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This is intended as a self-assessment tool for first or second year medical students to be used in 

conjunction with readings on gastrointestinal physiology in a traditional medical physiology textbook. 

The resource uses a Question and Answer format, and a good proportion of the questions are based on 

clinical vignettes. The application of several physiologic facts and principles to common and 

uncommon gastrointestinal conditions is exemplified.  The perspective of this resource is that of 

physiology and pathophysiology, not clinical medicine. Thus, the reader should not infer clinical 

diagnostic or treatment protocol for gastrointestinal conditions from this. It is not intended to cover all 

classic topics that can be found in chapters on gastrointestinal physiology in commonly used medical 

physiology textbooks.  Comments and suggestions for improving this resource are welcome and may 
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Questions and Answers: 
 

1. What is the normal lower esophageal sphincter (LES) pressure?  

The resting pressure in the lumen of the LES (called LES Pressure) is about 20 mm Hg and varies 

from 10-30 mm Hg.  If the smooth muscle of the LES contracts, LES pressure increases. If the LES 
relaxes, LES pressure decreases.  

 

 

2. What is the effect of cervical vagotomy on LES tone?  

Baseline LES pressure reduces but is not abolished.  This suggests that intrinsic myogenic tone of the 

LES is physiologically significant. 

 

 

3.  What happens to the tone of the LES during the oropharyngeal phase of swallowing? 

During the oropharyngeal phase of swallowing, prompt reflex relaxation of the upper and lower 

esophageal sphincters occurs.  Relaxation of the LES during the oropharyngeal phase is abolished by 

cervical vagotomy.  For a long time, it was believed that the vagi exerted only excitatory influences 
on the gut, and thus the failure of LES to relax during the oropharyngeal phase of swallowing 

following vagotomy was unexplained.  However, vagal innervation of sphincters (especially the LES 

and the pyloric sphincter) has now been well studied (Chang et al 2003), and there are two distinct 
effects as explained below.  

 

The vagus nerve contains preganglionic, not postganglionic neurons.  Preganglionic vagal neurons 

originate in two different locations within the medulla; each innervates a distinct type of 

postganglionic neuron in the myenteric plexus of the LES as depicted below:  

 

Vagal Preganglionic Neurons 

 

[Origin: rostral dorsal motor 

nucleus of vagus n.] 

 

Vagal Preganglionic Neurons 

 
[Origin: caudal dorsal motor 

nucleus of the vagus n.] 

Release Ach and activate 

↓ 

Release Ach and activate 

↓↓↓↓ 

Excitatory Postganglionic 

Cholinergic Neurons in the 

myenteric plexus of the LES 

↓ 

Inhibitory Postganglionic 

Neurons in the myenteric plexus 

of the LES that release NO / VIP 

↓↓↓↓ 
Contract the LES Relax the LES 

 

 

Thus the efferent limb of the reflex causing relaxation of the LES during the oropharyngeal phase of 

swallowing consists of vagal preganglionic neurons originating in the caudal dorsal motor nucleus of 

the vagus nerve.  Sectioning extrinsic vagal innervation of the LES leads to loss of the drive for both 

types of postganglionic neurons.  Following cervical vagotomy (section of vagus nerve trunks in the 

cervical region), both excitatory and inhibitory influences of vagal preganglionic neurons on the 
esophagus, LES and the rest of the gastrointestinal tract are lost.  Note that vagotomy does not entail 

sectioning postganglionic neurons in the myenteric plexus.  

 

Resting tone in the LES is thus a balance between these opposing neural influences described above 

and intrinsic myogenic tone in the LES.  Additionally, sympathetic innervation of the LES facilitates 

its contraction; this is mediated by activation of alpha-adrenergic receptors on LES.   
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Failure of the LES to relax during swallowing in idiopathic achalasia is related to selective loss of the 

inhibitory postganglionic neurons in the myenteric plexus of the LES (Mittal and Goyal, 2006; Chang 

et al, 2003).  

 

 

4. Is LES relaxation completely abolished following cervical vagotomy? 

As noted above, prompt reflex relaxation of the LES in response to the pharyngeal phase of 

swallowing is lost (because of section of the vagal preganglionic neurons that drive inhibitory motor 
neurons in the LES).  However, LES relaxation in response to secondary esophageal peristalsis is 

preserved; this suggests that LES relaxation during secondary esophageal peristalsis is integrated 

locally in the myenteric plexus. (Chang et al, 2003) 

 

 

5. A 35-year-old man presented with a history of progressive difficulty in swallowing over the 

last 12 months.  Initially he had difficulty swallowing solid food but since the last month the 

ability to swallow liquids had diminished as well, and swallowing was associated with chest pain.  

Upper gastrointestinal (GI) series revealed the presence of a dilated esophagus with a bird beak 

like narrowing of the lower end of the esophagus.  Upper GI endoscopy did not reveal any 

mucosal abnormality.  Discuss the pathophysiologic mechanisms underlying this presentation.   

The history and clinical data are consistent with the possibility of a defect in peristalsis of food 

boluses through the esophagus to the stomach due to high resistance at the lower end of the 

esophagus.  There are causes such as neoplastic infiltration of the lower esophagus that can mimic 

achalasia that should be considered from the standpoint of clinical evaluation of this presentation but 

here I intend only to discuss the pathophysiologic mechanism in idiopathic achalasia.  A barium 

swallow from a patient with achalasia is here: http://www.nature.com/gimo/contents/pt1/fig_tab/gimo80_F1.html 

 

Achalasia is characterized by persistent contraction of the LES, and a failure of LES to relax during 
the oropharyngeal phase of swallowing.  Documenting that the LES is hypertonic requires 

manometric studies of the esophagus.  A probe in the lumen of an achalasic LES will show 

abnormally high pressures.  Peristalsis is best evaluated in the prone position so that clearance of the 
bolus by the esophagus does not occur solely as a result of gravity. (Feldman et al)  With multiple 

pressure sensors positioned at various positions in the esophagus and in the proximal stomach, the site 

of incomplete relaxation can be identified.   
 

Failure of the LES to relax in response to a swallow in this condition has been attributed to selective 

loss in the LES of inhibitory neurons that release NO and or VIP; that is, there is relative excess of 

cholinergic activation of the LES.  In advanced achalasia, the esophagus upstream of the LES may be 

prominently dilated and show poor peristalsis.  

 

In patients with achalasia, surgical division or pneumatic dilation of the LES has been shown to 

reduce LES pressure.  Calcium channel blockers (nifedipine) taken sublingually before meals may be 

helpful; the calcium channel blocker directly relaxes the LES.  Injecting botulinum toxin into the LES 
has also been shown to provide relief.  Botulinum toxin works by inhibiting the release of Ach from 

the cholinergic neurons that excite and contract the LES. 

 
 

6. Describe the mechanism of transient lower esophageal sphincter relaxation (TLESR).  

TLESR has been defined as transient (10-60 seconds) relaxation of the LES and crural fibers of the 

diaphragm that is unrelated to swallowing and esophageal peristalsis (Feldman et al. p. 708, Mittal 

and Balaban, 1997). The stimulus for TLESR is distention of the proximal stomach. TLESR is 

integrated in the medulla and is blocked by cervical vagotomy in dogs.  Thus it appears that local 

enteric nervous system reflexes are insufficient to mediate TLESR. (Mittal and Goyal, 2006) TLESR 

allows gas in the stomach to be vented.  Even in individuals with repetitive eructation, much of the 

gas in the stomach is swallowed air.  TLESR is the principal mechanism allowing gastroesophageal 

reflux. TLESR is also accompanied by relaxation of the crural fibers of the diaphragm. (Feldman et al. 
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p. 708)  However, the frequency of reflux episodes in those with gastroesophageal reflux disease 

(GERD) is much greater than that in asymptomatic subjects.  Chronic gastric distention has been 

found to be associated with increased frequency of TLESRs (Hirsch et al, 2003), and gastric 

distention after a meal may also increase the likelihood of gastroesophageal reflux. (Holloway et al, 

1985) 

 

 

7. By the end of the third trimester of pregnancy, 50-80% of pregnant women have had new or 

exacerbation of preexisting heartburn. (Baron et al, 1993)  What is the likely pathophysiologic 

basis underlying this observation?   

The commonest cause of ‘heartburn’ is reflux of gastric juice into the esophagus.  Frequent and 

protracted exposure to acid and pepsin increases the likelihood of significant damage to the 

esophageal epithelium.  The pressure effects of a gravid uterus may contribute to GER, but 

progesterone, which is raised in pregnancy, is known also to directly relax the LES. (Baron et al, 

1993) 

 

 

8. Does an increase in intra-abdominal pressure increase or decrease gastroesophageal reflux? 

This depends on whether the LES is in the thorax or abdomen. The LES is a high-pressure zone in the 

distal esophagus defined manometrically.  Normally, the lower end of the esophagus (and the LES) 

are in the abdomen; in this case, an increase in intra-abdominal pressure would not only increase 

gastric pressure but will also apply pressure on the LES from without.  Additionally, an increase in 

intra-abdominal pressure is normally accompanied by contraction of crural fibres of the diaphragm 

and reflex contraction of the LES. (Mittal et al, 1990)  Thus, while an increase in gastric pressure 

increases the pressure gradient for GER, it is insufficient to cause GER unless the LES per se is 

incompetent.   

 
However, in an individual with a sliding hiatal hernia, the lower end of the esophagus and a small 

portion of the cardiac end of the stomach herniate into the thorax because of a defect in the diaphragm 

(see figure below).  In this case, the LES is subject to intrathoracic pressure (not abdominal pressure).  
Intrathoracic pressure is normally negative and becomes more negative during tidal expiration.  

Therefore, a rise in intra-abdominal pressure applied to the stomach can more readily result in 

gastroesophageal reflux.    
 

 

 
The above figure is reproduced without modification from http://digestive.niddk.nih.gov/ddiseases/pubs/dictionary/e-k.aspx and is attributed 
to National Institute of Diabetes and Digestive and Kidney Diseases, National Institutes of Health.  

 

 

9. In an individual at risk of GER, why is GER more likely following a fatty meal? 

This is probably related to the fact that gastric emptying is slower with a fatty meal, compared to an 

isocaloric meal not containing fat.  Second, cholecystokinin (CCK), the hormone released in response 

to fatty acids in the proximal duodenum increases the frequency of TLESR, the principal mechanism 

predisposing to gastroesophageal reflux.    
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10. Is absolute hyperacidity necessary and sufficient for GERD?  Summarize the physiologic 

principles underlying management of gastroesophageal reflux disease. 

