is commensurately 
increasing. 
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Schematic diagram of Hepato-biliary system 

Scope of specialty 

As for many medical specialties, patients are most likely to be referred by family 
physicians ( i.e. GP) or by doctors from different disciplines. The reasons might be: 

• Drug overdose. Paracetamol overdose is common. 
• Gastrointestinal bleeding from portal hypertension related to liver damage 
• Abnormal blood test suggesting liver disease 
• Enzyme defects leading to bigger liver in children commonly named storage 

disease of liver 
• Jaundice / Hepatitis virus positivity in blood, perhaps discovered on screening 

blood tests 
• Ascites or swelling of abdomen from fluid accumulation, commonly due to liver 

disease but can be from other diseases like heart failure 
• All patients with advanced liver disease e.g. cirrhosis should be under specialist 

care 
• To undergo ERCP for diagnosing diseases of biliary tree or their management 
• Fever with other features suggestive of infection involving mentioned organs. 

Some exotic tropical diseases like hydatid cyst, kala-azar or schistosomiasis may 
be suspected. Microbiologists would be involved as well 

• Systemic diseases affecting liver and biliary tree e.g. haemochromatosis 
• Follow up of liver transplant 
• Pancreatitis - commonly due to alcohol or gall stone 
• Cancer of above organs. Usually multi-disciplinary approach is under taken with 

involvement of oncologist and other experts. 
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History 

 
 

Dr. B Blumberg, Awarded Nobel prize 1976 for discovery of Hepatitis B virus 

Evidence from autopsies on Egyptian mummies suggest that liver damage from parasitic 
infection Bilharziasis was widespread in the ancient society. It is possible that the Greeks 
may have been aware of the liver's ability to exponentially duplicate as illustrated by the 
story of Prometheus. However, knowledge about liver disease in antiquity is 
questionable. Most of the important advances in the field have been made in the last 50 
years. 

• In 400 BC Hippocrates mentioned liver abscess in apporium. 
• Roman anatomist Galen thought the liver was the principle organ of the body. He 

also identified its relationship with the gallbladder and spleen. 
• Around 100CE Areteus of cappadoca wrote on jaundice 
• In medieval period Avicenna noted the importance of urine in diagnosing liver 

conditions. 
• 1770 French anatomist Antoine Portal noted bleeding due to oesophageal varices, 
• 1844 Gabriel Valentin showed pancreatic juices break down food in digestion. 
• 1846 Justus Von Leibig discovered pancreatic juice tyrosine 
• 1862 Austin Flint described the production of "stercorin". 
• 1875 Victor Charles Hanot described cirrhotic jaundice and other diseases of liver 
• In 1958, Moore developed a standard technique for canine orthotopic liver 

transplantation. 
• The first human liver transplant was performed in 1963 by Dr. Thomas E. Starzl 

on a 3-year-old male afflicted with biliary atresia after perfecting the technique on 
canine livers., 

• Baruch S. Blumberg discovered Hepatitis B virus in 1966 and developed first 
vaccine against it 1969. He was awarded the Nobel Prize in Physiology or 
Medicine 1976. 

Disease classification 

1. International Classification of Disease (ICD 2007)/ WHO classification: 

• Chapter XI: Diseases of the digestive system   
o K70-K77 Diseases of liver 
o K80-K87 Disorders of gallbladder, biliary tract and pancreas 
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2. MeSH (medical subject heading): 

• G02.403.776.409.405 same as "Gastroenterology" 
• C06.552 Liver Diseases 
• C06.130 Biliary Tract Diseases 
• C06.689 Pancreatic diseases 

3.National Library of Medicine Catalogue (NLM classification 2007): 

• WI 700-740 Liver and biliary tree Diseases 
• WI 800-830 Pancrease 

Important procedures 

• Endoscopic retrograde cholangiopancreatography(ERCP) 
• Transhepatic pancreato-cholangiography(TPC) 
• Transjugular intrahepatic portosystemic shunt(TIPSS) 

Publication 

• The American Journal of Gastroenterology (Journal of the American College of 
Gastroenterology) 

• The American Journal of Physiology - Gastrointestinal and Liver Physiology 
• Archives of Gastroenterohepatology 
• Comparative Hepatology 
• Current Hepatitis Reports 
• European Journal of Gastroenterology and Hepatology 
• Gastroenterología y Hepatología 
• Gastroenterology (journal of the American Gastroenterological Association) 
• Hepatobiliary & pancreatic diseases international : HBPD INT (First Affiliated 

Hospital, Zhejiang University School of Medicine, China) 
• Hepatology (journal of the American Association for the Study of Liver Diseases) 
• HPB 
• Journal of Gastroenterology and Hepatology 
• HPB Surgery 
• Journal of Hepato-Biliary-Pancreatic Surgery 
• Journal of Hepatology (journal of the European Association for the Study of Liver 

Diseases) 
• Journal of Viral Hepatitis 
• Liver 
• Liver Transplantation (from the American Association for the Study of Liver 

Diseases) 
• Nature clinical practice. Gastroenterology & hepatology. 
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Societies 

• American Association for the Study of Liver Disease 
• American College of Gastroenterology 
• American Gastroenterological Association 
• American Hepato-Pancreato-Biliary Association 
• American Liver Society 
• Asian Pacific Association for the Study of the Liver 
• Austrian Society of Gastroenterology and Hepatology 
• British Association for the Study of the Liver 
• British Society of Paediatric Gastroenterology, Hepatology and Nutrition 
• Canadian Association for the Study of the Liver 
• Canadian Liver Foundation 

Czech Society of Hepatology 

• Danish Association for the Study of the Liver 
• European Association for the Study of the Liver 
• European Society of Paediatric Gastroenterology, Hepatology and Nutrition 
• French Association for the Study of the Liver 
• International Hepato-Pancreato-Biliary Association 
• International Liver Transplantation Society 
• Israel Association for the Study of the Liver 
• North American Society for Pediatric Gastroenterology, Hepatology and Nutrition 
• Society for Surgery of the Alimentary Tract 
• Spanish Society of Pediatric Gastroenterology, Hepatology and Nutrition 
• Swiss Association for the Study of the Liver 
• Turkish Association for the Study of the Liver 
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Chapter 2 

Liver 

 

 
The Liver 

 

Liver of a sheep: (1) right lobe, (2) left lobe, (3) caudate lobe, (4) quadrate 

lobe, (5) hepatic artery and portal vein, (6) hepatic lymph nodes, (7) gall 

bladder. 
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Surface projections of the organs of the trunk, showing liver in center 

Latin jecur, iecer 

  

Vein hepatic vein, hepatic portal vein 

Nerve celiac ganglia, vagus 

Precursor foregut 

MeSH Liver 

The liver is a vital organ present in vertebrates and some other animals. It has a wide 
range of functions, including detoxification, protein synthesis, and production of 
biochemicals necessary for digestion. The liver is necessary for survival; there is 
currently no way to compensate for the absence of liver function long term, although 
liver dialysis can be used short term. 

This organ plays a major role in metabolism and has a number of functions in the body, 
including glycogen storage, decomposition of red blood cells, plasma protein synthesis, 
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hormone production, and detoxification. It lies below the diaphragm in the abdominal-
pelvic region of the abdomen. It produces bile, an alkaline compound which aids in 
digestion via the emulsification of lipids. The liver's highly specialized tissues regulate a 
wide variety of high-volume biochemical reactions, including the synthesis and 
breakdown of small and complex molecules, many of which are necessary for normal 
vital functions. 

Medical terms related to the liver often start in hepato- or hepatic from the Greek word 
for liver, hēpar (ἡπαρ). 

Anatomy 

The liver is a reddish brown organ with four lobes of unequal size and shape. A human 
liver normally weighs 1.4–1.6 kg (3.1–3.5 lb), and is a soft, pinkish-brown, triangular 
organ. It is both the largest internal organ (the skin being the largest organ overall) and 
the largest gland in the human body. 

It is located in the right upper quadrant of the abdominal cavity, resting just below the 
diaphragm. The liver lies to the right of the stomach and overlies the gallbladder. It is 
connected to two large blood vessels, one called the hepatic artery and one called the 
portal vein. The hepatic artery carries blood from the aorta, whereas the portal vein 
carries blood containing digested nutrients from the small intestine and the descending 
colon. These blood vessels subdivide into capillaries, which then lead to a lobule. Each 
lobule is made up of millions of hepatic cells which are the basic metabolic cells. 

Blood flow 

The liver receives a dual blood supply from the hepatic portal vein and hepatic arteries. 
Supplying approximately 75% of the liver's blood supply, the hepatic portal vein carries 
venous blood drained from the spleen, gastrointestinal tract, and its associated organs. 
The hepatic arteries supply arterial blood to the liver, accounting for the remainder of its 
blood flow. Oxygen is provided from both sources; approximately half of the liver's 
oxygen demand is met by the hepatic portal vein, and half is met by the hepatic arteries. 
Blood flows through the sinusoids and empties into the central vein of each lobule. The 
central veins coalesce into hepatic veins, which leave the liver and empty into the inferior 
vena cava. 
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Biliary flow 

 
 

The biliary tree 

The term biliary tree is derived from the arboreal branches of the bile ducts. The bile 
produced in the liver is collected in bile canaliculi, which merge to form bile ducts. 
Within the liver, these ducts are called intrahepatic (within the liver) bile ducts, and once 
they exit the liver they are considered extrahepatic (outside the liver). The intrahepatic 
ducts eventually drain into the right and left hepatic ducts, which merge to form the 
common hepatic duct. The cystic duct from the gallbladder joins with the common 
hepatic duct to form the common bile duct. 

Bile can either drain directly into the duodenum via the common bile duct, or be 
temporarily stored in the gallbladder via the cystic duct. The common bile duct and the 
pancreatic duct enter the second part of the duodenum together at the ampulla of Vater. 

Surface anatomy 

Peritoneal ligaments 

Apart from a patch where it connects to the diaphragm (the so-called "bare area"), the 
liver is covered entirely by visceral peritoneum, a thin, double-layered membrane that 
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reduces friction against other organs. The peritoneum folds back on itself to form the 
falciform ligament and the right and left triangular ligaments. 

These "lits" are in no way related to the true anatomic ligaments in joints, and have 
essentially no functional importance, but they are easily recognizable surface landmarks. 
An exception to this is the falciform ligament, which attaches the liver to the posterior 
portion of the anterior body wall. 

Lobes 

Traditional gross anatomy divided the liver into four lobes based on surface features. The 
falciform ligament is visible on the front (anterior side) of the liver. This divides the liver 
into a left anatomical lobe, and a right anatomical lobe. 

If the liver is flipped over, to look at it from behind (the visceral surface), there are two 
additional lobes between the right and left. These are the caudate lobe (the more superior) 
and the quadrate lobe (the more inferior). 

From behind, the lobes are divided up by the ligamentum venosum and ligamentum teres 
(anything left of these is the left lobe), the transverse fissure (or porta hepatis) divides the 
caudate from the quadrate lobe, and the right sagittal fossa, which the inferior vena cava 
runs over, separates these two lobes from the right lobe. 

Each of the lobes is made up of lobules; a vein goes from the centre of each lobule, which 
then joins to the hepatic vein to carry blood out from the liver. 

On the surface of the lobules, there are ducts, veins and arteries that carry fluids to and 
from them. 

Functional anatomy 
Correspondence between anatomic lobes and Couinaud segments 

Segment* Couinaud segments 

Caudate 1 

Lateral 2, 3 

Medial 4a, 4b 

Right 5, 6, 7, 8 

* or lobe, in the case of the caudate lobe 
Each number in the list corresponds to one in the table. 1. Caudate 
2. Superior subsegment of the lateral segment 
3. Inferior subsegment of the lateral segment 
4a. Superior subsegment of the medial segment 
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4b. Inferior subsegment of the medial segment 
5. Inferior subsegment of the anterior segment 
6. Inferior subsegment of the posterior segment 
7. Superior subsegment of the posterior segment 
8. Superior subsegment of the anterior segment 

The central area where the common bile duct, hepatic portal vein, and hepatic artery 
proper enter is the hilum or "porta hepatis". The duct, vein, and artery divide into left and 
right branches, and the portions of the liver supplied by these branches constitute the 
functional left and right lobes. 

The functional lobes are separated by an imaginary plane joining the gallbladder fossa to 
the inferior vena cava. The plane separates the liver into the true right and left lobes. The 
middle hepatic vein also demarcates the true right and left lobes. The right lobe is further 
divided into an anterior and posterior segment by the right hepatic vein. The left lobe is 
divided into the medial and lateral segments by the left hepatic vein. The fissure for the 
ligamentum teres also separates the medial and lateral segments. The medial segment is 
also called the quadrate lobe. In the widely used Couinaud (or "French") system, the 
functional lobes are further divided into a total of eight subsegments based on a 
transverse plane through the bifurcation of the main portal vein. The caudate lobe is a 
separate structure which receives blood flow from both the right- and left-sided vascular 
branches. 

In other animals 

The liver is found in all vertebrates, and is typically the largest visceral organ. Its form 
varies considerably in different species, and is largely determined by the shape and 
arrangement of the surrounding organs. Nonetheless, in most species it is divided into 
right and left lobes; exceptions to this general rule include snakes, where the shape of the 
body necessitates a simple cigar-like form. The internal structure of the liver is broadly 
similar in all vertebrates. 

An organ sometimes referred to as a liver is found associated with the digestive tract of 
the primitive chordate Amphioxus. However, this is an enzyme secreting gland, not a 
metabolic organ, and it is unclear how truly homologous it is to the vertebrate liver. 

Physiology 

The various functions of the liver are carried out by the liver cells or hepatocytes. 
Currently, there is no artificial organ or device capable of emulating all the functions of 
the liver. Some functions can be emulated by liver dialysis, an experimental treatment for 
liver failure. 

Synthesis 

• A large part of amino acid synthesis 
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• The liver performs several roles in carbohydrate metabolism:  
o Gluconeogenesis (the synthesis of glucose from certain amino acids, 

lactate or glycerol) 
o Glycogenolysis (the breakdown of glycogen into glucose) 
o Glycogenesis (the formation of glycogen from glucose)(muscle tissues can 

also do this) 
• The liver is responsible for the mainstay of protein metabolism, synthesis as well 

as degradation 
• The liver also performs several roles in lipid metabolism:  

o Cholesterol synthesis 
o Lipogenesis, the production of triglycerides (fats). 

• The liver produces coagulation factors I (fibrinogen), II (prothrombin), V, VII, 
IX, X and XI, as well as protein C, protein S and antithrombin. 

• In the first trimester fetus, the liver is the main site of red blood cell production. 
By the 32nd week of gestation, the bone marrow has almost completely taken 
over that task. 

• The liver produces and excretes bile (a yellowish liquid) required for emulsifying 
fats. Some of the bile drains directly into the duodenum, and some is stored in the 
gallbladder. 

• The liver also produces insulin-like growth factor 1 (IGF-1), a polypeptide protein 
hormone that plays an important role in childhood growth and continues to have 
anabolic effects in adults. 

• The liver is a major site of thrombopoietin production. Thrombopoietin is a 
glycoprotein hormone that regulates the production of platelets by the bone 
marrow. 

Breakdown 

• The breakdown of insulin and other hormones 
• The liver breaks down hemoglobin, creating metabolites that are added to bile as 

pigment (bilirubin and biliverdin). 
• The liver breaks down or modifies toxic substances (e.g., methylation) and most 

medicinal products in a process called drug metabolism. This sometimes results in 
toxication, when the metabolite is more toxic than its precursor. Preferably, the 
toxins are conjugated to avail excretion in bile or urine. 

• The liver converts ammonia to urea. 

Other functions 

• The liver stores a multitude of substances, including glucose (in the form of 
glycogen), vitamin A (1–2 years' supply), vitamin D (1–4 months' supply), 
vitamin B12 (1-3 years' supply), iron, and copper. 

• The liver is responsible for immunological effects- the reticuloendothelial system 
of the liver contains many immunologically active cells, acting as a 'sieve' for 
antigens carried to it via the portal system. 

• The liver produces albumin, the major osmolar component of blood serum. 
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• The liver synthesizes angiotensinogen, a hormone that is responsible for raising 
the blood pressure when activated by renin, an enzyme that is released when the 
kidney senses low blood pressure. 

Diseases of the liver 

 
 

Left lobe liver tumor 

The liver supports almost every organ in the body and is vital for survival. Because of its 
strategic location and multidimensional functions, the liver is also prone to many 
diseases. 

The most common include: Infections such as hepatitis A, B, C, E, alcohol damage, fatty 
liver, cirrhosis, cancer, drug damage (especially acetaminophen (also known as 
paracetamol), cancer drugs) 

Many diseases of the liver are accompanied by jaundice caused by increased levels of 
bilirubin in the system. The bilirubin results from the breakup of the haemoglobin of dead 
red blood cells; normally, the liver removes bilirubin from the blood and excretes it 
through bile. 
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There are also many pediatric liver diseases including biliary atresia, alpha-1 antitrypsin 
deficiency, alagille syndrome, progressive familial intrahepatic cholestasis, and 
Langerhans cell histiocytosis, to name but a few. 

Diseases that interfere with liver function will lead to derangement of these processes. 
However, the liver has a great capacity to regenerate and has a large reserve capacity. In 
most cases, the liver only produces symptoms after extensive damage. 

Liver diseases may be diagnosed by liver function tests, for example, by production of 
acute phase proteins. 

Disease signs 

The classic signs of liver damage include the following: 

• Pale stools occur when stercobilin, a brown pigment, is absent from the stool. 
Stercobilin is derived from bilirubin metabolites produced in the liver. 

• Dark urine occurs when bilirubin mixes with urine 
• Bilirubin, when it deposits in skin, causes an intense itch. Itching is the most 

common complaint by people who have liver failure. Often this itch cannot be 
relieved by drugs. 

• Swelling of the abdomen, ankles and feet occurs because the liver fails to make 
albumin. 

• Excessive fatigue occurs from a generalized loss of nutrients, minerals and 
vitamins. 

• Bruising and easy bleeding are other features of liver disease. The liver makes 
substances which help prevent bleeding. When liver damage occurs, these 
substances are no longer present and severe bleeding can occur. 

Diagnosis 

The diagnosis of liver function is made by blood tests. Liver function tests can readily 
pinpoint the extent of liver damage. If infection is suspected, then other serological tests 
are done. Sometimes, one may require an ultrasound or a CT scan to produce an image of 
the liver. 

Physical examination of the liver is not accurate in determining the extent of liver 
damage. It can only reveal presence of tenderness or the size of liver, but in all cases, 
some type of radiological study is required to examine it. 

Biopsy 

The ideal way to determine damage to the liver is with a biopsy. A biopsy is not required 
in all cases, but may be necessary when the cause is unknown. A needle is inserted into 
the skin just below the rib cage and a biopsy is obtained. The tissue is sent to the 
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laboratory, where it is analyzed under a microscope. Sometimes, a radiologist may assist 
the physician performing a liver biopsy by providing ultrasound guidance. 

Regeneration 

The liver is the only internal human organ capable of natural regeneration of lost tissue; 
as little as 25% of a liver can regenerate into a whole liver. 

This is predominantly due to the hepatocytes re-entering the cell cycle. That is, the 
hepatocytes go from the quiescent G0 phase to the G1 phase and undergo mitosis. This 
process is activated by the p75 receptors. There is also some evidence of bipotential stem 
cells, called ovalocytes or hepatic oval cells, which are thought to reside in the canals of 
Hering. These cells can differentiate into either hepatocytes or cholangiocytes, the latter 
being the cells that line the bile ducts. 

Scientific and medical works about liver regeneration often refer to the Greek Titan 
Prometheus who was chained to a rock in the Caucasus where, each day, his liver was 
devoured by an eagle, only to grow back each night. Some think the myth indicates the 
ancient Greeks knew about the liver’s remarkable capacity for self-repair, though this 
claim has been challenged. 

Liver transplantation 

Human liver transplants were first performed by Thomas Starzl in the United States and 
Roy Calne in Cambridge, England in 1963 and 1965, respectively. 
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After resection of left lobe liver tumor 

Liver transplantation is the only option for those with irreversible liver failure. Most 
transplants are done for chronic liver diseases leading to cirrhosis, such as chronic 
hepatitis C, alcoholism, autoimmune hepatitis, and many others. Less commonly, liver 
transplantation is done for fulminant hepatic failure, in which liver failure occurs over 
days to weeks. 

Liver allografts for transplant usually come from donors who have died from fatal brain 
injury. Living donor liver transplantation is a technique in which a portion of a living 
person's liver is removed and used to replace the entire liver of the recipient. This was 
first performed in 1989 for pediatric liver transplantation. Only 20% of an adult's liver 
(Couinaud segments 2 and 3) is needed to serve as a liver allograft for an infant or small 
child. 

More recently, adult-to-adult liver transplantation has been done using the donor's right 
hepatic lobe, which amounts to 60% of the liver. Due to the ability of the liver to 
regenerate, both the donor and recipient end up with normal liver function if all goes 
well. This procedure is more controversial, as it entails performing a much larger 
operation on the donor, and indeed there have been at least two donor deaths out of the 
first several hundred cases. A recent publication has addressed the problem of donor 
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mortality, and at least 14 cases have been found. The risk of postoperative complications 
(and death) is far greater in right-sided operations than that in left-sided operations. 

With the recent advances of noninvasive imaging, living liver donors usually have to 
undergo imaging examinations for liver anatomy to decide if the anatomy is feasible for 
donation. The evaluation is usually performed by multidetector row computed 
tomography (MDCT) and magnetic resonance imaging (MRI). MDCT is good in vascular 
anatomy and volumetry. MRI is used for biliary tree anatomy. Donors with very unusual 
vascular anatomy, which makes them unsuitable for donation, could be screened out to 
avoid unnecessary operations. 

 

MDCT image. Arterial anatomy contraindicated for liver donation 
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MDCT image. Portal venous anatomy contraindicated for liver donation 
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MDCT image. 3D image created by MDCT can clearly visualize the liver, measure the 
liver volume, and plan the dissection plane to facilitate the liver transplantation 
procedure. 

 

Phase contrast CT image. Contrast is perfusing the right liver but not the left due to a left 
portal vein thrombus. 
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Development 

Fetal blood supply 

In the growing fetus, a major source of blood to the liver is the umbilical vein which 
supplies nutrients to the growing fetus. The umbilical vein enters the abdomen at the 
umbilicus, and passes upward along the free margin of the falciform ligament of the liver 
to the inferior surface of the liver. There it joins with the left branch of the portal vein. 
The ductus venosus carries blood from the left portal vein to the left hepatic vein and then 
to the inferior vena cava, allowing placental blood to bypass the liver. 

In the fetus, the liver develops throughout normal gestation, and does not perform the 
normal filtration of the infant liver. The liver does not perform digestive processes 
because the fetus does not consume meals directly, but receives nourishment from the 
mother via the placenta. The fetal liver releases some blood stem cells that migrate to the 
fetal thymus, so initially the lymphocytes, called T-cells, are created from fetal liver stem 
cells. Once the fetus is delivered, the formation of blood stem cells in infants shifts to the 
red bone marrow. 

After birth, the umbilical vein and ductus venosus are completely obliterated in two to 
five days; the former becomes the ligamentum teres and the latter becomes the 
ligamentum venosum. In the disease state of cirrhosis and portal hypertension, the 
umbilical vein can open up again. 

Cultural allusions 

In Greek mythology, Prometheus was punished by the gods for revealing fire to humans, 
by being chained to a rock where a vulture (or an eagle) would peck out his liver, which 
would regenerate overnight. (The liver is the only human internal organ that actually can 
regenerate itself to a significant extent.) Many ancient peoples of the Near East and 
Mediterranean areas practiced a type of divination called haruspicy, where they tried to 
obtain information by examining the livers of sheep and other animals. 

In Plato, and in later physiology, the liver was thought to be the seat of the darkest 
emotions (specifically wrath, jealousy and greed) which drive men to action. The Talmud 
(tractate Berakhot 61b) refers to the liver as the seat of anger, with the gallbladder 
counteracting this. 

The Persian, Urdu, and Hindi languages (رگج or  or jigar) refer to the liver in 
figurative speech to indicate courage and strong feelings, or "their best"; e.g., "This 
Mecca has thrown to you the pieces of its liver!". The term jan e jigar, literally "the 
strength (power) of my liver", is a term of endearment in Urdu. In Persian slang, jigar is 
used as an adjective for any object which is desirable, especially women. In the Zulu 
language, the word for liver (isibindi) is the same as the word for courage. 
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The legend of Liver-Eating Johnson says that he would cut out and eat the liver of each 
man killed after dinner. 

In the motion picture The Message, Hind bint Utbah is implied or portrayed eating the 
liver of Hamza ibn ‘Abd al-Muttalib during the Battle of Uhud. Although there are 
narrations that suggest that Hind did "taste", rather than eat, the liver of Hamza, the 
authenticity of these narrations have to be questioned. 
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Chapter 3 

Gallbladder and Biliary Tract 

 

 

Gallbladder 
Gallbladder 

 

Diagram of Stomach 
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Surface projections of the organs of the trunk, with 

gallbladder labeled at the transpyloric plane. 

Latin vesica fellea; vesica biliaris 

  

System Digestive system (GI Tract) 

Artery Cystic artery 

Vein Cystic vein 

Nerve Celiac ganglia, vagus 

Precursor Foregut 

In vertebrates the gallbladder (cholecyst, gall bladder) is a small organ that aids 
digestion and stores bile produced by the liver. In humans the loss of the gallbladder is 
usually easily tolerated. 
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Human anatomy 

The gallbladder is a hollow system that sits just beneath the liver. In adults, the 
gallbladder measures approximately 8 cm in length and 4 cm in diameter when fully 
distended. It is divided into three sections: fundus, body and neck. The neck tapers and 
connects to the biliary tree via the cystic duct, which then joins the common hepatic duct 
to become the common bile duct. 

Microscopic anatomy 

The different layers of the gallbladder are as follows: 

• The epithelium, a thin sheet of cells closest to the inside of the gallbladder 
• The lamina propria, a thin layer of loose connective tissue (the epithelium plus the 

lamina propria form the mucosa) 
• The muscularis, a layer of smooth muscular tissue that helps the gallbladder 

contract, squirting its bile into the bile duct 
• The perimuscular ("around the muscle") fibrous tissue, another layer of 

connective tissue 
• The serosa, the outer covering of the gallbladder that comes from the peritoneum, 

which is the lining of the abdominal cavity 

Function 

The adult human gallbladder stores about 50 milliliters of bile, which is released into the 
duodenum when food containing fat enters the digestive tract, stimulating the secretion of 
cholecystokinin (CCK). The bile, produced in the liver, emulsifies fats in partly digested 
food. 

During storage in the gallbladder, bile becomes more concentrated which increases its 
potency and intensifies its effect on fats. 

In 2009, it was demonstrated that the gallbladder removed from a patient expressed 
several pancreatic hormones including insulin. This was surprising because until then, it 
was thought that insulin was only produced in pancreatic β-cells. This study provides 
evidence that β-like cells do occur outside the human pancreas. The authors suggest that 
since the gallbladder and pancreas are adjacent to each other during embryonic 
development, there exists tremendous potential in derivation of endocrine pancreatic 
progenitor cells from human gallbladders that are available after cholecystectomy. 

In other animals 

Most vertebrates have gallbladders, whereas invertebrates do not. However, its precise 
form and the arrangement of the bile ducts may vary considerably. In many species, for 
example, there are several separate ducts running to the intestine, rather than a single 
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common bile duct, as in humans. Several species of mammals (including horses, deer, 
rats, and various lamoids) and birds lack a gallbladder altogether, as do lampreys. 

 
Biliary tract 
 
 

 
 

Digestive system diagram showing the common bile duct 

The biliary tract (or biliary tree) is the common anatomical term for the path by which 
bile is secreted by the liver then transported to the duodenum, or small intestine. A 
structure common to most members of the mammal family, it is referred to as a tree 
because it begins with many small branches which end in the common bile duct, 
sometimes referred to as the trunk of the biliary tree. The duct, the branches of the 
hepatic artery and the portal vein form the central axis of the portal triad. Bile flows in 
the direction opposite to that of the blood present in the other two channels. 

The name usually excludes the liver, but sometimes does include it. 

Clinical significance 

Pressure inside in the biliary tree can give rise to gallstones and lead to cirrhosis of the 
liver. 

Blockage can cause jaundice. 

The biliary tract can also serve as a reservoir for intestinal tract infections. Since the 
biliary tract is an internal organ, it has no somatic nerve supply, and colicky pain due to 
infection and inflammation of the biliary tract is not a somatic pain. Rather, pain may be 
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caused by luminal distension, which causes stretching of the wall. This is the same 
mechanism that causes pain in bowel obstructions. 

Path 

The path is as follows: 

• Bile canaliculi >> Canals of Hering >> bile ductules (in portal tracts) >> 
intrahepatic bile ducts >> left and right hepatic ducts >> 

• merge to form >> common hepatic duct >> 
• exits liver and joins >> cystic duct (from gall bladder) >> 
• forming >> common bile duct >> joins with >> pancreatic duct >> 
• forming >> ampulla of Vater >> enters duodenum 
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Chapter 4 

Pancreas 

 

 
Pancreas 

 

the pancreas 

 

1: Head of pancreas 

2: Uncinate process of pancreas 

3: Pancreatic notch 

4: Body of pancreas 
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5: Anterior surface of pancreas 

6: Inferior surface of pancreas 

7: Superior margin of pancreas 

8: Anterior margin of pancreas 

9: Inferior margin of pancreas 

10: Omental tuber 

11: Tail of pancreas 

12: Duodenum 

  

Artery 

inferior pancreaticoduodenal artery, 

superior pancreaticoduodenal artery, 

splenic artery 

Vein 
pancreaticoduodenal veins, pancreatic 

veins 

Nerve pancreatic plexus, celiac ganglia, vagus 

Precursor pancreatic buds 

MeSH Pancreas 

Dorlands/Elsevier Pancreas 

The pancreas is a gland organ in the digestive and endocrine system of vertebrates. It is 
both an endocrine gland producing several important hormones, including insulin, 
glucagon, and somatostatin, as well as an exocrine gland, secreting pancreatic juice 
containing digestive enzymes that pass to the small intestine. These enzymes help to 
further break down the carbohydrates, proteins, and fats in the chyme. 

Histology 

Under a microscope, stained sections of the pancreas reveal two different types of 
parenchymal tissue. Lightly staining clusters of cells are called islets of Langerhans, 
which produce hormones that underlie the endocrine functions of the pancreas. Darker 
staining cells form acini connected to ducts. Acinar cells belong to the exocrine pancreas 
and secrete digestive enzymes into the gut via a system of ducts. 

Structure Appearance Function 
Islets of 
Langerhans 

Lightly staining, large, 
spherical clusters 

Hormone production and secretion 
(endocrine pancreas) 

Pancreatic acini Darker staining, small, 
berry-like clusters 

Digestive enzyme production and 
secretion (exocrine pancreas) 
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Function 

The pancreas is a dual-function gland, having features of both endocrine and exocrine 
glands. 

The part of the pancreas with endocrine function is made up of approximately a million 
cell clusters called islets of Langerhans. Four main cell types exist in the islets. They are 
relatively difficult to distinguish using standard staining techniques, but they can be 
classified by their secretion: α cells secrete glucagon (increase glucose in blood), β cells 
secrete insulin (decrease glucose in blood), δ cells secrete somatostatin (regulates/stops α 
and β cells), and PP cells secrete pancreatic polypeptide. 

The islets are a compact collection of endocrine cells arranged in clusters and cords and 
are crisscrossed by a dense network of capillaries. The capillaries of the islets are lined by 
layers of endocrine cells in direct contact with vessels, and most endocrine cells are in 
direct contact with blood vessels, by either cytoplasmic processes or by direct apposition. 
According to the volume The Body, by Alan E. Nourse, the islets are "busily 
manufacturing their hormone and generally disregarding the pancreatic cells all around 
them, as though they were located in some completely different part of the body." 

The pancreas as an exocrine gland helps out the digestive system. It secretes pancreatic 
juice that contains digestive enzymes that pass to the small intestine. These enzymes help 
to further break down the carbohydrates, proteins, and lipids (fats) in the chyme. 

The pancreas receives regulatory innervation via hormones in the blood and through the 
autonomic nervous system. These two inputs regulate the secretory activity of the 
pancreas. 

Sympathetic (adrenergic) 
α2: decreases secretion from beta cells, increases secretion from alpha cells, β2: 
increases secretion from beta cells 

Parasympathetic (muscarinic) 
M3: increases stimulation of alpha cells and beta cells 
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Anatomy 

 
 

Surface projections of the organs of the trunk, showing pancreas at the transpyloric plane 

The pancreas lies in the epigastrium and left hypochondrium areas of the abdomen 

It is composed of the following parts: 

• The head lies within the concavity of the duodenum. 
• The uncinate process emerges from the lower part of head, and lies deep to 

superior mesenteric vessels. 
• The neck is the constricted part between the head and the body. 
• The body lies behind the stomach. 
• The tail is the left end of the pancreas. It lies in contact with the spleen and runs 

in the lienorenal ligament. 
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The superior pancreaticoduodenal artery from gastroduodenal artery and the inferior 
pancreaticoduodenal artery from superior mesenteric artery run in the groove between the 
pancreas and duodenum and supply the head of pancreas. The pancreatic branches of 
splenic artery also supply the neck, body and tail of the pancreas. The largest of those 
branches is called the arteria pancreatica magna; its occlusion, although rare, is fatal. 

The body and neck of the pancreas drain into splenic vein; the head drains into the 
superior mesenteric and portal veins. 

Lymph is drained via the splenic, celiac and superior mesenteric lymph nodes. 

Diseases 

Because the pancreas is a storage depot for digestive enzymes, injury to the pancreas is 
potentially very dangerous. A puncture of the pancreas generally requires prompt and 
experienced medical intervention. 

Pancreatic cancers, particularly cancer of the exocrine pancreas, remain one of the most 
deadly cancers, and the mortality rate is very high. 

Diabetes mellitus type 1 is a chronic autoimmune disorder in which the immune system 
attacks the insulin-secreting cells in the pancreas. 

History 

The pancreas was first identified for western civilization by Herophilus (335–280 BC), a 
Greek anatomist and surgeon. Only a few hundred years later, Rufus of Ephesus, another 
Greek anatomist, gave the pancreas its name. The term "pancreas" is derived from the 
Greek πᾶν ("all", "whole"), and κρέας ("flesh"). – presumably because of its fleshy 
consistency. 
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Embryological development 

 
 
Schematic illustrating the development of the pancreas from a dorsal and a ventral bud. 
During maturation the ventral bud flips to the other side of the gut tube (arrow) where it 
typically fuses with the dorsal lobe. An additional ventral lobe which usually regress 
during development is omitted. 

The pancreas forms from the embryonic foregut and is therefore of endodermal origin. 
Pancreatic development begins [with] the formation of a ventral and dorsal anlage (or 
buds). Each structure communicates with the foregut through a duct. The ventral 
pancreatic bud becomes the head and uncinate process, and comes from the hepatic 
diverticulum. 

Differential rotation and fusion of the ventral and dorsal pancreatic buds results in the 
formation of the definitive pancreas. As the duodenum rotates to the right, it carries with 
it the ventral pancreatic bud and common bile duct. Upon reaching its final destination, 
the ventral pancreatic bud fuses with the much larger dorsal pancreatic bud. At this point 
of fusion, the main ducts of the ventral and dorsal pancreatic buds fuse, forming the duct 
of Wirsung, the main pancreatic duct. 

Differentiation of cells of the pancreas proceeds through two different pathways, 
corresponding to the dual endocrine and exocrine functions of the pancreas. In progenitor 
cells of the exocrine pancreas, important molecules that induce differentiation include 
follistatin, fibroblast growth factors, and activation of the Notch receptor system. 
Development of the exocrine acini progresses through three successive stages. These 
include the predifferentiated, protodifferentiated, and differentiated stages, which 
correspond to undetectable, low, and high levels of digestive enzyme activity, 
respectively. 
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Progenitor cells of the endocrine pancreas arise from cells of the protodifferentiated stage 
of the exocrine pancreas. Under the influence of neurogenin-3 and Isl-1, but in the 
absence of notch receptor signaling, these cells differentiate to form two lines of 
committed endocrine precursor cells. The first line, under the direction of Pax-0, forms α- 
and γ- cells, which produce glucagon and pancreatic polypeptides, respectively. The 
second line, influenced by Pax-6, produces β- and δ-cells, which secrete insulin and 
somatostatin, respectively. 

