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Gastroesophageal reflux is a very common disease. Almost everybody experiences heartburn from time

to time but with different degree of severity. How does reflux occur, and which factors encourage or

work against reflux is a very controversial matter. This article covers all controversial issues about the

pathophysiology of gastroesophageal reflux and discusses the old and recent understanding of the

disease.

PHYSIOLOGY 

Esophageal Peristalsis

The esophagus functions primarily to conduct food from the pharynx to the stomach. It has two types

of peristaltic movements1, primary and secondary, where the former is simply a continuation of the

peristaltic wave that begins in the pharynx, spreads down the esophagus, and reaches the stomach in 5

to 10 seconds2. However, the food usually reaches the stomach a little quicker due to the additional

effect of gravity2. The secondary peristalsis originate in the esophagus in response to any food retained

in the esophagus. Both types of peristalsis are controlled by the vagal reflexes3.

The lower esophageal sphincter (LES)

This is a zone of increased pressure, about 3 to 5 cm long, at the lower end of the esophagus4,5. Like

the upper sphincter, it is always in a state of contractions6, generating this high pressure zone to prevent

the reflux of stomach contents into the esophagus. The sphincter relaxes with swallowing and returns

back to its high basal pressure as the wave of peristalsis passes. There has been considerable

controversy regarding the nature of this sphincter, and the way it generates this high pressure inspite of

the fact that there is no anatomical component to this sphincter. At this time7 it appears that the basal

LBS pressure is due to its intrinsic myogenic activity and that the increase in pressure (contraction) or

the decrease in pressure (relaxation) is under neural and hormonal mechanisms7. The neural control is

through the vagus nerve which transmit both excitatory and inbibitory impulses to the sphincter8-11, so

both contraction and relaxation is due to these neural impulses, which is now believed to be modulated

also by the sympathetic nerves9. The basal tone, however, is not dependent on the vagal innervation10,

as it has been shown that cutting the vagi does not abolish the basal LBS pressure in either animals12 or

humans13. The basal LBS pressure also is not dependent on the high intra abdominal pressure as the

basal LES pressure is maintained when the LBS happens to lie above the diaphragm14. The hormonal

factor15 has been studied in detail in the last 20 years, and many agents were found either to raise or

lower the basal LBS pressure. These are shown6 in Table.



The LBS maintains the ability to raise its resting tone in response to any increase in the intragastric

pressure, and this h believed to be mediated by the vagus nerve13,16. However, others still think that

this is mainly due to the mechanical compression by the diaphragm or other anatomical structures17,18.

The LBS pressure is asymmetric19,20 in both its length and pressure profile. At the lower half, higher

pressures are observed on the left side, which is again probably a reflection of the anatomical position

of the distal esophagus. Normal values are thus approximations, usually in the range of 15mm Hg to

22mm Hg and is affected by inspiration also, being higher with inspiration and lower with expiration21.

Pathogenesis of gastroesophageal reflux

A positive pressure gradient exists between the abdominal and thoracic cavity, where the mean pressure

in the thoracic esophagus is —15mm Hg to + 5mmHg2 and the mean pressure in the fundus and

proximal stomach ranges from 7 mmHg to 50mmHg and is increased while straining and coughing22.

Therefore mechanisms must exist to prevent the gastroesophageal reflux.



Defense mechanisms against gastroesophageal reflux

Before 1953, when the presence of the LES was demonstrated by Butin and Sanchez4,5 anatomical

factors were thought to be the sole mechanism against GE reflux23. Currently the wide spread belief is

that multiple factors must be working together in preventing GE reflux6,24-29 like:

1. Anatomical factors

Although the presence of an anatomical sphincter has been postulated30, the consensus of opinion to

date is that no such sphincter really exists31. The different anatomical factors that are thought to help

against reflux have been divided into two groups. The first group, called the possible valve mechanism

group, include: a mucosal flap32 flutter valve33 acute esophago gastric angle33 , compression by gastric

sling fibers34 and the mucosal choke hypothesis proposing that adhesive mucosal forces exist during

sphincter closure and help resist its opening25. The second group consists of mechanical factors that

compress the distal esophagus at or near the hiatus. These include: the diaphragmatic pinch cock35, the

phrenoesophageal ligaments35,36. the sling action of the right crus of the diaphragm37,38 and the

abdominal segment of the esophagus37,39 being surrounded by the positive intra abdominal pressure.