While symptoms of gastroesophageal reflux are due to damage to the esophageal mucosa by refluxed 

acid and pepsin, and symptoms are frequently alleviated by increasing intragastric pH to over 5, this 

does not in itself mean that absolute hyperacidity is necessary and sufficient for gastroesophageal 
reflux.  An incompetent LES and increased frequency of TLESRs are the basic abnormalities in 

GERD.  Before the efficacy of H2-receptor blockers and proton pump inhibitors was established, 

prokinetic agents such as metoclopramide (a dopamine receptor antagonist) were used for managing 
GERD.  Even though absolute hyperacidity may not be the primary cause of GERD, since symptoms 

of GERD are due to damage to esophageal mucosa by refluxed acid and pepsin, inhibition of gastric 

acid secretion (with proton-pump inhibitors or H2 receptor blockers) and the use of antacids have 

remained the major mode of conservative management of this condition.  The physiologic basis of 

this approach is that if gastric juice pH is maintained above a level at which pepsin is inactive, 

esophageal damage from refluxate can be reduced.   

 

 

11. What is the mechanism of water brash? 

Delivery of acid to the gastric end of the esophagus stimulates salivation. This reflex involves vagal 
afferent fibers from the esophagus (Feldman et al., p. 711), and salivation is mediated by the motor 

innervation glands (postganglionic parasympathetic innervation via cranial nerves VII and IX) of the 

salivary glands.  This mechanism explains the copious salivation (‘water brash’) that occurs in some 

patients with gastroesophageal reflux.  

 

 

12. Your patient is a 50-year-old man with a history of recurrent heartburn who has been 

taking antacids and H2 receptor blockers on and off with some improvement.  He inquires about 

surgical options and is willing to undergo surgery if permanent symptom control would be 

highly likely.  How can one establish if his symptoms are indeed attributable to 

gastroesophageal reflux? What other physiologic information would help you decide if anti-

reflux surgery would be helpful or not?  
In practice, a diagnosis of GERD is often presumed in the presence of typical symptoms – heartburn 

and its relief by antacids and drugs that inhibit gastric acid secretion.  However, before undertaking 

anti-reflux surgery (example, Nissen’s fundoplication), it is important to establish that 
gastroesophageal reflux is indeed the cause of the symptomatology.  

 

The current gold standard for establishing a diagnosis of gastroesophageal reflux is by 24-hour pH 

monitoring of the lower esophagus.  This is performed with a thin catheter consisting of one or more 

pH electrodes placed in the lumen of the esophagus.  The electrodes are 5-10 cm apart and can sense 

pH fluctuations in the range 2-7.  The electrodes are connected to a data recorder that the patient 

wears for the period of observation.  When the patient has an event (e.g., heartburn, chest pain, or 

eructation) he or she is to record the event in a diary, noting the time on the recorder.  Total number of 

reflux episodes, the longest episode of reflux, number of episodes lasting longer than 5 minutes, 
extent of reflux in the upright position, and extent of reflux in the supine position can all be 

quantified. (Tutuian and Castell, 2010)  Wireless pH probes that can be placed in the lower esophagus 

and which transmit pH data to data receivers attached to a patient have also now been developed.  
This is illustrated in this clip: http://www.youtube.com/watch?v=dkPwdiE4CLg  

 

Also, other factors predisposing an individual to GERD should be sought.  Swallowed saliva helps 

neutralize gastroesophageal refluxate and defective salivation may be an important risk factor for 

symptomatic GERD in some patients.  

 

Normal esophageal peristalsis clears the esophagus of its luminal contents (volume clearance, 

including acid clearance) into the stomach.  If defective, it predisposes to esophagitis and heartburn, 

and may additionally be accompanied by dysphagia depending on the extent and severity of the 

defect. While doing anti-reflux surgery (example, Nissen's fundoplication, a figure is at 



6 

 

http://tinyurl.com/7h3y33z) may reduce gastroesophageal reflux in such a patient, poor esophageal 

peristalsis will likely continue to cause problems and any improvement in symptoms from the surgery 

may be less than expected. This is why manometric evaluation of the esophagus should be undertaken 

prior to anti-reflux surgery.  In a patient not able to tolerate nasoesophageal intubation, a scintigraphic 

study may provide evidence of GER.  The video clip at http://tinyurl.com/745bjpt demonstrates GER.  

 

 

13. Define basal acid output (BAO) and maximal acid output (MAO).  
Gastric acid output equals the product of volume of gastric juice and concentration of H ions in it.  It 

is quantified by aspirating gastric juice through a nasogastric tube placed in the stomach.  Basal acid 

output (BAO) is gastric acid output in the fasted state.  It is estimated from samples drawn at 15 min 

intervals for 1 hour during the unstimulated (fasting) state.  BAO is normally about 2-3 mmol/h.  

Maximal acid output (MAO) used to be estimated with a standard intravenous dose of pentagastrin (a 

gastrin receptor agonist).  MAO reflects the functional capacity of parietal cell mass.  MAO ranges 

from 20-30 mmol/h.   

 

 

14. How has the contribution of the cephalic phase to gastric acid output been investigated in 

experimental animals? 

The ‘cephalic phase’ of gastric acid secretion refers to the secretion of gastric acid that occurs before 

food arrives in the stomach.  The ‘gastric phase’ of gastric acid secretion is the secretion that occurs in 

response to the presence of food in the stomach.  Pavlov incised the cervical esophagus and 

exteriorized it such that swallowed food fell out via the upper stoma without passing on to the 

stomach.  (See figures 2 and 3 in Wood, 2004).  Additionally, he prepared a gastric pouch with a 

fistula formed by a segment of small intestine with its stoma at the surface of the abdominal wall.  

This allowed collection of gastric juice for analysis.  Comparison of pouches with intact vagal 

innervation with those that there were denervated allowed an assessment of the role of vago-vagal 
reflexes in gastric acid secretion.  

 

The cephalic phase has been found to contribute to as much as 30% of meal stimulated acid output.  
Furthermore vagotomy virtually abolishes basal acid output (BAO); i.e., gastric acid output in the 

fasting state.  Some patients with duodenal ulcers have elevated BAO and maximal acid output 

(MAO).  These observations constituted the basis for doing a truncal vagotomy for patients with acid-
peptic disease. However, with the advent of H2 receptor blockers and proton-pump inhibitors, drugs 

that allow suppression of gastric acid secretion to be reliably achieved, the need for vagotomy in the 

elective management of peptic ulcer disease has greatly diminished.   

 

 

15. Is gastric pH lower in the fed state or fasted state? 

Comparison of gastric pH between the fasting state and the fed state is confounded by the presence of 

buffers in the meal administered, saliva swallowed, effectiveness of mixing of chyme and the extent 

of gastric emptying.  Thus, it is more informative to compare basal acid output (BAO) and meal-
stimulated acid output.  If the question were whether gastric acid output is higher in the interdigestive 

(fasting) state or following a meal, the answer clearly, as noted above, is that meal stimulated acid 

output is much greater than BAO.  
 

 

16. What does truncal vagotomy (TV) entail?  

The figure at http://emedicine.medscape.com/article/181753-overview#aw2aab6b2b2aa shows the 

line of section in a truncal vagotomy.  Subdiaphragmatic truncal vagotomy sections right and left 

vagus nerves at the level of the lower end of the esophagus.  In contrast to cervical vagotomy, truncal 

vagotomy does not interrupt vagal innervation of the heart and lungs.  
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Truncal vagotomy entails section of vagal preganglionic parasympathetic input to postganglionic 

parasympathetic neurons in the ENS, and postganglionic parasympathetic neurons and interneurons in 

the ENS are not removed during truncal vagotomy.   

 

A “selective gastric vagotomy” entails section of only the branches of vagus that supply the 
stomach, and preserves the hepatic branch of left vagus, which also innervates the pylorus.  

 

 

17. Truncal vagotomy (TV) and antrectomy for intractable peptic ulcer disease is typically 

accompanied by a gastrojejunostomy.  What are the effects of truncal vagotomy on gastric 

function?  What purpose does the gastrojejunostomy serve in this context?  

A subdiaphragmatic section of vagal trunks results in the following:  

• Suppression of gastric acid secretion (intended) 

• Decrease in gastric motility (side effect) and  

• Impairment of receptive relaxation of the fundus and the upper portion of the body of the stomach 

(side effect) 

• Loss of extrinsic neural regulation of the pyloric sphincter (not a factor if the pylorus is removed 

with the antrum) 

• Intrinsic factor secretion (by parietal cells) is also reduced (this is inevitable) 

 

When TV is done for treating a chronic duodenal ulcer that has advanced to cause fibrosis of the 
pyloric channel and or has involved the gastric antrum, the gastric antrum and the pylorus are resected 

as well. The duodenal stump is sewn, and a loop of jejunum is anastomosed to a stoma in the stomach 

to allow for drainage of gastric contents (gastrojejunostomy).  A Billroth II anastomosis is depicted 

schematically here: http://img.tfd.com/dorland/operation_Billroth.jpg  

 

Vagotomy virtually abolishes BAO and considerably attenuates meal stimulated gastric acid output. 

This is why it was resorted to in the past for management of complicated peptic ulcer disease. The 

impairment in gastric motility that occurs following truncal vagotomy is significantly reduced with a 

highly selective (parietal cell) vagotomy that selectively sections fibers innervating parietal cells in 
the body of the stomach.   

 

 

18. A 60-year-old man underwent TV and gastrojejunostomy for an intractable duodenal ulcer 

that had resulted in pyloric channel obstruction.  2 weeks later, he presents with recurrent 

episodes of dizziness, weakness, abdominal bloating and cramping that typically occur 30-60 

min following a meal.  A schematic diagram of gastrojejunostomy is here:  

http://medical-dictionary.thefreedictionary.com/gastrojejunostomy  

What is the likely pathophysiological basis of this presentation? 

 

These symptoms are most likely secondary to the rapid emptying of a hyperosmotic meal into the 

jejunum; the large volume of chyme and the hyperosmolality in the intestinal lumen may induce so 
much water influx into the intestinal lumen that hypovolemia and hypotension occur.  This 

constellation is called the dumping syndrome.  GI hormones released by luminal factors may also 

contribute to the abnormal splanchnic vasodilation.   
 

