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Preface

The functional role of the esophagus is motility, which is the motion that 
advances liquid and solid foods from the mouth to the stomach; there is no 
secretion activity. The term esophagitis refers to all inflammations and irritative 
effects on the esophageal mucosa. Common causes include acid gastric reflux, 
side effects of some medications, bacterial or viral infections, ingestion of strong 
acid or alkali solutions or solid substances, and so on. The clinical appearance of 
esophagitis can be characterized by heartburn, dysphagia, odynophagia, cough, 
nausea, vomiting, chest pain, or sore throat. In general, esophagitis, if untreated, 
can cause esophageal ulcers followed by scarring and narrowing or neoplastic 
degeneration. Acid reflux leads to gastroesophageal reflux disease, which is a 
complex clinical condition with some mucosal esophageal lesions with increas-
ing severity (Barrett’s esophagus). Usually, infectious esophagitis, by bacteria, 
viruses, fungi, or parasites, can occur in patients with weakened immune sys-
tems. Eosinophilic esophagitis is based on the excessive response to some aller-
gens (milk, eggs, peanuts, etc.). The expression “gastritis” is the more discussed 
and ambiguous diagnostic definition of gastric clinicopathological conditions. 
In the current medical language, there is confusion regarding the definition of 
this pathology because the term “gastritis” is currently used indifferently for 
symptoms in the upper gastrointestinal (GI) tract or for endoscopic aspects and 
histological characteristics that can be referred to as gastric mucosal phlogosis, 
erosion, hemorrhagic lesions, or injury. We must remember that inflammation of 
the gastric mucosa should not present symptoms in the upper GI tract. Clinical 
and instrumental exams provide data that are difficult to correlate with each 
other. The symptoms that can be referred to as esophagogastroduodenal tract 
are epigastric pain, heartburn, and dyspepsia; endoscopy can identify various 
mucosal characteristics such as hypertrophy, friability, atrophy, and hemorrhagic 
and erosive lesions. It is important to underline the poor correlations between 
endoscopic mucosal abnormalities and histological features of the same lesions. 
In fact, for example, gastric mucosa described endoscopically as normal should 
show histologically severe signs of inflammation. On the contrary, evident endo-
scopic damage by drugs (e.g., aspirin) might turn out to be mild phlogistic lesions 
upon histological examination. We can conclude that the term gastritis should be 
used in the case of presence of phlogistic characteristics in the histological exam. 
However, the endoscopic examination has a fundamental role in the clinical 
scenario of gastritis because the microscopic evaluation is made on the mucosal 
biopsy. Endoscopic mucosal biopsies concern mucosal abnormalities such as 
erosion, ulcers, polyps, hemorrhagic lesions, endoluminal protuberances, or in 
cases of suspicion of Helicobacter pylori infection. Furthermore, the identifica-
tion of H. pylori in gastric pathology has given a central role to gastritis. Gastritis 
includes acute and chronic inflammations of the gastric mucosa. The classifica-
tions of gastritis are based on histological data. Unfortunately, also within the 
histological field, it should be difficult to present a classification of gastritis 
because there are various criteria that can be followed. First, histological features 
of inflammation subdivide acute and chronic gastritis. Second, more detailed 
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histological characteristics identify gastritis due to drugs, chemicals, infectious 
agents (viral, fungal, parasitic, bacterial), trauma, foreign bodies, tumors, 
autoimmune gastritis, vascular gastropathies, granulomatous gastritis, and so on. 
Finally, other  histological features of the evolution and development of inflam-
mation differentiate between chronic atrophic and hypertrophic gastritis (e.g., 
Sjogren’s syndrome, Menetrier disease). In summary, gastritis is an inflammatory 
lesion of the gastric mucosa with various and numerous etiologic factors and 
histological features of inflammation; consequently, gastritis is a pathological 
state, but not a defined disease.

Peptic ulcers are based on acid peptic disorders, caused by the corrosive action 
of acid gastric juice on the vulnerable epithelium. This pathology can occur, 
through various clinical conditions, in the esophagus, stomach, and duodenum, 
or with ectopic gastric mucosa, in Meckel’s diverticulum. Many peptic ulcers are 
due to the unregulated use of nonsteroidal anti-inflammatory drugs (NSAIDs) 
or infection with H. pylori. Additional factors include tobacco smoke and 
emotional stress, although the mechanisms are not clear. Ulcers may be defined 
as a pathological process of failure of the mucosal defense mechanism against 
the action of gastric acid and proteolytic enzymes, a secondary effect, in most 
cases, of NSAID drugs and H. pylori infection. Gastropathies are pathological 
conditions with the detriment of gastric mucosa without inflammation, which 
can be caused by an autoimmune reaction, drugs, infection, or chronic vascular 
congestive status, based on portal hypertension. Gastritis is inflammatory mucosal 
status due to damage from various agents such as drugs, autoimmune reactions, 
or infections. A particular kind of gastropathy is Menetrier disease, characterized 
by gastric mucosal hyperplasia, increased secretions, and loss of proteins. The 
clinical appearance of peptic ulcer disease is almost always abdominal pain. 
Epigastric pain, which may be diffuse or radiate to the back, is the characteristic 
symptom of the disease. Gastritis in most patients is asymptomatic. In Menetrier 
disease, in addition to epigastric pain, there is nausea, vomiting, loss of appetite, 
edema, weakness, and weight loss. The complications of peptic ulcer disease 
are hemorrhage, perforation, obstruction, and penetration. Hemorrhage occurs 
in 15% of cases and perforation occurs in 7% of cases. The penetrating ulcer 
erodes into the adjacent organs without perforation in the peritoneal cavity. 
Inflammation, edema, fibrosis, and scarring of the peptic ulcer cause outlet 
obstruction.

This book provides a comprehensive overview of esophagitis and gastritis and 
the many manifestations of these conditions. It begins with an introductory 
chapter that analyzes the complications of gastroduodenal ulcers. Section 2, 
“Esophagitis,” discusses some topics of current clinical interest in the field of 
esophageal pathology. The first chapter in this section discusses the numerous 
infectious pathologies that can affect the esophagus. The second chapter in this 
section highlights the clinical characteristics of eosinophilic esophagitis. The 
third chapter examines extraesophageal manifestations and symptoms of esopha-
geal disease. The section concludes with a chapter analyzing the innovative oral 
neuromuscular treatment of reflux caused by a hiatus hernia, as an aggravating 
factor in esophagitis.

The third section of the book, “Gastritis,” includes several chapters on this wide 
and complex topic. The first chapter discusses the pathophysiology of H. pylori, 
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as well as its infiltration through the surface epithelium and the body’s induction 
of the immune response. The next chapter in this section discusses gastrointestinal 
pathophysiological testing for upper GI functional disorders. The last two chapters 
present two classic themes of gastroenterology: gastroduodenal lesions associated 
with portal hypertension and the anesthetic involvement in gastroscopy and 
colonoscopy.
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Chapter 1

Introductory Chapter: 
Complications of Gastroduodenal 
Ulcers
Vincenzo Neri and Monjur Ahmed

1. Introduction

In the past decades, after the widespread therapeutic use of antisecretive drugs 
(cimetidine, ranitidine, and proton pump inhibitors), the incidence of peptic ulcer 
disease showed a real and significant decrease. The treatment of the Helicobacter 
pylori infections contributed to these results, demonstrated by the reduced preva-
lence of these infections [1]. However, the expected reduction in ulcer disease 
complications did not clearly occur [2, 3]. It is possible to hypothesize a role in 
the widespread use, also as self-medication, of drugs with gastric injurious side 
effect such as acetylsalicylic acid (ASA) or nonsteroidal anti-inflammatory drugs 
(NSAIDs) and besides a role of inaccurate therapy for H. pylori infection [4]. Some 
research studies have shown the role of independent risk factors and a synergic 
action performed by the use of NSAIDs and the presence of H. pylori infection on 
the evolution of gastroduodenal mucosal impairment/ulceration, ulcer bleeding, 
and perforation [5]. There are also other significant risk factors of gastroduodenal 
ulcer occurrence and their complications, such as alcohol consumption, nicotine 
use, stress life conditions, immunosuppressor therapies, gastric acid hypersecretion 
states with hypergastrinemia, hyperhistaminemia, etc. [6–8]. In the gastroduodenal 
site, the mucosal transitional zones are the areas of major risk of development of 
peptic ulcer because of being exposed to damaging effects of pepsin, gastric acid 
secretion, bile, and pancreatic juice. The gastric ulcers are usually located along the 
lesser curvature, in continuousness with the fundus, site of the gastric acid produc-
tion by the parietal cells. The duodenal ulcers habitually occur in the duodenal bulb 
and in the prepyloric area.

2. Pathophysiology of peptic ulcer and H. pylori infection

The pathophysiology of the gastric ulcers is characterized by the reduction 
of acid secretion, chronic gastritis, duodenogastric reflux of bile and pancreatic 
juice; on the other hand, in the duodenal ulcers there are elevation of gastric acid 
secretion, increase of parietal cell mass, and duodenal acid/pepsin charge. The 
identification of H. pylori infection as leading cause of peptic ulcer has completely 
changed the knowledge of the disease. Briefly we can believe that in the general 
population, the prevalence of the H. pylori infection as cause of peptic ulcer is very 
high, over 90% of patients with duodenal ulcer and 75% circa of patients with 
gastric ulcer. Furthermore, the H. pylori can be found in the gastroduodenal tract 
without disease. Usually the H. pylori is present in the patients with chronic gastritis 
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that can develop in atrophic gastritis. The treatment therapies of H. pylori infection 
have been currently performed in the last decades and have shown effective, high 
recovery rate in peptic ulcer disease [9]. The usual way of the diagnosis is by endo-
scopic examination, and the medical therapy is currently effective. The complica-
tions of peptic ulcers, as bleeding, perforation, outflow obstruction usually require 
the endoscopic or radiological interventions or in some cases surgical procedures. 
The H. pylori causes damage, injury within the gastroduodenal mucosa followed by 
inflammatory response with mucosal ulceration. The H. pylori, in the gastric lumen, 
develops defense mechanism with production of urease enzyme, conversion of 
urea into ammonia and carbon dioxide, gastric acid tamponade, decreasing adverse 
gastric acidity. The alkalinization of the gastric setting causes decrease of somatos-
tatine production, reduction of gastrin secretion, restriction. In summary, the dis-
ruption of secretory balance of gastrin is followed by parietal cell hyperplasia and 
rise of gastrinemia and gastric acidity [10]. The non-steroidal anti-inflammatory 
drugs (NSAIDs) and acetylsalicilic acid (ASA) accomplish peptic ulcers by local and 
systemic actions. These drugs, as acid, develop on gastroduodenal mucosal cells, 
cytotoxic action, and damage cell proliferation. The systemic action of NSAIDs 
develops by prevention of gastric prostaglandin output and its protective action 
versus mucosal damage of acydity by increase of mucus and bicarbonate production 
and increment of mucosal blood perfusion [11].

2.1 Briefly clinical appearance of uncomplicated peptic ulcer

Most evident symptom is the epigastric pain. This symptom can show a char-
acteristic temporal cadency: the pain becomes worse in gastric ulcer after eating, 
but, on the contrary, it decreases over a period of time in duodenal ulcer after 
taking some meal. This traditional symptomatological distinction between gastric 
and duodenal ulcer is no longer the evident clinical data. Often the epigastric pain 
can be radiated to the back and linked to dyspepsia with the symptoms such as 
nausea, gastroduodenal reflux, heartburn, belching, etc. The diagnostic program 
for uncomplicated peptic ulcer encompasses gastroduodenal endoscopy as first step. 
In the gastric ulcer it is necessary to complete the examination with biopsy of the 
lesion for the risk of malignancy; endoscopy will be repeated, also with biopsy if 
it needs, to check for healing after the therapy. In the duodenal ulcer biopsies and 
further endoscopies are less required. In the diagnosed or suspected peptic ulcer, 
the test for H. pylori is routinely performed as mucosal biopsy for histological and 
microbiological control or with urease test [12].

3. Complications of peptic ulcer

The more frequent complication of peptic ulcer disease (PUD) is the bleeding 
(hemorrhage), followed by perforation and obstruction [13]. Some differences in 
the frequency among various complications can be found in the geographic distri-
bution, due to amount of NSAIDs and ASA use, diffusion of H. pylori infection, 
lifestyles of the community. In fact the risk factors for complication occurrence in 
PUD, as hemorrhage or perforation, are the therapeutic use of NSAIDs or ASA, 
often as incorrect automedication, and untreated H. pylori infection.

