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The main resources for these notes comes from the following sources:

1. (H) Harrison’s Principles of Internal Medicine, 14th Edition, 1997.  Go get this book if you don’t already have it.

2. (NMS) – National Medical Series for Independent Study – Medicine 3rd Edition, Allen R. Myers.  This would be a tragedy not to have.  It has a brief synopsis of all of GI pathophysiology within 70 pages.  

3. (R) – Pathologic Basis of Disease, 5th Edition, Cotran, Kumar, Robbins. 

4. (N) – Nelson’s Textbook of Pediatrics, 14th Edition, 1992.  I never actually used this book, but it says you’re supposed to in the module.  This may be why I wasn’t able to find some of the objectives.

5. (C) Cecil’s Essential’s of Medicine, 4th edition, 1997.  Since I think this book sux real bad, there are only a few references from it.

These notes are a framework for the GI Pathophysiology module.  Do not use them as your exclusive source of material to study for the exam.  You need to realize that these notes are the 1st revision of the module (I’m leaving for India and so I won’t be able to put a revised copy of the notes out until at least the 5th of March).  Also, I called Dr. Caldwell and asked for some help on the objectives that I couldn’t find or that I wasn’t understanding.  He refused to help.  I’m not kidding.  So, there may be stuff in here that is just wrong.  I tried my best to figure the stuff out and I really hope that I don’t screw you guys up.  I tried to put the page numbers of where I found the material (but I wasn’t religious about this … I was hoping to do this in my revision).  I also hope to correct my miserable grammar in the next edition.

At this point, let me take a note out of Tina L.’s well done Infectious Disease module and leave you with one of my favorite quotes.

“It is important that students bring a certain ragamuffin barefoot irreverence to their studies; they are not here to worship what is known, but to question it” – Jacob Bronowski, The Ascent of Man, 1975.

Submodule 1:  Introduction to Gastrointestinal Pathophysiology

· This submodule is very brief, and the objectives tend to leave out a lot of stuff that I think is important in the readings, so please read H-Chapters 14 and 42 (not 41 like it says in the module), 

· Correct interpretation of abdominal pain is quite difficult.  Patients (pts.) present can present with extreme abdominal pain or none at all in a given disease.  To give an idea of the causes of abdominal pain, look at H-Table 14-1(below).  Don’t bother to memorize it. The material that I’m about to present in the next few pages is a more detailed look at abdominal pain etiology.

Table 14-1.  Some Important Causes Of Abdominal Pain



PAIN ORIGINATING IN THE ABDOMEN

1. Parietal peritoneal inflammation

a. Bacterial contamination, e.g., perforated  appendix, pelvic inflammatory disease

b. Chemical irritation, e.g., perforated ulcer, pancreatitis, mittelschmerz

2. Mechanical obstruction of hollow viscera

a. Obstruction of the small or large intestine

b. Obstruction of the biliary tree

c. Obstruction of the ureter

3. Vascular disturbances

a. Embolism or thrombosis

b. Vascular rupture

c. Pressure or torsional occlusion

d. Sickle cell anemia

4. Abdominal wall

a. Distortion or traction of mesentery

b. Trauma or infection of muscles

5. Distention of visceral surfaces, e.g., hepatic or renal capsules



PAIN REFERRED FROM EXTRAABDOMINAL SOURCE

1. Thorax, e.g., pneumonia, referred pain from coronary occlusion

2. Spine, e.g., radiculitis from arthritis

3. Genitalia, e.g., torsion of the testicle



METABOLIC CAUSES

1. Exogenous

a. Black widow spider bite

b. Lead poisoning and others

2. Endogenous

a. Uremia

b. Diabetic ketoacidosis

c. Porphyria

d. Allergic factors (C1 esterase inhibitor deficiency)



NEUROGENIC CAUSES

1. Organic

a. Tabes dorsalis

b. Herpes zoster

c. Causalgia and others

2. Functional

Chapter 14:  Abdominal Pain

I.
MECHANISMS OF PAIN ORIGINATING IN THE ABDOMEN (H-65-66)

A. Inflammation Of The Parietal Peritoneum  

1.
Quality of the pain

· The pain of parietal peritoneal inflammation is steady and aching in character and is located directly over the inflamed area, its exact reference being possible because it is transmitted by somatic nerves supplying the parietal peritoneum. 

2.
Intensity

· The intensity of the pain is dependent on the type and amount of foreign substance to which the peritoneal surfaces are exposed in a given period of time. 

3.
MODULE OBJECTIVE A (H-65) & OBJECTIVE B (H-65)

· The pain of peritoneal inflammation is invariably accentuated by pressure or changes in tension of the peritoneum, whether produced by palpation or by movement, as in coughing or sneezing. The patient with peritonitis lies quietly in bed, preferring to avoid motion, in contrast to the patient with colic, who may writhe incessantly.

· Another characteristic feature of peritoneal irritation is tonic reflex spasm of the abdominal musculature, localized to the involved body segment. The intensity of the tonic muscle spasm accompanying peritoneal inflammation is dependent on: the location of the inflammatory process, the rate at which it develops, and the integrity of the nervous system

B.
Obstruction Of Hollow Viscera – pain of obstruction of hollow abdominal viscera is classically described as intermittent, or colicky.

1.
Small Intestine

· The colicky pain is usually periumbilical or supraumbilical and is poorly localized.

2.
Large Intestine

· The colicky pain of colonic obstruction is of lesser intensity than that of the small intestine and is often located in the infraumbilical area with radiation commonly to the lumbar region.

3.
Biliary Tree & Gallbladder

· “Biliary Colic” is a misnomer, because the sudden obstruction of the biliary tree results in a steady pain (not intermittent).

· Distention of the gallbladder usually causes pain in the right upper quadrant with radiation to the right posterior region of the thorax or to the tip of the right scapula.

· Distention of the common bile duct is often associated with pain in the epigastrium radiating to the upper part of the lumbar region.

4.
Urinary Bladder 

· Obstruction of the urinary bladder results in dull, low intensity suprapubic pain.

C.
Vascular Disturbances (these are hard to characterize definitively, but some general rules of thumb may apply

· Absence of tenderness and rigidity in the presence of continuous, diffuse pain in a patient likely to have vascular disease is quite characteristic of occlusion of the superior mesenteric artery

· Abdominal pain with radiation to the sacral region, flank, or genitalia should always signal the possible presence of a rupturing abdominal aortic aneurysm. 

D.
Abdominal Wall
· Abdominal wall pain is constant and aching exacerbated by movement, prolonged standing, and pressure.

II.
REFERRED PAIN IN ABDOMINAL DISEASES (H-66)

A.
Referred Pain – Definition & Mechanism

1.
Definition

· It is the spatial displacement of pain sensation from the site of the injury to another site (like from the abdominal viscera to the skin of the back).

2.
Mechanism

· All spinal neurons that receive input from the viscera and deep musculoskeletal structures also receive input from the skin.  These then go to the brain, where pain is interpreted.

· So, it is the convergence of many sensory inputs to a single spinal pain-transmission neuron underlies the phenomenon of referred pain. 

B.
Referred Pain – Intrathoracic causes & Other Signs 

1.
Examples (MODULE OBJECTIVE C)

· Myocardial or pulmonary infarction, pneumonia, pericarditis, or esophageal disease are the intrathoracic diseases that most often masquerade as abdominal emergencies.

2.
Other signs of importance

· Referred pain of thoracic origin is often accompanied by splinting of the involved hemithorax with respiratory lag and decrease in excursion more marked than that seen in the presence of intraabdominal disease.

· Abdominal muscle spasm caused by referred pain will diminish during the inspiratory phase of respiration, whereas it is persistent throughout both respiratory phases if it is of abdominal origin.

· Palpation over the area of referred pain in the abdomen also does not usually accentuate the pain (unlike with most abdominal originating pain).

Chapter 42:  Nausea, Vomiting and Indigestion

I.
NAUSEA AND VOMITING

A.
Definitions – MODULE OBJECTIVE E

1. Nausea - denotes the feeling of an imminent desire to vomit, usually referred to the throat or epigastrium.  

2. Vomiting (or emesis)  - refers to the forceful oral expulsion of gastric contents. The main ejection force is provided by the abdominal musculature.

3. Retching denotes the labored rhythmic contraction of respiratory and abdominal musculature that frequently precedes or accompanies vomiting

4. Regurgitation - which refers to the expulsion of food in the absence of nausea and without the abdominal diaphragmatic muscular contraction associated with vomiting.

· Regurgitation of esophageal contents may occur with esophageal strictures or diverticula. Regurgitation of gastric contents is generally seen in gastroesophageal reflux disease due to lower esophageal sphincter incompetence, in pyloric spasm or obstruction due to peptic ulcer, or in gastroparesis

B. Vomiting 101 - Vomiting is under the control of two functionally distinct medullary centers: the vomiting center in the dorsal portion of the lateral reticular formation and the chemoreceptor trigger zone in the floor of the 4th ventricle

1. The vomiting center controls and integrates the actual act of emesis

2. The chemoreceptor trigger zone by itself is incapable of mediating the act of vomiting; rather activation of this zone results in efferent impulses to the medullary vomiting center, which in turn initiates emesis

· The chemoreceptor trigger zone is an emetic chemoreceptor that can be activated by a variety of stimuli or drugs, including apomorphine and other opiates, levodopa (after decarboxylation to dopamine), digitalis, bacterial toxins, radiation, and metabolic abnormalities as occur with uremia and hypoxia.

C.
Bile (MODULE OBJECTIVE D)

· Bile is commonly present in gastric contents whenever vomiting is prolonged; it has no significance unless constantly present in large quantities, when it may signify an obstructing lesion below the ampulla of Vater.

II.
INDIGESTION – Also MODULE OBJECTIVE E

· Indigestion is more a patient’s description of GI problem than a medical description.  So, you must characterize exactly what the patient means by indigestion and then translate that into medical parlance so no one else understands what you mean.  

· To some patients, indigestion refers to actual abdominal pain or pressure, which may be associated with postprandial fullness, early satiety, nausea, or bloating, and which is generally designated as dyspepsia. 

· Others may use the term indigestion to describe either a vague feeling that digestion has not proceeded naturally or that intolerance to specific foods exist. 

· Still others may use it to describe belching, a feeling of excessive gas, or flatulence. 

· Or, heartburn can be “indigestion” in which case the patient can be presumed to have gastroesophageal reflux disease.

Submodule 2:  Disorders of the Esophagus

· Realize that there are basically a few big types of disorders with the esophagus:  motor disorders (both with the sphincters and with peristalsis), trauma & neoplasia.  (this is not all inclusive)

· We’ll mostly be talking about sphincters in Section A and then shift over to peristalsis in section B.

Section A:  Pathophysiology of Gastroesophageal Reflux Disease (GERD) and Esophagitis

I.
Reflux Esophagitis – is caused by the recurring reflux of stomach contents (acid) into the distal esophagus.

A.
Etiology & Pathogenesis (MODULE OBJECTIVE A)

1.
Lower esophageal sphincter (LES) dysfunction

a. Barriers to Reflux of Gastric Content (OBJECTIVE A) – normally, the LES blocks reflux of gastric juice into the esophagus.

i. GERD is thought to occur from a defect in LES function due to:

ii.  resting LES pressure (MODULE OBJECTIVE E.1)

iii. Prolonged or repeated intermittent relaxation of the LES (MODULE OBJECTIVE E.2)

iv.  in abdominal pressure


2.
Secondary causes of reflux esophagitis 

a. Pregnancy (MODULE OBJECTIVE E.5)– in the last trimester, due to high progesterone levels (inhibitor of the LES tone)

b. Drugs (those that  smooth muscle tone) – (MODULE OBJECTIVE E.6)

i. Anticholinergic agents – (atropine, ipratropium, trimethaphan, tubocurarine)

ii. 2-agonists (terbutaline, albuterol, ritrodine, metaproterenol) and theophylline (not used much any more) in treatment of asthma.

iii. Ca2+ channel blockers (nifedipine, verapamil, diltiazem, bepridil) 

iv. nitrates (nitroglycerine, amyl nitrate) – used in the treatment of angina pectoris, cause smooth muscle relaxation (which may sufficiently disturb LES tone enough to allow reflux).

c. Hiatal hernia (this is when part of the stomach goes up through the esophageal hiatus in the diaphragm). (MODULE OBJECTIVE E.3)

· In this case, the diaphragmatic crura are incompetent and do not support the LES in preventing reflux.

d.
Gastric acid hypersecretion - ????????????????????? (MODULE OBJECTIVE E.4)

· The HCl is what causes the esophagitis to occur in the 1st place … so hypersecretion of HCl predisposes you to this condition.

e.
Smoking ??????????????????????? (MODULE OBJECTIVE E.7)

· What effect does nicotine have on LES tonicity ????????????

f.
Fatty Foods ??????????????? (MODULE OBJECTIVE E.7)

· Generally take longer to clear from the stomach and therefore predispose you to this disorder?????????

g.
Obesity ???????????????? (MODULE OBJECTIVE E.8)

h.
Exercise ???????????????? (MODULE OBJECTIVE E.9)

i.
Scleroderma

j.
Surgical vagotomy ( parasympathetic output to gut,  motility, promotes stasis)

B.
Clinical Features of GERD – (MODULE OBJECTIVE B)

1. Heartburn – (a.k.a. pyrosis) – described as retrosternal pain is  a specific symptoms of GERD

2. Dysphagia – is generally for solids and may indicate the complication of esophageal stricture (see complications below).

3. Anemia – can occur if recurrent esophageal bleeding is present.

4. Water brash is a reflex salivary hypersecretion which occurs in response to peptic esophagitis; you want to avoid confusing this with regurgitation.

C.
Complications of GERD (MODULE OBECTIVES C.1 – C.4)

1. Benign Esophageal Strictures
a. result in dysphagia

b. can be diagnosis by barium swallow test, endoscopy with biopsy or cytology.

2. Esophageal ulceration 

a. This can result in gastrointestinal bleeding and anemia

b. The primary symptom is severe pain.

3. Reflux-induced laryngitis - this is a common source of hoarseness and sore throat in adults.

4.
Pulmonary aspiration 

· this contributes to asthma (wheezing), chronic or repeated pneumonia (resulting in chronic cough)

5.
Barrett’s esophagus
a. We’ll talk about this more in the pathology of GERD

b. This is a condition in which the normal esophageal squamous epithelium is replaced with columnar epithelium.

c. Sounds innocuous enough, right?  Wrong.  This is a precursor to esophageal adenocarcinoma (which carries a grave prognosis).

D. 
Pathologic Findings (R-761- 763) – MODULE OBJECTIVE D.1 & D.2

1. Pathology in GERD with esophagitis – three features are characteristic

a. eosinophils in the epithelial layer (if neutrophils are present, it indicates more damage).

b. basal zone hyperplasia

c. elongation of the lamina propria papillae.

d. These can be seen in R-Figure 17-6 pg. 762

2. Pathology of Barrett’s esophagus

a. Gross Appearance

i. It looks like a red, velvety mucosa located between the normal smooth pale pink esophageal squamous mucosa and the more lush, light brown gastric mucosa.

ii. There is a great picture of this in R-Figure 17-7, pg. 763

b. Microscopic appearance

i. The esophageal squamous epithelium is replaced by metaplastic columnar epithelium.

ii. There is a schematic picture of this in R-Figure 17-8, pg. 763.

E.
Diagnostic Tests (MODULE OBJECTIVES F.1 – F.4)  ??????????????????????????????????????????????

1. Barium swallow – this test is used to visualize incompetency of the LES by demonstrating radiocontrast regurgitation from the stomach into the esophagus.  H-Figure 283-1 6b pg. 1589

2. Esophageal motility

a. These studies are very helpful in the diagnosis of achalasia, diffuse esophageal spasm and its variants, scleroderma, and other motor disorders of the esophagus.

b. In patients with reflux esophagitis, esophageal manometry (done in the motility study) is useful in quantitating lower esophageal competence.

c. There is an excellent picture in H-Figure 283-3 pg. 1591

3. Esophageal pH monitoring - This determines the # of times (in 24 hours) that the pH drops below 4.

4. Upper gastrointestinal endoscopy (a.k.a. esophagogastroduodenoscopy) – can be used to visualize directly LES incompetence

A. Therapy (Tx) – there are 4 goals in treatment of this disease:   reflux, make refluxate harmless,  esophageal clearance and protect the esophageal mucosa.  MODULE OBJECTIVE G.1 – G.5

1.
Increasing the reflux barrier

a. Elevation of the head (reduces pressure of gastric contents on the LES)

b. Avoiding eating for ~ 3 hours before bedtime

c. Antacids

d. Drugs that  LES tone (bethanechol)

e. Drugs that  stomach motility (metoclopramide, cisapride)

f. Surgery (Nissen fundoplication – the gastric fundus is wrapped around the esophagus, increasing LES pressure)

2.
Decreasing gastric acid effects

a. Antacids

b. H2-receptor antagonists (cimetidine, famotidine, ranitidine, nizatidine)

c. H+/K+ proton pump blockers (omeprazole, lansoprazole)

3.
Avoiding things that  LES pressure

a. Anticholinergic, -agonists, Ca2+ channel blockers, nitrates

b. Xanthine and its derivatives (coffee, chocolates, tea)

c. Nicotine

d. Peppermint

II.
Infectious Esophagitis

· Basically the host characteristic that predisposes you to infectious esophagitis is the immunocompromised state (MODULE OBJECTIVE I). The following are the major agents that cause the esophagitis (don’t bother memorizing this list):

1.
Viral – HSV, CMV, HIV, & VZV

2.
Fungal – Candida spp.

Section B:  Pathophysiology of Dysphagia

A.
Definitions (MODULE OBJECTIVE B)

1. Dysphagia is defined as a sensation of "sticking" or obstruction of the passage of food through the mouth, pharynx, or esophagus.

2. Oropharyngeal Dysphagia refers to a motor dysphagia that occurs from the incorrect function of the striated muscle (the upper 1/3 of the esophagus … remember that from anatomy and the GI physiology module?).  An important aspect of this dysphagia is that food goes the wrong way (out through your nose) when this occurs.

3. Odynophagia means painful swallowing

4. Globus pharyngeous is the sensation of a lump lodged in the throat (this is what happens when you meet your soul mate). 
5. Aphagia signifies complete esophageal obstruction, which is usually due to bolus impaction and represents a medical emergency

B.
Normal Physiology of Swallowing (MODULE OBJECTIVE A)

1.
Steps involved

a. The process of swallowing begins with a voluntary (oral) phase during which a bolus of food is pushed into the pharynx by the contraction of the tongue. 

b. The bolus then activates oropharyngeal sensory receptors that initiate the involuntary (pharyngeal and esophageal) phase, or deglutition reflex. The deglutition reflex is a complex series of events that serves both to propel food through the pharynx and the esophagus and to prevent its entry into the airway. 

c. When the bolus is propelled backward by the tongue, the larynx moves forward and the upper esophageal sphincter opens. 

d. As the bolus moves into the pharynx, contraction of the superior pharyngeal constrictor against the contracted soft palate initiates a peristaltic contraction that proceeds rapidly downward to move the bolus through the pharynx and the esophagus. 

e. The lower esophageal sphincter opens as the food enters the esophagus and remains open until the peristaltic contraction has swept the bolus into the stomach.

2.
Peristalsis

a. Primary Peristalsis - Peristaltic contraction in response to a swallow involves inhibition followed by sequential contraction of muscles along the entire swallowing passage. 

b. Local distention of the esophagus from food activates intramural reflexes in the smooth muscle and results in secondary peristalsis, limited to the thoracic esophagus. 

c. Tertiary contractions are nonperistaltic because they occur simultaneously over a long segment of the esophagus. Tertiary contractions may occur in response to a swallow or esophageal distention, or they may occur spontaneously.

C.
Pathophysiology of Dysphagia

· Dysphagia comes in two broad categories:  Mechanical and Motor

1. Mechanical Dysphagia – can be caused by a very large food bolus, intrinsic narrowing of the esophagus or compression.

a. When there is an obstructive lesion causing the lumen to narrow to 2.5 cm, dysphagia to normal food occurs. ?????????????????????  Check Answer

b. H-Table 40.1 pg. 229 shows (a few) common causes of mechanical and motor dysphagia.  It is absolutely imperative that you memorize this table (kidding).

2. Motor dysphagia – the major dysfunctions occur in striated muscle and smooth muscle … leading to different pathophysiology.  (MODULE OBJECTIVE C)

a.
Striated Muscle

i.
Oropharyngeal Paralysis  (oropharyngeal dysphagia)

· Paralysis of oral muscle leads to difficulty in initiating swallowing and to drooling of food out of mouth. 

· Pharyngeal paralysis is characterized by dysphagia, nasal regurgitation, and tracheobronchial aspiration during swallowing. It occurs in a variety of neuromuscular disorders. 

· When the suprahyoid muscles are paralyzed, the upper sphincter does not open with swallowing, leading to paralytic achalasia of the upper esophageal sphincter and severe dysphagia.

ii.
Cricopharyngeal Bar  

· Failure of the cricopharyngeus to relax on swallowing leads to a contracted cricopharyngeus, which appears as a prominent bar on the posterior wall of the pharynx on barium swallow (H-Fig. 283-1, pg. 1590). 

iii.
Globus pharyngeous  

· A sensation of a constant lump in the throat, but with no difficulty in swallowing, occurs especially in subjects with emotional disorders, particularly women. Results of barium studies and manometry are normal. Treatment consists primarily of reassurance.

b.
Smooth Muscle

i. Achalasia is a motor disorder of the esophageal smooth muscle in which the LES does not relax properly with swallowing, and the normal peristalsis of the esophageal body is replaced by abnormal contractions.

· Pathophysiology  

· The underlying abnormality is the loss of inhibitory intramural neurons in the smooth-muscle portion of the esophageal body and the LES. 

· Clinical Features  

· Dysphagia, chest pain, and regurgitation are the main symptoms. 

· The presence of gastroesophageal reflux argues against achalasia, and in patients with long-standing heartburn, cessation of heartburn and appearance of dysphagia suggest development of achalasia in a patient with reflux esophagitis. 

· The overall course is usually chronic, with progressive dysphagia and weight loss over months to years.

· Diagnosis
· On fluoroscopy, normal peristalsis is lost in the lower two-thirds of the esophagus (the body of the esophagus). The terminal part of the esophagus shows a persistent beaklike narrowing representing the nonrelaxing LES (see H-Fig. 283-1 pg. 1590

ii.
Diffuse esophageal spasm (see Harrison’s)

iii.
Scleroderma (see Harrison’s)

· Realize that a variety of systemic illnesses may affect function.  (MODULE OBJECTIVE F)

· ??????????????????????????????  Somewhere is supposed to be Table 37-1 with this information … but that is not the right table ….. 

· ?????????????????????????????? Also, why does most neuromuscular disease cause oropharyngeal rather than esophageal body dysphagia.

D.
Patient History (Hx)  (MODULE OBJECTIVES E.1 – E.5 … yes there is no module objective D)

· The Hx provides a correct presumptive Dx in > 80% of cases and also helps define the optimal evaluation scheme for a pt.

1. Perceived location of the problem – the lesion is at or below the patient’s perceived location of the problem.

2. Nature of the bolus

a. Difficulty only with solids implies mechanical dysphagia with a lumen that is not severely narrowed (and only when severe does liquid dysphagia occur)

b. Motor dysphagia due to achalasia and diffuse esophageal spasm is equally affected by solids and liquids from the very onset

c. Patients with scleroderma have dysphagia to solids that is unrelated to posture and to liquids in the recumbent but not in the upright posture

3.
Duration

a. Transient dysphagia of short duration may be due to an inflammatory process

b. Progressive dysphagia lasting a few weeks to a few months is suggestive of carcinoma of the esophagus

c. Episodic dysphagia to solids lasting several years indicates a benign disease characteristic of a lower esophageal ring

4.
Patient Age ???????????????????????????????

5.
Presence or absence of symptoms (pain, weight loss, regurgitation)

a. Nasal regurgitation and tracheobronchial aspiration with swallowing are hallmarks of pharyngeal paralysis or a tracheoesophageal fistula

b. Severe weight loss that is out of proportion to the degree of dysphagia is highly suggestive of carcinoma

c. Hoarseness following dysphagia may suggest involvement of the recurrent laryngeal nerve by extension of esophageal carcinoma

d. Chest pain with dysphagia occurs in diffuse esophageal spasm and in related motor disorders

e. Chest pain resembling diffuse esophageal spasms also may occur in esophageal obstruction due to a large bolus

f. A prolonged history of heartburn and reflux preceding dysphagia indicates peptic stricture

E.
Pathology (MODULE OBECTIVES J.1 – J.3, K.1 & K.2)

1.
Adenocarcinoma of the esophagus (associated with Barrett’s esophagus)

a. Gross Morphology

i.
Appear as flat or raised patches of an intact mucosa.

ii.
Usually the tumor will have invaded through the wall

b. Microscopic Morphology – most of these tumors are mucin-producing glandular tumors which look a lot like gastric tumors.

2.
Squamous carcinoma of the esophagus

a.
Gross Morphology

i.
Early on, the lesions looks like a small grey/white plaque or elevation of the mucosa.

ii.
As the lesion grows 3 morphological patterns develop:

· Protruded (60%) – fungating lesion protruding into the lumen (R-Figure 17-9, pg. 765)

· Flat (15%) – causes thickening of the wall

· Excavated (25%) – necrotic cancerous ulceration that excavates deeply into the surrounding structures.

b.
Microscopic Morphology – most cells look moderately to well differentiated

3.
Achalasia

a.
Gross Morphology – dilatation of the esophagus above the LES 

b.
Microscopic morphology

i.
Myenteric ganglia are usually absent from the body of the esophagus (but not the LES)

ii.
Sometimes the mucosal lining may show inflammation, ulceration, or fribotic thickening.

4.
Webs/Rings

a.
Lower esophageal ring (Schatzki)

· Gross morphology – this is a thin, weblike constriction located at the squamocolumnar mucosal junction at or near the border of the LES (H-Fig. 283-2, p. 1590)

b.
Cricopharyngeal Web (Plummer-Vinson or Patterson-Kelly)

· Gross morphology – this is a constriction of the upper esophagus.

· The combination of symptomatic hypopharyngeal webs and iron-deficiency anemia in middle-aged women constitutes Plummer-Vinson (or Patterson-Kelly) syndrome 
F.
Diagnostics (MODULE OBJECTIVES I.1 – I.3)

1.
Achalasia

a.
Endoscopy is helpful in excluding the secondary causes of achalasia, particularly gastric carcinoma

b.
CXR

i.
Barium swallow can help visualize the esophageal dilation.

ii.
Fluoroscopy can show that normal peristalsis is lost in the lower two-thirds of the esophagus

c.
Motility Studies

i.
Show LES pressure 
ii.
Show  resting esophageal body pressure

d.
Other tests

i. Administration of the cholinergic muscarinic agonist mecholyl causes a marked increase in baseline esophageal pressure, chest pain, and regurgitation of retained esophageal contents (Mecholyl test)

ii. Cholecystokinin (CCK), which normally causes a fall in the sphincter pressure, paradoxically causes contraction of the LES (the CCK test). This paradoxical response occurs because, in achalasia, the neurally transmitted inhibitory effect of CCK is absent owing to the loss of inhibitory neurons

2.
Carcinoma of esophagus

a.
Endoscopy – used to biopsy the tumor

b.
CXR – with contrast can be used to visualize the obstruction

c.
Motility Studies – used to quantify pressures at the obstruction site

3.
Parkinson's disease

a.
Endoscopy 

b.
CXR

c.
Motility Studies

Section C:  Pathophysiology of Chest Pain Due to Esophagitis
· Read Appendix I on pages 43 & 44 (algorithm)

A.
Recognize relationships among exertional chest pain, GERD and angina

1. Exertion-precipitated GERD mimics angina

2. GERD coexists with angina in some ischemic heart disease patients.

3. GERD may aggravate angina by lowering symptom threshold.

4. Some antianginal therapy may aggravate GERD (nitrates, calcium channel blockers) by  LES tone

5. Some antianginal therapy may improve symptoms due to esophageal motility disorders

B. Describe a diagnostic approach to patients with chest pain found not to have significant coronary disease.  (See the Algorithm on pg. 44 of the module).

Submodule 3:  Disorders of the Stomach; Peptic Ulcer Disease

Section A:  Pathophysiology of Peptic Ulcer

A.
Basic Physiology

1.
Cell Types

a. Parietal cell – scattered along the course of the mucosal glands of the body and the fundus.

· At this point, you might want to check out H-Figure 284-1, pg. 1597

i. These cells secrete HCl into the lumen

· An  apical H+/K+ proton pump results in 1 H+ leaving the cell and 1 K+ entering

· Also on the apical membrane is the Cl-/K+ symporter that secretes both a Cl- and a K+ 

· Thus the net effect is HCl into the lumen.

· And, for each H+ into the lumen, one bicarbonate ion (HCO3) is released into the gastric venous circulation, accounting for the so-called alkaline tide; bicarbonate is released from carbonic acid generated from carbon dioxide by parietal cell carbonic anhydrase.

ii. Anything that causes protein kinase (final common pathway) to become activated, increases HCl secretion.

· The two things that cause protein kinase to become activated are Ca2+ and cAMP

· The factors that modulate these two intracellular molecules are talked about in control and pharmacology.

iii. The parietal cell also secretes gastric intrinsic factor (used in the absorption of Vitamin B12)

b. Mucous cell – secrete the gastric mucous that prevents damage to the stomach wall.

c. Chief cells – secrete pepsinogen

d. G cells – secrete gastrin

e. D cells (antral mucosal endocrine cells) – secrete somatostatin

f. Enterochromaffin like cells (ECL) – epithelia endocrine cells distributed in the mucous glands.  They secrete histamine (an important modulator of gastric acid secretion).