What gave the anatomical factors even more importance are the facts that:

a. The LES pressure is radially asymmetric19,22 which cannot be accounted for by intrinsic squeeze

alone, which theoretically should be symmetrical. This invites the idea of some mechanical factors28

affecting the LES pressure.

b. The fact that a modest high pressure zone exists at the hiatus level even when the LES herniates into

the chest38,40, forces the idea that the extrinsic diaphragmatic forces must contribute to the intraluminal

pressure measured at the hiatal level, when the LES is located within the hiatus.

c. It has been found that when the LES pressure is reduced by atrophine, reflux is not enhanced41,42

and that during relaxation of the sphincter, reflux is not always occurring which could be the

enhancement of other mechanical factors.

d. The fact that there is an overlap in the LES pressure values between symptomatic and asymptomatic

patients suggests the role of factors other than LES pressure alone.

For a long time, hiatus hernia has been thought of as a major factor in the production of reflux. This

assumption was based on the high incidence of sliding hiatal hernia in patients with gastroesophageal

reflux43,44 and according to this assumption, the mechanical factors described above are disrupted by

the presence of such hernia35,45. Others, however, have negated the above assumption by providing the

following facts: First, 30% to 50% of the general population have hiatus hernia, and yet only 5% have

significant reflux46. Second, hiatus hernia may be the result of esophagitis caused by reflux47,48. Third,

that LES pressure which is considered now as the main factor against reflux is not affected by its

anatomical position, as it maintains its competence in the chest as well14. Fourth, even if we believe the

assumption that hiatus hernia disrupts the anatomical factors, these factors themselves are only one

acting defense force among the other five more important forces, which negate the attractive idea that

hiatus hernia is a major cause of gastroesophageal reflux. Currently, the presence of hiatus hernia is

believed not to be an important issue in the clinical evaluation of patients with gastroesophageal

reflux49 and at best is a very minor factor in the production of gastroesophageal reflux50,27.

2. The lower esophageal sphincter: LES

Since early reports about the existence of the lower esophageal sphincter in man4,5,50-52, a great deal of

research about the subject has occurred25-27,30,41,53 where the innervation, and the hormonal control of

the LES sphincter have been studied in detail. While twenty five years ago, anatomical factors were

solely believed to be the main barrier against reflux23, it is now generally accepted that the major

abnormality in patients with gastroesophageal reflux is the incompetence of the LES54-56. The causes



of this incompetence are not known. Cohen37 has postulated that it may result from alterations of one

or more of the mechanisms responsible for the sphincter competence and so it could result from

abnormalities in the muscle, neural fibers, or gastrointestinal neuropeptides, alone or in combination,

and so reflux can occur from decreased tonic activity of excitatory nerves or atrophy of the circular

muscle layer as in scleroderma57 or from a functional disorder of the circular muscle induced by

circulating hormones27. Others have shown that GE reflux itself can damage the cholinergic

innervation of the LES and the muscularis propria of the esophagus58. Practically speaking, reflux

usually occurs in the recumbent position, while asleep, and in the fasting state and this is due to the

decrease in the basal LES pressure which is found inmost patients with symptomatic gastroesophageal

reflux. The reduction is usually below 10mmHg and can be as low as 2 or3mmHg. In some patients,

reflux occurs while doing exercise, bending over, straining, or wearing tight garments or corsets, and

this is explained by the fact that patients with gastroesophageal reflux don’t have the adaptive

mechanism that allows the LES pressure to increase to a greater degree when the intra abdominal

pressure is increased during the above mentioned conditions. This adaptive response has been

demonstrated clearly in healthy patients. However, its nature is still debated whether it is a neurogenic

reflex13,16,59 or purely a mechanical event17,18,60. Although the concept of the LES as the major barrier

against reflux is generally accepted54-56,61 and seems attractive, it has come under attack because of

some of the discrepancies that have been found with the measurement of the LES pressure. In at least