3.1 Risk factors for peptic ulcer complications

In most cases peptic ulcer hemorrhage is connected with the use of NSAIDs 
and ASA. The risk degree is dose-dependent: the therapeutic employment of high 
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dose is a greater risk factor for bleeding, compared with the use of medium or low 
dose of drugs [14]. The bleeding risk by NSAIDs is also drug-specific, for example, 
higher for Ketoralac and certainly higher for the synchronous use of aspirin and 
NSAIDs. Moreover these drugs play a real, concrete role in the occurrence of peptic 
ulcer perforation [15]. Likewise the presence of H. pylori infection is associated 
with the event of peptic ulcer complications as hemorrhage, but its role and mode 
of action are debatable in the development of the complication [16]. There are some 
hypotheses, sometimes conflicting, on the H. pylori actions: it was reported that 
the eradication of H. pylori infection reduces the bleeding complication; possible 
independent action or synergic interaction on peptic ulcer hemorrhage has been 
described; finally protective effect of H. pylori in the occurrence of hemorrhage was 
also communicated [17]. In some studies there is evidence of the absence of associa-
tion between H. pylori infection and ulcer perforation [18]. Other risk factors for 
the development of the gastroduodenal ulcer complications, in particular bleeding, 
are the age over 60 years, associated use of corticosteroid and anticoagulants with 
NSAIDs, the presence of major comorbidities [19]. We could hypothesize a major 
incidence of peptic ulcer complications as bleeding or perforation in the patients 
with long history of ulcer disease without correct treatment, but there are not the 
studies comparing the incidence of complications before and after the wordwide 
introduction in the therapy of proton pump inhibitors and the eradication of H. 
pylori infection [16]. The pathological features of the peptic ulcer are an important 
factor that can modify the risk of complications: chronic ulcers, the penetrating 
character, and the great size of the lesions. The penetration into the gastroduodenal 
wall up to serosa, with sclerotic tissue, and erosive action on the blood vessels 
(sometimes of great size as gastroduodenal artery) are the pathological charac-
teristics of bleeding and perforated peptic ulcers. All the complications of peptic 
ulcers require the preliminary therapeutic management: suspend ingestion of food, 
drinks, drugs; start the fluid resuscitation, immediate suspension, if previously 
foreseen in therapy, of ASA, NSAIDs, and also anticoagulant if possible, administer 
acid suppressive therapy with intravenous proton pump inhibitor (PPI), treatment 
of H. pylori infection, if certainly present [20]. The treatment of H. pylori infec-
tion actually decreases recurrent ulcers and the incidence of the complications. 
Consequently the therapeutic procedures for the eradication of the H. pylori infec-
tion (PPI, antibiotics per os, because the efficacy of antibiotics e.v. has not certainly 
demonstrated) have a fundamental role in the prevention of the complications and 
recurrences of the peptic ulcer disease [21].

3.2 Bleeding

The occurrence of hemorrhage complication is clearly higher than perforation. 
The evaluation of annual incidence of bleeding shows a large range of variation 
from 36 to 44%, followed by perforation with the range from 6 to 14% [22]. 
Bleeding complications can develop with various degrees of severity. Peptic ulcers 
cause almost half of all cases of upper gastrointestinal hemorrhage. The more 
serious events of bleeding usually are due to chronic duodenal ulcers; however, both 
gastric and duodenal ulcers have the overlappable trend to bleed. Gastroduodenal 
bleeding from peptic ulcer is a well-known clinical occurrence, in some cases with 
high morbidity. The reason of major severity of this complication in the duodenal 
ulcer is connected to anatomical condition: the ulcer situated on the posterior wall 
of duodenal bulb penetrates and exposes the gastroduodenal artery, which can be 
eroded followed usually by copious hemorrhage. In the other sites of the duodenal 
bulb, as anterior wall, there are no major blood vessels. The peptic ulcers in the 
second portion of duodenum, so-called postbulbar ulcers, are less usual than bulbar 
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ulcers; however, bleeding complication is frequent also in this site. The clinical 
manifestation of bleeding is characterized by the amount and speed of hemorrhage. 
The massive and sudden bleeding appears with hematemesis, followed by melena, 
can cause hypovolemic condition and, in some cases, hypovolemic shock. Blood 
loss that develops less rapidly manifests with melena, also accompanied in some 
cases by hemodynamic alterations. In other cases continuous and moderate blood 
loss induces chronic anemia. Clinical data achieve the evaluation of the severity of 
hemorrhage and the general conditions, as hemodynamic stability, hypovolemic 
status, etc. The knowledge of these findings is central for the starting of urgent 
resuscitation therapy. However, the diagnosis must be completed by endoscopy to 
define the pathological features of bleeding ulcer, essential notion to perform the 
correct therapeutic approach: medical, endoscopic, surgical therapy. In the context 
of hemorrhagic complication, the control of possible active blood losses is neces-
sary by checking stably the nasogastric tube, the stool, and the value of hematocrit 
and hemoglobin level. After the bleeding has stopped, rebleeding is possible, also 
within a short period of time. The urgent and current therapeutic approach in 
the patients with bleeding peptic ulcer includes fluid resuscitation, intravenous 
proton pump inhibitor (PPI) therapy, blood transfusions in some cases if necessary, 
therapeutic endoscopic procedures, if required. Usually this approach stops bleed-
ing and cures the ulcer. However, the evolution of the bleeding complication is not 
favorable in the minority of patients, and the therapeutic resolution demands the 
surgical procedures. There are some clinical conditions that require surgery: patient 
with hypovolemic status and hemodynamic alteration not responding to powerful 
fluid resuscitation therapy; recurrent bleeding after early interruption, in most 
cases after unsuccessful further endoscopic treatment; finally in the patients with 
moderate, small, but continuous hemorrhage that needs prolonged fluid infusion 
and repeated blood transfusion.

3.3 Perforation

The global frequency of perforation in the evolution of peptic ulcer disease 
ranges between 2 and 10%. However, the sites of lesion, in the gastroduodenal tract, 
show different occurrence chance of the complication. The major frequency of per-
foration is in duodenal ulcer, reaching 60%; in the antral and gastric body site, the 
ulcer perforation develops by 20% [23, 24]. This clinical event is spontaneous. The 
free perforation in the peritoneal cavity causes upper abdominal pain; typically this 
pain is sudden, that is, the patient recalls precisely its onset and associates it with 
what he was doing. The first step of the peritoneal flogosis is a chemical peritonitis 
due to the gastric and biliopancreatic secretions. However, the reaction of perito-
neal serous mitigates the gastroduodenal irritants with the light exudate, and the 
abdominal pain can ameliorate for a short frame time. This first phase is followed 
quickly by the return of the severe epigastric and then diffuse abdominal pain. The 
patient appears very suffering and reduces the movements of the abdominal wall 
with short breaths and bending off the thighs upward. The objective abdominal 
examination shows hypomobility of the wall, usually its board-like rigidity; with 
percussion tympanic sound instead of the normal dullness over the liver, because 
of the air leaking from the stomach; on auscultation, peristaltic sound is weak or 
absent. There are also atypical or less typical clinical presentations of peptic ulcer 
perforations. A small duodenal perforation with a small amount of gastroduodenal 
secretion flowing out along the right parietocolic douche can simulate acute appen-
dicitis. Anyway in some patients the clinical appearance of perforation can be less 
pronounced with little symptomatological evidence and possible diagnostic pitfall. 
Finally, the so-called covered or sealed perforation is possible, due to the closure 
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by the omentum or by the liver, or also the posterior, retroperitoneal perforation 
(epiploon retrocavity); these start with discrete clinical symptoms. However, the 
septic focus is active and usually develops in circumscribed peritonitis, as sub-
hepatic or subdiaphragmatic abscess and also in generalized peritonitis [25, 26]. 
Within the laboratory findings, there is evidence of leukocytosis, with mild level 
in the early phases, after some hours more elevated. In the imaging studies, plain 
X-rays, with patient upright, of the lower chest and the abdomen reveal in most 
cases (plus than 80%) free subdiaphragmatic air. The clinical and this imaging data 
allow the diagnosis of ulcer perforation [27]. If the free intrabdominal air cannot be 
detected, the imaging study may be completed by US and CT. Both these exams can 
demonstrate also little amount of free air or fluid; the small fluid collection can be 
detected in the pelvic space. In particular there is evidence of the possible findings 
of little leaks through perforated ulcer by CT with oral contrast [27]. The early 
management of perforated peptic ulcer encloses fluid infusion, intravenous proton 
pump inhibitor, antibiotics with wide antimicrobial activity, and positioning of 
the nasogastric tube. The central therapeutic role in the peptic ulcer perforation is 
played by surgery, usually by mini-invasive approach, following one of several pro-
cedures of surgical ulcer closure [23, 24, 28]. The altered conditions in the patients 
with every free perforation are indication to urgent surgery. In the patients with 
little leaks through perforated ulcer or spontaneous closing of perforation, local-
ized intraperitoneal inflammatory disease and well stable clinical conditions can 
be performed by nonoperative treatment by nasogastric tube, PPI, and antibiotics. 
However, the conservative management should allow a quick amelioration, that is, 
within 24 hours; but any delay in the improvement or also small deterioration of 
clinical condition requires urgent surgical procedure [29, 30].

3.4 Pyloric obstruction

The stenosis is the less frequent complication of the peptic ulcer, based on the 
evolution of the disease due to inflammation, edema, muscular spasm, followed by 
repair process with scaring. The detected frequency ranges between 5 and 8%. In 
detail, the development of this complication comprises various factors, some func-
tional, other pathological. The functional factors are spasm, pyloric dysmotility, 
decrease of gastric motility, due to peptic ulcer disease; the pathological factors are 
inflammation, edema, fibrosis, and finally, scarring and stenosis. The first phase of 
dysfunction with edema and inflammation causes the reversible gastric obstruction, 
the following phase of fibrosis and scarring induces the irreversible obstruction 
[23]. The majority of patients who complain symptoms of gastric outlet obstruction 
have an history of peptic ulcer disease. The clinical appearance is characterized by 
anorexia, nausea, early satiety, epigastric pain, vomiting. This long untreated clini-
cal condition is followed by weight loss and deterioration of general condition. A 
typical symptom is the decreased efficacy of antiacid drugs. This is the clue for the 
indication of altered acid gastric secretion condition: pyloric obstruction conducts 
to stasis with increase in the gastric pH, following rise of gastrin issue and overflow 
of acid secretion. Usually the diagnosis of stenosis and exclusion of malignancy are 
achieved by endoscopy, endobiopsy, and imaging exams, such as conventional radi-
ography and CT scan. The initial medical management is based on re-establishment 
of hydroelectrolytic balance and gastric decompression by nasogastric tube for 
48–72 hours. In some cases these procedures allow the resumption of oral diet and 
recovery of nutritional status. There are some studies that report the positive role 
of the treatment of H. pylori infection on the resolution of the outlet obstruction 
[31]. Also the NSAIDs use has been detected to cause gastropyloric obstruction and 
the favorable role of drug’s suspension on the resolution of complication [32]. The 
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operative treatment of gastric obstruction includes endoscopic procedures such as 
balloon dilation and surgical treatment as highly selective vagotomy with pyloro-
plasty, truncal vagotomy with gastrojejunostomy, or antrectomy.

4. Conclusions

Peptic ulcer complications are still remarkable medical problem. Although 
the current medical therapy of peptic ulcer, as PPI drugs, control of H. pylori 
infection, the decrease of the disease frequency was not followed by reduction of 
complications. Bleeding, perforation, and gastric-pyloric obstruction are evident. 
Proper treatment for bleeding encloses urgent medical approach and frequently 
therapeutic endoscopic procedures, usually followed by favorable evolution of 
complication. The failure of these therapies requires the surgery. For the perforation 
the central therapeutic role is usually played by surgical procedures; the opportuni-
ties for conservative therapy are limited. Gastric-pyloric obstruction can be treated 
with endoscopic approach and balloon dilation; in case of failure, the surgery is 
necessary.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Abstract

Esophagitis is the inflammation of the lining of the esophagus, which is 
 characterized by its swelling and irritation. The esophagus is tubular structure 
which helps in the swallowing, and it links the back of the throat to the stomach. 
The swelling is commonly caused by acid reflux. Sometimes, this swelling can 
also be caused by infections. Infectious esophagitis can be set off by fungi, yeast, 
viruses, bacteria and other types of organisms. Anyone can get infectious esopha-
gitis, but people with weakened or comprised immune system are more likely to 
develop the disease. Anyone can get it, but people are more likely to develop it if 
their immune system is weakened or compromised. The purpose of this chapter is 
to review the clinical manifestations, etiology, pathophysiology, histopathology, 
diagnosis, treatment/management, prevention, prognosis and other healthcare 
issues of infectious esophagitis.