2.
Gastric Acid Secretion (MODULE OBJECTIVES A & B)

a. Control and Pharmacology (MODULE OBJECTIVES A) – It would be silly to continue without looking at H-Figure 284-1, pg. 1597.

 i.
Vagal Stimulation

· Vagal stimulation increases gastric acid secretion by:

1. cholinergic stimulation of parietal cell secretion

2. enhancing release of gastrin from antral G cells (by both inhibition of the release of somatostatin by antral D cells and by direct stimulation of G cells)

3. lowering the parietal cell threshold for response to circulating gastrin concentrations (by increasing intracellular Ca2+ levels).

ii.
Enterochromaffin cell control

· These cells are in direct contact with the parietal cells.

· They release histamine, which binds to the basolateral membrane H2-receptor of the parietal cell.

· The histamine activates a Gs membrane protein which activates adenylate cyclase and therefore increases cAMP, protein kinase and ultimately HCl secretion.

· This is a critical point for a class of drugs (the H2 receptor antagonists like cimetidine) which prevent the binding of histamine.

iii.
D Cell Control

· These cells have cytoplasmic processes that extend to neighboring gastrin (G) cells and to parietal cells.

· These cells release somatostatin, which has an inhibitory effect on the enterochromaffin cells, the G cells and the parietal cells 

· The result of this inhibition is that gastrin secretion is , histamine secretion is  and HCl secretion from the parietal cell is  (via a Gi protein that  cAMP)

iv.
G Cell Control

· G cells secrete gastrin, which  Ca2+ intracellular levels thereby activating protein kinase and ultimately the H+/K+ pump.

· Gastrin also activates the enterochromaffin cells (which causes them to secrete histamine)

· These cells are inhibited by somatostatin secreted by the antral D cells.

v.
Prostaglandins (we’ll also cover more in objective C)

· These agents directly activate the Gi protein which inhibits adenylate cyclase and  cAMP levels.

· The results of  cAMP is  protein kinase and therefore  HCl secretion.

vi.
Other Effects

· The major physiologic stimulus for gastric acid secretion is ingestion of food.

· Acid in the duodenum decreases gastric acid secretion by the stomach, most likely by stimulating release into the circulation of intestinal peptides such as secretin that inhibit gastric acid secretion

· Fat in the duodenum also inhibits gastric acid secretion; gastric inhibitory peptide (GIP) has been proposed as a candidate for this action

· Ingestion of both caffeine-containing and caffeine-free coffee stimulates gastric acid secretion by stimulating gastrin release. Ingestion of beer and wine also stimulate gastric acid secretion (not due to alcohol, but something else)

b.
Phases of gastric secretion (MODULE OBJECTIVES B)

· Traditionally, regulation of gastric acid secretion has been classified into three phases: cephalic, gastric, and intestinal

i.
Cephalic phase

· This phase encompasses the gastric acid secretory response to the sight, smell, taste, and anticipation of food

· It is mediated primarily by vagal activation, which increases gastric acid secretion principally by direct stimulation of ECL and parietal cells and to a lesser extent by promoting gastrin release

ii.
Gastric phase

· This phase is induced by food in the stomach, which stimulates chemical and mechanical receptors in the gastric wall

· Food (principally protein and the products of protein digestion) in the stomach promotes gastric acid secretion by increasing gastrin release

iii.
Intestinal phase

· This phage occurs after entry of food into the lumen of the small intestine

· Food in the proximal small intestine stimulates the intestinal phase of gastric acid secretion by inducing the release of small amounts of gastrin and other peptides that stimulate gastric acid secretion and by a direct effect of absorbed amino acids on parietal cells

3.
The Gastric Mucosal Barrier (MODULE OBJECTIVES C.1 – C.4)

a.
Gastric Mucous

i. Mucus secretion is stimulated by mechanical or chemical irritation and by cholinergic stimulation 

ii. Gastric mucous forms a gel layer that serves as an unstirred water layer which slows ionic diffusion and is impermeable to macromolecules such as pepsins.

iii. It is secreted continuously and is constantly solubilized by pepsins secreted into the gastric lumen.  So the balance of secretion and destruction of the gel layer is important.

b.
Bicarbonate ion

i. Nonparietal gastric epithelial cells secrete bicarbonate ions into the mucus gel

ii. This acts as a buffer, protecting the gastric epithelium.

iii. Gastric bicarbonate secretion is stimulated by calcium, certain prostaglandins of the E and F series, cholinergic agents, and dibutyryl cyclic guanosine monophosphate

iv. It is inhibited by aspirin and NSAIDs, acetazolamide, alpha-adrenergic agents, and ethanol

c.
Blood flow

i. Because of the high metabolic activity and substantial oxygen requirements of the gastric mucosa, maintenance of normal blood flow to the gastric mucosa is an essential component of mucosal resistance to injury. 

ii. Decreased mucosal blood flow, accompanied by diffusion of luminal hydrogen ions, is thought to be important in producing gastric mucosal damage.

d.
Prostagladins

· Gel thickness and bicarbonate ion secretion is increased by the E prostaglandins and reduced by aspirin and other NSAIDs

B.
Peptic Ulcer Disease

1. Introduction - Peptic ulcer disease is a group of disorders of the GI tract that all involve discrete tissue destruction caused by acid and pepsin.

2. Incidence

a. Generally more common in men than women

b. Duodenal ulcers are 3x more common than gastric ulcers

c. Peak age for duodenal ulcers is ~ 40, whereas gastric ulcers occur with a peak of ~ 50 y/o

d. Relapse rate once you have it is high

3.
Pathogenesis

a. The disorder is fundamentally a problem of balance between “aggressive factors” (acid and pepsin) and “mucosal defense” (talked about a few seconds ago).

b. Certain factors do predispose you to development of peptic ulcer (MODULE OBJECTIVE D)

i.
Social Factors

· Tobacco smoking – by  pancreatic secretion of bicarbonate, acid levels in the duodenum are higher.

· Drugs – NSAIDs and steroids both contribute to the antiprostaglandin effect, which  the cytoprotective effects of the prostaglandins.  (MODULE OBJECTIVE J)

· Alcohol – compromises the mucosal barrier and stimulates gastric acid secretion

ii.
Physiologic Factors

· In duodenal ulcer patients, gastric acid secretion may be elevated (but it is actually decreased in gastric ulcer patients).  Also in duodenal ulcer patients, serum gastrin is elevated postprandially.

· In Gastric ulcer patient the serum gastrin is elevated (yes I did say elevated) both in the fasting and postprandial states.

iii.
Genetic Factors

· 1st order relatives are 3x more likely to have peptic ulcer (recall a reason from infectious disease why this might be true?  Yes, H. pylori may be transmitted with higher frequency to family members than the general public).

· Blood group O people have increased incidence.

iv.
Infectious Factors (MODULE OBJECTIVE H & I also)

· Helicobacter pylori infection has been found for 60%-70% of people with gastric ulcers and 90% of people with duodenal ulcers.

· Pathophysiology 

1. H. pylori produces urease which produces ammonia from urea.  

2. The ammonia neutralizes stomach acid locally and it also generates OH- ions when in equilibrium with water.  This contributes to gastric mucosal epithelial damage.

3. H. pylori has adhesins which bind it to the gastric mucosa 

4. There it can secrete proteases and phospholipases (break down the gel layer) along with inflammatory mediators like neutrophil chemotactic factor and platelet-activating factor.

· Diagnosis is made using the urea breath test (see H-Figure 284-3, pg. 1600)

· Treatment

1. The role of treating H. pylori infestation in the management of peptic ulcer is critical.  To realize this, take a look H-Figure 284-4, pg. 1600.

2. The gist is that those treated for H. pylori had 10% recurrence and those not treated had upwards of 90% recurrence.

3. Treatment consists of omeprazole (blocks proton pump), clarithromycin or metronidazole and amoxicillin plus a bismuth salt. 

v.
Psychological Factors

· Type A personality, stress, anxiety may all contribute.

4.
Pathology (R-774-775) – MODULE OBJECTIVE G

a.
Gross Morphology (R-Figures 17-15 & 17-16)

1. The classic peptic ulcer is a round-to-oval, sharply punched-out defect with relatively straight walls.

2. The margins are usually level with the surrounding mucosa or only slightly elevated.

3. In malignancies, the margins tend to heap up.

b.
Microscopic Morphology (in active ulcers) (R-Figure 17-17)

1. The base and margins have a superficial layer of fibrinoid debris

2. Beneath this layer is a zone of inflammatory infiltrate (many neutrophils)

3. Granulation tissue is seen in the deeper layers (with monocytes)

4. The granulation tissue rests on a solid fibrous collagenous scar.

5.
Clinical Features

a.
Pain – described as epigastric burning often with nausea and bloating.  

i.
The pain can be exacerbated by eating in gastric ulcer (GU) patients 

ii.
In duodenal ulcer (DU) patients, the pain is diminished by eating and returns 2 – 3 hours after eating.

b.
Upper gastrointestinal hemorrhage and/or anemia from chronic blood loss

c.
Complications (MODULE OBJECTIVE L.1 – L.5)

i.
Hemorrhage

· Occurs in 20% of the cases and is the most serious complication with its 10% mortality rate.

ii.
Gastric Outlet Obstruction

· Occurs in 5% - 10% of cases.

· Early satiety, epigastric fullness, nausea and vomiting of undigested food suggest the diagnosis.

iii.
Perforation and Penetration

· Perforation of the ulcer will cause severe pain, abdominal guarding and rebound tenderness.  It can be diagnosed by observing an air-fluid level under the diaphragm in a radiograph.

· Penetration usually occurs when a duodenal ulcer penetrates the posterior duodenal wall into the pancreas.  Sudden onset pain radiating to the back and elevated serum amylase and lipase levels suggest the diagnosis.

iv.
Recurrence

???????????

v.
Failure to Respond to Therapy

??????????????????

6.
Dx
a.
Hx & Physical

· The history is the most important tool in making the presumptive diagnosis. 

b.
Upper GI X-ray

· This is useful as a screening tool

c.
EGD

· This is used definitive visualization of the ulcer.

· It is also used to biopsy and brush specimens (need to check for cancer and/or H. pylori)

d.
Gastric Acid Secretion Studies

· These studies are useful in the diagnosis of the Zollinger-Ellison syndrome or atrophic gastritis and for determination of completeness of surgical vagotomy.

e.
Serum Gastrin Studies

· Determination of the serum gastrin level is recommended only in patients for whom surgery is planned or in whom an underlying gastrinoma (ZES) is suspected. 

7.
Tx (MODULE OBJECTIVE K)

a.
Antacids (Mg(OH)2, Al(OH)3) - These agents neutralize protons in the gut.

b.
Antisecretory drugs

i.
Anticholinergics (atropine)

· Can you say dinosaur drug?

· These were used to block the parietal cell secretion of HCl, but are no match for the H2 blockers

ii.
H2 receptor antagonists (cimetidine, ranitidine, famotidine, nizatidine)

· Histamine block greatly reduces the gastric acid secretion

iii.
Substituted Benzimidazoles (omeprazole, lansoprazole)

· These are the proton pump inhibitors

c.
Drugs that influence mucosal defense

i.
Bismuth Salts (Pepto-Bismol)

· In the acid of the stomach, these salts bind to the gastric mucous layer and inhibit pepsin activity and H+ diffusion.

· The principle role of bismuth-containing compounds is in the treatment of H. pylori.

ii.
Sucralfate (sucrose + aluminum + sulfate)

· This agent polymerizes in the acid of the stomach and binds to granulation tissue forming a protective coating that accelerates the healing process.

iii.
E-series Prostaglandins (misoprostol (a PGE1 analogue))

· Stimulate gastric mucus secretion

· Stimulate gastric and duodenal bicarbonate secretion

· Increase gastric mucosal blood flow

· Maintain the gastric mucosal barrier to diffusion of H+
· Stimulate mucous cell replacement/turnover

C.
Zollinger-Ellison Syndrome

1.
Pathology & Pathophysiology (MODULE OBJECTIVE M.1 & M.2)

a. A non-beta islet cell tumor (of the pancreas) that produces gastrin causes hyperplasia of parietal and chief cells in the stomach.

b. The tumor  is malignant 60% of the time.

c. The hypersecretion of gastrin causes high acid levels, which are the main cause of symptoms.

2.
Clinical features

a. Pain – occurs from peptic ulcer disease that accompanies ZES

b. Diarrhea ( or steatorrhea) – occurs due the high acid levels which damage to intestinal mucosa, inactivate of pancreatic lipase, and precipitate bile acids.

3.
Dx (MODULE OBJECTIVE M.3)

a. Gastrin Levels – In ZES pts., the gastrin levels are usually much higher in the basal (resting) state than a normal individual.

b. Gastric Acid Analysis – Correspondingly, ZES pts. have basal gastric output rates of more than 10 mEq/hr and basal:maximum output ratios of more than 0.60

c. Secretin Injection Test

i. In normal individuals, when you inject secretin IV, gastrin levels don’t change a lot.

ii. In ZES patients, when you inject secretin IV, gastrin levels go through the roof.

iii. The secretin injection test is the most valuable provocative test in identifying patients with ZES.

4.
Tx
a.
Surgical resection of the tumor or total gastrectomy.

b.
Medical treatment with omeprazole, ranitidine and anticholinergics

5.
Other causes of hypergastrinemia (MODULE OBJECTIVE N.1 & N.2)

a. With increased gastric acid secretion – (the hypergastrinemia occurs first and the response is hyperchlorhydria)

b. With decreased gastric acid secretion (hypergastrinemia is the response to the primary disorder of hypochlorhydria or achlorhydria)

c. ?????????????????????????  Ask about this one … see table 284-8 pg. 1615.

Section B:  Gastric Mucosal Diseases; Disorders of Motility
A.
Nongastritis Epithelial Cell Injury

1.
Stress-related Mucosal Injury (MODULE OBJECTIVE A)

a.
Definition of Stress Ulcer

· Acute upper GI erosions and ulcers distinct from chronic peptic ulcer may occur in patients with shock, massive burns, sepsis, and severe trauma.

b.
Pathogenesis

· It is believed that ischemia of the gastric mucosa, which has enormous oxygen requirements, is the most important element in producing stress erosions and ulceration

c.
Clinical findings

· The most common clinical finding is painless GI hemorrhage

d.
Epidemiology (MODULE OBJECTIVE A.1 & A.2)

· High-risk patients include patients in an intensive care unit who are being mechanically ventilated, those who have coagulopathy or multiorgan failure, or those who are severely burned

· Age ??????????????????

e.
Dx (MODULE OBJECTIVE A.3)

· Made clinically based on the symptoms … ?????????????????????????????

f.
Tx (MODULE OBJECTIVE A.4 & A.5)

· Management of acute stress ulcerations and erosions is principally preventive

· Prophyactic therapy is given to high-risk patients (defined above).

· Standard preventive therapy consists of liquid antacids via NG tube and/or intravenous administration of an H2 receptor antagonist. Alternatively, sucralfate can be used.

· When bleeding occurs and does not subside with medical therapy, endoscopic intervention and surgery may be necessary.

2.
Mucosal Injury Induced By Aspirin and Other NSAIDs (MODULE OBJECTIVE B)

a.
Definition

· A drug-associated ulcer is one which occurs due to the presence of a particular drug (either locally or systemically).

b.
Class of Drug & Mechanism

· The major class of drug that causes these are the NSAIDs (which include aspirin, ibuprofen, indomethacin, naproxen, tolmetin, etc.,)

· The mechanism of these drugs is inhibition of the cyclooxygenase enzyme which results in decreased prostaglandin synthesis.  The lower prostaglandin levels result in:

1. Interruption of the gastric mucosal barrier permitting back-diffusion of hydrogen ions that may injure the gastric mucosa.

2. Reduction of gastric mucus secretion and gastric and duodenal bicarbonate secretion 

3. Depletion of mucosal prostaglandins also impairs epithelial cell replacement after injury

4. Finally, the NSAIDs may also be directly toxic to the gastric mucosa

B.
Gastritis

· Gastritis, or inflammation of the gastric mucosa, is a group of disorders that all induce inflammatory changes in the gastric mucosa but that differ in their clinical features, histologic characteristics, and causative mechanisms.

· Gastritis is classified into acute and chronic, the latter of which is subdivided based on histologic, anatomic and pathophysiologic differences.

1.
Acute Gastritis

· H. pylori infection may result in acute gastritis associated with a transient increase in gastric acid secretion followed by hypochlorhydria for up to 1 year

· Patients may have mild epigastric discomfort, although most remain asymptomatic

· Acute H. pylori gastritis is a precursor to chronic active gastritis

2.
Chronic Gastritis (MODULE OBJECTIVES D.1 & D.2)

a.
Pathology

i.
The inflammatory cell infiltrate in chronic gastritis consists mainly of lymphocytes and plasma cells

ii.
Chronic gastritis is often patchy and irregular in distribution

b.
Stage of the Disease

i. Superficial gastritis appears to represent the initial stage in the development of chronic gastritis.

·  Inflammatory changes are limited to the lamina propria of the superficial mucosa.

ii. Atrophic gastritis is the next stage in the development of chronic gastritis. 

· The inflammatory infiltrate extends to the deep portions of the mucosa. There is progressive distortion and destruction of the glands, which become separated by the inflammatory process.

iii.
Gastric atrophy is the final stage of chronic gastritis. 

· There is a profound loss of glandular structures, which are now separated widely by connective tissue, with a greatly reduced or absent inflammatory infiltrate. The mucosa becomes thin, and the underlying blood vessels may be evident on endoscopic examination

c.
Type A Gastritis (Body-Predominant Gastritis, Autoimmune Chronic Atrophic Gastritis)

i. Type A gastritis is the less common form of chronic gastritis. It characteristically involves the fundus and body of the stomach, with relative sparing of the antrum

ii. Pathogenesis - The frequent presence of antibodies to parietal cells and to intrinsic factor in sera of patients with type A gastritis and pernicious anemia has suggested an immune or autoimmune pathogenesis for this form of gastritis

iii. This is the form of gastritis that may be associated with pernicious anemia (MODULE OBJECTIVE E)

iv. In patients with pernicious anemia, the gastric glands that contain parietal cells are invariably destroyed, accounting for their inability to secrete hydrochloric acid. Since, in humans, parietal cells also secrete intrinsic factor, type A atrophic gastritis also results in malabsorption of vitamin B12, with resulting hematologic and/or neurologic consequences characteristic of pernicious anemia

v. Serum gastrin levels are usually elevated substantially in patients with pernicious anemia and are in approximately the same range as those of patients with ZES (gastrinoma). Since the antral mucosa is relatively spared, the antral gastrin-containing cells, deprived of the feedback control normally exerted by acid in the stomach, release gastrin continuously. As a result of pronounced hypergastrinemia, ECL-cell hyperplasia and carcinoid tumors of the stomach may develop in these patients

d.
Type B Gastritis (Antral-Predominant Gastritis, H. Pylori Gastritis, Environmental Gastritis)

i. Type B gastritis is the more common form of chronic gastritis. In younger patients, type B gastritis principally involves the antrum, whereas in older patients the entire stomach is affected

ii. Pathogenesis – H. pylori is the agent responsible for type B gastritis and that eradication of H. pylori leads to resolution of the histologic findings

iii. Chronic H. pylori gastritis may lead to multifocal atrophic gastritis, gastric atrophy, and gastric metaplasia.  Treatment with acid-suppressive therapy (e.g., H2 receptor antagonists or proton pump inhibitors) increases the rate of development of gastric atrophy, thereby possibly increasing the risk of gastric cancer

iv. H. pylori appears to be an independent risk factor for the development of gastric cancer, although its effect may be indirect

v. As with peptic ulcer, not all patients with gastric cancer are infected with H. pylori, and not all persons with H. pylori infection develop gastric cancer.  So, treatment efficacy is questionable.?????????????????????????????????? (MODULE OBJECTIVE C.1 & C.2)

vi. Currently, eradication of H. pylori in asymptomatic persons to reduce gastric cancer risk is not recommended (MODUULE OBJECTIVE C.4)

C.
Gastric Carcinoma (R-779-783, NMS-208-209)

· Of the malignancies of the stomach, 90% are carcinomas, 4% are lymphomas, 3% are carcinoid and 2% are malignant spindle cell tumors.

1.
Epidemiology

a.
The incidence of gastric carcinoma has been decreasing progressively.

b.
The incidence is highest among individuals of low socioeconomic class.

2.
Pathogenesis

a.
The mechanisms aren’t known.

b.
However, the following table highlights the important risk factors (MODULE OBJECTIVE F)

Factors Associated with Increased Incidence of Gastric Carcinoma

DIET

Nitrites from nitrates found in foods, water, just about every damn thing you can think of.

Smoked and salted foods, pickled vegetables

Lack of fresh fruits and vegetables



HOST FACTORS

Chronic atrophic gastritis

          Hypochlorhydria favors H. pylori colonization

          Extensive intestinal metaplasia

Infection by H. pylori

Partial Gastrectomy

Gastric Adenoma



GENETIC

Blood Group A

Close relatives

Ethnic/Racial Predispositions (Japanese)

3.
Pathology (MODULE OBJECTIVE G.1)

a. Early gastric carcinoma is defined as a lesion confined to the mucosa and submucosa – See R-Figure 17-22 pg. 782.  There are 3 types:  exophytic, flat/depressed, and excavated.

b. Advanced carcinoma is a neoplasm that has extended below the submucosa into the muscular wall See R-Figure 17-22.

c. Classification of gastric carcinomas:  intestinal type and diffuse type.

· The intestinal type is made of neoplastic intestinal glands resembling those of colonic adenocarcinoma.  It doesn’t spread in a wide pattern.

· The diffuse type is composed of gastric type mucous cells which don’t form glands, but do spread in a wide growth pattern.  A signet ring pattern is what it looks like (R-Figure 17-23, pg. 782)

4.
Clinical Features (MODULE OBJECTIVE G.2)

a.
Weight loss and anorexia

b.
Epigastric pain

c.
Early satiety (due to inability of the wall to distend as well) and vomiting (no blood)

5.
Dx (MODULE OBJECTIVE G.3)

a.
Upper GI series – can reveal masses, ulcer, thickenings.

b.
Endoscopy with biopsy and brush cytology has 95%-99% accuracy rate in diagnosis

c.
Increased serum carcinoembryonic antigen (CEA) can give some clues.

D.
Hypertrophic Pyloric Stenosis vs. gastric outlet obstruction due to peptic ulcer disease ????????????????????????????????????????????????????????????????????

E.
Delayed Gastric Emptying (C-297-298)

1.
Pathogenesis

· The cause of delayed emptying may be mechanical obstruction (stricture, tumor, etc.,) or functional (not enough propulsive force).

· Cecil’s Table 35-3 pg. 297 shows some causes of  gastric emptying.

2.
Diagnosis (MODULE OBJECTIVE I)

· A good H & P should tell you a lot … like a succussion splash over the abdomen suggests delayed emptying.

· CXR shows a dilated stomach

· EGD can be used to visualize any mechanical obstruction

· Radionuclide scintigraphic study can assess functional  in motility (making the diagnosis of gastroparesis).

3.
Tx (MODULE OBJECTIVE J)

· There are two approaches:  cholinergic agonists and erythromycin

· The cholinergic agonists promote gastric emptying via cholinergic pathways (which increase motility/contraction).  The agents used are bethanechol or metoclopramide.

· Erythromycin stimulates motility by interacting with receptors for the hormone motilin.  This drug is used intravenously (no efficacy orally for this job) mainly in diabetics to improve gastric emptying

Submodule 4:  Disorders of the Small and Large Intestine

Section A:  Pathophysiology of Diarrhea and Constipation

I.
Diarrhea

A.
Normal Physiology (MODULE OBJECTIVE A) – H-236

1.
Fluid Handling

· On an average day, 9 L of fluid enters the gastrointestinal tract: 2 L by direct ingestion, 1 L as saliva, 2 L as gastric juice, and 4 L as biliary, pancreatic, and small intestine secretions. 

· On passage through the small intestine, 4 to 5 L of fluid is reabsorbed in the jejunum and 3 to 4 L in the ileum.

· Therefore, approximately 1 L of residual fluid enters the colon, where an additional 800 mL is reabsorbed before passage to the rectum and evacuation. Overall, the usual amount of fluid excreted in feces is approximately 200 mL/d.

2.
Electrolyte Handling (H-Figure 42-1, pg. 236)

a. The tenet to keep in your head is water absorption follows active and passive sodium (Na+) and nutrient absorption.

b. On the luminal membrane of the small intestine, a “Na+/Cl-“ cotransporter passively brings in these ions into the cell.

i. The Na+-Cl cotransport mechanism is thought actually to be composed of an Na+-H+ exchange carrier and a Cl-HCO3 exchange carrier.

ii. The net effect is entry of both Na+ and Cl into a cell in exchange for H+ and HCO3
c. Also on the luminal membrane of the small intestine, Na+ is cotransported with glucose or bile salts (active transport).

d. In the large intestine, luminal Na+ enters the cells via a Na+ uniport channel.

e. In all cases, the driving force behind the transport is the basolateral Na+/K+ ATPase which keeps intracellular Na+ low, facilitating transport. 

3.
Electrolyte Secretion

a. Both the small intestine and the colon are capable of secreting electrolytes.

b. In the colon, parasympathetic tone stimulates electrolyte secretion and sympathetic tone stimulates absorption.

B.
Physiology of Diarrhea

1. Definition (MODULE OBJECTIVE B.2) – H-237

· Diarrhea is formally defined as an increase in daily stool weight above 200 g.  Typically though, the patient also may describe an abnormal increase in stool liquidity and frequency.

· Normal bowel frequency ranges from three times a week to three times a day (ring of fire? ouch.)

· We’ll go over the clinical tests of volume, weight, consistency, content in MODULE OBJECTIVES G.1 – G.7 under Chronic Diarrhea.

2. Pathophysiology of diarrhea – at its root cause, diarrhea is either a problem of malabsorption or excess secretion (MODULE OBJECTIVE B.1).  We’ll go into this in more detail in the section on chronic diarrhea (below)

3. Symptoms & Findings (MODULE OBJECTIVE B.3)– generally can include increased frequency of bowel movements, increased liquidity of stool, abdominal pain, cramping, blood and possible fever.  These depend on the specific etiology.

C.
Acute Diarrhea (lasting less than 14 days)

1.
Etiology (MODULE OBJECTIVE C)

a. The most common cause of acute diarrhea is infectious agents (you can look at H-Table 42-1, pg. 237 for a list of these agents)

b. Virtually any medication can cause diarrhea (See H-Table 42-3, pg. 238)

c. Ischemic bowel disease due to superior mesenteric arterial or venous thrombosis

d. In immunocompromised patients, there are a whole new bunch of organisms that may cause diarrhea in addition to the normal agents.  These are shown in H-Table 42-2, pg. 237. 

2.
Toxin vs. Pathogen (MODULE OBJECTIVE D) – H-237

a. Patients with a pathogen generally present with nausea, vomiting, abdominal pain, fever and diarrhea (which may be malabsorptive or bloody).  The time it takes for these symptoms to occur is greater than with preformed toxins.

b. Patients who eat preformed toxin generally have symptoms develop within several hours.  The symptoms are nausea and vomiting without fever.  There is mild abdominal pain (crampy) resulting from high volumes of secreted fluid that stimulates peristalsis and causes watery diarrhea.

3.
Tx 

a. Rest and fluid replacement and electrolyte correction are the mainstays of therapy in uncomplicated acute diarrhea.

b. The efficacy of oral-glucose electrolyte solutions in cholera depends on the fact that glucose-facilitated absorption of sodium and water in the small intestine remains intact in the presence of cholera toxin (MODULE OBJECTIVE E). H-800-801

c. Antibiotic therapy in bacterial diarrheas is not pursued unless the host is immune compromised or the case is particularly nasty.