25% of patients with reflux the basal LES pressure is in the normal range62,63. This has been

explained28 by the fact that the basal LES pressure as measured in the laboratory may not always

reflect the pressure that is present when the reflux occurs, which is again affected by so many

hormones, and the type of diet, e.g., fat, alcohol, etc. It can also be attributed to the fact that the

sphincter tone varies considerably during the day, which means that a single measurement does not

necessarily reflect the daily events. In a recent study64 using prolonged intraesophageal PH and

pressure monitoring, they showed that reflux occurred primarily when the sphincter pressure was low

and that transient relaxation of the sphincter was responsible for the reflux esophagitis present in some

of their patients with the LES pressure within the normal range. Another point is the occurrence of

occasional reflux in healthy subjects, that have normal LES pressure, this was clarified again in many

studies64-66 where it was shown that transient relaxation of LES that occurred most frequently in

subjects with normal LES pressure was responsible for 98% of the reflux episodes, and these were not

related to swallowing which is also known to produce transient relaxation of the LES.

ESOPHAGEAL CLEARANCE 

Another important line of defense against gastroesophageal reflux and its consequences like esophagitis

is the efficacy of esophageal clearance, which determines the duration of esophageal exposure to the

noxious reflexed material, and the severity of esophagitis produced67-69. Esophageal clearance depends

on three factors, one is the effect of gravity70 second is primary and secondary peristalsis71. third is

saliva72. During sleep, however, swallowing cease almost completely73 and the only mechanism

available would be secondary peristalsis as the effect of gravity also disappears while awake, primary

peristalsis, elicited by swallowing is the main factor that clears the esophagus66 and although

gastroesophageal reflux often elicits secondary peristalsis, the major mechanism eliciting peristalsis is

the high frequency of swallowing and so primary peristalsis protects against reflux while the person is

awake64 and secondary peristalsis works during sleep70. Saliva is found to promote acid clearance from

the esophagus72 which can be attributed to the fact that it has a diluent and washing effect, and with its

bicarbonate content (Ph of 7) can neutralize acid very well, in addition, it elicits deglutination71. In



patients with reflux, the abnormality is in the increased incidence of non peristaltic contractions at the

lower esophagus which cause ineffective clearance of acid7475.

Gastric volumes

It has been shown that as gastric secretory volume is increased, gastroesophageal reflux is increased

too76 and that reflux increase significantly after meals64,77. Gastric volume can be increased due to the

following53, (a) volume and composition of ingested material, (b) rate of gastric secretion, (c) rate of

gastric emptying, and (d) rate and volume of duodenogastric reflux. So reflux is increased with large

meals and fatty foods which in addition to lowering the LES pressure, take longer time to leave the

stomach, and thus lead to more reflux78. Patients with duodenal ulcer also have high incidence of

reflux disease79 probably because of increased acid volume in the stomach. Delayed gastric emptying80

and impaired antral motility81,82 has been reported in up to 40 percent of patients with GE reflux, so

more volume is available for reflux. Duodenogastric reflux leads to increased volume of the stomach

and provides more of the harmful bile to the gastric juice83,84.

Potency of reflux material

The composition of reflux material is very important in determining the severity of symptoms of

gastroesophageal reflux and the degree of esophagitis26,27. It has been shown for example that bile with

the gastric acid and pepsin can be more harmful and together form a potent combination that leads to

reflux disease84 as bile increases the permeability of esophageal mucosa to Hcl85.

Mucosal resistance

The esophageal mucosa is very sensitive to damage from acid, pepsin or bile salts, and the degree of

damage may depend on the ability of the mucosa to regenerate.

REFLUX ESOPHAGITIS 

Reflux esophagitis is a well documented manifestation of gastroesophageal reflux27,31,86,87 and the

severity of the esophagitis parallel the severity of the reflux. Some aspects remain controversial. Many

cases are known where reflux can be demonstrated radiologically and symptoms are very severe yet

with no evidence of esophagitis88 on endoscopy. Other cases show severe esophagitis with the patient

having minimal symptoms. This has been explained by the fact that esophagitis has so many factors

that help against it such as the mucosal resistance of the esophagus49. its clearance ability, and the

saliva71,72 which make the injury variable from person to person. Esophagitis usually starts with very

minimal changes in the basal cell layer of the epithelium, where the mucosa appears grossly normal on

endoscopy89. There is increased activity and increased thickness of the basal layer; however, eventually

superficial ulceration supervenes, followed by deep ones, this invites healing by granulation tissue

which lead to stricture formation.