Insulin and glucagon can be detected in the human fetal circulation by the fourth or fifth 
month of fetal development. 

In animals 

Pancreatic tissue is present in all vertebrate species, but its precise form and arrangement 
varies widely. There may be up to three separate pancreases, two of which arise from 
ventral buds, and the other dorsally. In most species (including humans), these fuse in the 
adult, but there are several exceptions. Even when a single pancreas is present, two or 
three pancreatic ducts may persist, each draining separately into the duodenum (or 
equivalent part of the foregut). Birds, for example, typically have three such ducts. 

In teleosts, and a few other species (such as rabbits), there is no discrete pancreas at all, 
with pancreatic tissue being distributed diffusely across the mesentery and even within 
other nearby organs, such as the liver or spleen. In a few teleost species, the endocrine 
tissue has fused to form a distinct gland within the abdominal cavity, but otherwise it is 
distributed amongst the exocrine components. The most primitive arrangement, however, 
appears to be that of lampreys and lungfish, in which pancreatic tissue is found as a 
number of discrete nodules within the wall of the gut itself, with the exocrine portions 
being little different from other glandular structures of the intestine. 

Additional images 

 

Accessory digestive system 
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Digestive organs 

 

Dog pancreas magnified 100 times 
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The celiac artery and its branches; the stomach has been raised and the peritoneum 
removed. 
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Lymphatics of stomach, etc., the stomach has been turned upward 

 



_________________WORLD TECHNOLOGIES_________________

WT  

Transverse section through the middle of the first lumbar vertebra, showing the relations 
of the pancreas 

 

The duodenum and pancreas 
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The pancreatic duct 

 

Pancreas of a human embryo of five weeks 
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Pancreas of a human embryo at end of sixth week 

 

Front of abdomen, showing surface markings for duodenum, pancreas, and kidneys 
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Chapter 5 

Hepatitis 

 

 

Hepatitis 

 
Alcoholic hepatitis evident by fatty change, cell necrosis, Mallory 

bodies 

ICD-10 K75.9 

ICD-9 573.3 

DiseasesDB 20061 

MeSH D006505 

Hepatitis (plural hepatitides) is an inflammation of the liver characterized by the 
presence of inflammatory cells in the tissue of the organ. The name is from the Greek 
hepar (ἧπαρ), the root being hepat- (ἡπατ-), meaning liver, and suffix -itis, meaning 
"inflammation" (c. 1727). The condition can be self-limiting (healing on its own) or can 
progress to fibrosis (scarring) and cirrhosis. 

Hepatitis may occur with limited or no symptoms, but often leads to jaundice, anorexia 
(poor appetite) and malaise. Hepatitis is acute when it lasts less than six months and 
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chronic when it persists longer. A group of viruses known as the hepatitis viruses cause 
most cases of hepatitis worldwide, but it can also be due to toxins (notably alcohol, 
certain medications, some industrial organic solvents and plants), other infections and 
autoimmune diseases. 

Signs and symptoms 

Acute 

Initial features are of nonspecific flu-like symptoms, common to almost all acute viral 
infections and may include malaise, muscle and joint aches, fever, nausea or vomiting, 
diarrhea, and headache. More specific symptoms, which can be present in acute hepatitis 
from any cause, are: profound loss of appetite, aversion to smoking among smokers, dark 
urine, yellowing of the eyes and skin (i.e., jaundice) and abdominal discomfort. Physical 
findings are usually minimal, apart from jaundice in a third and tender hepatomegaly 
(swelling of the liver) in about 10%. Some exhibit lymphadenopathy (enlarged lymph 
nodes, in 5%) or splenomegaly (enlargement of the spleen, in 5%). 

Acute viral hepatitis is more likely to be asymptomatic in younger people. Symptomatic 
individuals may present after convalescent stage of 7 to 10 days, with the total illness 
lasting 2 to 6 weeks. 

A small proportion of people with acute hepatitis progress to acute liver failure, in which 
the liver is unable to clear harmful substances from the circulation (leading to confusion 
and coma due to hepatic encephalopathy) and produce blood proteins (leading to 
peripheral edema and bleeding). This may become life-threatening and occasionally 
requires a liver transplant. 

Chronic 

Chronic hepatitis often leads to nonspecific symptoms such as malaise, tiredness and 
weakness, and often leads to no symptoms at all. It is commonly identified on blood tests 
performed either for screening or to evaluate nonspecific symptoms. The occurrence of 
jaundice indicates advanced liver damage. On physical examination there may be 
enlargement of the liver. 

Extensive damage and scarring of liver (i.e. cirrhosis) leads to weight loss, easy bruising 
and bleeding tendencies, peripheral edema (swelling of the legs) and accumulation of 
ascites (fluid in the abdominal cavity). Eventually, cirrhosis may lead to various 
complications: esophageal varices (enlarged veins in the wall of the esophagus that can 
cause life-threatening bleeding) hepatic encephalopathy (confusion and coma) and 
hepatorenal syndrome (kidney dysfunction). 

Acne, abnormal menstruation, lung scarring, inflammation of the thyroid gland and 
kidneys may be present in women with autoimmune hepatitis. 
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Causes 

Acute 

• Viral hepatitis:  
o Hepatitis A, B, C, D, and E. 
o Herpes simplex 
o Cytomegalovirus 
o Epstein-Barr 
o Yellow fever 
o adenoviruses 

• Non viral infection  
o toxoplasma 
o Leptospira 
o Q fever 
o rocky mountain spotted fever 

• Alcohol 
• Toxins: Amanita toxin in mushrooms, carbon tetrachloride, asafetida 
• Drugs: Paracetamol, amoxycillin, antituberculosis medicines, minocycline and 

many others. 
• Ischemic hepatitis (circulatory insufficiency) 
• Pregnancy 
• Auto immune conditions, e.g., Systemic Lupus Erythematosus (SLE) 
• Metabolic diseases, e.g., Wilson's disease 

Chronic 

• Viral hepatitis: Hepatitis B with or without hepatitis D, hepatitis C (neither 
hepatitis A nor hepatitis E causes chronic hepatitis) 

• Autoimmune  
o Autoimmune hepatitis 

• Alcohol 
• Drugs  

o methyldopa 
o nitrofurantoin 
o isoniazid 
o ketoconazole 

• Non-alcoholic steatohepatitis 
• Heredity  

o Wilson's disease 
o alpha 1-antitrypsin deficiency 

• Primary biliary cirrhosis and primary sclerosing cholangitis occasionally mimic 
chronic hepatitis 
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Alcoholic hepatitis 

Ethanol, mostly in alcoholic beverages, is a significant cause of hepatitis. Usually 
alcoholic hepatitis comes after a period of increased alcohol consumption. Alcoholic 
hepatitis is characterized by a variable constellation of symptoms, which may include 
feeling unwell, enlargement of the liver, development of fluid in the abdomen ascites, and 
modest elevation of liver blood tests. Alcoholic hepatitis can vary from mild with only 
liver test elevation to severe liver inflammation with development of jaundice, prolonged 
prothrombin time, and liver failure. Severe cases are characterized by either obtundation 
(dulled consciousness) or the combination of elevated bilirubin levels and prolonged 
prothrombin time; the mortality rate in both categories is 50% within 30 days of onset. 

Alcoholic hepatitis is distinct from cirrhosis caused by long term alcohol consumption. 
Alcoholic hepatitis can occur in patients with chronic alcoholic liver disease and 
alcoholic cirrhosis. Alcoholic hepatitis by itself does not lead to cirrhosis, but cirrhosis is 
more common in patients with long term alcohol consumption. Patients who drink 
alcohol to excess are also more often than others found to have hepatitis C. The 
combination of hepatitis C and alcohol consumption accelerates the development of 
cirrhosis. 

Drug induced 

A large number of drugs can cause hepatitis: 

• Agomelatine (antidepressant) 
• Allopurinol 
• Amitriptyline (antidepressant) 
• Amiodarone (antiarrhythmic) 
• Atomoxetine  
• Azathioprine 
• Halothane (a specific type of anesthetic gas) 
• Hormonal contraceptives 
• Ibuprofen and indomethacin (NSAIDs) 
• Isoniazid (INH), rifampicin, and pyrazinamide (tuberculosis-specific antibiotics) 
• Ketoconazole (antifungal) 
• Loratadine (antihistamine) 
• Methotrexate (immune suppressant) 
• Methyldopa (antihypertensive) 
• Minocycline (tetracycline antibiotic) 
• Nifedipine (antihypertensive) 
• Nitrofurantoin (antibiotic) 
• Paracetamol (acetaminophen in the United States) can cause hepatitis when taken 

in an overdose. The severity of liver damage may be limited by prompt 
administration of acetylcysteine. 

• Phenytoin and valproic acid (antiepileptics) 
• Troglitazone (antidiabetic, withdrawn in 2000 for causing hepatitis) 
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• Zidovudine (antiretroviral i.e., against HIV) 
• Some herbs and nutritional supplements 

The clinical course of drug-induced hepatitis is quite variable, depending on the drug and 
the patient's tendency to react to the drug. For example, halothane hepatitis can range 
from mild to fatal as can INH-induced hepatitis. Hormonal contraception can cause 
structural changes in the liver. Amiodarone hepatitis can be untreatable since the long 
half life of the drug (up to 60 days) means that there is no effective way to stop exposure 
to the drug. Statins can cause elevations of liver function blood tests normally without 
indicating an underlying hepatitis. Lastly, human variability is such that any drug can be 
a cause of hepatitis. 

Other toxins 

Other Toxins can cause hepatitis: 

• Amatoxin-containing mushrooms, including the Death Cap (Amanita phalloides), 
the Destroying Angel (Amanita ocreata), and some species of Galerina. A portion 
of a single mushroom can be enough to be lethal (10 mg or less of α-amanitin). 

• White phosphorus, an industrial toxin and war chemical. 
• Carbon tetrachloride ("tetra", a dry cleaning agent), chloroform, and 

trichloroethylene, all chlorinated hydrocarbons, cause steatohepatitis (hepatitis 
with fatty liver). 

• Cylindrospermopsin, a toxin from the cyanobacterium Cylindrospermopsis 
raciborskii and other cyanobacteria. 

Metabolic disorders 

Some metabolic disorders cause different forms of hepatitis. Hemochromatosis (due to 
iron accumulation) and Wilson's disease (copper accumulation) can cause liver 
inflammation and necrosis. 

Non-alcoholic steatohepatitis (NASH) is effectively a consequence of metabolic 
syndrome. 

Obstructive 

"Obstructive jaundice" is the term used to describe jaundice due to obstruction of the bile 
duct (by gallstones or external obstruction by cancer). If longstanding, it leads to 
destruction and inflammation of liver tissue. 

Autoimmune 

Anomalous presentation of human leukocyte antigen (HLA) class II on the surface of 
hepatocytes, possibly due to genetic predisposition or acute liver infection; causes a cell-
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mediated immune response against the body's own liver, resulting in autoimmune 
hepatitis. 

Alpha 1-antitrypsin deficiency 

In severe cases of alpha 1-antitrypsin deficiency (A1AD), the accumulated protein in the 
endoplasmic reticulum causes liver cell damage and inflammation. 

Non-alcoholic fatty liver disease 

Non-alcoholic fatty liver disease (NAFLD) is the occurrence of fatty liver in people who 
have no history of alcohol use. It is most commonly associated with obesity (80% of all 
obese people have fatty liver). It is more common in women. Severe NAFLD leads to 
inflammation, a state referred to as non-alcoholic steatohepatitis (NASH), which on 
biopsy of the liver resembles alcoholic hepatitis (with fat droplets and inflammatory cells, 
but usually no Mallory bodies). 

The diagnosis depends on medical history, physical exam, blood tests, radiological 
imaging and sometimes a liver biopsy. The initial evaluation to identify the presence of 
fatty infiltration of the liver is medical imaging, including such ultrasound, computed 
tomography (CT), or magnetic resonance (MRI). However, imaging cannot readily 
identify inflammation in the liver. Therefore, the differentiation between steatosis and 
NASH often requires a liver biopsy. It can also be difficult to distinguish NASH from 
alcoholic hepatitis when the patient has a history of alcohol consumption. Sometimes in 
such cases a trial of abstinence from alcohol along with follow-up blood tests and a 
repeated liver biopsy are required. 

NASH is becoming recognized as the most important cause of liver disease second only 
to hepatitis C in numbers of patients going on to cirrhosis. 

Ischemic hepatitis 

Ischemic hepatitis is caused by decreased circulation to the liver cells. Usually this is due 
to decreased blood pressure (or shock), leading to the equivalent term "shock liver". 
Patients with ischemic hepatitis are usually very ill due to the underlying cause of shock. 
Rarely, ischemic hepatitis can be caused by local problems with the blood vessels that 
supply oxygen to the liver (such as thrombosis, or clotting of the hepatic artery which 
partially supplies blood to liver cells). Blood testing of a person with ischemic hepatitis 
will show very high levels of transaminase enzymes (AST and ALT), which may exceed 
1000 U/L. The elevation in these blood tests is usually transient (lasting 7 to 10 days). It 
is rare that liver function will be affected by ischemic hepatitis. 
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Chapter 6 

Primary Biliary Cirrhosis 

 

 

Primary biliary cirrhosis 

 
Micrograph of primary biliary cirrhosis showing bile duct 

inflammation and injury. H&E stain. 

ICD-10 K74.3 

ICD-9 571.6 

OMIM 109720 

DiseasesDB 10615 

eMedicine med/223 

MeSH D008105 

Primary biliary cirrhosis, often abbreviated PBC, is an autoimmune disease of the liver 
marked by the slow progressive destruction of the small bile ducts (bile canaliculi) within 
the liver. When these ducts are damaged, bile builds up in the liver (cholestasis) and over 
time damages the tissue. This can lead to scarring, fibrosis and cirrhosis. It was 
previously thought to be a rare disease, but more recent studies have shown that it may 
affect up to 1 in 3-4,000 people; the sex ratio is at least 9:1 (female to male). 
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Signs and symptoms 

The following signs may present in PBC: 

• Fatigue 
• Pruritus (itchy skin) 
• Jaundice (yellowing of the eyes and skin), due to increased bilirubin in the blood. 
• Xanthoma (local collections of cholesterol in the skin, especially around the eyes 

(Xanthelasma)) 
• Complications of cirrhosis and portal hypertension:  

o Fluid retention in the abdomen (ascites) 
o Hypersplenism 
o Esophageal varices 
o Hepatic encephalopathy, up to coma, in extreme cases. 

• Association with an extrahepatic autoimmune disorder such as Rheumatoid 
arthritis or Sjögren's syndrome (up to 80% incidence). 

Diagnosis 

 
 
Intermediate magnification micrograph of PBC showing bile duct inflammation and 
periductal granulomas. Liver biopsy. H&E stain. 
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To diagnose PBC, distinctions should be established from other conditions with similar 
symptoms, such as autoimmune hepatitis or primary sclerosing cholangitis (PSC). 

Diagnostic blood tests include: 

• Deranged liver function tests (elevated gamma-glutamyl transferase and alkaline 
phosphatase) 

• Presence of certain antibodies: antimitochondrial antibody(AMA), antinuclear 
antibody(ANA) 

Abdominal ultrasound or a CT scan is usually performed to rule out blockage to the bile 
ducts. Previously most suspected sufferers underwent a liver biopsy, and - if uncertainty 
remained - endoscopic retrograde cholangiopancreatography (ERCP, an endoscopic 
investigation of the bile duct). Now most patients are diagnosed without invasive 
investigation since the combination of anti-mitochondrial antibodies and typical 
(cholestatic) liver function tests are considered diagnostic. However, a liver biopsy is 
necessary to determine the stage of disease. 

Anti-nuclear antibodies appear to be prognostic agents in PBC. Anti-glycoprotein-210 
antibodies, and to a lesser degree anti-p62 antibodies correlate with progression toward 
end stage liver failure. Anti-centromere antibodies correlate with developing portal 
hypertension. Anti-np62 and anti-sp100 are also found in association with PBC. 

Biopsy 

Primary biliary cirrhosis is characterized by interlobular bile duct destruction. 
Histopathologic findings of primary biliary cirrhosis include: 

• Inflammation of the bile ducts, characterized by intraepithelial lymphocytes, and 
• Periductal epithelioid granulomata. 

Summary of stages 

• Stage 1 - Portal Stage: Normal sized triads; portal inflammation, subtle bile duct 
damage. Granulomas are often detected in this stage. 

• Stage 2 - Periportal Stage: Enlarged triads; periportal fibrosis and/or 
inflammation. Typically characterized by the finding of a proliferation of small 
bile ducts. 

• Stage 3 - Septal Stage: Active and/or passive fibrous septa. 

• Stage 4 - Biliary Cirrhosis: Nodules present; garland 
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Etiology 

The cause of the disease is unknown at this time, but research indicates that there is an 
immunological basis for the disease, making it an autoimmune disorder. Most of the 
patients (>90%) seem to have anti-mitochondrial antibodies (AMAs) against pyruvate 
dehydrogenase complex (PDC-E2), an enzyme complex that is found in the 
mitochondria. In addition, a more specific test to confirm this disease from a bone 
disorder such as Paget's disease which also has increases in Alkaline phosphatase is the 
Gamma-glutamyl transpeptidase test (GGT). An increase in GGT could indicate presence 
of Primary Biliary Cirrhosis. 57% of patients with acute liver failure have anti-
transglutaminase antibodies suggesting a role of gluten sensitivity in primary biliary 
cirrhosis, and primary biliary cirrhosis is considerably more common in gluten sensitive 
enteropathy than the normal population. In some cases of disease protein expression may 
cause an immune tolerance failure, as might be the case with gp210 and p62, nuclear pore 
proteins. Gp210 has increased expression in the bile duct of anti-gp210 positive patients. 
Both proteins appear to be prognostic of liver failure relative to anti-mitochondrial 
antibodies. 

A genetic predisposition to disease has been thought important for some time, as evident 
by cases of PBC in family members, concordance in identical twins, and clustering of 
autoimmune diseases. In 2009 a Canadian led group of investigators reported in the New 
England Journal of Medicine results from the first genome scan of PBC patients. This 
research revealed parts of the IL12 signaling cascade, particularly IL12A and IL12RB2 
polymorphisms, to be important in the etiology of the disease in addition to the HLA 
region, suggesting future therapeutic targets. 

Therapy 

There is no known cure, but medication may slow the progression so that a normal 
lifespan and quality of life may be attainable for many patients. However, specific 
treatment for fatigue, which may be debilitating in some patients, is unavailable. 

• Ursodeoxycholic acid (Ursodiol) is the most frequently used treatment. This helps 
reduce the cholestasis and improves blood test results (liver function tests). It has 
a minimal effect on symptoms and whether it improves prognosis is controversial. 

• To relieve itching caused by bile acids in circulation, which would normally be 
removed by the liver, cholestyramine (a bile acid sequestrant) may be prescribed 
to absorb bile acids in the gut and be eliminated, rather than re-enter the blood 
stream. 

• Patients with PBC have poor lipid-dependent absorption of Vitamins A, D, E, K. 
Multivitamins (esp. Vitamin D) and calcium are recommended. 

As in all liver diseases, alcoholic beverages are contraindicated. 
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In advanced cases, a liver transplant, if successful, results in a favourable prognosis. 

Epidemiology 

The female:male ratio is at least 9:1. In some areas of the US and UK the prevalence is 
estimated to be as high as 1 in 4000. This is much more common than in South America 
or Africa, which may be due to better recognition in the US and UK. First-degree 
relatives may have as much as a 500 times increase in prevalence, but there is debate if 
this risk is greater in the same generation relatives or the one that follows. 

Prognosis 

The serum bilirubin level is an indicator of the prognosis of primary biliary cirrhosis, 
with levels of 2–6 mg/dL having a mean survival time of 4.1 years, 6–10 mg/dL having 
2.1 years and those above 10 mg/dL having a mean survival time of 1.4 years. 

After liver transplant, the recurrence rate may be as high as 18% at 5 years, and up to 
30% at 10 years. There is no consensus on risk factors for recurrence of the disease. 

Additional image 

 

Low magnification micrograph of PBC. H&E stain. 
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Chapter 7 

Cholangiocarcinoma 

 

 

Cholangiocarcinoma 

 
Photograph of cholangiocarcinoma in human liver. 

ICD-10 C22.1 

ICD-9 155.1, 156.1 

ICD-O: M8160/3 

DiseasesDB 2505 

MedlinePlus 000291 

eMedicine med/343 radio/153 

MeSH D018281 
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Digestive system diagram showing bile duct location 

Cholangiocarcinoma is a cancer of the bile ducts which drain bile from the liver into the 
small intestine. Other biliary tract cancers include pancreatic cancer, gall bladder cancer, 
and cancer of the ampulla of Vater. Cholangiocarcinoma is a relatively rare 
adenocarcinoma (glandular cancer), with an annual incidence of 1–2 cases per 100,000 in 
the Western world, but rates of cholangiocarcinoma have been rising worldwide over the 
past several decades. 

Prominent symptoms of cholangiocarcinoma include abnormal liver function tests, 
abdominal pain, jaundice, weight loss, and sometimes generalized itching, fever, or 
changes in stool or urine color. The disease is diagnosed through a combination of blood 
tests, imaging, endoscopy, and sometimes surgical exploration. Cholangiocarcinoma is 
often in an advanced stage by the time symptoms develop, which may limit treatment 
options. Known risk factors for cholangiocarcinoma include primary sclerosing 
cholangitis (an inflammatory disease of the bile ducts), congenital liver malformations, 
infection with the parasitic liver flukes Opisthorchis viverrini or Clonorchis sinensis, and 
exposure to Thorotrast (thorium dioxide), a chemical formerly used in medical imaging. 
However, most patients with cholangiocarcinoma have no specific risk factors. 

Cholangiocarcinoma is considered to be an incurable and rapidly lethal disease unless all 
of its tumors can be fully resected (cut out surgically). There is no potentially curative 
treatment except surgery, but unfortunately most patients have advanced and inoperable 
disease at the time of diagnosis. Patients with cholangiocarcinoma are generally 
managed, though never cured, with chemotherapy or radiation therapy as well as 
palliative care measures, and these are also used as adjuvant therapies post-surgically in 
cases where resection has been successful. Some areas of ongoing medical research in 
cholangiocarcinoma include the use of newer targeted therapies (such as erlotinib) or 
photodynamic therapy for treatment, and the concentration of byproducts of cancer 
stromal cell formation in the blood for diagnosis. 
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Staging 

Although there are at least three staging systems for cholangiocarcinoma (e.g. Bismuth, 
Blumgart, American Joint Committee on Cancer) none have been shown to be useful in 
predicting survival. The most important staging issue is whether the tumor can be 
surgically removed, or whether it is too advanced or invasive for surgical treatment. 
Often, this determination can only be made at the time of surgery. 

General guidelines for operability include: 

• Absence of lymph node or liver metastases 
• Absence of involvement of the portal vein 
• Absence of direct invasion of adjacent organs 
• Absence of widespread metastatic disease 

Signs and symptoms 

 
 

Yellowing of the skin and eyes (jaundice) 

The most common physical indications of cholangiocarcinoma are abnormal liver 
function tests, jaundice (yellowing of the eyes and skin), which occurs only, when bile 
ducts are blocked by the tumor, abdominal pain (30%–50%), generalized itching (66%), 
weight loss (30%–50%), fever (up to 20%), or changes in stool or urine color. To some 
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extent, the symptoms depend upon the location of the tumor: Patients with 
cholangiocarcinoma in the extrahepatic bile ducts (outside the liver) are more likely to 
have jaundice, while those with tumors of the bile ducts within the liver often have pain 
without jaundice. 

Blood tests of liver function in patients with cholangiocarcinoma often reveal a so-called 
"obstructive picture," with elevated bilirubin, alkaline phosphatase, and gamma glutamyl 
transferase levels, and relatively normal transaminase levels. Such laboratory findings 
suggest obstruction of the bile ducts, rather than inflammation or infection of the liver, as 
the primary cause of the jaundice. CA19-9 is elevated in most cases. 

Risk factors 

Although most patients present without any known risk factors evident, a number of risk 
factors for the development of cholangiocarcinoma have been described; in the Western 
world, the most common of these is primary sclerosing cholangitis (PSC), an 
inflammatory disease of the bile ducts which is in turn closely associated with ulcerative 
colitis (UC). Epidemiologic studies have suggested that the lifetime risk of developing 
cholangiocarcinoma for a person with PSC is 10%–15%, although autopsy series have 
found rates as high as 30% in this population. The mechanism by which PSC increases 
the risk of cholangiocarcinoma is not well understood. 

Certain parasitic liver diseases may be risk factors as well. Colonization with the liver 
flukes Opisthorchis viverrini (found in Thailand, Laos, and Malaysia) or Clonorchis 
sinensis (found in Japan, Korea, and Vietnam) has been associated with the development 
of cholangiocarcinoma. Patients with chronic liver disease, whether in the form of viral 
hepatitis (e.g. hepatitis B or C), alcoholic liver disease, or cirrhosis from other causes, are 
at increased risk of cholangiocarcinoma. HIV infection was also identified in one study as 
a potential risk factor for cholangiocarcinoma, although it was unclear whether HIV itself 
or correlated factors (e.g. hepatitis C infection) were responsible for the association. 

Congenital liver abnormalities, such as Caroli's syndrome or choledochal cysts, have 
been associated with an approximately 15% lifetime risk of developing 
cholangiocarcinoma. The rare inherited disorders Lynch syndrome II and biliary 
papillomatosis are associated with cholangiocarcinoma. The presence of gallstones 
(cholelithiasis) is not clearly associated with cholangiocarcinoma. However, intrahepatic 
stones (so-called hepatolithiasis), which are rare in the West but common in parts of Asia, 
have been strongly associated with cholangiocarcinoma. Exposure to Thorotrast, a form 
of thorium dioxide which was used as a radiologic contrast medium, has been linked to 
the development of cholangiocarcinoma as late as 30–40 years after exposure; Thorotrast 
was banned in the United States in the 1950s due to its carcinogenicity. 

Pathophysiology 

Cholangiocarcinoma can affect any area of the bile ducts, either within or outside the 
liver. Tumors occurring in the bile ducts within the liver are referred to as intrahepatic, 
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those occurring in the ducts outside the liver are extrahepatic; and tumors occurring at the 
site where the bile ducts exit the liver may be referred to as perihilar. A 
cholangiocarcinoma occurring at the junction where the left and right hepatic ducts meet 
to form the common bile duct may be referred to eponymously as a Klatskin tumor. 

Although cholangiocarcinoma is known to be an adenocarcinoma of the epithelial cells 
lining the biliary tract, the actual cell of origin is unknown, although recent evidence has 
suggested that it may arise from a pluripotent hepatic stem cell. Cholangiocarcinoma is 
thought to develop through a series of stages — from early hyperplasia and metaplasia, 
through dysplasia, to the development of frank carcinoma — in a process similar to that 
seen in the development of colon cancer. Chronic inflammation and obstruction of the 
bile ducts, and the resulting impaired bile flow, are thought to play a role in this 
progression. 

Histologically, cholangiocarcinomas may vary from undifferentiated to well-
differentiated. They are often surrounded by a brisk fibrotic or desmoplastic tissue 
response; in the presence of extensive fibrosis, it can be difficult to distinguish well-
differentiated cholangiocarcinoma from normal reactive epithelium. There is no entirely 
specific immunohistochemical stain that can distinguish malignant from benign biliary 
ductal tissue, although staining for cytokeratins, carcinoembryonic antigen, and mucins 
may aid in diagnosis. Most tumors (>90%) are adenocarcinomas. 

Diagnosis 

Cholangiocarcinoma is definitively diagnosed from tissue, i.e. it is proven by biopsy or 
examination of the tissue excised at surgery. It may be suspected in a patient with 
obstructive jaundice. Considering it as the working diagnosis may be challenging in 
patients with primary sclerosing cholangitis (PSC); such patients are at high risk of 
developing cholangiocarcinoma, but the symptoms may be difficult to distinguish from 
those of PSC. Furthermore, in patients with PSC, such diagnostic clues as a visible mass 
on imaging or biliary ductal dilatation may not be evident. 

Blood tests 

There are no specific blood tests that can diagnose cholangiocarcinoma by themselves. 
Serum levels of carcinoembryonic antigen (CEA) and CA19-9 are often elevated, but are 
not sensitive or specific enough to be used as a general screening tool. However, they 
may be useful in conjunction with imaging methods in supporting a suspected diagnosis 
of cholangiocarcinoma. 
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Abdominal imaging 

 
 

CT scan showing cholangiocarcinoma 

Ultrasound of the liver and biliary tree is often used as the initial imaging modality in 
patients with suspected obstructive jaundice. Ultrasound can identify obstruction and 
ductal dilatation and, in some cases, may be sufficient to diagnose cholangiocarcinoma. 
Computed tomography (CT) scanning may also play an important role in the diagnosis of 
cholangiocarcinoma. 
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Imaging of the biliary tree 

 
 
ERCP image of cholangiocarcinoma, showing common bile duct stricture and dilation of 
the proximal common bile duct 

While abdominal imaging can be useful in the diagnosis of cholangiocarcinoma, direct 
imaging of the bile ducts is often necessary. Endoscopic retrograde 
cholangiopancreatography (ERCP), an endoscopic procedure performed by a 
gastroenterologist or specially trained surgeon, has been widely used for this purpose. 
Although ERCP is an invasive procedure with attendant risks, its advantages include the 
ability to obtain biopsies and to place stents or perform other interventions to relieve 
biliary obstruction. Endoscopic ultrasound can also be performed at the time of ERCP 
and may increase the accuracy of the biopsy and yield information on lymph node 
invasion and operability. As an alternative to ERCP, percutaneous transhepatic 
cholangiography (PTC) may be utilized. Magnetic resonance cholangiopancreatography 
(MRCP) is a non-invasive alternative to ERCP. Some authors have suggested that MRCP 
should supplant ERCP in the diagnosis of biliary cancers, as it may more accurately 
define the tumor and avoids the risks of ERCP. 

Surgery 

Surgical exploration may be necessary to obtain a suitable biopsy and to accurately stage 
a patient with cholangiocarcinoma. Laparoscopy can be used for staging purposes and 
may avoid the need for a more invasive surgical procedure, such as laparotomy, in some 
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patients. Surgery is also the only curative option for cholangiocarcinoma, although it is 
limited to patients with early-stage disease. 

Pathology 

Histologically, cholangiocarcinomas are classically well to moderately differentiated. 
Immunohistochemistry is useful in the diagnosis and can be used to differentiate a 
cholangiocarcinoma primary tumour from metastasis of most other gastrointestinal 
tumours. Cytological scrapings are often nondiagnostic. 

Treatment 

Cholangiocarcinoma is considered to be an incurable and rapidly lethal disease unless all 
the tumors can be fully resected (that is, cut out surgically). Since the operability of the 
tumor can only be assessed during surgery in most cases, a majority of patients undergo 
exploratory surgery unless there is already a clear indication that the tumor is inoperable. 

Adjuvant therapy followed by liver transplantation may have a role in treatment of 
certain unresectable cases. 

Adjuvant chemotherapy and radiation therapy 

If the tumor can be removed surgically, patients may receive adjuvant chemotherapy or 
radiation therapy after the operation to improve the chances of cure. If the tissue margins 
are negative (i.e. the tumor has been totally excised), adjuvant therapy is of uncertain 
benefit. Both positive and negative results have been reported with adjuvant radiation 
therapy in this setting, and no prospective randomized controlled trials have been 
conducted as of March 2007. Adjuvant chemotherapy appears to be ineffective in patients 
with completely resected tumors. The role of combined chemoradiotherapy in this setting 
is unclear. However, if the tumor tissue margins are positive, indicating that the tumor 
was not completely removed via surgery, then adjuvant therapy with radiation and 
possibly chemotherapy is generally recommended based on the available data. 

Treatment of advanced disease 

The majority of cases of cholangiocarcinoma present as inoperable (unresectable) disease 
in which case patients are generally treated with palliative chemotherapy, with or without 
radiotherapy. Chemotherapy has been shown in a randomized controlled trial to improve 
quality of life and extend survival in patients with inoperable cholangiocarcinoma. There 
is no single chemotherapy regimen which is universally used, and enrollment in clinical 
trials is often recommended when possible. Chemotherapy agents used to treat 
cholangiocarcinoma include 5-fluorouracil with leucovorin, gemcitabine as a single 
agent, or gemcitabine plus cisplatin, irinotecan, or capecitabine. A small pilot study 
suggested possible benefit from the tyrosine kinase inhibitor erlotinib in patients with 
advanced cholangiocarcinoma. 
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Photodynamic therapy, an experimental approach in which patients are injected with a 
light-sensitizing agent and light is then applied endoscopically directly to the tumor, has 
shown promising results compared to supportive care in two small randomized controlled 
trials. However, its ultimate role in the management of cholangiocarcinoma is unclear at 
present. Photodynamic Therapy has been shown to improve survival and quality of life  

Prognosis 

Surgical resection offers the only potential chance of cure in cholangiocarcinoma. For 
non-resectable cases, the 5-year survival rate is 0% where the disease is inoperable 
because distal lymph nodes show metastases, and less than 5% in general. Overall 
median duration of survival is less than 6 months in inoperable, untreated, otherwise 
healthy patients with tumors involving the liver by way of the intrahepatic bile ducts and 
hepatic portal vein. 

For surgical cases, the odds of cure vary depending on the tumor location and whether the 
tumor can be completely, or only partially, removed. Distal cholangiocarcinomas (those 
arising from the common bile duct) are generally treated surgically with a Whipple 
procedure; long-term survival rates range from 15%–25%, although one series reported a 
five-year survival of 54% for patients with no involvement of the lymph nodes. 
Intrahepatic cholangiocarcinomas (those arising from the bile ducts within the liver) are 
usually treated with partial hepatectomy. Various series have reported survival estimates 
after surgery ranging from 22%–66%; the outcome may depend on involvement of lymph 
nodes and completeness of the surgery. Perihilar cholangiocarcinomas (those occurring 
near where the bile ducts exit the liver) are least likely to be operable. When surgery is 
possible, they are generally treated with an aggressive approach often including removal 
of the gallbladder and potentially part of the liver. In patients with operable perihilar 
tumors, reported 5-year survival rates range from 20%–50%. 

The prognosis may be worse for patients with primary sclerosing cholangitis who 
develop cholangiocarcinoma, likely because the cancer is not detected until it is 
advanced. Some evidence suggests that outcomes may be improving with more 
aggressive surgical approaches and adjuvant therapy. 

Epidemiology 

Cholangiocarcinoma is an adenocarcinoma of the biliary tract, along with pancreatic 
cancer (which occurs about 20 times more frequently), gall bladder cancer (which occurs 
twice as often), and cancer of the ampulla of Vater. Treatments and clinical trials for 
pancreatic cancer, being far more prevalent, are often taken as a starting point for 
managing cholangiocarcinoma, even though the biologies are different enough that 
chemotherapies can put pancreatic cancer into permanent remission whereas there are no 
reports in the literature of long-term survival due to chemotherapy or radiation applied to 
an inoperable cholangiocarcinoma case. 
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Country IC 
(men/women) 

EC 
(men/women) 

U.S.A. 0.60 / 0.43 0.70 / 0.87 
Japan 0.23 / 0.10 5.87 / 5.20 

Australia 0.70 / 0.53 0.90 / 1.23 
England/Wales 0.83 / 0.63 0.43 / 0.60 

Scotland 1.17 / 1.00 0.60 / 0.73 
France 0.27 / 0.20 1.20 / 1.37 
Italy 0.13 / 0.13 2.10 / 2.60 

Age-standardized mortality rates from 
intrahepatic (IC) and extrahepatic (EC) 

cholangiocarcinoma for men and women, by 
country. 