D.
Chronic Diarrhea (lasting more than 14 days and can be intermittent) – MODULE OBJECTIVE F

1. Chronic diarrhea can be categorized pathophysiologically as inflammatory, osmotic (malabsorption), secretory, due to intestinal dysmotility, or factitious

2. Exudative (Inflammatory) Diarrhea

a.
Inflammatory diarrheas are characterized generally by the presence of fever, abdominal tenderness, and blood or leukocytes in the stool, with inflammatory lesions on intestinal mucosal biopsy

b.
Examples:

Mechanism
Clinical Features
Examples

INFLAMMATORY



Mucosal and submucosal inflammation

Damaged epithelium

In some cases impaired intestinal absorption and excessive secretion
Fever, abdominal pain, blood and/or leukocytes in stool
Ulcerative colitis

Crohn's disease

Radiation enterocolitis

Eosinophilic gastroenteritis

Infections associated with AIDS

3.
Osmotic Diarrhea 

a. Osmotic diarrhea occurs when an orally ingested solute is not fully absorbed in the small intestine and thereby exerts an osmotic force that draws fluid into the intestinal lumen. 

b. The increased luminal fluid volume overwhelms the capacity of the colon for reabsorption. The nonabsorbed solute can be a maldigested or malabsorbed nutrient or drug. Clinical symptoms are usually recognized because of the malabsorption of fat (steatorrhea) or carbohydrates.
c. Osmotic diarrhea of any cause often improves or resolves with fasting (MODULE OBJECTIVE H)

d. Examples:

Mechanism
Clinical Features
Examples

OSMOTIC



Nonabsorbed or nondigested intraluminal solute
Improvement of diarrhea with fasting

Bulky, greasy, foul-smelling stools; weight loss

Nutrient deficiencies

Osmotic gap in fecal water
Pancreatic insufficiency

Bacterial overgrowth

Celiac sprue

Lactase deficiency

Whipple's disease

Abetalipoproteinemia

Short bowel syndrome

4.
Secretory Diarrhea

a. Secretory diarrhea is characterized by a large volume of fecal output caused by abnormal fluid and electrolyte transport not necessarily related to the ingestion of food

b. Because there is no malabsorbed solute, fecal osmolality in secretory diarrheas can be accounted for by normal ionic constituents with no fecal osmotic gap

c. Secretory diarrhea usually persists with fasting (unlike osmotic diarrhea) – MODULE OBJECTIVE H

d. Examples:

Mechanism
Clinical Features
Examples

SECRETORY



Excessive secretion of electrolytes
Watery diarrhea, persists with fasting

Dehydration

Other systemic effects of hormones

Absence of osmotic gap in fecal water
Carcinoid syndrome

Zollinger-Ellison syndrome

Vasoactive intestinal peptide-secreting pancreatic adenomas

Medullary carcinoma of thyroid

Villous adenoma of rectum

Microscopic colitis

Cholerrheic diarrhea

5.
Altered Intestinal Motility

a. Diarrhea may be associated with disorders that affect intestinal motility. 

b. The most common of these is irritable bowel syndrome, in which diarrhea typically alternates with constipation and is associated with abdominal pain, the passage of mucus, and a sense of incomplete evacuation

c. Examples:

Mechanism
Clinical Features
Examples

ALTERED INTESTINAL MOTILITY



Rapid transit

In some cases associated bacterial overgrowth
Alternating diarrhea and constipation

Neurologic symptoms; bladder involvement
Irritable bowel syndrome

Fecal impaction

Neurologic diseases

6.
Factitious Diarrhea

a. Factitious diarrhea is self-induced by the patient and may result from intestinal infection, the addition of water or urine to the stool, or self-medication with laxatives

b. Patients are predominantly women with severe chronic watery diarrhea, abdominal pain, nausea and vomiting, weight loss, peripheral edema, and weakness resulting from hypokalemia

c. The diagnosis of factitious diarrhea should be suspected in a patient with a history of psychiatric disease or multiple previous negative evaluations for diarrhea

Mechanism
Clinical Features
Examples

FACTITIOUS



Self-induced
Usually women

Watery diarrhea with hypokalemia, weakness, edema
Laxative abuse

7.
Dx (MODULE OBJECTIVE G) H-238 & H-241-242

a.
Fecal Smear and Leukocyte Stain and Test for Occult Blood (MODULE OBJECTIVE G.1)

i. In acute diarrhea, the finding of neutrophils suggests invasive organisms (Salmonella, Shigella, E. coli, Yersinia enterolytica, Entamoeba histolytica).

ii. This test is also used in chronic inflammatory diarrhea in conjunction with EGD or colonoscopy with biopsies to better evaluate the etiology.

b.
Fecal Bacterial culture and microscopy for ova and parasites (MODULE OBJECTIVE G.2)

i. This is the cornerstone of diagnosis in pts. with severe, bloody acute diarrhea.

ii. In chronic diarrhea, culture is done routinely to identify pathogens, but examination of ova & parasites is generally reserved for immunocompromised patients.

c.
Fecal Osmolarity and electrolyte assay (MODULE OBJECTIVE G.3)

i. Fecal osmolality measurements may be helpful in distinguishing osmotic from secretory diarrhea when the diarrhea is watery 

ii. Measured osmolality can be compared with the calculated fecal osmolality, which is the sum of the measured Na+ and iii.
K+ concentrations multiplied by 2 (to account for anions)

iii. The osmotic gap is the measured fecal osmolality minus the calculated fecal osmolality and corresponds approximately to the concentration of poorly absorbed solutes in fecal water

iv. Fecal osmotic gap greater than 50 mosmol/kg H2O is significant and suggests osmotic diarrhea due to a poorly absorbed carbohydrate or excessive ingestion of magnesium-containing laxatives

v. Measured fecal osmolality should approximate plasma osmolality, which, in general, is 290 mosmol/kg H2O

vi. A measured fecal osmolality greater than 300 mosmol/kg H2O indicates bacterial degradation of nonabsorbed carbohydrate in the collection jar or the addition of urine to the jar

vii. If the fecal osmolality is much lower than that of the plasma (290 mosmol/kg H2O), fluid has been added to the stool (Factitious Diarrhea)

d.
24 Hour Fecal Volume (we already talked about this in Module Objective H)

· This test can be used to distinguish secretory from osmotic diarrhea.

· Stool volumes do not decrease with fasting (over 24 hrs.) in secretory diarrhea, whereas a reduction in stool volumes to under 300 g/d is characteristic of osmotic diarrhea.

e.
Fecal Fat Measurement

· In both acute and chronic diarrhea, this is one of the best indicators of malabsorptive (osmotic diarrhea)

f.
Assay of serum gastrin, serotonin, calcitonin, and vasoactive intestinal peptide

· In patients with chronic watery diarrhea, blood levels of serotonin, gastrin, VIP, calcitonin, and other potential secretagogues should be obtained

· Abnormal blood levels may indicate an endocrine cause for the secretory diarrhea.

g.
Colonoscopy with biopsy

· In acute diarrhea, this is reserved for pts. who’s bloody diarrhea does not resolve in 10 days.

· It can also be used to get organisms that are not normally cultured from the stool, but can be recovered from the tissue specimen.

· In chronic diarrhea, colonoscopy is used to asses inflammatory diarrhea.

II.
Constipation

1.
Definition

a. Constipation has been defined as a frequency of defecation of less than three times per week (MODULE OBJECTIVE I.1)

b. However, due to the wide range of normal bowel habits, constipation is difficult to define precisely.

c. Stool frequency alone is not a sufficient criterion to use, because many constipated patients describe a normal frequency of defecation but subjective complaints of excessive straining, hard stools, lower abdominal fullness, and a sense of incomplete evacuation (MODULE OBJECTIVE I.2)

d. So, a combination of objective and subjective criteria must be used to define constipation

2.
Etiology (MODULE OBJECTIVE I.3)

a. Obstructive causes - colonic neoplasm; strictures due to colonic ischemia, diverticular disease, or inflammatory bowel disease; foreign bodies; and anal strictures
b.
Non-obstructive causes - 

i. Disturbed colonic motility (by disruption of parasympathetic innervation to the colon as a result of injury or lesions of the lumbosacral spine or sacral nerves may produce constipation with hypomotility, colonic dilatation, decreased rectal tone and sensation, and impaired defecation)

ii. In patients with multiple sclerosis, constipation may be associated with neurogenic dysfunction of other organs

iii. Constipation may be associated with lesions of the central nervous system caused by parkinsonism or a cerebrovascular accident

iv. Drugs that may lead to constipation include those with anticholinergic properties, such as antidepressants and antipsychotics, codeine and other narcotic analgesics, aluminum- or calcium-containing antacids, sucralfate, iron supplements, and calcium channel blockers

v. In patients with certain endocrinopathies such as hypothyroidism and diabetes mellitus, constipation is generally mild and responsive to therapy

vi. Constipation is common during pregnancy, presumably as a result of altered progesterone and estrogen levels which decrease intestinal transit

vii. Collagen vascular diseases may be associated with constipation, which may be a particularly prominent feature of progressive systemic sclerosis, in which delayed intestinal transit results from atrophy and fibrosis of colonic smooth muscle

Section B:  Pathophysiology of Malabsorption

A.
Normal Absorption (MODULE OBJECTIVE A) C-263

1.
Digestion and Absorption of Fat

· Long chain fatty acids in the duodenum stimulate release of cholecystokinin (CCK).

· This stimulates release of pancreatic lipase  which hydrolyzes the triglycerides into fatty acids and a monoglyceride.

· At this point, bile acids solubilize the fatty acids and monoglycerides by way of micelle formation.

· The micelle is important in delivering the fatty acids across the “unstirred” water layer that overlies the intestinal epithelium.

· The fatty acids and monoglycerides diffuse into the intestinal epithelial cells where they are re-esterified into triglycerides.

· They are then packaged in chylomicrons and exported to the blood and lymphatics (primarily)

· The bile salts in the lumen are recycled at the terminal ileum.

2.
Digestion and Absorption of Proteins

· Hydrolysis of proteins into amino acids and oligopeptides is initiated in the stomach with pepsin and completed in the small intestine by trypsin, elastase, chymotrypsin and carboxypeptidase.

· Distinct transport systems exist for the amino acids and defects in these produce disease.

1. Basic amino acid  transporters – defect results in cystinuria

2. Neutral amino acid transporters – defects result in Hartnup disease

3. Imino acid-glycine system (transport of proline)

4. Acidic amino acid transporters

· Transport is driven by secondary active transport (Na+/amino acid cotransport apically, and Na+/K+ pump basolaterally)

3.
Digestion and Absorption of Carbohydrates

· Carbohydrates are broken down by salivary and pancreatic amylases (hydrolyze glucose from starch), brush border amylases and limit dextirinases  (also starch/glucose digestion).

· Disaccharchides (sucrose, maltose, lactose) must be broken down with sucrase, lactase, maltase. The constituent monosaccharides (glucose/galactose) are absorbed.

B.
Malabsorption Syndromes (C-264-269)

· Malabsorption processes we’re going to talk about in the next few pages can be classified under broad pathophysiologic classes:  disorders of maldigestion and disorders of malabsorption. (Yes, it seems nested)

1.
Maldigestion vs. Malabsorption (MODULE OBJECTIVE B.1 & B.2)

a. Disturbance in pancreatic enzyme secretin will result in improper digestion of food into fatty acids, amino acids and monosaccharides.  Since intestinal absorption of improperly digested foods does not occur with any sort of efficiency, a malabsorption disorder occurs secondary to maldigestion.

b. In the case of reduced bile salt secretion, digestion proceeds as normal, but because fatty acids can’t be solubilized, they are not absorbed.  This is a primary disorder of malabsorption.

2.
Classification of the Malabsorption Disorders (See C-Table 32-3, pg. 264)

a.
Inadequate Mucosal Absorptive Surface (MODULE OBJECTIVE C.1) H-1625, C-264.

i. Examples – short bowel syndrome, jejunoileal bypass for obesity, extensive Crohn’s disease.

ii. With short bowel syndrome, the basic idea being that if you cut out a huge section of the small intestine, the transit time is ( and the absorption is likewise (.

iii. You could also have a mucosal surface that just doesn’t absorb correctly (cystinuria and Hartnup disease with amino acid malabsorption or abetalipoproteinemia leading to fat malabsorption).

b.
Diffuse Mucosal Injury (MODULE OBJECTIVE C.2a & C.2b)

i.
Examples of Inflammatory/Infiltrative Disease – lymphoma, amyloidosis

· In this case, mucosal/submucosal infiltration impairs absorption (vague huh?  That’s Cecil’s)

ii.
Examples of genetic/biochemical disease – cystinuria, Hartnup disease, abetalipoproteinemia 

c.
Lymphatic Obstruction (MODULE OBJECTIVE C.3)

i. Examples – Whipple’s disease, lymphoma, lymphangiectasia

ii. Recall that dietary fat is sent into the lymphatics in chylomicrons.  Impairment of the mesenteric lymphatics prevents absorption of fats.

d.
Bacterial Overgrowth (H-1625, C-269) (MODULE OBJECTIVE C.4)

i. Examples – Diseases that cause stasis (strictures, amyloidosis, vagotomy, etc., promote bacterial overgrowth).

ii. The bacterial proliferate due to stasis.  They deconjugate bile acids, preventing fat absorption.

iii. Bacterial also utilize other nutrients that are needed (B12) and they cause local damage to the mucosa.

e.
Multiple Mechanisms (C-265) (MODULE OBECTIVE C.5)

i. Example – Diabetes

ii. exocrine deficiency of the pancreas or motility disorder of the small intestine may promote bacterial overgrowth, resulting in malabsorption.

3.
Diagnostic Tests in Malabsorption Disorders (C-266-267)

a.
Quantitative Fecal Fat (MODULE OBJECTIVE D.1)

· Measurement of the total fat in a 3-day stool specimen with the patient on a fixed fat intake diet can be used to show steatorrhea (fat malabsorption).

b.
D-xylose Test (MODULE OBJECTIVE D.2)

· D-xylose is a 5 carbon sugar that is absorbed well in the intestine, but not degraded or concentrated in any tissue.

· It is largely excreted in the urine.

· The test involves having the pt. ingest 25 g of D-xylose and then collecting urine for 5 hours thereafter.

· Patients with bacterial overgrowth may show decreased excretion (less than 4.5 g in 5 hours).

c.
Test of pancreatic function (MODULE OBJECTIVE D.3)

· The bentiromide test determines the split of an orally administered synthetic peptide by pancreatic chymotrypsin.

· Excretion in 6 hours of less than 50% of a 500 mg dose in the form of urinary arylamines is diagnostic of pancreatic exocrine insufficiency.

d.
Schilling’s Test of vitamin B12 absorption (MODULE OBJECTIVE D.4)

i.
Normal B12 metabolism

· Vitamin B12 is conjugated by R-factor in the saliva which is subsequently degraded in the duodenum by trypsin.

· The free B12 combines with intrinsic factor and that complex is absorbed by a specific receptor in the ileum.

ii.
The Shilling Test helps to identify the source of the malabsorption (at the pancreatic level, the intrinsic factor level or the ileal level).

· In stage 1, the patient ingests radiolabeled vitamin B12
· In stage 2, the patient ingests vitamin B12 plus intrinsic factor

· In stage 3, stage 1 is repeated after antibiotics are administered.

· Gastric disease leading to inadequate production of intrinsic factor leads to malabsorption of vitamin B12 in all stages except stage 2.

· Disease of the pancreas leads to incomplete degradation of the R-factors but normal absorption in stage 2 because the vitamin B12 was already bound to the intrinsic factor.

· Ileal disease leading to vitamin B12 malabsorption produces decreased absorption in all three stages.

e.
Small bowel radiograph (MODULE OBJECTIVE D.5)

· Especially by the intubated air contrast technique, may be useful in detection of celiac disease (pooling and flocculation of barium)

· Thick folds may be seen in Whipple’s disease, lymphoma, amyloidosis, radiation enteritis, ZES and eosinophilic enteritis..

f. 
Lactose tolerance or hydrogen breath test (MODULE OBJECTIVE D.6)

i.
Lactose can be used to demonstrate celiac disease or short bowel syndrome.  Stool pH lowers when unabsorbed carbohydrates reach the colon and bacterial fermentation occurs.  In addition, H2 gas is released when the bacteria ferment the sugar.  Either pH or H2 gas can be measured.

· This will also occur in people who are lactose intolerant (can be used as a diagnostic tool).

ii.
The hydrogen breath test with glucose can be used to asses small intestinal malabsorption.

g. 
Small bowel mucosal biopsy, aspirate (MODULE OBJECTIVE D.7 & D.8)

· Biopsy has use in diagnosis of a variety of disorders.  See C-Table 32-6, pg. 267.

C.
Diarrhea (revisited) (MODULE OBJECTIVE E.1 -  E.3)

· Diarrhea due to carbohydrate malabsorption, fat malabsorption or bile salt malabsorption occurs by the same basic mechanism:  osmotic diarrhea.

· In carbohydrate malabsorption it may be due to bacterial overgrowth (one of many causes).  In fat malabsorption it may be due to pancreatic or hepatic insufficiency.

· In bile salt malabsorption due to ileal resection, the ileum is gone so bile salts are not absorbed.  No surprises there about osmotic diarrhea, right? 

D.
Celiac Sprue (a.k.a. Gluten-sensitive enteropathy, nontropical sprue) (MODULE OBJECTIVE F) – C-268

· Celiac sprue is a chronic familial disorder associated with lifelong sensitivity to dietary gluten.

· Gluten is found in wheat and wheat products.

· In these pts., gluten causes diffuse mucosal injury resulting in denuding of the intestinal villi (thereby ( the gut’s absorptive ability).

E.
Genetic Lactase Deficiency vs. Lactose Intolerance following viral gastroenteritis

· In both cases, lactose is poorly absorbed, leading to osmotic diarrhea, decreased stool pH from fermentation by normal colonic bacteria, and increased H2 gas in the breath.

· Lactose deficiency has racial predisposition to blacks and asians.

· I guess the big difference with the two diseases is that the infectious lactose intolerance with eventually go away.  That was a pretty weak comparison of the two, huh?  I couldn’t find this anywhere.

F.
Jejunal resection vs. Ileal and ileocecal valve resection  (MODULE OBJECTIVE H) H-pg. 1625

· Resection of 40% - 50% of the small bowel is usually well tolerated if the proximal duodenum, the distal ½ of the ileum and the ileocecal valve is spared.

· By contrast, resection of the ileum or ileocecal valve alone may induce severe diarrhea even though less than 30% of the small intestine is resected.

· One of the reasons for this is that loss of the ileocecal valve allows abnormal bacterial proliferation of colonic organisms in the small intestine.

· In addition, damage to the ileum results in malabsorption of bile salts and therefore may increase the likelihood of osmotic diarrhea.

G.
Other manifestations of malabsorption disease and pathophysiology (MODULE OBJECTIVE I)

1.
Anemia

· In bacterial overgrowth syndrome, bacteria prevent the proper absorption of vitamin B12
· Ultimately, this prevents proper RBC maturation, results in fragile macroRBCs that will cause anemia.

· So, treatment of the bacterial overgrowth corrects the malabsorption syndrome. 

2.
Medium Chain Fatty Acids & Short Bowel Syndrome H-1632

· Fatty acids derived from medium-chain triglycerides (i.e., those containing C8 and C12 fatty acids) are not reesterified to any significant extent within the cell

· Therefore they are not incorporated into lipoproteins and instead, they rapidly enter the portal venous system, where they are transported as fatty acids bound to albumin

· In conditions where you get osmotic diarrhea from fat malabsorption (i.e. short bowl syndrome), a low-fat diet, by decreasing lymph flow, usually results in significant improvement with decreased fecal fat excretion. 

· Similar results may be obtained by the substitution of medium-chain triglycerides for dietary long-chain triglycerides, since the former are transported as medium-chain fatty acids by the portal vein rather than via the lymph.

3.
Hemorrhagic tendencies complicating steatorrhea (???????????????????????)

· I’m guessing that the improper fat absorption interferes with vitamin K absorption (fat soluble).  

· So, you basically predispose yourself to bleeding disorder.

4.
Tetany complicating steatorrhea (???????????????????????)

5.
Iron deficiency anemia in celiac sprue (?????????????????????????????????????????????)

· I guess there is iron malabsorption which leads to anemia

6.
Vitamin B12 deficiency Following Ileal Resection (See Section F above)

Section C:  Inflammatory Bowel Disease (IBD)

A.
Inflammatory Bowel Disease

· Inflammatory bowel disease (IBD) is a general term for a group of chronic inflammatory disorders of unknown cause involving the gastrointestinal tract. Since these disorders have no pathognomonic features or specific diagnostic tests, in a strict sense they remain diagnoses of exclusion. 

· Their features are sufficiently characteristic, however, to permit accurate diagnosis in most cases. 

· Chronic IBD may be divided into two major groups, chronic nonspecific ulcerative colitis (UC) and Crohn's disease (CD). 

· Crohn's disease of the small bowel is also known as regional enteritis. Granulomatous colitis is a less accurate term because 50% of cases exhibit granulomas. 

· Clinically these disorders are characterized by recurrent inflammatory involvement of intestinal segments with diverse clinical manifestations, often resulting in a chronic, unpredictable course.

B.
Comparison of UC & CD

1.
Portion of the GI Tract Affected (MODULE OBJECTIVE A.1) – H-1633

a. UC – the rectum is almost always involved and the inflammation extends backward to the cecum.  Sometimes, it can involve the terminal ileum, called “backwash ileitis”.

b. CD – the ileum is the primary location of the disease just about at the ileocolic junction.  However, the disease can be manifest anywhere in the GI tract from the mouth to the anus.

2.
Epidemiology (MODULE OBJECTIVE A.2) H-1633

· Both of these diseases are more common in whites than in blacks or Asians, and Jews have an incidence three to six times greater than that of non-Jews. The sexes are affected equally

· While the occurrence of both diseases peaks between the ages of 15 and 35, they have been reported from every decade of life.

3.
Pathology H-1634 & 1636 (MODULE OBJECTIVE A.3)

a.
UC  - In UC, there is an inflammatory reaction primarily involving the colonic mucosa

i.
Gross Pathology 

· Grossly, the colon appears ulcerated, hyperemic, and usually hemorrhagic (H-Fig. 286-1, pg. 1634) 

· A striking feature of the inflammation is that it is uniform and continuous, with no intervening areas of normal mucosa.

· This involvement never leads to the thickening and narrowing characteristic of Crohn's disease

· Fibrosis and longitudinal retraction result in shortening of the colon. 

· Loss of the normal haustral pattern leads radiologically to a smooth, "lead-pipe" appearance of the colon. 

· Regenerating islands of mucosa surrounded by areas of ulceration and denuded mucosa appear as "polyps" protruding into the lumen. However, these protrusions are inflammatory rather than neoplastic and are therefore called pseudopolyps (H-Fig. 286-2B – pg. 1635).

ii.
Microscopic Pathology

· The surface mucosal cells as well as the crypt epithelium and submucosa are involved in an inflammatory reaction with neutrophilic infiltration (H-Fig. 286-2A, pg. 1635)

· This reaction progresses to epithelial damage with loss of surface epithelial cells, resulting in multiple ulcerations

· Infiltration of the crypts by neutrophils results in characteristic (but not specific) small crypt abscesses and eventual crypt destruction

· Repetitive cycles of inflammation lead to mild submucosal fibrosis

· Unlike Crohn's disease, deeper layers of the bowel, beneath the submucosa, usually are not involved

· With long-standing UC, the surface epithelium may show features of dysplasia
b.
CD - is characterized by chronic inflammation extending through all layers of the intestinal wall and involving the mesentery as well as regional lymph nodes H-1643.

i.
Gross Pathology

· Early on in the disease, the terminal ileum appears hyperemic and boggy, with mesentery and mesenteric lymph nodes swollen and reddened

· As the disease progresses the bowel appears greatly thickened and leathery with a narrowed lumen. (H-Fig. 286-3, pg. 1636) This characteristic stenosis can occur in any portion of the intestine and may be associated with some degree of intestinal obstruction

· The mesentery appears greatly thickened and fatty and often extends over the serosal surface of the bowel in characteristic finger-like projections

· In CD, the disease is often discontinuous; severely involved segments of bowel are separated by "skip areas" of apparently normal bowel

· In approximately 50 percent of cases of CD of the colon, the rectum is spared. In sharp contrast, in UC, the involvement is contiguous and the rectum almost always is involved.

· In CD, the transmural inflammatory process, involving serosa and mesentery, accounts for the characteristic fistula and abscess formation

· As a result of serosal inflammation, adjacent loops of small intestine may become adherent and matted together by a fibrinous peritoneal reaction, leading to a palpable mass, most often in the right lower quadrant. 

ii.
Microscopic Pathology

· Early, the mucosa appears normal (contrast to UC) but in the later stages, the mucosa has a nodular, "cobblestone" look as a the result of submucosal thickening and mucosal ulceration

· These ulcerations may penetrate into the submucosa and muscularis and coalesce to form intramural channels that become manifest as fistulas and fissures. Fistula formation is not seen in UC.

· Microscopically, granulomas are most helpful in distinguishing CD from UC

4.
Clinical Features (MODULE OBJECTIVE A.4) – H-1636-1637

a.
UC

i.
Major Symptoms

· bloody diarrhea and abdominal pain, often with fever and weight loss in more severe cases

· With predominantly rectal involvement, constipation rather than diarrhea may be present, and tenesmus (urge to defecate even w/o stool) may be a major complaint

ii.
Mechanisms of Diarrhea

· Chronic inflammation impairs absorption of water and electrolytes in the colon, resulting in osmotic diarrhea from malabsorption.

iii.
Relationship among clinical presentation, pathology and anatomy of affected gut.

· See above in major symptoms too …

· Extracolonic manifestations include arthritis, skin changes, or evidence of liver disease. Fever, tachycardia, and postural hypotension are usually associated with more severe disease

b.
CD

i.
Major Symptoms

· The major clinical features of CD are fever, abdominal pain, diarrhea (often without blood), and generalized fatigability

· With colonic involvement, diarrhea and pain are the most frequent symptoms

· Rectal bleeding is distinctly less common than with UC and reflects (1) sparing of the rectum in many patients and (2) the transmural nature of the disease, with only irregular mucosal involvement

· Involvement of the small bowel, typically presents in a young adult with a history of fatigue, variable weight loss, right lower quadrant discomfort or pain, and diarrhea. The diarrhea is often moderate, usually without gross blood; if there is no rectal involvement, tenesmus is absent.

ii.
Mechanisms of Diarrhea

· Malabsorption leading to osmotic diarrhea.

iii.
Relationship among clinical presentation, pathology and anatomy of affected gut.

· The basic pathologic features of CD are the same whether the disease involves the small bowel or the colon

· The clinical presentation, however, largely reflects the anatomic location of the disease and to some degree predicts which complications may develop

· Extracolonic manifestations, particularly arthritis, are seen more commonly with colonic than with small-bowel CD 

· Aphthous ulcers are the most common oral manifestation of CD

· CD also may involve the stomach and duodenum, most often the antrum and/or the first and second portions of the duodenum. Symptoms may include pain mimicking peptic ulcer disease. Later in the course of the disease, chronic scarring may produce gastric outlet or duodenal obstruction

· The presence of extensive ileal disease, resulting in bile salt malabsorption, is associated with a decreased bile salt pool and increased bile lithogenicity (stones)

c.
Vocabulary (MODULE OBJECTIVE B.1 – B.4)

i. Fistula – Complication of CD (but not UC)

ii. Hematochezia (the passage of blood in the feces) – more indicative of UC than CD

iii. Abdominal Mass – comes from loops of small intestine may become adherent and matted together by a fibrinous peritoneal reaction 

iv. Pericholangitis (inflammation of the tissues surrounding the bile ducts) and sclerosing cholangitis are systemic (extraintestinal) complications of IBD. Rarely, there is apparent progression to cirrhosis of either the postnecrotic or biliary type.

5.
Dx (MODULE OBJECTIVES C & D)

a.
Infections mimicking ulcerative colitis or Crohn’s disease (MODULE OBJECTIVE C), H-1640

i.
UC

· Amebiasis may present with bloody diarrhea and may be indistinguishable by sigmoidoscopy from idiopathic ulcerative colitis

· Acute bacillary dysentery may be caused by Shigella and Salmonella or Campylobacter, all easily diagnosed by stool culture

· Infectious agents may cause acute proctitis indistinguishable from idiopathic ulcerative proctitis. Agents implicated are herpes simplex virus infection, gonorrhea, lymphogranuloma venereum (LGV), cytomegalovirus infection, Isospora, or Treponema pallidum
ii.
CD

· Yersinia enterocolitis infection, which may present as acute ileitis, also can produce a self-limited colitis, sometimes with granulomatous reaction (hard to distinguish from CD). 

· In homosexual men, non-LGV strains of Chlamydia have been shown to produce a granulomatous proctitis closely resembling Crohn's disease of the rectum

b.
Tools for Dx in IBD

i.
Sigmoidoscopy/Colonoscopy

· Direct visualization of the colonic mucosa combined with biopsy is the most sensitive way of determining whether rectal inflammation is present 

· Sigmoidoscopy is used in UC to establish inflammation.  You don’t need to go any further.

· In UC, findings include a loss of mucosal vascularity, diffuse erythema, friability of the mucosa, and often an exudate consisting of mucus, blood, and pus. Mucosal friability and uniform involvement are characteristic.

· Colonoscopy is used in CD because inflammation may be more proximal (not involving just the sigmoid colon/rectum).

· The salient finding in CD is ulcerations, which may be tiny, aphthous erosions or deep, longitudinal fissures

ii.
Barium Enema

· In UC, barium enema may reveal the extent of the disease and help to define associated features such as stricture, pseudopolyposis, or carcinoma

· On barium enema examination, CD of the colon usually has features that distinguish it from UC. These features include rectal sparing, the presence of skip lesions, and small ulcerations occurring on small irregular nodules.

· Reflux of barium into the terminal ileum during barium enema may reveal characteristic ileal changes of regional enteritis

iii.
Small Bowel Radiograph

· In CD, x-ray examination of the small bowel may demonstrate loss of mucosal detail and rigidity of involved segments resulting from submucosal edema or stenosis. 

· The submucosal inflammation may lead to the characteristic radiologic cobblestone appearance of the mucosa (H-Fig. 286-7 pg. 1639), and fistulous tracts may be seen, especially in the ileocecal area (H-Fig. 286-8 pg. 1639). 

· Involvement of the stomach and duodenum usually appears radiologically as stiffening and infiltration of the mucosa and can mimic an infiltrative tumor. 

c.
Carcinoma Complicating IBD – (MODULE OBJECTIVE E) H-1641

· Patients with chronic IBD have a higher incidence of carcinoma than the general population

· The development of colon carcinoma in the setting of IBD differs in important ways from that of carcinoma arising in a noncolitic population.

· Many of the earlier warning signs of a colonic neoplasm (rectal bleeding, a change in bowel habits) are difficult to interpret in the setting of colitis

· Further adding to the difficulty of diagnosis is the frequent occurrence of mucosal irregularities, ulcerations, and pseudopolyps, which make a small carcinoma difficult to diagnose radiologically or endoscopically

· Screening plasma levels of carcinoembryonic antigen may be elevated in UC, but this finding is nonspecific and therefore of limited value

· Periodic barium enema examination and/or sigmoidoscopy or colonoscopy has been suggested, but interpretation of these studies is sometimes hampered by abnormalities related to the colitis itself

· The addition of colonic mucosal biopsy may add a significant dimension

· It is prudent to examine patients with colonic IBD of greater than 8 to 10 years' duration with colonoscopy and multiple mucosal biopsies at regular intervals. The optimal frequency for such examinations has not been established; recommendations vary from every 6 months to every 2 years

C.
Pseudomembranous Colitis (MODULE OBJECTIVE F) – H-1640, R-795

· Pseudomembranous colitis (antibiotic-associated colitis) is caused by a necrolytic toxin elaborated by Clostridium difficile, which proliferates as a result of antibiotic therapy messin’ wit da normal flora.

· It causes diarrhea that is profuse and watery

· Characteristic multiple, discrete yellowish plaques are seen on sigmoidoscopy, which on biopsy show features of acute inflammation and ulceration with a pseudomembrane of fibrin and necrotic material. 