REFERENCES 

1. Fleshier, B., Hendrix, T:R., Kramer, P. and Ingelfinger, FJ. The characteristic and similarity of

primary and secondary peristalsis in the esophagps. J. Clin. Invest.,1959; 38:110.

2. Goyal, ItK. and Cobb, B.W. Motility of the phaiynx, esophagus and esophageal sphincters, in

physiology of the gastrointestinal tract. Edited by L.R. Johnson, New York, Raven Press, 1981, p.137.

3. Ingelfinger, F.J. Esophageal motility. Physiol. Rev., 1958;38 : 533.

4. Butin, J.W., Olson, A.M., Moersch, 11.1 and Code, CF. A study of esophageal pressures in normal

persons and patients with cardiospasm. Gastroenterology, 1953; 23:278.

5. Sanchez, G.C., Kramer, P. and Ingelfinger, F.J. Motor mechanisms of the esophagus particularly of



its distal portion. Gastroenterology, 1953; 25 : 321.

6. Castell, D.O. The lower esophageal sphincter. Physiological anal clinical aspects. Ann. Intern. Med.,

1975; 83: 390.

7. Goyal, R.K. Neurohormonal, hormonal and drug receptors for the lower esophageal sphincter.

Gastroenterology, 1978; 74 : 598.

8. Snape, Wi. Jr. and Cohen, S. Control of esophageal and lower esophageal function: Neurohormonal

and myogenic factors. Front Gastrointest. Res., 1978; 3: 76.

9. Zfass, A.M., Prince, R, Allen, F.N. et aL Inhibitorybeta adrenergic receptors in the human esophagus.

Am. 3. Dig. Dis., 1970; 15 : 303.

10. Rattan, S. and Goyal, R.K. Neural control of the lower esophageal sphincter; influence of the vagus

nerves. 3. Clin. Invest., 1974; 54: 899.

11. Christensen, J. Effects of drugs on esophageal motility. Arch. Intern. Med., 1976; 136 : 532.

12. Christensen, J., Freeman, B.W. and Miller, J.K. Some physiological characteristics of the

esophagogastricjunction in the opossum. Gastroenterology, 1973; 64: 1119.

13. Blackman, A.H., Rakatansky, H., Nasrullah, M. and Thayer, W.R Transabdominal vagotomy and

the lower esophageal sphincter function. Arch. Surg., 1971; 102: 6.

14. Lind, J.F., Cotton, Di., Blanchard, It, Crispin, S. and Dimopolos, G.E. Effect of thoracic

displacement and vagotomy on the canine gastroesophageal junctional zone. Gastroenterology, 1969;

56: 1078.

15. Snape, Wi. Jr., Cohen, S. Hormonal control of esophageal function. Arch. Intern. Med., 1976; 136:

538.

16. Crispin, J.S., Mclver, D.K. and Lind, J.F. Manometric study of the effect of vagotomy on the

gastroesophageal sphincter. Can. J. Surg., 1967; 10: 299.

17. Csendes, A., Oster, M., Bradsborg, 0., Moller, J.T., Overgaard, H., Brandsborg, M., Funch-Jensen,

P. and Andrup, E. The effect of vagotomy of human gastroesophageal sphincter pressure in the resting

state and following increases in intra- abdominal pressure. Surgery, 1979; 85 : 419.

18. Dodds, Wi., Hogan, W.J., Miller, W.N. and Staff, J.J. Effect of increased intra-abdominal pressure

on lower esophageal sphincter pressure. Am. J. Dig. Dis., 1975; 20-298.

19. Winans, C.S. Manometric asymmetry of the lower esophageal high pressure zone. Dig. Dis., 1977;

22: 348.

20. Welch, R.W. and Drake, S.T. Normal lower esophageal sphincter pressure; a comparison of rapid

vs. slow pull- through techniques. Gastroenterology, 1980; 78: 1446.

21. Welch, R.W. and Gray, J.E. Influence of respiration on recordings of lower esophageal sphincter

pressure in humans. Gastroenterology, 1982; 83: 590.