Cholangiocarcinoma is a relatively rare form of cancer; each year, approximately 2,000 
to 3,000 new cases are diagnosed in the United States, translating into an annual 
incidence of 1–2 cases per 100,000 people. Autopsy series have reported a prevalence of 
0.01% to 0.46%. There is a higher prevalence of cholangiocarcinoma in Asia, which has 
been attributed to endemic chronic parasitic infestation. The incidence of 
cholangiocarcinoma increases with age, and the disease is slightly more common in men 
than in women (possibly due to the higher rate of primary sclerosing cholangitis, a major 
risk factor, in men). The prevalence of cholangiocarcinoma in patients with primary 
sclerosing cholangitis may be as high as 30%, based on autopsy studies. 

Multiple studies have documented a steady increase in the incidence of intrahepatic 
cholangiocarcinoma over the past several decades; increases have been seen in North 
America, Europe, Asia, and Australia. The reasons for the increasing occurrence of 
cholangiocarcinoma are unclear; improved diagnostic methods may be partially 
responsible, but the prevalence of potential risk factors for cholangiocarcinoma, such as 
HIV infection, has also been increasing during this time frame. 
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Chapter 8 

Pancreatitis 

 

 

Pancreatitis 

ICD-10 K85., K86.0-K86.1 

ICD-9 577.0-577.1 

OMIM 167800 

DiseasesDB 24092 

eMedicine emerg/354 

MeSH D010195 

Pancreatitis is inflammation of the pancreas that can occur in two very different forms. 
Acute pancreatitis is sudden while chronic pancreatitis "is characterized by recurring or 
persistent abdominal pain with or without steatorrhea or diabetes mellitus." 

Symptoms and signs 

Severe upper abdominal pain, with radiation through to the back, is the hallmark of 
pancreatitis. Nausea and vomiting (emesis) are prominent symptoms. Findings on the 
physical exam will vary according to the severity of the pancreatitis and whether or not it 
is associated with significant internal bleeding. The blood pressure may be high (when 
pain is prominent) or low (if internal bleeding or dehydration has occurred). Typically, 
both the heart and respiratory rates are elevated. Abdominal tenderness is usually found 
but may be less severe than expected given the patient's degree of abdominal pain. Bowel 
sounds may be reduced as a reflection of the reflex bowel paralysis (i.e., ileus) that may 
accompany any abdominal catastrophe. 

Causes 

Some of the causes of acute pancreatitis can be remembered by the mnemonic: 

Idiopathic; 
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Gallstones; Ethanol; Trauma; 

Steroids; Mumps; Autoimmune; Scorpion sting; Hypercalcaemia, hypertriglyceridaemia, 
hypothermia; ERCP; Drugs (e.g., azathioprine, diuretics); 

Most common causes: gallstones and alcohol 

The most common cause of acute pancreatitis is the presence of gallstones—small, 
pebble-like substances made of hardened bile—that cause inflammation in the pancreas 
as they pass through the common bile duct. 

Excessive alcohol use is the most common cause of chronic pancreatitis, and can also be 
a contributing factor in acute pancreatitis. 

Other causes 

Less common causes include, 

• hypertriglyceridemia (but not hypercholesterolemia) and only when triglyceride 
values exceed 1500 mg/dl (16 mmol/L), 

• hypercalcemia, 
• viral infection (e.g., mumps), 
• trauma (to the abdomen or elsewhere in the body) including post-ERCP (i.e., 

Endoscopic Retrograde Cholangiopancreatography), 
• vasculitis (i.e., inflammation of the small blood vessels within the pancreas), and 
• autoimmune pancreatitis. 
• Pancreas divisum, a common congenital malformation of the pancreas may 

underlie some cases of recurrent pancreatitis. 

Pregnancy can also cause pancreatitis, but in some cases the development of pancreatitis 
is probably just a reflection of the hypertriglyceridemia which often occurs in pregnant 
women. Pancreatitis is less common in paediatric population. 

The more mundane but far more common causes of pancreatitis, as mentioned above, 
must always be considered first. However, the known porphyrinogenicity of many drugs, 
hormones, alcohol, chemicals and the association of porphyrias with autoimmune 
disorders and gallstones do not exclude the diagnosis of heme disorders when these 
explanations are used. A primary medical disorder, including an underlying undetected 
inborn error in metabolism, supersedes a secondary medical complication or explanation. 
As mentioned above, pancreatitis is less common in children but if seen, abuse or 
abdominal trauma should be suspected. 

Rarely, calculi can form or become lodged in the pancreas or its ducts forming 
pancreatic duct stones. Treatment varies but is of course aimed at removal of the 
offending stone or stones. This can be accomplished endoscopically, surgically, or even 
by the use of ESWL. 
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Autoimmune disorders, lipid disorders, gallstones, drug reactions and pancreatitis itself 
are not primary medical disorders. 

It is worth noting that pancreatic cancer is seldom the cause of pancreatitis. 

Type 2 diabetes subjects have 2.8-fold higher risk for pancreatitis compared to 
nondiabetic subjects. People with diabetes should promptly seek medical care if they 
experience unexplained severe abdominal pain with or without nausea and vomiting. 

Porphyrias 

Acute hepatic porphyrias, including acute intermittent porphyria, hereditary 
coproporphyria and variegate porphyria, are genetic disorders that can be linked to both 
acute and chronic pancreatitis. Acute pancreatitis has also occurred with erythropoietic 
protoporphyria. 

Conditions that can lead to gut dysmotility predispose patients to pancreatitis. This 
includes the inherited neurovisceral porphyrias and related metabolic disorders. Alcohol, 
hormones, and many drugs including statins are known porphyrinogenic agents. 
Physicians should be on alert concerning underlying porphyrias in patients presenting 
with pancreatitis and should investigate and eliminate any drugs that may be activating 
the disorders. 

Still, notwithstanding their potential role in pancreatitis, the porphyrias (as a group or 
individually) are considered to be rare disorders. However, since there are no systematic 
studies to determine the actual incidence of latent dominantly inherited porphyrias in the 
world population, there is DNA or enzyme evidence of high rates of latency of classic 
textbook symptoms in families where porphyrias have been detected. No technology to 
detect all latent porphyrias exists; therefore, the diagnosis of underlying inborn errors of 
metabolism impacting heme should not be routinely eliminated in pancreatitis. 

Medications 

Many medications have been reported to cause pancreatitis. Some of the more common 
ones include the AIDS drugs DDI and pentamidine, diuretics such as furosemide and 
hydrochlorothiazide, the anticonvulsants divalproex sodium and valproic acid, the 
chemotherapeutic agents L-asparaginase and azathioprine, and estrogen. As is the case 
with pregnancy-associated pancreatitis, estrogen may lead to the disorder because of its 
effect of raising blood triglyceride levels. Pancreatitis caused by statins first started 
appearing in the medical literature as early as 1990. All statins currently in use reportedly 
can cause pancreatitis, a not surprising observation when one considers that all statins are 
reductase inhibitors and can be expected to have similar side effect profiles. 

Pancreatitis may be severe and lead to death in diabetes II patients who take Januvia 
(sitagliptin). 
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Genetics 

Hereditary pancreatitis may be due to a genetic abnormality that renders trypsinogen 
active within the pancreas, which in turn leads to digestion of the pancreas from the 
inside. 

Pancreatic diseases are notoriously complex disorders resulting from the interaction of 
multiple genetic, environmental, and metabolic factors. 

Three candidates for genetic testing are currently under investigation: 

• Trypsinogen mutations (Trypsin 1) 
• Cystic Fibrosis Transmembrane Conductance Regulator Gene (CFTR) mutations 
• SPINK1 which codes for PSTI - a specific trypsin inhibitor. 

Virus infection 

Viruses can cause profound inflammation in and destruction of the pancreas. This is true 
of several viruses in the coxsackievirus group. 

Diagnosis 

The diagnostic criteria for pancreatitis are "two of the following three features: 1) 
abdominal pain characteristic of acute pancreatitis, 2) serum amylase and/or lipase ≥3 
times the upper limit of normal, and 3) characteristic findings of acute pancreatitis on CT 
scan." 

Laboratory tests 

Most frequently, measurement is made of amylase and/or lipase, and often one or both, 
are elevated in cases of pancreatitis. Two practice guidelines state: 

It is usually not necessary to measure both serum amylase and lipase. Serum lipase may 
be preferable because it remains normal in some nonpancreatic conditions that increase 
serum amylase including macroamylasemia, parotitis, and some carcinomas. In general, 
serum lipase is thought to be more sensitive and specific than serum amylase in the 
diagnosis of acute pancreatitis". 
Although amylase is widely available and provides acceptable accuracy of diagnosis, 
where lipase is available it is preferred for the diagnosis of acute pancreatitis 
(recommendation grade A)". 

Most, but not all individual studies support the superiority of the lipase. In one large 
study, no patients with pancreatitis who had an elevated amylase with a normal lipase 
were found. Another study found that the amylase could add diagnostic value to the 
lipase but only if the results of the two tests were combined with a discriminant function 



_________________WORLD TECHNOLOGIES_________________

WT

equation. Previously, the Phadebas Amylase Test was the dominating test method but it is 
no longer registered as an IVD. 

Conditions other than pancreatitis may lead to increases in these enzymes, and those 
conditions may also cause pain that resembles that of pancreatitis. These conditions 
include cholecystitis, perforated ulcer, bowel infarction (i.e., dead bowel as a result of 
poor blood supply), and even diabetic ketoacidosis). 

Imaging 

Although ultrasound imaging and CT scanning of the abdomen can be used to confirm 
the diagnosis of pancreatitis, neither is usually necessary as a primary diagnostic 
modality. In addition, CT contrast may exacerbate pancreatitis, although this is disputed.  

Treatment 

The treatment of pancreatitis is supportive. It will depend on the severity of the 
pancreatitis itself. Still, general principles apply and include: 

1. Provision of pain relief. The preferred analgesic is morphine for acute 
pancreatitis. In the past, pain relief was provided preferentially with meperidine 
(Demerol), but it is now not thought to be superior to any narcotic analgesic. 
Indeed, given meperidine's generally poor analgesic charactersitics and its high 
potential for toxicity, it should not be used for the treatment of the pain of 
pancreatitis. 

2. Provision of adequate replacement fluids and salts (intravenously). 
3. Limitation of oral intake (with dietary fat restriction the most important point). 

Though NG tube feeding was once the preferred method to avoid pancreatic 
stimulation and possible infection complications caused by bowel flora, recent 
studies have suggested quicker recovery with fewer complications if oral feeding 
is resumed as soon as possible. 

4. Monitoring and assessment for, and treatment of, the various complications listed 
above. 

5. ERCP in the case of gallstone pancreatitis. 

When necrotizing pancreatitis ensues, and the patient shows signs of infection, it is 
imperative to start antibiotics such as Imipenem and other drugs that have ability to 
penetrate the pancreas. Fluoroquinolone with metronidazole is another treatment option. 

Prognosis 

Several scoring systems are used to help predict the severity of an attack of pancreatitis. 
The Apache II system has the advantage of being available at the time of admission as 
opposed to 48 hours later as is the case for the Glasgow criteria and Ranson criteria 
systems (the Glasgow criteria and Ranson criteria are, however, easier to use). 
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Ranson criteria 

At admission: 

1. age in years > 55 years 
2. white blood cell count > 16000 /mcL 
3. blood glucose > 11 mmol/L (>200 mg/dL) 
4. serum AST > 250 IU/L 
5. serum LDH > 350 IU/L 

After 48 hours: 

1. haematocrit decrease > 11.3444% 
2. increase in BUN of 1.8 or more mmol/L (5 or more mg/dL) after IV fluid 

hydration 
3. hypocalcemia (serum calcium < 2.0 mmol/L (<8.0 mg/dL)) 
4. hypoxemia (PO2 < 60 mmHg) 
5. base deficit > 4 Meq/L 
6. estimated fluid sequestration > 6 L 

The criterion for point assignment is that a certain breakpoint be met at any time during 
that 48-hour period, so in some situations points can be calculated shortly after 
admission. This system is applicable to both biliary and alcoholic pancreatitis. 

Interpretation 

• If the score ≥ 3, severe pancreatitis is likely. 
• If the score < 3, severe pancreatitis is unlikely. 

Or 

• Score 0 to 2: 2% mortality 
• Score 3 to 4: 15% mortality 
• Score 5 to 6: 40% mortality 
• Score 7 to 8: 100% mortality 

Glasgow criteria 

Glasgow criteria: The original system used nine data elements. This was subsequently 
modified to eight data elements with removal of assessment for transaminase levels 
(either AST (SGOT) or ALT (SGPT) greater than 100 U/L). 

On Admission 

1. Age >55 yrs 
2. WBC count >15 x109/L 
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3. Blood glucose >200 mg/dL (no diabetic history) 
4. Serum urea >16 mmol/L (no response to IV fluids) 
5. Arterial oxygen saturation <76 mmHg 

Within 48 hours 

1. Serum calcium <2 mmol/L 
2. Serum albumin <34 g/L 
3. LDH >219 units/L 
4. AST/ALT >96 units/L 

Modified Glasgow criteria for predicting severity - P.A.N.C.R.E.A.S. 

PaO2 < 60mmHg/7.9kPa 

Age > 55 years 

Neutrophils (WBC > 15) 

Calcium < 2 mmol/L 

Renal function: Urea > 16 mmol/L 

Enzymes LDH > 600iu/L, AST > 200iu/L 

Albumin < 32g/L (serum) 

Sugar BSL > 10 mmol/L 

Three or more positive factors detected within 48 hours of onset suggest severe 
pancreatitis (refer to HDU/ICU). 

(This system has been validated for pancreatitis caused by gallstones and alcohol.) 

Complications 

Acute (early) complications of pancreatitis include: 

• shock 
• Hypocalcemia (low blood calcium) 
• High blood glucose 
• Dehydration, and kidney failure (resulting from inadequate blood volume which, 

in turn, may result from a combination of fluid loss from vomiting, internal 
bleeding, or oozing of fluid from the circulation into the abdominal cavity in 
response to the pancreas inflammation, a phenomenon known as third spacing). 
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• Respiratory complications are frequent and are major contributors to the mortality 
of pancreatitis. Some degree of pleural effusion is almost ubiquitous in 
pancreatitis. Some or all of the lungs may collapse (atelectasis) as a result of the 
shallow breathing which occurs because of the abdominal pain. Pneumonitis may 
occur as a result of pancreatic enzymes directly damaging the lung or simply as a 
final common pathway response to any major insult to the body (i.e., ARDS or 
acute respiratory distress syndrome). 

• Likewise, systemic inflammatory response syndrome(SIRS) may ensue. 

• Infection of the inflamed pancreatic bed can occur at any time during the course 
of the disease. In fact, in cases of severe hemorrhagic pancreatitis, antibiotics 
should be given prophylactically. 

Late complications 

Late complications include recurrent pancreatitis and the development of pancreatic 
pseudocysts. A pancreatic pseudocyst is essentially a collection of pancreatic secretions 
which has been walled off by scar and inflammatory tissue. Pseudocysts may cause pain, 
may become infected, may rupture and hemorrhage, may press on and block structures 
such as the bile duct, thereby leading to jaundice, and may even migrate around the 
abdomen. 

Pancreatic abscess 

Pancreatic abscess is a late complication of acute necrotizing pancreatitis, occurring more 
than four weeks after the initial attack. A pancreatic abscess is a collection of pus 
resulting from tissue necrosis, liquefaction, and infection. It is estimated that 
approximately 3% of the patients suffering from acute pancreatitis will develop an 
abscess. 

According to the Balthazar and Ranson's radiographic staging criteria, patients with a 
normal pancreas, an enlargement that is focal or diffuse, mild peripancreatic 
inflammations or a single collection of fluid (pseudocyst) have less than a 2% chance of 
developing an abscess. However, the probability of developing an abscess increases to 
nearly 60% in patients with more than two pseudocysts and gas within the pancreas. 
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Chapter 9 

Cholecystitis 

 

 

Cholecystitis 

 
Micrograph of a gallbladder with cholecystitis and cholesterolosis. 

ICD-10 K81. 

ICD-9 575.0, 575.1 

DiseasesDB 2520 

eMedicine med/346 

MeSH D002764 

Cholecystitis or a gall bladder attack is inflammation of the gall bladder. 

Causes and pathology 

Cholecystitis is often caused by cholelithiasis (the presence of choleliths, or gallstones, in 
the gallbladder), with choleliths most commonly blocking the cystic duct directly. This 
leads to inspissation (thickening) of bile, bile stasis, and secondary infection by gut 
organisms, predominantly E. coli and Bacteroides species. 
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The gallbladder's wall becomes inflamed. Extreme cases may result in necrosis and 
rupture. Inflammation often spreads to its outer covering, thus irritating surrounding 
structures such as the diaphragm and bowel. 

Less commonly, in debilitated and trauma patients, the gallbladder may become inflamed 
and infected in the absence of cholelithiasis, and is known as acute acalculous 
cholecystitis. 

Stones in the gallbladder may cause obstruction and the accompanying acute attack. The 
patient might develop a chronic, low-level inflammation which leads to a chronic 
cholecystitis, where the gallbladder is fibrotic and calcified. 

Symptoms 

Cholecystitis usually presents as a pain in the right upper quadrant. This is usually a 
constant, severe pain. It classically radiates to the groin (loin to groin pain). During the 
initial stages the pain may be felt in an area totally separate from the site of pathology, 
known as referred pain. In cholecystitis the referred pain may occur in the scapula region. 

This may also present with the above mentioned pain after eating greasy or fatty foods 
such as pastries, pies, galoshes and fried foods. 

This is usually accompanied by a low grade fever, diarrhea, vomiting, nausea and 
granulocytosis. The gallbladder may be tender and distended. 

More severe symptoms such as high fever, shock and jaundice indicate the development 
of complications such as abscess formation, perforation or ascending cholangitis. Another 
complication, gallstone ileus, occurs if the gallbladder perforates and forms a fistula with 
the nearby small bowel, leading to symptoms of intestinal obstruction. 

Chronic cholecystitis manifests with non-specific symptoms such as nausea, vague 
abdominal pain, belching, and diarrhea. 

Diagnosis 

Cholecystitis is usually diagnosed by a history of the above symptoms, as well 
examination findings: 

• fever (usually low grade in uncomplicated cases) 
• tender right upper quadrant +/- Murphy's sign 
• Ortner's sign - tenderness when hand taps the edge of right costal arch. 
• Georgievskiy-Myussi's sign (phrenic nerve sign) - pain when press between edges 

of sternocleidomastoid 
• Boas' sign-Increased sensitivity below the right scapula.(also due to phrenic nerve 

irritation) 
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Subsequent laboratory and imaging tests are used to confirm the diagnosis and exclude 
other possible causes. 

Ultrasound can assist in the differential. 

Differential diagnosis 

Acute cholecystitis 

This should be suspected whenever there is acute right upper quadrant or epigastric pain, 
other possible causes include: 

• Perforated peptic ulcer 
• Acute peptic ulcer exacerbation 
• Amoebic liver abscess 
• Acute amoebic liver colitis 
• Acute pancreatitis 
• Acute intestinal obstruction 
• Renal colic 
• Acute retro-colic appendicitis 

Chronic cholecystitis 

The symptoms of chronic cholecystitis are non-specific, thus chronic cholecystitis may be 
mistaken for other common disorders: 

• Peptic ulcer 
• Hiatus hernia 
• Colitis 
• Functional bowel syndrome, it is defined pathologically by the columnar 

epithelium has reached down the muscular layer. 

Quick Differential 

• Biliary colic - Caused by obstruction of the cystic duct. It is associated with sharp 
and constant epigastric pain in the absence of fever and usually there is a negative 
Murphy's sign. Liver function tests are within normal limits since the obstruction 
does not necessarily cause blockage in the common hepatic duct, thereby allowing 
normal bile excretion from the liver. An ultrasound scan is used to visualise the 
gallbladder and associated ducts, and also to determine the size and precise 
position of the obstruction. 

• Cholecystitis - Caused by blockage of the cystic duct with surrounding 
inflammation, usually due to infection. Typically, the pain is initially 'colicky' 
(intermittent), and becomes constant and severe, mostly in the right upper 
quadrant. Infectious agents that cause cholecystitis include E. coli, Klebsiella, 
Pseudomonas, B. fragilis and Enterococcus. Murphy's sign is positive, 
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particularly because of increased irritation of the gallbladder lining, and similarly 
this pain radiates (spreads) to the shoulder, flank or in a band like pattern around 
the lower abdomen. Laboratory tests frequently show raised hepatocellular liver 
enzymes (AST, ALT) with a high white cell count (WBC). Ultrasound is used to 
visualise the gallbladder and ducts. 

• Choledocholithiasis - This refers to blockage of the common bile duct where a 
gallstone has left the gallbladder or has formed in the common bile duct (primary 
cholelithiasis). As with other biliary tree obstructions it is usually associated with 
'colicky' pain, and because there is direct obstruction of biliary output, obstructive 
jaundice. Liver function tests will therefore show increased serum bilirubin, with 
high conjugated bilirubin. Liver enzymes will also be raised, predominately GGT 
and ALP, which are associated with biliary epithelium. The diagnosis is made 
using endoscopic retrograde cholangiopancreatography (ERCP), or the nuclear 
alternative (MRCP). One of the more serious complications of choledocholithiasis 
is acute pancreatitis, which may result in significant permanent pancreatic damage 
and brittle diabetes. 

• Cholangitis - An infection of entire biliary tract, and may also be known as 
'ascending cholangitis', which refers to the presence of pathogens that typically 
inhabit more distal regions of the bowel 

Cholangitis is a medical emergency as it may be life threatening and patients can rapidly 
succumb to acute liver failure or bacterial sepsis. The classical sign of cholangitis is 
Charcot's triad, which is right upper quadrant pain, fever and jaundice. Liver function 
tests will likely show increases across all enzymes (AST, ALT, ALP, GGT) with raised 
bilirubin. As with choledocholithiasis, diagnosis is confirmed using 
cholangiopancreatography. 

It is worth noting that bile is an extremely favourable growth medium for bacteria, and 
infections in this space develop rapidly and may become quite severe. 

Investigations 

Blood 

Laboratory values may be notable for an elevated alkaline phosphatase, possibly an 
elevated bilirubin (although this may indicate choledocholithiasis), and possibly an 
elevation of the WBC count. CRP (C-reactive protein) is often elevated. The degree of 
elevation of these laboratory values may depend on the degree of inflammation of the 
gallbladder. Patients with acute cholecystitis are much more likely to manifest abnormal 
laboratory values, while in chronic cholecystitis the laboratory values are frequently 
normal. 

Radiology 

Sonography is a sensitive and specific modality for diagnosis of acute cholecystitis; 
adjusted sensitivity and specificity for diagnosis of acute cholecystitis are 88% and 80%, 
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respectively. The 2 major diagnostic criteria are cholelithiasis and sonographic Murphy's 
sign. Minor criteria include gallbladder wall thickening greater than 3mm, pericholecystic 
fluid, and gallbladder dilatation. 

The reported sensitivity and specificity of CT scan findings are in the range of 90-95%. 
CT is more sensitive than ultrasonography in the depiction of pericholecystic 
inflammatory response and in localizing pericholecystic abscesses, pericholecystic gas, 
and calculi outside the lumen of the gallbladder. CT cannot see noncalcified gallbladder 
calculi, and cannot assess for a Murphy's sign. 

Hepatobiliary scintigraphy with technetium-99m DISIDA (bilirubin) analog is also 
sensitive and accurate for diagnosis of chronic and acute cholecystitis. It can also assess 
the ability of the gall bladder to expel bile (gall bladder ejection fraction), and low gall 
bladder ejection fraction has been linked to chronic cholecystitis. However, since most 
patients with right upper quadrant pain do not have cholecystitis, primary evaluation is 
usually accomplished with a modality that can diagnose other causes, as well. 

Therapy 

 
 

X-Ray during laparoscopic cholecystectomy 
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For most patients, in most centres, the definitive treatment is surgical removal of the 
gallbladder. Supportive measures are instituted in the meantime and to prepare the patient 
for surgery. These measures include fluid resuscitation and antibiotics. Antibiotic 
regimens usually consist of a broad spectrum antibiotic such as piperacillin-tazobactam 
(Zosyn), ampicillin-sulbactam (Unasyn), ticarcillin-clavulanate (Timentin), or a 
cephalosporin (e.g.ceftriaxone) and an antibacterial with good coverage (fluoroquinolone 
such as ciprofloxacin) and anaerobic bacteria coverage, such as metronidazole. For 
penicillin allergic patients, aztreonam and clindamycin may be used.cis 

Gallbladder removal, cholecystectomy, can be accomplished via open surgery or a 
laparoscopic procedure. Laparoscopic procedures can have less morbidity and a shorter 
recovery stay. Open procedures are usually done if complications have developed or the 
patient has had prior surgery to the area, making laparoscopic surgery technically 
difficult. A laparoscopic procedure may also be 'converted' to an open procedure during 
the operation if the surgeon feels that further attempts at laparoscopic removal might 
harm the patient. Open procedure may also be done if the surgeon does not know how to 
perform a laparoscopic cholecystectomy. 

In cases of severe inflammation, shock, or if the patient has higher risk for general 
anesthesia (required for cholecystectomy), the managing physician may elect to have an 
interventional radiologist insert a percutaneous drainage catheter into the gallbladder 
('percutaneous cholecystostomy tube') and treat the patient with antibiotics until the acute 
inflammation resolves. The patient may later warrant cholecystectomy if their condition 
improves. 

Complications of cholecystitis 

• Perforation or rupture 
• Ascending cholangitis 
• Rokitansky-Aschoff sinuses 

Complications of cholecystectomy 

• bile leak ("biloma") 
• bile duct injury (about 5-7 out of 1000 operations. Open and laparoscopic 

surgeries have essentially equal rate of injuries, but the recent trend is towards 
fewer injuries with laparoscopy. It may be that the open cases often result because 
the gallbladder is too difficult or risky to remove with laparoscopy) 

• abscess 
• wound infection 
• bleeding (liver surface and cystic artery are most common sites) 
• hernia 
• organ injury (intestine and liver are at highest risk, especially if the gallbladder 

has become adherent/scarred to other organs due to inflammation (e.g. transverse 
colon) 
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• deep vein thrombosis/pulmonary embolism (unusual- risk can be decreased 
through use of sequential compression devices on legs during surgery) 

• fatty acid and fat-soluble vitamin malabsorption 

Gall bladder perforation 

Gall bladder perforation (GBP) is a rare but life-threatening complication of acute 
cholecystitis. The early diagnosis and treatment of GBP are crucial to decrease patient 
morbidity and mortality. 

Approaches to this complication will vary based on the condition of an individual patient, 
the evaluation of the treating surgeon or physician, and the facilities' capability. 
Perforation can happen at the neck from pressure necrosis due to the impacted calculus, 
or at the fundus. It can result in a local abscess, or perforation into the general peritoneal 
cavity. If the bile is infected, diffuse peritonitis may occur readily and rapidly and may 
result in death A retrospective study looked at 332 patients who received medical and/or 
surgical treatment with the diagnosis of acute cholecystitis. Patients were treated with 
analgesics and antibiotics within the first 36 hours after admission (with a mean of 9 
hours), and proceeded to surgery for a cholecystectomy. Two patients died and 6 patients 
had further complications. The morbidity and mortality rates were 37.5% and 12.5%, 
respectively in the present study. The authors of this study suggests that early diagnosis 
and emergency surgical treatment of gallbladder perforation are of crucial importance. 



_________________WORLD TECHNOLOGIES_________________

WT

Chapter 10 

Gallstone 

 

 

Gallstone 

 
Numerous small gallstones, composed largely of cholesterol 

ICD-10 K80. 

ICD-9 574 

OMIM 600803 

DiseasesDB 2533 

MedlinePlus 000273 

eMedicine emerg/97 

MeSH D042882 
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A gallstone is a crystalline concretion formed within the gallbladder by accretion of bile 
components. These calculi are formed in the gallbladder, but may pass distally into other 
parts of the biliary tract such as the cystic duct, common bile duct, pancreatic duct, or the 
ampulla of Vater. 

Presence of gallstones in the gallbladder may lead to acute cholecystitis, an inflammatory 
condition characterized by retention of bile in the gallbladder and often secondary 
infection by intestinal microorganisms, predominantly Escherichia coli and Bacteroides 
species. Presence of gallstones in other parts of the biliary tract can cause obstruction of 
the bile ducts, which can lead to serious conditions such as ascending cholangitis or 
pancreatitis. Either of these two conditions can be life-threatening, and are therefore 
considered to be medical emergencies. 

Definitions 

Presence of stones in the gallbladder is referred to as cholelithiasis (from the Greek: chol-
, "bile" + lith-, "stone" + iasis-, "process"). If gallstones migrate into the ducts of the 
biliary tract, the condition is referred to as choledocholithiasis (from the Greek: chol-, 
"bile" + docho-, "duct" + lith-, "stone" + iasis-, "process"). Choledocholithiasis is 
frequently associated with obstruction of the biliary tree, which in turn can lead to acute 
ascending cholangitis (from the Greek: chol-, "bile + ang-, "vessel" + itis-, 
"inflammation"), a serious infection of the bile ducts. Gallstones within the ampulla of 
Vater can obstruct the exocrine system of the pancreas, which in turn can result in 
pancreatitis. 

Characteristics and composition 

 
 
Gallbladder opened to show numerous gallstones. The large, yellowish calculus is 
probably composed largely of cholesterol, while the greenish to brownish color of the 
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other stones suggests these are composed of bile pigments such as biliverdin and 
stercobilin. 
 

 
 

Gallbladder opened to show numerous small cholesterol gallstones 
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µCT of a gallstone. Image acquisition done using "CT Alpha" by "Procon X-Ray 
GmbH", Garbsen, Germany. Visualization done with "VG Studio Max 2.0" by "Volume 
Graphics", Heidelberg, Germany 
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Flight through image stack of the above scan 

Gallstones can vary in size from as small as a grain of sand to as large as a golf ball. The 
gallbladder may contain a single large stone or many smaller ones. Pseudoliths, sometime 
referred to as sludge, are thick secretions which may be present within the gallbladder, 
either alone or in conjunction with fully formed gallstones. The clinical presentation is 
similar to that of cholelithiasis. The composition of gallstones is affected by age, diet and 
ethnicity. On the basis of their composition, gallstones can be divided into the following 
types: 

Cholesterol stones 

Cholesterol stones vary in color from light yellow to dark green or brown and are oval 2 
to 3 cm in length often having a tiny dark central spot. To be classified as such, they must 
be at least 80% cholesterol by weight (or 70%, according to the Japanese classification 
system). 

Pigment stones 

Pigment stones are small, dark stones made of bilirubin and calcium salts that are found 
in bile. They contain less than 20% of cholesterol (or 30%, according to the Japanese 
classification system). 

Mixed stones 

Mixed gallstones typically contain 20–80% cholesterol (or 30–70%, according to the 
Japanese classification system). Other common constituents are calcium carbonate, 
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palmitate phosphate, bilirubin, and other bile pigments. Because of their calcium content, 
they are often radiographically visible. 

Cholelithiasis 

Signs and symptoms 

 
 

A large gallstone is visible in the fundus of the gallbladder on this ultrasound image 

Gallstones may be asymptomatic, even for years. These gallstones are called "silent 
stones" and do not require treatment. Symptoms commonly begin to appear once the 
stones reach a certain size (>8 mm). A characteristic symptom of gallstones is a 
"gallstone attack", in which a person may experience intense pain in the upper right side 
of the abdomen, often accompanied by nausea and vomiting, that steadily increases for 
approximately 30 minutes to several hours. A patient may also experience referred pain 
between the shoulder blades or below the right shoulder. These symptoms may resemble 
those of a "kidney stone attack". Often, attacks occur after a particularly fatty meal and 
almost always happen at night. Other symptoms include abdominal bloating, intolerance 
of fatty foods, belching, gas and indigestion. 
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A positive Murphy's sign is a common finding on physical examination. 

Causes 

Gallstone risk factors include overweight, age near or above 40, female, and pre-
menopausal; the condition is more prevalent in caucasians than in people of other races. 
A lack of melatonin could significantly contribute to gallbladder stones, as melatonin 
both inhibits cholesterol secretion from the gallbladder, enhances the conversion of 
cholesterol to bile, and is an antioxidant, capable of reducing oxidative stress to the 
gallbladder. Researchers believe that gallstones may be caused by a combination of 
factors, including inherited body chemistry, body weight, gallbladder motility 
(movement), and perhaps diet. The absence of such risk factors does not however 
preclude the formation of gallstones. 

No clear relationship has been proven between diet and gallstone formation; however, 
low-fiber, high-cholesterol diets and diets high in starchy foods have been suggested as 
contributing to gallstone formation. Other nutritional factors that may increase risk of 
gallstones include rapid weight loss, constipation, eating fewer meals per day, eating less 
fish, and low intakes of the nutrients folate, magnesium, calcium, and vitamin C. On the 
other hand, wine and whole grain bread may decrease the risk of gallstones. Pigment 
gallstones are most commonly seen in the developing world. Risk factors for pigment 
stones include hemolytic anemias (such as sickle-cell disease and hereditary 
spherocytosis), cirrhosis, and biliary tract infections. People with erythropoietic 
protoporphyria (EPP) are at increased risk to develop gallstones. 

Pathophysiology 

Cholesterol gallstones develop when bile contains too much cholesterol and not enough 
bile salts. Besides a high concentration of cholesterol, two other factors seem to be 
important in causing gallstones. The first is how often and how well the gallbladder 
contracts; incomplete and infrequent emptying of the gallbladder may cause the bile to 
become overconcentrated and contribute to gallstone formation. The second factor is the 
presence of proteins in the liver and bile that either promote or inhibit cholesterol 
crystallization into gallstones. In addition, increased levels of the hormone estrogen as a 
result of pregnancy, hormone therapy, or the use of combined (estrogen-containing) 
forms of hormonal contraception, may increase cholesterol levels in bile and also 
decrease gallbladder movement, resulting in gallstone formation. 

Diagnosis 

Treatment 
Medical 

Cholesterol gallstones can sometimes be dissolved by oral ursodeoxycholic acid, but it 
may be required that the patient takes this medication for up to two years. Gallstones may 
recur however, once the drug is stopped. Obstruction of the common bile duct with 
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gallstones can sometimes be relieved by endoscopic retrograde sphincterotomy (ERS) 
following endoscopic retrograde cholangiopancreatography (ERCP). Gallstones can be 
broken up using a procedure called lithotripsy (extracorporeal shock wave lithotripsy). 
which is a method of concentrating ultrasonic shock waves onto the stones to break them 
into tiny pieces. They are then passed safely in the feces. However, this form of treatment 
is only suitable when there are a small number of gallstones. 

Surgical 

Cholecystectomy (gallbladder removal) has a 99% chance of eliminating the recurrence 
of cholelithiasis. Only symptomatic patients must be indicated to surgery. The lack of a 
gallbladder may have no negative consequences in many people. However, there is a 
portion of the population — between 10 and 15% — who develop a condition called 
postcholecystectomy syndrome which may cause gastrointestinal distress and persistent 
pain in the upper right abdomen, as well as a 10% chance of developing chronic diarrhea. 

There are two surgical options for cholecystectomy: 

• Open cholecystectomy: This procedure is performed via an incision into the 
abdomen (laparotomy) below the right lower ribs. Recovery typically consists of 
3–5 days of hospitalization, with a return to normal diet a week after release and 
normal activity several weeks after release. 

• Laparoscopic cholecystectomy: This procedure, introduced in the 1980s, is 
performed via three to four small puncture holes for a camera and instruments. 
Post-operative care typically includes a same-day release or a one night hospital 
stay, followed by a few days of home rest and pain medication. Laparoscopic 
cholecystectomy patients can generally resume normal diet and light activity a 
week after release, with some decreased energy level and minor residual pain 
continuing for a month or two. Studies have shown that this procedure is as 
effective as the more invasive open cholecystectomy, provided the stones are 
accurately located by cholangiogram prior to the procedure so that they can all be 
removed. 
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Epidemiology 

Choledocholithiasis 

 
 

MRCP image of two stones in the distal common bile duct 

Choledocholithiasis is the presence of gallstones in the common bile duct. This condition 
causes jaundice and liver cell damage, and requires treatment by cholecystectomy and/or 
ERCP. 