· Treatment is Vancomycin 

Section D:  Intestinal Neoplasm & Miscellaneous Intestinal Disorders

I.
Diverticular Disease (H-1648-1649)

A.
Small Intestinal Diverticula

· Most often diverticula are asymptomatic, on occasion, however, they may cause symptoms either because of their anatomic proximity to other structures or rarely from inflammation or bleeding

1.
Duodenal Diverticula

· Mostly asymptomatic, but rarely, they may present as acute diverticulitis with abdominal pain, fever, gastrointestinal bleeding, or, most rarely, perforation

2.
Multiple Jejunal Diverticula

· associated with malabsorption related to bacterial overgrowth within the diverticula (the outpocketing results in stasis) 

· The consequences of bacterial proliferation with resultant mucosal damage, deconjugation of bile salts, and vitamin B12 malabsorption

3.
Meckel’s Diverticulum (MODULE OBJECTIVE A)

· Meckel's diverticulum is a persistent omphalomesenteric duct and is the most frequent congenital anomaly of the digestive tract.

· Congenital diverticula are herniations of the entire thickness of intestinal wall, while the more common acquired diverticula consist of herniations of the mucosa through the muscularis, generally at the site of a nutrient artery (MODULE OBJECTIVE A.1)

· The sac may be lined with normal ileal mucosa (approximately 50 percent) or contain gastric, duodenal, pancreatic, or colonic mucosa 

· While rarely symptomatic after age 5, Meckel's diverticulum may produce hemorrhage, inflammation, and obstruction in children and teenagers

· Hemorrhage occurs from peptic ulceration of ileal mucosa adjacent to a Meckel's diverticulum lined with gastric mucosa. (MODULE OBJECTIVE A.2)

· Mechanical obstruction also may occur if the diverticulum intussuscepts into the lumen of the bowel or twists on a fibrous remnant of the omphalomesenteric duct which extends from the diverticulum to the abdominal wall

B.
Colonic Diverticula

· Diverticula of the colon are herniations or saclike protrusions of the mucosa through the muscularis (but not all the way through the wall as with congenital diverticulosis), at the point where a nutrient artery penetrates the muscularis.  (MODULE OBJECTIVE A.1)

· Clinical manifestations of inflammation and hemorrhage occur from herniations of mucosa caused by increased pressure produced by colonic muscle contractions (MODULE OBJECTIVE A.2)

· The rarity of colonic diverticula in underdeveloped nations has led to the speculation that diverticula result from the highly refined western diet, which is deficient in dietary fiber or roughage 

· It is proposed that such diets result in decreased fecal bulk, narrowing of the colon, and an increase in intraluminal pressure in order to move the smaller fecal mass (MODULE OBJECTIVE B).

C.
Diverticulitis (MODULE OBJECTIVE C.1)

· Diverticulitis is basically inflammation of the diverticulosis (the sac).

· It is caused by retention of undigested food residues and bacteria in the diverticula, which may form a hard mass called a fecalith.

· This compromises the blood supply to the thin-walled sac (made up solely of mucosa and serosa) and renders it susceptible to invasion by colonic bacteria

· Diverticulitis occurs more often in men than in women and three times as often in the left as in the right colon. 

· This suggests that diverticulitis may be related to the higher intraluminal pressures and the more solid fecal material in the sigmoid and descending colon

D.
Painful Diverticular Disease without Diverticulitis (MODULE OBJECTIVE C.3)

· Some patients with diverticulosis develop recurrent left lower quadrant colicky pain without clinical or pathologic evidence of acute diverticulitis

· They often have bouts of alternating constipation and diarrhea, and the pain may be relieved by defecation or passage of flatus

· These features suggest the coexistence of the irritable bowel syndrome with diverticulosis

E.
Hemorrhage From Diverticula (MODULE OBJECTIVE C.2)

· Massive hemorrhage from colonic diverticula is one of the most common causes of hematochezia in patients over age 60

· This complication of diverticulosis is caused by erosion of a vessel by a fecalith within the diverticular sac

· The location of bleeding diverticula demonstrated at angiography on several series has been more commonly in the right colon, particularly the ascending colon, in contrast to the sigmoid colon, where diverticula are more numerous.

II.
Motility Disorders

A.
Megacolon (MODULE OBJECTIVE D) – H-1649-1650

· Megacolon, or giant colon, is characterized by massive distention of the colon, usually accompanied by severe constipation or obstipation (severe and intractable constipation)

· Acute toxic megacolon – severe complication of chronic UC

· Aganglionic Megacolon (Hirschsprung’s Disease)

· Congenital disorder due to absence of enteric neurons (ganglions) in the distal colon and rectum, resulting in loss of its neural inhibition and constant contraction.  The constant contraction prevents the passage of stool.

· The absence of enteric neurons occurs due to failure of neural crest cells to migrate to the distal colon.

· The disease becomes manifest in early infancy and the infants have massive abdominal distention, absent bowel movements, and impaired nutrition due to chronic obstruction of the colon

· On rectal examination, the ampulla is empty of feces and the anal sphincter is normal

· Chronic Idiopathic Megacolon

· Onset at the time of toilet training.

· Characterized by severe constipation and distention and the digital rectal exam reveals the rectal ampulla is full of shit.  (  I just couldn’t resist typing “full of shit”.

· Acquired Megacolon

· Trypanosoma cruzi (Chagas’ disease) can result in destruction of the ganglion cells of the colon, producing a clinical picture similar to congenital megacolon, except that the onset is in adult life

· Patients with schizophrenia or depression, particularly institutionalized patients, may have obstipation and massive colonic dilatation

· Severe neurologic disorders, including cerebral atrophy, spinal cord injury, and parkinsonism, also may cause megacolon

· Myxedema, infiltrative diseases such as amyloidosis, and primary systemic sclerosis also can reduce colonic motility and produce marked colonic distention

· Narcotic drugs, particularly morphine and codeine, can cause severe constipation, especially when administered to bedridden patients

· Digital rectal examination of adults with acquired megacolon reveals a rectum distended with feces, as opposed to the empty rectum in aganglionic megacolon

 B.
Intestinal Pseudoobstruction (MODULE OBJECTIVE E) H-1650-1651

· Intestinal pseudoobstruction is an acute or chronic motility disorder characterized by distention or dilatation of the small and large intestine.

· Abdominal pain, nausea, and vomiting may lead to diagnostic confusion with mechanical obstruction, but as the name of this condition implies, the underlying cause is not obstruction but rather a severe dysmotility resulting in distention.

1.
Acute vs. Chronic

a.
Acute (Ogilvie's syndrome)
· characterized by acute intestinal dilatation involving primarily the colon

· The patient may complain of colicky lower abdominal pain and acute constipation

· Examination reveals a distended, tympanitic abdomen, with reduced or absent bowel sounds and abdominal tenderness (but not guarding).

· The onset of these symptoms usually occurs in patients who have recently undergone severe surgical or medical stress such as major surgery, myocardial infarction, sepsis, or respiratory failure.

· Patients with acute pseudoobstruction are frequently on respirators, have received narcotics or sedatives, and have metabolic and electrolyte disturbances

b.
Chronic

· The symptoms of chronic secondary pseudoobstruction are chronic or intermittent constipation, crampy abdominal pain, anorexia, and bloating

2.
Etiologies (Primary vs. Secondary)

a.
Primary (idiopathic)

· Describes the condition of patients with signs and symptoms of pseudoobstruction in whom no systemic disease can be identified

· The typical patient has recurrent attacks of abdominal pain and distention with nausea and vomiting

· Steatorrhea secondary to bacterial overgrowth of the small intestine is common and may lead to chronic diarrhea and malnutrition

b.
Secondary

· Numerous medical conditions can cause chronic dilatation of the large and small bowel

· primary systemic sclerosis, amyloidosis, or muscular dystrophy

· Endocrine disorders, including myxedema and diabetes mellitus, may result in chronic distention, which in the diabetic patient results from autonomic visceral neuropathy

· Chronic neurologic diseases, including Parkinson's disease and stroke

· drugs that reduce GI motility

· psychotic patients

3.
Detection

· X-ray reveals massive distention.

III.
Disorders of the Mesenteric Circulation

A.
Normal Vascular Anatomy (MODULE OBJECTIVE F) H-1652

· Netter plates 286 and 287 are outstanding.  Review all of anatomy while your at it.

1. Duodenum – supplied by the pancreatoduodenal arteries branch of the superior mesenteric and the common hepatic off the celiac trunk.

2. Jejunum and Ileum – supplied by the superior mesenteric
3. Colon – supplied proximally by the superior mesenteric and distally by the inferior mesenteric. 

B.
Vascular Diseases of the Mesentery (MODULE OBJECTIVE G) H-1652-3

· You should read the pages, but it seems to be summarize in the table.

Patterns of Intestinal Ischemia (Table 288-2)

Condition
Etiology
Clinical Features
Management

Mesenteric artery embolus (acute transmural infarction)
Arterial embolus associated with atrial fibrillation or rheumatic heart disease
Acute central abdominal pain, shock, peritonitis
Immediate angiography and embolectomy if possible

Abdominal angina
Atherosclerosis of celiac and superior mesenteric arteries (thrombus formation)
Chronic postprandial pain, weight loss
 Angiography and surgery in selected cases

Ischemic colitis
Low-flow state (non-occlusive)
Acute lower abdominal pain, rectal bleeding
Sigmoidoscopy; surgery only for peritonitis

· Pathology – R-788-9

1.
Acute Transmural Intestinal infarct

· Colonic infarction tends to occur at the splenic flexure (watershed between the superior and inferior mesenteric aa.) See R-Figure 17-28.

· Infarcted area will appear hemorrhagic due to the reactive hyperemia.

· In the early stages, infarcted bowel is congested.  With time, the wall becomes edematous, thickened, and rubbery. 

· Within 1 – 4 days, intestinal bacterial produce outright gangrene and sometimes perforation of the bowel.

2.
Ischemic Colitis

· Submucosal chronic inflammation and fibrosis may lead to stricture.

· The lesions are patchy.

IV.
Colorectal Cancer

A.
Definitions (MODULE OBJECTIVE H) R-810 – 812

1.
Polyp – a tumorous mass that protrudes into the lumen of the gut

· Epithelial polyps arising from proliferative dysplasia are termed adenomatous polyps or adenomas.

2.
Hyperplastic Polyps (R-Figure 17-47) Pathology

· These small epithelial polyps appear as nipple like protrusion.

· Histologically, they are made of well-formed glands and crypts lied by non-neoplastic epithelial cells.

· The malignant potential is virtually zero.

3.
Juvenile Polyps Pathology

· Focal hamartomatous malformation of the epithelial mucosa.

· The vast majority occur in kids < 5 y/o with predilection for the rectum.

· They tend to be large, but have very low malignant potential.

4.
Adenomas

· All adenomatous lesions arise from epithelial proliferative dysplasia.

a.
Tubular Adenomas (R-Figure 17-47, 17-48)

· Mostly found in the colon.

· Histologically, the stalk is made of fibromuscular tissue and prominent blood vessels (derived from the submucosa).

· The adenoma is covered by normal, non-neoplastic mucosa.

· However, adenomatous epithelium may extend down into the stalk and adjacent regions (R-Figure 17-49) and then you’ve got trouble.

b.
Villous Adenomas (R-figures 17-47, 17-50)

· Have a propensity for the rectum and rectosigmoid.

· They are sessile (attached by a broad base) and form a velvety or cauliflower-like mass.

· These are covered with dysplastic columnar epithelium

c.
Tubulovillous Adenomas

· No big shocker … these are the intermediate between the tubular and villous lesions.

B.
Adenocarcinoma of the Colon

1.
Epidemiology

· Of colon cancers, adenocarcinoma represents 98% of all cancers.

· Incidence ~ 150,000 new cases/y

· Death ~ 55,000 /y

· Men and women are equally affected

2.
Risk Factors (MODULE OBJECTIVE I) H-572-3

a.
Diet:  There are two facets of the diet that may predispose you to development of colon cancer:  animal fats and low fiber diets.

· it has been suggested that the ingestion of animal fats leads to an increased proportion of anaerobes in the gut microflora, resulting in the conversion of normal bile acids into carcinogens.

· dietary fiber accelerates intestinal transit time, thereby reducing the exposure of colonic mucosa to potential carcinogens and diluting these carcinogens because of enhanced fecal bulk

b.
Inflammatory Bowel Disease (IBD)

· recall that large bowel cancer is a complication of chronic IBD.

· tends to appear more often in pts. w/ UC than CD

c.
Familial Hx
· 25% of patients with colorectal cancer may have a family history of the disease.

d.
Familial Polyposis Syndrome

· Polyposis coli (familial polyposis of the colon) is a rare condition characterized by the appearance of thousands of adenomatous polyps throughout the large bowel. 

· It is transmitted in an autosomal dominant manner

· Polyposis coli has been studied intensively and appears to result from a defect in the colonic mucosa leading to an abnormal proliferative pattern and an impaired ability for cellular repair following exposure to radiation or ultraviolet light

· Once the multiple polyps that constitute polyposis coli are detected, patients should undergo a total colectomy (jumping the gun are we?)

e.
Sporadic Adenomatous Polyps

· Clinically, the probability of an adenomatous polyp becoming a cancer depends on the gross appearance of the lesion, its histologic features, and its size

· Adenomatous polyps may be pedunculated (stalked) or sessile (flat-based)

· Cancers develop more frequently in sessile polyps

· The likelihood that any polypoid lesion in the large bowel contains invasive cancer is related to the size of the polyp, being negligible (2 percent) in lesions smaller than 1.5 cm, intermediate (2 to 10 percent) in lesions 1.5 to 2.5 cm in size, and substantial (10 percent) in lesions larger than 2.5 cm

· Basically, you don’t want a large sessile adenoma.

3.
Pathology (by location) (MODULE OBJECTIVE J)

a.
Colon – tend to find tubular adenomas

b.
Rectum or rectosigmoid – tend to find villous adenomas

4.
Pathophysiology – (MODULE OBJECTIVE J) – H-574

a.
Right and Ascending Colon

· Since stool is relatively liquid as it passes through the ileocecal valve into the right colon, neoplasms arising in the cecum and ascending colon may become quite large, significantly narrowing the bowel lumen, without resulting in any obstructive symptoms or noticeable alterations in bowel habits

· Lesions of the right colon commonly ulcerate, leading to chronic, insidious blood loss without a change in the appearance of the stool

· Consequently, patients with tumors of the ascending colon often present with symptoms such as fatigue, palpitations, and even angina pectoris and are found to have a hypochromic, microcytic anemia indicative of iron deficiency

· Since the cancer may bleed intermittently, however, a random test for the presence of occult blood in the stool may be negative

b.
Transverse & Descending Colon

· Since stool becomes more concentrated as it passes into the transverse and descending colon, tumors arising there tend to impede the passage of stool, resulting in the development of abdominal cramping, occasional obstruction, and even perforation

· Radiographs of the abdomen often reveal characteristic annular, constricting lesions ("apple-core" or "napkin-ring") ( H-Fig. 92-2, pg. 574).

c.
Rectosigmoid

· Neoplasms arising in the rectosigmoid often are associated with hematochezia, tenesmus, and narrowing of the caliber of stool

5.
Staging – (MODULE OBJECTIVE K) H-575

· There are 3 staging systems out there for you to be aware of:  Dukes, TNM and Numerical.  TNM seems to be the most descriptive of these (T = tumor depth, N = nodes, M = metastasis).

· Most recurrences after a surgical resection of a large-bowel cancer occur within the first 4 postoperative years, making the 5-year mark a fairly reliable indicator of cure. 

· The likelihood for 5-year survival in patients with colorectal cancer is closely associated with their stage (prognostic value).

· Stages:

1. T1N0M0 (Dukes A) - Patients with superficial lesions that do not penetrate into the muscularis or involve regional lymph nodes

2. T2N0M0 (Dukes B1) - patients whose tumors have penetrated more deeply (but spread is restricted to the muscularis) and there is no spread to lymph nodes 

3. T3N0M0 (Dukes B2) - patients whose tumors have penetrated deeply (spread penetrates the serosa) and there is no spread to lymph nodes

4. TxN1M0 (Dukes C) - regional lymph node involvement defines stage C (TxN1M0) disease

5. TxNxM1 (Dukes D) - metastatic spread to sites such as liver, lung, or bone indicates stage D
Table 92-6.  Staging Of And Prognosis For Colorectal Cancer





Stage

Approximate 5-
Year Survival, %

Dukes
TNM
Numerical
Pathologic Description


A
T1N0M 0
I
Cancer limited to mucosa and submucosa
90

B1
T2N0M 0
II
Cancer extends into muscularis
85

B2
T3N0M0
II
Cancer extends into or through serosa
70-80

C
TxN1M0
III
Cancer involves regional lymph nodes
35-65

D
TxNxM1
IV
Distant metastases (i.e. liver, lung, etc.)
5

6.
Detection/Screening (MODULE OBJECTIVE L.1 – L.5) H-574

· Earlier detection of localized, superficial neoplasms in asymptomatic individuals will increase the surgical cure rate

a.
Digital (and I don’t mean binary) Rectal Exam

· programs directed at the early detection of colorectal cancers have focused on digital rectal examinations and testing stool for the presence of occult blood.

· It is an inexpensive way to asses gross changes in the very distal rectum.

b.
Fecal Occult Blood Test

· development of the Hemoccult test has greatly facilitated the detection of occult fecal blood

· Even when performed optimally, the Hemoccult test has major limitations as a screening technique. Approximately 50 percent of patients with documented colorectal cancers have a negative fecal Hemoccult test (50% sensitivity), consistent with the intermittent bleeding pattern of these tumors

c.
Sigmoidoscopy

· More than 60 percent of early lesions are located in the rectosigmoid making them accessible to rigid proctosigmoidoscopy.

· For unexplained reasons, however, there has been a consistent decrease during the past several decades in the proportion of large-bowel cancers arising in the rectum

d.
Barium Enema

· These are not used as a screening tool.  They are used when digital exam or Hemoccult is positive and you want to further asses the situation.

e.
Colonoscopy

· For the ultimate in home entertainment, this should be considered.

· You don’t use this as a screening tool for asymptomatic pts.

· In symptomatic pts. you can scope them to see what’s going on.

V.
Acute Intestinal Obstruction

A.
Adynamic Ileus (a.k.a. paralytic ileus)

1.
Definition – This is a nonobstructive lack of propulsion through the intestinal tract.

2.
Etiologies – Adynamic ileus is linked to the following conditions

a.
Recent Abdominal Surgery – produces a transient adynamic ileus

b.
Electrolyte imbalance – especially hypokalemia

c.
Chemical or bacterial peritonitis

d.
Systemic illness (pneumonia, etc.,)

e.
Vascular Occlusion

3.
Clinical features – distention is found, but there is no colicky pain.

B.
Mechanical Obstruction

1. Definition – should be self-explanatory

2. Etiologies – divided into those extrinsic to the intestine, those intrinsic to the intestinal wall, and those causing obliteration of the lumen.

a.
Extrinsic causes – adhesions (prior surgeries), internal and external hernias, endometriosis,

b.
Intramural causes – diverticulitis, carcinoma, regional enteritis (strictures), hematomas from trauma

c.
Intraluminal causes – tumors, gallstone obstruction, intussusception

C.
Pathophysiology of Obstruction (MODULE OBJECTIVE N) – pg. 1656 – 1657

· Distention of the intestine is caused by the accumulation of gas and fluid proximal to and within the obstructed segment

· Between 70 and 80 percent of intestinal gas consists of swallowed air, and because this is composed mainly of nitrogen, which is poorly absorbed from the intestinal lumen, removal of air by continuous gastric suction is a useful adjunct in the treatment of intestinal distention

· The accumulation of fluid proximal to the obstructing mechanism results not only from ingested fluid, swallowed saliva, gastric juice, and biliary and pancreatic secretions but also from interference with normal sodium and water transport

· During the first 12 to 24 h of obstruction, there is a marked depression of flux from lumen to blood of sodium and consequently water in the distended proximal intestine

· After 24 h, there is movement of sodium and water into the lumen, contributing further to the distention and fluid losses

· In the colon, distention causes impairment of the intramural blood supply results in gangrene of the cecal wall.  In the small intestine, the mechanism is different (but evidently not important enough to tell us!).

· Once impairment of blood supply occurs, bacterial invasion supervenes, and peritonitis develops

· The loss of fluids and electrolytes may be extreme and, unless replacement is prompt, leads to hemoconcentration, hypovolemia, renal insufficiency, shock, and death

D.
Symptomatic Difference Between Proximal and Distal Bowel Obstruction (MODULE OBJECTIVE O) – H-1657

1.
Mechanic small intestinal obstruction 

· Characterized by cramping midabdominal pain, which tends to be more severe the higher the obstruction

· The pain may become less severe as distention progresses, probably because motility is impaired in the edematous intestine

· Vomiting is almost invariable, and it is earlier and more profuse the higher the obstruction

· The vomitus initially contains bile and mucus and remains as such if the obstruction is high in the intestine. With low ileal obstruction, the vomitus becomes feculent, i.e., orange-brown in color with a foul odor, which results from the overgrowth of bacteria proximal to the obstruction

· Obstipation and failure to pass gas by rectum are invariably present when the obstruction is complete

2.
Mechanical colonic obstruction

· Produces colicky abdominal pain similar in quality to that of small-intestinal obstruction but of much lower intensity

· If the ileocecal valve is competent, you don’t see vomiting.

3.
Adynamic ileus

· Colicky pain is absent, and only discomfort from distention is evident

· It usually consists of gastric contents and bile and is almost never feculent

VI.
Acute Appendicitis 

A.
Acute Appendicitis vs. Acute Diverticulitis

1.
Pathogenic Event

a.
Acute Appendicitis (H-1658)

· The primary pathogenic hallmark has always been thought to be luminal obstruction buy a fecalith, but that is only evidenced in 30% - 40% of the cases.

· Recent studies have shown that ulceration of the mucosa is the initial event in the majority of causes and stems from an infectious etiology (viral or Yersinia).

· Secretion of mucus distends the organ, which has a capacity of only 0.1 to 0.2 mL, and luminal pressures rise. 

· Luminal bacteria multiply and invade the appendiceal wall as venous engorgement and subsequent arterial compromise result from the high intraluminal pressures. 

· Finally, gangrene and perforation occur

b.
Acute Diverticulitis (MODULE OBJECTIVE C.1)

· Diverticulitis is inflammation of a diverticulosis.

· It is caused by retention of undigested food residues and bacteria in the diverticula, forms a fecalith.

· This compromises the blood supply and renders it susceptible to invasion by colonic bacteria

2.
Symptoms and Physical Findings

a.
Acute Appendicitis (H-1659)

· The history and sequence of symptoms are among the most important diagnostic features of appendicitis

· The initial symptom is almost invariably abdominal pain of the visceral type poorly localized in the periumbilical or epigastric region.

· The visceral pain last 4 to 6 h. 

· As inflammation spreads to the parietal peritoneal surfaces, the pain becomes somatic, steady, and more severe, aggravated by motion or cough, and usually located in the right lower quadrant.

· The diagnosis cannot be established unless tenderness can be elicited
b.
Acute Diverticulitis

· Symptoms include lower left quadrant pain, fever and constipation.

3.
Age Distribution

a.
Acute Appendicitis - maximum incidence of acute appendicitis occurs in the 2nd & 3rd decades of life

b.
Acute Diverticulitis

· Since diverticulitis is a complication of diverticulosis (often), and diverticulosis generally occurs in individuals older than 60, I would venture a guess that the age distribution is skewed more toward 60 than 20 – 30.

4.
Lab and Radiologic Findings

a.
Acute Appendicitis

· Laboratory examination does not establish the diagnosis

· Although moderate leukocytosis of 10,000 to 18,000 cells/uL is frequent (with a concomitant shift to immature cells), the absence of leukocytosis does not eliminate the possibility of acute appendicitis

· There is no blood in the stool.

· Urinalysis is most useful, however, in excluding genitourinary conditions that may mimic acute appendicitis

· X-rays are rarely of value except when an opaque fecalith (5 percent of patients) is observed in the right lower quadrant (especially in children) together with other clinical findings consistent with appendicitis

· Ultrasound is a much better way to show appendicitis.

b.
Acute Diverticulitis

· Leukocytosis is common

· Bleeding occurs in ¼ of pts.

· Barium enema can reveal leakage from the diverticular sac, stricture formation, and the presence of a pericolic inflammatory mass.

5.
Medical Therapy

a.
Acute Appendicitis - Medical therapy is not going to cut it (pardon the pun).  You can try antibiotics, but ultimately, you’ll have to cut the sucker out.

b.
Acute Diverticulitis

· Treatment is fluid replacement, bowel rest and antibiotics to cover gram negatives.

6.
Surgical Therapy

a.
Acute Appendicitis - Surgical resection is the way to go.  Don’t dilly dally about looking for a medical intervention.  You appendix will rupture.

b.
Acute Diverticulitis

· Surgery only is used when there is recurrent diverticulitis or the situation is very severe.

· The procedure is a diverting colostomy with resection of the involved colon and reanastomosis in a second operation.

B.
Perforation of Appendix (H-1659)

· Both in the very young and the very old, perforation occurs more commonly because the physical misdiagnosis the case.

· Because the symptoms are vague in an infant or child (diarrhea, vomiting, fever) your initial guess is not appendicitis.  You diagnosis is delay and your pt. ruptures.

· In the elderly, pain and tenderness are often obtunded, and thus the diagnosis is frequently delayed.

VII.
Tumors of the Small Intestine

A.
Benign Tumors

1.
Adenomas

2.
Polypoid Adenomas

3.
Leiomyomas

4.
Lipomas

5.
Angiomas

B.
Malignant Tumors

1.
Adenocarcinomas

2.
Lymphomas

3.
Leiomyosarcomas

4.
Carcinoid Tumors - epithelial tumors of the small intestine arising from argentaffin cells of the crypts of Lieberkuhn

a.
Location (MODULE OBJECTIVE R.1) H-577

· found from the distal duodenum to the ascending colon

· More than 50 percent of intestinal carcinoids are found in the distal ileum, with most congregating close to the ileocecal valve

b.
Features (MODULE OBJECTIVE R.2) H-585-7

· Since this is a neuroendocrine secreting tumor (secretes serotonin primarily, but also a whole mess of other peptides/amines).

· The hormone secretion by carcinoid cells can cause distinctive and debilitating effects (carcinoid syndrome) long before local growth or metastatic spread is otherwise apparent

· Manifestations of the carcinoid syndrome include the "classic" triad of cutaneous flushing, diarrhea, and valvular heart disease and, less commonly, telangiectasias, wheezing, and paroxysmal hypotension.

· The high serotonin levels directly cause the diarrhea by ( motility, ( absorption and ( secretion.

VIII. Irritable Bowel Syndrome (MODULE OBJECTIVE S) H-1646-1648

· This is a wastebasket disease.  If you don’t know what the hell is causing someone’s GI distress, it’s got to IBS.

· It is the most common gastrointestinal disease in clinical practice

· IBS is characterized by abdominal pain and altered bowel habits, including diarrhea, constipation, or alternating diarrhea and constipation. Symptoms are typically intermittent but may be continuous and should be present for at least 3 months before a diagnosis of IBS is considered

· There are these Manning Criteria that I guess are supposed to help …

H-Table 287-2.  Evaluation Of Patients With Symptoms Of IBS

I. Diagnostic criteria for IBS

A. At least 3 months of continuous or recurrent symptoms of

1. Abdominal pain or discomfort that is

a. Relieved with defecation

b. Associated with a change in frequency of stool, or

c. Associated with a change in consistency of stool, and

2. Two or more of the following, at least on one-fourth of occasions or days:

a. Altered stool frequency (3 bowel movements daily or 3 bowel movements weekly)

b. Altered stool consistency (lumpy/hard or loose/watery stool)

c. Altered stool passage (straining, urgency, or feeling of incomplete evacuation),

d. Passage of mucus,

e. Bloating or feeling of abdominal distention

II. Essential history to exclude other causes

A. Exclude symptoms not compatible with IBS only:

1. Visible or occult blood in the stool

2. Weight loss

3. Fever

4. Pain or diarrhea awakening the patient from sleep

B. Obtain dietary history to exclude lactose intolerance or excessive use of sorbitol, fructose, or caffeine

C. Review medications with possible GI side effects

D. Consider depression or panic disorders

III. Physical examination: Should be unremarkable; if positive, further evaluation required

IV. Laboratory examination

A. Complete blood count; erythrocyte sedimentation rate; chemistry panel

B. Flexible sigmoidoscopy (patients 40 years old; all patients with diarrhea)

C. If diarrhea is predominant symptom:

1. Examine stool for ova and parasites, fecal leukocytes, excessive fat

2. Thyroid function tests

3. Mucosal biopsy of rectosigmoid for microscopic colitis



Submodule 5:  Pathophysiology Of Gastrointestinal Bleeding

A.
Definitions and Significance (MODULE OBJECTIVE A) – H-246

1.
Hematemesis

· Hematemesis is defined as the vomiting of blood suggestive of a proximal source of bleeding

· The color of vomited blood depends on the concentration of hydrochloric acid in the stomach and the duration of its contact with the blood (red = vomiting shortly after onset of bleeding and therefore not much contact with HCl, black = longer contact with HCl due to delayed vomiting after bleeding).

· Precipitated blood clots and acid-degraded blood in the vomitus will produce a characteristic "coffee grounds" appearance when vomited

· Hematemesis usually indicates bleeding proximal to the ligament of Treitz (Netter Plate 253), because blood entering the GI tract below the duodenum rarely enters the stomach

· The ligament of Treitz is the boundary between the duodenum and the jejunum.

2.
Melena

· Melena as the passage of stools rendered black and tarry by the presence of blood, also suggestive of a proximal source of bleeding.

· The black color of melena results from contact of the blood with hydrochloric acid to produce hematin 

· Melena usually denotes bleeding from the esophagus, stomach, or duodenum

3.
Hematochezia

· Hematochezia, the passage of red blood per rectum

· Generally signifies bleeding from a source distal to the ligament of Treitz 

4.
Occult Bleeding

· This is bleeding in the stool that is not visible/apparent on gross inspection.

· It is detected by card test for hemoglobin peroxidase (e.g., Hemocult)

· It is an important means of finding colorectal neoplasia at earlier, potentially curable stages. 

· Multiple stools should be tested (usually two samples from three stools), and if any sample is positive, additional studies should be performed. 