Rapid emptying of gastric contents into the jejunum causes rapid absorption of glucose from the 

intestine.  The resulting hyperglycemia and the rise in insulin secretion (mediated in part by hormones 

such as glucagon like polypeptide -1) may be severe enough to cause development of hypoglycemia 

about 2 hours after the meal.  Symptoms may include weakness, dizziness, and sweating about 2 hrs 

after a meal.  

 
Physiologically, gastric emptying is limited by the rate at which duodenum can process chyme – it is a 

classic example of ‘negative feedback control’.  The importance of regulation of gastric emptying is 
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exemplified in patients who have undergone vagotomy with gastrojejunostomy for intractable 

duodenal ulcer complicated by gastric outlet obstruction.  In the surgical management of this 

condition, the antrum (the major source of gastrin) and the pyloric channel (the site of gastric outlet 

obstruction) are resected.  Additionally a truncal vagotomy is done. Since vagotomy impairs gastric 

motility and thereby gastric emptying, a loop of jejunum is mobilized toward the dependent region of 
the stomach and anastomosed to it (gastrojejunostomy) to allow for drainage of gastric contents.  

 

Close to 20% of patients are said to develop dumping syndrome following gastrectomy, bariatric 

surgery, and gastrojejunostomy.  Physiologic strategies to control symptoms in this condition have 

included frequent small meals, the use of acarbose to minimize glucose absorption from the intestine, 

and the use of somatostatin analogs to reduce intestinal blood flow. (Tack et al, 2009) 

 

 

19. Do tests of gastric acid secretion have a role in establishing a diagnosis of peptic ulcer 

disease?  

There is evidence that a sizeable fraction of individuals with duodenal ulcers have hyperchlorhydria 
(defined as elevated BAO and MAO).  However, a significant number of patients documented to have 

duodenal ulcers do not have hyperchlorhydria, and have BAO and MAO values comparable to 

healthy men and women.  Gastric ulcers may be associated with normal, low or elevated BAO. 

(Feldman et al, p. 827)  Therefore, measurements of BAO and MAO have no role in establishing a 

diagnosis of peptic ulcer disease.  

 

 

20. What is the effect of resection of upper small intestine on meal stimulated gastric acid 

output?  

This has been found to result in an increase in total acid output suggesting that the net effect of 
intestinal influences is to inhibit gastric acid secretion. (Feldman et al, p. 1784)  The term 

‘enterogastrones’ has been used to refer to intestinal signals that inhibit gastric acid secretion.  Peptide 

YY, secretin, and glucose-dependent insulinotropic polypeptide are all known to inhibit gastric acid 
secretion and most of these signals act by stimulating the release of somatostatin by D cells in the 

stomach.  

 

 

21. A 55-year-old man with a history of recurrent episodes of heartburn, epigastric pain and 

intractable gastric and duodenal ulcers was found to have a gastrin-secreting tumor in the 

pancreas. His BAO was determined to be 20 mmol/hour (normally 2-3 mmol/hour).  He also had 

a history of steatorrhea (fatty, bulky, malodorous stool).  Stool fat excretion was 10 g on a 24 

hour stool collection on a diet consisting of 50 g fat per day.  What is the most likely reason for 

the excretion of large amount of fat in stool in this patient?  

Because of the gastrinoma-induced hyperchlorhydria, duodenal pH remains lower than normal despite 

secretion of a large volume of alkaline secretions from the liver and pancreas.  Unless the pH in the 
duodenal lumen is increased to about 6, pancreatic lipase is known to be inactive.  Also, the fact that 

steatorrhea occurs in individuals with a gastrinoma suggests that pancreatic lipase is quantitatively 

more important than lingual lipase and gastric lipase for normal digestion and absorption of ingested 
fat.  

 

 

22. In an unselected population of individuals with symptoms of acid-peptic disease, which of 

the following two mechanisms is more frequently the cause of gastric and duodenal ulcers: 

absolute hyperacidity, or loss of gastric and duodenal mucosal defense? 

While gastric acid and pepsin are major ulcerogenic mechanisms, the increased occurrence of ulcers 

induced by chronic infection with H. pylori suggests that absolute hyperacidity (defined as elevated 

BAO and MAO) is not necessary for development of acid-peptic disease.  Some of these individuals 
have been found to have hypochlorhydria when they have developed pangastritis destroying most 

parietal cells, and inflammation of the gastric and duodenal mucosa (loss of mucosal defense) appears 
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sufficient for ulcerogenesis.  Sustained absolute hyperacidity per se as a cause of acid-peptic disease 

is rare (example, gastrinoma).  

 

 

23. Why do individuals with pernicious anemia have hypergastrinemia? 
Luminal acidity is sensed by somatostatin secreting D cells in the gastric antrum.  Somatostatin 

released in response to acid in the gastric lumen inhibits the secretion of gastrin by G cells.  This is a 

‘negative feedback’ loop regulating gastric acid secretion.   Pernicious anemia is a pathologic state in 
which autoantibodies to gastric parietal cell antigens damage parietal cells, and this eventually results 

in hypochlorhydria and deficiency of intrinsic factor.  The response to achlorhydria is an increase in 

gastrin secretion by G cells in the antrum; this is an instance of secondary (or reactive) 

hypergastrinemia.  Inhibition of gastric acid secretion with proton-pump inhibitors like omeprazole 

also results in a reactive increase in serum gastrin concentration.   

 

In contrast, in Zollinger-Ellison syndrome, abnormally raised serum gastrin concentration from a 

gastrin secreting tumor is the cause of hyperchlorhydria and recurrent, intractable peptic ulcers. This 

is an instance of primary hypergastrinemia.  

 

 

24. What are the clinical applications of gastric acid output analysis? 

The clinical utility of gastric acid analysis, especially the estimation of BAO, is limited to 

distinguishing between primary and secondary hypergastrinemia.  Hypergastrinemia is defined as 

abnormally elevated fasting gastrin concentration.  Rarely, hypergastrinemia due to a gastrin-secreting 

tumor is the cause of an elevation in BAO, MAO, gastric and duodenal ulcers (Zollinger-Ellison 

syndrome).  But individuals with achlorhydria secondary to a disease process selectively destroying 

parietal cells in the stomach or secondary to sustained pharmacologic inhibition of gastric acid 

secretion also have hypergastrinemia as a result of disinhibition of the release of gastrin (secondary or 
reactive hypergastrinemia).  The latter observation provides evidence that gastric acid secretion is an 

important negative feedback regulator of gastrin release.  Thus, it is in evaluating individuals with 

hypergastrinemia that analysis of BAO is helpful. 
 

Some individuals with duodenal ulcers typically have elevated BAO and MAO without considerable 

elevation in gastrin concentration (Table 42-2 in Boron and Boulpaep, p. 905), whereas some 
individuals with duodenal ulcers have normal serum gastrin concentration and BAO.  This is why 

gastric acid analysis is unhelpful in the routine diagnosis of acid-peptic disease.  In contemporary 

practice, a diagnosis of acid-peptic disease is established by endoscopy.   

 

 

25. What acid-base and electrolyte abnormalities would protracted vomiting from gastric outlet 

obstruction or pyloric stenosis be expected to result in? 

In the adult, as much as 2500 ml of gastric juice is secreted per day. The pH of gastric juice could be 

as low as 1; i.e., the concentration of protons in gastric juice is more than a million times greater than 
it is in arterial plasma.  Bile, pancreatic juice, intestinal secretion and buffers in food together 

contribute to neutralizing the acidity of gastric juice.  Water formed this neutralization process is 

absorbed into the blood stream, and CO2 formed from breakdown of carbonic acid moves either into 
the bloodstream or is expelled as such depending on the prevailing concentration gradient for CO2 

across the GI mucosa.  

 

Thus, loss of a substantial volume of gastric secretions rich in hydrochloric acid would be expected to 

result in a net increase in bicarbonate concentration and pH of arterial blood (metabolic alkalosis), and 

may additionally lead to hypochloremia and contraction of ECF volume.  Since the potassium 

concentration of gastric juice is 3-4 fold higher compared to arterial plasma, hypokalemia may also 

occur as a consequence of protracted vomiting.  
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26. A 50-year-old man with a history of type I diabetes presented with a six month history of 

vague discomfort in the epigastric region.  Symptoms included nausea and vomiting within a 

couple of hours of a meal, lightheadedness and shaking tremors about an hour after a meal.  

There was no history of chest pain or abdominal pain.  Medications included insulin injections 

taken before meals.  He did not smoke or drink alcohol.  He had not undergone any surgeries in 

the past.  The vomitus consisted of undigested, chewed food.   

 

On examination: BP - 140/94 mmHg, pulse - 82/min.  The abdomen was soft, nontender, and 

there was no organomegaly, masses or free fluid.  Physical exam was otherwise unremarkable.  

Serology for H. pylori was negative.  Omeprazole 20 mg once daily for three weeks did not 

produce any improvement in symptoms.  The administration of a technetium radionuclide 

labeled meal indicated retention of greater than 40% of the meal in the stomach four hours 

following ingestion.  He was prescribed metoclopramide but it had to be stopped within 2 

months because of development of tardive dyskinesia.  Dyspeptic symptoms reduced after a 

course of therapy with erythromycin.   Discuss the pathophysiologic basis of this presentation 

and the therapeutic strategy. 

 
The presence of chewed food in the vomitus combined with the occurrence of vomiting about 2 hr 

after a meal suggests the possibility of delayed gastric emptying.  Gastric emptying is studied by 

scintigraphy.  A technetium 99 labeled egg substitute with bread and jam is used as a standard meal.  

Scans are obtained at periodic intervals: 30 min, 60 min and at hourly intervals.  An orally 

administered water load may be used to test ‘gastric accommodation’.  Subjects with gastroparesis 

ingest lesser volumes before reporting a sensation of fullness. (Feldman et al, pp. 803-805) 

 

Autonomic neuropathy, a complication of longstanding diabetes (type 1 as well as type 2 diabetes), is 

known to involve the enteric nervous system. (Feldman et al, pp. 806-7)  This individual’s symptoms 
two hours of a meal are likely due to hypoglycemia.  Patients may take insulin before meals as 

prescribed, but when gastric emptying is delayed, the absorption of glucose may be delayed and 

hypoglycemia can occur.  
 

Metoclopramide is a D2 receptor antagonist with antiemetic and prokinetic effects and is used in the 

management of diabetic gastroparesis.  Erythromycin, an antibiotic, is an agonist at motilin receptors, 
and it has been found to be effective in the management of diabetic gastroparesis.  