22. Marchand, F. A study of the forces productive of gastroesophageal regurgitation and herniation

through the diaphragmatic hiatus. Thorax, 1957; 12: 189.

23. Collis, J.L., Kelly, T.D. and Wiley, A.M. Anatomy of the crura of the diaphragm and the surgery of

hiatus hernia. Thorax, 1954; 9: 175.

24. Delattne, J.F., Palot, J.P., Ducasse, A., Flament, J.B. and Huneau, J. The crura of the diaphragm and

diaphragmatic passage. Applications to gastroesophageal reflux. Its investigation and treatment. Anat.

Clin., 1985; 7: 271.

25. Friedland, G.W., Melcher, D.H., Berridge, F.R. and Gresham, G.A. Debatable points in the anatomy

of the lower esophagus. AIR., 1966; 21: 487.

26. Behar, J. Reflux esophagitis; pathogenesis, diagnosis, and management. Arch. Intern. Med., 1976;

136 : 560.

27. Dodds, W.J., Hogan, W.J., Helm, J.F. and Dent, J. Pathogenesis of reflux esophagitis.

Gastroenterology, 1981; 81: 376.

28. Cohen Sidney. Diseases of the esophagus. Newyork, Churchill Livingstone, 1982; p. 197.

29. Skinner, D.B. Pathophysiology of gastroesophageal reflux. Ann. Surg., 1985; 202: 546.



30. Botha, G.S. The gastro-oesophageal junction, clinical applications to oesophageal and gastric

surgery. Boston, Little Brown, 1962, p. 207.

31. Dodds, W.J., Hogan, W.J. and Miller, W.N. Reflux esophagitis. Am. J. Dig. Dis., 1976; 21 : 49.

32. Tocornal, J.A., Snow, H.D. and Fonkalsrud, E.W. A mucosal flap valve mechanism to prevent

gastroesophageal reflux and esophagitis. Surgery, 1968; 64:519.

33. Watkins, D.H.. Prevedel, A.E. and Munro, GA. Valvular esdphagogastrostomy; a method of

preventing peptic esophagitis following esophagogastric anastomosis. Surg. Forum, 1954; 5 : 328.

34. Rayl, J.E., Balison, J.R., Thomas, H.F. and Woodward, E.R. Combined radiographic, manometric

and histological localization of the canine lower esophageal sphincter. J. Surg. Res., 1972; 13: 307.

35. Bombeck, C.T., Dillard, DII. and Nyhus, L.M. Muscular anatomy of the gastroesophageal junction

and role of phreno- esophageal ligament. Autopsy study of sphincter mechanism. Ann. Surg., 1966; 164

: 643.

36. Michelson, E., Siegel, C.I. The role of the phrenoesophageal ligament in the lower esophageal

sphincter. Surg. Gynecol. Obstet., 1964; 118: 1291.

37. Ingelfinger, FJ. The sphincter that is a sphinx. N. Engl. J. Med., 1971; 284: 1095.

38. Habibulla, K.S. The diaphragm as an antireflux barrier. A manometric, esophagoscopic, and

transmucosal potential study. Thorax, 1972; 27: 692.

39. Blough, R.R., Johnson, L.F. and Skinner, D.B. Interaction of lower esophageal sphincter pressure

and length of sphincter in the abdomen as determinants of gastroesophageal competence. Am. J. Surg.,

1982; 143 : 40.

40. Lnid, J.F., Warrian, W.G., Wankling, Wi. Response of the gastroesophageal junctional zone to

increase in abdominal pressure. Can. J. Surg., 1986; 9: 32.

41. Skinner, D.B. and Camp, T.F. Jr. Relation of esophageal reflux to lower esophageal sphincter

pressures decreased by atropine. Gastroenterology, 1968; 54: 543.

42. Kantrowitz, P.A., Corson, J.G., Fleischli, D.J. and Skinner, D.B. Measurement of gastroesophageal

reflux. Gastroenterology, 1969; 56: 666.

43. Stein, G.N. and Finkelstein. A. Hiatal hernia; roentgen incidence and diagnosis. Am. J. Dig. Dis.,

1960; 5: 77.