Signs and symptoms 

A positive Murphy's sign is a common finding on physical examination. Jaundice of the 
skin or eyes is an important physical finding in biliary obstruction. Jaundice and/or clay-
colored stool may raise suspicion of choledocholithiasis or even gallstone pancreatitis. If 
the above symptoms coincide with fever and chills, the diagnosis of ascending 
cholangitis may also be considered. 

Causes 

While stones can frequently pass through the common bile duct into the duodenum, some 
stones may be too large to pass through the CBD and may cause an obstruction. One risk 
factor for this is duodenal diverticulum. 
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Pathophysiology 

This obstruction may lead to jaundice, elevation in alkaline phosphatase, increase in 
conjugated bilirubin in the blood and increase in cholesterol in the blood. It can also 
cause acute pancreatitis and ascending cholangitis. 

Diagnosis 

 
 

Common bile duct stone impacted at ampulla of Vater seen at time of ERCP 

Choledocholithiasis (stones in common bile duct) is one of the complications of 
cholelithiasis (gallstones), so the initial step is to confirm the diagnosis of cholelithiasis. 
Typically patients with cholelithiasis present with pain in the right upper quadrant of the 
abdomen with the associated symptoms of nausea and vomiting, especially after a fatty 
meal. The physician can confirm the diagnosis of cholelithiasis with an abdominal 
ultrasound that shows the ultrasonic shadows of the stones in the gallbladder. 

The diagnosis of choledocholithiasis is suggested when the liver function blood test 
shows an elevation in bilirubin. The diagnosis is confirmed either with an Magnetic 
resonance cholangiopancreatography (MRCP), ERCP, or an intraoperative 
cholangiogram. If the patient must have the gallbladder removed for gallstones, the 
surgeon may choose proceed with the surgery, and obtain a cholangiogram during the 
surgery. If the cholangiogram shows stone in the bile duct, the surgeon may attempt to 
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treat the problem by flushing the stone into the intestine or retrieve the stone back 
through the cystic duct. 

On a different pathway, the physician may choose to proceed with ERCP before surgery. 
The benefit of ERCP is that it can be utilized not just to diagnose, but also to treat the 
problem. During ERCP the endoscopist may surgically widen the opening into the bile 
duct and remove the stone through that opening. ERCP, however, is an invasive 
procedure and has its own potential complication. Thus, if the suspicion is low, the 
physician may choose to confirm the diagnosis with MRCP, a non-invasive imaging 
technique, before proceeding with ERCP or surgery. 

Treatment 

 
 
Fluoroscopic image taken during ERCP and duodenoscope assisted 
cholangiopancreatoscopy (DACP). Multiple gallstones are present in the gallbladder and 
cystic duct. The common bile duct and pancreatic duct appear to be patent. 



_________________WORLD TECHNOLOGIES_________________

WT

Treatment involves removing the stone using ERCP. Typically, the gallbladder is then 
removed, an operation called cholecystectomy, to prevent a future occurrence of common 
bile duct obstruction or other complications. 

Epidemiology 

In other animals 

Gallstones are a valuable by-product of meat processing, fetching up to US$10–per–gram 
in their use as a purported antipyretic and antidote in the folk remedies of some cultures, 
particularly in China. The finest gallstones tend to be sourced from old dairy cows, which 
are called (yellow thing of oxen) in Chinese. Those obtained from dogs, called Gou-Bao 
(treasure of dogs) in Chinese, are also used today. Much as in the manner of diamond 
mines, slaughterhouses carefully scrutinize offal department workers for gallstone theft. 
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Chapter 11 

Liver Function Tests 

 

 
Liver function tests (LFTs or LFs), which include liver enzymes, are groups of clinical 
biochemistry laboratory blood assays designed to give information about the state of a 
patient's liver. Most liver diseases cause only mild symptoms initially, but it is vital that 
these diseases be detected early. Hepatic (liver) involvement in some diseases can be of 
crucial importance. This testing is performed by a medical technologist on a patient's 
serum or plasma sample obtained by phlebotomy. Some tests are associated with 
functionality (e.g., albumin); some with cellular integrity (e.g., transaminase) and some 
with conditions linked to the biliary tract (gamma-glutamyl transferase and alkaline 
phosphatase). Several biochemical tests are useful in the evaluation and management of 
patients with hepatic dysfunction. These tests can be used to (1) detect the presence of 
liver disease, (2) distinguish among different types of liver disorders, (3) gauge the extent 
of known liver damage, and (4) follow the response to treatment. Some or all of these 
measurements are also carried out (usually about twice a year for routine cases) on those 
individuals taking certain medications- anticonvulsants are a notable example- in order to 
ensure that the medications are not damaging the person's liver. 

Standard liver panel 

Albumin (Alb) 

Albumin is a protein made specifically by the liver, and can be measured cheaply and 
easily. It is the main constituent of total protein; the remaining fraction is called globulin 
(including the immunoglobulins). Albumin levels are decreased in chronic liver disease, 
such as cirrhosis. It is also decreased in nephrotic syndrome, where it is lost through the 
urine. Poor nutrition or states of protein catabolism may also lead to hypoalbuminaemia. 
The half-life of albumin is approximately 20 days. Albumin is not considered to be an 
especially useful marker of liver synthetic function; coagulation factors (see below) are 
much more sensitive 

Alanine transaminase (ALT) 
Reference range 
9 to 40 IU/L 
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Alanine transaminase (ALT), also called Serum Glutamic Pyruvate Transaminase 
(SGPT) or Alanine aminotransferase (ALAT) is an enzyme present in hepatocytes (liver 
cells). When a cell is damaged, it leaks this enzyme into the blood, where it is measured. 
ALT rises dramatically in acute liver damage, such as viral hepatitis or paracetamol 
(acetaminophen) overdose. Elevations are often measured in multiples of the upper limit 
of normal (ULN). 

Aspartate transaminase (AST) 
Reference range 
10 to 35 IU/L 

Aspartate transaminase (AST) also called Serum Glutamic Oxaloacetic Transaminase 
(SGOT) or aspartate aminotransferase (ASAT) is similar to ALT in that it is another 
enzyme associated with liver parenchymal cells. It is raised in acute liver damage, but is 
also present in red blood cells, and cardiac and skeletal muscle and is therefore not 
specific to the liver. The ratio of AST to ALT is sometimes useful in differentiating 
between causes of liver damage. Elevated AST levels are not specific for liver damage, 
and AST has also been used as a cardiac marker. 

Alkaline phosphatase (ALP) 
Reference range 
30 to 120 IU/L 

Alkaline phosphatase (ALP) is an enzyme in the cells lining the biliary ducts of the liver. 
ALP levels in plasma will rise with large bile duct obstruction, intrahepatic cholestasis or 
infiltrative diseases of the liver. ALP is also present in bone and placental tissue, so it is 
higher in growing children (as their bones are being remodelled) and elderly patients with 
Paget's disease. 

Total bilirubin (TBIL) 
Reference range 
0.2–1.2 mg/dL 

Bilirubin is a breakdown product of heme (a part of hemoglobin in red blood cells). The 
liver is responsible for clearing the blood of bilirubin. It does this by the following 
mechanism: bilirubin is taken up into hepatocytes, conjugated (modified to make it 
water-soluble), and secreted into the bile, which is excreted into the intestine. 

Increased total bilirubin causes jaundice, and can signal a number of problems: 

• 1. Prehepatic: Increased bilirubin production. This can be due to a number of 
causes, including hemolytic anemias and internal hemorrhage. 

• 2. Hepatic: Problems with the liver, which are reflected as deficiencies in 
bilirubin metabolism (e.g. reduced hepatocyte uptake, impaired conjugation of 
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bilirubin, and reduced hepatocyte secretion of bilirubin). Some examples would 
be cirrhosis and viral hepatitis. 

• 3. Posthepatic: Obstruction of the bile ducts, reflected as deficiencies in bilirubin 
excretion. (Obstruction can be located either within the liver or in the bile duct. 

Direct bilirubin (Conjugated Bilirubin) 
Reference range 
0–2.3 mg/dL 

The diagnosis is narrowed down further by looking at the levels of direct bilirubin. 

• If direct (i.e. conjugated) bilirubin is normal, then the problem is an excess of 
unconjugated bilirubin, and the location of the problem is upstream of bilirubin 
excretion. Hemolysis, viral hepatitis, or cirrhosis can be suspected. 

• If direct bilirubin is elevated, then the liver is conjugating bilirubin normally, but 
is not able to excrete it. Bile duct obstruction by gallstones or cancer should be 
suspected. 

Gamma glutamyl transpeptidase (GGT) 
Reference range 
0 to 42 IU/L 

Although reasonably specific to the liver and a more sensitive marker for cholestatic 
damage than ALP, Gamma glutamyl transpeptidase (GGT) may be elevated with even 
minor, sub-clinical levels of liver dysfunction. It can also be helpful in identifying the 
cause of an isolated elevation in ALP. (GGT is raised in chronic alcohol toxicity). 

Other tests commonly requested alongside LFTs 

Pathophysiology sample values 

BMP/ELECTROLYTES: 

Na+=140 Cl−=100 BUN=20 / 

   Glu=150 

K+=4 CO2=22 PCr=1.0 \ 

ARTERIAL BLOOD GAS: 

HCO3
-=24 paCO2=40 paO2=95 pH=7.40 

ALVEOLAR GAS: 
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 pACO2=36 pAO2=105 A-a g=10 

OTHER: 

Ca=9.5 Mg2+=2.0 PO4=1  

CK=55 BE=−0.36 AG=16  

SERUM OSMOLARITY/RENAL: 

PMO = 300 PCO=295 POG=5 BUN:Cr=20 

URINALYSIS: 

UNa+=80 UCl−=100 UAG=5 FENa=0.95 

UK+=25 USG=1.01 UCr=60 UO=800 

PROTEIN/GI/LIVER FUNCTION TESTS: 

LDH=100 TP=7.6 AST=25 TBIL=0.7 

ALP=71 Alb=4.0 ALT=40 BC=0.5 

  AST/ALT=0.6 BU=0.2 

AF alb=3.0 SAAG=1.0  SOG=60 

CSF: 

CSF alb=30 CSF glu=60 CSF/S alb=7.5 CSF/S glu=0.4 

5' nucleotidase (5'NTD) 

5' nucleotidase is another test specific for cholestasis or damage to the intra or 
extrahepatic biliary system, and in some laboratories, is used as a substitute for GGT for 
ascertaining whether an elevated ALP is of biliary or extra-biliary origin. 

Coagulation test (e.g. INR) 

The liver is responsible for the production of coagulation factors. The international 
normalized ratio (INR) measures the speed of a particular pathway of coagulation, 
comparing it to normal. If the INR is increased, it means it is taking longer than usual for 
blood to clot. The INR will only be increased if the liver is so damaged that synthesis of 
vitamin K-dependent coagulation factors has been impaired: it is not a sensitive measure 
of liver function. 
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It is very important to normalize the INR before operating on people with liver problems 
(usually by transfusion with blood plasma containing the deficient factors) as they could 
bleed excessively. 

Serum glucose (BG, Glu) 

The liver's ability to produce glucose (gluconeogenesis) is usually the last function to be 
lost in the setting of fulminant liver failure. 

Lactate dehydrogenase (LDH) 

Lactate dehydrogenase is an enzyme found in many body tissues, including the liver. 
Elevated levels of LDH may indicate liver damage 
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Chapter 12 

Gastroenterology 

 

 
Gastroenterology (MeSH heading) is the branch of medicine whereby the digestive 
system and its disorders are studied. The name is a combination of three Ancient Greek 
words gaster (gen.: gastros) (stomach), enteron (intestine), and logos (reason). 

Diseases affecting the gastrointestinal tract, which includes the organs from mouth to 
anus, along the alimentary canal, are the focus of this specialty. Physicians practicing in 
this field of medicine are called gastroenterologists. They have usually completed the 
eight years of pre-medical and medical education, the yearlong internship (if this is not a 
part of the residency), three years of an internal medicine residency, and two to three 
years in the gastroenterology fellowship. Specialists in GI radiology, hepatobiliary or 
gastric medicine, or in GI oncology will then complete a two- or three-year fellowship. 
Gastroenterology is not the same as gastroenterological surgery or of colon and rectal 
(proctology) surgery, which are specialty branches of general surgery. Important 
advances have been made in the last fifty years, contributing to rapid expansion of its 
scope. 

Hepatology, or hepatobiliary medicine, encompasses the study of the liver, pancreas, 
and biliary tree, and is traditionally considered a sub-specialty. 

History 

 
 

Drawings of Bozzini's "Lichtleiter" 

Citing from Egyptian papyri, Nunn identified significant knowledge of gastrointestinal 
diseases among practising physicians during the periods of the pharaohs. Irynakhty, of 
the tenth dynasty, c. 2125 B.C., was a court physician specialising in gastroenterology 
and proctology. 
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Among ancient Greeks, Hippocrates attributed digestion to concoction. Galen's concept 
of the stomach having four faculties was widely accepted up to modernity in the 
seventeenth century. 

Eighteenth century: 

• Italian Lazzaro Spallanzani (1729–99) was among early physicians to disregard 
Galen's theories, and in 1780 he gave experimental proof on the action of gastric 
juice on foodstuffs. 

• In 1767, German Johann von Zimmermann wrote an important work on 
dysentery. 

• In 1777, Maximilian Stoll of Vienna described cancer of the gallbladder. 

Nineteenth century: 

• In 1805, Philip Bozzini made the first attempt to observe inside the living human 
body using a tube he named Lichtleiter (light-guiding instrument) to examine the 
urinary tract, the rectum, and the pharynx. This is the earliest description of 
endoscopy. 

• Charles Emile Troisier described enlargement of lymph nodes in abdominal 
cancer. 

• In 1823, William Prout discovered that stomach juices contain hydrochloric acid. 
• In 1868, Adolf Kussmaul, a well-known German physician, developed the 

gastroscope. He perfected the technique on a sword swallower. 
• In 1871, at the society of physicians in Vienna, Carl Stoerk demonstrated an 

esophagoscope made of two telescopic metal tubes, initially devised by 
Waldenburg in 1870. 

• In 1876, Karl Wilhelm von Kupffer described the properties of some liver cells 
now called Kupffer cell. 

• In 1883, Hugo Kronecker and Samuel James Meltzer studied oesophageal 
manometry in humans. 
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McClendon's pH-probe 

Twentieth century: 

• In 1915, Jesse McClendon tested acidity of human stomach in situ. 
• In 1921-22, Walter Alvarez did the first electrogastrography research. 
• Rudolph Schindler described many important diseases involving the human 

digestive system during World War I in his illustrated textbook and is portrayed 
by some as the "father of gastroscopy". He and Georg Wolf developed a 
semiflexible gastroscope in 1932. 

• In 1932, Burrill Bernard Crohn described Crohn's disease. 
• In 1957, Basil Hirschowitz introduced the first prototype of a fibreoptic 

gastroscope. 

Twenty-first century: 

• In 2005, Barry Marshall and Robin Warren of Australia were awarded the Nobel 
Prize in Physiology or Medicine for their discovery of Helicobacter pylori 
(1982/1983) and its role in peptic ulcer disease. James Leavitt assisted in their 
research, but the Nobel Prize is not awarded posthumously so he was not included 
in the award. 
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Disease classification 

1. International Classification of Disease(ICD 2007)/WHO classification: 

• Chapter XI,Diseases of the digestive system,(K00-K93) 

2. MeSH subject Heading: 

• Gastroenterology (G02.403.776.409.405) 
• Gastroenterological diseases(C06.405) 

3. National Library of Medicine Catalogue(NLM classification 2006): 

• Digestive system(W1) 

Gastroenterological societies 

• World Gastroenterology Organisation 
• American College of Gastroenterology 
• American Gastroenterological Association 
• American Society for Gastrointestinal Endoscopy 
• British Society of Gastroenterology 
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Chapter 13 

Human Gastrointestinal Tract 

 

 
Human gastrointestinal tract 

 

Stomach colon rectum diagram 

The human gastrointestinal tract refers to the stomach and intestine, and sometimes to 
all the structures from the mouth to the anus. (The "digestive system" is a broader term 
that includes other structures, including the accessory organs of digestion). 

In an adult male human, the gastrointestinal (GI) tract is 5 metres (20 ft) long in a live 
subject, or up to 9 metres (30 ft) without the effect of muscle tone, and consists of the 
upper and lower GI tracts. The tract may also be divided into foregut, midgut, and 
hindgut, reflecting the embryological origin of each segment of the tract. 

The GI tract releases hormones as to help regulate the digestion process. These 
hormones, including gastrin, secretin, cholecystokinin, and grehlin, are mediated through 
either intracrine or autocrine mechanisms, indicating that the cells releasing these 
hormones are conserved structures throughout evolution. 
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Upper gastrointestinal tract 

 
 

Upper and Lower human gastrointestinal tract 

The upper gastrointestinal tract consists of the esophagus, stomach, and duodenum. 

Some sources also include the mouth cavity and pharynx. 

The exact demarcation between "upper" and "lower" can vary. Upon gross dissection, the 
duodenum may appear to be a unified organ, but it is often divided into two parts based 
upon function, arterial supply, or embryology. 

Lower gastrointestinal tract 

The lower gastrointestinal tract includes most of the small intestine and all of the large 
intestine. According to some sources, it also includes the anus. 

• Bowel or intestine  
o Small intestine, which has three parts:  
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 Duodenum - Here the digestive juices from pancreas (digestive 
enzymes) and liver (bile) mix together. The digestive enzymes 
break down proteins and bile emulsifies fats into micelles. 
Duodenum contains Brunner's glands which produce bicarbonate 
and pancreatic juice contains bicarbonate to neutralize 
hydrochloric acid of stomach 

 Jejunum - It is the midsection of the intestine, connecting 
duodenum to ileum. Contain plicae circulares, and villi to increase 
surface area. 

 Ileum - It has villi, where all soluble molecules are absorbed into 
the blood (capillaries and lacteals). 

o Large intestine, which has three parts:  
 Cecum (the vermiform appendix is attached to the cecum). 
 Colon (ascending colon, transverse colon, descending colon and 

sigmoid flexure). The main function of colon is to absorb water, 
but it also contains bacteria that produce beneficial vitamins like 
Vitamin K. 

 Rectum 
• Anus 

The ligament of Treitz is sometimes used to divide the upper and lower GI tracts. 

Embryology 

The gut is an endoderm-derived structure. At approximately the sixteenth day of human 
development, the embryo begins to fold ventrally (with the embryo's ventral surface 
becoming concave) in two directions: the sides of the embryo fold in on each other and 
the head and tail fold toward one another. The result is that a piece of the yolk sac, an 
endoderm-lined structure in contact with the ventral aspect of the embryo, begins to be 
pinched off to become the primitive gut. The yolk sac remains connected to the gut tube 
via the vitelline duct. Usually this structure regresses during development; in cases where 
it does not, it is known as Meckel's diverticulum. 

During fetal life, the primitive gut can be divided into three segments: foregut, midgut, 
and hindgut. Although these terms often are used in reference to segments of the 
primitive gut, they nevertheless are used regularly to describe components of the 
definitive gut as well. 

Each segment of the gut gives rise to specific gut and gut-related structures in later 
development. Components derived from the gut proper, including the stomach and colon, 
develop as swellings or dilatations of the primitive gut. In contrast, gut-related 
derivatives—that is, those structures that derive from the primitive gut, but are not part of 
the gut proper—in general develop as outpouchings of the primitive gut. The blood 
vessels supplying these structures remain constant throughout development. 
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Part Part in adult Gives rise to Arterial supply 

Foregut the pharynx, to the 
upper duodenum 

pharynx, esophagus, stomach, upper 
duodenum, respiratory tract 
(including the lungs), liver, 
gallbladder, and pancreas 

branches of the 
celiac artery 

Midgut 
lower duodenum, to the 
first two-thirds of the 
transverse colon 

lower duodenum, jejunum, ileum, 
cecum, appendix, ascending colon, 
and first two-thirds of the transverse 
colon 

branches of the 
superior 
mesenteric artery 

Hindgut 

last third of the 
transverse colon, to the 
upper part of the anal 
canal 

last third of the transverse colon, 
descending colon, rectum, and upper 
part of the anal canal 

branches of the 
inferior 
mesenteric artery 

Transit time 

The time taken for food or other ingested objects to transit through the gastrointestinal 
tract varies depending on many factors, but roughly, it takes 2.5 to 3 hours after meal for 
50% of stomach contents to empty into the intestines and total emptying of the stomach 
takes 4 to 5 hours. Subsequently, 50% emptying of the small intestine takes 2.5 to 3 
hours. Finally, transit through the colon takes 30 to 40 hours. 

Pathology 

There are a number of diseases and conditions affecting the gastrointestinal system, 
including: 

• Cancer 
• Cholera 
• Colorectal cancer 
• Diverticulitis 
• Enteric duplication cyst 
• Gastroenteritis, also known as "stomach flu"; an inflammation of the stomach and 

intestines 
• Giardiasis 
• Inflammatory bowel disease (including Crohn's disease and ulcerative colitis) 
• Irritable bowel syndrome 
• Pancreatitis 
• Peptic ulcer disease 
• Appendicitis 
• Celiac Disease 
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Immune function 

The gastrointestinal tract also is a prominent part of the immune system. The surface area 
of the digestive tract is estimated to be the surface area of a football field. With such a 
large exposure, the immune system must work hard to prevent pathogens from entering 
into blood and lymph. 

The low pH (ranging from 1 to 4) of the stomach is fatal for many microorganisms that 
enter it. Similarly, mucus (containing IgA antibodies) neutralizes many of these 
microorganisms. Other factors in the GI tract help with immune function as well, 
including enzymes in saliva and bile. Enzymes such as Cyp3A4, along with the antiporter 
activities, also are instrumental in the intestine's role of detoxification of antigens and 
xenobiotics, such as drugs, involved in first pass metabolism. 

Health-enhancing intestinal bacteria serve to prevent the overgrowth of potentially 
harmful bacteria in the gut. These two types of bacteria compete for space and "food," as 
there are limited resources within the intestinal tract. A ratio of 80-85% beneficial to 15-
20% potentially harmful bacteria generally is considered normal within the intestines. 
Microorganisms also are kept at bay by an extensive immune system comprising the gut-
associated lymphoid tissue (GALT). 

Histology 

 
 

General structure of the gut wall 
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The gastrointestinal tract has a form of general histology with some differences that 
reflect the specialization in functional anatomy. The GI tract can be divided into four 
concentric layers: 

• Mucosa 
• Submucosa 
• Muscularis externa (the external muscle layer) 
• Adventitia or serosa 

Mucosa 

The mucosa is the innermost layer of the gastrointestinal tract that is surrounding the 
lumen, or space within the tube. This layer comes in direct contact with food (or bolus), 
and is responsible for absorption and secretion, important processes in digestion. 

The mucosa can be divided into: 

• Epithelium 
• Lamina propria 
• Muscularis mucosae 

The mucosae are highly specialized in each organ of the gastrointestinal tract, facing a 
low pH in the stomach, absorbing a multitude of different substances in the small 
intestine, and also absorbing specific quantities of water in the large intestine. Reflecting 
the varying needs of these organs, the structure of the mucosa can consist of 
invaginations of secretory glands (e.g., gastric pits), or it can be folded in order to 
increase surface area. 

Submucosa 

The submucosa consists of a dense irregular layer of connective tissue with large blood 
vessels, lymphatics, and nerves branching into the mucosa and muscularis externa. It 
contains Meissner's plexus, an enteric nervous plexus, situated on the inner surface of the 
muscularis externa. 

Muscularis externa 

The muscularis externa consists of an inner circular layer and a longitudinal outer 
muscular layer. The circular muscle layer prevents food from traveling backward and the 
longitudinal layer shortens the tract. The coordinated contractions of these layers is called 
peristalsis and propels the bolus, or balled-up food, through the GI tract. 

Between the two muscle layers are the myenteric or Auerbach's plexus. 
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Adventitia 

The adventitia consists of several layers of epithelia. 

When the adventitia is facing the mesentery or peritoneal fold, the adventitia is covered 
by a mesothelium supported by a thin connective tissue layer, together forming a serosa, 
or serous membrane. 
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Chapter 14 

Small Intestine 

 

 
Small Intestine 

 

Diagram showing the small intestine 

Latin intestinum tenue 

Nerve celiac ganglia, vagus  

MeSH Small+intestine 

Dorlands/Elsevier Small intestine 

In vertebrates, the small intestine is the part of the gastrointestinal tract (gut) following 
the stomach and followed by the large intestine, and is where the vast majority of 
digestion and absorption of food takes place. In invertebrates such as worms, the terms 
"gastrointestinal tract" and "large intestine" are often used to describe the entire intestine.     

Size and divisions 

The small intestine in an adult human measures on average about 5 meters (16 feet), with 
a normal range of 3 – 7 meters; it can measure around 50% longer at autopsy because of 
loss of smooth muscle tone after death. It is approximately 2.5–3 cm in diameter. 
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The surface of the small intestine is increased by its special structure, and it is about 200-
250 square meters. 

The small intestine is divided into three structural parts: 

• Duodenum 26 cm (9.8 in) in length 
• Jejunum 2.5 m (3–6 ft) 
• Ileum 3.5 m (6–12 ft) 

Histology 

 
 
Micrograph of the small intestine mucosa showing the intestinal villi and crypts of 
Lieberkühn. 

The three sections of the small intestine look similar to each other at a macroscopic level, 
but there are some important differences. 

The parts of the intestine are as follows: 
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Layer Duodenum Jejunum Ileum 
serosa normal normal normal 

muscularis 
externa 

longitudinal and circular layers, 
with Auerbach's (myenteric) 
plexus in between 

same as duodenum same as duodenum 

submucosa Brunner's glands and Meissner's 
(submucosal) plexus no BG no BG 

mucosa: 
muscularis 
mucosae 

normal normal normal 

mucosa: lamina 
propria no PP no PP Peyer's patches 

mucosa: 
intestinal 
epithelium 

simple columnar. Contains 
goblet cells, Paneth cells 

Similar to 
duodenum. Villi 
very long. 

Similar to 
duodenum. Villi 
very short. 

Digestion and absorption 

Food from the stomach is allowed into the duodenum by a muscle called the pylorus, or 
pyloric sphincter, and is then pushed through the small intestine by a process of 
muscular-wavelike contractions called peristalsis. 

Digestion 

The small intestine is where most chemical digestion takes place. Most of the digestive 
enzymes that act in the small intestine are secreted by the pancreas and enter the small 
intestine via the pancreatic duct. The enzymes enter the small intestine in response to the 
hormone cholecystokinin, which is produced in the small intestine in response to the 
presence of nutrients. The hormone secretin also causes bicarbonate to be released into 
the small intestine from the pancreas in order to neutralize the potentially harmful acid 
coming from the stomach. 

The three major classes of nutrients that undergo digestion are proteins, lipids (fats) and 
carbohydrates: 

• Proteins and peptides are degraded into amino acids. Chemical breakdown begins 
in the stomach and continues in the small intestine. Proteolytic enzymes, 
including trypsin and chymotrypsin, are secreted by the pancreas and cleave 
proteins into smaller peptides. Carboxypeptidase, which is a pancreatic brush 
border enzyme, splits one amino acid at a time. Aminopeptidase and dipeptidase 
free the end amino acid products. 

• Lipids (fats) are degraded into fatty acids and glycerol. Pancreatic lipase breaks 
down triglycerides into free fatty acids and monoglycerides. Pancreatic lipase 
works with the help of the salts from the bile secreted by the liver and the gall 
bladder. Bile salts attach to triglycerides to help emulsify them, which aids access 
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by pancreatic lipase. This occurs because the lipase is water-soluble but the fatty 
triglycerides are hydrophobic and tend to orient towards each other and away 
from the watery intestinal surroundings. The bile salts are the "middle man" that 
holds the triglycerides in the watery surroundings until the lipase can break them 
into the smaller components that are able to enter the villi for absorption. 

• Some carbohydrates are degraded into simple sugars, or monosaccharides (e.g., 
glucose). Pancreatic amylase breaks down some carbohydrates (notably starch) 
into oligosaccharides. Other carbohydrates pass undigested into the large intestine 
and further handling by intestinal bacteria. Brush border enzymes take over from 
there. The most important brush border enzymes are dextrinase and glucoamylase 
which further break down oligosaccharides. Other brush border enzymes are 
maltase, sucrase and lactase. Lactase is absent in most adult humans and for them 
lactose, like most poly-saccharides are not digested in the small intestine. Some 
carbohydrates, such as cellulose, are not digested at all, despite being made of 
multiple glucose units. 

Absorption 

Digested food is now able to pass into the blood vessels in the wall of the intestine 
through the process of diffusion. The small intestine is the site where most of the 
nutrients from ingested food are absorbed. The inner wall, or mucosa, of the small 
intestine is lined with simple columnar epithelial tissue. Structurally, the mucosa is 
covered in wrinkles or folds called plicae circulares, which are considered permanent 
features in the wall of the organ. They are distinct from rugae which are considered non-
permanent or temporary allowing for distention and contraction. From the plicae 
circulares project microscopic finger-like pieces of tissue called villi (Latin for "shaggy 
hair"). The individual epithelial cells also have finger-like projections known as 
microvilli. The function of the plicae circulares, the villi and the microvilli is to increase 
the amount of surface area available for the absorption of nutrients. 

Each villus has a network of capillaries and fine lymphatic vessels called lacteals close to 
its surface. The epithelial cells of the villi transport nutrients from the lumen of the 
intestine into these capillaries (amino acids and carbohydrates) and lacteals (lipids). The 
absorbed substances are transported via the blood vessels to different organs of the body 
where they are used to build complex substances such as the proteins required by our 
body. This is called diffusion. The food that remains undigested and unabsorbed passes 
into the large intestine. 

Absorption of the majority of nutrients takes place in the jejunum, with the following 
notable exceptions: 

• Iron is absorbed in the duodenum. 
• Vitamin B12 and bile salts are absorbed in the terminal ileum. 
• Water and lipids are absorbed by passive diffusion throughout the small intestine. 
• Sodium is absorbed by active transport and glucose and amino acid co-transport. 
• Fructose is absorbed by facilitated diffusion. 
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Small intestine disorders 

• large intestine cancer 
• Small intestine obstruction ("high" mechanic ileus)  

o Obstruction from external pressure 
o Obstruction by masses in the lumen (foreign bodies, bezoar, gallstones) 

• Paralytic ileus 
• Maropthisis 
• Crohn's disease 
• Celiac disease 
• Carcinoid 
• Meckel's Diverticulum 
• Gastric dumping syndrome 
• Infectious diseases  

o Giardiasis 
o Ascariasis 
o Tropical sprue 
o lakeworm infection 

• Mesenteric ischemia 
• Intussusception 

In other animals 

The small intestine is found in all tetrapods and also in teleosts, although its form and 
length vary enormously between species. In teleosts, it is relatively short, typically 
around one and a half times the length of the fish's body. It commonly has a number of 
pyloric caeca, small pouch-like structures along its length that help to increase the overall 
surface area of the organ for digesting food. There is no ileocaecal valve in teleosts, with 
the boundary between the small intestine and the rectum being marked only by the end of 
the digestive epithelium. 

In tetrapods, the ileocaecal valve is always present, opening into the colon. The length of 
the small intestine is typically longer in tetrapods than in teleosts, but is especially so in 
herbivores, as well as in mammals and birds, which have a higher metabolic rate than 
amphibians or reptiles. The lining of the small intestine includes microscopic folds to 
increase its surface area in all vertebrates, but only in mammals do these develop into true 
villi. 

The boundaries between the duodenum, jejunum, and ileum are somewhat vague even in 
humans, and such distinctions are either ignored when discussing the anatomy of other 
animals, or are essentially arbitrary. 

There is no small intestine as such in non-teleost fish, such as sharks, sturgeons, and 
lungfish. Instead, the digestive part of the gut forms a spiral intestine, connecting the 
stomach to the rectum. In this type of gut, the intestine itself is relatively straight, but has 
a long fold running along the inner surface in a spiral fashion, sometimes for dozens of 
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turns. This valve greatly increases both the surface area and the effective length of the 
intestine. The lining of the spiral intestine is similar to that of the small intestine in 
teleosts and non-mammalian tetrapods. 

In lampreys, the spiral valve is extremely small, possibly because their diet requires little 
digestion. Hagfish have no spiral valve at all, with digestion occurring for almost the 
entire length of the intestine, which is not subdivided into different regions. 
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Chapter 15 

Large Intestine 

 

 
Large intestine 

 

Front of abdomen, showing the large intestine, with the stomach and small 

intestine in dashed outline. 
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Front of abdomen, showing surface markings for liver (red), and the 

stomach and large intestine (blue) 

Latin intestinum crassum 

Artery 
Superior mesenteric, Inferior mesenteric and Iliac 

arteries 

Lymph inferior mesenteric lymph nodes 

Dorlands/Elsevier Large intestine 

The large intestine (or "large bowel") is the second-to-last part of the digestive system 
— the final stage of the alimentary canal is the anus — in vertebrate animals. Its function 
is to absorb water from the remaining indigestible food matter, and then to pass useless 
waste material from the body.   

The large intestine consists of the cecum and colon. It starts in the right iliac region of the 
pelvis, just at or below the right waist, where it is joined to the bottom end of the small 
intestine. From here it continues up the abdomen, then across the width of the abdominal 
cavity, and then it turns down, continuing to its endpoint at the anus. 

The large intestine is about 1.5 metres (4.9 ft) long, which is about one-fifth of the whole 
length of the intestinal canal. 

In Terminologia Anatomica the large intestine includes the cecum, colon, rectum, and 
anal canal. However, some sources exclude the anal canal. 
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Function and relation to other organs 

The large intestine takes about 16 hours to finish up the remaining processes of the 
digestive system. Food is no longer broken down at this stage of digestion. The large 
intestine absorbs water and electrolytes from the approximate 1.5L of chyme passing 
through the ileocecal valve daily. The colon absorbs vitamins which are created by the 
colonic bacteria - such as Vitamin K (especially important as the daily ingestion of Vit. K 
is not normally enough to maintain adequate blood coagulation), Vitamin B12, thiamine 
and riboflavin. It also compacts feces, and stores fecal matter in the rectum until it can be 
discharged via the anus in defecation. 

The large intestine differs in physical form from the small intestine in being much wider 
and in showing the longitudinal layer of the muscularis have been reduced to 3 strap-like 
structures known as the taeniae coli. The wall of the large intestine is lined with simple 
columnar epithelium. Instead of having the evaginations of the small intestine (villi), the 
large intestine has invaginations (the intestinal glands). While both the small intestine and 
the large intestine have goblet cells, they are abundant in the large intestine. 

The appendix is attached to its poster surface of the any intestine It contains the least of 
lymphoid tissue. It is a part of mucosa-associated lymphoid tissue, which gives the 
appendix an important role in immunity. Appendicitis is the result of a blockage that 
traps infectious material in the lumen. The appendix can be removed with no damage or 
consequence to the patient. The large intestine extends from the ileocecal junction to the 
anus and is about 1.5m long. On the surface, bands of longitudinal muscle fibers called 
taeniae coli, each about 5 mm wide, can be identified. There are three bands, and they 
start at the base of the appendix and extend from the cecum to the rectum. Along the 
sides of the taeniae, tags of peritoneum filled with fat, called epiploic appendages (or 
appendices epiploicae) are found. The sacculations, called haustra, are characteristic 
features of the large intestine, and distinguish it from the small intestine. It is also found 
in the digestive system. 

Parts and location 

Parts of the large intestine are: 

Cecum – the first part of the large intestine 

• Taeniae coli – three bands of smooth muscle 
• Haustra – bulges caused by contraction of taeniae coli 
• Epiploic appendages – small fat accumulations on the viscera 

Locations along the colon are: 

• The ascending colon 
• The right colic flexure (hepatic) 
• The transverse colon 
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• The transverse mesocolon 
• The left colic flexure (splenic) 
• The descending colon 
• The sigmoid colon – the v-shaped region of the large intestine 

Bacterial flora 

The large intestine houses over 700 species of bacteria that perform a variety of 
functions. 

The large intestine absorbs some of the products formed by the bacteria inhabiting this 
region. Undigested polysaccharides (fiber) are metabolized to short-chain fatty acids by 
bacteria in the large intestine and absorbed by passive diffusion. The bicarbonate that the 
large intestine secretes helps to neutralize the increased acidity resulting from the 
formation of these fatty acids. 