 

Other than hypomotility due to disease of the enteric nervous system per se, gastric hypomotility (and 

or a delay in gastric emptying) can result from: 

• truncal vagotomy done as part of surgical management of complicated peptic ulcers (postsurgical 

gastroparesis);  

• pyloric channel (gastric outlet) obstruction due to a chronic duodenal ulcer; rarely, a hypertrophic 

and hypertonic pyloric sphincter may be the cause of gastric outlet obstruction in adults 

(obstructive gastroparesis); and 

• chronic ischemia of the stomach due to progressive atherosclerosis involving the celiac trunk 

(ischemic gastroparesis). 

 
Therapeutic strategies depend on the cause and severity of the gastroparesis.  

 

 

27. Summarize mechanisms contributing to the development of gallstones.   

As described below, three distinct mechanisms predispose to the development of gallstones.  

 

1. Hepatic secretion of lithogenic bile (i.e., bile that has a lower concentration of bile salts and 

lecithin and is relatively richer in cholesterol).  A critical concentration of lecithin and bile 

salts is required for micelles to form in bile and solubilize cholesterol.  Bile can be lithogenic 
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when there is a defect in bile acid secretion or when there is a decrease in circulating pool of 

bile acids due to any cause.  Resection of terminal ileum diminishes the total bile salt pool 

and thereby increases risk for gallstones.  E. coli, a common organism implicated in 

ascending cholangitis, secretes beta-glucuronidase that deconjugates bilirubin diglucuronide 

within the biliary tract; unconjugated bilirubin is insoluble and precipitates as calcium 
bilirubinate.  

 

2. Stasis of bile in the bile canaliculi (intrahepatic cholestasis) and or in the extrahepatic 
biliary system due to any cause:  Deficiency of cholecystokinin (CCK), denervation of the 

gall bladder, and obstruction in the biliary system due to any cause lead to stasis of bile.  

Isolated deficiency of CCK is rare but prolonged fasting and total parental nutrition minimize 

the secretion of CCK.  CCK is important for normal emptying of the gall bladder.  

Administration of CCK octapeptide to those on total parenteral nutrition has been shown to 

reduce cholestasis in some studies.  

 

3. Excessive secretion of mucins by the gall bladder: Gall bladder mucins are a major 

component of biliary sludge - a mix of cholesterol crystals, mucin, and calcium bilirubinate.  

Mucins may provide a scaffold for deposition of crystals during growth.  A poorly contracting 
gall bladder concentrates gall bladder mucins and these may augment hypomotility at the 

level of the cystic duct.  

 

 

28. Summarize mechanisms involved in uptake and secretion of organic cations and anions and 

other species by hepatocytes.  
Before reading about the transporters summarized below in greater detail (example, in Boron and 

Boulpaep, pp. 986-993, Trauner et al, 1998), I suggest reading about progressive familial intrahepatic 

cholestasis (in Kumar et al, 2010, p. 843) because this entity exemplifies clinical application of 
knowledge of specific transport mechanisms in the hepatocyte.  Another clinical correlation is Dubin-

Johnson syndrome, (see Question 29).  

 
Deficiency of multidrug resistance transporter 3 (MDR3) may lead to defective excretion of 

cytoprotective biliary phospholipids in bile. This leaves an increased pool of bile salts in bile that 

gives rise to bile duct epithelial cell damage and release of γ-glutamyltransferase into the serum.  

Some females with familial intrahepatic cholestasis of pregnancy have been shown to be heterozygous 

carriers of a mutation in MDR3 (Feldman et al; p. 1276), and this may manifest when other risk 
factors for cholestasis are present.  Pregnancy decreases the rate of secretion of both bile acids and 

phosphatidylcholine in bile and increases the secretion of cholesterol, leading to increased likelihood 

of cholesterol supersaturation in bile. A defect in the bile salt export pump (BSEP) has also been 
described to result in a similar presentation. 

 
Transporter Location Function 

Na-taurocholate Cotransporter Polypeptide 

(NTCP) 

Basolateral 

(sinusoidal) 

membrane of 

hepatocytes 

 

Uptake of conjugated and unconjugated bile 

acids, progesterone from the blood stream  

Organic Anion Transporting Polypeptide 

(OATP); this is a Na+ independent transport 

mechanism 

Basolateral 

(sinusoidal) 

membrane of 

hepatocytes 

 

Uptake of bile salts, organic dyes, steroid 

conjugates, thyroid hormone, and xenobiotics. 

Organic Cation Transporter (OCT) 1 and 2 Basolateral 

(sinusoidal) 

membrane of 

hepatocytes 

Facilitated diffusion of organic cations 

including drugs, toxins and endogenous 

compounds.  

 
 

Multidrug Resistance associated Protein 2 

(MRP-2); this is an ATP-dependent 

Canalicular (apical) 

membrane of 

Secretion of conjugated bilirubin, phase II 

conjugates with glutathione and xenobiotics 
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Transporter Location Function 

mechanism  hepatocytes into bile 

 

Bile Salt Export Pump (BSEP);  

ATP-dependent 

Canalicular (apical) 

membrane of 

hepatocytes 

Secretion of Na taurocholate and other bile 

salts into bile; loss of function mutations in 

BSEP gene result in very low bile salt 
concentrations in bile and cholestasis 

(Progressive familial intrahepatic cholestasis) 

 

Multidrug Resistance Protein 1 (MDR-1) Canalicular (apical) 

membrane of 

hepatocytes 
 

Excretion of organic cations and xenobiotics 

into the bile canaliculus 

Multidrug Resistance Protein 3 (MDR-3) Canalicular (apical) 

membrane of 

hepatocytes 

Allows phosphatidylcholine to flip onto the 

outer leaftlet of the hepatocyte canalicular 

membrane from the inner leaflet, and 

consequently get extracted by bile salts into 

micelles in bile 

 

ATP-binding Cassette Transporter (ABC) 

ABCG5 and ABCG8 

Canalicular (apical) 

membrane of 

hepatocytes 

 

Transport of cholesterol into bile. 

Multidrug Resistance associate Protein – 3 

(MRP-3) 

Basolateral 

(sinusoidal) 

membrane of 

hepatocytes  

Normally only minimally expressed; its 

expression in the sinusoidal membrane is 

increased under conditions of cholestasis; and 

it provides an alternate route for excretion of 

conjugated bilirubin and bile acids into the 

blood stream. 
 

 

 

29. Bilirubin is conjugated by liver cells and excreted into bile.  In conjugated 

hyperbilirubinemia, there is a significant concentration of conjugated bilirubin in the blood 

stream.  How does conjugated bilirubin enter the blood stream? 

See Figure 1 at http://advan.physiology.org/content/31/4/370.full depicting the relationship between 

hepatocytes, the bile canaliculus, the interstitium (space of Disse) and the hepatic sinusoid.  Normally, 

conjugated bilirubin is extruded into the canalicular lumen by Multidrug Resistance associated 
Protein-2 (MRP-2, aka multispecific organic anion transporter or MOAT), a transporter localized to 

the apical (canalicular) membrane of hepatocytes.  Under conditions of chronic cholestasis and under 

conditions of inherited deficiency of MRP-2 (Dubin-Johnson syndrome), the basolateral membrane 

upregulates expression of Multidrug Resistance associated Protein 3 (MRP-3) and this extrudes 

conjugated bilirubin into the systemic circulation.  

 

Another mechanism operates if intrabiliary pressure increases rapidly such as when the common bile 

duct is suddenly clamped to obstruct flow of bile; the ‘back pressure’ may overcome the resistance of 

tight junctions between the apical ends of hepatocytes and cause constituents in bile (including 

conjugated bilirubin) to spill over into the systemic circulation (Boron, p. 998). 

 

 

30. Is serum albumin concentration a sensitive and specific indicator of liver cell synthetic 

function? 

Though albumin is synthesized only by hepatocytes, hypoalbuminemia is not a specific indicator of 

liver cell synthetic function unless other causes for hypoalbuminemia can be ruled out (example: renal 

disease resulting in albuminuria; loss of abnormal amounts of albumin into the gut lumen – protein 

losing enteropathy).   

 

Serum albumin concentration is also not a sensitive indicator of acute liver cell dysfunction since the 

half-life of albumin is 14-21 days.  Clotting factor VII, a vitamin K dependent clotting factor 

synthesized by hepatocytes, has the shortest half-life (7 hr) of all clotting factors (Feldman et al, p. 



13 

 

1234). Thus, prothrombin time becomes prolonged within hours after a major hepatic insult (Martin, 

pp. 955; in Cecil, 2012). 

 

Prothrombin time (PT) is affected by multiple factors – hepatocyte synthetic function; and availability 

of vitamin K.  An elevated PT might be due to:  

• impaired hepatocyte synthesis of clotting factors due to extensive liver cell disease due to any 

cause;  

• inherited deficiency of specific clotting factors II, V, VII or X; or  

• deficiency of vitamin K due to any cause (dietary deficiency; malabsorption of vitamin K). 

 

Obstruction to bile flow can result in malabsorption of all fat-soluble vitamins including vitamin K. 
Dietary deficiency of vitamin K or antibiotic therapy inhibiting synthesis of vitamin K by gut flora 

can also cause an elevated PT.  If an elevated PT is not corrected within 48 hr of administration of 

pharmacologic doses of vitamin K, it suggests hepatocellular insufficiency as the cause of the 
prolonged PT. (Berk and Korenblat; p. 963 in Goldman et al, 2012) 

 

 

31. Is the darkening of urine in hepatobiliary disease due to increased excretion of urobilinogen 

or bilirubin? 
It depends on the cause of hyperbilirubinemia, and urine dipstick will tell if bilirubin or urobilin or 

both are responsible.  Also, there are several other compounds that can color urine, so the color of 

urine per se is not to be relied upon as conclusive evidence of excretion of some substance.  Clinical 

laboratory medicine texts include a long list of substances that can color urine. 
 

Scenario - 1: Consider an individual with severe hemolysis (due to some cause) and a total bilirubin 

of 6 mg/dL; in the absence of liver disease or obstruction to bile flow, this individual will excrete 
large amounts of conjugated bilirubin in bile, and more urobilinogen will form in the gut lumen, be 

reabsorbed by the gut and be presented to the liver.  A larger amount of urobilinogen escapes 

extraction by liver and spills over into the urine.  A dipstick for urobilinogen will be positive; a urine 

sample, upon standing may be colored orange by the urobilin formed from oxidation of urobilinogen. 