44. Dyer, N.H. and Pridie, R.B. Incidence of hiatus hernia in asyniptomatic subjects. Gut, 1968; 9: 696.

45. Dillard, D.H. and Anderson, N.H. A new concept of the mechanism of sphincteric failure in sliding

esophageal hiatal hernia. Surg. Gynecol. Obstet., 1966; 122:1030.

46. Wolf, B.S. Sliding hernia; the need for redefinition. AJR.,1973; 117:231.

47. Kramer, P. Does a sliding hiatus hernia constitute a distinct clinical entity? Gastroenterology, 1969;

57 : 442.

48. Lichter, I. Measurement of gastroesophageal acid reflux;its significance in hiatus hernia. Br. J.

Surg., 1974; 61: 253.

49. Moossa, A.R. and Skinner, D.B. Gastroesophageal reflux and hiatal hernia. A re-evaluation of the

current data and dogma. Ann. Coll. Surg. Engl., 1976; 58: 126.

50. Fyke, F.E. Jr., Code, C.F. and Schlegel, J.F. The gastro esophageal sphincter in healthy human

beings. Gastroenterologia, 1956; 86: 135.

51. Botha, G.S.M., Astley, R. and Carre, I.J. A combined cineradiography and manometric study of the

gastroesophageal junction. Lancet, 1957; 1: 659.

52. Atkinson, M., Edwards, D.A., Honour, A.J. and Rowlands, E.N. The oesophagastric sphincter in

hiatus hernia. Lancet, 1957; 2: 1138.

53. Cohen, J. The diagnosis and management of gastro esophageal reflux. Adv. Intern. Med., 1974;

21:47.

54. Pope, C.E. A dynamic test of sphincter strength; its application to the lower esophageal sphincter.

Gastroenterology, 1967; 52: 779.

55. Haddad, J.K. Relation of gastroesophagealreflux toyield sphincter pressures. Gastroenterology,



1970; 58: 175.

56. Winans, C.S. and Harris, L.D. Quantitation of lower esophageal sphincter competence.

Gastroenterology, 1967; 52: 773.

57. Treacy, W.L., Baggenstass, A.H., Slocumb, C.H., and Code, C.F. Scleroderma of the esophagus. A

correlation of  histologic and physiological findings. Ann. Intern. Med., 1963 ; 59 : 351.

58. Biancani, P., Dodds, W.J., Storer, E. et al. Acute experimental esophagitis affect mechanical

properties of the lower esophageal sphincter. Gastroenterology, 1979;76: 1100.

59. Dodds, Wi., Hogan, Wi. and Steff, J.J. Effect of in creased intra-abdominal pressure on low

esophageal sphincter pressure. Am. J. Dig. Dis., 1975; 20: 298.

60. Fyke, FE., Code, C.F. and Schlegel, J.F. The gastro esophageal sphincter in healthy human beings.

Gastroenterologia, 1956; 86: 135.

61. Toune, C.T.. Beauchamp, G. and Aroichane, M. Pathophysiology and surgical correction of

gastroesophageal reflux; review of the issues. Can. J. Surg., 1986; 29:154.

62. Behar, J., Bianeani, P. and Sheahan, D.G. Evaluation of esophageal tests in the diagnosis of reflux

esophagitis Gastroenterology, 1976; 71: 9.

63. Fucks, K.H., DeMeester, T.R. and Albertucci, M. Specificity and sensitivity of diagnosis of

gastroesophageal reflux disease. Surgery, 1987; 102: 575.

64. Dent, J., Dodds, W.J. and Freidman, R.H. Mechanism of gastro- esophageal reflux in a

symptomatic recumbent human beings. J. Clin. Invest., 1981; 65 : 256.

65. Dent, J., Dodds, Wi., Hogan, Wi. and Toouli,J. Factors that influence induction of gastroesophageal

reflux in normal human subjects. Dig. Dis. Sci., 1988; 33: 270.

66. Dodds, W.J., Dent, J., Hogan, W.J., Helm, J.F., Hauser, R., Patet, G.K. and Egide, M.S.

Mechanisms of gastroesophageal reflux in patients with reflux esophagitis. N. EngI. J. Med., 1982;

307: 1547.

67. Johnson, L.F., DeMeester, T.R. and Haggitt, R.C. Esophageal epithelial response to

gastroesophageal reflux: A quantitative study. Am. J. Dig. Dis., 1978; 23:498.