Keywords: Infectious esophagitis, fungi, yeast, virus, bacteria, diagnosis, treatment, 
prevention

1. Introduction

Esophagitis is the swelling and irritation of the esophagus. Thus esophagitis 
refers to inflammation or injury to the esophageal mucosa. The esophagus is the 
tube that is used in swallowing and it connects the back of the throat to the stom-
ach. There are many causes of esophagitis and essentially the presentation is similar 
which include retrosternal chest pain, heartburn, dysphagia or odynophagia [1, 2]. 
The most common cause of swelling and irritation of the esophagus is stomach acid 
that flows back into the esophagus, called gastroesophageal reflux, which can lead 
to erosive esophagitis. Other etiologies include radiation, infections, local injury 
caused by medications, pill esophagitis, and eosinophilic esophagitis (EoE) [3]. 
Patients with EoE may present with food impaction. If the esophagitis is severe and 
leads to strictures, fistulization, and perforation, patients may present with symp-
toms related to those entities.

In addition, infections can also cause swelling and irritation of the esophagus. 
Fungi, yeast, viruses, and bacteria can all set off the condition, called infectious 
esophagitis. Anyone can get it, but a person is more likely to develop it if their 
immune system is weakened [4].

The incidence of infectious esophagitis has become prevalent in immunocom-
promised patients with cancers and organ transplant because of their survival 
rates due to advances in medical practice and management techniques. The caus-
ative agent is normally Candida albicans. However, organisms like herpes simplex 
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virus (HSV) and cytomegalovirus (CMV) have often been known to invade the 
esophagus. Patients with acquired immunodeficiency syndrome (AIDS) may 
develop more fulminant forms of fungal and viral esophagitis (including human 
immunodeficiency virus [HIV] esophagitis), accentuating the need for early 
diagnosis and treatment. The purpose of this chapter is to review the clinical 
manifestations, etiology, pathophysiology, histopathology, diagnosis, treatment/
management, prevention, prognosis and other healthcare issues of infectious 
esophagitis.

2. Etiology

The causes of infectious esophagitis are many and they involve [5–13]J:

• Fungi, like C. albicans, which is the most common pathogen. However, other 
Candida group of organisms, for example C tropical, C galbarta and C parapsi-
losis have also been identified as rare causes of esophagitis.

• Other types of fungi such as Aspergillus, Histoplasma, Crytococcus,l 
Blastomyces etc.

• Viruses such as Herpex simplex (HSV), Cytomegalovirus (CMV), Varicella-
zoster virus (VZV), Epstein–Barr virus (EBV), Human papillomavirus (HPV), 
Poliovirus etc. It is important to note that people infected with the human 
immunodeficiency virus (HIV), CMV, HSV, Mycobacterium avium-intracellu-
lare are idiopathic in nature.

• Bacteria such as normal flora, Mycobacterium tuberculosis, Mavium-
intracellulare, Saphylococcus, Streptococcus, Lactobacillus, Norcadia etc.

• Parasitic agents such as chagas disease, Trypanosama cruzi, Cryptosporidium, 
Pneumocystis, Leishmania donovani etc.

The risk factors of infectious esophagitis include antibiotics and steroids use, 
chemotherapy, radiation therapy, malignancies and immunodeficiency syndromes 
like the acquired immunodeficiency syndrome (AIDS). Additional diseases linked 
to increase in the incidence of Candida esophagitis include esophageal stasis, 
alcoholism, malnutrition, and advanced age. Occasionally, Candida esophagitis can 
occur in otherwise healthy individuals with no underlying esophageal or systemic 
disease [7–13].

Additional typical risk factors such as acute onset of symptoms such as dyspha-
gia and odynophagia are also remarkable in some cases of infectious esophagitis. 
The disease may coexist with heartburn, retrosternal pain, nausea and sometimes 
vomiting. Occasionally, patients can present with abdominal pain, anorexia, weight 
loss and cough. Infectious esophagitis is frequently caused by Candida organisms. 
Other important causes include CMV and HSV infection.

Again, people presenting with generalized sepsis, low neutrophil counts, AIDS, 
burns, trauma etc., can have rare infectious esophagitis. Severe esophagitis with 
very deep ulcers and fistulous tracts to the mediastinum, pleural space, tracheo-
bronchial tree, skin and other tissues can be due to actinomycosis. The appearance 
of characteristic sulfur granules on endoscopic biopsy specimens can confirm the 
diagnosis of infectious esophagitis. The most notable risk factor for infectious 
esophagitis in people with HIV is reoccurring low CD4 count. However, it has also 
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been suggested that people can develop fungal esophagitis during the seroconversion 
phase of the process [5, 7–13].

3. Pathophysiology

Many agents like fungi, bacteria, parasites, viruses and other microorganisms 
can cause infectious esophagitis. The disease is more prevalent in immunocom-
prised people, but it can also occur in healthy people, including adults and children 
[13, 14]. The least common of all causative agents for infectious esophagitis is 
bacteria, but the most common cause of infectious esophagitis is .

The steps involved in the pathophysiology of infectious esophagitis include:

• colonization with mucosal adherence and proliferation is the first step in 
pathophysiology of infectious esophagitis.

• impairing the host defense mechanisms

Whilst Candida Albicans is a normal component of oral flora, it can also become 
a problem if their number increases, for example, with the use of antibiotics or if 
the patient is immunosuppressed because of treatment with corticosteroids. HSV is 
the most common cause of viral esophagitis, and it infects the squamous epithelium 
leading to vesicles and then ulcerations. CMV, Epstein–Barr (EBV) and varicella-
zoster (VZV) are other viral causes of viral esophagitis.

Individuals may become susceptible to acquiring opportunistic infections like 
neutropenia, impaired chemotaxis and phagocytosis, impaired T-cell lymphocyte 
function and alteration in humoral immunity due to wide range of abnormalities in 
the host defense.

People suffering from various systemic diseases such as adrenal dysfunction, 
alcoholism, diabetes etc., and older citizens can be prone to catching infectious 
esophagitis due to altered immune function steroids, radiation, cytoxic agents and 
immune modulators can also lead to the impaired host immune function.

The mucosal protective barriers and antibiotics that suppress the normal bacte-
rial flora disruption may contribute to the invasive ability of commensal organisms 
[14]. Categories of infectious are as follows [11–14]:

i. Fungal esophagitis, for example, Candida Esophagitis

ii. Viral esophagitis, for example, HPV esophagitis and CMV esophagitis etc.

iii. Bacterial esophagitis, for example, tuberculosis, actinomycosis etc.

iv. Tuberculous esophagitis as stated in point (iii) above

v. Other infections that can cause esophagitis

Fungal overgrowth in the esophagus, or impaired cell-mediated immunity or 
both can result in the development of Candida esophagitis.

The setting of esophageal stasis leads to cause of fungal overgrowth resulting from:

a. abnormal esophageal motility like achalasia

b. scleroderma or mechanical causes such as strictures.
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Dysfunctional cell-mediated immunity can be caused by:

a. immunosuppressive treatment, for example with cytotoxic agents or steroids 
that might suppress both granulocytes and lymphocytes functions

b. Malignancy

c. AIDS

Candida esophagitis also associated with chronic mucocutaneous candidiasis, 
which is a congenital immunodeficiency state.

Diseases that interfere with esophageal peristalsis like achalasia, esophageal 
cancer and progressive systemic sclerosis may lead to fungal esophagitis.

Primarily, esophagitis caused by HPV is presented by small vesicle developments 
that rupture eventually forming superficial ulcers on the mucosa that are discrete 
in nature.

The host promotes healing of the ulcers in immunocompetent people. However 
in severely immusosuppressed people, the disease may progress from discrete areas 
of ulceration hemorrahgic esophagitis that is diffused. Candidiasis may heavily 
infect necrotic herpetic ulcers.

The esophagus is normally involved by erosion of concerned mediastinal lymph 
nodes abutting the esophagus in tuberculous esophagitis.

In addition, infection of the esophagus by bacteria occurs in the immunocom-
promised host, is usually polymicrobial, and derives from oral flora. This entity 
is underdiagnosed in severely granulocytopenic patients, given that bacteria are 
difficult to identify on routine histologic examination. In such patients, bacte-
rial infection often coexists with viral or fungal organisms that are more readily 
detected. Suppression of gastric acid production (by proton pump inhibitors) 
may predispose to bacterial and fungal esophagitis. The diagnosis is made by 
endoscopic biopsy, and in these specimens, clusters of bacteria are mixed with 
necrotic epithelial cells. Treatment consists of broad-spectrum antimicrobial 
therapy.

Although infectious esophagitis is usually caused by fungal or viral organisms, 
other rare causes include Staphylococcus, Streptococcus, Klebsiella, Blastomyces, 
Cryptosporidium, Torulopsis glabrata, and Lactobacillus acidophilus.

4. Clinical presentation

4.1 Patient history

The history findings vary based on the type of esophagitis. Esophageal food 
impaction can be the initial presentation of proton pump inhibitor (PPI)-responsive 
eosinophilic esophagitis [15].

4.2 Symptoms

Immunosuppressed people are prone to developing infectious esophagitis. Fungi 
like Candida organisms and viruses such as HPV and CMV are the most common 
causes of infectious esophagitis. The diagnosis of infectious esophagitis is supported 
by immunocompromisation, steroid treatment, systemic disease or recent antibi-
otic use. Whilst some people may not have any symptoms of infectious esophagitis, 
notable symptoms of the disease are [1–15]:
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• Experiencing pain when swallowing

• Having trouble swallowing

• Pain in the mouth

• Pain in the chest and heartburn

• Feeling nauseous or vomiting

• Feeling feverish or experiencing chills

• Loss of appetite, anorexia, loss of weights

• Coughing

• Pain in the abdomen

• Intermittent hematemesis

As the symptoms of infectious esophagitis may mimic other diseases, it is 
important that proper investigation and diagnosis are made in order to have better 
outcome for the patients.

In people with one or more predisposing factors for Candida esophagitis, it is 
often manifested clinically by dysphagia and/or odynophagia. Symptoms differ in 
characteristics and features that differ in intensity like mild/moderate achalasia to 
severe odynophagia, which makes it very hard for sufferers to eat food or swallow-
ing. Some people may develop retrosternal pain or bleeding in the gut. However, 
some people do not have any symptoms.

Esophagitis caused by HPV is commonly present in immunosuppressed people 
with AIDS, existing cancer or long term serious diseases or people that had received 
steroids, chemotherapy or radiation treatments [13–15]. In healthy people with 
no existing medical conditions, herpes esophagitis can sometimes occur as acute 
self-limiting disease. Acute onset of severe odynophagia is usually present in people 
with herpes esophagitis. Difficulty in swallowing, pain in the chest and bleeding in 
the upper gut are other presenting symptoms in herpes esophagitis.

The development of severe odynophagia, dysphagia or both in people with 
AIDS is as a result of the manifestation of CMV. Evidence of CMV infection may be 
present in other organs and tissues like the colon, retina and liver in infected people. 
Patients may develop fear of eating sometimes in cases of severe odynophagia.

People with ulcers due to HIV normally show acute onset of severe odynophagia, 
dysphagia or both. A characteristic maculopapular rash may be visible on the upper 
half of the body if the ulcers manifest at the time of seroconversion.

People with advanced pulmonary or mediastinal tuberculosis or in immunodefi-
ciency that have disseminated tuberculosis or other mycobacterial illnesses develop 
tuberculous esophagitis.

5. Diagnosis and differential diagnoses strategies

In considering the diagnosis and differential diagnosis of infectious esophagi-
tis, it would be important to look at the diagnostic considerations and diagnosis 
considerations for the different types of infectious esophagitis in order to have 
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understandings of the various issues to note for making decisions on the suitable 
treatments for better outcomes for the patients.

5.1 Diagnostic considerations

The possibility of a systemic illness causing the esophageal manifestations 
should always be considered (for example, AIDS, scleroderma, systemic lupus 
erythematosus (SLE) and pemphigus). Similarly, cardiac causes of chest discomfort 
should also be considered, and the appropriate treatment should be given. If the 
diagnosis is unclear, admission for further evaluation is suggested. Do not misdi-
agnose cardiac chest pain as esophageal pain. Pain can be similar, particularly in 
elderly patients and women.

Conditions that may mimic symptoms of esophagitis include the following 
[12–15]:

• Coronary artery disease

• Pericarditis

• Aortic aneurysm

• Nonulcer reflux disease

• Functional dyspepsia

• Stricture

5.2 Diagnosis considerations for the different types of infectious esophagitis

The diagnosis considerations for the various types of infectious esophagitis are 
discussed below.

5.2.1 Diagnosis of Candida esophagitis

Reflux esophagitis, herpes esophagitis, superficial spreading carcinoma and 
glycogenic acanthosis, may produce findings similar to those seen in Candida 
esophagitis. However, it is also important to note that elderly people who do have 
any symptoms of the esophagus and the more rounded appearance of the mucosal 
nodules of glycogenic acanthosis do indeed present with glycogenic acanthosis, but 
the candidiasis plaques are more linear in appearance.

A nodular mucosa of reflux esophagitis can also be present in patients. However, 
the nodules are difficult to identify than those found in candidiasis, and they are 
normally infectious with the gastroesophageal junction.