(Goldman et al, p. 710, Table 1161). However, urine dipstick for bilirubin will be negative since this 

person does not have obstruction to flow of bile or destruction of hepatocytes.  If the hemolysis is 

intravascular and massive, urine discoloration may additionally be due to hemoglobinuria; the latter is 

just another example that illustrates that definitive analysis of urine is needed. 

 

Scenario – 2: An individual with hyperbilirubinemia due to acute destruction of hepatocytes 

(such as due to acute severe viral hepatitis): This individual is very likely to have an increased 

concentration of both conjugated and unconjugated bilirubin (called mixed hyperbilirubinemia by 

some authors).  Some degree of intrahepatic cholestasis probably accompanies such inflammation in 

hepatitis.  Since a higher than normal amount of conjugated bilirubin is excreted in bile, more 

urobilinogen will form and urine urobilinogen (and urobilin) concentration may increase. Also, 

conjugated bilirubin spilling over into the bloodstream from destroyed hepatocytes or from 

intrahepatic cholestasis may contribute to darkening of urine in this instance (yellow or brown, see 

Goldman et al., p. 710, Table 116-1).  

 

Scenario – 3: An individual with total obstruction of bile flow into the duodenum such as due to 

a tumor at the head of the pancreas causing compression of the hepatopancreatic duct at its 

entry into the duodenum.  Serum alkaline phosphatase will be profoundly raised (more than 3-4 fold 
elevation from normal), serum conjugated bilirubin will be raised, and stools will typically be clay 

colored. In this case, the urine will very likely appear dark brown and test positive for bilirubin.  It 

will very likely test negative for urobilinogen. (Chapter 149 in Goldman et al, 2012).  See this image 

http://meded.ucsd.edu/clinicalmed/abdomen_urine_bili.jpg  
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Additional Notes: Up to 4 mg of urobilinogen is normally excreted in urine per day. In contrast, 

bilirubinuria (i.e., excretion of conjugated bilirubin in urine at a level that the dipstick picks up) is 

always pathological.  (Chapter 149 in Goldman et al, 2012)  The lack of urobilinogen in urine is 

clinically significant when it occurs in combination with clay colored stools, profoundly elevated 

serum alkaline phosphatase, and an elevated serum total bilirubin.  This combination suggests near 
total or complete obstruction to flow of bile into the duodenum.  However, quantifying urobilinogen 

excretion is of limited clinical value because we also obtain other tests such as total serum bilirubin, 

liver enzymes, and indices of hemolysis. (Chapter 149 in Goldman et al, 2012)  As long as urine 
dipstick bilirubin is assessed, fractionation of serum bilirubin is not helpful unless one is expecting a 

disorder of conjugation of bilirubin or evaluating for possible hemolysis.  If direct reacting bilirubin is 

less than 15% of total bilirubin, virtually all of it can be considered to be unconjugated bilirubin.  

(Chapter 149 in Goldman et al, 2012) 

 

 

32. Describe the mechanisms that contribute to the occurrence of ascites in an individual with 

cirrhosis of the liver in terms of resistance, flow and pressure changes in the splanchnic 

circulation.  

Hepatic cirrhosis is a leading cause of portal vein hypertension.  Ascites refers to the accumulation of 
an abnormally large amount of fluid in the peritoneal cavity.  In cirrhosis, ascites is a manifestation of 

portal vein hypertension.  The fibrotic changes in the cirrhotic liver increase the resistance of the 

hepatic sinusoids to blood flow.  The consequences are depicted in the flow diagram (next page).  

 

When fibrotic changes increase resistance to flow in the hepatic sinusoids, flow from the portal vein 

through the hepatic sinusoids will be the first to be affected since portal vein pressure is normally 

relatively low (compared to the mean pressure in the hepatic artery which is about 90 mm Hg).  The 

rise in portal vein pressure leads to a backpressure that dilates portosystemic collaterals.  The splenic 

vein drains into the portal vein, and splenomegaly may occur as a result of an increase in portal vein 
pressure.  Portal vein drains splanchnic capillaries and increased resistance to flow through the portal 

vein leads to an increased accumulation of fluid in the peritoneal cavity (ascites).   

 
Another mechanism exacerbating ascites in cirrhosis of the liver is dilation of hepatic arterioles and 

splanchnic arterioles.  In the liver, the decrease in inflow via portal vein leads to accumulation of 

products of metabolism that dilate hepatic arterioles. However, since the resistance of hepatic 
sinusoids is high, a large amount of lymph flows from the liver.  Splanchnic arteriolar dilation in 

cirrhosis is believed to be due to increased production of nitric oxide in the splanchnic circulation.  

Thus, splanchnic inflow resistance is reduced – this may be so significant that systemic vascular 

resistance (total peripheral resistance) drops.    

 

As portal vein hypertension leads to ascites, fluid is effectively shifting from the intravascular 

compartment to a ‘third space’ (transcellular space; in this case, the peritoneal cavity). With this 

redistribution of blood and ECF volume, ‘effective arterial blood volume (EABV)’ (i.e., the volume 

of blood contained in the arterial system and available in the service of tissue perfusion) is reduced.  
This is known as the ‘arterial underfilling’ hypothesis.  Arterial baroreceptors and flow sensors in the 

kidneys (juxtaglomerular cells) sense surrogates of EABV.  Reflex responses to low EABV include 

activation of sympathetic outflow to the heart, resistance and capacitance vessels and the kidneys, 
activation of the renin-angiotensin aldosterone axis, and increased release of antidiuretic hormone.   

 
  

 

 

 

 

 

 

 

 



15 

 

Cirrhosis: ↑↑↑↑ Resistance to blood 

flow through hepatic sinusoids 

 

   

Decrease in total hepatic blood 

flow 

Increase in pressure in terminal 

branches of portal vein in the liver  

 

 

 

  

Products of metabolism cause 

hepatic arteriolar dilation 

 

 

Retrograde transmission of 

pressure to portal vein and its 

tributaries (mesenteric veins, 

splenic vein and the corresponding 

capillaries) 

The high pressure in the portal 

system dilates “portosystemic 

collaterals” 

 

 

↑ Formation (and flow of) lymph 

in the liver because of the high 

resistance to flow through the 

sinusoids into the hepatic veins 

  

Esophageal varices; 

Hemorrhoidal veins; 

Caput medusae; 

 

                                            

 Increase in hydrostatic pressure at 

the efferent (venular) end of 

splanchnic capillaries 

 Dilation of splanchnic arterioles 

presumably due to congestion in 

splanchnic capillaries 

  

 

  

 Fluid spills over into the peritoneal 

cavity; lymph flow from peritoneal 

cavity increases but drainage is 

overwhelmed (ascites) 

 Splanchnic vascular 

resistance drops 

   

 

 

 “Effective arterial blood volume” 

(EABV) decreases 

 Total peripheral resistance (TPR) 

may drop 

 

    

   Fall in mean arterial pressure may 

be compensated by a rise in 

cardiac output (hyperkinetic state) 

    

   Eventually, cardiac output may 

begin to decline (if EABV 

continues to be low) 

    

 

 

Surrogates of low EABV are captured by:  

Arterial baroreceptors 

Juxtaglomerular cells in the renal afferent arteriole 

   

‘Adaptive’ responses (that potentially could restore EABV) include: 

↑ sympathetic nerve activity to the heart, resistance vessels and kidneys; 

↑ renin-angiotensin-aldosterone axis (secondary hyperaldosteronism); 

↑ ADH (non-osmotic release) 

 

 

Retention of salt and water by hypoperfused kidneys aggravates ascites, but cannot restore EABV unless 

cirrhosis (the primary problem) is corrected. 
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In the early stages of cirrhosis, cardiac output is maintained by an increase in heart rate and 

myocardial contractility.  Early in the course of cirrhosis, cardiac output may even be elevated in the 

face of a low systemic vascular resistance and the circulation is often referred to as hyperdynamic.  

Aldosterone increases the reabsorption of Na, Cl and H2O by the ‘aldosterone sensitive distal 

nephron’ in the kidneys. These apparently adaptive responses cannot however restore EABV unless 
cirrhosis (the primary disease process) and portal hypertension are corrected.  Activation of the renin-

angiotensin-aldosterone cascade is thus a double-edged sword – it leads to continued retention of salt 

and water by the kidneys.  This is why spironolactone, an aldosterone antagonist, is used in the 
management of ascites to break this vicious cycle.  However, when using diuretics, care should be 

taken to ensure that hypotension does not result.   

 

 

33. Is hypoalbuminemia the cause of ascites in cirrhosis? 

Not all individuals with hypoalbuminemia develop substantial ascites.  The proximate cause of ascites 

in cirrhosis is portal vein hypertension.  However, when liver cell synthetic function deteriorates to 

the point of causing hypoalbuminemia, ascites worsens if at all because hypoalbuminemia causes a 

reduction of the colloid osmotic pressure of plasma.  Consequently intravascular volume and EABV 

drop further, prompting further retention of salt and water by the kidneys.  Furthermore, by increasing 
the volume of distribution of available albumin, ascites aggravates hypoalbuminemia.  

 

 

34. What does the pressure gradient between portal vein and hepatic vein reflect? 

The pressure gradient between portal vein and hepatic vein reflects resistance to flow through hepatic 

sinusoids.  When cirrhosis is the cause of portal hypertension, there is an abnormally high (> 5 mm 

Hg) pressure gradient between portal vein and the hepatic vein, and absolute pressure in the portal 

vein is elevated.  This metric is called hepatic vein pressure gradient (HVPG).  These measurements 

are invasive and are often not obtained in routine practice. A HVPG > 10 mm Hg is the strongest 
predictor of bleeding from esophageal varices, ascites, hepatic encephalopathy or jaundice. (Garcia-

Tsao and Bosch, 2010) 

 

 

35. Are individuals with cirrhosis and ascites at risk of renal injury? 

Based on the pathogenesis of ascites in cirrhosis (discussed in Question 32), one can explain the 
predilection to renal hypoperfusion and injury in patients with advanced cirrhosis and portal 

hypertension.  Hepatorenal syndrome is the term used to refer to renal insufficiency developing in 

individuals with chronic liver disease (example, cirrhosis) or acute liver injury and there are specific 

criteria for making this diagnosis. (Feldman et al, pp. 1546-7)  The important point, however, for our 

purposes is that renal hypoperfusion is a pathogenetic mechanism in the onset of renal failure in 

hepatorenal syndrome.  Individuals with cirrhosis may also develop acute kidney injury following 

massive hematemesis.   