· A positive result can be due to physiologic blood loss, dietary peroxidases, undercooked meat, or any cause of upper or lower GI bleeding.

B.
Hemodynamics of GI Bleeding - The clinical manifestations of GI bleeding depend on the extent and rate of hemorrhage and the presence of coincidental diseases

1.
Rapid Blood Loss (MODULE OBJECTIVE C.1 – C.3) – H-246

a.
Less than 500 mL

· Blood loss of less than 500 mL is rarely associated with systemic signs

b.
About 20% of the blood volume

· Orthostatic hypotension greater than a change of 10 mmHg occurs (resulting in lightheadedness, syncope)

· Decreased venous return to the heart, decreased cardiac output, and increased peripheral resistance due to reflex vasoconstriction

c.
About 40% of the blood volume

· shock frequently ensues with pronounced tachycardia and hypotension

2.
Slow (Occult) Blood Loss (MODULE OBJECTIVE D)

· I couldn’t find this, but I would guess that anemia could be a finding, resulting in fatigue, dyspnea, etc.,

C.
Etiologies of GI Bleeding (MODULE OBJECTIVE H) – H-247-248

1.
Upper GI Bleeding

Table 44-1.  Common Causes Of Acute Upper GI Bleeding

1. Erosive, hemorrhagic gastropathy (due to aspirin, other NSAIDs)

2. Duodenal ulcer & Gastric ulcer (H. pylori)

3. Mallory-Weiss tear (tear in the esophageal mucosa at the esophagogastric junction)

4. Varices/portal hypertensive gastropathy (alcoholic cirrhosis, hepatitis, hepatic infection)

5. Arteriovenous malformations

2.
Lower GI Bleeding

Table 44-2.  Common Causes Of Acute Lower GI Bleeding (In Order Of Frequency)

Under Age 55
Over Age 55 

1. Anorectal disease (hemorrhoids, fissures)
1. Anorectal disease (hemorrhoids, fissures)

2. Colitis (IBD, infectious)
2. Diverticulosis

3. Diverticulosis
3. Angiodysplasia

4. Polyps, cancer (hyperplastic, hamartomas)
4. Polyps, cancer

5. Angiodysplasia
5. Enterocolitic (ischemic, infectious, IBD, radiation)

· Anal and Rectal Lesions – may show small amounts of bright red blood on the surface of the stool and toilet tissue are often caused by hemorrhoids or anal fissures; such bleeding is generally precipitated by the strained passage of a hard stool

· Colonic Lesions  

· Carcinoma of the colon as well as colonic polyps usually produce chronic occult blood loss

· Bloody diarrhea may be the presenting symptom in patients with ulcerative colitis. 

· Bleeding also may accompany diarrhea due to infections with Shigella, Salmonella, Campylobacter jejuni, Clostridium difficile, enterohemorrhagic toxigenic Escherichia coli O157:H7, ameba, and other parasites

· In the elderly, diabetic patients, and patients with vascular disease, mesenteric ischemia may be a cause of bloody diarrhea

· Diverticula - the usual presentation of a diverticular hemorrhage is that of the brisk painless passage of a maroon-colored stool

D.
Approach to the Patient

1.
Acute Upper GI Bleeding

· The primary consideration in the care of the bleeding patient is maintaining adequate intravascular volume and hemodynamic stability

· Prior to taking a history and performing a thorough physical examination, vital signs should be noted, blood sent for typing and cross-matching, and large-bore intravenous lines placed for infusion of saline or packed red blood cells

a.
History & Physical Exam (MODULE OBJECTIVE L.1) H-247

i.
Hx
· A history or symptoms suggestive of peptic ulcer disease may provide a useful clue

· Similarly, recent use of NSAIDs should make one suspect erosive gastropathy

· If alcohol use has been long-standing and there are stigmata of chronic liver disease, esophageal varices may be a source of hemorrhage

· Recent retching followed by hematemesis should suggest the diagnosis of Mallory-Weiss tear

ii.
Physical Exam

· A nonintestinal bleeding source should be excluded by careful examination of the oral cavity and nasopharynx

· Stigmata of chronic liver disease such as spider angiomata, gynecomastia, testicular atrophy, jaundice, ascites, and hepatosplenomegaly suggest portal hypertension with bleeding from esophageal or gastric varices as an important potential source

b.
Lab Studies

· Initial studies should include the hematocrit, hemoglobin, careful assessment of red blood cell morphologic features (hypochromic, microcytic red blood cells suggest that blood loss is chronic), white blood cell count, differential, and platelet count

· Recognize the in a patient with acute GI hemorrhage, the initial Hgb/Hct are unreliable in assessing the magnitude of the blood loss.  (MODULE OBJECTIVE F)

· This is because equilibration with extravascular fluid must occur (volume re-expansion).  This occurs over 8 hours.  (MODULE OBJECTIVE E) H-246

· Prothrombin time and partial thromboplastin time studies are needed to exclude primary or secondary clotting defects.

· An increase in BUN (blood urea nitrogen) and the BUN to creatinine ratio may aid in suggesting upper GI bleeding due to breakdown of blood proteins to urea by intestinal bacteria as well as mild reduction in the glomerular filtration  rate (MODULE OBJECTIVE G) H-246 & 248.

· Abdominal films are rarely helpful in establishing a diagnosis unless a perforated or ischemic viscus is suspected or if intestinal obstruction is present

c.
Diagnostic & Therapeutic Approach (H-Figure 44.1 is an excellent picture of the algorithm used in Upper GI bleeding). 

· When there is a history of melena or hematemesis or the suspicion of bleeding from the upper part of the GI tract, a nasogastric tube should be passed to empty the stomach and to determine whether the bleeding is proximal to the ligament of Treitz.

· If the initial nasogastric aspirate is clear or bilious, current active bleeding is unlikely and the tube may be removed

· If blood or "coffee grounds" material is aspirated from the nasogastric tube, water or saline lavage (at room temperature) should be initiated. Irrigation of the stomach serves two purposes: 

1. It provides the clinician with an assessment of the rapidity of the bleeding

2. It clears the stomach of blood and blood clots prior to diagnostic endoscopy (EGD), which will improve the ability to view all mucosal surfaces

· EGD should be performed to identify the source of bleeding and if possible, correct the problem.

· Bleeding may be controlled with injection of a vasoconstricting agent such as epinephrine or a sclerosing agent or by the use of electrocautery

2.
Acute Lower GI Bleeding (algorithm in H-Figure 44-2, pg. 249)

· In all instances, upper GI bleeding should be excluded, if necessary by nasogastric aspirate or even EGD, and there should be careful digital rectal examination to rule out anorectal pathology such as fissures and bleeding from internal hemorrhoids (MODULE OBJECTIVE L.3)

· A flexible sigmoidoscopic examination (after a gentle saline enema) should be performed to exclude rectosigmoid disease (MODULE OBJECTIVE L.4)

· In the hemodynamically stable patient, elective colonoscopy should be performed after lavage with an oral (MODULE OBJECTIVE L.4)

· If colonoscopy is negative but there is recurrent or intermittent lower GI bleeding, a tagged red blood scan may be considered (MODULE OBJECTIVE L.6)

· If the scan shows a suspicious lesion, elective angiography helps to localize the site of bleeding more accurately (MODULE OBEJTIVE L.5)

· The patient with a torrential lower GI bleed usually cannot be prepped for colonoscopy nor wait for tagged red blood cell images; such a patient should promptly undergo mesenteric angiography after a nasogastric aspirate has ruled out brisk upper GI bleeding

3.
Acute Severe GI Hemorrhage (MODULE OBJECTIVE J)

a.
NG tube aspiration – This is used to remove blood from the upper GI tract or to asses if bleeding is coming from a site proximal to the ligament of Treitz.

b.
IV crystalloid & albumin – Restoration of blood volume and cardiac output

· Crystalloid, either normal saline or Ringer's lactate, are usually used for initial resuscitation for most forms of hypovolemic shock. 

· After the initial resuscitation, with up to several liters of crystalloid fluid, use of colloids, such as albumin or starch solutions, has been advocated as a more efficient and rapid method of fluid repletion that can help maintain colloid osmotic pressure

c.
Plasma, platelets, and blood transfusion

· Plasma is given for volume

· Platelets are given for clotting factors

· Blood transfusion (packed red blood cells) are given to maintain the oxygen carrying capacity of the blood.

Submodule 6:  Disorders of the Liver

Section A:  Pathophysiology of Hyperbilirubinemia and Evaluation of Liver Disease

A.
Normal Hepatic Metabolism of Bilirubin (H-Figure 45-1, pg. 250)

1.
Sources And Chemical Characterization Of Serum Bilirubin (nl. serum bilirubin ranges from 5 to 17 umol/L (0.3 to 1.0 mg/dL))

· More than 90 percent of serum bilirubin in normal individuals is in the unconjugated form, a nonpolar molecule (not water soluble) circulating as an albumin-bound complex

· The remainder is conjugated to a polar group (primarily glucuronide), rendering it water-soluble and thus able to be filtered and excreted by the kidney.  It can reversibly or irreversibly bind to serum albumin.

· 80 percent of circulating bilirubin is derived from senescent (old/dying) red blood cells which are destroyed by reticuloendothelial cells after the normal lifespan of 120 days.

· Oxidation of the heme moiety dissociated from the hemoglobin within these cells generates biliverdin, which is then metabolized to bilirubin

2.
Hepatic Metabolism Of Bilirubin

· Hepatic metabolism of the bile pigments can be divided into three distinct phases: (1) hepatic uptake, (2) conjugation, and (3) excretion into bile.

a.
Uptake  

· Unconjugated bilirubin bound to albumin is presented to the liver cell, where the complex dissociates and the nonpolar bilirubin enters the hepatocyte. 

· From there, it is bound to ligandin (glutathione-S-transferase B), preventing efflux back into the plasma.

b.
Conjugation

· Unconjugated bilirubin is converted to a water-soluble by attaching glucuronic acid, generating bilirubin glucuronide. 

· The conjugation reaction occurs in the endoplasmic reticulum of hepatocytes and is catalyzed by bilirubin glucuronosyl transferase (H-Fig. 45-2, pg. 250)

c.
Excretion

· Only conjugated bilirubin can be excreted into bile. It occurs via an energy-dependent process limited to the canalicular membrane. 

· Impaired excretion leads to ( bilirubin concentrations in the bile and “backward movement” of conjugated bilirubin into the bloodstream. 

3.
Intestinal Phase Of Bilirubin Metabolism

· After secretion into the bile, conjugated bilirubin is transported through the biliary ducts into the duodenum. 

· Conjugated bilirubin is not reabsorbed by the intestinal mucosa. It is either excreted unchanged in the stool or metabolized by ileal and colonic bacteria to urobilinogen and related products. 

· Urobilinogen can be reabsorbed from the small intestine and colon and enters the portal circulation. 

· Some of the portal urobilinogen is taken up by the liver and reexcreted into the bile, and the remainder bypasses the liver and is excreted by the kidney. Under normal conditions, the daily urinary excretion of urobilinogen does not exceed 4 mg. 

· When the hepatic uptake and excretion of urobilinogen is impaired (e.g., in hepatocellular disease) or the production of bilirubin is greatly increased (e.g., with hemolysis), daily urinary urobilinogen excretion may increase significantly. 

· In contrast, cholestasis or extrahepatic biliary obstruction interferes with the intestinal phase of bilirubin metabolism and leads to markedly decreased production and urinary excretion of urobilinogen. 

4.
Renal Excretion Of Bilirubin

· Unconjugated bilirubin, being tightly bound into albumin, is not filtered by the renal glomeruli. 

· In contrast, conjugated bilirubin is a free solute, is filtered by the renal glomeruli, and appears in the urine.

· The presence of bilirubin in the urine is evidence of conjugated hyperbilirubinemia and can be a useful differentiating point early in the evaluation of jaundice (MODULE OBJECTIVE G)

B.
Jaundice

1.
Definition

· Jaundice (a.k.a. icterus) is the clinical manifestation of hyperbilirubinemia.   It is characterized by yellow pigmentation of the skin and sclerae when serum bilirubin level exceeds 34 to 43 umol/L (2.0 to 2.5 mg/dL)

2.
Disturbances in Normal Bilirubin Metabolism (MODULE OBJECTIVE C.1 – C.6) – H-1672-6

a.
Disorders Casing Predominantly Unconjugated Hyperbilirubinemia

· The plasma concentration of unconjugated bilirubin is determined by (1) the rate at which newly synthesized bilirubin enters the plasma (bilirubin turnover) and (2) the rate of removal of bilirubin by the liver (hepatic bilirubin clearance)

Increased Production of Bilirubin (MODULE OBJECTIVE C.1)

i.
Increased Destruction Of Circulating Erythrocytes (Intravascular And Extravascular Hemolysis)

· In disorders associated with hemolysis, most commonly the hemolytic anemias, the rate of bilirubin production is increased and may even exceed the amount that can be removed by a normal liver, resulting in a jaundice of unconjugated bilirubin.

· Jaundice due to increased pigment production also may be seen as a consequence of tissue infarction (e.g., pulmonary infarcts) and large collections of blood in tissues
ii.
Increased Production Of Bilirubin From Sources Other Than Circulating Erythrocytes

· In some conditions (thalassemia, pernicious anemia, and congenital erythropoietic porphyria), jaundice results from an increased destruction of red blood cells or their precursors in the marrow (ineffective erythropoiesis)

Plasma Binding of Bilirubin (MODULE OBJECTIVE C.2)

· I couldn’t find this specifically.  But, I’m guessing this has something to do with drugs that compete with the unconjugated bilirubin for binding to albumin.

Hepatocellular Uptake of Bilirubin (MODULE OBJECTIVE C.3)

· Some drugs (novobiocin, flavaspidic acid) compete with bilirubin for binding to ligandin, leading thereby to unconjugated hyperbilirubinemia

Hepatic Conjugation of Bilirubin (MODULE OBJECTIVE C.4)

· Hereditary Glucuronosyltransferase Deficiency (3 syndromes):  (MODULE OBJECTIVE D)

· Gilbert's Syndrome – Mild dysfunction in glucuronosyltransferase

· This is the most common example of an inherited hyperbilirubinemia.  The patient doesn’t manifest the disorder until they after the 2nd decade.

· It results in mild, persistent hyperbilirubinemia that is not manifest until there is a stressor on the body (fasting, surgery, fever/infection, excessive alcohol ingestion).

· Crigler-Najjar Syndrome Types II  - moderate dysfunction in glucuronosyltransferase

· Crigler-Najjar Syndrome Types I – complete dysfunction in glucuronosyltransferase

· Acquired Deficiency Of Glucuronosyltransferase

· Drugs like chloramphenicol,  novobiocin or vitamin K may cause ( activity of the enzyme.

b.
Disorders Casing Predominantly Conjugated Hyperbilirubinemia

Impaired Hepatic Excretion (Intrahepatic Defects) – (MODULE OBJECTIVE C.5)

· Familial or Hereditary disorders that prevent excretion of the conjugated bilirubin from the hepatocyte (Dubin-Johnson syndrome, Rotor syndrome, recurrent intrahepatic cholestasis) (MODULE OBJECTIVE D also)

· Acquired disorders that prevent the excretion (hepatocellular disease like hepatitis, drug induced cholestasis (oral contraceptives), alcoholic liver disease, sepsis)

Extrahepatic Biliary Obstruction (MOUDULE OBJECTIVE C.6)

· Mechanical obstruction of the bile/hepatic/common duct (stones, tumor, infection, malformation, trauma, inflammation).

3.
Physiologic Jaundice in the New Born (MODULE OBJECTIVE E) H-1673

· Almost every infant exhibits some transient unconjugated hyperbilirubinemia between the second and fifth days of life

· This is because the hepatic enzyme glucuronosyltransferase is still "immature."

· As a result, unconjugated bilirubinemia develops, usually not exceeding 86 umol/L (5 mg/dL)

· The activity of glucuronosyltransferase increases within several days to 2 weeks after birth, and concomitantly, the serum bilirubin level returns to normal

4.
Hemolytic Jaundice of the Newborn (MODULE OBJECTIVE F) – H-660

· I think this refers to ?????????????????????????????????  Hereditary spherocytosis ( congenital hemolytic jaundice??????????????????

· Detection & Prevention ????????????????????????????

· Therapy

· Exposure to blue light causes conformational changes in unconjugated bilirubin, rendering it more polar and water-soluble. 

· These photoisomers are taken up and excreted by the liver and kidney, without need for conjugation. 

· Intense treatment with blue light can provide sufficient isomerization of unconjugated bilirubin circulating through the skin to prevent kernicterus in patients with neonatal jaundice

5.
Vitamin K Therapy

· Prothrombin time depends on normal hepatic synthesis of clotting factors and sufficient intestinal uptake of vitamin K.

· Prolongation of the prothrombin time therefore, can be due to either failure of the liver to synthesize clotting factors or failure of the gut to absorb vitamin K (as occurs with cholestasis due to biliary tract disease or fat malabsorption), poor dietary intake, antibiotic therapy or use of warfarin-type anticoagulants.

· Vitamin K therapy can normalize the prothrombin time within 24-48 hours.

· If the vitamin K doesn’t work, then you start thinking more along the lines of hepatic failure.

C.
Diagnostics

1.
Non-Enzyme Tests (MODULE OBJECTIVE I) – H-254-5, H-table 291-1 pg. 1662

Clinical Problem
Initial Imaging Study
Supplemental Imaging

Studies (if Necessary) 

Suspected gallbladder disease
US to detect stones or evidence of acute or chronic cholecystitis

Nuclear medicine biliary scan for suspicion of acute cholecystitis
OCG to assess gallbladder function and number of stones

CT if abscess suspected

Suspected bile duct abnormalities
US to detect dilatation, stones, or mass

ERCP or THC to define ductal anatomy
CT to detect stones or cause of extrinsic compression

Jaundice
US to detect biliary obstruction, liver masses, or obvious hepatic parenchymal disease
CT if dilated ducts to detect obstructing lesion or if suspicion of a mass in the pancreas or porta hepatitis

ERCP or THC to determine site and exact cause of dilated ducts

Hepatic parenchymal disease
US

99mTC-labeled sulfur colloid scan

MRI
Doppler, color Doppler, or MRI with flow sequences if a vascular abnormality is suspected and in some instances of portal hypertension

Screening for liver mass
US

99mTc-labeled sulfur colloid scan
MRI

Characterizing known liver mass



Suspicion of malignancy
US- or CT-directed biopsy
CT portogram

MRI

Intraoperative US

Suspicion of benign lesion (hemangioma, regenerative nodule, focal nodularhyperplasia, adenoma)
MRI (after detection on US or CT)

Nuclear medicine scan (e.g., 99mTC-labeled red blood cell scan for suspected hemangioma)
Angiography

US- or CT-directed biopsy

Suspicion of abscess
US or CT

US- or CT-directed aspiration
Nuclear medicine abscess scan (gallium or 111In-labeled white blood cell scan)

NOTE: US, ultrasound; OCG, oral cholecystogram; CT, computed tomography; THC, transhepatic cholangiography; ERCP, endoscopic retrograde cholangiopancreatography; MRI, magnetic resonance imaging; Tc, technetium; In, indium.

· In general, abdominal ultrasound (US) is used to image the gallbladder and biliary tree.  It can also be used as a screening tool for hepatic masses/cysts/lesions.

· Isotope scans are used in general for detection of blood flow, metastatic tumors or parenchymal liver disease.

· Abdominal Computed Tomography (CT) is used when US is inconclusive.

· ERCP – used to visualize the biliary system.

· Percutaneous or transjugular liver biopsy – generally guided by CT/US, they are used in sampling liver tissue to detect malignancy.

2.
Liver Enzymes (MODULE OBJECTIVE J) – H-251, 1664-1665

a.
Aminotransferases (Transaminases) (MODULE OBJECTIVE J.1 & J.2)

· aspartate aminotransferase (AST, SGOT) and alanine aminotransferase (ALT, SGPT) catalyze the transfer of the -amino groups of aspartate and alanine, respectively, to the -keto group of ketoglutarate, leading to the formation of oxaloacetic acid and pyruvic acid

· ALT is found primarily in the liver and AST is found in many tissue including especially heart and skeletal muscle, kidney and brain.

· Normal values are less than 0.58 ukat/L (35 U/L) for both of these.

· Serum AST and ALT are elevated to some extent in nearly all liver disorders 

· Highest levels are found in association with conditions causing extensive hepatic necrosis, such as severe viral hepatitis, toxin-induced liver injury, or prolonged circulatory collapse

· Lesser elevations are encountered in mild acute viral hepatitis as well as in both diffuse and focal chronic liver diseases (e.g., chronic active hepatitis, cirrhosis, and hepatic metastases)

· In general AST and ALT levels parallel each other, with a couple of exceptions:

1. In alcoholic hepatitis the AST/ALT ratio may be greater than 2; this appears to result from a reduction in hepatic ALT content due to a deficiency in the cofactor pyridoxine-5-phosphate

2. An increase in the ratio of AST/ALT (1) also can be seen occasionally in patients with the fatty liver associated with pregnancy, but is typically 1 in other causes of steatohepatitis

· Uremia may lead to low aminotransferase values

b.
Alkaline Phosphatase (MODULE OBJECTIVE J.3)

· a plasma membrane-derived enzyme of uncertain physiologic function that hydrolyzes synthetic phosphate esters at pH 9

· In the absence of bone disease or pregnancy, elevated levels of alkaline phosphatase activity usually reflect impaired biliary tract function (mechanical obstruction).  The increased levels reflect increased synthesis of the enzyme by hepatocytes and biliary tract epithelium

· Serum alkaline phosphatase is also elevated in nonhepatic disorders, most notably in some bone disorders (e.g., Paget's disease, osteomalacia, and metastases to bone) and sometimes with malignancy

c.
(-Glutamyltranspeptidase (GGT)

· GGT catalyzes the transfer of the -glutamyl group from peptides such as glutathione to other amino acids and may play a role in amino acid transport

· In liver disease, GGT correlates with alkaline phosphatase levels and is the most sensitive indicator of biliary tract disease

· However, elevations of GGT are nonspecific and may be associated with pancreatic, cardiac, renal, and pulmonary disorders as well as with diabetes and alcoholism.  This lack of specificity limits clinical usefulness.

d.
Serum Proteins (MODULE OBJECTIVE J.8)

· Extensive liver injury may lead to decreased blood levels of albumin, prothrombin, fibrinogen, and other proteins synthesized exclusively by hepatocytes

· There are three important caveats in the interpretation of serum protein levels: 

(1) they are neither early nor sensitive indicators of liver disease (because of the extent of hepatic reserve and their half-life)

(2) they are of little value in the differential diagnosis of liver disease 

(3) decreases in their serum levels are not specific for liver disease

i.
Albumin 

· The normal serum value ranges from 35 to 55 g/L

· Reduction in the serum albumin levels provides an excellent indication of the severity of chronic liver disease (this is about all its good for).

ii.
Clotting Factors

· The liver is the major site of synthesis of virtually all coagulation proteins (factors I, II, V, VII, IX, X, XII, and XIII)

· Production of functional proteins requires the presence of the cofactor vitamin K

· Abnormalities of these factors can be most efficiently determined by the one-stage prothrombin time (MODULE OBJECTIVE J.5), which measures the rate of prothrombin conversion to thrombin in the presence of thromboplastin and calcium and requires the integrity of most of the vitamin K-dependent clotting factors

· The prothrombin time is dependent on normal hepatic synthesis of clotting factors and sufficient intestinal uptake of vitamin K

· Absorption of this fat-soluble vitamin itself requires adequate dietary intake and normal function of intestinal mucosa and biliary secretion

· Severe acute or chronic parenchymal liver injury may lead to prolongation of the prothrombin time due to impaired synthesis of the clotting proteins 

· In both acute and chronic hepatocellular injury, an increase in the prothrombin time serves as an ominous prognostic sign

· Because vitamin K is a fat-soluble vitamin, prolongation of the prothrombin time can result from vitamin K malabsorption, which may occur with cholestasis due to biliary tract disease or due to fat malabsorption (steatorrhea) of any cause (e.g., pancreatic insufficiency). Poor dietary intake, antibiotic therapy, and use of warfarin-type anticoagulants are additional causes of a prolonged prothrombin time, owing to deficiencies of active vitamin K

· These processes can be distinguished from hepatic synthetic failure by demonstrating normalization of the prothrombin time (within 24 to 48 h) after parenteral injections of vitamin K (MODULE OBJECTIVE H Repeated)

e.
Bilirubin (MODULE OBJECTIVES J.6 & J.7)

· The most widely employed chemical test for bile pigments in serum is the van den Bergh reaction (this test is hugely important)

· The bilirubin pigments are exposed to sulfanilic acid to generate diazo conjugates, and the chromogenic products are measured colorimetrically

· The van den Bergh reaction can be used to distinguish between unconjugated and conjugated bilirubin because of the different solubility properties of the pigments

· When the reaction is performed in an aqueous medium, the water-soluble conjugated bilirubin reacts directly with sulfanilic acid, giving a positive direct van den Bergh reaction

· When the reaction is performed in methanol, the intramolecular hydrogen bonds of unconjugated bilirubin are broken; thus, both conjugated and unconjugated pigments react, giving a measure of the total bilirubin level (J.6)

· The indirect value, representative of the unconjugated bilirubin fraction, is estimated by subtracting the direct-reacting fraction from the total measured bilirubin (J.7)

Table 292-1.  Abnormalities Shown By Tests Of Liver Function (Summary Table For You)


Type of Liver Disease

Test
Obstructive
Parenchymal 

AST and ALT (SGOT and SGPT)

-

Alkaline phosphatase



Albumin
N
-

Prothrombin time
N-a
-

Bilirubin
N-
N-

 -Glutamyl transpeptidase (GGT)

N-

5-Nucleotidase
-
N-

aCorrectable with parenteral vitamin K if elevated.      NOTE: N, normal; , elevated; , decreased.



Section B:  Pathophysiology of Acute Liver Cell Injury:  Acute Hepatitis and Fulminant Hepatic Failure

I.
The Hepatitis Viruses (A-E) 

A.
Table (Quick Chart) – (MODULE OBJECTIVE A in Summary form)


Hepatitis A Virus
Hepatitis B Virus
Hepatitis C Virus
Hepatitis D Virus
Hepatitis E Virus

Classification
Picornavirus
Hepadendavirus
Flavivirus
Defective Particle
Calcivirus

Genome
ssRNA
dsDNA
ssRNA
ssRNA
ssRNA

Incubation Period
15 – 45 d
30 – 180 d
20 – 90 d
30 – 50 d
15 – 60 d

Transmission Route
Fecal-Oral (esp. ingestion of shellfish)
Parenteral, saliva & semen
Parenteral (blood transfusions) & close contacts
Parenteral; close contact
Water-borne (fecal-oral)

High Risk Groups
People with poor hygiene and countries with poor sanitation.

Rare after childhood.
Healthcare workers.

Institutionalized people.

IV drug users.

Hemophiliacs.

Renal Dialysis pts.

Individuals with multiple sex partners.
People receiving blood transfusions. (hemophiliacs)

Homosexuals.

IV drug users
HBV carriers
young to middle age adults

Prevention
Killed Virus Vaccine
Recombinant vaccines (Recombivax B, Engerix B)
Even the body’s anti-HCV IgG does not confer resistance.
vaccine against HBV
None

Prognosis of Acute Infection:

Excellent Figure 18-9 in Robbins, pg. 845
Excellent Figure 18-12 in Robbins, pg. 847
Excellent Figure 18-15 in Robbins, pg. 849


     Survival
Very, Very High
> 80%
It  seems like inevitably you will develop cirrhosis or hepatocellular carcinoma and die.
Good unless you get to fulminant.
Self-limiting disease usually.

     Fulminant Hepatitis
No
Yes ~ 1% - 4%
Yes ~ 1%
Yes (~ 3% - 4% )
~ 0.3% - 3%

~ 20% in pregnant women

     Carrier State
No
Yes (5%-10%)
Yes
Must have prior HBV infectious (chronic carrier or acute coinfection).
No

     Chronic State
No
Yes (~ 1%)
Yes (> 50%)
Rare in acute coinfection

80% in superinfection
None

     Carcinoma
No
Yes (~ 0.06%)
Yes (high)
(Yes associated with HBV)
Not likely

B.
Serology (MODULE OBJECTIVE B)

1.
Hepatitis A Virus

· Look @ R-Figure 18-8 pg. 844

· HAV is spread in the stool ~ 2-3 weeks prior to and 1 week after onset of jaundice.

· IgM anti-HAV develops at the onset of symptoms (marker for acute infection) and as the titer rises, fecal shedding (and therefore transmissive ability) drop.

· IgM anti-HAV then develops and remains high (giving lifelong protective immunity) 

2.
Hepatitis B Virus

· The important HBV antigens are HBcAg (core antigen), HBsAg (surface antigen), HBeAg (marker for active replication).

· Look @ R-Figure 18-11 pg. 846

· After exposure to the virus there is a really long (4 – 26 week) asymptomatic incubation period.

· HBsAg is shed into the blood stream (non-infective) and peaks during the overt disease.

· HBeAg appears soon after HBsAg.  HBeAg is an important clinical indicator of continued active viral replication, continued infectivity and probable progression to chronic hepatitis.

· Then comes the anti-HBc IgM (shortly after onset of symptoms) which is concurrent with elevated transaminases.  The IgM is replace by anti-HBc IgG eventually.

· Anti-HBe occurs as the disease wanes (this causes the disease to wane).

· Anti-HBs arrives on the seen way late (after the acute disease is over) in the form of IgG-anti HBs (conferring lifelong immunity)

· The Anti-HBs doesn’t arrive until after the HBsAg is completely out of the blood.  This “window period” is the time at which you can only detect the anti-HBc and anti-HBe.

3.
Hepatitis C Virus

· R-Figure 18-14, pg. 848.

· The HCV-RNA is the major antigen detected in the blood.  It stays in the blood chronically.

· A clinically useful feature of HCV infection is episodic fluctuations in the serum transaminases.

· Anti-HCV antibody develops, but is ineffective in providing immunity.