Multiple plaquelike lesions in the gullet are sometimes due to herpes esophagitis, 
which is normally linked to small superficial ulcers. Cancers that are spreading 
superficially may also present as a nodular mucosa with poorly defined nodular 
borders, leading to a confluent area of disease.

The plaques of candidiasis may resemble the insoluble effervescent particles 
and debris in the gullet. Hence the performance of a double-contrast study should 
be undertaken without the use of effervescent granules if infectious esophagitis is 
suspected.
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5.2.2 Diagnostic factors for herpes simplex (HSV) esophagitis

Esophagitis due to the HSV can be identified by discrete superficial ulcers in the 
upper/mid gullet in the absence of the linked plaques, in the appropriate clinical 
environment. On the other hand, Candida esophagitis ulceration usually manifests 
on a background of extensive formation of plaque. Double-contrast investigations 
can be used in the diagnosis of Candida and herpes esophagitis without performing 
an endoscopy. It is also important to undertake endoscopic evaluation for confirma-
tion of diagnosis when radiographic findings are ambiguous or when the problem 
do not respond to the treatment given to them.

Drug-induced esophagitis and Crohn disease are other causes of small super-
ficial ulcers in the upper/mid esophagus, but these diseases can be differentiated 
from infectious esophagitis via detailed and careful patient history.

5.2.3 Diagnostic factors for CMV esophagitis

Endoscopy with biopsy is the most effective diagnostic tool for CMV. Large 
punched out lesions are seen in mid esophagus on inspection. Enlarged cells in the 
sub-epithelial layer with inclusions within the cells’ nucleus and its cytoplasm can 
be seen in histological analysis of the lesions. Fluorescent staining with an immu-
noperoxidase stain is very specific in addition to the histological investigation. The 
diagnosis of CMV esophagitis cannot be made effectively with radiologic imaging 
tests like X-rays or CT scans alone, but they can be helpful in discovering of any 
resulting fistulae or strictures.

The presentation of large/giant ulcers in a patient may suggest the diagnosis of 
CMV esophagitis in AIDS patients because herpetic ulcers really becomes as big as 
those of infectious esophagitis, but giant/large ulcers can also be caused by HIV in 
HIV positive people.

Giant esophageal ulcers can also be caused by nasogastric intubation; endo-
scopic sclerotherapy; caustic injuries and oral medications, such as nonsteroidal 
anti-inflammatory drugs (NSAIDs), potassium chloride, and quinidine [13–15]. 
Efficient patient’s clinical history is normally helpful in suggesting the correct 
diagnosis of CMV esophagitis [14, 15].

Again, CMV can be transmitted through many ways, which include mother to 
child transmission, which is common after birth and spreading of CMV through 
blood or sex, but transmission via tears, saliva, and skin contact is not common. 
Therefore patient education is very important in this regard.

5.2.4 Diagnostic factors for HIV esophagitis

It is important to rule out CMV esophagitis by performing endoscopy before 
confirming the HIV esophagitis diagnosis because most HIV ulcers are not distin-
guishable from CMV ulcers on the basis of just the clinical and radiological criteria 
alone. In addition, specimens from biopsy, brushings and viral cultures from the 
esophagus may be needed in order to be certain about the diagnosis and offer the 
patient the correct treatment.

During the period of transient chills, fever, malaise and rash of early infection 
with HIV, multiple, small, aphthoid lesions are observed on patients. In addition, 
giant deep ulcers measuring several centimeters can be seen later. Large ulcers may 
be complicated by fistula formation, perforation, hemorrhage, or superinfection in 
patients.
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As most cases of HIV esophagitis responds well to oral steroids treatments, but 
CMV esophagitis is treated with toxic antiviral agents like ganciclovir, it is essential 
to differentiate between these infections. Hence endoscopic investigation should be 
undertaken before treating the patients.

5.2.5 Diagnostic factors for varicella-zoster virus (VZV) esophagitis

Severe esophagitis can be caused by Varicella-zoster virus (VZV), and finding 
its concurrent demographic lesions is extremely important to its diagnosis and also 
development of effective treatment plan for the patients.

On esophagogastroduodenoscopy (EGD), VZV has different features, which can 
range from infrequent vesicles of ulcerative lesions to a confluence of ulceration 
with necrosis. Epithelial cells with VZV display ballooning degeneration, edema 
and multinucleated giant cells with eosinophilic inclusion bodies on histologic 
investigation. In differentiating VZV from HSV, immunohistochemical staining 
utilizing monoclonal antibodies is usually helpful in the process.

5.2.6 Diagnostic factors for Epstein-Barr virus (EBV) esophagitis

Epstein–Barr virus (EBV) causes different syndromes in people. Crohn’s disease 
and ulcerative colitis are common diseases that can be manifested by EBV, but the 
incidence and prevalence of EBV are still not well stated in both immunocompetent 
and immunodeficient people, hence, it should be seriously considered in any person 
presenting with symptoms of the esophagus. EBV esophagitis in an immuuno-
competent individual is a rare occurrence, and thus represents either a primary 
infection, reactivation/reoccurrence, which si usually is characterized acute onset 
of symptoms and extensive ulcerative involvement of the upper/mid third of the 
esophagus. Oral hairy leukoplakia has similar histologic features of esophageal 
lesions linked to the EBV.

5.2.7 Diagnostic factors for human papillomavirus (HPV) esophagitis

Multiple epithelial lesions and cancers that are predominantly found on cutane-
ous mucosal surfaces are caused by the human papillomavirus (ahpv), which is a 
non-enveloped, double stranded, circular DNA virus. The virus has over 100 sub-
types, and people with persistent HPV infection, especially those with many sexual 
partners are at very high risk for contracting more subtypes of HPV. At present, the 
HPV infection can be classified as non-genital/cutaneous; mucosal or anogenital 
and epidermodysplasia verruciformis (EV).

In some cases, the clinical lesions of HPV can be visibly identifiable, but in other 
cases, latent lesions of HPV may require testing for viral deoxyribonucleic acid 
(DNA) before confirming the diagnosis. In majority of the cases, HPV infections 
are latent and most lesions manifest as warts rather than malignancy in clinic.

Nowadays, the HPV has been identifies as the etiological agent for laryngeal, 
oral, lung and anogenital cancer. HPV subtypes six and 11 are low risk and usually 
manifest with the formation of condylomata and low grade precancerous lesions. 
However, HPV 16 and 18 are high risks that are responsible for high grade intraepi-
thelial lesions, which progress to malignancies.

It is also crucial to note that HPV alone does not cause cancer, but it requires 
triggers such as folate deficiency, smoking, immunosuppression, and pregnancy 
and ultraviolet (UV) light exposure.

Esophagitis caused by HPV is an asymptomatic illness. Lesions of the disease 
are usually found in the middle to distal esophagus in patients and they may 
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look like erythematous macules, white plaques, nodules, or exuberant frondlike 
lesions. The diagnosis of HPV esophagitis is made based on histology, and koilo-
cytosis, giant cells, and cytologic atypia are visible on immunohistochemical  
stains.

5.2.8 Diagnostic factors for tuberculous esophagitis

The development of transverse or longitudinal sinus tracts or esophageal-airway 
fistulae can be as a result of the erosion of caseating nodes into the esophagus. 
People suffering from radiation esophagitis, Crohn’s disease esophageal cancer or 
some sorts of trauma also display similar fistulae and tracts, but the clinical presen-
tations of these patients normally portray the right diagnosis.

Intrinsic tuberculosis is very uncommon and it features of mucosal plaques, 
fistulae, strictures and ulcers. In a patient with tuberculosis, the development of 
difficulty in swallowing, cough and choking on swallowing indicates the involve-
ment of the esophagus.

6. Treatment and management of infectious esophagitis

Treatment of infectious esophagitis is based on the patient’s immune status, 
disease severity, and risk of complications [5, 16, 17]. The goal of medical care is to 
treat the underlying cause and minimize morbidity. The treatments strategies for 
the different types of infectious esophagitis are discussed below.

6.1 Treatment of fungal esophagitis

Antifungal drugs are normally used in the treatment of candidiasis in the throat, 
mouth or esophagus. The treatments for are categorized thus [18]:

• Active topical drugs such as oral amphotericin B, clotrimazole and nystatin

• Absorbable agents that are administered orally like fluconazole and 
itraconazole

• Agents like amphotericin B, flucytosine nad fluconazole that are administered 
parenterally

An antifungal medication that is applied to the inside of the mount between 
seven to 14 days is normally used in the treatment of mild to moderate infections 
of the throat or mouth. These drugs include clotrimazole, miconazole or nystatin. 
The most common treatment for severe fungal infections is fluconazole, which is 
an antifungal medicine that is taken by mouth or administered intravenously. If 
the patient does not respond to fluconazole, a different antifungal drug should be 
prescribed. The treatment for Candida esophagitis is fluconazole. However, another 
type of antifungal medication should be given to people who cannot tolerate flucon-
azole or who do not respond to the treatment with it.

It is important to note that treatment option chosen for a patient will depend 
on the severity of infection and the extent of the host defense impairment. For 
exam0ple, majority of immonocompetent people with fungal esophagitis can be 
treated with a topical antifungal medicine, which do not have adverse side effects, 
have only few or even any drug to drug interactions as the drugs are not absorbable 
in nature.
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6.2 Treatment of HSV esophagitis

HSV esophagitis diagnosed at endoscopy can be treated with medications such 
as acyclovir (Zovirax); valacyclovir (Valtrex); famiciclovir (Valtrex), an acyclovir 
analog; and foscamet (for acyclovir-resistant cases). Pain relief medicines bought 
over the counter at pharmacies may also help in relieving pain caused be HPV 
esophagitis. Long term prescription of antiviral drugs can also be used in the 
prevention of the development of recurrent outbreaks of HSV esophagitis.

6.3 Treatment of CMV esophagitis

CMV is similar to HSV, as it is member of the herpesviridae family of viruses. 
Induction therapy for three to six weeks is used in the treatment of CMV esophagi-
tis, but the optimal period of the treatment not yet well defined. The maintenance 
treatment for CMV is controversial. Overall, intravenously administered ganci-
clovir 5 mg/kg or foscarnet 90 mg/kg is the recommended treatment for induc-
tion therapy. As both ganciclovir and foscarnet are potent viral agents that have 
significant bone marrow and renal toxicities, extra care should be taken before they 
are prescribed to patients, by taking careful medical and drug histories form the 
patients, including any side effects they had had in the past.

It is also important to note that HIV esophagitis is treated differently from CMV 
esophagitis, but the two diseases cannot be simply separated on the basis of the 
clinical and radiographic results. Hence endoscopic investigation should be under-
taken for a confirmatory diagnosis before patients are treatment in order to achieve 
a better clinical outcome. In addition, endoscopy has over 95% sensitivity in the 
diagnosis of CMV esophagitis.

6.4 Treatment of HIV esophagitis

HIV esophagitis is treated with oral corticosteroid therapy normally for over one 
month with antiretroviral therapy for HIV in contrast to CMV esophagitis.

6.5 Treatment of VZV esophagitis

Acyclovir, famciclovir or foscarnet (for acyclovir-resistant cases) are typically 
used in the treatment of VZV esophagitis.

6.6 Treatment of EBV esophagitis

Acyclovir is used in the treatment of EBV esophagitis. In order to suppress oral 
hairy leukoplaria, long term maintenance therapy may also be required for the 
patient.

6.7 Treatment of HPV esophagitis

No treatment is normally required, as HPV esophagitis is usually asymptomatic. 
Some medicines such as systemic interferon alfa, bleomycin and etoposide have 
been used in patients’ treatments with variable outcomes.

6.8 Treatment of M. tuberculosis esophagitis

In the immunocompetent people, standard antituberculous therapy has been 
used in the treatment of mycobacterium tuberculosis esophagitis.
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6.9 Treatment of bacterial esophagitis

In healthy individuals, infection by normal flora that is usually seen in immuno-
suppressed people are rare. Polymicrobial infections such as Staphylococcus aureus, 
Staphylococcus epidermidis, Streptococcus viridans and Bacillus species are often seen 
in patients with Bacterial esophagitis.

A broad-spectrum beta-lactam antibiotic with an aminoglycoside is used in the 
treatment of Bacterial esophagitis. It is also important to note that that the treat-
ment is adjusted based on the results of response and culture.

7. Epidemiology of infectious esophagitis

The incident of esophagitis is low in children, but esophagitis is prevalent in 
adults [19, 20], and reflux esophagitis is the most common type.

The most type of infectious esophagitis is Candida esophagitis. Incidence of 
reflux esophagitis occur monthly in up to 44% of the general population, and up to 
10% of people have daily symptoms of esophagitis [20].

In this section, we will look at the international statistics of the diseases and their 
prevalence in association with other disorders as described and discussed below.

7.1 International statistics

The prevalence of esophagitis is lower than the incidence of the symptoms of 
reflux sensation.