 

 

36. Discuss the physiologic principles that underlie the management of gastroesophageal varices. 

Gastroesophageal varices are dilated portosystemic collateral veins caused by portal vein 

hypertension.  The development of varices of internal hemorrhoidal veins and caput medusae is also a 
direct consequence of portal vein hypertension.  Bleeding from ruptured esophageal varices 

constitutes a major mechanism predisposing to decompensation and death in individuals with 

cirrhosis and portal hypertension.  

 

Acutely bleeding esophageal varices may be tamponaded by an adequately pressurized balloon placed 

in the esophagus as a temporizing measure or ligated via endoscopic procedures to stop bleeding.  The 

somatostatin analog octreotide, administered parenterally, reduces splanchnic blood flow via its 

vasoconstrictive effects.   
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Non-selective beta-blockers (propranolol) have been widely used for preventing bleeding from 

gastroesophageal varices: beta-1 receptor blockade reduces heart rate and myocardial contractility and 

therefore tends to reduce cardiac output.  Beta-2 adrenoceptors in blood vessels in skeletal muscle and 

splanchnic circulation mediate vasodilation; thus beta-2 adrenoceptor blockade increases splanchnic 

vascular resistance.   
 

Alternatively, surgery creating a shunt between the portal vein and the hepatic vein or the inferior 

vena cava may be performed; this basically decompresses the portal venous system into a high 
compliance systemic vein (instead of smaller veins in the gastroesophageal junction). Thus, it reduces 

the risk of life threatening bleeding from esophageal varices though it comes with increased 

likelihood of hepatic encephalopathy. (Garcia-Tsao and Bosch, 2010) 

  

 

37. What does the serum-ascites albumin gradient (SAAG) indicate? 

Serum-ascites albumin gradient (SAAG)  

= Serum [albumin] – ascites [albumin], both obtained on the same day.   

 

If the SAAG is > 1.1 g/dL, it specifically suggests that ascites is due to transudation of fluid into 
peritoneal cavity from high pressure in the portal vein and consequently splanchnic venules and 

capillaries.  Ascites is due to portal vein hypertension in congestive heart failure, hepatic vein 

thrombosis, cirrhosis, and portal vein thrombosis.  An SAAG > 1.1 g/dL is now considered a 

reasonably accurate surrogate of elevated portal vein pressure.   

 

In contrast, when SAAG is < 1.1 g/dL (i.e., when serum albumin and ascites albumin concentrations 

are similar), portal hypertension is unlikely, but splanchnic capillary permeability must have increased 

due to some cause for serum albumin and ascites albumin concentrations to be similar. This happens 

for instance with ascites due to peritoneal carcinomatosis, pancreatitis. (Feldman et al, 1523-24) 

 

 

38. List the consequences of resection of the terminal ileum on digestion and absorption of 

nutrients explaining the underlying mechanisms.  

Vitamin B12 is absorbed in the terminal ileum where receptors for vitamin B12 - intrinsic factor 

complex are located.  Since vitamin B12 is also stored in the liver, symptoms of vitamin B12 deficiency 
may take years to manifest.  Steatorrhea, bile acid induced diarrhea, and malabsorption of fat-soluble 

vitamins A, D, E and K are also likely to occur. 

 

 

39. A 50-year-old man has undergone a cholecystectomy as part of management of acute 

cholecystitis. What is the likely impact of cholecystectomy on digestion and absorption of 

nutrients? 

A mechanism for storage of bile is lost.  Normally, bile salts are concentrated about 10 fold in the 

gallbladder and this mechanism is lost following cholecystectomy.  Thirdly, bile flow into the 
duodenum is less precisely regulated and more bile tends to flow into the duodenum during the 

interdigestive phase than normally.  In a small study, patients following cholecystectomy were found 

to have higher meal stimulated CCK levels compared to healthy controls. (Mc Donnell et al, 2002) 
The ability to tolerate a large fatty meal may be diminished.  It is typical to advise a reduction in 

intake of fatty foods following cholecystectomy.  

 

 

40. You are examining a 50-year-old male who underwent bowel surgery the previous morning.  

The patient is conscious, alert, and complains of nausea, a bloating sensation and poorly 

localized pain in the abdomen.  He says he has not passed flatus since he has been awake.  

Percussion of the abdomen reveals a tympanitic resonant note; bowel sounds are consistently 

absent throughout the abdomen; and x-ray reveals an air filled stomach and distention of small 
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bowel and colon by pockets of gas and fluid.  What pattern of gastrointestinal motility is this 

consistent with? 

This picture is consistent with paralysis of visceral smooth muscle of the gastrointestinal tract and 

suspension of propulsive motility in the absence of mechanical obstruction to propulsion of content in 

the intestinal lumen (paralytic adynamic ileus).  The reflex response of the intestines to trauma is 
diffuse inhibition of intestinal motility due to a reflex increase in sympathetic discharge to intestinal 

smooth muscle.  Secretion of digestive juices continues as does production of gas from titration of 

acid by alkaline juices in the intestine.  Intestinal contents are not propelled into the colon thereby 
causing the accumulation of pockets of gas and fluid in dilated bowel loops.  Distention of bowel 

loops impairs absorption, thus, significant quantities of ECF may be lost into the intestinal lumen. 

 

Manipulation of the intestines such as during abdominal surgery, inflammation of the peritoneal 

cavity such as occurs in acute pancreatitis, appendicitis, perforation of a duodenal ulcer, are all known 

to be complicated by ileus.  Mu-opioid receptor activation in the ENS inhibits the release of Ach from 

cholinergic motor neurons and also inhibits propulsive motility. The use of opioids to achieve 

operative and postoperative analgesia prolongs ileus.  Hypokalemia is also a risk factor for paralytic 

ileus because it hyperpolarizes smooth muscle.   

 
In the past, ileus was managed by passing a nasogastric tube and aspirating fluid and gas for a few 

days until peristalsis returns but it does not hasten recovery from ileus. Alvimopan, a mu-opioid 

receptor antagonist has been shown to accelerate recovery of bowel motility following major 

abdominal surgery.  In the absence of complicating factors, postoperative ileus is self-limiting; small 

intestinal motility resumes typically within 24 hr of surgery, gastric motility returns in 1-2 days, and 

colonic motility returns within 3 days.  The passage of flatus and the return of bowel sounds have both 

been used as indicators of return of motility but a more definitive sign of recovery is when oral intake 

can occur without pain, bloating or emesis. (Feldman et al, pp. 2124-8) 

 

 

41. Summarize pathophysiologic mechanisms that can result in steatorrhea.  

Steatorrhea is defined as excretion of more than 7 g of fat in the stool on a 24-hour collection (or more 
than 7% of ingested fat) with a fat intake of 100 g per day (Feldman et al, p. 1750). Mechanisms that 

can result in defective fat digestion and or absorption can from a physiologic perspective be classified 

thus:  

 

i. Inadequate synthesis of bile acids as in diffuse severe hepatocellular disease.   

 

ii. Defective secretion of bile acids / bile salts: Specific defects in transporters for these 

molecules (example, bile salt export pump) have been described.  

 

iii. Defect maintaining an adequate concentration of bile acids in the upper small intestine: 

Obstruction to flow of bile within the intrahepatic bile canaliculi (intrahepatic cholestasis) or 

in the extrahepatic biliary tree (extrahepatic cholestasis) is a common mechanism of fat 
malabsorption.  Up to 50% of ingested fat may appear in the feces when bile is excluded from 

the intestine. When there is bacterial overgrowth in the proximal small bowel or bacterial 

infection of the biliary tree, premature deconjugation of bile acids by bacteria may occur 
before digestion of fat is complete.  Deconjugated bile acids do not incorporate into micelles 

effectively but get reabsorbed across the jejunal epithelium by nonionic diffusion. Then, the 

intrajejunal concentration of bile acids might be below the critical concentration at which 

micelles form, and this can lead to malabsorption of fat.  

 

iv. Impaired reabsorption of bile acids and bile salts in the terminal ileum. While 

unconjugated bile acids are absorbed by nonionic diffusion across mucosal cells in the small 

intestine, efficient recovery of 90-95% of bile salts occurs in the terminal ileum and is 

achieved by cotransport with Na (Na-bile salt cotransporter in the luminal membrane of 

enterocytes).  The total circulating pool of bile acids and salts in the adult is normally about 
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3.5-4 g.  In health, about 0.5 g of bile acids is synthesized per day by the liver.  Enterohepatic 

circulation of bile acids and salts occurs about 2-3 times with each meal and 6-8 times per 

day. The liver increases the synthesis of bile acids in response to reduced enterohepatic 

circulation of bile acids; however, the capacity for maintaining the bile acid pool in the face 

of continued losses of substantial amounts of bile acids in the feces, as may occur with 
extensive ileal disease or resection, is limited, and ultimately steatorrhea results.   

 

v. Ileal dysfunction such as in Crohn’s disease or following surgical resection of the terminal 
ileum results in an increased delivery of bile acids to the large intestine.  This may lead to bile 

acid diarrhea, primarily a secretory diarrhea, due to the stimulatory effect of bile acids in 

colon on secretion of Na and Cl by colonic epithelial cells.  Bile acid diarrhea does not 

respond to a decrease in dietary intake of fat but responds to a trial of cholestyramine, a bile 

acid binding resin that traps bile acids in the intestinal lumen and prevents them from having 

an osmotic or a secretory effect in the colon.  But the use of cholestyramine may further 

diminish the bile acid pool and worsen fat malabsorption.  In contrast, steatorrhea due to lack 

of bile salts in the small intestine responds to a low fat diet and does not respond to 

cholestyramine.  

 

vi. Significant exocrine dysfunction of the pancreas resulting in diminished output of 

pancreatic enzymes including lipase can lead to steatorrhea. This observation underscores 

the quantitative importance of pancreatic lipase over lingual and gastric lipase in the normal 

digestion of fat. However steatorrhea may not occur until about 90% of pancreatic exocrine 

function is lost.  

 

vii. Any disease process that decreases the pH of the duodenal lumen to less than 6 can 

inactivate pancreatic lipase. This is described to happen for example in patients with 

hypersecretion of gastric acid due to a gastrinoma.  This also suggests that normally 
pancreatic lipase is quantitatively the most important enzyme for digestion and absorption of 

fat. In contrast, deficiency of either gastric lipase or lingual lipase does not result in 

steatorrhea in the absence of pancreatic exocrine insufficiency. 
 

viii. Accelerated transit of chyme in the intestine: Diarrhea per se can reduce fat absorption by 

this mechanism; thus, in individuals with a watery diarrhea, steatorrhea has been defined as a 
fecal fat output exceeding 14 g per day with a fat intake of 100 g per day. (Feldman et al, pp. 