These bacteria also produce large amounts of vitamins, especially vitamin K and Biotin 
(a B vitamin), for absorption into the blood. Although this source of vitamins, in general, 
provides only a small part of the daily requirement, it makes a significant contribution 
when dietary vitamin intake is low. An individual that depends on absorption of vitamins 
formed by bacteria in the large intestine may become vitamin-deficient if treated with 
antibiotics that inhibit other species of bacteria as well as the disease-causing bacteria. 

Other bacterial products include gas (flatus), which is a mixture of nitrogen and carbon 
dioxide, with small amounts of the gases hydrogen, methane, and hydrogen sulphide. 
Bacterial fermentation of undigested polysaccharides produces these. The normal flora is 
also essential in the development of certain tissues, including the cecum and lymphatics. 

They are also involved in the production of cross-reactive antibodies. These are 
antibodies produced by the immune system against the normal flora, that are also 
effective against related pathogens, thereby preventing infection or invasion. 

The most prevalent bacteria are the bacteroides, which have been implicated in the 
initiation of colitis and colon cancer. Bifidobacteria are also abundant, and are often 
described as 'friendly bacteria'. 

A mucus layer protects the large intestine from attacks from colonic commensal bacteria. 

In other animals 

The large intestine is truly distinct only in tetrapods, in which it is almost always 
separated from the small intestine by an ileocaecal valve. In most vertebrates, however, it 
is a relatively short structure running directly to the anus, although noticeably wider than 
the small intestine. Although the caecum is present in most amniotes, only in mammals 
does the remainder of the large intestine develop into a true colon. 
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In some small mammals, the colon is straight, as it is in other tetrapods, but, in the 
majority of mammalian species, it is divided into ascending and descending portions; a 
distinct transverse colon is typically present only in primates. However, the taeniae coli 
and accompanying haustra are not found in either carnivorans or ruminants. The rectum 
of mammals (other than monotremes) is derived from the cloaca of other vertebrates, and 
is, therefore, not truly homologous with the "rectum" found in these species. 

In fish, there is no true large intestine, but simply a short rectum connecting the end of 
the digestive part of the gut to the cloaca. In sharks, this includes a rectal gland that 
secretes salt to help the animal maintain osmotic balance with the seawater. The gland 
somewhat resembles a caecum in structure, but is not a homologous structure. 
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Chapter 16 

Esophageal Cancer 

 

 

Esophageal cancer 

 
Endoscopic image of patient with esophageal adenocarcinoma seen 

at gastro-esophageal junction. 

ICD-10 C15. 

ICD-9 150 

OMIM 133239 

DiseasesDB 9150 

MedlinePlus 000283 

eMedicine article/277930 article/368206 

MeSH D004938 
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Esophageal cancer (or oesophageal cancer) is malignancy of the esophagus. There are 
various subtypes, primarily squamous cell cancer (approx 90-95% of all esophageal 
cancer worldwide) and adenocarcinoma (approx. 50-80% of all esophageal cancer in the 
United States). Squamous cell cancer arises from the cells that line the upper part of the 
esophagus. Adenocarcinoma arises from glandular cells that are present at the junction of 
the esophagus and stomach. Esophageal tumors usually lead to dysphagia (difficulty 
swallowing), pain and other symptoms, and are diagnosed with biopsy. Small and 
localized tumors are treated surgically with curative intent. Larger tumors hi tend not to 
be operable and hence are treated with palliative care; their growth can still be delayed 
with chemotherapy, radiotherapy or a combination of the two. In some cases chemo- and 
radiotherapy can render these larger tumors operable. Prognosis depends on the extent of 
the disease and other medical problems, but is fairly poor. 

Classification 

 
 
Micrograph of an esophageal adenocarcinoma (dark blue - upper-left of image) and 
normal squamous epithelium (upper-right of image). H&E stain. 

Esophageal cancers are typically carcinomas which arise from the epithelium, or surface 
lining, of the esophagus. Most esophageal cancers fall into one of two classes: squamous 
cell carcinomas, which are similar to head and neck cancer in their appearance and 
association with tobacco and alcohol consumption, and adenocarcinomas, which are often 
associated with a history of gastroesophageal reflux disease and Barrett's esophagus. A 
general rule of thumb is that a cancer in the upper two-thirds is a squamous cell 
carcinoma and one in the lower one-third is a adenocarcinoma. 
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Signs and symptoms 

Dysphagia (difficulty swallowing) and odynophagia (painful swallowing) are the most 
common symptoms of esophageal cancer. Dysphagia is the first symptom in most 
patients. Odynophagia may also be present. Fluids and soft foods are usually tolerated, 
while hard or bulky substances (such as bread or meat) cause much more difficulty. 
Substantial weight loss is characteristic as a result of reduced appetite and poor nutrition 
and the active cancer. Pain, often of a burning, heartburn-like nature, may be severe, 
present itself almost daily, and is worsened by swallowing any form of food. Another 
sign may be an unusually husky, raspy, or hoarse sounding cough, a result of the tumor 
obstructing the airway. 

The presence of the tumor may disrupt normal peristalsis (the organized swallowing 
reflex), leading to nausea and vomiting, regurgitation of food, coughing and an increased 
risk of aspiration pneumonia. The tumor surface may be fragile and bleed, causing 
hematemesis (vomiting up blood). Compression of local structures occurs in advanced 
disease, leading to such problems as upper airway obstruction and superior vena cava 
syndrome. Fistulas may develop between the esophagus and the trachea, increasing the 
pneumonia risk; this condition is usually heralded by cough, fever or aspiration. 

Most of the people diagnosed with esophageal cancer have late-stage disease. This is 
because people usually do not have significant symptoms until half of the inside of the 
esophagus, called the lumen, is obstructed, by which point the tumor is fairly large.  

If the disease has spread elsewhere, this may lead to symptoms related to this: liver 
metastasis could cause jaundice and ascites, lung metastasis could cause shortness of 
breath, pleural effusions, etc. 
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Causes 

Increased risk 

 
 

Barrett's esophagus is considered to be a risk factor for esophageal adenocarcinoma 

There are a number of risk factors for esophageal cancer. Some subtypes of cancer are 
linked to particular risk factors: 

• Age. Most patients are over 60, and the median in US patients is 67. 
• Sex. It is more common in men. 
• Heredity. It is more likely in people who have close relatives with cancer. 
• Tobacco smoking and heavy alcohol use increase the risk, and together appear to 

increase the risk more than either individually. Tobacco and/or alcohol account 
for approximately 90% of all esophegeal squamous cell carcinomas. Tobacco 
smoking is also linked to esophegeal adenocarcinoma though no connection has 
been found between alcohol and esophegeal adenocarcinoma. 

• Gastroesophageal reflux disease (GERD) and its resultant Barrett's esophagus 
increase esophageal cancer risk due to the chronic irritation of the mucosal lining. 
Adenocarcinoma is more common in this condition. 

• Human papillomavirus (HPV) 
• Corrosive injury to esophagus by swallowing strong alkalines (lye) or acids. 
• Particular dietary substances, such as nitrosamine. 
• A medical history of other head and neck cancers increases the chance of 

developing a second cancer in the head and neck area, including esophageal 
cancer. 

• Plummer-Vinson syndrome (anemia and esophageal webbing) 
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• Tylosis and Howel-Evans syndrome (hereditary thickening of the skin of the 
palms and soles). 

• Radiation therapy for other conditions in the mediastinum. 
• Coeliac disease predisposes towards squamous cell carcinoma. 
• Obesity increases the risk of adenocarcinoma fourfold. It is suspected that 

increased risk of reflux may be behind this association. 
• Thermal injury as a result of drinking hot beverages 
• Alcohol consumption in individuals predisposed to alcohol flush reaction 
• Achalasia 

Decreased risk 

• Risk appears to be less in patients using aspirin or related drugs (NSAIDs). 
• The role of Helicobacter pylori in progression to esophageal adenocarcinoma is 

still uncertain, but, on the basis of population data, it may carry a protective 
effect. It is postulated that H. pylori prevents chronic gastritis, which is a risk 
factor for reflux, which in turn is a risk factor for esophageal adenocarcinoma. 

• According to the National Cancer Institute, "diets high in cruciferous (cabbage, 
broccoli, cauliflower) and green and yellow vegetables and fruits are associated 
with a decreased risk of esophageal cancer." 

• Moderate coffee consumption is associated with a decreased risk. 
• According to one Italian study of "diet surveys completed by 5,500 Italians"—a 

study which has raised debates questioning its claims among cancer researchers 
cited in news reports about it—eating pizza more than once a week appears "to be 
a favorable indicator of risk for digestive tract neoplasms in this population." 
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Diagnosis 

 
 
Endoscopy and radial endoscopic ultrasound images of submucosal tumor in mid-
esophagus 
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Esophageal cancer, CT scan with contrast, coronal image 
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Cancer of the esophagus, CT with contrast, axial image 

Clinical evaluation 

Although an occlusive tumor may be suspected on a barium swallow or barium meal, the 
diagnosis is best made with esophagogastroduodenoscopy (EGD, endoscopy); this 
involves the passing of a flexible tube down the esophagus and visualizing the wall. 
Biopsies taken of suspicious lesions are then examined histologically for signs of 
malignancy. 

Additional testing is usually performed to estimate the tumor stage. Computed 
tomography (CT) of the chest, abdomen and pelvis, can evaluate whether the cancer has 
spread to adjacent tissues or distant organs (especially liver and lymph nodes). The 
sensitivity of CT scan is limited by its ability to detect masses (e.g. enlarged lymph nodes 
or involved organs) generally larger than 1 cm. FDG-PET (positron emission 
tomography) scan is also being used to estimate whether enlarged masses are 
metabolically active, indicating faster-growing cells that might be expected in cancer. 
Esophageal endoscopic ultrasound (EUS) can provide staging information regarding the 
level of tumor invasion, and possible spread to regional lymph nodes. 

The location of the tumor is generally measured by the distance from the teeth. The 
esophagus (25 cm or 10 inches long) is commonly divided into three parts for purposes of 
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determining the location. Adenocarcinomas tend to occur distally and squamous cell 
carcinomas proximally, but the converse may also be the case. 

Histopathology 

Most tumors of the esophagus are malignant; only about 0.5% are benign. A very small 
proportion (under 10%) is leiomyoma (smooth muscle tumor) or gastrointestinal stromal 
tumor (GIST). Malignant tumors are generally adenocarcinomas, squamous cell 
carcinomas, and occasionally small-cell carcinomas. The latter share many properties 
with small-cell lung cancer, and are relatively sensitive to chemotherapy compared to the 
other types. 

Management 

 
 

Self-expandable metallic stents are used for the palliation of esophageal cancer 
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General approaches 

 
 
Esophageal cancer affecting the lower esophageus. Insets show the tumor in more detail 
both before and after placement of a stent. 

The treatment is determined by the cellular type of cancer (adenocarcinoma or squamous 
cell carcinoma vs other types), the stage of the disease, the general condition of the 
patient and other diseases present. On the whole, adequate nutrition needs to be assured, 
and adequate dental care is vital. 

If the patient cannot swallow at all, a stent may be inserted to keep the esophagus patent; 
stents may also assist in occluding fistulas. A nasogastric tube may be necessary to 
continue feeding while treatment for the tumor is given, and some patients require a 
gastrostomy (feeding hole in the skin that gives direct access to the stomach). The latter 
two are especially important if the patient tends to aspirate food or saliva into the 
airways, predisposing for aspiration pneumonia. 

Esophagectomy is the removal of a segment of the esophagus; as this shortens the length 
of the remaining esophagus, some other segment of the digestive tract (typically the 
stomach or part of the Colon or jejunum) is pulled up to the chest cavity and interposed. 
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If the tumor is unresectable or the patient is not fit for surgery, palliative esophageal 
stenting can allow the patient to tolerate soft diet. 

Types of esophagectomy: 

• Thoracoabdominal approach- which opens the abdominal and thoracic cavities 
together. 

• Two stage Ivor Lewis (also called Lewis-Tanner) approach- with an initial 
laparotomy and construction of a gastric tube, followed by a right thoracotomy to 
excise the tumor and create an esophagogastric anastomosis. 

• Three stage McKeown approach- where a third incision in the neck is made to 
complete the cervical anastomosis. 

Endoscopic Therapy for Localized Disease There is accumulating data that endoscopic 
therapy is a safe, less invasive, and effective therapy for very early esophageal cancer. 
The candidates for endoscopic therapy are Stage 1 patients with tumors invading into the 
lamina propria (T1 mucosal) or submucosa (T1 submucosal) that do not have regional or 
distant metastasis. Patients with carcinoma in-situ or high-grade dysplasia can also be 
treated with endoscopic therapy. Submucosa cancers with increased risk of nodal 
metastases may not be as amenable to curative therapy. 

The two forms of endoscopic therapy that have been used for Stage 0 and I disease are 
endoscopic mucosal resection (EMR) and mucosal ablation using photodynamic therapy, 
Nd-YAG laser, or argon plasma coagulation. 

EMR Endoscopic Mucosal Resection has been advocated for early cancers (that is, those 
that are superficial and confined to the mucosa only) and has been shown to be a less 
invasive, safe, and highly effective nonsurgical therapy for early squamous cell 
esophageal cancer. Preliminary reports also suggest its safety and efficacy for early 
adenocarcinoma arising in Barrett’s esophagus. The prognosis after treatment with 
endoscopic mucosal resection is comparable to surgical resection. This technique can be 
attempted in patients, without evidence of nodal or distant metastases, with differentiated 
tumors that are slightly raised and less than 2 cm in diameter, or in differentiated tumors 
that are ulcerated and less than 1 cm in diameter. The most commonly employed 
modalities of endoscopic mucosal resection include strip biopsy, double-snare 
polypectomy, resection with combined use of highly concentrated saline and epinephrine, 
and resection using a cap. 

The strip biopsy method for endoscopic mucosal resection of esophageal cancer is 
performed with a double-channel endoscope equipped with grasping forceps and snare. 
After marking the lesion border with an electric coagulator, saline is injected into the 
submucosa below the lesion to separate the lesion from the muscle layer and to force its 
protrusion. The grasping forceps are passed through the snare loop. The mucosa 
surrounding the lesion is grasped, lifted, and strangulated and resected by electrocautery. 
The endoscopic double-snare polypectomy method is indicated for protruding lesions. 
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Using a double-channel scope, the lesion is grasped and lifted by the first snare and 
strangulated with the second snare for complete resection. 

Endoscopic resection with injection of concentrated saline and epinephrine is carried out 
using a double-channel scope. The lesion borders are marked with a coagulator. Highly 
concentrated saline and epinephrine are injected (15–20 ml) into the submucosal layer to 
swell the area containing the lesion and elucidate the markings. The mucosa outside the 
demarcated border is excised using a high-frequency scalpel to the depth of the 
submucosal layer. The resected mucosa is lifted and grasped with forceps, trapping and 
strangulating the lesion with a snare, and then resected by electrocautery. 

A fourth method of endoscopic mucosal resection employs the use of a clear cap and 
prelooped snare inside the cap. After insertion, the cap is placed on the lesion and the 
mucosa containing the lesion is drawn up inside the cap by aspiration. The mucosa is 
caught by the snare and strangulated, and finally resected by electrocautery. This is called 
the "band and snare" or "suck and cut" technique. The resected specimen is retrieved and 
submitted for microscopic examination for determination of tumor invasion depth, 
resection margin, and possible vascular involvement. The resulting "ulcer" heals within 3 
weeks. 

Although most lesions treated in the esophagus have been early squamous cell cancers, 
endoscopic snare resection can also be used to debulk or completely treat polypoid 
dysplastic or malignant lesions in Barrett’s esophagus. In a preliminary report from 
Germany, EMR was performed as primary treatment or adjunctive therapy following 
photodynamic therapy for early adenocarcinomas in Barrett's esophagus. The "suck and 
cut" technique (with and without prior saline injection) was used as well as the "band and 
cut" technique. Although all tumors were resected without difficulty, 12.5% developed 
bleeding (which was managed successfully by endoscopic therapy). Eighty-one percent 
of the lesions were completely resected. The other lesions were also treated with other 
endoscopic techniques. While this report suggests it is feasible to completely resect local, 
circumscribed, early adenocarcinomas arising in Barrett's esophagus, the relative safety 
and efficacy of EMR in conjunction with photodynamic therapy is unknown. 

The major complications of endoscopic mucosal resection include postoperative bleeding 
and perforation and stricture formation. During the procedure, an injection of 100,000 
times diluted epinephrine into the muscular wall, along with high frequency coagulation 
or clipping can be applied to the bleeding point for hemostasis. It is important to 
administer acid-reducing medications to prevent postoperative hemorrhage. Perforation 
may be prevented with sufficient saline injection to raise the mucosa containing the 
lesion. The "non-lifting sign" and complaints of pain when the snare strangulates the 
lesion are contrainidications of EMR. When perforation is recognized immediately after a 
procedure, the perforation should be closed by clips. Surgery should be considered in 
cases of endoscopic closure failure. The incidence of complication range from 0–50% 
and squamous cell recurrence rates range from 0–8%. 
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Laser therapy is the use of high-intensity light to destroy tumor cells; it affects only the 
treated area. This is typically done if the cancer cannot be removed by surgery. The relief 
of a blockage can help to reduce dysphagia and pain. Photodynamic therapy (PDT), a 
type of laser therapy, involves the use of drugs that are absorbed by cancer cells; when 
exposed to a special light, the drugs become active and destroy the cancer cells. 

Chemotherapy depends on the tumor type, but tends to be cisplatin-based (or carboplatin 
or oxaliplatin) every three weeks with fluorouracil (5-FU) either continuously or every 
three weeks. In more recent studies, addition of epirubicin (ECF) was better than other 
comparable regimens in advanced nonresectable cancer. Chemotherapy may be given 
after surgery (adjuvant, i.e. to reduce risk of recurrence), before surgery (neoadjuvant) or 
if surgery is not possible; in this case, cisplatin and 5-FU are used. Ongoing trials 
compare various combinations of chemotherapy; the phase II/III REAL-2 trial – for 
example – compares four regimens containing epirubicin and either cisplatin or 
oxaliplatin and either continuously infused fluorouracil or capecitabine. 

Radiotherapy is given before, during or after chemotherapy or surgery, and sometimes on 
its own to control symptoms. In patients with localised disease but contraindications to 
surgery, "radical radiotherapy" may be used with curative intent. 

Follow-up 

Patients are followed up frequently after a treatment regimen has been completed. 
Frequently, other treatments are necessary to improve symptoms and maximize nutrition. 

Prognosis 

In general, the prognosis of esophageal cancer is quite poor, because most patients 
present with advanced disease. By the time the first symptoms such as dysphagia start 
manifesting themselves, the cancer has already well progressed. The overall five-year 
survival rate (5YSR) is less than 20%, with most patients dying within the first year of 
diagnosis. 

Individualized prognosis depends largely on stage. Those with cancer restricted entirely 
to the esophageal mucosa have about an 80% 5YSR, but submucosal involvement brings 
this down to less than 50%. Extension into the muscularis propria (muscular layer of the 
esophageus) has meant a 20% 5YSR and extension to the structures adjacent to the 
esophagus results in a 7% 5YSR. Patients with distant metastases (who are not candidates 
for curative surgery) have a less than 3% 5YSR. 
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Epidemiology 

 
 
Age-standardized death from esophagus cancer per 100,000 inhabitants in 2004.  
  no data 
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Esophageal cancer is a relatively rare form of cancer, but some world areas have a 
markedly higher incidence than others: Belgium, China, Iran, Iceland, India, Japan, the 
United Kingdom, appear to have a higher incidence, as well as the region around the 
Caspian Sea. The American Cancer Society estimates that during 2007, approximately 
15,560 new esophageal cancer cases will be diagnosed in the United States. 

In the United States, squamous cell carcinoma of the esophagus usually affects African-
American males with a history of heavy smoking or alcohol use. Up until the 1970s, 
squamous cell carcinoma made up the vast majority of esophageal cancer in the United 
States. In recent decades, incidence of adenocarcinoma of the esophagus (which is 
associated with Barrett's esophagus) steadily rose in the United States to the point that it 
has now surpassed squamous cell carcinoma in this country. In contrast to squamous cell 
carcimona, esophageal adenocarcimona is more common in Caucasian men (over the age 
of 60) than it is in African-Americans. Multiple reports indicate that esophageal 
adenocarcinoma incidence has increased during the past 20 years, especially in non-
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Hispanic white men. Esophageal adenocarcinoma age-adjusted incidence increased in 
New Mexico from 1973 to 1997. This increase was found in non-Hispanic whites and 
Hispanics and became predominant in non-Hispanic whites. Esophageal cancer incidence 
and mortality rates for African-Americans continue to be higher than the rate for 
Causasians. However incidence and mortality of esophageal cancer has significantly 
decreased among African-Americans since the early 1980s whereas with Caucasians it 
has slightly increased. 
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Chapter 17 

Alpha 1-Antitrypsin Deficiency 

 

 

Alpha 1-antitrypsin deficiency 

 
Structure of Alpha 1-antitrypsin 

ICD-10 E88.0 

ICD-9 273.4 

OMIM 107400 

DiseasesDB 434 

MedlinePlus 000120 

eMedicine med/108 

MeSH D019896 

GeneReviews Alpha1-Antitrypsin Deficiency 

Alpha 1-antitrypsin deficiency (α1-antitrypsin deficiency, A1AD or simply Alpha-1) 
is an autosomal codominant genetic disorder caused by defective production of alpha 1-
antitrypsin (A1AT), leading to decreased A1AT activity in the blood and lungs, and 
deposition of excessive abnormal A1AT protein in liver cells. There are several forms 
and degrees of deficiency, principally depending on whether the sufferer has one or two 
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copies of the affected gene. Severe A1AT deficiency causes panacinar emphysema or 
COPD in adult life in many people with the condition (especially if they are exposed to 
cigarette smoke), as well as various liver diseases in a minority of children and adults, 
and occasionally more unusual problems. It is treated by avoidance of damaging 
inhalants, by intravenous infusions of the A1AT protein, by transplantation of the liver or 
lungs, and by a variety of other measures, but it usually produces some degree of 
disability and reduced life expectancy. 

Signs and symptoms 

 
 
Computed tomography of the lung showing emphysema and bullae in the lower lung 
lobes of a subject with type ZZ alpha-1-antitrypsin deficiency. There is also increased 
lung density in areas with compression of lung tissue by the bullae. 

Symptoms of alpha-1 antitrypsin deficiency include shortness of breath, wheezing, 
rhonchi, and rales. The patient's symptoms may resemble recurrent respiratory infections 
or asthma that does not respond to treatment. Individuals with A1AD may develop 
emphysema during their thirties or forties even without a history of significant smoking, 
though smoking greatly increases the risk for emphysema. A1AD also causes impaired 
liver function in some patients and may lead to cirrhosis and liver failure (15%). It is a 
leading cause of liver transplantation in newborns. 
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Associated conditions 

α1-antitrypsin deficiency has been associated with a number of diseases: 

• Cirrhosis 
• COPD 
• Pneumothorax 
• Asthma 
• Wegener's granulomatosis 
• Pancreatitis 
• Gallstones 
• Bronchiectasis 
• Pelvic organ prolapse 
• Primary sclerosing cholangitis 
• Autoimmune hepatitis 
• Emphysema, predominantly involving the lower lobes and causing bullae 
• Cancer  

o Hepatocellular carcinoma (liver) 
o Bladder carcinoma 
o Gallbladder cancer 
o Lymphoma 
o Lung cancer 

Pathophysiology 

Alpha 1-antitrypsin (A1AT) is produced in the liver, and one of its functions is to protect 
the lungs from the neutrophil elastase enzyme, which can disrupt connective tissue. 
Normal blood levels of alpha-1 antitrypsin are 1.5-3.5 g/l. In individuals with PiSS, PiMZ 
and PiSZ phenotypes, blood levels of A1AT are reduced to between 40 and 60% of 
normal levels. This is usually sufficient to protect the lungs from the effects of elastase in 
people who do not smoke. However, in individuals with the PiZZ phenotype, A1AT 
levels are less than 15% of normal, and patients are likely to develop panacinar 
emphysema at a young age; 50% of these patients will develop liver cirrhosis, because 
the A1AT is not secreted properly and instead accumulates in the liver. A liver biopsy in 
such cases will reveal PAS-positive, diastase-resistant granules. 

Cigarette smoke is especially harmful to individuals with A1AT. In addition to increasing 
the inflammatory reaction in the airways, cigarette smoke directly inactivates alpha 1-
antitrypsin by oxidizing essential methionine residues to sulfoxide forms, decreasing the 
enzyme activity by a factor of 2000. 

Diagnosis 

A1AT deficiency remains undiagnosed in many patients. Patients are usually labelled as 
having COPD without an underlying cause. It is estimated that about 1% of all COPD 
patients actually have A1AT deficiency. Thus, testing should be performed for all 
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patients with COPD, asthma with irreversible air-flow obstruction, unexplained liver 
disease, or necrotizing panniculitis. The initial test performed is serum A1AT level. A 
low level of A1AT confirms the diagnosis and further assessment with A1AT protein 
phenotyping and A1AT genotyping should be carried out subsequently. 

As protein electrophoresis is imprecise, A1AT is analysed by isoelectric focusing (IEF) 
in the pH range 4.5-5.5, where the protein migrates in a gel according to its isoelectric 
point or charge in a pH gradient. Normal A1AT is termed M, as it is migrates toward the 
center of such an IEF gel. Other variants are less functional, and are termed A-L and N-Z, 
dependent on whether they run proximal or distal to the M band. The presence of deviant 
bands on IEF can signify the presence of alpha 1-antitrypsin deficiency. Since the number 
of identified mutations has exceeded the number of letters in the alphabet, subscripts have 
been added to most recent discoveries in this area, as in the Pittsburgh mutation described 
above. As every person has two copies of the A1AT gene, a heterozygote with two 
different copies of the gene may have two different bands showing on electrofocusing, 
although heterozygote with one null mutant that abolishes expression of the gene will 
only show one band. In blood test results, the IEF results are notated as in PiMM, where 
Pi stands for protease inhibitor and "MM" is the banding pattern of that patient. Other 
detection methods include use of enzyme-linked-immuno-sorbent-assays in vitro and 
radial immunodiffusion. Alpha 1-antitrypsin levels in the blood depend on the genotype. 
Some mutant forms fail to fold properly and are, thus, targeted for destruction in the 
proteasome, whereas others have a tendency to polymerise, being retained in the 
endoplasmic reticulum. The serum levels of some of the common genotypes are: PiMM: 
100% (normal) PiMS: 80% of normal serum level of A1AT PiSS: 60% of normal serum 
level of A1AT PiMZ: 60% of normal serum level of A1AT PiSZ: 40% of normal serum 
level of A1AT PiZZ: 10-15% (severe alpha 1-antitrypsin deficiency) PiZ is caused by a 
glutamate to lysine mutation at position 342 PiS is caused by a glutamate to valine 
mutation at position 264 Other rarer forms have been described; in all there are over 80 
variants. 

Treatment 

In the United States, Canada, and several European countries, lung-affected A1AD 
patients may receive intravenous infusions of alpha-1 antitrypsin, derived from donated 
human plasma. This augmentation therapy is thought to arrest the course of the disease 
and halt any further damage to the lungs. Long-term studies of the effectiveness of A1AT 
replacement therapy are not available. It is currently recommended that patients begin 
augmentation therapy only after the onset of emphysema symptoms. 

Augmentation therapy is not appropriate for liver-affected patients; treatment of A1AD-
related liver damage focuses on alleviating the symptoms of the disease. In severe cases, 
liver transplantation may be necessary. 

As α1-antitrypsin is an acute phase reactant, its transcription is markedly increased during 
inflammation elsewhere in response to increased interleukin-1 and 6 and TNFα 
production. 
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Treatments currently being studied include recombinant and inhaled forms of A1AT. 
Other experimental therapies are aimed at the prevention of polymer formation in the 
liver. 

Epidemiology 

 
 

Distribution of PiZZ in Europe 

People of northern European, Iberian and Saudi Arabian ancestry are at the highest risk 
for A1AD. Four percent carry the PiZ allele; between 1 in 625 and 1 in 2000 are 
homozygous. 
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History 

A1AD was discovered in 1963 by Carl-Bertil Laurell (1919–2001), at the University of 
Lund in Sweden. Laurell, along with a medical resident, Sten Eriksson, made the 
discovery after noting the absence of the α1 band on protein electrophoresis in five of 
1500 samples; three of the five patient samples were found to have developed 
emphysema at a young age. 

The link with liver disease was made six years later, when Sharp et al. described A1AD 
in the context of liver disease. 
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Chapter 18 

Ascites 

 

 

Ascites 

 
The major signs and symptoms of heart failure. (Ascites labeled 

near center.) 

ICD-10 R18. 

ICD-9 789.5 
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DiseasesDB 943 

eMedicine ped/2927 med/173 

MeSH D001201 

Ascites is a gastroenterological term for an accumulation of fluid in the peritoneal cavity. 
The medical condition is also known as peritoneal cavity fluid, peritoneal fluid excess, 
hydroperitoneum or more archaically as abdominal dropsy. Although most commonly 
due to cirrhosis and severe liver disease, its presence can portend other significant 
medical problems. Diagnosis of the cause is usually with blood tests, an ultrasound scan 
of the abdomen, and direct removal of the fluid by needle or paracentesis (which may 
also be therapeutic). Treatment may be with medication (diuretics), paracentesis, or other 
treatments directed at the cause. 

Signs and symptoms 

Mild ascites is hard to notice, but severe ascites leads to abdominal distension. Patients 
with ascites generally will complain of progressive abdominal heaviness and pressure as 
well as shortness of breath due to mechanical impingement on the diaphragm. 

Ascites is detected on physical examination of the abdomen by visible bulging of the 
flanks in the reclining patient ("flank bulging"), "shifting dullness" (difference in 
percussion note in the flanks that shifts when the patient is turned on the side) or in 
massive ascites with a "fluid thrill" or "fluid wave" (tapping or pushing on one side will 
generate a wave-like effect through the fluid that can be felt in the opposite side of the 
abdomen). 

Other signs of ascites may be present due to its underlying etiology. For instance, in 
portal hypertension (perhaps due to cirrhosis or fibrosis of the liver) patients may also 
complain of leg swelling, bruising, gynecomastia, hematemesis, or mental changes due to 
encephalopathy. Those with ascites due to cancer (peritoneal carcinomatosis) may 
complain of chronic fatigue or weight loss. Those with ascites due to heart failure may 
also complain of shortness of breath as well as wheezing and exercise intolerance. 

Classification 

Ascites exists in three grades: 

• Grade 1: mild, only visible on ultrasound and CT 
• Grade 2: detectable with flank bulging and shifting dullness 
• Grade 3: directly visible, confirmed with fluid thrill 
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Diagnosis 

Routine complete blood count (CBC), basic metabolic profile, liver enzymes, and 
coagulation should be performed. Most experts recommend a diagnostic paracentesis be 
performed if the ascites is new or if the patient with ascites is being admitted to the 
hospital. The fluid is then reviewed for its gross appearance, protein level, albumin, and 
cell counts (red and white). Additional tests will be performed if indicated such as Gram 
stain and cytopathology. 

The Serum-ascites albumin gradient (SAAG) is probably a better discriminant than older 
measures (transudate versus exudate) for the causes of ascites. A high gradient (> 1.1 
g/dL) indicates the ascites is due to portal hypertension. A low gradient (< 1.1 g/dL) 
indicates ascites of non-portal hypertensive etiology. 

 

Ultrasound investigation is often performed prior to attempts to remove fluid from the 
abdomen. This may reveal the size and shape of the abdominal organs, and Doppler 
studies may show the direction of flow in the portal vein, as well as detecting Budd-
Chiari syndrome and portal vein thrombosis. Additionally, the sonographer can make an 
estimation of the amount of ascitic fluid, and difficult-to-drain ascites may be drained 
under ultrasound guidance. Abdominal CT scan is a more accurate alternate to reveal 
abdominal organ structure and morphology. 
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Causes 

Causes of high SAAG ("transudate") are: 

• Cirrhosis - 81% (alcoholic in 65%, viral in 10%, cryptogenic in 6%) 
• Heart failure - 3% 
• Hepatic Venous occlusion: Budd-Chiari syndrome or veno-occlusive disease 
• Constrictive pericarditis 
• Kwashiorkor 

Causes of low SAAG ("exudate") are: 

• Cancer (primary peritoneal carcinomatosis and metastasis) - 10% 
• Infection: Tuberculosis - 2% or Spontaneous bacterial peritonitis 
• Pancreatitis - 1% 
• Serositis 
• Nephrotic syndrome or Protein losing enteropathy 
• Hereditary angioedema 

Other Rare causes: 

• Meigs syndrome 
• Vasculitis 
• Hypothyroidism 
• Renal Dialysis 
• Peritoneum Mesothelioma 

Pathophysiology 

Ascitic fluid can accumulate as a transudate or an exudate. Amounts of up to 25 liters are 
possible. 

Roughly, transudates are a result of increased pressure in the portal vein (>8 mmHg, 
usually around 20 mmHg), e.g. due to cirrhosis, while exudates are actively secreted fluid 
due to inflammation or malignancy. As a result, exudates are high in protein, high in 
lactate dehydrogenase, have a low pH (<7.30), a low glucose level, and more white blood 
cells. Transudates have low protein (<30g/L), low LDH, high pH, normal glucose, and 
fewer than 1 white cell per 1000 mm³. Clinically, the most useful measure is the 
difference between ascitic and serum albumin concentrations. A difference of less than 1 
g/dl (10 g/L) implies an exudate. 

Portal hypertension plays an important role in the production of ascites by raising 
capillary hydrostatic pressure within the splanchnic bed. 

Regardless of the cause, sequestration of fluid within the abdomen leads to additional 
fluid retention by the kidneys due to stimulatory effect on blood pressure hormones, 
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notably aldosterone. The sympathetic nervous system is also activated, and renin 
production is increased due to decreased perfusion of the kidney. Extreme disruption of 
the renal blood flow can lead to hepatorenal syndrome. Other complications of ascites 
include spontaneous bacterial peritonitis (SBP), due to decreased antibacterial factors in 
the ascitic fluid such as complement. 

Treatment 

Ascites is generally treated while an underlying etiology is sought, in order to prevent 
complications, relieve symptoms, and prevent further progression. In patients with mild 
ascites, therapy is usually as an outpatient. The goal is weight loss of no more than 1.0 
kg/day for patients with both ascites and peripheral edema and no more than 0.5 kg/day 
for patients with ascites alone. In those with severe ascites causing a tense abdomen, 
hospitalization is generally necessary for paracentesis. 

High SAAG 

Treatments in high SAAG ("transudate") are: 

Salt restriction 

Salt restriction is the initial treatment, which allows diuresis (production of urine) since 
the patient now has more fluid than salt concentration. Salt restriction is effective in 
about 15% of patients. 

Diuretics 

Since salt restriction is the basic concept in treatment, and aldosterone is one of the 
hormones that acts to increase salt retention, a medication that counteracts aldosterone 
should be sought. Spironolactone (or other distal-tubule diuretics such as triamterene or 
amiloride) is the drug of choice since they block the aldosterone receptor in the collecting 
tubule. This choice has been confirmed in a randomized controlled trial. Diuretics for 
ascites should be dosed once per day. Generally, the starting dose is oral spironolactone 
100 mg/day (max 400 mg/day). 40% of patients will respond to spironolactone. For 
nonresponders, a loop diuretic may also be added and generally, furosemide is added at a 
dose of 40 mg/day (max 160 mg/day), or alternatively (bumetanide or torasemide). The 
ratio of 100:40 reduces risks of potassium imbalance. Serum potassium level and renal 
function should be monitored closely while on these medications. 

Monitoring diuresis: Diuresis can be monitored by weighing the patient daily. The goal 
is weight loss of no more than 1.0 kg/day for patients with both ascites and peripheral 
edema and no more than 0.5 kg/day for patients with ascites alone. If daily weights 
cannot be obtained, diuretics can also be guided by the urinary sodium concentration. 
Dosage is increased until a negative sodium balance occurs. A random urine sodium-to-
potassium ratio of > 1 is 90% sensitivity in predicting negative balance (> 78-mmol/day 
sodium excretion). 
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Diuretic resistance: Diuretic resistance can be predicted by giving 80 mg intravenous 
furosemide after 3 days without diuretics and on an 80 mEq sodium/day diet. The urinary 
sodium excretion over 8 hours < 50 mEq/8 hours predicts resistance. 