Patients presenting with symptoms of esophagitis to a General Practitioner (GP) 
in the United Kingdom (UK) show esophagitis rate in the range of 40–65%. The 
results of a retrospective review of results of over 800 diagnostic endoscopies in 
Hampshire, England, UK should that reflux esophagitis accounted for about 23% of 
all upper gastrointestinal diseases identified [21]. However, the incidence of infec-
tious esophagitis is small in the studied population.

Another review of the Swedish National Register estimated that the prevalence 
of esophagitis diagnosed via endoscopy is about 5% or less in people aged 55 [22], 
and prevalence has also been estimated to be about 2% in other reports [23–25]. 
Again the incidents for infectious esophagitis low as indicated in the reports.

7.2 Prevalence in association with other disorders

In people with AIDS, leukemia and lynmphoma, the prevalence of symptom-
atic infectious esophagitis is high, but it is less than 5% in the general population, 
which is low.

As noted stated previously, the most common type of infectious esophagitis 
is Candida esophagitis. The second most common infectious esophagitis is HSV 
esophagitis, which has been reported in about 1% of immunosuppressed patients, 
and in as many as 43% of the patients in autopsy investigations [23–28].

Another etiological agent for esophagitis is CMV. A big percentage of the global 
population has been exposed to CMV and asymptomatic CMV infection is common 
around the world [29, 30].

CMV esophagitis was usually discovered on post-mortem analysis prior to the 
AIDS epidemic, and the first clinical case of CMV esophagitis was reported in 
1985 [30].

CMV does not occur in immunocompetent people unlike HSV esophagitis, and 
the majority of the people with CMV esophagitis have AIDS [29, 30]. Since the 
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advent of highly active antiretroviral therapy, the incidence of CMV esophagitis like 
those of other types of infectious esophagitis has declined among people with AIDS 
[29, 30]. On the other hand, there has been reported increase of CMV esophagitis 
in people who had undergone solid organ transplant, and in whom the onset of the 
disease was delayed due to the increasing routine of early CMV prophylaxis [31].

In AIDS patients in whom no other infectious etiological factors can be identi-
fied [32–36], giant esophageal ulcers have been observed [37], which have been 
called idiopathic HIV ulcers because they are believed to be caused by HIV, as 
electron microscopic investigation had confirmed the presence of HIV-like viral 
particles in the ulcer lesions [32–37].

Most patients have been found to have chronic AIDS with CD4 counts less than 
100 cells/uL, despite the fact that some patients with HIV ulcers may have under-
gone recent seroconversion [38–41]. Ulcers associated with HIV have been under 
recognized generally, as it accounts for about 40% of all reported esophageal ulcers 
in AIDS patients [32–42].

8. Complications of infectious esophagitis

Unless a person has a medical condition that weakens his/her immunity, the 
complications of infectious esophagitis are rare, and they may include the following 
[43, 44]:

• Infection, which can spread to the other parts of the body

• Narrowing of the esophagus by scar tissue

• Bleeding from ulcers in the esophagus

• Perforation or fistula in the esophagus, including the formation of stricture

• Barrett esophagus, which occurs when the normal epithelium of the esopha-
gus is replaced with columnar epithelium that is associated with cancer 
development.

• A serious and rare complication of perforation with mediastinitis

• Inability to swallow may cause volume depletion and weight loss

• If the gastric contents are refluxed up to the level of the larynx, laryngitis, 
aspiration bronchospasm and pneumonitis may occur.

• Failure to thrive and apnea may manifest in infants and children

9. Prognosis

The prognosis of infectious esophagitis is good with quick diagnosis, including 
effective and efficient treatment. Ultimately, prognosis depends on the underlying 
disease process.

Mild symptoms of esophagitis results in minimal morbidity and mortality. 
People with moderate-to- severe symptoms may suffer anxiety and lost time from 
work, which could lead to medical evaluations for more serious causes of pain.
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Esophageal strictures (typically long, smooth, tapered areas of narrowing),  
malnutrition, and, rarely, perforation or bleeding can occur as a result of complicated 
esophagitis.

Barrett esophagus and adenocarcinoma are serious gastrointestinal complica-
tions of esophagitis in addition to strictures. In children, gastric content aspiration 
is a potentially serious respiratory complication that occurs frequently, that can be 
linked to apnea, pneumonitis and bronchospasm.

Odynophagia, malnutrition, dyspnea and pain may be as a result of severe 
esophagitis. On rare occasions, death may occur as a result of life threatening bleed-
ing, but outcomes and survival in these patients are associated to the severity of 
their underlying systemic diseases.

Due to the fact that recurrence is a frequent problem in patients with  
reflux, many patients require maintenance therapy to prevent relapse of  
symptoms.

As Candida esophagitis is often self-limiting, many patients responds antifungal 
therapy [42, 43]. However, mycetoma, a fungus ball that causes obstruction may 
be formed from necrotic mucosal debris and fungal mycelia in the esophagus. The 
formation of strictures as a result of severe Candida esophagitis can also be seen 
in some patients. Rare fistula development into the tree of the bronchi, including 
ulceration and hemorrhage are other complications of infectious esophagitis, which 
will give poor outcome for the patients [43, 44].

Herpes esophagitis usually resolves spontaneously in immunocompetent 
patients within one to two weeks with conservative treatment involving analgesia 
and sedation. Rare complications of herpes esophagitis include perforation, tra-
cheoesophageal fistulas, and dissemination to other organs.

Generally, most healthy individuals with infectious esophagitis recover within 
two to four weeks with proper therapy. However, recovery in people with comprised 
immunity (immunosuppressed people) recovery may take longer due to various 
factors.

10. Patient education and preventive measures

Clinicians should work closely with people who are recovering from infectious 
esophagitis and encourage them to keep all their follow-up medical appointments in 
order to monitor their progress and treatments outcomes.

The clinicians can suggest the following steps to patients that have ongoing 
symptoms of painful or difficulty in swallowing:

• Quit smoking and the use of tobacco and its products

• Stop alcohol and caffeine consumption

• Avoid over the counter drugs such as ibuprofen, aspirin and other non-steroi-
dal anti-inflammatory drugs, which can irritate the esophagus

• Beverages and food that can cause heartburn should be avoided

• Try to lose weight if they are obsessed or overweight

• Eating smaller foods or meals more often

• Stop eating for three hours before going to bed
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• Sleeping in flat position should be avoided, and the head of the bed should be 
elevated by several inches, i.e., six inch blocks. It is also important to discour-
age patients from sleeping with extra pillows as this may increase intra-abdom-
inal pressure caused by people bending at the waist level.

The importance seeking early medical evaluation at the onset of symptoms 
should be emphasized to the patients and the general population in health educa-
tion/health promotion campaigns. In addition, the importance of taking medicines 
with plenty of water while sitting upright in order to avoid the complications of 
drug-induced esophagitis should be highlighted to the patients.

Clinicians should also avoid the prescription of certain medications like alendro-
nate in patients with obvious esophageal varices. It should also be noted that giving 
alendronate to patients who are cirrhotic could precipitate gastrointestinal bleeding 
from erosions over an esophageal varix.

11. Conclusion

Infectious esophagitis is a rare disease caused by viral, bacterial, or fungal agents 
or other organisms and infections. Patients who are immune suppressed, including 
people with granulocytopenia, lymphopenia etc., are usually prone to infections. 
Infection with Candida is the common cause of infectious esophagitis, but infections 
with HSP, bacteria and CMV are rare and accounts in up to 16% cases of infectious 
esophagitis in people with immunosuppression. Endoscopic observable ulcers with 
erythema, exudate and hemorrhage characterized bacterial esophagitis, and persistent 
symptoms include severe dysphagia and odynophagia, which may be a source of bacte-
rial sepsis that will require prompt antibiotic treatment. Thus, infectious esophagitis 
causes morbidity in patients and careful diagnosis and treatment processes need to be 
followed in order to achieve better prognosis and outcomes for sufferers.
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Chapter 3

Eosinophilic Esophagitis in 2021
Monjur Ahmed

Abstract

Eosinophilic esophagitis also known as asthma of the esophagus is a food-related 
allergic disorder of the esophagus widely distributed all over the world. The inci-
dence and prevalence of eosinophilic esophagitis have been increasing over the last 
few decades. The pathogenesis of this entity is now better understood and three 
distinct endotypes have been defined for better management strategy. Diagnosis is 
made on the basis of clinical symptoms followed by endoscopy with biopsy. Drugs, 
diet and endoscopic dilation are the current modalities of treatment. IL-4 and IL-13 
inhibitors have been found to be promising in clinical trials.

Keywords: eosinophilic esophagitis, asthma of esophagus, dysphagia, food bolus 
impaction, esophageal eosinophilia, esophageal stricture

1. Introduction

Eosinophilic esophagitis (EoE) is a chronic immune/allergy mediated disease of 
the esophagus characterized by esophageal eosinophilia (presence of ≥15 eosino-
phils/high power field in at least 1 esophageal biopsy.), esophageal dysfunction 
(dysphagia, food impaction) and characteristic endoscopic features [1]. To establish 
the diagnosis, other causes of esophageal eosinophilia must be excluded. In 1989, 
EoE was first recognized as a distinct clinical entity by Attwood et al. [2]. Now there 
is an epidemic of EoE in the western world. EoE is increasingly being recognized 
and diagnosed in our clinical practice both in the acute and chronic settings. EoE 
has distinct clinical epitopes, diagnostic and treatment protocol. The epidemiology, 
pathogenesis, pathology, clinical feature, investigations, management and progno-
sis will be described in this chapter.

2. Epidemiology

The disease is more common in Caucasian population with a male to female ratio 
of 3:1 [3]. Eosinophilic esophagitis has also been seen in African Americans, Asians 
and Hispanic population. The disease is increasingly being recognized over the last 
few decades. The current incidence is 5 to 10 cases per 100,000 population, and the 
current prevalence is 0.5 to 1 case per 1000 population in North America, Europe 
and Australia [4]. The disease can affect both children and adults. In adults, EoE is 
more commonly seen in males than in females and the average age of patients with 
EoE is between 30 and 50 years. Most of the patients with EoE have personal history 
of allergic disorders like bronchial asthma, allergic rhinitis, allergic conjunctivitis or 
food allergy.
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Figure 1. 
Pathogenesis of EoE.

3. Pathogenesis

Exposure of the esophagus to food and aeroallergens in genetically predisposed 
individuals may initiate the process of eosinophilic esophagitis although the exact 
mechanism is currently unknown [5]. Foods most commonly implicated in EoE are: 
Milk, egg, wheat, soy, peanuts, beans, rye and beef. Genome wide association analysis 
(GWAS) suggested that CAPN14 at 2p23 locus is upregulated after epithelial expo-
sure to interleukin (IL) 13 [6]. Recently, epithelial derived cytokine thymic stromal 
lymphopoietin (TSLP) gene at 5q22 locus has been identified as a candidate gene in 
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a multicenter GWAS. There is an increased expression of TSLP in patients with EoE. 
TSLP activates dendritic cells (antigen presenting cells). Food allergen is initially 
recognized by antigen presenting cells which differentiate CD4 cells into TH1 cells 
and TH2 cells. TH1 cells secrete interferon γ (IFN-Υ) and transforming growth factor β 
(TGF-β). TH2 cells secrete IL 4, IL 5 and IL 13. There is also single nucleotide poly-
morphism (SNP) in this TSLP receptor gene in male patients with EoE. This gene is 
found on the pseudoautosomal region on Xp22.3 and Yp11.3. This finding may explain 
increased prevalence of EoE in male patients. There is also a suggestion of second 
hit for the development of EoE. Toll like receptor 3 (TLR 3) can recognize double-
stranded RNA (found in some viruses) and can induce TSLP [7]. IL 5 is responsible 
for eosinophilic infiltration, growth and survival. Eosinophils secrete various inflam-
matory cytokines and chemokines including macrophage migration inhibitory factor 
(MMIF), tumor necrosis factor (TNF), granulocyte monocyte colony stimulating 
factors (GMCSF) and toxic granules [8]. TGF-β1 is a profibrotic molecule and helps in 
remodeling of the esophagus in EoE. This may lead to esophageal luminal narrowing, 
stricture formation and dysmotility. Eotaxin 3 is a strong chemotactic agent for esopha-
geal eosinophilia. A single  nucleotide polymorphism in the human eotaxin-3 gene was 
associated with disease susceptibility. IL 4 and IL 13 secreted by TH2 can stimulate 
eotaxin 3. In telomerase immortalized esophageal squamous cells of EoE patients, IL 4 
stimulated eotaxin 3 secretion was blocked by PPI omeprazole and lansoprazole [9]. 
This may explain PPI responsiveness of esophageal eosinophilia. Twin and family 
studies suggest that there is not only increased prevalence of EoE in male sex but also 
in monozygotic twins and other family member [10]. The pathogenesis of EoE is 
shown in a flow diagram in Figure 1.