1750) 

 

ix. Defective uptake of fatty acids and 2-monoacylglycerol by enterocytes: Due to small 

intestinal mucosal dysfunction as in celiac disease. 

 

x. Defects in transport from enterocytes: For example, defect in chylomicron formation due to 

lack of apoprotein B as in abetalipoproteinemia.  

 
xi. Defect in the delivery of chylomicrons into the systemic circulation: Abnormal intestinal 

lymphatics as in intestinal lymphangiectasia.  

 
Medium-chain triacylglycerols (those with fatty acids consisting of 8-10 carbon atoms) do not 

require pancreatic lipolysis and can be absorbed as such by the intestinal epithelial cell.  

Further, their absorption does not require formation of micelles.  Since they are absorbed as 

such they do not need to be re-esterified in enterocytes.  Also they do not need to be 

incorporated into chylomicrons and are absorbed via the blood stream rather than via 

lymphatics.  
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42. Describe the mechanism of Cl, Na and H2O secretion by crypt cells of the small intestine.   

See the figure below.  Chloride enters enterocytes from interstitium by the 1Na-1K-2Cl symporter 

located on the basolateral membrane.  Activation of the adenylate cyclase cascade results in activation 

of cystic fibrosis transmembrane conductance regulator (CFTR), a chloride ion channel in the apical 

membrane of crypt cells.  Chloride passes down a transepithelial gradient through the CFTR in the 
luminal membrane and into the GI lumen.  This makes lumen in the crypts about 10 mV negative with 

respect to interstitial fluid.  Na+ leak into the lumen from the interstitium via tight junction is driven 

by the lumen negative transepithelial gradient.  Water enters lumen from interstitial fluid, its 
movement being driven by the NaCl rich luminal content in the crypt lumen.   

 

Somatostatin facilitates absorption of intestinal fluid whereas vasoactive intestinal polypeptide (VIP) 

stimulates the secretion of Na, Cl and water by the intestine. A loss-of-function mutation of the CFTR 

has been found to reduce the amount of Na and Cl secretion that occurs in response to enterotoxins. 

(Goodman and Percy, 2005)  Compounds that have been found to block currents via the CFTR 

channel reduce the secretion of Na and H2O in mouse models of cholera toxin induced diarrhea. The 

physiologic role of chloride secretion due to mechanisms other than CFTR mediated efflux of 

chloride is unclear.   

 

 
 
 

43. How does the Oral Rehydration Solution work in terms of transport processes in the small 

intestine? 
The Oral Rehydration Solution (ORS) does not work by inhibiting secretion of Na and Cl by crypt 

cells.  Rather the coadministration of Na and glucose (contained in ORS) allows co-absorption of 

these two species via the sodium-glucose cotransporter (SGLT) in villus epithelial cells. The lumen 

negative potential difference this creates facilitates the passage of chloride from the lumen into the 

interstitium, and water follows osmotic gradients established by solute uptake.   

 

Furthermore, when metabolized, the citrate in ORS yields bicarbonate.  In the absence of vomiting, 

the ORS is effective in toxin mediated secretory diarrheas since absorptive mechanisms in villus cells 

are typically unaffected in this condition. 

 

 

44. A 50-year-old woman presents with a 6-month history of bulky, malodorous, greasy stool. 

Prothrombin time is elevated and steatorrhea is documented with fecal fat output estimation.  

Results of the D-xylose test are normal.  She is not on any medication, and has not undergone 

any surgery in the past.  What further investigations will allow us to identify the mechanism(s) 

of malabsorption?  

I left this problem open without more liver chemistry results since my idea here is just to briefly 

describe an approach to evaluating causes of malabsorption that follows from a simple physiologic 

concept – we may think of bile, pancreatic juice, the small intestinal mucosa with its secretions, and 
appropriately regulated intestinal motility, as key players in normal digestion and absorption of 

nutrients.   



21 

 

 

D-Xylose Test: The urinary D-xylose test is helpful in the evaluation of suspected malabsorption 

because it allows us to distinguish a disorder of digestion of nutrients secondary to deficiency of bile 

and or pancreatic enzymes from disorders of absorption due to a disease process in the small intestinal 

mucosa. Orally administered D-xylose is not digested before being absorbed by normal small 
intestinal mucosa. An abnormal D-xylose test (defined as excretion of < 5 g of D-xylose in a 5 hr 

urine collection following oral administration of 25 g of D-xylose) suggests a disease process 

diminishing the absorptive capacity of the small intestinal mucosa. (Gyawali, 2008, p. 109)  For 
example, isolated deficiency of lactase, deficiency of bile, deficiency of pancreatic enzymes, are all 

characterized by a normal D-xylose test unless there is coexisting involvement of the small intestinal 

mucosa.  The sensitivity of the D-xylose test for detecting malabsorption also depends on the extent of 

the mucosal disease.  The ease with which a biopsy of the small intestine can be obtained by 

endoscopy and the false-negative rate of the D-xylose test have led to decreasing use of the D-xylose 

test.  However, with an abnormal xylose test result, screening for diseases affecting small intestinal 

mucosa is appropriate.   

 

Since D-xylose does not require digestion before absorption in the small intestine, a ‘normal D-xylose 

test’ makes extensive mucosal disease of the small intestine test in this patient less likely. 
 

Further evaluation should be directed toward assessing whether hepatobiliary disease or pancreatic 

exocrine insufficiency accounts for malabsorption.  

 

• Do clinical and radiologic data provide suggest the possibility of extrahepatic cholestasis?   

 

• Is there biochemical evidence for cholestasis such as a combination of 3-4 fold of alkaline 

phosphatase, elevation of γ-glutamyltransferase, conjugated hyperbilirubinemia? 

 

• If there is no evidence for any of this, bile insufficiency per se is unlikely.  Nonetheless, the 

quality of bile can be affected when bile salts / acids are prematurely deconjugated in the upper 

small intestine.  

 

• Evaluation of pancreatic exocrine function: The Secretin-CCK test entails administering a 

standard dose of secretin and CCK intravenously, and measuring the output of juices from the 

duodenum (HCO3, volume, and trypsin concentration) by duodenal intubation.  Though this is 
invasive, and other simpler tests are available, the secretin-CCK test is the most sensitive index of 

pancreatic exocrine function.   

 

 

45. List risk factors for bacterial overgrowth in the small intestine and consider the 

pathogenesis of small intestinal bacterial overgrowth in each case.  

• Achlorhydria  

• Lack of ileocecal valve (as may occur with terminal ileal and colonic resections or with an 

abnormal connection between colon and proximal bowel such as entercolic or gastrocolic fistulas) 

• Diverticula in the jejunum (causing stasis of chyme) 

• Impaired peristalsis due to any cause; example, strictures in Crohn’s disease 

• Advanced liver disease with portal hypertension and ascites 

 

Individuals with small intestinal bacterial overgrowth may be asymptomatic or have a malabsorption 

syndrome.  The diagnosis can be established by demonstrating increased levels of aerobic and 

anerobic bacteria in a jejunal aspirate.  One can do a breath hydrogen test following oral 

administration of a standard dose of lactose.  In the presence of bacterial overgrowth, abnormally 

large amounts of hydrogen are formed from bacterial conversion of lactose to hydrogen gas, absorbed 

into the circulation, and it is detectable in the breath.   
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46. Does severe heart failure predispose to invasive infections of the intestine? 

There is evidence that it does.  If heart failure is severe enough that this complication occurs, an 

underlying mechanism is inadequate splanchnic blood flow.  In heart failure, the reflex increase in 

sympathetic nerve activity tends to increase splanchnic vascular resistance and reduce mesenteric 
blood flow.  Second, chronic hypotension, whether due to heart failure or due to other causes, is a risk 

factor for splanchnic hypoperfusion.  If splanchnic autoregulation is overwhelmed, there is risk of 

intestinal mucosal ischemia and necrosis of tips of intestinal villi and entry of luminal pathogens into 
the bloodstream.  The point of the question is to remind the reader about the importance of splanchnic 

blood flow in the maintenance of integrity of the intestinal mucosa and consequently defense against 

infections.  

 

 

47. What does an abnormally increased excretion of protein in stool suggest? 

In health, very little protein is lost in stool, and the protein that is lost represents that coming from 

desquamated mucosal cells.  Sometimes close to 50% of the plasma protein pool may be lost via the 

gut. This entity is called protein-losing gastroenteropathy, and there is a long list of causes for it 

(Umar and DiBaise, 2010). Whatever the cause, substantial loss of plasma protein through the gut 
requires damage to intestinal mucosal epithelium, obstruction to lymphatic drainage from the 

intestine, and an increase in pressure and or permeability of intestinal capillaries. Clinical findings 

include hypoalbuminemia, edema, and other findings attributable to the underlying cause. A diagnosis 

of protein losing gastroenteropathy is reached after eliminating other causes of hypoalbuminemia and 

by demonstrating increased clearance in stool of alpha-1 antitrypsin, a protein secreted by the liver 

but not degraded in the lumen of the gut.  Alternately, the clearance of parenterally administered 

radionuclide labeled albumin in stool may also be documented to be abnormally high.  

  

 

48. A 65-year-old man presents with a history of watery stools since the past 2 years.  Other 

symptoms included episodic flushing, involuntary weight loss and severe weakness.  Until 2 yr 

ago, his bowel habits had been essentially normal.  He denies taking laxatives.  He has been 

hospitalized at least on three occasions over the past 6 months for management of acute kidney 

injury.   

 

Further findings of note were: diarrhea did not cease with fasting; stool volume averaged 1 liter 

per day; plasma [K+] = 2.8 mM (normal 3.5-5.5 mM); basal acid output = 1 mmol/h (normal 2-3 

mmol/h); and osmotic gap in stool was normal.  Colonoscopy did not reveal any abnormality.  

Further investigations revealed the presence of a tumor in the pancreas.  Additionally CT was 

suggestive of metastases in the liver.  What is the most likely etiology of the diarrhea? 

 

This is an individual with chronic watery diarrhea and hypokalemia.  The fact that diarrhea did not 

cease with fasting, and the fact that osmotic gap in stool was normal suggests secretory diarrhea.  