If a patient exhibits a resistance to or poor response to diuretic therapy, ultrafiltration or 
aquapheresis may be needed to achieve adequate control of fluid retention and 
congestion. The use of such mechanical methods of fluid removal can produce 
meaningful clinical benefits in patients with diuretic resistance and may restore 
responsiveness to conventional doses of diuretics. 

Water restriction 

Water restriction is needed if hyponatremia < 130 mmol per liter develops. 

Paracentesis 

In those with severe (tense) ascites, therapeutic paracentesis may be needed in addition to 
medical treatments listed above. As this may deplete serum albumin levels in the blood, 
albumin is generally administered intravenously in proportion to the amount of ascites 
removed. 

Liver transplantation 

Ascites that is refractory to medical therapy is considered an indication for liver 
transplantation. In the United States, the MELD score (online calculator) is used to 
prioritize patients for transplantation. 

Shunting 

In a minority of patients with advanced cirrhosis that have recurrent ascites, shunts may 
be used. Typical shunts used are portacaval shunt, peritoneovenous shunt, and the 
transjugular intrahepatic portosystemic shunt (TIPS). However, none of these shunts has 
been shown to extend life expectancy, and are considered to be bridges to liver 
transplantation. A meta-analysis of randomized controlled trials by the international 
Cochrane Collaboration concluded that "TIPS was more effective at removing ascites as 
compared with paracentesis...however, TIPS patients develop hepatic encephalopathy 
significantly more often" 

Low SAAG 

Exudative ascites generally does not respond to manipulation of the salt balance or 
diuretic therapy. Repeated paracentesis and treatment of the underlying cause is the 
mainstay of treatment. 
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Complications 

Thrombosis 

Complications involve Portal Vein Thrombosis and Splenic vein thrombosis: Clotting of 
blood affects the hepatic portal vein or varices associated with splenic vein. This can lead 
to portal hypertension and reduction in the blood. When the Liver Cirrhosis patient is 
suffering from Thrombosis it is NOT possible to do the liver transplant unless the 
thrombosis is very minor. If the liver cirrhosis patient is suffering from thrombosis, it is 
absolutely not possible to do the live donor transplant but in case of minor thrombosis, 
there are some chances of survival using cadaveric liver transplant. 

Society and culture 

It has been suggested that ascites was seen as a punishment especially for oath-breakers 
among the Proto-Indo-Europeans. This proposal builds on the Hittite military oath as well 
as various Vedic hymns (RV 7.89, AVS 4.16.7). A similar curse dates to the Kassite 
dynasty (12th century BC), threatening oath-breakers: "May Marduk, king of heaven and 
earth, fill his body with dropsy, which has a grip that can never be loosened". 
Comparable is also Numbers 5:11ff, where a confirmed adulteress is punished with 
swelling of the abdomen. 
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Chapter 19 

Blastocystosis 

 

 

Blastocystosis 

 
Blastocystis sp. 

ICD-9 007 

DiseasesDB 33233 

MeSH D016776 

Blastocystosis refers to a medical condition caused by infection with blastocystis. 
Blastocystis is a highly prevalent single-celled parasite that infects the gastrointestinal 
tract of humans and animals. Many different types of Blastocystis exist, and they can 
infect humans, farm animals, birds, rodents, amphibians, reptiles, fish, and even 
cockroaches. 
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Symptoms 

Symptoms in animals: Experimental infection in immunocompetent and 
immunocompromised mice has produced intestinal inflammation, altered bowel habits, 
lethargy and death. Chronic diarrhea has been reported in non-human higher primates. 

Symptoms in humans: Researchers have published conflicting reports concerning 
whether Blastocystis causes symptoms in humans, with one of the earliest reports in 
1916. The incidence of reports associated with symptoms began to increase in 1984, with 
physicians from Saudi Arabia reporting symptoms in humans and US physicians 
reporting symptoms in individuals with travel to less developed countries. A lively debate 
ensued in the early 1990s, with some physicians objecting to publication of reports that 
Blastocystis caused disease. Some researchers believe the debate has been resolved by 
finding of multiple species of Blastocystis that can infect humans, with some causing 
symptoms and others being harmless. 

The most commonly reported symptoms are: 

• abdominal pain 
• constipation 
• diarrhea 
• weight loss 
• fatigue 
• flatulence 

Less commonly reported symptoms are: 

• Skin Rash 

• Headache, depression 

• Arthritic symptoms and joint pain 

• Intestinal inflammation 

The following table describes studies of patients infected with Blastocystis where that 
was the only causing organism found in stool samples: 

Diagnosis 

Diagnostic methods that are clinically available 

Diagnosis is performed by determining if the infection is present, and then making a 
decision as to whether the infection is responsible for the symptoms. Diagnostic methods 
in clinical use have been reported to be of poor quality and more reliable methods have 
been reported in research papers. 
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Percentage of Blastocystis Infections Detected by Direct Microscopy in Various Studies 

For identification of infection, the only method clinically available in most areas is the 
Ova and Parasite (O&P) exam, which identifies the presence of the organism by 
microscopic examination of a chemically preserved stool specimen. This method is 
sometimes called "Direct Microscopy". In the United States, pathologists are required to 
report the presence of Blastocystis when found during an O&P exam, so a special test 
does not have to be ordered. Direct Microscopy is inexpensive, as the same test can 
identify a variety of gastrointestinal infections, such as Giardia, Entamoeba histolytica, 
Cryptosporidium. However one laboratory director noted that pathologists using 
conventional microscopes failed to identify many Blastocystis infections, and indicated 
the necessity for special microscopic equipment for identification. The following table 
shows the sensitivity of Direct Microscopy in detecting Blastocystis when compared to 
stool culture, a more sensitive technique. Stool culture was considered by some 
researchers to be the most reliable technique, but a recent study found stool culture only 
detected 83% of individuals infected when compared to polymerase chain reaction (PCR) 
testing. 

Reasons given for the failure of Direct Microscopy include: (1) Variable Shedding: The 
quantity of Blastocystis organisms varies substantially from day to day in infected 
humans and animals; (2) Appearance: Some forms of Blastocystis resemble fat cells or 
white blood cells, making it difficult to distinguish the organism from other cells in the 
stool sample; (3) Large number of morphological forms: Blastocystis cells can assume a 
variety of shapes, some have been described in detail only recently, so it is possible that 
additional forms exist but have not been identified. 
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Several methods have been cited in literature for determination of the significance of the 
finding of Blastocystis: 

1. Diagnosis only when large numbers of organism present: Some physicians 
consider Blastocystis infection to be a cause of illness only when large numbers 
are found in stool samples. Researchers have questioned this approach, noting that 
it is not used with any other protozoal infections, such as Giardia or Entamoeba 
histolytica. Some researchers have reported no correlation between number of 
organisms present in stool samples and the level of symptoms. A study using 
polymerase chain reaction testing of stool samples suggested that symptomatic 
infection can exist even when sufficient quantities of the organism do not exist for 
identification through Direct Microscopy. 

2. Diagnosis-by-exclusion: Some physicians diagnose Blastocystis infection by 
excluding all other causes, such as infection with other organisms, food 
intolerances, colon cancer, etc. This method can be time consuming and 
expensive, requiring many tests such as endoscopy and colonoscopy. 

3. Disregarding Blastocystis : In the early to mid 1990s, some US physicians 
suggested all findings of Blastocystis are insignificant. No recent publications 
expressing this opinion could be found. 

Diagnostic methods that are not clinically available 

The following diagnostic methods are not routinely available to patients. Researchers 
have reported that they are more reliable at detecting infection, and in some cases can 
provide the physician with information to help determine whether Blastocystis infection 
is the cause of the patient's symptoms: 

Serum antibody testing: A 1993 research study performed by the NIH with United 
States patients suggested that it was possible to distinguish symptomatic and 
asymptomatic infection with Blastocystis using serum antibody testing. The study used 
blood samples to measure the patient's immune reaction to chemicals present on the 
surface of the Blastocystis cell. It found that patients diagnosed with symptomatic 
Blastocystis infection exhibited a much higher immune response than controls who had 
Blastocystis infection but no symptoms. The study was repeated in 2003 at Ain Shams 
University in Egypt with Egyptian patients with equivalent results. 

Fecal Antibody Testing: A 2003 study at Ain Shams University in Egypt indicated that 
patients symptomatically infected could be distinguished with a fecal antibody test. The 
study compared patients diagnosed with symptomatic Blastocystis infection to controls 
who had Blastocystis infection but no symptoms. In the group with symptoms, IgA 
antibodies to Blastocystis were detected in fecal specimens that were not present in the 
healthy control group. 

Stool Culture: Culturing has been shown to be a more reliable method of identifying 
infection. In 2006, researchers reported the ability to distinguish between disease causing 
and non-disease causing isolates of Blastocystis using stool culture. Blastocystis cultured 
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from patients who were sick and diagnosed with Blastocystis infection produced large, 
highly adhesive amoeboid forms in culture. These cells were absent in Blastocystis 
cultures from healthy controls. Subsequent genetic analysis showed the Blastocystis from 
healthy controls was genetically distinct from that found in patients with symptoms. 
Protozoal culture is unavailable in most countries due to the cost and lack of trained staff 
able to perform protozoal culture. 

Genetic Analysis of isolates: Researchers have used techniques which allow the DNA of 
Blastocystis to be isolated from fecal specimens. This method has been reported to be 
more reliable at detecting Blastocystis in symptomatic patients than stool culture. This 
method also allows the species group of Blastocystis to be identified. Research is 
continuing into which species groups are associated with symptomatic.   

Immuno-Fluorescence (IFA) Stain: An IFA stain causes Blastocystis cells to glow 
when viewed under a microscope, making the diagnostic method more reliable. IFA 
stains are in use for Giardia and Cryptosporidium for both diagnostic purposes and water 
quality testing. A 1991 paper from the NIH described the laboratory development of one 
such stain. However, no company currently offers this stain commercially. 

Transmission and risk factors 

Humans contract Blastocystis infection by drinking water or eating food contaminated 
with feces from an infected human or animal. Blastocystis infection can be spread from 
animals to humans, from humans to other humans, from humans to animals, and from 
animals to animals. Risk factors for infection have been reported as following: 

• International travel: Travel to less developed countries has been cited in 
development of symptomatic Blastocystis infection. A 1986 study in the United 
States found that all individuals symptomatically infected with Blastocystis 
reported recent travel history to less developed countries. In the same study, all 
hospital employees working in New York who were screened for Blastocystis 
were found to have asymptomatic infections. 

• Military service: Several studies have identified high rates of infection in 
military personnel. An early account described infection of British troops in Egypt 
in 1916 who recovered following treatment with emetine. A 1990 study published 
in Military Medicine from Lackland AFB in Texas concluded symptomatic 
infection was more common in foreign nationals, children, and 
immunocompromised individuals. A 2002 study published in Military Medicine 
of army personnel in Thailand identified a 44% infection rate. Infection rates were 
highest in privates who had served the longest at the army base. A follow-up 
study found a significant correlation between infection and symptoms, and 
identified the most likely cause as contaminated water. A 2007 newspaper article 
suggested the infection rate of US military personnel returning from the Gulf War 
was 50%, quoting the head of Oregon State University's Biomedicine department. 
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• Consumption of Untreated Water (well water): Many studies have linked 
Blastocystis infection with contaminated drinking water. A 1993 study of children 
infected symptomatically with Blastocystis in Pittsburgh indicated that 75% of 
them had a history of drinking well water or travel in less developed countries. 
Two studies in Thailand linked Blastocystis infection in military personnel and 
families to drinking of unboiled and untreated water. A book published in 2006 
noted that in an Oregon community, infections are more common in winter 
months during heavy rains. A research study published in 1980 reported bacterial 
contamination of well water in the same community during heavy rainfall. A 2007 
study from China specifically linked infection with Blastocystis sp. subtype 3 with 
drinking untreated water. Recreational contact with untreated water, for example 
though boating, has also been identified as a risk factor. Studies have shown that 
Blastocystis survives sewage treatment plants in both the United Kingdom and 
Malaysia. Blastocystis cysts have been shown to be resistant to chlorination as a 
treatment method and are among the most resistant cysts to ozone treatment. 

• Contaminated Food: Contamination of leafy vegetables has been implicated as a 
potential source for transmission of Blastocystis infection, as well as other 
gastrointestinal protozoa. A Chinese study identified infection with Blastocystis 
sp. subtype 1 as specifically associated with eating foods grown in untreated 
water. 

• Daycare usage: A Canadian study identified an outbreak of Blastocystis 
associated with daycare usage. Prior studies have identified outbreaks of similar 
protozoal infections in daycares. 

• Geography: Infection rates vary geographically, and variants which produce 
symptoms may be less common in industrialized countries. For example, a low 
incidence of Blastocystis infection has been reported in Japan. And a study of 
individuals infected with Blastocystis in Japan found that many (43%, 23/54) 
carried Blastocystis sp. subtype 2, which was found to produce no symptoms in 
93% (21/23) of patients studied, in contrast to other variants which were less 
common but produced symptoms in 50% of Japanese individuals. Studies in 
urban areas of industrialized countries have found Blastocystis infection 
associated with a low incidence of symptoms. In contrast, studies in developing 
countries generally show Blastocystis as being associated with symptoms. In the 
United States, a higher incidence of Blastocystis infection has been reported in 
California and West Coast states. 

• Time: A 1989 study of the prevalence of Blastocystis in the United States found 
an infection rate of 2.6% in samples submitted from all 48 states. The study was 
part of the CDC's MMWR Report. A more recent study in 2006 found an 
infection rate of 23% samples submitted from all 48 states. The more recent study 
was performed by a private laboratory located in the Western US, and emphasized 
samples from Western states which have previously been reported to have a 
higher infection rate. 
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Research studies have suggested the following items are not risk factors for contracting 
Blastocystis infection: 

• Consumption of municipal water near water plant (not a risk factor): One 
study showed that municipal water was free of Blastocystis even when drawn 
from a polluted source. However, samples taken far away from the treatment plant 
showed cysts. The researchers suggested that aging pipes may permit intrusion of 
contaminated water into the distribution system. 

• Human-to-Human transmission among adults (not a risk factor): Some 
research suggests that direct human-to-human transmission is less common even 
in households and between married partners. One study showed different 
members of the same household carried different subtypes of Blastocystis. 

Prevalence 

 
 
Percentage of stool samples from US states found to contain various protozoa in 1987 
and 2000 
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Number of stool samples from Canadian Lab found to contain various protozoa in 2005 

Like other protozoal infections, the prevalence of Blastocystis infection varies depending 
on the area investigated and the population selected. A number of different species 
groups of Blastocystis infect humans, with some being reported to cause disease while 
others do not. To date surveys have not distinguished between different types of 
Blastocystis in humans so the significance of findings may be difficult to evaluate. 
Developing countries have been reported to have higher incidences, however recent 
studies suggest that symptomatic infection with Blastocystis may be prevalent in certain 
areas of industrialized countries as well: 

• A nation-wide study conducted by the CDC using data reported from 1987 found 
the prevalence Blastocystis infection in the United States to be 2.6%. The study 
indicated that Western states, such as California, reported a higher prevalence. 

• A 2000 study by a private laboratory of stool samples from 48 states in the United 
States identified a prevalence of 23%. The study was conducted by a laboratory in 
Arizona and emphasized Western states which have previously been found to 
have higher rates of Blastocystis infection. 
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• A Canadian study of samples received in 2005 identified Blastocystis as the most 
prevalent protozoal infection identified. 

• A study in Pakistan identified Blastocystis infection in 7% of the general 
population and 46% of patients with irritable bowel syndrome. The study used 
stool culture for identification. 

Classification 

Physicians have produced conflicting reports regarding whether Blastocystis causes 
disease in humans. These reports resulted in a brief debate in medical journals in the early 
1990s between some physicians in the United States who believed that Blastocystis was 
harmless, and physicians in the United States and overseas who believed it could cause 
disease. 

At the time, it was common practice to identify all Blastocystis from humans as 
Blastocystis hominis, while Blastocystis from animals was identified differently (i.e. 
Blastocystis ratti from rats). Research performed since then has shown that the concept of 
Blastocystis hominis as a unique species of Blastocystis infecting humans is not supported 
by microbiological findings. Although one species group associated with primates was 
found, it was also discovered that humans can acquire infection from any one of nine 
species groups of Blastocystis which are also carried by cattle, pigs, rodents, chickens, 
pheasants, monkeys, dogs and other animals. Research has suggested that some types 
produce few or no symptoms, while others producing illness and intestinal inflammation. 
Researchers have suggested conflicting reports may be due to the practice of naming all 
Blastocystis from humans Blastocystis hominis and have proposed discontinuing the use 
of that term. 

A standard naming system for Blastocystis organisms from humans and animals has been 
proposed which names Blastocystis isolates according to the genetic identity of the 
Blastocystis organism rather than the host. The naming system used identifies all isolates 
as Blastocystis sp. subtype nn where nn is a number from 1 to 9 indicating the species 
group of the Blastocystis organism. The identification of the species can not be performed 
with a microscope at this time, because the different species look alike. Identification 
requires equipment for genetic analysis that is common in microbiology laboratories, but 
not available to most physicians. Some new scientific papers have begun using the 
standard naming system. 

Variation in Severity of Symptoms 

Researchers have sought to develop models to understand the variety of symptoms seen 
in humans. Some patients do not have symptoms, while others report severe diarrhea and 
fatigue. 

A number of researchers have investigated the possibility that some species of 
Blastocystis are more virulent than others. An Italian researcher reported differences in 
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the protein profiles of isolates associated with chronic and acute infection. A research 
team from Malaysia reported that isolates from symptomatic patients produced large 
amoeboid forms that were not present in isolates from asymptomatic patients. The 
development of a classification system for Blastocystis in 2007 produced a series of 
studies investigating this possibility. 

The studies that followed generally found that there is no specific "pathogenic" or non-
pathogenic species of Blastocystis. One study investigated the subtypes found in patients 
with irritable bowel syndrome (IBS), inflammatory bowel disease (IBD), and chronic 
diarrhea, and found the subtypes in these diseases were similar (subtypes 2 and 3), and 
have also found in asymptomatic carriers. The researchers concluded that host factors, 
such as age and genetics, may play the dominant role in determining the symptoms seen 
in the disease. 

Pathogeneses 

Pathogenesis refers to the mechanism by which an organism causes disease. The 
following disease-causing mechanisms have been reported in studies of Blastocystis 
infection: 

• Barrier Disruption: In isolates from Blastocystis sp. subtype 4, study has 
demonstrated that Blastocystis has the ability to alter the arrangement of F-actin in 
intestinal epithelial cells. Actin filaments are important in stabilizing tight 
junctions; they in turn stabilize the barrier, which is a layer of cells, between the 
intestinal epithelial cells and the intestinal content. The parasite causes the actin 
filaments to rearrange, and so compromising barrier function. This has been 
suggested to contribute to the diarrheal symptoms sometimes observed in 
Blastocystis patients. 

• Invasiveness: Invasive infection has been reported in humans and animal studies. 

• Immune Modulation: Blastocystis has been shown to provoke cells from the 
human colon to produce inflammatory cytokines Interleukin-8 and GM-CSF. 
Interleukin-8 plays a role in rheumatoid arthritis. 

• Protease Secretion: Blastocystis secretes a protease that breaks up antibodies 
produced and secreted into the gastrointestinal tract lumen. These antibodies, 
known as immunoglobulin A (IgA), make up the immune defense system of 
human by preventing the growth of harmful microorganisms in the body and by 
neutralizing toxins secreted by these microorganisms. By breaking up the 
antibodies, it allows the persistence of Blastocystis in the human gut. Another 
more recent study has also shown and proposed that, in response to the proteases 
secreted by Blastocystis, the intestinal host cells would signal a series of events to 
be carried out, eventually leading to the self-destruction of the host cells – a 
phenomenon known as apoptosis 
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• Other secretory mechanism: A study of a different protozoan which produces 
similar symptoms, Entamoeba histolytica, found that organism secretes several 
neurologically active chemicals, such as serotonin and Substance P. Serum levels 
of serotonin have been found to be elevated in patients with Entamoeba 
histolytica. One paper noted the diffuse symptoms of Blastocystis infection 
correlate with serotonin's role in the body, and suggested a similar mechanism 
may be present in Blastocystis infection. 

Treatment 

A 2008 review of Blastocystis literature noted a lack of scientific study to support the 
efficacy of any particular treatment. An additional review published in 2009 made a 
similar conclusion, noting that because the diagnostics in use have been unreliable, it has 
been impossible to determine whether a drug has eradicated the infection, or just made 
the patient feel better. Historical reports, such as one from 1916, note difficulty 
associated with eradication of Blastocystis from patients, describing it as "an infection 
that is hard to get rid of." 

A 1999 in vitro from Pakistan study found 40% of isolates are resistant to common 
antiprotozoal drugs. A study of isolates from patients diagnosed with IBS found 40% of 
isolates resistant to Metronidazole and 32% resistant to furazolidone. Drugs reported in 
studies have included Metronidazole, TMP-SMX, Doxycycline, Nitazoxanide Iodoquinol 
and Paromomycin. Iodoquinol has been found to be less effective in practice and in-vitro. 
Miconazole has been reported as an agent against Blastocystis growth in-vitro. 

Physicians have described the successful use of a variety of discontinued antiprotozoals 
in treatment of Blastocystis infection. Emetine was reported as successful in cases in 
early 20th century with British soldiers who contracted Blastocystis infection while 
serving in Egypt. In vitro testing showed emetine was more effective than Metronidazole 
or furazolidone. Emetine is available in the United States through special arrangement 
with the Center for Disease Control. Clioquinol (Entero-vioform) was noted as successful 
in treatment of Blastocystis infection but removed from the market following an adverse 
event in Japan. Stovarsol and Narsenol, two arsenic-based antiprotozoals, were reported 
to be effective against the infection. Carbarsone was available as an anti-infective 
compound in the United States as late as 1991, and was suggested as a possible treatment. 
The reduction in the availability of antiprotozoal drugs has been noted as a complicating 
factor in treatment of other protozoal infections. For example, in Australia, production of 
diloxanide furoate ended in 2003, paromomycin is available under special access 
provisions, and the availability of iodoquinol is limited. 

Association with (IBS) and other disease 

The following reports have linked Blastocystis infection to Irritable bowel syndrome: 

• A study of IBS patients in the Middle East found 46% were infected with 
Blastocystis vs. 7% of healthy controls. 
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• An additional study of IBS patients in the Middle East showed a 
"significantly increased" immune reaction in IBS patients to Blastocystis, 
even when the organism could not be identified in stool samples. 

• A European study compared Blastocystis infection rates in IBS patients to 
those of healthy controls and found a statistically significant infection rate 
in IBS patients. 

• Early reports from the US physicians in the 1980's suggested the presence 
of the organism was not relevant to the diagnostic process, and patients 
infected with Blastocystis could be diagnosed with IBS. 

The following reports have linked Blastocystis infection to inflammatory bowel disease: 

• A study using riboprinting identified specific types of Blastocystis as 
associated with inflammation. 

• A case report described inflammatory bowel disease in conjunction with 
Blastocystis infection. 

• Three research groups have reported experimental infection of mice with 
Blastocystis produces intestinal inflammation. 

• An article in a non-peer reviewed medical journal noted that the increase 
in Blastocystis case reports coincided with reported increases in the 
prevalence of inflammatory bowel disease from several European 
countries. 

Active Research Efforts 

While many enteric protists are the subject of research, Blastocystis is unusual in that 
basic questions concerning how it should be diagnosed and treated and how it causes 
disease remain unsettled. The following groups have ongoing research programs directed 
at these questions: 

Country Organization Year 
Established Research focus Research 

Singapore National University of 
Singapore 1991 Co-culture, 

pathogenesis 

Tan  

Singh 

Malaysia University of Malaya 1996 Ultrastructure, 
pathogenicity Kumar 

United 
States 

Blastocystis Research 
Foundation 2006 

Phylogenetics, 
pathogenicity,  

treatment 

Article 

Denmark Statens Serum Institut 2006 Diagnostics Stensvold 

 



_________________WORLD TECHNOLOGIES_________________

WT

Chapter 20 

Cirrhosis 

 

 

Cirrhosis 

 
Micrograph showing cirrhosis. Trichrome stain. 

ICD-10 K70.3, K71.7, K74. 

ICD-9 571 

DiseasesDB 2729 

eMedicine med/3183 radio/175 

MeSH D008103 

Cirrhosis is a consequence of chronic liver disease characterized by replacement of liver 
tissue by fibrosis, scar tissue and regenerative nodules (lumps that occur as a result of a 
process in which damaged tissue is regenerated), leading to loss of liver function. 
Cirrhosis is most commonly caused by alcoholism, hepatitis B and C, and fatty liver 
disease, but has many other possible causes. Some cases are idiopathic, i.e., of unknown 
cause. 

Ascites (fluid retention in the abdominal cavity) is the most common complication of 
cirrhosis, and is associated with a poor quality of life, increased risk of infection, and a 
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poor long-term outcome. Other potentially life-threatening complications are hepatic 
encephalopathy (confusion and coma) and bleeding from esophageal varices. Cirrhosis is 
generally irreversible, and treatment usually focuses on preventing progression and 
complications. In advanced stages of cirrhosis the only option is a liver transplant. 

The word "cirrhosis" derives from Greek κιρρός [kirrós] meaning yellowish, tawny (the 
orange-yellow colour of the diseased liver) + Eng. med. suff. -osis. While the clinical 
entity was known before, it was René Laennec who gave it the name "cirrhosis" in his 
1819 work in which he also describes the stethoscope. 

Signs and symptoms 

Some of the following signs and symptoms may occur in the presence of cirrhosis or as a 
result of the complications of cirrhosis. Many are nonspecific and may occur in other 
diseases and do not necessarily point to cirrhosis. Likewise, the absence of any does not 
rule out the possibility of cirrhosis. 

• Spider angiomata or spider nevi. Vascular lesions consisting of a central arteriole 
surrounded by many smaller vessels because of an increase in estradiol. These 
occur in about 1/3 of cases. 

• Palmar erythema. Exaggerations of normal speckled mottling of the palm, 
because of altered sex hormone metabolism. 

• Nail changes.  
o Muehrcke's lines - paired horizontal bands separated by normal color 

resulting from hypoalbuminemia (inadequate production of albumin). 
o Terry's nails - proximal two-thirds of the nail plate appears white with 

distal one-third red, also due to hypoalbuminemia 
o Clubbing - angle between the nail plate and proximal nail fold > 180 

degrees 
• Hypertrophic osteoarthropathy. Chronic proliferative periostitis of the long bones 

that can cause considerable pain. 
• Dupuytren's contracture. Thickening and shortening of palmar fascia that leads to 

flexion deformities of the fingers. Thought to be caused by fibroblastic 
proliferation and disorderly collagen deposition. It is relatively common (33% of 
patients). 

• Gynecomastia. Benign proliferation of glandular tissue of male breasts presenting 
with a rubbery or firm mass extending concentrically from the nipples. This is 
caused by increased estradiol and can occur in up to 66% of patients. 

• Hypogonadism. Manifested as impotence, infertility, loss of sexual drive, and 
testicular atrophy because of primary gonadal injury or suppression of 
hypothalamic or pituitary function. 

• Liver size. Can be enlarged, normal, or shrunken. 
• Splenomegaly (increase in size of the spleen). Caused by congestion of the red 

pulp as a result of portal hypertension. 
• Ascites. Accumulation of fluid in the peritoneal cavity giving rise to flank 

dullness (needs about 1500 mL to detect flank dullness). 
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• Caput medusa. In portal hypertension, the umbilical vein may open. Blood from 
the portal venous system may be shunted through the periumbilical veins into the 
umbilical vein and ultimately to the abdominal wall veins, manifesting as caput 
medusa. 

• Cruveilhier-Baumgarten murmur. Venous hum heard in epigastric region (on 
examination by stethoscope) because of collateral connections between portal 
system and the remnant of the umbilical vein in portal hypertension. 

• Fetor hepaticus. Musty odor in breath as a result of increased dimethyl sulfide. 
• Jaundice. Yellow discoloring of the skin, eye, and mucus membranes because of 

increased bilirubin (at least 2–3 mg/dL or 30 mmol/L). Urine may also appear 
dark. 

• Asterixis. Bilateral asynchronous flapping of outstretched, dorsiflexed hands seen 
in patients with hepatic encephalopathy. 

• Other. Weakness, fatigue, anorexia, weight loss. 

Complications 

As the disease progresses, complications may develop. In some people, these may be the 
first signs of the disease. 

• Bruising and bleeding resulting from decreased production of coagulation factors. 
• Jaundice as a result of decreased processing of bilirubin. 
• Itching (pruritus) because of bile salts products deposited in the skin. 
• Hepatic encephalopathy - the liver does not clear ammonia and related 

nitrogenous substances from the blood, which are carried to the brain, affecting 
cerebral functioning: neglect of personal appearance, unresponsiveness, 
forgetfulness, trouble concentrating, or changes in sleep habits. 

• Sensitivity to medication caused by decreased metabolism of the active 
compounds. 

• Hepatocellular carcinoma is primary liver cancer, a frequent complication of 
cirrhosis. It has a high mortality rate. 

• Portal hypertension - blood normally carried from the intestines and spleen 
through the hepatic portal vein flows more slowly and the pressure increases; this 
leads to the following complications:  

o Ascites - fluid leaks through the vasculature into the abdominal cavity. 
o Esophageal varices - collateral portal blood flow through vessels in the 

stomach and esophagus. These blood vessels may become enlarged and 
are more likely to burst. 

• Problems in other organs.  
o Cirrhosis can cause immune system dysfunction, leading to infection. 

Signs and symptoms of infection may be aspecific are more difficult to 
recognize (e.g., worsening encephalopathy but no fever). 

o Fluid in the abdomen (ascites) may become infected with bacteria 
normally present in the intestines (spontaneous bacterial peritonitis). 
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o Hepatorenal syndrome - insufficient blood supply to the kidneys, causing 
acute renal failure. This complication has a very high mortality (over 
50%). 

o Hepatopulmonary syndrome - blood bypassing the normal lung circulation 
(shunting), leading to cyanosis and dyspnea (shortness of breath), 
characteristically worse on sitting up. 

o Portopulmonary hypertension - increased blood pressure over the lungs as 
a consequence of portal hypertension. 

o Portal hypertensive gastropathy which refers to changes in the mucosa of 
the stomach in patients with portal hypertension, and is associated with 
cirrhosis severity. 

Causes 

Cirrhosis has many possible causes; sometimes more than one cause is present in the 
same patient. In the Western World, chronic alcoholism and hepatitis C are the most 
common causes. 

• Alcoholic liver disease (ALD). Alcoholic cirrhosis develops for between 10% and 
20% of individuals who drink heavily for a decade or more. Alcohol seems to 
injure the liver by blocking the normal metabolism of protein, fats, and 
carbohydrates. Patients may also have concurrent alcoholic hepatitis with fever, 
hepatomegaly, jaundice, and anorexia. AST and ALT are both elevated but less 
than 300 IU/L with a AST:ALT ratio > 2.0, a value rarely seen in other liver 
diseases. Liver biopsy may show hepatocyte necrosis, Mallory bodies, 
neutrophilic infiltration with perivenular inflammation. 

• Chronic hepatitis C. Infection with the hepatitis C virus causes inflammation of 
the liver and a variable grade of damage to the organ that over several decades 
can lead to cirrhosis. Cirrhosis caused by hepatitis C is the most common reason 
for liver transplant. Can be diagnosed with serologic assays that detect hepatitis C 
antibody or viral RNA. The enzyme immunoassay, EIA-2, is the most commonly 
used screening test in the US. 

• Chronic hepatitis B. The hepatitis B virus causes liver inflammation and injury 
that over several decades can lead to cirrhosis. Hepatitis D is dependent on the 
presence of hepatitis B and accelerates cirrhosis in co-infection. Chronic hepatitis 
B can be diagnosed with detection of HBsAG > 6 months after initial infection. 
HBeAG and HBV DNA are determined to assess whether patient will need 
antiviral therapy. 

• Non-alcoholic steatohepatitis (NASH). In NASH, fat builds up in the liver and 
eventually causes scar tissue. This type of hepatitis appears to be associated with 
diabetes, protein malnutrition, obesity, coronary artery disease, and treatment with 
corticosteroid medications. This disorder is similar to that of alcoholic liver 
disease but patient does not have an alcohol history. Biopsy is needed for 
diagnosis. 

• Primary biliary cirrhosis. May be asymptomatic or complain of fatigue, pruritus, 
and non-jaundice skin hyperpigmentation with hepatomegaly. There is prominent 
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alkaline phosphatase elevation as well as elevations in cholesterol and bilirubin. 
Gold standard diagnosis is antimitochondrial antibodies with liver biopsy as 
confirmation if showing florid bile duct lesions. It is more common in women. 

• Primary sclerosing cholangitis. PSC is a progressive cholestatic disorder 
presenting with pruritus, steatorrhea, fat soluble vitamin deficiencies, and 
metabolic bone disease. There is a strong association with inflammatory bowel 
disease (IBD), especially ulcerative colitis. Diagnosis is best with contrast 
cholangiography showing diffuse, multifocal strictures and focal dilation of bile 
ducts, leading to a beaded appearance. Non-specific serum immunoglobulins may 
also be elevated. 

• Autoimmune hepatitis. This disease is caused by the immunologic damage to the 
liver causing inflammation and eventually scarring and cirrhosis. Findings include 
elevations in serum globulins, especially gamma globulins. Therapy with 
prednisone and/or azathioprine is beneficial. Cirrhosis due to autoimmune 
hepatitis still has 10-year survival of 90%+. There is no specific tool to diagnose 
autoimmune but it can be beneficial to initiate a trial of corticosteroids. 

• Hereditary hemochromatosis. Usually presents with family history of cirrhosis, 
skin hyperpigmentation, diabetes mellitus, pseudogout, and/or cardiomyopathy, 
all due to signs of iron overload. Labs will show fasting transferrin saturation of > 
60% and ferritin > 300 ng/mL. Genetic testing may be used to identify HFE 
mutations. If these are present, biopsy may not need to be performed. Treatment is 
with phlebotomy to lower total body iron levels. 

• Wilson's disease. Autosomal recessive disorder characterized by low serum 
ceruloplasmin and increased hepatic copper content on liver biopsy. May also 
have Kayser-Fleischer rings in the cornea and altered mental status. 

• Alpha 1-antitrypsin deficiency (AAT). Autosomal recessive disorder. Patients 
may also have COPD, especially if they have a history of tobacco smoking. 
Serum AAT levels are low. Recombinant AAT is used to prevent lung disease due 
to AAT deficiency. 

• Cardiac cirrhosis. Due to chronic right sided heart failure which leads to liver 
congestion. 

• Galactosemia 
• Glycogen storage disease type IV 
• Cystic fibrosis 
• Hepatotoxic drugs or toxins 
• Certain parasitic infections (such as schistosomiasis) 

Pathophysiology 

The liver plays a vital role in synthesis of proteins (e.g., albumin, clotting factors and 
complement), detoxification and storage (e.g., vitamin A). In addition, it participates in 
the metabolism of lipids and carbohydrates. 

Cirrhosis is often preceded by hepatitis and fatty liver (steatosis), independent of the 
cause. If the cause is removed at this stage, the changes are still fully reversible. 
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The pathological hallmark of cirrhosis is the development of scar tissue that replaces 
normal parenchyma, blocking the portal flow of blood through the organ and disturbing 
normal function. Recent research shows the pivotal role of the stellate cell, a cell type 
that normally stores vitamin A, in the development of cirrhosis. Damage to the hepatic 
parenchyma leads to activation of the stellate cell, which becomes contractile (called 
myofibroblast) and obstructs blood flow in the circulation. In addition, it secretes TGF-
β1, which leads to a fibrotic response and proliferation of connective tissue. Furthermore, 
it disturbs the balance between matrix metalloproteinases and the naturally occurring 
inhibitors (TIMP 1 and 2), leading to matrix breakdown and replacement by connective 
tissue-secreted matrix. 