4.
Hepatitis D Virus

· HDV RNA is detectable early in the disease.

· IgM anti-HDV is a reliable indicator of recent HDV exposure.

5.
Hepatitis E Virus

· A specific antigen (HEV Ag0 can be identified in the cytoplasm of hepatocytes during active infection.

II.
Acute Viral Hepatitis

· Any of the agents can cause acute viral hepatitis.

· Acute viral hepatitis has 4 phases:  incubation, asymptomatic (preicteric), symptomatic (icteric) and convalescence.

A.
Preicteric Phase (MODULE OBJECTIVE B) R-850

1.
Symptoms

· Malaise, fatigability, nausea, anorexia, weight loss.

2.
Specific Symptoms associated with HBV

· In 10% of pts. with acute viral hepatitis (due to HBV), a serum sickness develops that consists of fever, rash, and arthralgia.

B.
Icteric Phase

· This phase is caused by conjugated hyperbilirubinemia.

· It is seen in HAV, HBV and HCV infections.

· The urine becomes darker (conjugated bilirubinuria) and the stools become lighter due to cholestasis.

· The prothrombin time may be increased.

C.
Diagnosis (MODULE OBJECTIVE D) – I think this is mostly common sense.

· H & P and risk factors helps form and narrow the presumptive diagnosis

· Blood test of liver enzymes are not specific enough

· Serology confirms the diagnosis

· Liver biopsy is used to asses the degree of hepatic inflammation or cirrhotic changes resulting from HBV, HCV, or HDV infection chronically.  It doesn’t have acute function.

D.
Agents Mimicking Disease from the above agents (MODULE OBJECTIVE E) R-843

· EBV, the causative agent of infectious mononucleosis, may cause a mild hepatitis.

· CMV may cause hepatitis in newborns and immunocompromised patients.

III.
Fulminant Hepatic Failure (R-853-855)

A.
Definition – When hepatic insufficiency progresses from onset of symptoms to hepatic encephalopathy within 2 – 3 weeks.

B.
Clinical Features (MODULE OBJECTIVE F.1)

· Jaundice, encephalopathy, and fetor hepaticus.  Extrahepatic complications include coagulopathy and bleeding, cardiovascular instability, renal failure, adult respiratory distress syndrome, electrolyte and acid-base disturbance and sepsis.

· The livers is seen to undergo progressive loss of parenchyma and may get down to 500 grams.

· A prolonged prothrombin time is the most important indicator of the outcome (prolonged PT is not good).  MODULE OBJECTIVE F.5

C.
Etiologies - 60 % viral, 30% drug induced.

D.
Prognosis – Mortality rates are from 25% - 90% in the absence of liver transplant

E.
Management – Liver transplant (1 year survival is ~ 60%)

IV.
Pharmacologic Hepatic Failure (MODULE OBJECTIVE G) H-1693-1694

· Drug associated liver failure can be broadly classified under 2 groups:  predictable (intrinsic) are those that occur in anybody consuming a certain dose and unpredictable (idiosyncratic) which are based on host factors.

A. Predictable Agents (cause hepatocellular necrosis) – carbon tetrachloride, acetaminophen, 

B. Idiosyncratic Agents (viral hepatitis like disease) – Halothane (anesthetic), Phenytoin (anti-seizure), 

C. Cholestasis (Idiosyncratic with or without hepatocellular injury) – Chlorpromazine, anabolic steroids, erythromycin estolate, oral contraceptives.

D. Granuloma – Sulfonamides, phenylbutazone, allopurinol, quinidine, carbamazepine

V.
Reye’s Syndrome  (MODULE OBJECTIVE H) – R-865-6

· Reye’s syndrome is a disease characterized by fatty change in the liver and encephalopathy that in its most severe forms may be fatal.

· It primarily affects children under age 9, striking 3 – 5 days after a viral infection heralded by pernicious vomiting and hepatomegaly.  (MODULE OBJECTIVE H.1 and H.2 part)

· About 75% of the pts. stop at this stage and get better.  The remaining 25% go on to develop coma (MODULE OBJECTIVE H.2).  It is characterized by elevating in serum bilirubin, aminotransferases and particularly ammonia.  

· Survivors are left with permanent neurologic sequelae.

· Realize that less than 0.1% of children receiving aspirin during viral illness (for fever) developed this disease, but due to stoppage of this practice, this is not seen as much anymore.

Submodule C:  Pathophysiology of Alcoholic Liver Disease Chronic Hepatitis and Cirrhosis; Portal Hypertension, Ascites, Hepatorenal Syndrome, Hepatic Encephalopathy.

I.
Chronic Hepatitis

A.
Definition  (MODULE OBJECTIVE A) – H-1696

· Chronic hepatitis represents a series of liver disorders of varying causes and severity in which hepatic inflammation and necrosis continue for at least 6 months

· It can be classified based on cause/etiology, or a combination of histology & stage.

B.
Classification (I am going to describe the 3 classification of liver disease.  Note these are the old classifications and there are new ones, but they are not used all the time).

1.
Chronic Persistent Hepatitis

· A  mononuclear inflammatory infiltrate expands, but is localized to and contained within, portal tracts

· The "limiting plate" of periportal hepatocytes is intact, and there is no extension of the necroinflammatory process into the liver lobule

· As a general rule, patients with chronic persistent hepatitis are asymptomatic or have mild constitutional symptoms (e.g., fatigue, anorexia, nausea); have normal physical findings, with occasional liver enlargement; have modest elevations of aminotransferase activities.

2.
Chronic lobular hepatitis

· There is portal inflammation and the histology reveals foci of necrosis and inflammation in the liver lobule.

· The limiting plate remains intact, periportal fibrosis is absent or limited, lobular architecture is preserved, and progression to chronic active hepatitis and cirrhosis is rare

· The clinical/lab features are comparable to chronic persistent hepatitis.

3.
Chronic active hepatitis

· Characterized clinically by continuing hepatic necrosis, portal/periportal and, to a lesser extent, lobular inflammation, and fibrosis

· This is a progressive disorder that can lead to cirrhosis, liver failure, and death

· Morphologically, this form of chronic hepatitis includes:

1. a dense mononuclear infiltrate of the portal tracts, which are substantially expanded into the liver lobule

2. destruction of the hepatocytes at the periphery of the lobule, with erosion of the limiting plate of hepatocytes surrounding the portal triads (piecemeal necrosis)

3. connective tissue septa surrounding portal tracts and extending from the portal zones into the lobule, isolating parenchymal cells into clusters and enveloping bile ducts

4. evidence of hepatocellular regeneration (hepatic pseudolobules )

C.
Diagnostic Tools (MODULE OBJECTIVE B)

1.
H & P

· The history can tell you whether the hepatitis is more likely due to viral infection, drug reaction or alcohol.

· The physical exam can clue you into the severity or the causative agents 

2.
Blood Tests

a.
Liver Enzymes

· Generally not specific enough to diagnose a particular etiology.

· They sometimes can distinguish between alcoholic and viral chronic hepatitis:  AST:ALT > 2 in alcoholic hepatitis and ALT:AST > 2 in viral etiologies.

b.
Serology

· This can tell you specifically about the viral cause of the hepatitis.  In chronic hepatitis, you are thinking about HBV, HCV and HDV (but not HAV & HEV which only cause acute hepatitis)

· See the previous submodule for more detailed description of this.

c.
Autoimmune tests (SMA, ANA, SPE, LE)

· This clues you in on an autoimmune cause of the hepatitis.   This is a cell mediated response to autoimmune antibody presented on cells and in the blood.

· These include antinuclear antibodies (ANAs), smooth muscle antibodies (ASMA) directed at actin, and antibodies to liver-kidney microsomes (LKM, anti-LKM-Ab)

3.
Extrahepatic Manifestations (thyroiditis, skin lesions, vasculitis, arthralgia, glomerulonephritis)

· These manifestations of disease clue you in on humorally mediated mechanisms that can occur especially with Hepatitis B virus infection.

4.
Liver Biopsy

· This is used to characterize and stage the degree/level of hepatic damage.  See ‘Section B’ above.

II.
Cirrhosis – this disorder is the end stage of a slew of chronic diseases that cause diffuse parenchymal damage in the liver.

A.
General

1.
Pathology (MODULE OBJECTIVE C.1)

a.
Gross Path.

· The liver may be increased, decreased or of normal size.

· In alcoholic cirrhosis, the liver generally appears tan (due to steatosis (fatty degeneration))

· There are two patterns/morphologic classifications of cirrhosis:  micronodular (Laennec’s/portal) and macronodular (postnecrotic or posthepatic)

i.
Micronodular – 

· the regenerating nodules are less than 3 mm diameter.

· this is more characteristic of alcoholic cirrhosis

ii.
Macronodular

· the regenerating nodules are greater than 3 mm diameter

· this form is more common in viral or autoimmune forms of chronic active hepatitis.

b.
Microscopic Path.

· The microscopic path. of either form is the same, namely extensive fibrosis in which separates little islands of regenerating nodules of liver.

· This characteristic pattern results from hepatocyte necrosis, collapse of the supporting reticulin network with subsequent connective tissue deposition, distortion of the vascular bed and nodular regeneration.

2.
Etiologies (MODULE OBJECTIVE C.2)

· The major causes of cirrhosis are:  viral, alcohol, autoimmune, drug-induced, and inborn errors of metabolism

1. Viral - (HBV, HCV, HDV)

2. Alcohol

3. Autoimmune (the hypergammaglobulinemia is thought to be the main contributor)

4. Drug induced – methyldopa, nitrofurantoin, oxyphenisatin, isoniazid.

5. Genetic – hemochromatosis, Wilson’s disease, (1-anti-trypsin deficiency

3.
Clinical Presentation (MODULE OBJECTIVE C.3)

· Loss of functioning hepatocellular mass may lead to jaundice, edema, coagulopathy, and a variety of metabolic abnormalities.

· The fibrosis and distorted vasculature lead to portal hypertension (gastroesophageal varices and splenomegaly). 

· Ascites and hepatic encephalopathy result from both hepatocellular insufficiency and portal hypertension

B.
Alcoholic Cirrhosis

1.
Epidemiology (MODULE OBJECTIVE D) – H-1704

a.
Amount & Duration Needed

· The typical alcoholic patient with cirrhosis has had a daily consumption of a pint or more of whiskey, several quarts of wine, or an equivalent amount of beer for at least 10 years. 

· The amount and duration of ethanol ingestion, rather than the type of alcoholic beverage or the pattern of ingestion, appear to be the important determinants of liver injury

b.
Gender Effects

· Women, on average, appear to develop alcohol-induced liver injury at lesser levels of consumption than men, suggesting that hormonal factors may play a role in susceptibility

· Lower levels of alcohol dehydrogenase in gastric mucosa and resultant diminished rates of alcohol metabolism may also contribute to a greater predisposition to alcohol-related liver injury in women

c.
Socioeconomic Issues 

· Although malnutrition per se does not appear to lead to cirrhosis, it is possible that nutritional factors may augment the detrimental effects of chronic alcohol ingestion on the liver

2.
Precursors of Alcoholic Cirrhosis (alcoholic fatty change and alcoholic hepatitis) (MODULE OBJECTIVE E) – H-pg. 1705-6

a.
Pathology

i.
Alcoholic Fatty Change

· The liver is enlarged, yellow, greasy, and firm due to alcohol induced (from reducing equivalent excess) impaired fatty acid oxidation, increased uptake and esterification of fatty acids to form triglycerides, and diminished lipoprotein biosynthesis and secretion. 

· Hepatocytes are distended by large macrovesicular cytoplasmic fat vacuoles

ii.
Alcoholic Hepatitis

· Morphologic features include hepatocyte degeneration and necrosis, often with ballooned cells, and an infiltrate of polymorphonuclear leukocytes and lymphocytes. 

· The polymorphonuclear cells may encircle damaged hepatocytes that contain Mallory bodies, or alcoholic hyaline. These are clumps of perinuclear, deeply eosinophilic material believed to represent aggregated intermediate filaments. 

· Mallory bodies are highly suggestive of, but not specific for, alcoholic hepatitis. 

· Deposition of collagen around the central vein and in perisinusoidal areas, often termed central hyaline sclerosis, is associated with an increased likelihood of progression to cirrhosis.

b.
Clinical Signs and Diagnosis

i.
Alcoholic Fatty Change

· Clinical manifestations of alcoholic fatty liver are often minimal or entirely absent

· Alcoholic fatty liver should be suspected in alcoholic patients with hepatomegaly and normal or minimally deranged liver function tests..

ii.
Alcoholic Hepatitis

· Typically, the clinical features of alcoholic hepatitis resemble those of viral or toxic liver injury.

· Patients often experience anorexia, nausea and vomiting, malaise, weight loss, abdominal distress, and jaundice and fever. 

· On physical examination, tender hepatomegaly is common, and splenomegaly is found in about one-third of patients. 

· The patient may have cutaneous arterial "spider" angiomas and jaundice. More severe cases may be complicated by ascites, edema, bleeding, and encephalopathy

· Alcoholic hepatitis should be considered in an alcoholic who has been drinking heavily and demonstrates jaundice, fever, an enlarged, tender liver, or ascites. 

c.
Laboratory Changes

i.
Alcoholic Fatty Change

· Routine hematologic and biochemical blood tests are usually normal in patients with alcoholic fatty liver, except for minimal elevations of the serum AST

ii.
Alcoholic Hepatitis

· Anemia may result from acute and chronic gastrointestinal blood loss, coexistent nutritional deficiency (notably of folic acid and vitamin B12), hypersplenism, and a direct suppressive effect of alcohol on the bone marrow. 

· Mild or pronounced hyperbilirubinemia may be found as is elevated serum AST 

· The serum prothrombin time is frequently prolonged, reflecting reduced synthesis of clotting proteins, most notably the vitamin K-dependent factors. 

· The serum albumin level is usually depressed, while serum globulins are increased. 

d.
Reversibility for progression to cirrhosis

i.
Alcoholic Fatty Change

· The patient with an alcoholic fatty liver and no complications has a good prognosis; rapid and complete resolution usually follows cessation of alcohol intake

ii.
Alcoholic Hepatitis

· Although jaundice, ascites, and encephalopathy may subside with abstinence, continued alcohol excess and poor dietary habits usually lead to repeated acute episodes of hepatic decompensation

· Even after complete abstinence, clinical recovery may be protracted, and histologic abnormalities can persist up to 6 months or longer

e.
Prognosis for survival

i.
Alcoholic Fatty Change

· Very good if alcohol is stopped.

ii.
Alcoholic Hepatitis

· In patients with alcoholic hepatitis, the presence of marked hyperbilirubinemia, rising serum creatinine, marked prolongation of the prothrombin time (1.5 times control), ascites, and encephalopathy are associated with a poor short-term prognosis 

· The mortality in these patients may exceed 50 percent

· Patients who have had a major complication of cirrhosis and who continue to drink have a 5-year survival of less than 50 percent

C.
Postnecrotic Cirrhosis

1.
Definition (MODULE OBJECTIVE F)

· Postnecrotic cirrhosis represents the final common pathway of many types of advanced liver injury

· Postnecrotic cirrhosis is characterized morphologically by (1) extensive confluent loss of liver cells, (2) stromal collapse and fibrosis resulting in broad bands of connective tissue containing the remains of many portal triads, and (3) irregular nodules of regenerating hepatocytes, varying in size from microscopic to several centimeters in diameter

2.
Etiology

· Postnecrotic Cirrhosis can occur in HBV & HCV infections, autoimmune hepatitis, and also drug induced hepatitis.

3.
Pathology

· The postnecrotic liver is typically shrunken in size, distorted in shape, and composed of nodules of liver cells separated by dense and broad bands of fibrosis

4.
Clinical Features

· Clinical manifestations are an extension of the initial disease process.

· Usually clinical symptoms are related to portal hypertension and its sequelae, such as ascites, splenomegaly, hypersplenism, encephalopathy, and bleeding esophageal varices

5.
Diagnosis and Prognosis

· Postnecrotic cirrhosis should be suspected in patients with signs and symptoms of cirrhosis or portal hypertension

· About 75 percent of patients have progressive disease despite supportive therapy and die within 1 to 5 years from complications, including exsanguinating variceal hemorrhage, hepatic encephalopathy, or superimposed hepatocellular carcinoma

D.
Biliary Cirrhosis (MODULE OBJECTIVE G)

1.
Primary Biliary Cirrhosis (PBC)

i.
Etiology And Pathogenesis (MODULE OBJECTIVE G.1)

· Truly, the cause is unknown, but speculatively, it is thought that that it is autoimmune linked/mediated.

· PBC is frequently associated with a variety of disorders presumed to be autoimmune in nature, such as the syndrome of calcinosis, Raynaud's phenomenon, esophageal dysmotility, sclerodactyly, telangiectasia (CREST); the sicca syndrome (dry eyes and dry mouth); autoimmune thyroiditis; and renal tubular acidosis 

· Further support of the autoimmune response is that circulating IgG antimitochondrial antibody (AMA) is detected in more than 90 percent of patients with primary biliary cirrhosis and only rarely in other forms of liver disease

ii.
Pathology

· PBC is often divided into four stages based on morphologic findings.

1. The earliest recognizable lesion (stage I), termed chronic nonsuppurative destructive cholangitis, is a necrotizing inflammatory process of the portal triads. It is characterized by destruction of medium and small bile ducts, a dense infiltrate of acute and chronic inflammatory cells, mild fibrosis, and occasionally, bile stasis

2. Subsequently, the inflammatory infiltrate becomes less prominent, the number of bile ducts is reduced, and smaller bile ductules proliferate (stage II)

3. Progression over a period of months to years leads to a decrease in interlobular ducts, loss of liver cells, and expansion of periportal fibrosis into a network of connective tissue scars (stage III)

4. Ultimately, cirrhosis, which may be micronodular or macronodular, develops (stage IV).

iii.
Clinical Features

· Symptoms  Many patients with PBC are asymptomatic, and the disease is initially detected on the basis of elevated serum alkaline phosphatase levels during routine screening

· Among patients with symptomatic disease, 90 percent are women aged 35 to 60

· Often the earliest symptoms are due to fat malabsorption:  they include pruritus (most common), steatorrhea, easy bruising (vitamin K deficiency); bone pain due to osteomalacia (vitamin D deficiency),  and dermatitis (possibly vitamin E and/or essential fatty acid deficiency)

· After several months or years, jaundice and gradual darkening of the exposed areas of the skin (melanosis) may ensue 

· Eventually signs of hepatocellular failure and portal hypertension develop and ascites appears

iv.
Diagnosis

· PBC is increasingly diagnosed at a presymptomatic stage, prompted by the finding of a two- to fivefold elevation of the serum alkaline phosphatase during routine screening (MODULE OBJECTIVE G.2)

· The diagnosis is supported by a positive antimitochondrial antibody test (titer  1:40) which is both relatively specific and sensitive

· So the clinical picture is a middle aged woman with unexplained pruritis, an elevated serum alkaline phosphatase and (+) serum AMA.

· Because of the false positives with serum AMA, liver biopsy should be performed for confirmation (MODULE OBJECTIVE G.3)

2.
Secondary Biliary Cirrhosis (SBC)

i.
Etiology 

· Results from prolonged partial or total obstruction of the common bile duct or its major branches

ii.
Pathology And Pathogenesis

· Unrelieved obstruction of the extrahepatic bile ducts leads to:

(1) bile stasis and focal areas of centrilobular necrosis followed by periportal necrosis

(2) proliferation and dilatation of the portal bile ducts and ductules

(3) sterile or infected cholangitis with accumulation of polymorphonuclear infiltrates around bile ducts

(4) progressive expansion of portal tracts by edema and fibrosis

· As in other forms of cirrhosis, injury is accompanied by regeneration in residual parenchyma which results in a finely nodular cirrhosis.

iii.
Clinical Features

· Jaundice and pruritus are usually the most prominent features (as with PBC). In addition, fever and/or right upper quadrant pain, reflecting bouts of cholangitis or biliary colic, are typical.

· The manifestations of portal hypertension are found only in advanced cases

iv.
Diagnosis

· Elevations in serum alkaline phosphatase is almost always present, along with moderate increase in serum aminotransferases.

· Unlike PBC, the antimitochondrial antibody test is usually negative

· Cholangiography (either percutaneous or endoscopic) usually demonstrates the underlying pathologic process.  Liver biopsy, although not always necessary from a clinical standpoint, can document the development of cirrhosis (MODULE OBJECTIVE G.3)

E.
Cardiac Cirrhosis

1.
Cardiac Cirrhosis

a.
Definition

· A form of hepatic cirrhosis that results from chronic right-sides heart failure.

· The pathology is fibrosis and regenerative nodules as with the other cirrhosis.  This distinguishes it from passive congestion of the liver due to acute heart failure and acute hepatocellular necrosis ("ischemic hepatitis" or "shock liver") resulting from systemic hypotension and hypoperfusion of the liver.

· Gross examination of the liver shows alternating red (congested) and pale (fibrotic) areas, a pattern often referred to as "nutmeg liver."

b.
Etiology & Pathogenesis

· In right-sided heart failure, retrograde transmission of elevated venous pressure via the inferior vena cava and hepatic veins leads to congestion of the liver

· Hepatic sinusoids become dilated and engorged with blood, and the liver becomes tensely swollen

· Ultimately, centrilobular fibrosis develops.

c.
Clinical Features

· The patient may complain of severe right upper quadrant pain due to stretching of Glisson's capsule

· Liver Function tests don’t tell you anything

d.
Diagnosis

· The presence of a firm, enlarged liver with signs of chronic liver disease in a patient with valvular heart disease, constrictive pericarditis, or cor pulmonale of long duration (10 years) should suggest cardiac cirrhosis.

2.
Budd-Chiari Syndrome

· Results from the occlusion of the hepatic veins or inferior vena cava may be confused with acute congestive hepatomegaly (MODULE OBJECTIVE H.1)

· In this condition the liver is grossly enlarged and tender, and severe intractable ascites is present (H.3)

· The key thing is that the signs and symptoms of heart failure are absent. (H.4)

· Thrombosis of the hepatic veins is the most common cause, but may also occur due to tumor invasion.

· Hepatic venography or liver biopsy showing centrilobular congestion and sinusoidal dilatation in the absence of right-sided heart failure establishes the diagnosis of Budd-Chiari syndrome (H.2)

III.
Complications of Cirrhosis

A.
Portal Hypertension – Is when the pressure in the portal system exceeds 30 cm H20 (normal is 10 - 15)

1.
Clinical Features (MODULE OBJECTIVE I.1)

· The major clinical manifestations of portal hypertension include hemorrhage from gastroesophageal varices, splenomegaly with hypersplenism, ascites, and acute and chronic hepatic encephalopathy. 

· The absence of valves in the portal venous system facilitates retrograde (hepatofugal) blood flow from the high-pressure portal venous system to the lower-pressure systemic venous circulation. 

· Major sites of collateral flow involve the veins around the rectum (hemorrhoids), cardioesophageal junction (esophagogastric varices), retroperitoneal space, and the falciform ligament of the liver (periumbilical or abdominal wall collaterals). 

· Abdominal wall collaterals appear as tortuous epigastric vessels that radiate from the umbilicus toward the xiphoid and rib margins (caput medusae).  Remember that from anatomy?

2.
Classification/Pathogenesis (MODULE OBJECTIVE I.2)

· Because there are no valves in the portal system, increased resistance is transmitted retrograde in the portal system. 

· Increased resistance can occur at three levels relative to the hepatic sinusoids: (1) presinusoidal, (2) sinusoidal, and (3) postsinusoidal. 

· Obstruction in the presinusoidal venous compartment is at a functional level proximal to the hepatic sinusoids so that the liver parenchyma is not exposed to the elevated venous pressure (e.g., schistosomiasis)

· Postsinusoidal obstruction also may occur outside the liver at the level of the hepatic veins (e.g., Budd-Chiari syndrome), the inferior vena cava, or, less commonly, within the liver (e.g., venoocclusive disease in which the central hepatic venules are the primary site of injury). 

· When cirrhosis is complicated by portal hypertension, the increased resistance is usually sinusoidal. 

3.
Diagnostics (MODULE OBJECTIVE I.3)

a. Endoscopy - Varices are most reliably documented by fiberoptic esophagoscopy; their presence lends indirect support to the diagnosis of portal hypertension

b. Angiography - In patients in whom additional information is necessary (e.g., preoperative evaluation before portal-systemic shunt surgery) or when percutaneous catheterization is not feasible, mesenteric and hepatic angiography may be helpful

c. Free & Wedge Hepatic Vein Pressures (WHVP)

· Although rarely necessary, portal venous pressure may be measured directly by percutaneous transhepatic "skinny needle" catheterization or indirectly through transjugular cannulation of the hepatic veins

· While WHVP is elevated in sinusoidal and postsinusoidal portal hypertension, including cirrhosis, this measurement is usually normal in presinusoidal portal hypertension

d. Liver Biopsy - ?  

B.
Esophageal Varicies

1.
Clinical Features and Diagnosis

· Usually presents with painless but massive hematemesis

· Associated signs range from mild postural tachycardia to profound shock, depending on the extent of blood loss and degree of hypovolemia

2.
Tx (MODULE OBJECTIVE J)

a.
Differential of Bleeding Sites – peptic ulcer, gastritis, varicies, nasopharynx (nosebleeds)

b.
Supportive Therapy

· Prompt estimation and vigorous replacement of blood loss to maintain intravascular volume are essential

· However, excessive fluid administration can increase portal pressure with resultant further bleeding and should therefore be avoided

c.
Pharmacologic Therapy for the Portal Hypertension

· Beta-adrenergic blockade with propranolol or nadolol reduces portal pressure through vasodilatory effects on both the splanchnic arterial bed and the portal venous system in combination with reduced cardiac output. 

d.
Pharmacologic Therapy for the Varicies

· Intravenous infusion of vasopressin results in generalized vasoconstriction leading to diminished blood flow in the portal venous system 

· Concurrent use of venodilators such as nitroglycerin as an intravenous infusion or isosorbide dinitrate sublingually may enhance the effectiveness of vasopressin and reduce complications

· Somatostatin and its analogue, octreotide, are direct splanchnic vasoconstrictors which can be used to seal off bleeding.

e.
Endoscopic Therapy

· Where available, endoscopic intervention should be employed as the first line of treatment to control bleeding acutely

· Endoscopic sclerosis of varices is a procedure in which , the varices are injected with one of several sclerosing agents via a needle-tipped catheter passed through the endoscope.

· More recently, endoscopic ligation (varicies are strangled with a rubber band) of varices has proven to be at least as effective in controlling bleeding with fewer treatment-related complications. 

f.
Surgical Shunt Therapy

· Surgical treatment of portal hypertension and variceal bleeding involves the creation of a portal-systemic shunt to permit decompression of the portal system. 

C.
Hepatorenal Syndrome (MODULE OBJECTIVE K)

· Hepatorenal syndrome is a serious complication in the patient with cirrhosis and ascites and is characterized by worsening azotemia with avid sodium retention and oliguria in the absence of identifiable specific causes of renal dysfunction

D.
Ascites

1.
Definition

· Ascites is the accumulation of excess fluid within the peritoneal cavity

2.
Pathogenesis (MODULE OBJECTIVE L)

· There are 2 theories proposed as to the mechanism of Ascites.

a.
"Underfilling" theory

· Suggests that the primary abnormality is inappropriate sequestration of fluid within the splanchnic vascular bed due to portal hypertension and a consequent decrease in effective circulating blood volume 

· According to this theory, an apparent decrease in intravascular volume (underfilling) is sensed by the kidney, which responds by retaining salt and water

b.
“Overflow” theory

· Suggests that the primary abnormality is inappropriate renal retention of salt and water in the absence of volume depletion

c.
Peripheral arterial vasodilation hypothesis

· Proposed in order to account for the constellation of arterial hypotension and increased cardiac output in association with high levels of vasoconstrictor substances that are routinely found in patients with cirrhosis and ascites.

d.
What is known

· Increased central sympathetic outflow (elevated epinephrine and norepinephrine) is found in patients with cirrhosis and ascites but not in those with cirrhosis alone. 

· Increased sympathetic output results in diminished natriuresis by activation of the renin-angiotensin system and diminished sensitivity to atrial natriuretic peptide. 

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

· Hypoalbuminemia and reduced plasma oncotic pressure also favor the extravasation of fluid from plasma to the peritoneal cavity, and thus ascites is infrequent in patients with cirrhosis unless both portal hypertension and hypoalbuminemia are present. 

· Hepatic lymph may weep freely from the surface of the cirrhotic liver due to distortion and obstruction of hepatic sinusoids and lymphatics and contribute to ascites formation.

· In cardiac failure, you do not see the change in blood proteins that you see in ascites.  I’m guessing that’s the difference between the pathogenesis of the two (part of Objective L).

3.
Diagnosis (MODULE OBJECTIVE M)

· This information actually comes out of Chapter 46 in Harrison’s.  I think the table in that chapter illustrates the module objectives clearly.

Table 46-1.  Ascitic Fluid Characteristics In Various Disease States










Serum-Ascites
Cell Count



Condition
Gross

Appearance
Protein, g/L
Albumin

Gradient, g/d
Red Blood Cells,

10,000/L
White Blood

Cells, per L
Other Tests

Cirrhosis
Straw-colored or bile-stained
25 (95%)
1.1
1%
250 (90%);a predominantly mesothelial


Neoplasm
Straw-colored, hemorrhagic, mucinous, or chylous
25 (75%)
1.1
20%
1000 (50%); variable cell types
Cytology, cell block, peritoneal biopsy

Tuberculous peritonitis
Clear, turbid, hemorrhagic, chylous
25 (50%)
1.1
7%
1000 (70%); usually 70% lymphocytes
Peritoneal biopsy, stain and culture for acid-fast bacilli

Pyogenic peritonitis
Turbid or purulent
If purulent, 25
1.1
Unusual
Predominantly polymorpho-nuclear leukocytes
+ Gram's stain, culture

Congestive heart failure
Straw-colored
Variable, 15-53
1.1
10%
1000 (90%); usually mesothelial, mononuclear


Nephrosis
Straw-colored or chylous
25 (100%)
1.1
Unusual
250; mesothelial, mononuclear
If chylous, ether extraction, Sudan staining

Pancreatic ascites (pancreatitis, pseudocyst)
Turbid, hemorrhagic, or chylous
Variable, often 25
1.1
Variable, may be blood-stained
Variable
Increased amylase in ascitic fluid and serum

· A serum-ascites albumin gradient is > 1.1 g/dL is characteristic of uncomplicated cirrhotic ascites, and one < 1.1 g/dL suggests and exudative process.