4. Pathology

The major features (Figure 2) include infiltration of numerous eosinophils 
(usually >15 per high power field) into the squamous epithelium, layering of 
eosinophils on the surface layer and eosinophilic microabscess formation (clusters 
of ≥4 eosinophils). Often necrotic squamous cells are also seen on the surface layer 
[11]. Minor features include chronic inflammatory infiltrate into the lamina propria 
with fibrosis of the lamina propria [12], hyperplasia of muscular layers and basal 
epithelial cells with lengthening of lamina propria papillae, and intercellular edema. 
One study showed plenty of IgG4 containing plasma cells in the lamina propria [13]. 
The pathological changes are patchy in distribution, and generally affect the whole 

Figure 2. 
HE staining showing esophageal eosinophilia.
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length of the esophagus. None of the histologic findings is specific for eosinophilic 
esophagitis. Esophageal eosinophilia can be found in a variety of disorders including 
gastroesophageal reflux disease (GERD), eosinophilic gastroenteritis, hypereosino-
philic syndrome, Crohn’s disease, connective tissue diseases, drug hypersensitivity, 
parasitic and fungal infections and achalasia. In clinical practice, the real challenge 
comes to differentiate EoE from GERD [14]. Eosinophilic degranulation is seen more 
profoundly in EoE than in GERD biopsy specimen [15]. In EoE, the eosinophilic 
inflammation extends beyond mucosa into the submucosa and muscularis propria.

5. Clinical feature

Patients with eosinophilic esophagitis generally present with solid food dyspha-
gia or esophageal food impaction requiring endoscopic removal of food bolus as an 
emergency case [16]. In one study, EoE was found in 9% of all cases of esophageal 
food impaction [17]. Commonly, the diagnosis is suspected after a first episode of 
esophageal food impaction and biopsy showing esophageal eosinophilia. Less com-
monly, patients present with heartburn and chest pain mimicking gastroesophageal 
reflux disease. One study found that gender was an important factor in the initial 
clinical presentation of eosinophilic esophagitis. Men presented with dysphagia 
and esophageal food impaction more commonly than women. Women presented 
with heartburn and chest pain more commonly than men [18]. Diffuse narrowing 
of the esophageal lumen has been seen in clinical practice as a result of chronic 
inflammation and fibrosis. Esophageal mucosa is friable in EoE, and as a result, 
esophageal mucosal tear and esophageal perforation can occur during endoscopic 
esophageal foreign body removal and during esophageal stricture dilation [19]. As 
aeroallergens play an important role in the pathogenesis, EoE is diagnosed more 
frequently when the environmental pollen counts (grass, trees and weeds) are high; 
the highest percentage of EoE occurs in the Spring and the lowest percentage in the 
Winter [20]. The diagnosis of EoE is not increased in the summer months [21].

6. Diagnostic tests

6.1 Laboratory (lab) tests

There is no single Lab test that can support the diagnosis of EoE. Mild peripheral 
eosinophilia may or may not be present. Peripheral eosinophilia, elevated serum 
eosinophil derived neurotoxin and eotaxin 3 (CCL26) may have the potential to act 
as a biomarker for monitoring EoE [22].

6.2 Endoscopy

The esophageal mucosa may look normal in 7–10% of cases of EoE [23]. A 
variety of non specific features of inflammation can be seen in EoE during endos-
copy. The five major endoscopic features of EoE as per EoE endoscopic reference 
score (EREFS) are edema, rings (Figure 3), exudates, furrows and strictures [24]. 
Edema is identified by loss of vascular markings and mucosal pallor. Transient 
concentric rings or trachealization may indicate esophageal longitudinal muscle 
contraction [25] and fixed rings may indicate fibrous stricture formation due to 
tissue remodeling. Exudates or white spots or white plaques may mimic candida 
esophagitis, histologically they are eosinophilic microabscesses. Furrows are vertical 
lines running parallel to the axis of the esophagus probably due to epithelial edema. 
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Chronic eosinophilic esophagitis may lead to long segment or short segment stric-
ture. Narrow caliber esophagus due to luminal narrowing of most of the esophagus is 
infrequently seen in EoE. Crepe paper esophagus occurs due to esophageal mucosal 
fragility and is recognized by a mucosal tear that occurs during passage of a diag-
nostic endoscope but neither during endoscope withdrawal nor after esophageal 
dilation. Although more than one of the above endoscopic findings can be seen in 
the same patient, none of them is specific for EoE. Recently, esophageal “pull” sign 
(substantial resistance and mucosal tenting during pulling of the biopsy forcep) was 
found to be highly specific and responsive to successful therapy in EoE patients [26].

Current recommendation is to take at least 2 to 4 biopsies from both proximal and 
distal halves of the esophagus (5 cm above GE junction) and also to take targeted biop-
sies from abnormal mucosa, i.e., exudates, rings, edema, furrows and strictures. Gastric 
and duodenal biopsies should also be taken to evaluate eosinophilic gastroenteritis.

7. Barium swallow

Imaging studies are generally not done to diagnose EoE. Barium swallow may show 
normal esophagus. Sometimes featureless narrow caliber esophagus, ringed esophagus, 
and isolated esophageal stricture are seen in EoE. But none is pathognomonic of EoE.

8. Esophageal manometry

Generally normal peristalsis is seen in EoE. Prolonged esophageal manometry and 
pH metry showed ineffective esophageal peristalsis in children with EoE [27]. Twenty-
four hours pH study would be normal in EoE unless there is coexistent GERD.

9. Echoendoscopy

Echoendoscopy may show hypoechogenesity and thickening of all the layers of 
the esophageal wall due to inflammation and edema [28].

Figure 3. 
Endoscopy showing multiple esophageal rings.
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10. Endotyping

In 2018, Consortium of Eosinophilic Gastrointestinal Disease Researchers 
analyzed endoscopic and histological features in patients with EoE using 
eosinophilic esophagitis diagnostic panel (EDP) which is a set of 96 informative 
transcripts. The EoE endoscopic reference score (EREFS), EoE histology scoring 
system (HSS), quantification of esophageal eosinophils and molecular features 
were assessed. The EDP identified clear signature of 3 distinct endotypes of 
EoE [29]:

1. Endotype 1 (EoEe1): It is the mild endotype. It is associated with relatively 
mild endoscopic (almost normal appearing esophagus), histologic and 
molecular changes. It is inversely associated with history of esophageal 
dilation. It represents 35% of all EoE patients.

2. Endotype 2 (EoEe2): It is the Inflammatory and steroid-refractory endotype. 
It is associated with esophagitis due to the highest expression of inflammatory 
cytokines. It has also the highest expression of steroid responding genes. It 
represents 29% of all EoE patients.

3. Endotype 3: It is the fibrostenotic and adult onset endotype. It is associated 
with narrow-caliber esophagus. It has the highest degree of endoscopic and 
histological severity and the lowest expression of epithelial differentiation 
genes. It represents 36% of all EoE patients.

10.1 Diagnostic criteria of EoE

1. Symptoms of esophageal dysfunction such as dysphagia, food impaction.

2. Characteristic endoscopic features: edema, rings, exudates, furrows and stric-
tures (EREFS).

3. Esophageal eosinophilia i.e. > 15 eosinophils per high power field.

4. Exclusion of other causes of esophageal eosinophilia.

11. Management

Firm diagnosis of EoE is essential before offering any treatment. 
Symptomatic esophageal eosinophilia is now considered as EoE when other 
secondary/non-EoE causes are excluded [30]. Few years ago, the term proton 
pump inhibitor responsive esophageal eosinophilia (PPI  REE) was used [31] but 
EoE and PPI REE are indistinguishable clinically, endoscopically and pathologi-
cally. The term PPI-REE is no longer used at the present time. The main aim of 
treatment of EoE is not only clinical improvement but also histological improve-
ment to prevent development of esophageal stricture. In 2020, the American 
Gastroenterology Association (AGA) and the Joint Task Force on Allergy-
Immunology Practice Parameters (JTF) recommended certain guidelines on the 
management of EoE [32]. Currently, drugs, diet and dilation are the three main 
modalities of treatment of EoE.
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12. Drugs

12.1 PPI

PPI is now used as the first-line treatment of EoE. In adults patients treated with 
PPI, symptomatic improvement can range from 25–80% and histological remission 
from 33–61% [33]. As mentioned before, PPI can block IL-4 stimulated eotaxin-3 
secretion and thus can inhibit eosinophil recruitment from blood into the esophageal 
tissue [34]. Significant improvement of dysphagia can occur in few days’ time. PPI 
can also be used as an adjunctive therapy when patients with EoE require esophageal 
dilation. Richter et al. found that esophageal eosinophilia was decreased in patients 
who received combination of PPI and esophageal dilation but not in patients who had 
esophageal dilation alone [35]. Finally, PPI can also restore the esophageal mucosal bar-
rier function in patients with EoE and thus can inhibit the entry of aeroallergens into 
the esophageal mucosa [36]. It is author’s opinion that in endotype 1, full dose of PPI 
once a day or low dose PPI twice a day should be initiated. Patients should be evaluated 
for symptomatic/clinical response after 4 weeks. At that time, there will be 2 groups:

1. Non-responders or inadequate clinical responders: dose of the PPI should be 
doubled and the patient should be evaluated again after 4 weeks. If there is no 
improvement of clinical response after 4 weeks, alternate therapy should be 
considered.

2. Responders or adequate clinical responders: same dose of PPI should be con-
tinued for another 4 weeks. Then the dose of PPI should be lowered to main-
tain controlling patient’s symptoms.

A recent study found that in endotype 2, continuation of PPI therapy for at least 
12 weeks had greater chance of inducing remission of EoE whereas in endotype 3, there 
was less responsiveness to PPI therapy both in the beginning and in the long run [37].

12.2 Topical glucocorticosteroids

Have become the second line medications for the treatment of EoE. Fluticasone 
metered dose inhaler 880 microgram puffed directly into the mouth without 
breathing and then dry swallowed twice a day for 6 to 8 weeks has been found to be 
effective in reducing symptoms and esophageal eosinophilia in 50 to 80% of cases 
[38, 39]. Patients are advised not to take any food or drink or rinse their mouth for 
half an hour to prevent the medication from washing off the esophageal mucosa. 
The maximal anti-inflammatory effect is found in proximal esophagus. Oral vis-
cous budesonide (OVB) 1 mg twice a day also decreases dysphagia and esophageal 
eosinophilia. OVB is easy to swallow, more mucoadherent and is made by mixing 
aqueous solution of budesonide (1 mg/2 mL) with the sugar substitute sucralose 
(5 g), chocolate syrup or honey [40]. Both forms of topical corticosteroids are more 
effective in histologic improvement than symptomatic improvement. Only 1% of 
the topical steroid is absorbed, so systemic side effects are extremely rare although 
oral and esophageal candidiasis can occur in up to one third of the time and herpes 
simplex esophagitis have been reported rarely.

Topical steroid is generally given for 8 weeks. If that fails, prolonged or higher 
doses of topical steroids or systemic steroids or dietary treatment or esophageal 
dilation should be tried to get symptomatic improvement. The AGA/JTF suggests 
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continuation of topical glucocortisteroids as maintenance therapy in patients with 
EoE in remission after short-term use of topical glucocoticosteroids.

13. Diet

Dietary therapy is very effective in the management of EoE. It can be used as an 
initial therapy or when other modalities of treatments fail. Dietary therapy depends 
on the resources available and can be expensive. As the dietary food allergen is 
removed, dietary therapy is very effective in inducing and maintaining clinico-
pathological remission. The three ways of dietary modification include:

1. Elemental diet: Amino acid based formula to remove food allergens. This 
therapy when given for a minimum of 6 weeks did both symptomatic and his-
tologic improvement (95% and 98% respectively) in EoE patients [41]. But the 
amino acid formula is expensive and unpalatable which affect patients’ quality 
of life, especially in children.

2. Six food group elimination diet (SFGED): The most common food allergens in 
EoE include milk, egg, wheat, soy, peanuts/tree nuts and sea food (fish/shell-
fish). Significant clinical and histological (74%) improvement occurred in EoE 
patients (children) when they were on this SFGED [42]. Another study showed 
four food group elimination diet (FFGED) which excludes milk, egg, wheat 
and legumes, when given for 6 weeks, clinicopathological remission occurred 
in 54% of adult EoE patient [43], and

3. Targeted or tailored elimination diet: This therapy is guided by detection of 
food allergens by skin prick/patch tests and blood tests. These tests can be not 
only time consuming but also can give false positive and false negative results. 
This therapy is offered as per the preference of the patient. Sixty-eight percent 
of EoE patients had symptomatic improvement on targeted therapy [44]. A 
dietitian interested in food allergies and EoE should be consulted. An Allergist 
should also be involved to find out the allergens triggering EoE. Food challenge 
by introducing one food or food group every 4 to 6 weeks should be offered. 
If the patient is allergic to food, there will be recurrence of symptoms and 
esophageal eosinophilia [45]. The AGA/JTF suggests using elemental diet or 
SFGED or testing based elimination diet over no treatment.