The fibrous tissue bands (septa) separate hepatocyte nodules, which eventually replace 
the entire liver architecture, leading to decreased blood flow throughout. The spleen 
becomes congested, which leads to hypersplenism and increased sequestration of 
platelets. Portal hypertension is responsible for most severe complications of cirrhosis. 

Diagnosis 

The gold standard for diagnosis of cirrhosis is a liver biopsy, through a percutaneous, 
transjugular, laparoscopic, or fine-needle approach. A biopsy is not necessary if the 
clinical, laboratory, and radiologic data suggests cirrhosis. Furthermore, there is a small 
but significant risk to liver biopsy, and cirrhosis itself predisposes for complications due 
to liver biopsy. 

Lab findings 

The following findings are typical in cirrhosis: 

• Aminotransferases - AST and ALT are moderately elevated, with AST > ALT. 
However, normal aminotransferases do not preclude cirrhosis. 

• Alkaline phosphatase - usually slightly elevated. 
• Gamma-glutamyl transferase – correlates with AP levels. Typically much higher 

in chronic liver disease from alcohol. 
• Bilirubin - may elevate as cirrhosis progresses. 
• Albumin - levels fall as the synthetic function of the liver declines with worsening 

cirrhosis since albumin is exclusively synthesized in the liver 
• Prothrombin time - increases since the liver synthesizes clotting factors. 
• Globulins - increased due to shunting of bacterial antigens away from the liver to 

lymphoid tissue. 
• Serum sodium - hyponatremia due to inability to excrete free water resulting from 

high levels of ADH and aldosterone. 
• Thrombocytopenia - due to both congestive splenomegaly as well as decreased 

thrombopoietin from the liver. However, this rarely results in platelet count < 
50,000/mL. 

• Leukopenia and neutropenia - due to splenomegaly with splenic margination. 
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• Coagulation defects - the liver produces most of the coagulation factors and thus 
coagulopathy correlates with worsening liver disease. 

There is now a validated and patented combination of 6 of these markers as non-invasive 
biomarker of fibrosis (and so of cirrhosis) : FibroTest. 

Other laboratory studies performed in newly diagnosed cirrhosis may include: 

• Serology for hepatitis viruses, autoantibodies (ANA, anti-smooth muscle, anti-
mitochondria, anti-LKM) 

• Ferritin and transferrin saturation (markers of iron overload), copper and 
ceruloplasmin (markers of copper overload) 

• Immunoglobulin levels (IgG, IgM, IgA) - these are non-specific but may assist in 
distinguishing various causes 

• Cholesterol and glucose 
• Alpha 1-antitrypsin 

Imaging 

 
 

Liver cirrhosis as seen on an axial CT of the abdomen 

Ultrasound is routinely used in the evaluation of cirrhosis, where it may show a small and 
nodular liver in advanced cirrhosis along with increased echogenicity with irregular 
appearing areas. Ultrasound may also screen for hepatocellular carcinoma, portal 
hypertension and Budd-Chiari syndrome (by assessing flow in the hepatic vein). 
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A new type of device, the FibroScan (transient elastography), uses elastic waves to 
determine liver stiffness which theoretically can be converted into a liver score based on 
the METAVIR scale. The FibroScan produces an ultrasound image of the liver (from 20–
80 mm) along with a pressure reading (in kPa.) The test is much faster than a biopsy 
(usually last 2.5–5 minutes) and is completely painless. It shows reasonable correlation 
with the severity of cirrhosis. 

Other tests performed in particular circumstances include abdominal CT and liver/bile 
duct MRI (MRCP). 

Endoscopy 

Gastroscopy (endoscopic examination of the esophagus, stomach and duodenum) is 
performed in patients with established cirrhosis to exclude the possibility of esophageal 
varices. If these are found, prophylactic local therapy may be applied (sclerotherapy or 
banding) and beta blocker treatment may be commenced. 

Rarely diseases of the bile ducts, such as primary sclerosing cholangitis, can be causes of 
cirrhosis. Imaging of the bile ducts, such as ERCP or MRCP (MRI of biliary tract and 
pancreas) can show abnormalities in these patients, and may aid in the diagnosis. 

Pathology 

 
 

Cirrhosis leading to hepatocellular carcinoma (autopsy specimen) 

Macroscopically, the liver is initially enlarged, but with progression of the disease, it 
becomes smaller. Its surface is irregular, the consistency is firm and the color is often 
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yellow (if associates steatosis). Depending on the size of the nodules there are three 
macroscopic types: micronodular, macronodular and mixed cirrhosis. In micronodular 
form (Laennec's cirrhosis or portal cirrhosis) regenerating nodules are under 3 mm. In 
macronodular cirrhosis (post-necrotic cirrhosis), the nodules are larger than 3 mm. The 
mixed cirrhosis consists in a variety of nodules with different sizes. 

However, cirrhosis is defined by its pathological features on microscopy: (1) the presence 
of regenerating nodules of hepatocytes and (2) the presence of fibrosis, or the deposition 
of connective tissue between these nodules. The pattern of fibrosis seen can depend upon 
the underlying insult that led to cirrhosis; fibrosis can also proliferate even if the 
underlying process that caused it has resolved or ceased. The fibrosis in cirrhosis can lead 
to destruction of other normal tissues in the liver: including the sinusoids, the space of 
Disse, and other vascular structures, which leads to altered resistance to blood flow in the 
liver and portal hypertension. 

As cirrhosis can be caused by many different entities which injure the liver in different 
ways, different cause-specific patterns of cirrhosis, and other cause-specific abnormalities 
can be seen in cirrhosis. For example, in chronic hepatitis B, there is infiltration of the 
liver parenchyma with lymphocytes; in cardiac cirrhosis there are erythrocytes and a 
greater amount of fibrosis in the tissue surrounding the hepatic veins; in primary biliary 
cirrhosis, there is fibrosis around the bile duct, the presence of granulomas and pooling of 
bile; and in alcoholic cirrhosis, there is infiltration of the liver with neutrophils. 

Grading 

The severity of cirrhosis is commonly classified with the Child-Pugh score. This score 
uses bilirubin, albumin, INR, presence and severity of ascites and encephalopathy to 
classify patients in class A, B or C; class A has a favourable prognosis, while class C is at 
high risk of death. It was devised in 1964 by Child and Turcotte and modified in 1973 by 
Pugh et al.. 

More modern scores, used in the allocation of liver transplants but also in other contexts, 
are the Model for End-Stage Liver Disease (MELD) score and its pediatric counterpart, 
the Pediatric End-Stage Liver Disease (PELD) score. 

The hepatic venous pressure gradient, i.e., the difference in venous pressure between 
afferent and efferent blood to the liver, also determines severity of cirrhosis, although 
hard to measure. A value of 16 mm or more means a greatly increased risk of dying. 

Management 

Generally, liver damage from cirrhosis cannot be reversed, but treatment could stop or 
delay further progression and reduce complications. A healthy diet is encouraged, as 
cirrhosis may be an energy-consuming process. Close follow-up is often necessary. 
Antibiotics will be prescribed for infections, and various medications can help with 



_________________WORLD TECHNOLOGIES_________________

WT

itching. Laxatives, such as lactulose, decrease risk of constipation; their role in 
preventing encephalopathy is limited. 

Treating underlying causes 

Alcoholic cirrhosis caused by alcohol abuse is treated by abstaining from alcohol. 
Treatment for hepatitis-related cirrhosis involves medications used to treat the different 
types of hepatitis, such as interferon for viral hepatitis and corticosteroids for 
autoimmune hepatitis. Cirrhosis caused by Wilson's disease, in which copper builds up in 
organs, is treated with chelation therapy (e.g., penicillamine) to remove the copper. 

Preventing further liver damage 

Regardless of underlying cause of cirrhosis, alcohol and paracetamol, as well as other 
potentially damaging substances, are discouraged. Vaccination of susceptible patients 
should be considered for Hepatitis A and Hepatitis B. 

Preventing complications 

Ascites 

Salt restriction is often necessary, as cirrhosis leads to accumulation of salt (sodium 
retention). Diuretics may be necessary to suppress ascites. 

Esophageal variceal bleeding 

For portal hypertension, propranolol is a commonly used agent to lower blood pressure 
over the portal system. In severe complications from portal hypertension, transjugular 
intrahepatic portosystemic shunting is occasionally indicated to relieve pressure on the 
portal vein. As this can worsen encephalopathy, it is reserved for those at low risk of 
encephalopathy, and is generally regarded only as a bridge to liver transplantation or as a 
palliative measure. 

Hepatic encephalopathy 

High-protein food increases the nitrogen balance, and would theoretically increase 
encephalopathy; in the past, this was therefore eliminated as much as possible from the 
diet. Recent studies show that this assumption was incorrect, and high-protein foods are 
even encouraged to maintain adequate nutrition. 

Hepatorenal syndrome 

The hepatorenal syndrome is defined as a urine sodium less than 10 mmol/L and a serum 
creatinine > 1.5 mg/dl (or 24 hour creatinine clearance less than 40 ml/min) after a trial of 
volume expansion without diuretics. 
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Spontaneous bacterial peritonitis 

Cirrhotic patients with ascites are at risk of spontaneous bacterial peritonitis. 

Transplantation 

If complications cannot be controlled or when the liver ceases functioning, liver 
transplantation is necessary. Survival from liver transplantation has been improving over 
the 1990s, and the five-year survival rate is now around 80%, depending largely on the 
severity of disease and other medical problems in the recipient. In the United States, the 
MELD score is used to prioritize patients for transplantation. Transplantation necessitates 
the use of immune suppressants (cyclosporine or tacrolimus). 

Decompensated cirrhosis 

In patients with previously stable cirrhosis, decompensation may occur due to various 
causes, such as constipation, infection (of any source), increased alcohol intake, 
medication, bleeding from esophageal varices or dehydration. It may take the form of any 
of the complications of cirrhosis listed above. 

Patients with decompensated cirrhosis generally require admission to hospital, with close 
monitoring of the fluid balance, mental status, and emphasis on adequate nutrition and 
medical treatment - often with diuretics, antibiotics, laxatives and/or enemas, thiamine 
and occasionally steroids, acetylcysteine and pentoxifylline. Administration of saline is 
generally avoided as it would add to the already high total body sodium content that 
typically occurs in cirrhosis. 

Epidemiology 

 
 
Disability-adjusted life year for cirrhosis of the liver per 100,000 inhabitants in 2004.  
  no data 
  less than 50 
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  700-800 
  800-900 
  900-1000 
  more than 1000 

Cirrhosis and chronic liver disease were the 10th leading cause of death for men and the 
12th for women in the United States in 2001, killing about 27,000 people each year. Also, 
the cost of cirrhosis in terms of human suffering, hospital costs, and lost productivity is 
high. 

Established cirrhosis has a 10-year mortality of 34-66%, largely dependent on the cause 
of the cirrhosis; alcoholic cirrhosis has a worse prognosis than primary biliary cirrhosis 
and cirrhosis due to hepatitis. The risk of death due to all causes is increased twelvefold; 
if one excludes the direct consequences of the liver disease, there is still a fivefold 
increased risk of death in all disease categories. 

Little is known on modulators of cirrhosis risk, apart from other diseases that cause liver 
injury (such as the combination of alcoholic liver disease and chronic viral hepatitis, 
which may act synergistically in leading to cirrhosis). Studies have recently suggested 
that coffee consumption may protect against cirrhosis, especially alcoholic cirrhosis. 
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Chapter 21 

Coeliac Disease 

 

 

Coeliac disease 

 
Biopsy of small bowel showing coeliac disease manifested by 

blunting of villi, crypt hyperplasia, and lymphocyte infiltration of 

crypts 

ICD-10 K90.0 

ICD-9 579.0 

OMIM 212750 

DiseasesDB 2922 

MedlinePlus 000233 

eMedicine med/308 ped/2146 radio/652 

MeSH D002446 
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Coeliac disease is an autoimmune disorder of the small intestine that occurs in 
genetically predisposed people of all ages from middle infancy onward. Symptoms 
include chronic diarrhoea, failure to thrive (in children), and fatigue, but these may be 
absent, and symptoms in other organ systems have been described. A growing portion of 
diagnoses are being made in asymptomatic persons as a result of increased screening; the 
condition is thought to affect between 1 in 1,750 and 1 in 105 people in the United States. 
Coeliac disease is caused by a reaction to gliadin, a prolamin (gluten protein) found in 
wheat, and similar proteins found in the crops of the tribe Triticeae (which includes other 
common grains such as barley and rye). Upon exposure to gliadin, and specifically to 
three peptides found in prolamins, the enzyme tissue transglutaminase modifies the 
protein, and the immune system cross-reacts with the small-bowel tissue, causing an 
inflammatory reaction. That leads to a truncating of the villi lining the small intestine 
(called villous atrophy). This interferes with the absorption of nutrients, because the 
intestinal villi are responsible for absorption. The only known effective treatment is a 
lifelong gluten-free diet. While the disease is caused by a reaction to wheat proteins, it is 
not the same as wheat allergy. 

This condition has several other names, including: cœliac disease (with œ ligature), 
c(o)eliac sprue, non-tropical sprue, endemic sprue, gluten enteropathy or gluten-sensitive 
enteropathy, and gluten intolerance. The term coeliac derives from the Greek κοιλιακός 
(koiliakόs, "abdominal"), and was introduced in the 19th century in a translation of what 
is generally regarded as an ancient Greek description of the disease by Aretaeus of 
Cappadocia. 

Signs and symptoms 

Severe coeliac disease leads to the characteristic symptoms of pale, loose and greasy 
stool (steatorrhoea), and weight loss or failure to gain weight (in young children). People 
with milder coeliac disease may have symptoms that are much more subtle and occur in 
other organs rather than the bowel itself. Finally, it is possible to have coeliac disease 
without any symptoms whatsoever. Many adults with subtle disease only have fatigue or 
anaemia. 

Gastrointestinal 

The diarrhoea that is characteristic of coeliac disease is (chronic) pale, voluminous and 
malodorous. Abdominal pain and cramping, bloatedness with abdominal distension 
(thought to be due to fermentative production of bowel gas) and mouth ulcers may be 
present. As the bowel becomes more damaged, a degree of lactose intolerance may 
develop. Frequently, the symptoms are ascribed to irritable bowel syndrome (IBS), only 
later to be recognised as coeliac disease; a small proportion of patients with symptoms of 
IBS have underlying coeliac disease, and screening for coeliac disease is recommended 
for those with IBS symptoms. 

Coeliac disease leads to an increased risk of both adenocarcinoma (small intestine cancer) 
and lymphoma of the small bowel (enteropathy-associated T-cell lymphoma or EATL). 
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This risk returns to baseline with diet. Longstanding and untreated disease may lead to 
other complications, such as ulcerative jejunitis (ulcer formation of the small bowel) and 
stricturing (narrowing as a result of scarring with obstruction of the bowel). 

Malabsorption-related 

The changes in the bowel make it less able to absorb nutrients, minerals and the fat-
soluble vitamins A, D, E, and K. 

• The inability to absorb carbohydrates and fats may cause weight loss (or failure to 
thrive/stunted growth in children) and fatigue or lack of energy. 

• Anaemia may develop in several ways: iron malabsorption may cause iron 
deficiency anaemia, and folic acid and vitamin B12 malabsorption may give rise to 
megaloblastic anaemia. 

• Calcium and vitamin D malabsorption (and compensatory secondary 
hyperparathyroidism) may cause osteopenia (decreased mineral content of the 
bone) or osteoporosis (bone weakening and risk of fragility fractures). 

• A small proportion have abnormal coagulation due to vitamin K deficiency and 
are slightly at risk for abnormal bleeding. 

• Coeliac disease is also associated with bacterial overgrowth of the small intestine, 
which can worsen malabsorption or cause malabsorption despite adherence to 
treatment. 

Miscellaneous 

Coeliac disease has been linked with a number of conditions. In many cases, it is unclear 
whether the gluten-induced bowel disease is a causative factor or whether these 
conditions share a common predisposition. 

• IgA deficiency is present in 2.3% of patients with coeliac disease, and in turn, this 
condition features a tenfold increased risk of coeliac disease. Other features of 
this condition are an increased risk of infections and autoimmune disease. 

• Dermatitis herpetiformis; this itchy cutaneous condition has been linked to a 
transglutaminase enzyme in the skin, features small-bowel changes identical to 
those in coeliac disease, and may respond to gluten withdrawal even if there are 
no gastrointestinal symptoms. 

• Growth failure and/or pubertal delay in later childhood can occur even without 
obvious bowel symptoms or severe malnutrition. Evaluation of growth failure 
often includes coeliac screening. 

• Recurrent miscarriage and unexplained infertility. 
• Hyposplenism (a small and underactive spleen); this occurs in about a third of 

cases and may predispose to infection given the role of the spleen in protecting 
against bacteria. 

• Abnormal liver function tests (randomly detected on blood tests). 
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Coeliac disease is associated with a number of other medical conditions, many of which 
are autoimmune disorders: diabetes mellitus type 1, autoimmune thyroiditis, primary 
biliary cirrhosis, and microscopic colitis. 

A more controversial area is a group of diseases in which anti-gliadin antibodies (an older 
and non-specific test for coeliac disease) are sometimes detected, but no small bowel 
disease can be demonstrated. Sometimes, these conditions improve by removing gluten 
from the diet. This includes cerebellar ataxia, peripheral neuropathy, schizophrenia and 
autism. 

Other grains 

Wheat subspecies (such as spelt, semolina and durum) and related species such as barley, 
rye, triticale and Kamut also induce symptoms of coeliac disease. A small minority of 
coeliac patients also react to oats. It is most probable that oats produce symptoms due to 
cross contamination with other grains in the fields or in the distribution channels. 
Generally, oats are therefore not recommended. Other cereals such as maize (corn), 
millet, sorghum, teff, amaranth, rice, and wild rice are safe for patients to consume, as 
well as non cereals such as quinoa or buckwheat. Non-cereal carbohydrate-rich foods 
such as potatoes and bananas do not contain gluten and do not trigger symptoms. 

Pathophysiology 

Coeliac disease appears to be polyfactorial, both in that more than one genetic factor can 
cause the disease and that more than one factor is necessary for the disease to manifest in 
a patient. 

Almost all coeliac patients have the variant HLA-DQ2 allele. However, about 20–30% of 
people without coeliac disease have inherited an HLA-DQ2 allele. This suggests 
additional factors are needed for coeliac disease to develop. Furthermore, about 5% of 
those people who do develop coeliac disease do not have the DQ2 gene. 

The HLA-DQ2 allele shows incomplete penetrance, as the gene alleles associated with 
the disease appear in most patients but are neither present in all cases nor sufficient by 
themselves to cause the disease. 
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Genetics 

 
 
DQ α5-β2 -binding cleft with a deamidated gliadin peptide (yellow), modified from PDB 
1S9V 

The vast majority of coeliac patients have one of two types of HLA-DQ. This gene is part 
of the MHC class II antigen-presenting receptor (also called the human leukocyte 
antigen) system and distinguishes cells between self and non-self for the purposes of the 
immune system. The gene is located on the short arm of the sixth chromosome and has 
been labelled CELIAC1. 

There are seven HLA-DQ variants (DQ2 and DQ4–DQ9). Over 95% of coeliac patients 
have the isoform of DQ2 or DQ8, which is inherited in families. The reason these genes 
produce an increase in risk of coeliac disease is that the receptors formed by these genes 
bind to gliadin peptides more tightly than other forms of the antigen-presenting receptor. 
Therefore, these forms of the receptor are more likely to activate T lymphocytes and 
initiate the autoimmune process. 

Most coeliac patients bear a two-gene HLA-DQ2 haplotype referred to as DQ2.5 
haplotype. This haplotype is composed of two adjacent gene alleles, DQA1*0501 and 
DQB1*0201, which encode the two subunits, DQ α5 and DQ β2. In most individuals, this 
DQ2.5 isoform is encoded by one of two chromosomes 6 inherited from parents. Most 
coeliacs inherit only one copy of this DQ2.5 haplotype, while some inherit it from both 
parents; the latter are especially at risk for coeliac disease, as well as being more 
susceptible to severe complications. Some individuals inherit DQ2.5 from one parent and 
portions of the haplotype (DQB1*02 or DQA1*05) from the other parent, increasing risk. 
Less commonly, some individuals inherit the DQA1*05 allele from one parent and the 
DQB1*02 from the other parent, called a trans-haplotype association, and these 
individuals are at similar risk for coeliac disease as those with a single DQ2.5-bearing 
chromosome 6, but in this instance, disease tends not to be familial. Among the 6% of 
European coeliacs that do not have DQ2.5 (cis or trans) or DQ8 (encoded by the 
haplotype DQA1*03:DQB1*0302), 4% have the DQ2.2 isoform, and the remaining 2% 
lack DQ2 or DQ8. 

The frequency of these genes varies geographically. DQ2.5 has high frequency in peoples 
of North and Western Europe (Basque Country and Ireland with highest frequencies) and 
portions of Africa and is associated with disease in India, but is not found along portions 
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of the West Pacific rim. DQ8 has a wider global distribution than DQ2.5, and is 
particularly common in South and Central America; up to 90% of individuals in certain 
Amerindian populations carry DQ8 and thus may display the coeliac phenotype. 

Other genetic factors have been repeatedly reported in CD, however, involvement in 
disease has variable geographic recognition. Only the HLA-DQ loci show a consistent 
involvement over the global population. Many of the loci detected have been found in 
association with other autoimmune diseases. One locus, the LPP or lipoma-preferred 
partner gene is involved in the adhesion of extracellular matrix to the cell surface and a 
minor variant (SNP = rs1464510) increases the risk of disease by approximately 30%. 
This gene strongly associates with celiac disease(p < 10−39) in samples taken from a 
broad area of Europe and the US. 

Prolamins 

The majority of the proteins in food responsible for the immune reaction in coeliac 
disease are the prolamins. These are storage proteins rich in proline (prol-) and glutamine 
(-amin) that dissolve in alcohols and are resistant to proteases and peptidases of the gut. 
Prolamins are found in cereal grains with different grains having different but related 
prolamins: wheat (gliadin), barley (hordein), rye (secalin), corn (zein) and as a minor 
protein, avenin in oats. One region of α-gliadin stimulates membrane cells, enterocytes, 
of the intestine to allow larger molecules around the sealant between cells. Disruption of 
tight junctions allow peptides larger than three amino acids to enter circulation. 

 
 
Illustration of deamidated α-2 gliadin's 33mer, amino acids 56–88, showing the 
overlapping of three varieties of T-cell epitope 

Membrane leaking permits peptides of gliadin that stimulate two levels of immune 
response, the innate response and the adaptive (T-helper cell mediated) response. One 
protease-resistant peptide from α-gliadin contains a region that stimulates lymphocytes 
and results in the release of interleukin-15. This innate response to gliadin results in 
immune-system signalling that attracts inflammatory cells and increases the release of 
inflammatory chemicals. The strongest and most common adaptive response to gliadin is 
directed toward an α2-gliadin fragment of 33 amino acids in length. The response to the 
33mer occurs in most coeliacs who have a DQ2 isoform. This peptide, when altered by 
intestinal transglutaminase, has a high density of overlapping T-cell epitopes. This 
increases the likelihood that the DQ2 isoform will bind and stay bound to peptide when 
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recognised by T-cells. Gliadin in wheat is the best-understood member of this family, but 
other prolamins exist, and hordein (from barley) and secalin (from rye) may contribute to 
coeliac disease. However, not all prolamins will cause this immune reaction, and there is 
ongoing controversy on the ability of avenin (the prolamin found in oats) to induce this 
response in coeliac disease. 

Tissue transglutaminase 

 
 

Tissue transglutaminase, drawn from PDB 1FAU 

Anti-transglutaminase antibodies to the enzyme tissue transglutaminase (tTG) are found 
in an overwhelming majority of cases. Tissue transglutaminase modifies gluten peptides 
into a form that may stimulate the immune system more effectively. These peptides are 
modified by tTG in two ways, deamidation or transamidation. Deamidation is the 
reaction by which a glutamate residue is formed by cleavage of the epsilon-amino group 
of a glutamine side chain. Transamidation, which occurs three times more often than 
deamidation, is the cross-linking of a glutamine residue from the gliadin peptide to a 
lysine residue of tTg in a reaction which is catalysed by the transglutaminase. 
Crosslinking may occur either within or outside the active site of the enzyme. The latter 
case yields a permanently, covelently linked complex between the gliadin and the tTg. 
This results in the formation of new epitopes which are believed to trigger the primary 
immune response by which the autoantibodies against tTg develop. 
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Stored biopsies from suspected coeliac patients have revealed that autoantibody deposits 
in the subclinical coeliacs are detected prior to clinical disease. These deposits are also 
found in patients who present with other autoimmune diseases, anaemia or malabsorption 
phenomena at a much-increased rate over the normal population. Endomysial 
components of antibodies (EMA) to tTG are believed to be directed toward cell-surface 
transglutaminase, and these antibodies are still used in confirming a coeliac disease 
diagnosis. However, a 2006 study showed that EMA-negative coeliac patients tend to be 
older males with more severe abdominal symptoms and a lower frequency of "atypical" 
symptoms including autoimmune disease. In this study, the anti-tTG antibody deposits 
did not correlate with the severity of villous destruction. These findings, coupled with 
recent work showing that gliadin has an innate response component, suggests that gliadin 
may be more responsible for the primary manifestations of coeliac disease, whereas tTG 
is a bigger factor in secondary effects such as allergic responses and secondary 
autoimmune diseases. In a large percentage of coeliac patients, the anti-tTG antibodies 
also recognise a rotavirus protein called VP7. These antibodies stimulate monocyte 
proliferation, and rotavirus infection might explain some early steps in the cascade of 
immune cell proliferation. Indeed, earlier studies of rotavirus damage in the gut showed 
this causes a villous atrophy. This suggests that viral proteins may take part in the initial 
flattening and stimulate self-crossreactive anti-VP7 production. Antibodies to VP7 may 
also slow healing until the gliadin-mediated tTG presentation provides a second source of 
crossreactive antibodies. 

Villous atrophy and malabsorption 

The inflammatory process, mediated by T cells, leads to disruption of the structure and 
function of the small bowel's mucosal lining and causes malabsorption as it impairs the 
body's ability to absorb nutrients, minerals and fat-soluble vitamins A, D, E and K from 
food. Lactose intolerance may be present due to the decreased bowel surface and reduced 
production of lactase but typically resolves once the condition is treated. 

Alternative causes of this tissue damage have been proposed and involve release of 
interleukin 15 and activation of the innate immune system by a shorter gluten peptide 
(p31–43/49). This would trigger killing of enterocytes by lymphocytes in the epithelium. 
The villous atrophy seen on biopsy may also be due to unrelated causes, such as tropical 
sprue, giardiasis and radiation enteritis. While positive serology and typical biopsy are 
highly suggestive of coeliac disease, lack of response to diet may require these alternative 
diagnoses to be considered. 

Risk modifiers 

There are various theories as to what determines whether a genetically susceptible 
individual will go on to develop coeliac disease. Major theories include infection by 
rotavirus or human intestinal adenovirus. Some research has suggested that smoking is 
protective against adult-onset coeliac disease. 
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A 2005 prospective and observational study found that timing of the exposure to gluten in 
childhood was an important risk modifier. People exposed to wheat, barley, or rye before 
the gut barrier has fully developed (within the first three months after birth) had five 
times the risk of developing coeliac disease relative to those exposed at four to six 
months after birth. Those exposed even later than six months after birth were found to 
have only a slightly increased risk relative to those exposed at four to six months after 
birth. A study conducted in 2006 showed that early introduction of grains was protective 
against grain allergies; however, this study explicitly excluded any participants found to 
have coeliac disease and therefore offers no help in this regard. Breastfeeding may also 
reduce risk. A meta-analysis indicates that prolonging breastfeeding until the introduction 
of gluten-containing grains into the diet was associated with a 52% reduced risk of 
developing coeliac disease in infancy; whether this persists into adulthood is not clear. 

Diagnosis 

There are several tests that can be used to assist in diagnosis. The level of symptoms may 
determine the order of the tests, but all tests lose their usefulness if the patient is already 
taking a gluten-free diet. Intestinal damage begins to heal within weeks of gluten being 
removed from the diet, and antibody levels decline over months. For those who have 
already started on a gluten-free diet, it may be necessary to perform a re-challenge with 
some gluten-containing food in one meal a day over 2–6 weeks before repeating the 
investigations. 

Combining findings into a prediction rule to guide use of endoscopic biopsy reported a 
sensitivity of 100% (it would identify all the cases) in a population of subjects with a high 
index of suspicion for celiac disease, with a concomitant specificity of 61% (a false 
positive rate of 39%). The prediction rule recommends that patients with high-risk 
symptoms or positive serology should undergo endoscopic biopsy of the second part of 
the duodenum. The study defined high-risk symptoms as weight loss, anaemia 
(haemoglobin less than 120 g/l in females or less than 130 g/l in males), or diarrhoea 
(more than three loose stools per day). 

Blood tests 

Serological blood tests are the first-line investigation required to make a diagnosis of 
coeliac disease. IgA antiendomysial antibodies can detect coeliac disease with a 
sensitivity and specificity of 90% and 99% according to a systematic review. The 
systematic review estimates that the prevalence of coeliac disease in primary care patients 
with gastrointestinal symptoms to be about 3%. Serology for anti-tTG antibodies was 
initially reported to have a high sensitivity (99%) and specificity (>90%) for identifying 
coeliac disease; however, the systematic review found the two tests were similar. Modern 
anti-tTG assays rely on a human recombinant protein as an antigen. tTG testing should be 
done first as it is an easier test to perform. An equivocal result on tTG testing should be 
followed by antibodies to endomysium. 
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Because of the major implications of a diagnosis of coeliac disease, professional 
guidelines recommend that a positive blood test is still followed by an 
endoscopy/gastroscopy and biopsy. A negative serology test may still be followed by a 
recommendation for endoscopy and duodenal biopsy if clinical suspicion remains high 
due to the 1 in 100 "false-negative" result. As such, tissue biopsy is still considered the 
gold standard in the diagnosis of coeliac disease. 

Historically three other antibodies were measured: anti-reticulin (ARA), anti-gliadin 
(AGA) and anti-endomysium (EMA) antibodies. Serology may be unreliable in young 
children, with anti-gliadin performing somewhat better than other tests in children under 
five. Serology tests are based on indirect immunofluorescence (reticulin, gliadin and 
endomysium) or ELISA (gliadin or tissue transglutaminase, tTG). 

Guidelines recommend that a total serum IgA level is checked in parallel, as coeliac 
patients with IgA deficiency may be unable to produce the antibodies on which these 
tests depend ("false negative"). In those patients, IgG antibodies against transglutaminase 

(IgG-tTG) may be diagnostic. 

Blood HLA tests for coeliac disease 
Test sensitivity specificity 

HLA-DQ2 94% 73% 
HLA-DQ8 12% 81% 

Antibody testing and HLA testing have similar accuracies. However, widespread use of 
HLA typing to rule out coeliac disease is not currently recommended. 

Endoscopy 

 
 
Endoscopic still of duodenum of patient with coeliac disease showing scalloping of folds 
and "cracked-mud" appearance to mucosa 
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Schematic of the Marsh classification of upper jejunal pathology in coeliac disease 

An upper endoscopy with biopsy of the duodenum (beyond the duodenal bulb) or 
jejunum is performed. It is important for the physician to obtain multiple samples (four to 
eight) from the duodenum. Not all areas may be equally affected; if biopsies are taken 
from healthy bowel tissue, the result would be a false negative. 

Most patients with coeliac disease have a small bowel that appears normal on endoscopy; 
however, five concurrent endoscopic findings have been associated with a high 
specificity for coeliac disease: scalloping of the small bowel folds (pictured), paucity in 
the folds, a mosaic pattern to the mucosa (described as a "cracked-mud" appearance), 
prominence of the submucosa blood vessels, and a nodular pattern to the mucosa. 

Until the 1970s, biopsies were obtained using metal capsules attached to a suction device. 
The capsule was swallowed and allowed to pass into the small intestine. After x-ray 
verification of its position, suction was applied to collect part of the intestinal wall inside 
the capsule. Often-utilised capsule systems were the Watson capsule and the Crosby-
Kugler capsule. This method has now been largely replaced by fibre-optic endoscopy, 
which carries a higher sensitivity and a lower frequency of errors. 

Pathology 

The classic pathology changes of coeliac disease in the small bowel are categorised by 
the "Marsh classification": 

• Marsh stage 0: normal mucosa 
• Marsh stage 1: increased number of intra-epithelial lymphocytes, usually 

exceeding 20 per 100 enterocytes 
• Marsh stage 2: proliferation of the crypts of Lieberkuhn 
• Marsh stage 3: partial or complete villous atrophy 
• Marsh stage 4: hypoplasia of the small bowel architecture 
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Marsh's classification, introduced in 1992, was subsequently modified in 1999 to six 
stages, where the previous stage 3 was split in three substages. Further studies 
demonstrated that this system was not always reliable and that the changes observed in 
coeliac disease could be described in one of three stages—A, B1 and B2—with A 
representing lymphocytic infiltration with normal villous appearance and B1 and B2 
describing partial and complete villous atrophy. 

The changes classically improve or reverse after gluten is removed from the diet. 
However, most guidelines do not recommend a repeat biopsy unless there is no 
improvement in the symptoms on diet. In some cases, a deliberate gluten challenge, 
followed by biopsy, may be conducted to confirm or refute the diagnosis. A normal 
biopsy and normal serology after challenge indicates the diagnosis may have been 
incorrect. 

Other diagnostic tests 

At the time of diagnosis, further investigations may be performed to identify 
complications, such as iron deficiency (by full blood count and iron studies), folic acid 
and vitamin B12 deficiency and hypocalcaemia (low calcium levels, often due to 
decreased vitamin D levels). Thyroid function tests may be requested during blood tests 
to identify hypothyroidism, which is more common in people with coeliac disease. 

Osteopenia and osteoporosis, mildly and severely reduced bone mineral density, are often 
present in people with coeliac disease, and investigations to measure bone density may be 
performed at diagnosis, such as dual energy X-ray absorptiometry (DXA) scanning, to 
identify risk of fracture and need for bone protection medication. 

Screening 

Due to its high sensitivity, serology has been proposed as a screening measure, because 
the presence of antibodies would detect previously undiagnosed cases of coeliac disease 
and prevent its complications in those patients. There is significant debate as to the 
benefits of screening. Some studies suggest that early detection would decrease the risk 
of osteoporosis and anaemia. In contrast, a cohort study in Cambridge suggested that 
people with undetected coeliac disease had a beneficial risk profile for cardiovascular 
disease (less overweight, lower cholesterol levels). There is limited evidence that screen-
detected cases benefit from a diagnosis in terms of morbidity and mortality; hence, 
population-level screening is not presently thought to be beneficial. 

In the United Kingdom, the National Institute for Health and Clinical Excellence (NICE) 
recommends screening for coeliac disease in patients with newly diagnosed chronic 
fatigue syndrome and irritable bowel syndrome, as well as in type 1 diabetics, especially 
those with insufficient weight gain or unexplained weight loss. It is also recommended in 
autoimmune thyroid disease, dermatitis herpetiformis, and in the first-degree relatives of 
those with confirmed coeliac disease. 
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There is a large number of scenarios where testing for coeliac disease may be offered 
given previously described associations, such as the conditions mentioned above in 
"miscellaneous". 

Treatment 

Diet 

At present, the only effective treatment is a life-long gluten-free diet. No medication 
exists that will prevent damage or prevent the body from attacking the gut when gluten is 
present. Strict adherence to the diet allows the intestines to heal, leading to resolution of 
all symptoms in most cases and, depending on how soon the diet is begun, can also 
eliminate the heightened risk of osteoporosis and intestinal cancer and in some cases 
sterility. Dietitian input is generally requested to ensure the patient is aware which foods 
contain gluten, which foods are safe, and how to have a balanced diet despite the 
limitations. In many countries, gluten-free products are available on prescription and may 
be reimbursed by health insurance plans. 