E.
Hepatic Encephalopathy (MODULE OBJECTIVE N)

1.
Definition

· Hepatic (portal-systemic) encephalopathy is a complex neuropsychiatric syndrome characterized by disturbances in consciousness and behavior, personality changes, fluctuating neurologic signs, asterixis or "flapping tremor," and distinctive electroencephalographic changes

2.
Pathogenesis (N.3)

· The most important factors in the pathogenesis are severe hepatocellular dysfunction and/or intrahepatic and extrahepatic shunting of portal venous blood into the systemic circulation so that the liver is largely bypassed

· As a result of these processes, various toxic substances (especially ammonia) absorbed from the intestine are not detoxified by the liver and lead to metabolic abnormalities in the central nervous system (CNS)

· In the patient with otherwise stable cirrhosis, hepatic encephalopathy often follows a clearly identifiable precipitating event (See H-Table 299-1 pg. 1715 for the precipitating events) 

· Perhaps the most common predisposing factor is gastrointestinal bleeding, which leads to an increase in the production of ammonia and other nitrogenous substances which are then absorbed. 

· Similarly, increased dietary protein may precipitate encephalopathy as a result of increased production of nitrogenous substances by colonic bacteria. 

· Electrolyte disturbances, particularly hypokalemic alkalosis secondary to overzealous use of diuretics, vigorous paracentesis, or vomiting, may precipitate hepatic encephalopathy. 

· Systemic alkalosis causes an increase in the amount of nonionic ammonia (NH3) relative to ammonium ions (NH4+). Only nonionic (uncharged) ammonia readily crosses the blood-brain barrier and accumulates in the central nervous system. 

· Hypokalemia also directly stimulates renal ammonia production. 

· Hypoxia, injudicious use of CNS-depressing drugs (e.g., barbiturates, benzodiazepines), and acute infection may trigger or aggravate hepatic encephalopathy, although the mechanisms involved are not clear. 

· Other potential precipitating factors include superimposed acute viral hepatitis, alcoholic hepatitis, extrahepatic bile duct obstruction, surgery, and other coincidental medical complications.

3.
Clinical Features and Diagnosis

a.
Paint the Picture of the Patient (N.1)

· Hepatic encephalopathy has protean manifestations, and any neurologic abnormality, including focal deficits, may be encountered

· Cerebral edema is frequently present and contributes to the clinical picture and overall mortality in patients with both acute and chronic encephalopathy

b.
Diagnosis & Staging

· The diagnosis of hepatic encephalopathy should be considered when four major factors are present: 

(1) acute or chronic hepatocellular disease and/or extensive portal-systemic collateral shunts (the latter may be either spontaneous, e.g., secondary to portal hypertension, or surgically created, e.g., portacaval anastomosis); 

(2) disturbances of awareness and mentation, which may progress from forgetfulness and confusion to stupor and finally coma; 

(3) shifting combinations of neurologic signs, including asterixis, rigidity, hyperreflexia, extensor plantar signs, and rarely, seizures; 

(4) a characteristic (but nonspecific) symmetric, high-voltage, slow-wave (2 to 5 per second) pattern on the electroencephalogram

· Asterixis ("liver flap," "flapping tremor") is a nonrhythmic asymmetric lapse in voluntary sustained position of the extremities, head, and trunk

· Fetor hepaticus, a unique musty odor of the breath and urine believed to be due to mercaptans, may be noted in patients with varying stages of hepatic encephalopathy

· Grading or classifying the stages of hepatic encephalopathy is often helpful in following the course of the illness and assessing response to therapy (H-Table 299-2)

Table 299-2.  Clinical Stages Of Hepatic Encephalopathy

Stage
Mental Status
Asterixis
EEG 

I
Euphoria or depression, mild confusion, slurred speech, disordered sleep
+/
Usually normal

II
Lethargy, moderate confusion
+
Abnormal

III
Marked confusion, incoherent speech, sleeping but arousable
+
Abnormal

IV
Coma; initially responsive to noxious stimuli, later unresponsive

Abnormal

c.
Prognosis (N.4)

· In patients with acute encephalopathy, neurologic deficits are completely reversible upon correction of underlying precipitating factors and/or improvement in liver function, but in patients with chronic encephalopathy, the deficits may be irreversible and progressive

F.
Spontaneous Bacterial Peritonitis (MODULE OBJECTIVE O) – H-1714

· Patients with ascites and cirrhosis may develop acute bacterial peritonitis without an obvious primary source of infection (SBP)

· It is clear that most bacteria contributing to SBP derive from the bowel and eventually are spread to ascitic fluid by the hematogenous route after transmigration through the bowel wall and transversing the lymphatics

· Typical features include abrupt onset of fever, chills, generalized abdominal pain, and rebound abdominal tenderness accompanied by cloudy ascitic fluid with a high white cell count and usually positive bacterial cultures

Section D:  Neoplasms and Miscellaneous Disorders of the Liver

I.
Hepatocellular Carcinoma

A.
Definition

· This is a primary tumor of the liver parenchyma that accounts for 90% of all liver tumors.

B.
Etiology

· There is strong association with cirrhosis, previous infection with HBV & HCV, aflatoxin (Aspergillus mold), schistosomiasis. (RISK FACTORS, MODULE OBJECTIVE C.2)

· Men are 5x more likely to develop this than women.

· Realize that metastatic tumors to the liver far outnumber primary tumors of the liver (MODULE OBJECTIVE A) R-882

· But, when metastatic tumors do occur, they most commonly come from primary tumors of the beast, lung and colon. (MODULE OBJECTIVE B) R-882

C.
Pathology & Pathogenesis

1.
Pathology (MODULE OBJECTIVE C.1) R-880

· The HHCs range from well differentiated to undifferentiated.  

· Supporting connective tissue is absent, resulting in a soft consistency of the HCC.

· You should look @ R-Figure 18-39, pg. 881 to see a picture of this.

2.
Pathogenesis – unknown, but a causal relationship has been shown between HBV infection and hepatocellular carcinoma.

D.
Diagnosis & Prognosis 

1.
Diagnosis (MODULE OBJECTIVE C.3) – R-881

· Elevated serum (-fetoprotein is found in 75% of pts. with HCC.

· Des-gamma-carboxyprothrombin (prothrombin precursor) is found in the serum of 90% of pts. with HCC.

2.
Prognosis (MODULE OBJECTIVE C.4) R-882

· The natural course of the disease is progressive enlargement of the primary mass until it encroaches on hepatic function or metastasizes (usu. to the lungs first)

· Overall, death occurs within 6 months of diagnosis.

II.
Hemochromatosis (MODULE OBJECTIVE D) – R-861 - 862

A.
Definition

· Defined as excessive accumulation of iron in the parenchymal cells of various organs (particularly the liver and pancreas).

· There are primary (idiopathic) and secondary forms of the disease.

B.
Pathogenesis

· The fundamental disease mechanism is the direct iron toxicity due to lipid peroxidation, iron stimulation of collagen formation and direct interaction with DNA (not good).

C.
Clinical Features

· Iron accumulates lifelong at the rate of about a gram per year, until the symptoms develop in the 5th – 6th decades (40 – 50 y/o).

· The fully developed case exhibits

1. micronodular cirrhosis

2. diabetes mellitus

3. skin pigmentation

· Since the disease deposits iron in all tissues, you also can see cardiac dysfunction (arrhythmias, cardiomyopathy), arthritis, and hypogonadism (from deposition in the testis or ovaries).

D.
Tx
· Pts. can be treated using iron chelators and phlebotomy (or leaches if you prefer).

III.
Wilson’s Disease (MODULE OBJECTIVE E)

· This is an autosomal recessive disorder of copper metabolism in which there is accumulation of toxic levels of copper in many tissues (esp. liver, brain, kidney and eye).

A.
Normal Copper Metabolism

· Copper is absorbed from the intestine, binds to albumin and is transported to the liver.

· In the liver, it is incorporated into ceruloplasmin which is resecreted into the plasma.

· Senescent ceruloplasmin is endocytosed by the liver and degraded, to ultimately be released into the bile (and excreted in feces)

B.
Wilson’s Disease

· In Wilson’s, there is failure of the copper to enter the circulation in the form of ceruloplasmin

· So, copper builds up in the liver and then spills over into circulation where it can be deposited in other tissues (brain, kidney, eye).

· In childhood the disease presents as liver disease with jaundice/hepatomegaly.

· In adults, the disease presents as neurologic problems.

· Treatment is with copper chelators (penicillamine) or by liver transplant (which is curative)

IV.
(1-Antitrypsin Deficiency (MODULE OBJECTIVE F)

· This is an autosomal recessive disorder marked by low levels of (1-Antitrypsin (a protease inhibitor)

· Deficiency leads to development of pulmonary disease (emphysema) and hepatic disease (cholestasis or cirrhosis)

· Clinical Manifestations:

1. In neonates, you can present with hepatitis with cholestatic jaundice.

2. In adolescence, hepatitis or cirrhosis are seen.

3. Or the disease may remain silent until mid life and then express as cirrhosis.

V.
Fatty Liver (Chapter 300 in Harrison’s)

A.
Classification

· Fatty liver can be separated into two categories based on whether the fat droplets in the hepatocytes are macrovesicular or microvesicular (See H-Table 300-1, below). 

· In addition, fatty infiltration may be accompanied by necroinflammatory activity, a condition designated steatohepatitis.

Table 300-1.  Causes Of Hepatic Steatosis



MACROVESICULAR (LARGE FAT DROPLETS IN HEPATOCYTES)

Alcohol, alcoholic liver diseasea

Diabetes mellitusa

Obesitya

Protein-calorie malnutrition

Total parenteral nutritiona, jejunoileal bypass

Drugsa, e.g., methotrexate, aspirin, vitamin A, glucocorticoids, amiodarone, and synthetic estrogen



MICROVESICULAR (SMALL FAT DROPLETS IN HEPATOCYTES)

Reye's syndrome

Acute fatty liver of pregnancy

Jamaican vomiting sickness

Drugs, e.g., valproic acid, tetracycline

aMay also be associated with necroinflmmatory activity

B.
Macrovesicular Fatty Liver

· This is the most common type of fatty liver and is seen most frequently in alcoholism or alcoholic liver disease, diabetes mellitus, obesity, and prolonged parenteral nutrition.

· The lipid inclusions form a single or a few large lipid droplets in the cell.

· In general, fat in the liver is not damaging per se, and the fat will disappear with improvement or elimination of the predisposing condition (I’m guessing this is the benign form from MODULE OBJECTIVE G.1)

C.
Microvesicular Fatty Liver

· This is when the lipid inclusions in the liver cells are in many small vacuoles.

· I think the histopathologic distinction between acute fatty liver of pregnancy + Reye’s syndrome and the others is simply that the former two show microvesicular change and the latter show macrovesicular change (MODULE OBJECTIVE G.3)

· Acute fatty liver of pregnancy is often fatal to the fetus and Reye’s syndrome is potentially fatal (MODULE OBJECTIVE G.2)

VI.
Liver Transplantation (Harrison’s Chapter 301)

Indications

· Potential candidates for liver transplantation are children and adults who, in the absence of contraindications (see below), suffer from severe, irreversible liver disease for which alternative medical or surgical treatments have been exhausted or are unavailable. 

· Ideally, transplantation should be considered in patients with end-stage liver disease who are experiencing or have experienced a life-threatening complication of hepatic decompensation, whose quality of life has deteriorated to unacceptable levels, or whose liver disease will result predictably in irreversible damage to the central nervous system (CNS). 

1.
Transplantation In Children  

· Indications for transplantation in children are listed in the table below (H-Table 301-1)

· The most common is biliary atresia. 

· Inherited or genetic disorders of metabolism associated with liver failure constitute another major indication for transplantation in children and adolescents. 

2.
Transplantation In Adults  

· Liver transplantation is indicated for end-stage cirrhosis of all causes (see below in table). 

Table 301-1.  Indications For Liver Transplantation

Children
Adults 

Biliary atresia
Primary biliary cirrhosis

Neonatal hepatitis
Secondary biliary cirrhosis

Congenital hepatic fibrosis
Primary sclerosing cholangitis

Alagille's disease
Caroli's disease

Byler's disease
Cryptogenic cirrhosis

1-Antitrypsin deficiency
Chronic hepatitis with cirrhosis

Inherited disorders of metabolism
Hepatic vein thrombosis

Wilson's disease
Fulminant hepatitis

Tyrosinemia
Alcoholic cirrhosis

Glycogen storage diseases
Chronic viral hepatitis

Lysosomal storage diseases
Primary hepatocellular malignancies

Protoporphyria
Hepatic adenomas

Crigler-Najjar disease type I


Familial hypercholesterolemia


Hereditary oxalosis


Hemophilia


Submodule 7:Disorders of the Gallbladder and Bile Ducts

I.
Diseases of the Gallbladder

A.
Normal Physiology of Bile Production and Flow (MODULE OBJECTIVE A) H-1725-1726

1.
Anatomy

· Bile formed in the hepatic lobules is secreted into canaliculi ( bile ductules (running with lymphatics and branches of the portal vein and hepatic artery). These ducts coalesce ( septal bile (  the right and left hepatic ducts ( common hepatic duct. 

· The common hepatic duct is joined by the cystic duct of the gallbladder to form the common bile duct (CBD), which enters the duodenum  through the ampulla of Vater

2.
Bile Secretion And Composition

· Major components of bile by weight include water (82 percent), bile acids (12 percent), lecithin and other phospholipids (4 percent), and unesterified cholesterol (0.7 percent). 

· Other constituents include conjugated bilirubin, proteins (IgA, by-products of hormones, and other proteins metabolized in the liver), electrolytes, mucus, and, often, drugs and their metabolic by-products.

· Three mechanisms are important in regulating bile flow: (1) active transport of bile acids from hepatocytes into the canaliculi, (2) bile acid-independent ATPase-mediated transport of sodium, and (3) ductular secretion.

3.
The Bile Acids

· The primary bile acids, cholic and chenodeoxycholic acids, are synthesized from cholesterol in the liver (the rate-limiting step is at the enzyme 7-hydroxylase), then conjugated with glycine or taurine, and excreted into the bile.

· Secondary bile acids, including deoxycholate and lithocholate, are formed in the colon as bacterial metabolites of the primary bile acids.  They are absorbed by the small intestine and taken up by the liver.

· Bile acids are detergents that which, above a critical concentration, solubilize cholesterol. 

· Normal ratios of bile acids to cholesterol favor the formation of solubilizing mixed micelles, while abnormal ratios promote the precipitation of cholesterol crystals in bile.

4.
Enterohepatic Circulation (recall the recycling) 

· In the distal ileum, there is an active transport mechanism for the absorption of conjugated bile acids.

· The reabsorbed bile acids enter the portal bloodstream and are taken up rapidly by hepatocytes, reconjugated, and resecreted into bile (enterohepatic circulation)

5.
Gallbladder And Sphincteric Functions

· The major factor controlling the evacuation of the gallbladder is the peptide hormone cholecystokinin (CCK), which is released from the duodenal mucosa in response to the ingestion of fats and amino acids

· CCK produces (1) powerful contraction of the gallbladder, (2) decreased resistance of the sphincter of Oddi, and (3) increased hepatic secretion of bile. 

· Hepatic bile is "concentrated" within the gallbladder by energy-dependent transmucosal absorption of water and electrolytes

B.
Gallstones

1.
Pathogenesis

· The important concept to keep in your head is that excess biliary cholesterol drives stone formation.

· Excess of biliary cholesterol in relation to bile acids and phospholipids may be due to hypersecretion of cholesterol, hyposecretion of bile acids, or both.

· Gallstones are divided into three major types; cholesterol and mixed stones account for 80 percent of the total, with pigment stones comprising the remaining 20 percent

a.
Cholesterol & Mixed Stones

· When the cholesterol content of bile exceeds the amount that can be solubilized by bile salt and bile salt-lecithin micelles, the excess is dispersed in larger lipid vesicles.

· Vesicles are spherical particles composed of lecithin and cholesterol and contain only traces of bile salts

· There are several important mechanisms in the formation of lithogenic (stone-forming) bile

1. The most important is increased biliary secretion of cholesterol (high calorie diets), drug (clofibrate) and ( HMG-CoA reductase activity (rate-limiting enzyme of hepatic cholesterol synthesis) – (MODULE OBJECTIVE B)

2. Lithogenic bile also results from decreased hepatic secretion of bile salts and phospholipids, which may follow impaired hepatic synthesis or conditions affecting the enterohepatic circulation of these constituents

3. Another abnormality is defective vesicle formation, resulting in unstable cholesterol-rich vesicles that aggregate into larger multilamellar vesicles from which cholesterol crystals aggregate

4. Nucleation of cholesterol monohydrate crystals is the next critical step in the formation of stones.  Accelerated nucleation of cholesterol monohydrate in bile may be due to either an excess of pronucleating factors (glycoproteins and lysine phosphatidylcholine) or a deficiency of antinucleating factors (apolipoproteins AI and AII)

b.
Pigment stones H-1728

· These are gallstones composed largely of calcium bilirubinate. 

· The presence of increased amounts of unconjugated, insoluble bilirubin in bile results in the precipitation of bilirubin, which may aggregate to form pigment stones

· They are much more common in Asians.

c.
Biliary Sludge (MODULE OBJECTIVE E)

· Biliary sludge is a thick mucous material that upon microscopic examination reveals lecithin-cholesterol crystals, cholesterol monohydrate crystals, calcium bilirubinate, and mucin thread or mucous gels

· The presence of biliary sludge implies two abnormalities: (1) the normal balance between gallbladder mucin secretion and elimination has become deranged; and (2) nucleation from biliary solutes has occurred

· It is a precursor form of gallstone disease

2.
Risk Factors (MODULE OBJECTIVES C & D) H-Table 302-1, pg. 1728

Predisposing Factors For Cholesterol And Pigment Gallstone Formation



CHOLESTEROL AND MIXED STONES

1. Demography - Northern Europe and North and South America greater than Asia, native Americans, probable familial, hereditary aspects

2. Obesity - Normal bile acid pool and secretion but increased biliary secretion of cholesterol

3. Weight loss - Mobilization of tissue cholesterol leads to increased biliary cholesterol secretion while enterohepatic secretion of bile salt is decreased

4. Female sex hormones

a. Estrogens stimulate hepatic lipoprotein receptors, increase uptake of dietary cholesterol, increase biliary cholesterol secretion, and inhibit synthesis of chenodeoxycholic acid

b. Natural estrogens, other estrogens, and oral contraceptives lead to decreased bile salt secretion and decreased conversion of cholesterol to cholesteryl esters

5. Ileal disease or resection - Malabsorption of bile acids leads to decreased bile acid pool, decreased biliary secretion of bile salts, and decreased 7-hydroxylase activity

6. Increasing age - Increased biliary secretion of cholesterol, decreased size of bile acid pool, decreased biliary secretion of bile salts

7. Gallbladder hypomotility leading to stasis and formation of sludge/stools

a. Prolonged parenteral nutrition

b. Fasting

c. Pregnancy

d. Drugs such as octreotide

8. Clofibrate therapy - Increased biliary secretion of cholesterol

9. Decreased bile acid secretion

a. Primary biliary cirrhosis

b. Chronic intrahepatic cholestasis

10. Miscellaneous

a. High-calorie, high-fat diet

b. Spinal cord injury



PIGMENT STONES

1. Demographic/genetic factors: Asia, rural setting

2. Chronic hemolysis

3. Alcoholic cirrhosis

4. Chronic biliary tract infection, parasite infestation

5. Increasing age

3.
Diagnosis (MODULE OBJECTIVES F.1, 2, 3, 5.  I left out 4, 6, & 7 because we’ll see these in the biliary tree Section) – Also outlined in H-Table 302-2, pg. 1729

a.
Plain Abdominal X-Ray

· This may be used to detect gallstones containing sufficient calcium to be radiopaque.

· The drawbacks are the low yield.

b.
Oral cholecystogram

· This procedure has been replaced by abdominal ultrasound.  It is a very good way to detect gallstones but not as accurate as US.

c.
Abdominal Ultrasound

· This is a rapid, highly specific imaging modality for the detection of stones (>95%).  You can also scan the liver, bile ducts and pancreas while you’re at it.

d.
Isotope Scan (biliary scintigraphy with HIDA, DISIDA)

· Designed radiopharmaceuticals are rapidly extracted from the blood and are excreted into the biliary tree in high concentration even in the presence of mild to moderate serum bilirubin elevations.

· Such scans have their greatest application in the diagnosis of acute cholecystitis

· Failure to image the gallbladder in the presence of biliary ductal visualization may indicate cystic duct obstruction, acute or chronic cholecystitis, or surgical absence of the organ

4.
Symptoms (MODULE OBJECTIVE H.1)

· Gallstones usually produce symptoms by causing inflammation or obstruction following their migration into the cystic duct or common bile duct (CBD).

· The most specific and characteristic symptom of gallstone disease is biliary colic

· Obstruction of the cystic duct or CBD by a stone produces increased intraluminal pressure and distention of the viscus that cannot be relieved by repetitive biliary contractions

· The resultant visceral pain is characteristically a severe, steady ache or pressure in the epigastrium or right upper quadrant (RUQ) of the abdomen with frequent radiation to the interscapular area, right scapula, or shoulder.

5.
Natural History (MODULE OBJECTIVE G)

· Gallstone disease discovered in an asymptomatic patient or in a patient whose symptoms are not referable to cholelithiasis is a common clinical problem.  These can be called "silent" or gallstones.

· Cumulative risk for the development of symptoms or complications requiring surgery is about 1% per year.

· I think the whole point of this objective is don’t fix it if it ain’t broke.

C.
Acute Cholecystitis Due To Gallstones (MODULE OBJECTIVE H.2) H-1730

· Acute inflammation of the gallbladder wall usually follows obstruction of the cystic duct by a stone. 

· Inflammatory response can be evoked by three factors: (1) mechanical inflammation produced by increased intraluminal pressure and distention with resulting ischemia of the gallbladder mucosa and wall, (2) chemical inflammation caused by the release of lysolecithin (due to the action of phospholipase on lecithin in bile) and other local tissue factors, and (3) bacterial inflammation
· Acute cholecystitis often begins as an attack of biliary colic that progressively worsens

· Acalculous cholecystitis is a situation occurring in 5 to 10 percent of patients with acute cholecystitis, in which calculi obstructing the cystic duct are not found at surgery. (MODULE OBJECTIVE H.3)

· An increased risk for the development of acalculous cholecystitis is especially associated with serious trauma or burns, with the postpartum period, and with orthopedic and other nonbiliary major surgical operations 

· Other precipitating factors include vasculitis, obstructing adenocarcinoma of the gallbladder, diabetes mellitus, torsion of the gallbladder, bacterial infections of the and parasitic infestation of the gallbladder

II.
Biliary Tree – Don’t forget to add the stuff about the diagnosis/tests in this section from table 302-3.

A.
Choledocholithiasis (MODULE OBJECTIVE H.4)

1.
Pathophysiology And Clinical Manifestations

· Passage of gallstones into the CBD occurs in approximately 10 to 15 percent of patients with cholelithiasis

· The overwhelming majority of bile duct stones are cholesterol or mixed stones formed in the gallbladder, which then migrate into the extrahepatic biliary tree through the cystic duct

· Common duct stones may remain asymptomatic for years, may pass spontaneously into the duodenum, or (most often) may present with biliary colic or a complication

2.
Complications  (MODULE OBJECTIVE H.5)

· Cholangitis is a term used for bacterial infection of the bile ducts resulting in inflammation.

· It results from any lesion that obstructs bile flow.

· Infection of the intrahepatic biliary segments is called “ascending cholangitis.

· The characteristic presentation of acute cholangitis involves biliary colic, jaundice, and spiking fevers with chills (Charcot's triad).

3.
Diagnostics (MODULE OBJECTIVES F.3, 4, 6, & 7) H-Table 302-3, pg. 1735

a.
Abdominal Ultrasound

· Highly sensitive modality for identification of dilated bile ducts.

b.
Abdominal CT

· Detection of dilated bile ducts as well as masses.

c.
Endoscopic Retrograde Cholangiopancreatography (ERCP)

· Used to visualize the distal biliary tree, biopsy the ampulla and duodenum, and collect bile and pancreatic cytology.

· This can also be used to remove stones.

d.
Percutaneous Transhepatic Cholangiography (PTHC)

· Also used to visualize the biliary tree (especially proximally).

B.
Hemobilia (MODULE OBJECTIVE I)

· This is bleeding into the bile ducts or gallbladder.

· Hemobilia may follow traumatic or operative injury to the liver or bile ducts, intraductal rupture of a hepatic abscess or aneurysm of the hepatic artery, biliary or hepatic tumor hemorrhage, or mechanical complications of choledocholithiasis or hepatobiliary parasitism.

· Patients often present with a classic triad of biliary colic, obstructive jaundice, and melena or occult blood in the stools

C.
Primary Sclerosis Cholangitis (MODULE OBJECTIVE J)

· Primary or idiopathic sclerosing cholangitis is a disorder characterized by a progressive, inflammatory, sclerosing, and obliterative process affecting the extrahepatic and, often, the intrahepatic bile ducts

1.
Pathology

· This is a fibrosing cholangitis of the bile ducts with a lymphocytic infiltrate, progressive atrophy of the bile duct epithelium and obliteration of the lumen.

· The concentric periductal fibrosis around affected ducts (called “onion skin fibrosis”) is followed by their disappearance, leaving behind a solid, cord like fibrous scar.

2.
Disease Associations

· The lesion may appear as an isolated entity or may occur in association with inflammatory bowel disease, especially ulcerative colitis, or with multifocal fibrosclerosis syndromes such as retroperitoneal, mediastinal, and/or periureteral fibrosis; Riedel's struma; or pseudotumor of the orbit

3.
Radiographic Appearance

· The diagnosis is usually established by finding thickened ducts with narrow, beaded lumina on cholangiography (see H-Fig. 302-2D pg. 1730)

4.
Differential Dx
· Patients with primary sclerosing cholangitis often present with signs and symptoms of chronic or intermittent biliary obstruction: jaundice, pruritus, RUQ abdominal pain, or acute cholangitis

· Late in the course, complete biliary obstruction, secondary biliary cirrhosis, hepatic failure, or portal hypertension with bleeding varices may occur

III.
Cholangiocarcinoma vs. Benign Bile Duct Stricture (MODULE OBJECTIVE K)

A.
Cholangiocarcinoma (H-580, 581)

· Benign tumors of the extrahepatic bile ducts are extremely rare causes of mechanical biliary obstruction

· Most of these are papillomas, adenomas, or cystadenomas and present with obstructive jaundice or hemobilia 

· Apparent predisposing factors include (1) some chronic hepatobiliary parasitic infestations, (2) congenital anomalies with ectactic ducts, (3) sclerosing cholangitis and chronic ulcerative colitis, and (4) occupational exposure to possible biliary tract carcinogens (employment in rubber or automotive plants). 

· This tumor is usually associated with a collapsed gallbladder, and that finding mandates that the proximal hepatic ducts be visualized by cholangiography

· Patients with cholangiocarcinoma usually present with biliary obstruction, painless jaundice, pruritus, weight loss, and acholic stools 

· Because the obstructing process is gradual, the cholangiocarcinoma is often far advanced by the time it presents clinically

B.
Benign Bile Duct Stricture

· Benign strictures of the extrahepatic bile ducts result from surgical trauma in approximately 95% of cases.

· Strictures may present with bile leak or abscess formation in the immediate postoperative period or with biliary obstruction or cholangitis as long as 2 years or more following the inciting trauma. 

· The diagnosis is established by percutaneous or endoscopic cholangiography. 

· I’m not really sure this answers the objective.

IV.
Cancer (MODULE OBJECTIVE L) H-581

A.
Carcinoma of the Gallbladder 

· Adenocarcinomas make up the vast majority of the estimated 6500 new cases of gallbladder cancer diagnosed each year

· The female/male ratio is 4:1, and the mean age at diagnosis is approximately 70 years

· The clinical presentation is most often one of unremitting right upper quadrant pain associated with weight loss, jaundice, and a palpable right upper quadrant mass

· Once symptoms have appeared, spread of the tumor outside the gallbladder by direct extension or by lymphatic or hematogenous routes is almost invariable 

· The 1-year mortality rate for unresectable disease is approximately 95 percent, and only 5 percent of patients survive 5 years or more from the time of diagnosis

B.
Carcinoma of the Papilla of Vater
· The ampulla of Vater may be involved by extension of tumor arising elsewhere in the duodenum or may itself be the site of origin of a sarcoma, carcinoid tumor, or adenocarcinoma

· Ampulla cancers are diffuse, infiltrative and invasive.

· The presenting clinical manifestation is usually obstructive jaundice

· Cancer of the papilla is usually treated by wide, often radical, surgical excision 

· Lymph node or other metastases are present at the time of surgery in approximately 20 percent of cases, and the 5-year survival rate following surgical therapy in this group is only 5 to 10 percent

· In the absence of metastases, however, radical pancreaticoduodenectomy (the Whipple procedure) is associated with 5-year survival rates as high as 40 percent, and several long-term survivors have been reported

Submodule 8:  Disorders of the Pancreas

Section A:  Pathophysiology of Acute Pancreatitis

I.
Normal Pancreatic Secretion (MODULE OBJECTIVE A) – H-1741

A.
General Considerations

· The pancreas secretes 1500 to 3000 mL of isosmotic alkaline (pH 8.0) fluid per day containing about 20 digestive enzymes and zymogens.

B.
Regulation of Pancreatic Secretions

· Gastric acid is the stimulus for the release of secretin, which stimulates the secretion of pancreatic juice rich in water and electrolytes.