Hypokalemia is most likely due to losses of K from the colon as a result of chronically increased K 
secretion and accelerated transit of chyme in the intestine.  Acute renal failure probably resulted from 

hypovolemia and dehydration secondary to uncontrolled diarrhea.  This is the typical presentation of a 

tumor secreting vasoactive intestinal polypeptide (VIPoma; aka Verner-Morrison Syndrome or 
pancreatic cholera.) and the diagnosis is established by demonstrating abnormally high fasting 

concentration of VIP in serum when the patient has diarrhea.   

 

Effects of vasoactive intestinal polypeptide (in large doses) 

• Increases blood flow to the intestine 

• Increases secretion of Na, Cl and water by the intestine (voluminous, watery diarrhea) 

• Relaxes intestinal smooth muscle 

• Peripheral vasodilation (flushing) 

• Inhibition of gastric acid secretion (achlorhydria)  
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Somatostatin reduces splanchnic blood flow, inhibits digestive intestinal motility, inhibits the 

intestinal secretion of NaCl and water, and facilitates absorption of salt and water.  Thus, octreotide, a 

somatostatin analog, is used as a component of management of this condition.  Though the entity is 

rare, it offers insights into actions of GI hormones and neurotransmitters and principles for 
management of commoner gastrointestinal conditions with a similar pathophysiology.   

 

 

49. Summarize the role of mineralocorticoids and glucocorticoids on fluid handling in the gut.  

Aldosterone, the most potent endogenous mineralocorticoid hormone from the adrenal cortex, 

facilitates Na, Cl and H2O reabsorption and the secretion of K by duct epithelial cells in salivary 

glands.  It has a similar action on Na and K handling by the distal colon.  It does so by upregulating 

amiloride sensitive epithelial Na channels (ENaC) and K channels in the luminal membrane of the 

corresponding epithelial cells, Na-K ATPase in the basolateral membrane and other mechanisms.  

Aldosterone appears to have little effect on Na and Cl absorption in the small intestine. 

Glucocorticoids stimulate Na absorption in the small intestine and colon. This partly explains the 

predilection to diarrhea that occurs in association with deficiency of mineralocorticoids and 

glucocorticoids in Addison’s disease (Feldman et al, pp. 1675-94).  
 

 

50. A 65-year-old man has had to undergo near-total colectomy as part of management of 

colorectal cancer.  What are the short-term and long-term consequences of extensive resection 

of the large intestine? 

Humans survive total colectomy providing that fluid and electrolyte balance is maintained.  The 

terminal ileum is brought out and sutured to open on the abdominal wall and empty into an ileostomy 

bag.  If fluid balance and electrolyte balance is maintained, the volume of ileal discharge decreases 

over time and its consistency increases.  These adaptations occur over a few months and require 
continued feeding via the oral route.  

 

 

51. What is the fate of unabsorbed carbohydrate entering the colon? 

Normally, undigested or unabsorbed carbohydrate escaping into colon is metabolized to short-chain 

fatty acids (SCFA) by colonic bacteria.  How complete this process is depends on the rate of colonic 
peristalsis and the complement and function of colonic microbes. Acetate, propionate, butyrate are the 

major SCFA anions.  They are absorbed by colonic epithelial cells and may contribute to a significant 

fraction (∼10%) of caloric intake.  SCFA anions constitute the most abundant anions in normal stool.  

In the colon, SCFA facilitate Na, Cl and consequently water absorption by colonic epithelial cells by 

mechanisms not yet well understood.  Suppression of colonic microbes reduces the production of 
SCFA, and consequently reduces absorption of Na, Cl and water in the colon.  This mechanism may, 

in part, explain the occurrence of diarrhea following antibiotic therapy. 

 

 

52. What is the clinical definition of diarrhea and what are the various ways in which diarrhea 

is classified? 

Clinically, diarrhea, in an adult, is defined as an increase in stool water (or weight) to more than 200-

225 ml (or gram) per 24 h, when a western type diet is consumed.  Individuals consuming a diet with 

higher fiber content may normally have a stool weight of up to 400 g per 24 h. It is important to 
remember that when patients use the term diarrhea, they may use it to describe an increase in stool 

volume, an increase in the frequency of bowel movements, a decrease in stool consistency or any 

combination of these changes.  Based on pathophysiological mechanism, diarrhea is classified as 
secretory or osmotic.  Based on chronicity, diarrhea is classified as: acute if it lasts < 2 weeks; 

persistent if it lasts 2-4 weeks; and chronic if it lasts 4 weeks.  Based on composition of stool, 

diarrhea is classified as watery, fatty diarrhea (steatorrhea), or invasive (stool contains leukocytes, 

mucus and blood).  Based on volume of fluid lost and its effects on ECF volume, diarrhea may be 
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classified as mild, moderate, or severe.  Severe dehydration is defined as loss of approximately 10% 

of total body water. 

 

 

53. Stool Na and K obtained from a patient with chronic diarrhea are 60 mOsm/Kg H2O and 20 

mOsm/Kg H2O respectively.  Calculate osmotic gap of stool and interpret it.  

 

When osmotic diarrhea is suspected, it is helpful to calculate the osmolal or osmotic gap in stool.  
 

Stool osmotic gap = Measured osmolality of stool – Calculated osmolality of stool.  

 

Since Na and K are normally the major cations in stool, stool osmolality is calculated as 2 [(Na) + 

(K)] in stool; the multiplication by 2 is to account for obligate anions accompanying Na and K. 

 

Though, ideally, the osmolality of stool should be directly measured, in practice it is not routinely 

measured; instead the ‘measured osmolality of stool’ is invariably assumed to be 290 mOsm/Kg H2O, 

the osmolality of normal human plasma.  

 
If the osmotic gap in stool exceeds 50 mOsm/Kg H2O, it suggests diarrhea due to the presence of 

significant amount in stool of an osmotically active substance other than Na, K and its obligate anions 

(i.e., osmotic diarrhea).  Depending on the cause of osmotic diarrhea, the osmotic gap may be 

accounted for substances such as lactose, fructose, sorbitol, or magnesium.  In secretory diarrhea, 

stool osmotic gap is within normal limits.  

 

In the problem given, stool [Na+] = 60 mOsm/Kg H2O, and stool [K+] = 20 mOsm/Kg H2O 

Assumed (‘measured’) osmolality = 290 mOsm/Kg H2O 

Calculated osmolality of stool = 2 [60 + 20] = 160 
Osmotic gap = 290-160 = 130 mOsm/Kg H2O.  

The osmotic gap in stool is so wide that is indicative of an osmotic diarrhea. 

 

 

54. The stool [Na] and [K] of a 36 year old woman with a history of diarrhea since the past 6 

months are 10 mOsm/Kg H2O and 20 mOsm/Kg H2O respectively. Calculate the osmotic gap of 

stool and comment on it.  

Assumed (‘measured’) osmolality of stool = 300 mOsm/Kg H2O 

Calculated osmolality of stool = 2 [10 + 20] = 60 mOsm/Kg H2O 

Calculated osmotic gap = 300 – 60 = 240 mOsm/Kg H2O 

 

The calculated osmotic gap is extremely wide and one needs to actually measure the osmolality of 

stool and plasma rather than assuming stool osmolality to be the same as that of plasma.  This way, 

one can distinguish if stool has been diluted with water (i.e., water added to it after it has been passed 

– factitious diarrhea), from truly osmotic diarrhea. (Topazian and Binder, 1994) 
 

 

55. Discuss what typically happens to the anion gap in diarrhea and the mechanisms that 

underlie this.  

Serum anion gap is calculated as {[Na+] + [K+]} – {[Cl-] + [HCO-
3]} where all of them are expressed 

in mmol/L.  Calculated this way, the reference range is usually 8-16 mmol/L.  Some authors omit [K+] 

from the above equation. That is OK, but if this is done, then the reference range changes to 8-12 

mmol/L.  The anion gap is the difference in the concentration between unmeasured anions and 

unmeasured cations.  

 

Since the concentration of unmeasured cations in plasma is normally negligible, an increase in anion 

gap, for all practical purposes, must reflect an increase in the concentration of one or more 

unmeasured anions.  Acidosis in most uncomplicated diarrheas is associated with hyperchloremia, a 
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reduction in serum bicarbonate and an anion gap within the normal range.  This suggests that much of 

the Cl in the ileum and colon is absorbed electroneutrally in exchange for secreted HCO3 (Boron, p. 

941).  This is not to say that the increase in Cl exactly equals the reduction in HCO3.  Indeed, serum 

[Na] in individuals with diarrheas may be normal, low or elevated.   

 
In the colon, Na is absorbed through an electrogenic mechanism (epithelial Na channels in the apical 

membrane) and an electroneutral mechanism (Na-H exchange).  The more Cl is presented to the 

colon, higher the amount of HCO3 secreted into the lumen.  Thus, typically, in diarrheas, there is net 

secretion of HCO3 in the colon, and HCO3 is the predominant anion in stool.    

 

However, sometimes, diarrhea is severe enough to result in a high anion gap metabolic acidosis. If 

dehydration from diarrhea is severe enough to result in hypotension, the tissue hypoperfusion that 

ensues may enhance the production of lactate.  An increase in the concentration of lactate would 

elevate the anion gap.  Finally, unless promptly managed, severe diarrhea complicated by hypotension 

may also lead to acute renal failure from renal hypoperfusion.  In this case, the progressive 

accumulation of phosphate, sulfate, lactate and other organic anions in serum may raise the anion gap.  

Finally, understanding what happens to anion gap in acute or chronic diarrhea does not require 

knowledge of the inner workings of the nephron. 

 

 

56 A preterm newborn presented with abdominal distention, recurrent diarrhea, and failure to 

thrive.  Lab work up indicated hypochloremic metabolic alkalosis. What underlies the 

development of metabolic alkalosis in an individual with diarrhea in the absence of vomiting? 

Typically, diarrhea is complicated by metabolic acidosis and hyperchloremia because, in the colon, 

bicarbonate is secreted in exchange for absorbed chloride.  But in this child, recurrent diarrhea has 

peculiarly resulted in metabolic alkalosis and hypochloremia.  Congenital chloride diarrhea has been 

found to be due to a loss of function mutation in a Cl-HCO3 exchanger in the apical membrane of ileal 
and colonic enterocytes that secretes HCO3 into the lumen in exchange for chloride uptake. The result 

is substantial loss of chloride in stool, and with it Na and H2O.  Management consists of appropriate 

fluid repletion.  Stool concentration of chloride exceeds 90 mM even after fluid and electrolyte 
balance is corrected.  
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