68. Goldberg, H.!., Dodds, W.J., Montgomery, C. et al. Controlled production of acute esophagitis.

Invest. Radiol.,1970 ; 5 : 254.

69. Dodds, W.J., Goldberg, H.!., Montgomery, C., In demann, W.B. and Zboralske, F.F. Sequential

gross, microscopic ahd roentgenographic features of acute feline esophagitis. Invest. Radio!., 1970; 5 :

209.

70. Stancin, C. and Bennett, J.R. Oesophageal acid clearance one factor in the production of reflux

esophagitis. Gut, 1974; 15 : 852.

71. Fisher, itS. and Cohen, S. Gastroesophageal reflux. Med. Clin. North Am., 1978; 62: 3.

72. Malhotra, S.L. New approach to the pathogenesis of peptic ulcer based on the protective action of

saliva. Am.J. Dig. Dis., 1979; 15 : 489.

73. Lichter, I. Measurement of gastroesophageal acid reflux; its significance in hiatus hernia. Br. J.

Surg., 1974:61: 253.

74. Olson, A.M. and Schiegel, S.F. Motility disturbance caused byesophagitis. J.Thorac. Cardiovasc.

Surg., 1965; 50: 607.

75. Henderson, R.D., Mugashe, F., Jeejeebhoy, K.N. et a!. The motor defect of esophagitis. Can. J.

Surg., 1974; 17-112.

76. Boesby, S. Gastroesophageal reflux in patients with symptomatic hiatus hernia and effect of a

modified Be!sey MK IV repair on acid reflux. Scand. S. Gastroenterology, 1977; 12: 553.

77. Kaye, M.D. Postprandial gastroesophageal reflux in healthy people. Gut, 1977; 18 : 709.

78. Nebel, O.T. and Caste!!, D.0. Inhibition of the !ower esophageal sphincter by fat —a mechanism

for fatty food into!erance. Gut, 1973; 14 : 270.

79. Goldman, M.S. Jr., Rasch, J.R., Wiltsie, D.S. and Finkel, M. The incidence of esophagitis in peptic

ulcer disease. Am. S. Dig. Dis., 1967; 12: 994.



80. McCal!um, RW., Berkowitz, D.M. and Lerner, E. Gastric emptying in patients with

gastroesophagea! reflux. Gastroentero!ogy, 1981; 80: 285.

81. Donovan, I.A., Harding, L.K., Keigh!ey, M.R.B., Griffin, D.W. and Co!!is, J.L. Abnormalities of

gastric emptying and py!oric ref!ux in uncomp!icated hiatus hernia. Br. S. Surg., 1977; 64: 847.

82. Behar, S. and Rambsy, G. Gastric emptying and antral moti!ity in reflux esophagitis.

Gastroenterology, 1978; 74:253.

83. Stol, D.W., Murphy, G.W. and Co!!is, J.L. Duodenogastric reflux and acid secretion in patients with

symptomatic hiata! hernia. Scand. S. Gastroenterol., 1974;9: 97.

84. Gillison, E.W., De Castro, V.A., Nyhus, L.M., Kusakari, K. and Bombeck, C.T. The significance of

bile in reflux esophagitis. Surg. Gynecol. Obstet., 1972; 134 : 419.

85. Henderson, R.D., Mugashe, F.L., Jeejeebhoy, K.N., Szczpanski, MM., Cu!!en, S., Marryatt, A. and

Boszko, A. Synergism of acid and bile salts in the production of experimental esophagitis. Can. S.

Surg., 1973; 16: 12.

86. Hendrix,T.R. and Yardley, J.H. Consequences of gastroesophagea! reflux. Clin. Gastroenterol.,

1976; 5: 155.

87. Seefeld, U., Krejs, G.J., Siebenmann, RE. and Blym, A.L. Esophageal histology in

gastroesophagea! reflux. Morphometric findings in suction biopsies. Dig. Dis., 1977; 22 : 956.

88. Pope, C.E. Pathophysiology and diagnosis of reflux esophagitis. Gastroenterology, 1976; 70 :445.

89. Ismail-Beige, F., Horton, P.E and Pope, C.E. Histologi cal consequences of gastroesophagea! reflux

in man. Gastroenterology, 1970; 58: 163.