14. Systemic steroids

Oral methylprednisolone induced marked clinical and histological improvement in 
pediatric EoE patients [46]. Because of systemic side effects, this therapy is reserved 
when other therapeutic interventions fail. Steroids work by reducing the synthesis of 
eota  xin 3, IL 5 and GMCSF, and inducing the apoptosis of eosinophils. But recurrence 
of the EoE occurs after withdrawal of the steroids. The AGA/JTF suggests topical 
glucocorticosteroids rather than systemic steroids should be used in patients with EoE.

15. Immunomodulators

Azathiopurine and 6 mercaptopurine induced and maintained clinical and 
histological remission in steroid dependent EoE patients in a case series [47]. They 
are not currently recommended for routine clinical use in EoE.
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16. Mast cell stabilizers

In a small case series, Cromolyn sodium failed to show any clinical or histologic 
improvement in EoE patients [48].

17. Leukotriene inhibitors

Montelukast is an eosinophil stabilizing agent. It improved clinical symptoms in 
EoE but there was no histological improvement [49].

17.1 IL-4 inhibitor

Dupilumab is an interleukin-4 receptor antagonist/monoclonal antibody. It has 
been found to be effective in improving dysphagia and esophageal eosinophilia 
(intraepithelial eosinophil count of ≤6 eosinophils per high-power field) in a double 
blind, placebo-controlled, pivotal phase 3 trial (Part A) that evaluated its efficacy in 
81 patients aged ≥12 years with EoE. Dupilumab was granted Breakthrough Therapy 
designation by the FDA (Food and Drug Administration, USA) in September, 2020 
for the treatment of the patients aged ≥12 years with EoE [50]. This designation 
would allow expedited review of dupilumab for the FDA approval.

17.2 IL-13 inhibitor

RPC4046 (a humanized monoclonal antibody against IL13) was found to improve 
dysphagia, and reduce histologic and endoscopic features compared with placebo in a 
phase II trial. The medication was also found to be safe and well tolerated [51].

17.3 IL-5 inhibitor

Anti IL 5 antibody has been studied in both pediatric and adult patients with 
EoE. Mepolizumab significantly reduced esophageal eosinophilia but there was 
minimum symptomatic improvement [52]. Reslizumab also improved esophageal 
eosinophilia in EoE but there was no difference in clinical improvement in 
comparison to placebo [53, 54].

17.4 Macrophage migration inhibitory factor (MIF)

Macrophage migration inhibitory factor (MIF) is overexpressed in the 
esophageal mucosa of EoE patients. Recently, in the mice model of EoE, early 
administration a drug that blocked the action of MIF prevented eosinophilic 
infiltration in the esophagus. This study can lead to a novel therapy in future if MIF 
effect can be blocked in EoE patients [55].

The medications investigated for the treatment of EoE can be grouped as follows:

• Medications with proven effectiveness: PPI, topical glucocorticoids, systemic 
steroids. Immunomodulators.

• Medications under development: IL-4 inhibitor, IL-13 inhibitor, MIF.

• Medications with proven ineffectiveness: mast cell stabilizers, leukotriene 
inhibitors, IL-5 inhibitors.
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18. Endoscopic treatment

Esophageal dilation has definitive role in the management of EoE. Dilation is 
not indicated in patients with normal caliber esophagus and signs of inflammation 
during endoscopy [56]. It is very effective in symptomatic esophageal stricture 
(esophageal diameter < 10 mm), long segment narrowing and narrow caliber 
esophagus. This modality of treatment improves dysphagia and quality of life but 
does not reduce esophageal eosinophilia [57]. Either hydrostatic balloon dilation 
or wire guided bougie dilation can be done. Esophageal diameter should be 15 to 
18 mm to relieve dysphagia. Patients may need multiple sessions to achieve this. 
There is an increased risk of mucosal tear causing post dilation chest pain for 
several days [58]. Although initially thought that EoE patients carry higher risk of 
perforation after esophageal dilation, systematic review did not show any higher 
risk of perforation (0.1%) in this group of patients [59].

18.1 Endoscopic surveillance

Currently there is no guideline when surveillance endoscopy should be done 
in EoE patients who have achieved remission. In clinical practice, endoscopic 
and histologic assessment should be done 6 to 8 weeks after initiation or change 
of treatment to evaluate the efficacy of the treatment. When the disease is under 
remission, less frequent assessment/surveillance is done on a yearly basis or less 
frequently depending on the clinical scenario and the clinician.

18.2 Prognosis

As mentioned earlier, EoE is a chronic inflammatory disease of the esophagus. 
The inflammation leads to remodeling, fibrosis and stricture. Fortunately, no 
case of esophageal malignancy has been reported in EoE. Patients are generally 
diagnosed after several years of their symptoms. Although symptomatic 
improvement occurs after treatment, recurrence is common after discontinuation 
of treatment. So maintenance therapy is needed to prevent recurrences. At the 
present time there is no head to head study to suggest the best maintenance 
treatment. Continuation of PPI, swallowed glucocorticosteroid and/or dietary 
therapy should be done in all EoE patients particularly in those with history of food 
impaction, dysphagia, esophageal stricture, and in those with rapid symptomatic 
and histologic relapse following initial treatment.

19. Summary

EoE has become a common clinical entity in patients with dysphagia and 
esophageal food impaction. Although the disease is more common in young male 
patients with allergic disorders, any person can get affected. High degree of suspi-
cion is essential to diagnose this disease. So multiple proximal and distal esophageal 
biopsies should be taken in EoE suggestive mucosa (EREFS) and even in normal 
looking mucosa. Other causes of esophageal eosinophilia particularly GERD, 
eosinophilic gastroenteritis and hypereosinophilic syndrome should be considered. 
The morbidity can be managed and long-term complications can be prevented by a 
multidisciplinary team which includes gastroenterologists, pathologists, allergists 
and dietitians. Patients with EoE should be given PPI therapy or topical glucocor-
ticosteroids for 8 to 12 wk. If there is no clinicoopathological improvement i.e., in 
treatment-resistant cases, esophageal dilation should be offered [60]. Esophageal 
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Chapter 4

Extraesophageal Manifestations 
and Symptoms of Esophageal 
Diseases
Ljiljana Širić, Marinela Rosso and Aleksandar Včev

Abstract

Esophageal diseases are diagnosed by gastroenterological processing indicated 
due to typical gastrointestinal symptoms, but typical gastrointestinal symptoms are 
not the only possible manifestation of esophageal disease. There are also external 
symptoms such as chronic cough, laryngitis, pharyngitis, oropharyngeal dyspha-
gia, odynophagia, laryngopharyngeal reflux, dysphonia, sinusitis, ear pain, and 
changes in laryngopharyngeal mucosa (erythema, edema, ventricular obliteration, 
cricoid hyperplasia and pseudosulcus). Extraesophageal symptoms are common in 
esophagitis and GERD, and studies show increasing prevalence of LPR in patients 
with GERD, as well as an association of reflux disease with cough and dysphonia 
symptoms. The aim of the chapter is to describe these extraesophageal symptoms 
of esophageal disease and how to recognize and treat them, in order to facilitate 
gastroenterologists’ diagnostic processing of patients with these symptoms, 
improve their treatment and assessment of the therapy effectiveness, prevent the 
development of stronger symptoms, and encourage multidisciplinary cooperation 
and exchange of knowledge, scientific and clinical work.

Keywords: chronic cough, chronic laryngitis, dysphonia, esophagitis, 
laryngopharyngeal reflux

1. Introduction

Due to anatomical location and function, esophageal motility disorders, 
inflammatory diseases, gastroesophageal reflux (GER), esophageal rings and 
webs, tumors and other esophageal conditions and diseases can cause many 
extraesophageal symptoms, which are increasingly recognised and diagnosed by 
otolaryngologists, pulmonologists, cardiologists, and, of course, gastroenterolo-
gists. Certain pathophysiological conditions that are not localized in the esophagus 
may be the first symptoms of esophageal disease or signs associated with the 
onset of esophageal disease. One of the etiological factors is the pathophysiologi-
cal mechanism of the increase in intra-abdominal pressure that occurs during 
weight gain and in pregnancy. Another etiological factor is the pathophysiological 
mechanism of relaxation of the lower esophageal sphincter that may occur due 
to coronary heart disease drug therapy rich in nitrates. A similar thing happens 
during antirheumatic therapy in rheumatoid arthritis and some degenerative 
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diseases of the locomotor system. Other conditions that may be associated with 
gastroesophageal reflux and esophageal diseases include diabetes mellitus, 
which results in prolonged gastric stagnation and consequent prolonged gastric 
emptying, and duodenal ulcer, duodenal stenosis, or malignant gastric disease 
in which delayed gastric emptying is present. So far, it is a well-known fact that 
the appropriate speed of food passage through the gastrointestinal tract, which is 
conditioned by a series of autoregulatory processes, is important. An optimal rate 
of passage is required - small enough to complete food digestion and absorption 
of substances and large enough to supply the body with the necessary nutrients in 
a timely manner [1]. The most common atypical symptoms of esophageal disease, 
primarily esophagitis and gastroesophageal reflux disease (GERD), will be listed 
here. For better visibility and easier understanding, the classification of atypical 
extraesophageal symptoms was performed according to the criterion of anatomical 
localization (Figure 1):

• otolaryngological manifestations

• thoracic manifestations

• cardiac manifestations

And last but not least, the biopsychosocial dimensions of esophageal diseases 
and extraesophageal symptoms are being recognized, too.

2. Otolaryngologic manifestations

2.1 Chronic laryngitis and laryngopharyngeal reflux (LPR)

Patients with reflux laryngitis often have characteristic anamnestic data and 
records in the history of the disease. Common symptoms of laryngitis include 
chronic or intermittent recurrent cough, chronic sore throat, hoarseness, clear-
ing of the throat, dry mouth, feeling of a ‘lump’ and tickling in the throat, 
nocturnal dyspnea, laryngospasm and dyspepsia. Inspection of the laryngeal 
mucosa may reveal erythema and edema of the mucosa covering the arytenoid 
cartilage, the posterior part of the larynx, and often the posterior part of the 
true vocal cords.

Figure 1. 
Extraesophageal manifestation of esophageal diseases.
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Two theories explain the pathogenesis of reflux laryngitis:

1. theory of direct injury of the laryngeal mucosa and surrounding tissue by acid 
and pepsin;

2. reflex theory [2].

Due to direct injury to the laryngeal and pharyngeal mucosa, mucociliary trans-
port is damaged and secretions accumulate in the throat, which causes additional 
irritation of the mucosa and contributes to the symptoms of postnasal drip, throat 
clearing and foreign body sensation in the throat. As the larynx lacks the protec-
tive external cleansing and salivary mechanisms that neutralize acid, gastric reflux 
remains undiluted for a long time, resulting in tissue injury. The action of pepsin 
leads to the depletion of the carbonic anhydrase isoenzyme III, and it catalyzes the 
reversible hydration of carbon dioxide resulting in the production of bicarbonate 
ions. The formation of bicarbonate ions directly neutralizes the acidic stomach 
contents and inactivates pepsin, so the ions actually protect the tissue from acid 
refluxate [3, 4]. On the other hand, depletion of carbonic anhydrase isoenzyme III 
reduces the neutralization of acidic gastric contents and allows its prolonged activ-
ity. According to the reflex theory, laryngopharyngeal reflux occurs due to esopha-
geal reflux that stimulates vagal-mediated reflexes, resulting in a subjective need to 
‘clear’ the throat and a chronic cough that leads to injury to the laryngeal mucosa. 
Laryngopharyngeal reflux is a clinical entity that represents the return of gastric 
contents to the space of the larynx and hypopharynx, which causes the contact of 
acid with the tissues of the upper aerodigestive tract [5]. In the physiological state, 
the upper and lower esophageal sphincters act together and prevent reflux of gastric 
contents into the esophagus and upper aerodigestive tract. Howewer, the patho-
physiology of LPR is typically attributed to a defect or dysfunction of the upper 
esophageal sphincter. The esophagus features a number of protective mechanisms 
which prevent injury of the mucosa, which the laryngopharyngeal mucosa do not 
possess, and are more susceptible to damage from acid reflux. Laryngeal epithe-
lium is up to 100 times more susceptible to pepsin damage than esophageal tissue 
[6]. Regurgitation of the contents may cause primary burning and/or sore throat, 
cough, need for excessive throat cleansing, and secondarily may cause symptoms 
such as dysphonia, productive expectoration and globus hystericus (feeling of a 
‘lump’ in the throat). Signs of laryngopharyngeal reflux are visible in the form of 
laryngeal irritations, hyperemic mucosa of the vocal cords and arytenoids, thinned 
vocal cords, posterior pharyngeal wall abnormalities, erythema, edema, and 
discontinuity of mucosal continuity. Of these symptoms, laryngeal irritations and 
abnormalities of the posterior pharyngeal wall have a statistically significant preva-
lence in patients with reflux. It should be noted that these symptoms, in addition to 
esophagitis and gastroesophageal reflux disease, are also present in persons exposed 
to allergens and irritants and in postnasal drip syndrome. Most authors interpret 
laryngopharyngeal reflux as atypical gastroesophageal reflux, although some 
authors disagree with this interpretation given the different pathophysiology and 
symptomatology of these refluxes [7]. It is important to emphasize that the etiology 
of reflux in laryngopharyngeal and gastroesophageal reflux is not the same, just 
as the form and circumstances of occurrence are not quite the same. For example, 
laryngopharyngeal reflux occurs more often during the day in an upright position, 
while gastroesophageal reflux occurs in a horizontal position and at night, or during 
sleep. Different body composition of patients with laryngopharyngeal and gastro-
esophageal reflux [8] was also observed, and published studies show an association 
between increased body mass index (identified as obesity) and gastroesophageal 



Esophagitis and Gastritis - Recent Updates

52

reflux disease [9] and a statistically significant higher incidence of gastroesophageal 
reflux disease in patients with registered obesity. In contrast, increased body mass 
index is not statistically significant in patients suffering from laryngopharyngeal 
reflux [10, 11]. Reflux associated with laryngeal symptoms is verified by laryngos-
copy and 24-hour pH monitoring. Patients with laryngopharyngeal reflux without 
alarming symptoms are treated empirically with proton pump inhibitors for one to 
two months. If this type of therapy is effective, according to individual needs, the 
therapy is extended to six months with the aim of complete healing of the laryngeal 
and pharyngeal mucosa.