The diet can be cumbersome; failure to comply with the diet may cause relapse. The term 
gluten-free is generally used to indicate a supposed harmless level of gluten rather than a 
complete absence. The exact level at which gluten is harmless is uncertain and 
controversial. A recent systematic review tentatively concluded that consumption of less 
than 10 mg of gluten per day is unlikely to cause histological abnormalities, although it 
noted that few reliable studies had been done. Regulation of the label gluten-free varies 
widely by country. For example, in the United States, the term gluten-free is not yet 
regulated. The current international Codex Alimentarius standard, established in 1981, 
allows for 50 mg N/100 g on dry matter, although a proposal for a revised standard of 
20 ppm in naturally gluten-free products and 200 ppm in products rendered gluten-free 
has been accepted. Gluten-free products are usually more expensive and harder to find 
than common gluten-containing foods. Since ready-made products often contain traces of 
gluten, some coeliacs may find it necessary to cook from scratch. 

Even while on a diet, health-related quality of life (HRQOL) may be lower in people with 
coeliac disease. Studies in the United States have found that quality of life becomes 
comparable to the general population after staying on the diet, while studies in Europe 
have found that quality of life remains lower, although the surveys are not quite the same. 
Men tend to report more improvement than women. Some have persisting digestive 
symptoms or dermatitis herpetiformis, mouth ulcers, osteoporosis and resultant fractures. 
Symptoms suggestive of irritable bowel syndrome may be present, and there is an 
increased rate of anxiety, fatigue, dyspepsia and musculoskeletal pain. 

Many people with coeliac disease also have one or more additional food allergies or food 
intolerances, which may include milk protein (casein), corn (maize), soy, amines, or 
salicylates. 
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Refractory disease 

A tiny minority of patients suffer from refractory disease, which means they do not 
improve on a gluten-free diet. This may be because the disease has been present for so 
long that the intestines are no longer able to heal on diet alone, or because the patient is 
not adhering to the diet, or because the patient is consuming foods that are inadvertently 
contaminated with gluten. If alternative causes have been eliminated, steroids or 
immunosuppressants (such as azathioprine) may be considered in this scenario. 

Experimental treatments 

Various other approaches are being studied that would reduce the need of dieting. All are 
still under development, and are not expected to be available to the general public for a 
while: 

• Genetically engineered wheat species, or wheat species that have been selectively 
bred to be minimally immunogenic. This, however, could interfere with the 
effects that gliadin has on the quality of dough. 

• A combination of enzymes (prolyl endopeptidase and a barley glutamine-specific 
cysteine endopeptidase (EP-B2)) that degrade the putative 33-mer peptide in the 
duodenum. This combination would enable coeliac disease patients to consume 
gluten-containing products. 

• Inhibition of zonulin, an endogenous signalling protein linked to increased 
permeability of the bowel wall and hence increased presentation of gliadin to the 
immune system. 

• Other treatments aimed at other well-understood steps in the pathogenesis of 
coeliac disease, such as the action of HLA-DQ2 or tissue transglutaminase and 
the MICA/NKG2D interaction that may be involved in the killing of enterocytes 
(bowel lining cells). 

Epidemiology 

The disease is thought to affect between 1 in 1,750 (with CD defined as clinical cases 
including dermatitis herpetiformis) to 1 in 105 (CD defined by presence of IgA TG in 
blood donors) people in the United States. The prevalence of clinically diagnosed disease 
(symptoms prompting diagnostic testing) is 0.05–0.27% in various studies. However, 
population studies from parts of Europe, India, South America, Australasia and the USA 
(using serology and biopsy) indicate that the prevalence may be between 0.33 and 1.06% 
in children (5.66% in one study of Sahrawi children) and 0.18–1.2% in adults. People of 
African, Japanese and Chinese descent are rarely diagnosed; this reflects a much lower 
prevalence of the genetic risk factors. Population studies also indicate that a large 
proportion of coeliacs remain undiagnosed; this is due, in part, to many clinicians being 
unfamiliar with the condition. 

Coeliac disease is more prevalent in women than in men. 
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A large multicentre study in the U.S. found a prevalence of 0.75% in not-at-risk groups, 
rising to 1.8% in symptomatic patients, 2.6% in second-degree relatives of a patient with 
coeliac disease and 4.5% in first-degree relatives. This profile is similar to the prevalence 
in Europe. Other populations at increased risk for coeliac disease, with prevalence rates 
ranging from 5% to 10%, include individuals with Down and Turner syndromes, type 1 
diabetes, and autoimmune thyroid disease, including both hyperthyroidism (overactive 
thyroid) and hypothyroidism (underactive thyroid). 

Historically, coeliac disease was thought to be rare, with a prevalence of about 0.02%. 
Recent increases in the number of reported cases may be due to changes in diagnostic 
practice, but there is evidence that coeliac disease may be becoming more common in the 
United States. 

Social and religious issues 

Christian churches & the Eucharist 

Many Christian churches offer their communicants gluten-free alternatives to the 
sacramental bread, usually in the form of a rice-based cracker or gluten-free bread. These 
include United Methodist, Christian Reformed, Episcopal, Lutheran, Roman Catholic and 
The Church of Jesus Christ of Latter-day Saints. 

Roman Catholic position 

Roman Catholic doctrine states that for a valid Eucharist, the bread must be made from 
wheat. In 2002, the Congregation for the Doctrine of the Faith approved German-made 
low-gluten hosts, which meet all of the Catholic Church's requirements, for use in Italy; 
although not entirely gluten-free, they were also approved by the Italian Celiac 
Association. Some Catholic coeliac sufferers have requested permission to use rice 
wafers; such petitions have always been denied. The issue is more complex for priests. 
Though a Catholic (lay or ordained) receiving under either form is receiving Christ 
"whole and entire"—his body, blood, soul, and divinity—the priest, who is acting in 
persona Christi, is required to receive under both species when offering Mass—not for 
the validity of his Communion, but for the fullness of the sacrifice of the Mass. On 22 
August 1994, the Congregation for the Doctrine of the Faith apparently barred coeliacs 
from ordination, stating, "Given the centrality of the celebration of the Eucharist in the 
life of the priest, candidates for the priesthood who are affected by coeliac disease or 
suffer from alcoholism or similar conditions may not be admitted to holy orders." After 
considerable debate, the congregation softened the ruling on 24 July 2003 to "Given the 
centrality of the celebration of the Eucharist in the life of a priest, one must proceed with 
great caution before admitting to Holy Orders those candidates unable to ingest gluten or 
alcohol without serious harm." 

As of January 2004, an extremely low-gluten host became available in the United States. 
The Benedictine Sisters of Perpetual Adoration in Clyde, Missouri, produce low-gluten 
hosts safe for coeliacs and also approved by the Catholic Church for use at Mass. The 
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hosts are made and packaged in a dedicated wheat-free, gluten-free environment. Gluten-
content analysis found no detectable amount of gluten, though the reported gluten content 
is 0.01% as that was the lowest limit of detection possible with the utilised analysis 
technique. In an article from the Catholic Review (15 February 2004), Dr. Alessio Fasano 
was quoted as declaring these hosts "perfectly safe for celiac sufferers." 

Passover 

The Jewish festival of Pesach (Passover) may present problems with its obligation to eat 
matzo, which is unleavened bread made in a strictly controlled manner from wheat, 
barley, spelt, oats, or rye. This rules out many other grains that are normally used as 
substitutes for people with gluten sensitivity, especially for Ashkenazi Jews, who also 
avoid rice. Many kosher-for-Passover products avoid grains altogether and are therefore 
gluten-free. Potato starch is the primary starch used to replace the grains. Consuming 
matzo is mandatory on the first night of Pesach only. Jewish law holds that a person 
should not seriously endanger one's health in order to fulfil a commandment. Thus, a 
person with severe coeliac disease is not required, or even allowed, to eat any matzo 
other than gluten-free matzo. The most commonly used gluten-free matzo is made from 
oats. 

History 

Humans first started to cultivate grains in the Neolithic period (beginning about 9500 
BCE) in the Fertile Crescent in Western Asia, and it is likely that coeliac disease did not 
occur before this time. Aretaeus of Cappadocia, living in the second century in the same 
area, recorded a malabsorptive syndrome with chronic diarrhoea. His "Cœliac Affection" 
(coeliac from Greek κοιλιακός koiliakos, "abdominal") gained the attention of Western 
medicine when Francis Adams presented a translation of Aretaeus's work at the 
Sydenham Society in 1856. The patient described in Aretaeus' work had stomach pain 
and was atrophied, pale, feeble and incapable of work. The diarrhoea manifested as loose 
stools that were white, malodorous and flatulent, and the disease was intractable and 
liable to periodic return. The problem, Aretaeus believed, was a lack of heat in the 
stomach necessary to digest the food and a reduced ability to distribute the digestive 
products throughout the body, this incomplete digestion resulting in the diarrhoea. He 
regarded this as an affliction of the old and more commonly affecting women, explicitly 
excluding children. The cause, according to Aretaeus, was sometimes either another 
chronic disease or even consuming "a copious draught of cold water." 

The paediatrician Samuel Gee gave the first modern-day description of the condition in 
children in a lecture at Hospital for Sick Children, Great Ormond Street, London, in 
1887. Gee acknowledged earlier descriptions and terms for the disease and adopted the 
same term as Aretaeus (coeliac disease). He perceptively stated: "If the patient can be 
cured at all, it must be by means of diet." Gee recognised that milk intolerance is a 
problem with coeliac children and that highly starched foods should be avoided. 
However, he forbade rice, sago, fruit and vegetables, which all would have been safe to 
eat, and he recommended raw meat as well as thin slices of toasted bread. Gee 



_________________WORLD TECHNOLOGIES_________________

WT

highlighted particular success with a child "who was fed upon a quart of the best Dutch 
mussels daily." However, the child could not bear this diet for more than one season. 

Christian Archibald Herter, an American physician, wrote a book in 1908 on children 
with coeliac disease, which he called "intestinal infantilism." He noted their growth was 
retarded and that fat was better tolerated than carbohydrate. The eponym Gee-Herter 
disease was sometimes used to acknowledge both contributions. Sidney V. Haas, an 
American paediatrician, reported positive effects of a diet of bananas in 1924. This diet 
remained in vogue until the actual cause of coeliac disease was determined. 

While a role for carbohydrates had been suspected, the link with wheat was not made 
until the 1940s by the Dutch paediatrician Dr. Willem Karel Dicke. It is likely that 
clinical improvement of his patients during the Dutch famine of 1944 (during which flour 
was scarce) may have contributed to his discovery. Dicke noticed that the shortage of 
bread led to a significant drop in the death rate among children affected by CD from 
greater than 35% to essentially zero. He also reported that once wheat was again 
available after the conflict, the mortality rate soared to previous levels The link with the 
gluten component of wheat was made in 1952 by a team from Birmingham, England. 
Villous atrophy was described by British physician John W. Paulley in 1954 on samples 
taken at surgery. This paved the way for biopsy samples taken by endoscopy. 

Throughout the 1960s, other features of coeliac disease were elucidated. Its hereditary 
character was recognised in 1965. In 1966, dermatitis herpetiformis was linked to gluten 
sensitivity. 
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Chapter 22 

Food Allergy 

 

 

Food allergy 

ICD-10 T78.0 

ICD-9 V15.01-V15.05 

OMIM 147050 

MedlinePlus 000817 

eMedicine med/806 

MeSH D005512 

A food allergy is an adverse immune response to a food protein. They are distinct from 
other adverse responses to food, such as food intolerance, pharmacological reactions, and 
toxin-mediated reactions. 

A protein in the food is the most common allergic component. These kinds of allergies 
occur when the body's immune system mistakenly identifies a protein as harmful. Some 
proteins or fragments of proteins are resistant to digestion and those that are not broken 
down in the digestive process are tagged by the Immunoglobulin E (IgE). These tags fool 
the immune system into thinking that the protein is harmful. The immune system, 
thinking the organism (the individual) is under attack, triggers an allergic reaction. These 
reactions can range from mild to severe. Allergic responses include dermatitis, 
gastrointestinal and respiratory distress, including such life-threatening anaphylaxic 
responses as biphasic anaphylaxis and vasodilation; these require immediate emergency 
intervention. Non-food protein allergies include latex sensitivity. Individuals with protein 
allergies commonly avoid contact with the problematic protein. Some medications may 
prevent, minimize or treat protein allergy reactions. 

Treatment consists of either immunotherapy (desensitisation) or avoidance, in which the 
allergic person avoids all forms of contact with the food to which they are allergic. Areas 
of research include anti-IgE antibody (omalizumab, or Xolair) and specific oral tolerance 
induction (SOTI), which have shown some promise for treatment of certain food 
allergies. People diagnosed with a food allergy may carry an injectable form of 
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epinephrine such as an EpiPen or Twinject, wear some form of medical alert jewelry, or 
develop an emergency action plan, in accordance with their doctor. 

Classification 

Food allergy is thought to develop more easily in patients with the atopic syndrome, a 
very common combination of diseases: allergic rhinitis and conjunctivitis, eczema and 
asthma. The syndrome has a strong inherited component; a family history of allergic 
diseases can be indicative of the atopic syndrome. 

Conditions caused by food allergies are classified into 3 groups according to the 
mechanism of the allergic response: 

1. IgE-mediated (classic): 

• Type-I immediate hypersensitivity reaction (symptoms described above) 
• Oral allergy syndrome 

2. IgE and/or non-IgE-mediated: 

• Allergic eosinophilic esophagitis 
• Allergic eosinophilic gastritis 
• Allergic eosinophilic gastroenteritis 

3. Non-IgE mediated: 

• Food protein-induced Enterocolitis syndrome (FPIES) 
• Food protein proctocolitis/proctitis 
• Food protein-induced enteropathy. An important example is Celiac disease, which 

is an adverse immune response to the protein gluten. 
• Milk-soy protein intolerance (MSPI) is a non-medical term used to describe a 

non-IgE mediated allergic response to milk and/or soy protein during infancy and 
early childhood. Symptoms of MSPI are usually attributable to food protein 
proctocolitis or FPIES. 

• Heiner syndrome - lung disease due to formation of milk protein/IgG antibody 
immune complexes (milk precipitins) in the blood stream after it is absorbed from 
the GI tract. The lung disease commonly causes bleeding into the lungs and 
results in pulmonary hemosiderosis. 

food allergy pharmacologic toxins intolerance 

adverse immune 
response to a 
food protein 

caffeine tremors, cheese/wine 
(tyramine) migraine, scombroid 
(histamine) fish poisoning 

bacterial food 
poisoning, 
staphylotoxin 

lactose 
intolerance 
(lactase 
deficiency) 
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The reaction may progress to anaphylactic shock: A systemic reaction involving several 
different bodily systems including hypotension (low blood pressure),loss of 
consciousness, and possibly death. Allergens most frequently associated with this type of 
reaction are peanuts, nuts, milk, egg, and seafood, though many food allergens have been 
reported as triggers for anaphylaxis. 

Signs and symptoms 

Classic immunoglobulin-E (IgE)-mediated food allergies are classified as type-I 
immediate Hypersensitivity reaction. These allergic reactions have an acute onset (from 
seconds to one hour) and may include: 

Symptoms of allergies vary from person to person. The amount of food needed to trigger 
a reaction also varies from person to person. Symptoms vary depending on the severity of 
the allergy, and they can appear in as little as a few minutes or may take up to an hour. 
Symptoms affect the skin, gastrointestinal tract, and in severe cases, the respiratory tract 
and blood circulation. 

Dermal 

 
 

Hives on the back are a common allergy symptom. 
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A common skin symptom is hives. Hives appear as red, itchy bumps. Edema, another 
common symptom, is the swelling of the skin. Swelling of the eyes and swelling of the 
lips are also common during an allergic reaction.A less severe symptom is eczema, a dry 
and bumpy rash, also known as atopic dermatitis. Eczema is a type of skin rash that is 
inherited and triggered by an irritant, mainly food allergies. 

Gastrointestinal 

These symptoms include: itchy mouth with bumps, stomachache, nausea, vomiting, 
diarrhea, bloody stool in infants and children, and a taste of metal that lingers in the 
mouth. 

Cardiopulmonary 

Serious danger regarding allergies can begin when the respiratory tract or blood 
circulation is infected. Less serious symptoms are runny nose, coughing, and constant 
clearing of the throat. These are signs that more serious symptoms may be seen. These 
serious symptoms are closing of the windpipe, which leads to trouble swallowing and 
problems breathing. These can be indicated through wheezing and a blue coloring of the 
lips and skin. Poor blood circulation leads to a weak pulse, pale skin, and fainting. 

A severe case of an allergic reaction, caused by symptoms affecting the respiratory tract 
and blood circulation, is called anaphylaxis. When symptoms are shown where breathing 
is impaired and circulation is affected, the person is said to be in anaphylactic shock. 
Anaphylaxis occurs when IgE Antibodies are involved, and areas of the body that are not 
in direct contact with the food become infected and show symptoms. This occurs because 
no nutrients are circulated throughout the body, causing the widening of blood vessels. 
The blood vessels widen, and blood pressure decreases, which leads to the loss of 
consciousness. Those with asthma or an allergy to peanuts, tree nuts, or seafood are at 
greater risk for anaphylaxis. 

Cause 

One of the most common food allergies is a sensitivity to peanuts, a member of the bean 
family. Peanut allergies may be severe, but children with peanut allergies sometimes 
outgrow them. Tree nuts, including pecans, pistachios, pine nuts, and walnuts, are also 
common allergens. Sufferers may be sensitive to one, or many, tree nuts. Also seeds, 
including sesame seeds and poppy seeds, contain oils where protein is present, which 
may elicit an allergic reaction. 

Egg allergies affect about one in fifty children but are frequently outgrown by children 
when they reach age five. Typically the sensitivity is to proteins in the yolk, rather than 
the white. 

Milk, from cows, goats or sheep, is another common allergy causing food, and many 
sufferers are also unable to tolerate dairy products such as cheese. A very small portion of 
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children with a milk allergy, roughly ten percent, will have a reaction to beef. Beef 
contains a small amount of protein that is present in cow's milk. 

Other foods containing allergenic proteins include soy, wheat, fish, shellfish, fruits, 
vegetables, spices, synthetic and natural colors, and chemical additives. 

Although sensitivity levels vary by country, the most common food allergies are allergies 
to milk, eggs, peanuts, tree nuts, seafood, shellfish, soy and wheat. These are often 
referred to as "the big eight." They account for over 90% of the food allergies in the 
United States. Allergies to seeds - especially sesame - seem to be increasing in many 
countries. An example of allergies more common to a particular region is the surplus rice 
allergies in East Asia where rice forms a large part of the diet. 

Cross reactivity 

Some children who are allergic to cow's milk protein also show a cross sensitivity to soy-
based products. There are infant formulas in which the milk and soy proteins are 
degraded so when taken by an infant, their immune system does not recognize the 
allergen and they can safely consume the product. Hypoallergenic infant formulas can be 
based on hydrolyzed proteins, which are proteins partially predigested in a less antigenic 
form. Other formulas, based on free amino acids, are the least antigenic and provide 
complete nutrition support in severe forms of milk allergy. 

People with latex allergy often also develop allergies to bananas, kiwi, avocados, and 
some other foods. 

Pathophysiology 

 
 
A histamine, the structure shown, is what causes a person to feel itchy during an allergic 
reaction. A common medication to stop this is an antihistamine, which fights the 
histamines in the person's system. 

Allergic reactions are hyperactive responses of the immune system to generally 
innocuous substances. When immune cells encounter the allergenic protein, IgE 
antibodies are produced; this is similar to the immune system's reaction to foreign 
pathogens. The IgE antibodies identify the allergenic proteins as harmful and initiate the 
allergic reaction. The harmful proteins are those that do not break down due to the strong 
bonds of the protein. IgE antibodies bind to a receptor on the on the surface of the 
protein, creating a tag, just as a virus or parasite becomes tagged. It is not entirely clear 
why some proteins do not denature and subsequently trigger allergic reactions and 
hypersensitivity while others do not. 
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Hypersensitivities are categorized according to the parts of the immune system that are 
attacked and the amount of time it takes for the response to occur. There are four types of 
Hypersensitivity reaction: Type 1, Immediate IgE-mediated, Type 2, Cytotoxic, Type 3, 
Immune complex-mediated, and Type 4, Delayed cell-mediated. The pathophysiology of 
allergic responses can be divided into two phases. The first is an acute response that 
occurs immediately after exposure to an allergen. This phase can either subside or 
progress into a "late phase reaction" which can substantially prolong the symptoms of a 
response, and result in tissue damage. 

Many food allergies are caused by hypersensitivities to particular proteins in different 
foods. Proteins have unique properties that allow them to become allergens, such as 
stabilizing forces in the tertiary and quaternary structure which prevent degradation 
during digestion. Many theoretically allergenic proteins cannot survive the destructive 
environment of the digestive tract and thus don't trigger hypersensitive reactions. 

Acute response 

 
 
Degranulation process in allergy.1 - antigen; 2 - IgE antibody; 3 - FcεRI receptor; 4 - 
preformed mediators (histamine, proteases, chemokines, heparine); 5 - granules; 6 - mast 
cell; 7 - newly formed mediators (prostaglandins, leukotrienes, thromboxanes, PAF) 

In the early stages of allergy, a type I hypersensitivity reaction against an allergen, 
encountered for the first time, causes a response in a type of immune cell called a TH2 
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lymphocyte, which belongs to a subset of T cells that produce a cytokine called 
interleukin-4 (IL-4). These TH2 cells interact with other lymphocytes called B cells, 
whose role is the production of antibodies. Coupled with signals provided by IL-4, this 
interaction stimulates the B cell to begin production of a large amount of a particular type 
of antibody known as IgE. Secreted IgE circulates in the blood and binds to an IgE-
specific receptor (a kind ofFc receptor called FcεRI) on the surface of other kinds of 
immune cells called mast cells and basophils, which are both involved in the acute 
inflammatory response. The IgE-coated cells, at this stage are sensitized to the allergen. 

If later exposure to the same allergen occurs, the allergen can bind to the IgE molecules 
held on the surface of the mast cells or basophils. Cross-linking of the IgE and Fc 
receptors occurs when more than one IgE-receptor complex interacts with the same 
allergenic molecule, and activates the sensitized cell. Activated mast cells and basophils 
undergo a process called degranulation, during which they release histamine and other 
inflammatory chemical mediators (cytokines, interleukins, leukotrienes, and 
prostaglandins) from their granules into the surrounding tissue causing several systemic 
effects, such as vasodilation, mucous secretion, nerve stimulation and smooth muscle 
contraction. This results in rhinorrhea, itchiness, dyspnea, and anaphylaxis. Depending on 
the individual, the allergen, and the mode of introduction, the symptoms can be system-
wide (classical anaphylaxis), or localized to particular body systems; asthma is localized 
to the respiratory system and eczema is localized to the dermis. 

Late-phase response 

After the chemical mediators of the acute response subside, late phase responses can 
often occur. This is due to the migration of other leukocytes such as neutrophils, 
lymphocytes, eosinophils, and macrophages to the initial site. The reaction is usually seen 
2–24 hours after the original reaction. Cytokines from mast cells may also play a role in 
the persistence of long-term effects. Late phase responses seen in asthma are slightly 
different from those seen in other allergic responses, although they are still caused by 
release of mediators from eosinophils, and are still dependent on activity of TH2 cells. 

Protein structure and organization 

Proteins are composed of amino acid monomers linked by peptide bonds. The higher 
order structure of a protein depends on the sequence of amino acids which form its 
primary sequence, as various non-covalent interactions between these amino acids ensure 
proper protein folding. Proteins have specific amino acid sequences, which all identical 
proteins share. 

A protein's secondary structure is created by hydrogen-bond interactions between the 
amide and carboxyl groups of the amino acid backbone. Secondary structure includes the 
formation of alpha helices and beta sheets. The tertiary structure is the overall shape of 
the protein, and is usually driven by the protein's tendency to orient hydrophobic amino 
acid side chains internally, although hydrogen bonding, ionic interactions and disulfide 
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bonds also help to stabilize proteins in the tertiary state Quaternary structure is the overall 
combination of polypeptide subunits to form the functional unit. 

Protein function 

Protein folding is essential to the overall function of the individual protein; some protein 
structures allow them to resist degradation in the acidic environment of the digestive 
tract.Polypeptide chains are often very long and flexible, which leads to a wide variety of 
ways for a protein to fold. Non-covalent interactions control the shape and structure of 
the nascent protein. A protein's proper amino acid sequence is absolutely required to 
induce proper folding into the quaternary structure. Two common folding patterns seen in 
proteins are the alpha helix and beta sheets. 

Diagnosis 

There are three common types of allergy testing: skin prick test, blood test, and food 
challenges. An allergist can perform these tests, and they can also go into further depth 
depending on the results. 

 
 
Skin testing on arm is a common way for detecting an allergy, however, it is not as 
effective as other tests. 
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• For skin prick tests, a tiny board with protruding needles is used. The allergens 
are placed either on the board or directly on the skin. The board is then placed on 
the skin, in order to puncture the skin and for the allergens to enter the body. If a 
hive appears, the person will be considered positive for the allergy. This test only 
works for IgE antibodies. Allergic reactions caused by other antibodies cannot be 
detected through skin prick tests. 

• Blood testing is another way to test for allergies; however, it poses the same 
disadvantage and only detects IgE allergens and does not work for every possible 
allergen. RAST, RadioAllergoSorbent Test, is used to detect IgE antibodies 
present to a certain allergen. The score taken from the RAST test is compared to 
predictive values, taken from a specific type of RAST test. If the score is higher 
than the predictive values, there is a great chance the allergy is present in the 
person. One advantage of this test is that it can test many allergens at one time. 

• Food challenges test for allergens other than those caused by IgE allergens. The 
allergen is given to the person in the form of a pill, so the person can ingest the 
allergen directly. The person is watched for signs and symptoms. The problem 
with food challenges is that they must be performed in the hospital under careful 
watch, due to the possibility of anaphylaxis. 

The best method for diagnosing food allergy is to be assessed by an allergist. The 
allergist will review the patient's history and the symptoms or reactions that have been 
noted after food ingestion. If the allergist feels the symptoms or reactions are consistent 
with food allergy, he/she will perform allergy tests. 

Examples of allergy testing include: 

• Skin prick testing is easy to do and results are available in minutes. Different 
allergists may use different devices for skin prick testing. Some use a "bifurcated 
needle", which looks like a fork with 2 prongs. Others use a "multi-test", which 
may look like a small board with several pins sticking out of it. In these tests, a 
tiny amount of the suspected allergen is put onto the skin or into a testing device, 
and the device is placed on the skin to prick, or break through, the top layer of 
skin. This puts a small amount of the allergen under the skin. A hive will form at 
any spot where the person is allergic. This test generally yields a positive or 
negative result. It is good for quickly learning if a person is allergic to a particular 
food or not, because it detects allergic antibodies known as IgE. Skin tests cannot 
predict if a reaction would occur or what kind of reaction might occur if a person 
ingests that particular allergen. They can however confirm an allergy in light of a 
patient's history of reactions to a particular food. Non-IgE mediated allergies 
cannot be detected by this method. 

• Blood tests are another useful diagnostic tool for evaluating IgE-mediated food 
allergies. For example, the RAST (RadioAllergoSorbent Test) detects the 
presence of IgE antibodies to a particular allergen. A CAP-RAST test is a specific 
type of RAST test with greater specificity: it can show the amount of IgE present 
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to each allergen. Researchers have been able to determine "predictive values" for 
certain foods. These predictive values can be compared to the RAST blood test 
results. If a persons RAST score is higher than the predictive value for that food, 
then there is over a 95% chance the person will have an allergic reaction (limited 
to rash and anaphylaxis reactions) if they ingest that food. Currently, predictive 
values are available for the following foods: milk, egg, peanut, fish, soy, and 
wheat. Blood tests allow for hundreds of allergens to be screened from a single 
sample, and cover food allergies as well as inhalants. However, non-IgE mediated 
allergies cannot be detected by this method. Other widely promoted tests such as 
the antigen leukocyte cellular antibody test (ALCAT) and the Food Allergy 
Profile are considered unproven methods, the use of which is not advised. 

• Food challenges, especially double-blind placebo-controlled food challenges 
(DBPCFC), are the gold standard for diagnosis of food allergies, including most 
non-IgE mediated reactions. Blind food challenges involve packaging the 
suspected allergen into a capsule, giving it to the patient, and observing the 
patient for signs or symptoms of an allergic reaction. Due to the risk of 
anaphylaxis, food challenges are usually conducted in a hospital environment in 
the presence of a doctor. 

• Additional diagnostic tools for evaluation of eosinophilic or non-IgE mediated 
reactions include endoscopy, colonoscopy, and biopsy. 

Differential diagnosis 

Important differential diagnoses are: 

• Lactose intolerance; this generally develops later in life but can present in young 
patients in severe cases. This is due to an enzyme deficiency (lactase) and not 
allergy. It occurs in many non-Western people. 

• Celiac disease; this is an autoimmune disorder triggered by gluten proteins such 
as gliadin (present in wheat, rye and barley). It is a non-IgE mediated food allergy 
by definition. 

• Irritable bowel syndrome (IBS) 
• C1 esterase inhibitor deficiency (hereditary angioedema); this rare disease 

generally causes attacks of angioedema, but can present solely with abdominal 
pain and occasional diarrhea. 

Prevention 

According to a report issued by the American Academy of Pediatrics, "There is evidence 
that breastfeeding for at least 4 months, compared with feeding infants formula made 
with intact cow milk protein, prevents or delays the occurrence of atopic dermatitis, cow 
milk allergy, and wheezing in early childhood." 
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In order to avoid an allergic reaction, a strict diet can be followed. It is difficult to 
determine the amount of allergenic food required to elicit a reaction, so complete 
avoidance should be attempted unless otherwise suggested by a qualified medical 
professional. In some cases, hypersensitive reactions can be triggered by exposures to 
allergens though skin contact, inhalation, kissing, participation in sports, blood 
transfusions, cosmetics, and alcohol. 

When avoiding certain foods in order to lessen the risk of reaction, it can be hard to 
maintain the proper amounts of nutrients. Some allergens are also common sources of 
vitamins and minerals, as well as macronutrients such as fat and protein; healthcare 
providers will often suggest alternate food sources of essential vitamins and minerals 
which are less allergenic. 

Treatment 

The mainstay of treatment for food allergy is avoidance of the foods that have been 
identified as allergens. For people who are extremely sensitive, this may involve the total 
avoidance of any exposure with the allergen, including touching or inhaling the 
problematic food as well as touching any surfaces that may have come into contact with 
it. 

If the food is accidentally ingested and a systemic reaction (anaphylaxis) occurs, then 
epinephrine should be used. It is possible that a second dose of epinephrine may be 
required for severe reactions. 

There are treatments for an allergic reaction. Among the first time the reaction occurs, it 
is most beneficial to take the person to the emergency room, where proper action may be 
taken. Other treatments include: epinephrine, antihistamines, and steroids. 

Epinephrine 

 
 
EpiPens are portable epinephrine-dispensing devices which can be used to alleviate the 
symptoms of severe, acute allergies. 

Epinephrine, also known as adrenaline, is a common medication used to treat allergic 
reactions. Epinephrine reverses the allergic reaction by improving blood circulation. This 
is done by tightening blood vessels in order to increase the heart beat and circulation to 
bodily organs. Epinephrine is produced naturally in the body. It is produced during 
"flight-or-fight" response. When a person is presented with a dangerous situation, the 



_________________WORLD TECHNOLOGIES_________________

WT

adrenal gland is triggered to release adrenaline; this gives the person an increased heart 
rate and more energy to try to fight off the danger being imposed on the individual. 
Epinephrine is also prescribed by a physician in a form that is self-injectable. This is what 
is called an epi-pen. 

Antihistamines 

Antihistamines are also used to treat allergic reactions. Antihistamines block the action of 
histamine, which causes blood vessels to dilate and become leaky to plasma proteins. 
Histamine also causes itchiness by acting on sensory nerve terminals. The most common 
antihistamine given for food allergies is diphenhydramine, also known as Benedryl. 
Antihistamines relieve symptoms. When it comes to dealing with anaphylaxis, however, 
they do not completely improve the dangerous symptoms that affect breathing. 

Steroids 

Steroids are used to calm down the immune system cells that are attacked by the 
chemicals released during an allergic reaction. This form of treatment in the form of a 
nasal spray should not be used to treat anaphylaxis, for it only relieves symptoms in the 
area in which the steroid is in contact. Another reason steroids should not be used to treat 
anaphylaxis is due to the long amount of time it takes to reduce inflammation and start to 
work. Steroids can also be taken orally or through injection. By taking a steroid in these 
manners, every part of the body can be reached and treated, but a long time is usually 
needed for these to take effect. 

Desensitisation 

Desensitisation may be a cure for food allergies. If the major precipitating allergen is a 
pollen then this is targeted by current protocols for desensitisation, not the food analogue 
allergen. Injections are used, as sublingual drops are not suitable for sufferers of oral 
allergy. 

Prof. Dr. Ronald van Ree of The University of Amsterdam and The Academic Medical 
Center expects that vaccines can in theory be created using genetic engineering to cure 
allergies. If this can be done, food allergies could be eradicated in about ten years. 

Epidemiology 

In the United States, it is estimated that up to twelve million people have food allergies. 
The most common food allergens include peanuts, milk, eggs, tree nuts, fish, shellfish, 
soy, and wheat - these foods account for about 90% of all allergic reactions. The most 
common food allergies in adults are shellfish, peanuts, tree nuts, fish, and egg. The most 
common food allergies in children are milk, eggs, peanuts, and tree nuts. 
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Six to eight percent of children under the age of three have food allergies and nearly four 
percent of adults have food allergies. Food allergies cause roughly 30,000 emergency 
room visits and 100 to 200 deaths per year in the United States. The prevalence is rising. 

For reasons that are not entirely understood, the diagnosis of food allergies has apparently 
become more common in Western nations in recent times. In the United States food 
allergy affects as many as 5% of infants less than three years of age and 3% to 4% of 
adults. There is a similar prevalence in Canada. 

Seventy-five percent of children who have allergies to milk protein are able to tolerate 
baked-in milk products, i.e., muffins, cookies, cake. 

About 50% of children with allergies to milk, egg, soy, and wheat will outgrow their 
allergy by the age of 6. Those that don't, and those that are still allergic by the age of 12 
or so, have less than an 8% chance of outgrowing the allergy. 

Peanut and tree nut allergies are less likely to be outgrown, although evidence now shows 
that about 20% of those with peanut allergies and 9% of those with tree nut allergies. 

In Central Europe, celery allergy is more common. In Japan, allergy to buckwheat flour, 
used for Soba noodles, is more common. 

Red meat allergy is extremely rare in the general population, but a geographic cluster of 
people allergic to red meat has been observed in Sydney, Australia. There appears to be a 
possible association between localised reaction to tick bite and the development of red 
meat allergy. 

Fruit allergies exist, such as to apples, peaches, pears, jackfruit, strawberries, etc. 

Corn allergy may also be prevalent in many populations, although it may be difficult to 
recognize in areas such as the United States and Canada where corn derivatives are 
common in the food supply. 

Protein allergies or intolerance of seeds, nuts, meat, and milk are especially common 
among children. 

Society and culture 

In response to the risk that certain foods pose to those with food allergies, countries have 
responded by instituting labeling laws that require food products to clearly inform 
consumers if their products contain major allergens or by-products of major allergens. 
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United States law 

 
 

An example of a list of allergens in a food item 

Under the Food Allergen Labeling and Consumer Protection Act of 2004 (Public Law 
108-282), companies are required to disclose on the label whether the product contains a 
major food allergen in clear, plain language. The allergens have to clearly be called out in 
the ingredient statement. Most companies list allergens in a statement separate from the 
ingredient statement. 

In 2009, Governor Deval Patrick signed into Massachusetts law an Act Relative to Food 
Allergy Awareness in Restaurants. The allergy awareness act requires food protection 
managers to view a video about food allergens, a poster identifying the 8 most common 
food allergens and information about identifying and responding to food allergies posted 
for food service staff, and customers must be notified of their obligation to inform staff 
about any food allergies. 

On 4 January 2011, President Barack Obama signed into federal law the Food Safety and 
Modernization Act of 2010 (S510/HR2751, 111th Congress). Section 112 of this Act 
establishes voluntary food allergy and anaphylaxis management guidelines for public 
kindergartens, elementary and secondary schools. 

 