· Release of cholecystokinin (CCK) from the duodenum and jejunum is largely triggered by long-chain fatty acids, certain essential amino acids (tryptophan, phenylalanine, valine, methionine), and gastric acid itself.  CCK evokes an enzyme-rich secretion from the pancreas.
· The parasympathetic nervous system (via the vagus nerve) controls pancreatic secretion by controlling the amount of secretin and CCK that is allowed to be release.

· Bile salts also stimulate pancreatic secretion, thereby integrating the functions of the biliary tract, pancreas, and small intestine

· Somatostatin acts on multiple sites to induce inhibition of pancreatic secretion

C.
Water and Electrolyte Secretion

· Bicarbonate secreted by the pancreas is the ion of primary physiologic importance 

· The bicarbonate output of 120 to 300 mmol/d helps neutralize gastric acid and creates the appropriate pH for the activity of the pancreatic enzymes

D.
Enzyme Secretion (all of the pancreatic enzymes have an optimal pH in the alkaline range).

· Amylolytic enzymes, such as amylase, hydrolyze starch to oligosaccharides and to the disaccharide maltose

· The lipolytic enzymes include lipase, phospholipase A, and cholesterol esterase

· Proteolytic enzymes include endopeptidases (trypsin, chymotrypsin), which act on internal peptide bonds of proteins and polypeptides; exopeptidases (carboxypeptidases, aminopeptidases), which act on the free carboxyl- and amino-terminal ends of peptides, respectively; and elastase

· The proteolytic enzymes are secreted as inactive precursors (zymogens)

· Autodigestion of the pancreas is prevented by the packaging of proteases in precursor form and by the synthesis of protease inhibitors

II.
Acute Pancreatitis

A.
Pathogenesis (MODULE OBJECTIVE B)

· The mechanism leading to acute pancreatitis is not known definitely, but there are a bunch of theories.

· The autodigestion theory basically says that pancreatitis results when proteolytic enzymes (e.g., trypsinogen, chymotrypsinogen, proelastase, and phospholipase A) are activated in the pancreas rather than in the intestinal lumen.

· A bunch of factors (e.g., endotoxins, exotoxins, viral infections, ischemia, anoxia, and direct trauma) are believed to activate these proenzymes prematurely.

· A recent hypothesis to explain the intrapancreatic activation of zymogens is that they become activated by lysosomal hydrolases in the pancreatic acinar cell itself.  When the digestive enzymes and the lysosomal hydrolases become admixed, all hell breaks loose.

· The active enzymes then digest cellular membranes and cause proteolysis, edema, interstitial hemorrhage, vascular damage, coagulation necrosis, fat necrosis, and parenchymal cell necrosis

B.
Etiology (MODULE OBJECTIVE C) – Comes Straight out of Table 304-1 in Harrison’s

Table 304-1.  Causes Of Acute Pancreatitis

Alcohol ingestion (acute and chronic alcoholism)

Biliary tract disease (gallstones)

Trauma (Postoperative state, ERCP, blunt abdominal type(

Metabolic causes - Hypertriglyceridemia, Apolipoprotein CII deficiency syndrome, Hypercalcemia (e.g., hyperparathyroidism), Renal failure, After renal transplantationa, Acute fatty liver of pregnancyb

Hereditary pancreatitis

Infections (Mumps, Viral hepatitis, coxsackievirus, echovirus, cytomegalovirus, Ascariasis, Mycoplasma, Campylobacter, Mycobacterium avium complex, other bacteria)

Drugs

Drugs for which association is definite

Azathioprine (6-mercaptopurine), Sulfonamides, Thiazide diuretics, Furosemide, Estrogens (oral contraceptives), Tetracycline, Valproic acid, Pentamidine, Dideoxyinosine (ddI)

Vascular causes and vasculitis

Vascular

Ischemic-hypoperfusion state (after cardiac surgery)

Atherosclerotic emboli

Connective tissue disorders with vasculitis

Systemic lupus erythematosus

Necrotizing angiitis

Thrombotic thrombocytopenic purpura

Penetrating peptic ulcer

Obstruction of the ampulla of Vater

Regional enteritis

Duodenal diverticulum

Pancreas divisum

Truly idiopathic

aPancreatitis occurs in 3 percent of renal transplant patients and is due to many factors, including surgery, hypercalcemia, drugs (glucocorticoids, azathioprine, L-asparaginase, diuretics), and viral infections.

bPancreatitis also occurs in otherwise uncomplicated pregnancy and is most often associated with cholelithiasis.

· The list above seems really excessive doesn’t it.  If you want to remember just two of these causes of acute pancreatitis, stick to alcohol abuse and gallstones (account for 70% of cases)

C.
Clinical Features (looks a lot like other diseases of the GI tract huh?)

1. Abdominal pain (steady, severe and often radiating to the back)

2. Diminished or absent bowel sounds

D.
Diagnostic Tests (MODULE OBJECTIVE D) – H-1737-1740 including Table 303-1)

· Table 303-1 in Harrison’s is really a great summary (albeit long) of this objective.  I tried to bold the stuff that was important.

Table 303-1.  Tests Useful In The Diagnosis Of Acute And Chronic Pancreatitis And Pancreatic Tumors

Test
Principle
Comment 



PANCREATIC ENZYMES IN BODY FLUIDS

Amylase



1. Serum
Pancreatic inflammation leads to increased enzyme levels
Simple; 20-40% false negatives and positives; reliable if test results are three times the upper limit of normal (MODULE OBJECTIVE E.1)

2. Urine
Renal clearance of amylase is increased in acute pancreatitis
May be abnormal when serum levels normal; false negatives and positives

3. Amylase/creatinine clearance ratio (Cam/Ccr)
Renal clearance of amylase greater than clearance of creatinine
No more sensitive than serum amylase; many false positives

4. Ascitic fluid
Disruption of gland or main pancreatic duct leads to increased amylase concentration
Can establish diagnosis of pancreatitis; false positives occur with intestinal obstruction and perforated ulcer

5. Pleural fluid
Exudative pleural effusion with pancreatitis
False positives occur with carcinoma of the lung and esophageal perforation

6. Isoenzymes
P isoamylases arise from the pancreas; S isoamylases are from other sources
More sensitive than total serum amylase in diagnosis of acute pancreatitis; useful in identifying nonpancreatic causes of hyperamylasemia

Serum lipase
Pancreatic inflammation leads to increased enzyme levels
New methods have greatly simplified determination; positive in 70-85% of cases.

Serum trypsin-like immunoreactivity (TLI)
Pancreatic inflammation leads to increased levels
Elevated in acute pancreatitis; decreased in chronic pancreatitis with steatorrhea; normal in chronic pancreatitis without steatorrhea and in steatorrhea with normal pancreatic function

Pancreatic polypeptide (PP)
PP confined almost totally to the pancreas; release stimulated by nutrients and hormones; such release parallels pancreatic enzyme secretion
Basal, meal-simulated, and hormone-stimulated (by secretin or CCK) PP levels decreased in chronic pancreatitis; a fasting PP level 125 pg/mL argues against chronic pancreatitis and pancreatic cancer



STUDIES PERTAINING TO PANCREATIC STRUCTURE

Radiologic and radionuclide tests



1. Plain film of the abdomen
Abnormal in acute and chronic pancreatitis
Simple; normal in 50% of cases of both acute and chronic pancreatitis

2. Upper gastrointestinal x-rays


Abnormally thickened duodenal folds; displacement of stomach or widening of duodenal loop suggests a pancreatic mass (inflammatory, neoplastic, cystic)
Simple; frequently normal; largely superseded by US and CT scanning

3. Ultrasonography (US)
Can provide information on edema, inflammation, calcification, pseudocysts, and mass lesions
Simple, noninvasive; sequential studies quite feasible; useful in diagnosis of pseudocyst

4. CT scan
Permits detailed visualization of pancreas and surrounding structures
Useful in the diagnosis of pancreatic calcification, dilated pancreatic ducts, and pancreatic tumors; may not be able to distinguish between inflammatory and neoplastic mass lesions

5. Selective angiography
Can identify pancreatic neoplasms (1) by sheathing of celiac or superior mesenteric branches by tumor or (2) by tumor staining; displacement of vessels by tumor
Indicated (1) in suspected islet cell tumors and (2) prior to pancreatic or duodenal resection; most reliable features reflect nonresectable pancreatic cancer

6. Endoscopic retrograde cholangiopancreatography (ERCP)
Cannulation of pancreatic and common bile duct permits visualization of pancreatic-biliary ductal system 
Provides diagnostic data in 60-85% of cases; differentiation of chronic pancreatitis from pancreatic carcinoma may be difficult

 Pancreatic biopsy with US or CT guidance
Percutaneous biopsy with skinny needle and localization of lesion by US
High diagnostic yield; laparotomy avoided; requires special technical skills





TESTS OF EXOCRINE PANCREATIC FUNCTION

Direct stimulation of the pancreas with analysis of duodenal contents



1. Secretin-pancreozymin (CCK) test
Secretin leads to increased output of pancreatic juice and HCO3-; CCK leads to increased output of pancreatic enzymes; pancreatic secretory response is related to the functional mass of pancreatic tissue
Sensitive enough to detect occult disease; involves duodenal intubation and fluoroscopy; poorly defined normal enzyme response; overlap in chronic pancreatitis; large secretory reserve capacity of the pancreas

Indirect stimulation of pancreas with measurement of pancreatic enzymes



1. Lundh test meal
Test meal (fat, carbohydrate, and protein) causes increased release of CCK, which causes increased enzyme output; trypsin concentration measured
Useful in pancreatic exocrine insufficiency; false negatives with delayed gastric emptying; false positives in primary mucosal disease of the gut and choledocholithiasis; does not measure secretory capacity

2. Benzoyl-tyrosyl-p-aminobenzoic acid (Bz-Ty-PABA, bentiromide) test
Synthetic peptide (Bz-Ty-PABA) is specifically cleaved by chymotrypsin, liberating PABA, which is absorbed; PABA metabolite is excreted in the urine
Simple and reliable test of pancreatic exocrine function. Measurement of blood PABA level increases sensitivity.

3. Pancreolauryl test
Fluorescein dilaurate is hydrolyzed by pancreatic elastase and absorbed; fluorescein is measured in urine
Sensitivity and specificity similar to those of Bentiromide test

Measurement of intraluminal digestion products



1. Microscopic examination of stool for undigested meat fibers and fat
Lack of proteolytic and lipolytic enzymes causes decreased digestion of meat fibers and triglycerides
Simple, reliable; not sensitive enough to detect milder cases of pancreatic insufficiency

2. Quantitative stool fat determination
Lack of lipolytic enzymes brings about impaired fat digestion
Reliable, reference standard for defining severity of malabsorption; does not distinguish between maldigestion and malabsorption

3. Fecal nitrogen
Lack of proteolytic enzymes leads to impaired protein digestion, resulting in an increase in stool nitrogen
Does not distinguish between maldigestion and malabsorption; low sensitivity

Measurement of pancreatic enzymes in feces



1. Chymotrypsin
Pancreatic secretion of proteolytic enzymes
May be useful in cystic fibrosis; tedious; 10% false-positive and false-negative results

Miscellaneous tests



1. Dual-labeled Schilling test
Intrinsic factor [57Co]cobalamin and Hog R protein [58Co]cobalamin are given together. Since proteases are necessary to cleave R protein, the ratio of labeled cobalamin excreted in urine is an index of exocrine dysfunction.
Time-consuming and expensive

· Serum lipase may now be the single best enzyme test to measure in the diagnosis of acute pancreatitis.  Serum lipase activities along with total serum amylase are recommended screening tests for acute pancreatitis and are positive in 85% of cases.  (MODULE OBJECTIVE F).  I think the real value comes in having bath the amylase and lipase test (being positive on both is much more indicative (specific) for acute pancreatitis than either alone).

E.
Diagnosis

· Table 302-2 in Harrison’s is a very complete source of the causes of hyperamylasemia (differential diagnosis) – MODULE OBJECTIVE E.2

Table 303-2.  Causes Of Hyperamylasemia And Hyperamylasuria 



PANCREATIC DISEASE

I. Pancreatitis

A. Acute

B. Chronic: ductal obstruction

C. Complications of pancreatitis

1. Pancreatic pseudocyst

2. Pancreatogenous ascites

3. Pancreatic abscess

II. Pancreatic trauma

III. Pancreatic carcinoma



NONPANCREATIC DISORDERS

I. Renal insufficiency

II. Salivary gland lesions

A. Mumps

B. Calculus

C. Irradiation sialadenitis

D. Maxillofacial surgery

III. "Tumor" hyperamylasemia

A. Carcinoma of the lung

B. Carcinoma of the esophagus

C. Breast carcinoma, ovarian carcinoma

IV. Macroamylasemia

V. Burns

VI. Diabetic ketoacidosis

VII. Pregnancy

VIII. Renal transplantation

IX. Cerebral trauma

X. Drugs: morphine



OTHER ABDOMINAL DISORDERS

I. Biliary tract disease: cholecystitis, choledocholithiasis

II. Intraabdominal disease

A. Perforated or penetrating peptic ulcer

B. Intestinal obstruction or infarction

C. Ruptured ectopic pregnancy

D. Peritonitis

E. Aortic aneurysm

F. Chronic liver disease

G. Postoperative hyperamylasemia

· It is important to identify patients with acute pancreatitis who have an increased risk of dying. 

· Ranson and Imrie have used multiple prognostic criteria and have demonstrated that there is an increased mortality rate when three or more risk factors are identifiable either at the time of admission to the hospital or during the initial 48 h of hospitalization

· Risk factors for poor outcome in acute pancreatitis can be found in H-Table 304-2, pg. 1743. (MODULE OBJECTIVE G)

Table 304-2.  Factors That Adversely Affect Survival In Acute Pancreatitis 

Ranson/Imrie criteria

At admission or diagnosis

Age 55 years

Leukocytosis 16,000/L

Hyperglycemia 11 mmol/L (200 mg/dL)

Serum LDH 400 IU/L

Serum AST 250 IU/L

During initial 48 h

Fall in hematocrit by 10 percent

Fluid deficit of 4000 mL

Hypocalcemia [calcium concentration 1.9 mmol/L (8.0 mg/dL)]

Hypoxemia (PO2 60 mmHg)

Increase in BUN to 1.8 mmol/L (5 mg/dL) after IV fluid administration

Hypoalbuminemia [albumin level 32 g/L (3.2 g/dL)]

Acute physiology and chronic health evaluation (APACHE II) score  12

Hemorrhagic peritoneal fluid

Obesity

Key indicators of organ failure

Hypotension (blood pressure 90 mmHg) or tachycardia 130 beats per minute

PO2 60 mmHg

Oliguria (50 mL/h) or increasing blood urea nitrogen (BUN), creatinine

Metabolic indicators: serum calcium 1.9 mmol/L (8.0 mg/dL) or serum albumin 32 g/L (3.2 g/dL)

· Importantly, the presence of any one of these factors is associated with an increased risk of complications, and the presence of any two, with a 20 to 30 percent mortality rate

F.
Complications (Ready for yet another table?) – See H-Table 304-3 for the definitive list of complications that anyone has ever had with acute pancreatitis.  This list is so inclusive that I doubt anyone will ever have a complication of acute pancreatitis that is not on the list.  You should memorize the entire list so that you can reproduce it on the boards.  In fact, I think that will be question #4 on June 9th.  Or, if you prefer, take a look at my short list below.

1.
Local Complications (MODULE OBJECTIVE H.1)

a.
Hemorrhagic pancreatitis

· This occurs when medical mediators (like elastase) are released, resulting in widespread necrosis and retroperitoneal hemorrhage.

· This is most common after trauma.

b.
Pancreatic Abscess

· Suggested by high fever, elevated serum amylase and leukocytosis. 

c.
Pancreatic Pseudocyst

· Refers to a collection of fluid and debris within the pancreas or in a space lined by the pancreas and other adjacent structures.  They may need to  be drained if they persist.

· Diagnosis is made with US.

d.
Pancreatic Ascites

· May occur due to a leaking pseudocyst with pancreatic ductal destruction.

· The Dx is suggested by very high serum amylase in peritoneal fluid.

2.
Systemic/Distant Complications (MODULE OBJECTIVE H.2)

a.
Adult Respiratory Distress Syndrome

· This is due to increased capillary permeability (release of bradykinin facilitates this somehow).

G.
Other Crap (MODULE OBJECTIVE I)

1.
Phlegmon

· This is a solid mass of swollen, inflamed pancreas that often contains patchy areas of necrosis.

· It generally remains for 1 – 2 weeks.

· It should be suspected if abdominal pain, fever, leukocytosis and hyperamylasemia persist for more than 5 days and especially if an abdominal mass is also present.

· Differentiation from an abscess can be difficult even with a CT scan.

· It is differentiated from a pseudocyst is by US.

· Occasionally, extensive areas of necrosis develop and require drainage (if infected). 

· If they do get infected, there is a 10% chance of forming an abscess.

2.
Abscess

· Severe pancreatitis with the presence of three or more risk factors, postoperative pancreatitis, early oral feeding, early laparotomy and perhaps injudicious use of antibiotics predispose you to developing abscess (3%-4% of pts. with acute pancreatitis).

· May also develop due to a communication of a pseudocyst with the colon, after inadequate surgical drainage of a pseudocyst or after needling of a pseudocyst.

· The characteristic signs are fever, leukocytosis, ileus and rapid deterioration in a pt. initially recovering from pancreatitis.

· Drainage of pancreatic abscesses by nonsurgical percutaneous catheter techniques, using CT guidance have been only 50%-60% successful.

· Laparotomy with radical sump drainage (whatever the hell that means) and resection is usually required because the mortality rate is 100% (you’re dead) without it.

3.
Pseudocyst

· A pseudocyst is a collections of tissue, fluid, debris, pancreatic enzymes, and blood which develop over a period of 1 to 4 weeks after the onset of acute pancreatitis

· They form in approximately 15 percent of patients with acute pancreatitis

· In contrast to true cysts, pseudocysts do not have an epithelial lining, the walls consisting of necrotic tissue, granulation tissue, and fibrous tissue

· Pseudocysts are preceded by pancreatitis in 90 percent of cases and by trauma in 10 percent

· Approximately 85 percent are located in the body or tail of the pancreas and 15 percent in the head

· Abdominal pain, with or without radiation to the back, is the usual presenting complaint

· The serum amylase level is elevated in 75 percent of patients at some point during their illness and may fluctuate markedly

· US is diagnostic as is CT.

· A significant number (25% - 40%) of these pseudocysts will resolve spontaneously more than 6 weeks after their formation

· A pseudocyst that does not resolve spontaneously may lead to serious complications, such as (1) pain caused by expansion of the lesion and pressure on other viscera, (2) rupture, (3) hemorrhage, and (4) abscess

· Rupture of a pancreatic pseudocyst is a particularly serious complication. Shock almost always supervenes, and mortality rates range from 14 percent if the rupture is not associated with hemorrhage to over 60 percent if hemorrhage has occurred

Section B:  Pathophysiology of Pancreatic Insufficiency; Chronic Pancreatitis, Pancreatic Neoplasm and other Disorders.

I.
Chronic Pancreatitis & Pancreatic Exocrine Insufficiency

A.
Definitions (MODULE OJECTIVE A)

· Pancreatic exocrine insufficiency is a condition that occurs when at least 90 percent of the secretory capacity of the pancreas is lost in patients with chronic pancreatitis or occasionally pancreatic ductal obstruction. H-240

· Chronic pancreatitis - Chronic inflammatory disease of the pancreas may present as episodes of acute inflammation in a previously injured pancreas or as chronic damage with persistent pain or malabsorption. H-1748.

B.
Etiology of Chronic Pancreatitis

· Most of the causes of acute pancreatitis (See table 304-1 above in the notes) can also result in chronic pancreatitis. (MODULE OBJECTIVE B)

1. Alcohol abuse accounts for 90% of cases of chronic pancreatitis in adults

2. Cystic Fibrosis accounts for most of the cases in children.

3. Pancreas Divisum is a rare cause (but we talk about it later).

4. Also, hyperparathyroidism, hypertriglyceridemia and trauma can cause chronic pancreatitis.

5. NOTABLY, gallstones are cause only recurrent acute attacks of pancreatitis.

C.
Pathology (ALSO MODULE OBJECTIVE A) - R-903

· There is an excellent figure R-Figure 19-8, pg. 903 which shows the problem 

· Chronic pancreatitis is distinguished by irregularly distributed fibrosis, reduced number and size of acini with relative sparing of the islets of Langerhans and variable obstruction of pancreatic ducts of all sizes.  

· The ducts are plugged with protein in the lumen.

· Grossly, the gland is hard and exhibits foci of calcification and fully developed pancreatic calculi.

D.
Clinical Features

· Pain is the usual presenting symptom, typically occurring in the epigastrium and radiating to the back.  This pain is often brought out after eating.

· Malabsorption occurs and is associated with steatorrhea and weight loss.

· Jaundice occurs due to edema and fibrosis in the pancreatic head resulting in obstruction of the pancreatic portion of the common bile duct.

· Diabetes is common (but ketoacidosis, nephropathy and diabetic vascular disease is absent).

E.
Diagnosis (Part of MODULE OBJECTIVE I.1 – I.7)

· The diagnosis is suggested by the classic triad pancreatic calcification (shown radiographically (US, CT,) or visualized directly with ERCP), steatorrhea (you need to have about 90% of the exocrine function of the pancreas destroyed to see this [MODULE OBJECTIVE C]), and diabetes mellitus.

· However, this “classic” triad is only seen in about 1/3 of the pts., so other tests are useful:

1. Secretin stimulation test (See H-1740 for this test), which usually gives abnormal results when 60 percent or more of pancreatic exocrine function has been lost

2. The bentiromide test (also see H-1740) and the D-xylose urinary excretion test (talked about earlier in the module) are useful in patients with “pancreatic steatorrhea,” since the bentiromide test will be abnormal, and D-xylose excretion usually is normal.

3. A decreased serum trypsinogen level strongly suggests pancreatic exocrine insufficiency

4. About 40% of pts. with chronic pancreatitis have cobalamin (vitamin B12) malabsorption.

5. Notably, the serum amylase and lipase levels are usually not elevated in chronic pancreatitis (in contrast to acute relapsing pancreatitis).

F.
Therapy – the goal of therapy is to control the symptoms (because the damage is irreversible) and prevent further damage (by stopping alcohol).

· Management of pain is with narcotics

· Administration of pancreatic enzymes ( abdominal pain via a negative feedback regulation for pancreatic exocrine secretion controlled by the amount of proteases within the lumen of the proximal small intestine.  (MODULE OBJECTIVE E)

· Surgery (Subtotal pancreatectomy)is a last resort (unless you’re a surgeon, in which case this may be the first thing that comes to mind).

II.
Pancreatic Endocrine Tumors (MODULE OBJECTIVE D)

A.
Gastrinoma (Zollinger-Ellison Syndrome)

· This is a tumor of the pancreatic islet-cells.

· I’m guessing that obstruction of the pancreatic duct is what causes the exocrine insufficiency.

B.
Nontropical Sprue

· This is a guess … In this disease gluten hypersensitivity ( destruction of GI mucosa ( ( secretion of CCK & secretin ( ( pancreatic secretion (exocrine insufficiency)

III.
Other Conditions

A.
Annular Pancreas (MODULE OBJECTIVE F)

1. Embryology – When the ventral pancreatic anlage fails to migrate correctly to make contact with the dorsal anlage, the result may be a ring of pancreatic tissue encircling the duodenum.

2. Symptoms – postprandial fullness, epigastric pain, nausea, and vomiting may be present for years before the diagnosis is entertained

3. Differential Dx – include duodenal webs, tumors of the pancreas or duodenum, postbulbar peptic ulcer, regional enteritis, and adhesions

4. Dx – The radiographic findings are symmetric dilation of the proximal duodenum with bulging of the recesses on either side of the annular band, effacement but not destruction of the duodenal mucosa, accentuation of the findings in the right anterior oblique position, and lack of change on repeated examinations

5. Why the hell is this relevant? – Patients with annular pancreas have an increased incidence of pancreatitis and peptic ulcer

B.
Pancreas Divisum  (MODULE OBJECTIVE F)

1. Embryology – Pancreas divisum occurs when the embryologic ventral and dorsal pancreatic anlagen fail to fuse, so that pancreatic drainage is accomplished mainly through the accessory papilla

2. Why the hell is this important? – the combination of pancreas divisum and a small accessory orifice could result in dorsal duct obstruction

C.
Macroamylasemia (MODULE OBJECTIVE G)

1. Pathogenesis – circulates in the blood in a polymer form too large to be easily excreted by the kidney

2. Detection – Patients with this condition demonstrate an elevated serum amylase value, a low urinary amylase value, and a Cam/Ccr ratio of less than 1 percent

3. Importance – It is important to be aware of this fact, so that patients with macroamylasemia will not be needlessly evaluated and treated for pancreatic disease

IV.
Pancreatic Carcinoma

A.
Incidence/Etiology

· The tumor results in the death of more than 98 percent of afflicted patients. Approximately 27,800 individuals died of pancreatic cancer in 1996, making it the fifth most common cause of cancer-related mortality

· Cigarette smoking is the most consistently observed risk factor for the development of the tumor, with the disease being two to three times more common in heavy smokers than in nonsmokers

· Mutations in K-ras genes have been found in more than 85 percent of specimens of human pancreatic cancer

B.
Clinical Features (MODULE OBJECTIVE H) – H-581-582

1. Pain – which has a gnawing, visceral quality, occasionally radiating from the epigastrium to the back. Characteristically, the pain improves somewhat when the patient bends forward

2. Weight loss – initially this might be due to malabsorption, but anorexia is the long term cause of weight loss.

3. Jaundice – is due to biliary obstruction which is found in more than 80 percent of patients having tumors in the pancreatic head and is typically accompanied by darkening of urine, a claylike appearance of stool, and pruritus

4. Gastric hemorrhage – occurs due to varicies from compression of the portal venous system by the tumor.

5. Splenomegaly – caused by cancerous encasement of the splenic vein

6. Courvoisier’s sign (palpable gallbladder) – results from obstruction of the common bile duct, pancreatic duct or ampulla of Vater by the tumor in the head of the pancreas.

C.
Diagnostic Procedures (Also MODULE OBJECTIVE I)

1. Abdominal Ultrasound – obtained when the disease is clinically suspected in a patient having vague, persistent abdominal complaints, ultrasound should be performed to visualize the gallbladder and the pancreas, as well as upper gastrointestinal contrast radiographs to rule out a hiatal hernia or a peptic ulcer

2. Abdominal CT – When the US doesn’t provide the explanation, a CT scan should be considered which encompasses not only the pancreas but also the liver, retroperitoneal lymph nodes, and pelvis, as pancreatic cancer frequently spreads within the abdomen

3. ERCP – used when neither the CT nor the US were diagnostic.  The test is used to visualize obstruction of the CBD or pancreatic duct.

4. I don’t think that the serum lipase or amylase, the tests for exocrine pancreatic function (H-1740), the quantitative fecal fat test or the Schilling test (for vitamin B12 absorption) have much bearing on specifically diagnosing pancreatic carcinoma (although they are useful in chronic pancreatitis).

D.
Tx
· Complete surgical resection of pancreatic tumors offers the only effective treatment for this disease.

· Unfortunately, such "curative" operations are only possible in 10 to 15 percent of patients with pancreatic cancer. And then, the 5-year survival rate following such operations is only 10 percent (MODULE OBJECTIVE K)

· Nonetheless, the procedure is worth attempting, particularly for lesions in the pancreatic head, since ductal carcinomas often cannot be distinguished preoperatively from ampullary, duodenal, and distal bile duct tumors or pancreatic cyst adenocarcinomas, all of which have far higher rates of resectability and cure (MODULE OBJECTIVE K).

· In addition, tumors of the head of the pancreas are more often resectable surgically, because they are at a critical point (ampulla) and produce symptoms early.  Tumors in the tail and the body don’t produce symptoms so they often grow and metastasize and become poor surgical candidates.

E.
Pancreatic Endocrine Tumors (MODULE OBJECTIVE L)

Table 304-6.  Pancreatic Endocrine Tumors

Syndrome
Hormone

Produced
Primary

Hormone Effects
Pathologic Features
Clinical Features 

Zollinger-Ellison
Gastrin
Gastric acid hypersecretion with basal acid outputs usually 15 mmol/h (15 mEq/h)
Delta cell islet tumors; 10% aberrant (duodenal); 60% malignant
Severe peptic ulcer disease often refractory to therapy; ectopic ulcers; diarrhea; multiple endocrine adenomas (parathyroid, pituitary, adrenal, thyroid)

Insulinoma
Insulin
Hypoglycemia with inappropriately increased serum insulin levels
Beta cell islet tumors; 80-90% benign
Hypoglycemic symptoms

Glucagonoma
Glucagon; pancreatic polypeptide
Hyperglucagonemia  glucose intolerance
Alpha cell islet tumors; 60% malignant
Slow-growing pancreatic tumor; hyperglycemia; bullous and ezcematoid dermatitis, weight loss; anemia; gastric and intestinal motor abnormalities

Somatostatinoma
Somatostatin; pancreatic polypeptide
Somatostatin inhibits insulin, gastrin, and pancreatic enzyme secretion; decreased bile flow
Delta cell islet tumor
Pancreatic tumor; diarrhea; steatorrhea; gallstones; diabetes mellitus; anemia

Pancreatic cholera
Vasoactive intestinal peptide

? Gastric inhibitory polypeptide

? Prostaglandin E

? Pancreatic peptide
Net secretion of salt and water by gut
? Delta cell tumor; 50% malignant
Pancreatic tumor with severe watery diarrhea; flushing; weight loss; hypokalemia; hypercalcemia; hypochlorhydria; hyperglycemia; inordinate fecal water and electrolyte losses

Carcinoid
Serotonin; prostaglandins
Altered gut motility; diarrhea
Enterochromaffin cells; non-beta-cell islet tumors
Carcinoid syndrome with flushing; wheezing; diarrhea; alcohol intolerance; hepatomegaly
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