2.2 Dysphonia

Chronic gastroesophageal reflux is an etiological factor that contributes to the 
manifestation of laryngeal symptoms, primarily hoarseness. In addition to hoarse-
ness, laryngopharyngeal reflux and laryngitis may occur. Koufman et al. found that 
78% of dysphonic patients have gastroesophageal reflux disease [12]. According to 
Vashana, acid reflux is especially common in singers. The author explains this state-
ment in several facts: muscle activity due to a vocal technique that works against 
the lower esophageal sphincter; inadequate feeding and sleep dynamics; emotional 
components and exposure to stressors typical of this profession [13].

2.3 Chronic rhinosinusitis (CRS)

More recent studies has reported significant association between gastro-
esophageal reflux and chronic rhinosinusitis, but the nature of the association is 
still unknown. Gastroesophageal reflux disease can cause several upper airway 
symptoms and change the physiology of nasopharyngeal mucosa, while upper 
airway diseases might also exacerbate GERD symptoms [14]. This associaton can 
be explained by three physiological mechanisms: the direct effect of acid or acidic 
vapor in the nasal mucosa, a dysfunction of the autonomous nervous system and 
the presence of Helicobacter pylori. It is known that the direct contact of the acid 
with the nasopharyngeal mucosa results in mucosal edema, with reduction of the 
mucociliary clearance and obstruction of the sinusal ostium. The acid reflux is an 
uncommon event in the nasopharynx and occurs in only 5% of GERD patients. 
Autonomic dysfunction, in this case the increase of the vagal tonus, may partly 
account the hyper-reactivity of the airways to acid. The Heliobacter pylori has 
been identified in the esophagus, palatine and tonsils, saliva and teeth, and is 
not known how its presence can result in some abnormalities of this tissues. 
Retrospective studies describe an improvement of 69 to 89% of the nasosinusal 
symptoms after GER treatment. Despite this knowlege, it is still not possible to 
state that the gastroesophageal reflux is one of the leading risk factors to chronic 
rhinosinuitis, but it must be researched as an unchaining factor when there is no 
other evident etiology. Howewer, GER symptoms are very prevalent in patients 
with chronic rhinosinusitis [15].

2.4 Chronic otitis media (COM)

Chronic otitis media may lead to tympanic membrane perforation as a conse-
quence of unresolved and resistant middle ear infection, blockage of the Eustachian 
tube, insufficiency of ciliary clearance, or an injury to the ear persisting more than 
3 months. Various microorganisms are considered as etiologic agents in COM. 
Other predisposing factors may also play role in persistence of the disease. Many 
recent studies have shown a potential association between gastroesophageal reflux 
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and otitis media chronica [16]. Gastroesophageal reflux can be an inflammatory 
cofactor and can result in upper respiratory tract disorders, including COM in 
pediatric and adult age group. Otitis media with effusion is the most common cause 
of hearing loss in children. The pathogenesis is multifactorial: infections, impaired 
immunologic status, allergic history, anatomical problems, familial predisposition 
and enviromental factors have role in pathogenesis. The angle and length of the 
Eustachian tube are more horizontal and shorter in infants than in adults, and may 
allow reflux of gastric contens from the nasopharynx into the middle ear. It can 
cause to lay the groundwork for mucociliary clearance dysfunction and bacterial 
infections. Some studies found pepsin concentrations in samples from middle ear 
effusions of up to 1000-fold greater in children who undergone myringotomy. It 
was suggested that the GER may be related to glue ear in children. The therapy of 
COM is mainly surgical. Higher level of damage in the middle ear of patients having 
GERD requires appropriate treatment which may positively affect outcomes for 
COM surgery [17].

2.5 Oral mucosal changes

More recent studies have pointed out that extraesophageal symptoms of GERD 
are acidic lesions of the oral mucosa. These lesions are caused by direct acid and 
pepsin exposure, or acidic vapor contact in the oral cavity. GERD was reported to 
be associated with microscopic alterations in the palatal mucosa, such as epithelial 
atrophy, deepening of epithelial crests in connective tissue and a higher prevalence 
of fibroblasts [18]. Mucosal changes are quite common and not pathognomonic 
and specific of patients with gastroesophageal or esophagopharyngeal reflux, but 
erythema of the soft palate and uvula, epithelial atrophy, xerostomia and glositis 
are quite common in GERD patients. Some authors pointed out the presence of 
aphtoid lesions, hoarseness, chronic periodontitis, dry oral mucosa with a keratotic 
appearance of the gingival tissues and the presence of burning mouth. In addi-
tion, persons with GERD may complain of a sour or acidic taste, impaired taste 
(dysgeusia), an oral burning sensation and water brash (flooding of the mouth 
with saliva in response to an esophageal reflux stimulus) [19]. Adequate mucin-rich 
salivary secretions coat all of the internal anatomical surfaces and are essential 
for the protection of the oropharyngeal and esophageal mucosa and the teeth 
from chemical, thermal, mechanical and microbial damage. Saliva also facilitates 
efficient swallowing and speech. Some studies have found a significant association 
between gastroesophageal reflux and hyposalivation. On the other hand, proton 
pump inhibitors can cause hyposalivation. Hyposalivation may result in xerostomia, 
impaired mastication and swallowing, painful mouth, cracked lips and angular 
cheilitis [20].

2.6 Hypersalivation

The quantity of salivation and the quality of saliva can be an indicator of a 
certain disease of the oropharynx and esophagus or it can be an indicator of the 
complication of such conditions. Saliva is produced by the parotid, submandibu-
lar and sublingual glands and the small salivary glands. Sialoreia usually occurs 
in neurological diseases, such as Parkinson’s and Wilson’s disease, Angelman’s 
syndrome, infections, heavy metal poisoning, and can also occur in the secre-
tory phase of the menstrual cycle or as idiopathic paroxysmal sialoreia. Increased 
salivation can be caused by systemic consumption of drugs with a cholinergic effect 
(clozapine, risperidone, nitrazepam, lithium and bethanekol), and it also occurs 
as a subtle manifestation of gastroesophageal reflux disease in the form of ‘water 
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brash’. However, hypersalivation, although uncomfortable and disruptive, does 
not necessarily have to be negative since saliva plays an important role in protect-
ing the esophageal mucosa. There are studies on the importance of ingested saliva 
that neutralizes the pH of gastric acid regurgitated into the esophagus [21] and on 
the buffering of gastric acid that enters the esophagus by reflux [22]. The acid that 
accumulates in the upper part of the esophagus reflexively initiates the formation of 
saliva [23], which is not the case when the acid accumulates in the lower part of the 
esophagus [24].

2.7 Dental erosion

Chronic regurgitation of gastric acids in patients with gastroesophageal reflux 
and related condition - laryngopharyngeal reflux may cause dental erosion which 
can, in combination with attrition or bruxism, lead to extensive loss of coronal tooth 
tissue. Dental erosion is typically a slowly-progressing and ireversibile phenomenon 
defined as the loss of tooth substance by chemical processes (acid exposure) not 
involving bacteria [25]. The literature shows a strong correlation between GERD 
and dental erosion, with a median prevalence of 24% in a large range of age groups. 
The degree of erosion due to GERD is related to the duration of the disease, fre-
quency of reflux, the pH and type of acid, and the quality and quantity of saliva. 
Demineralisation and the loss of calcium and phosphate ions from the mineral 
surface of the teeth result in visible defects, and cause significant reduction in 
microhardness which makes the softened surface more prone to mechanical dam-
age [26]. It is recognized that refluxed acid attacks the palatal surfaces of the upper 
incisor teeth first, later, if the condition continues, erosion of the occlusal surfaces 
of the posterior teeth in both arches and the labial or buccal surfaces [27].

2.8 Halitosis

Halitosis is an unpleasant odor from the oral cavity and is a condition that 
affects a large number of people [28]. The prevalence of halitosis is 8–46% [29]. 
The pathophysiological mechanism of halitosis is still not completely clear and 
is mainly attributed to oral pathology due to microbial activity in the interdental 
space, between the teeth and periodontium, and on the dorsal side of the tongue. 
Published data suggest that halitosis may correlate with chronic sinusitis, upper 
and lower respiratory tract diseases, various systemic diseases, gastroenterological 
diseases, and consumption of certain drugs in patients without oral pathology. It has 
been stated that mouth breathing, too, can be the cause of halitosis [30]. Although 
halitosis has previously been considered a rare consequence of gastrointestinal 
disorders [31], recent literal data have shown that it is common in gastrointestinal 
pathology and is significantly more common in patients with gastroesophageal 
reflux disease than in healthy individuals [32]. Furthermore, the symptom is often 
present in patients with verified infection with Helicobacter pylori, a bacterium that 
is among the major pathogenic factors of inflammatory and ulcerative changes on 
the gastric mucosa [33–36]. In addition, a high correlation has been demonstrated 
between halitosis and gastroesophageal reflux disease and peptic ulcer disease [37], 
and some authors have linked halitosis to volatile sulfur compounds [30, 38, 39] 
and to the chemical compounds cadaverine, some types of indoles [30]. Cadaverine 
(1,5-pentanediamine) is a toxic diamine formed by tissue putrefaction. Indole (ben-
zopyrrole) is a heterocyclic compound formed by the breakdown of the amino acid 
tryptophan in the digestive tract, however, it is also used in the production of certain 
drugs, fragrances and essential oils [40]. An organic compound from the indole 
family associated with halitosis is skatol (3-methylindole), which occurs naturally 
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in faeces, it is also present in flowers and essential oils (orange and jasmine) in low 
concentrations, and is used as a fixative in many perfumes [41]. A 2006 study by 
Lee et al. reported that Helicobacter pylori produces hydrogen sulfide and methyl 
mercaptan that contribute to halitosis [42], and the bacterium itself is one of the 
main factors in the manifestation of gastrointestinal diseases.

3. Thoracic manifestations

Thoracic manifestations can occur secondary to the wide range of esophageal 
disorders: inflammatory process, infections, trauma and perforation, congenital 
malformations, esophageal motility disorders and benign and malignant neoplasms. 
Complications associated with these diseases and disorders can involve the medias-
tinum, tracheobronchial tree, and lungs. Lower respiratory system and esophagus 
share a common embryological derivation and are anatomically related. Pulmonary 
complications can be associated with high morbidity and mortality. Such complica-
tions can be categorized as:

1. mediastinal complications (due to trauma, perforation, foreign bodies, caustic 
injury, or malignancy);

2. tracheobronchial complications (congenital or acquired tracheoesophageal 
fistulas);

3. pleural complications (esophagopleural fistulas);

4. lung complications (due to GERD, infectious and inflammatory process) [43].

Gastroesophageal reflux disease has been linked to a variety of respiratory 
diseases either as a direct cause, or as a risk factor to the inability to control or 
worsening of the disease. It can cause various pulmonary manifestations and 
nonspecific complaints: chronic cough and fewer, recurrent pneumonia, noncardiac 
chest pain, sputum production and dyspnoea, bronchospasm. Epidemiological 
studies in patients with reflux esophagitis have shown an increased risk for chronic 
bronchitis, chronic obstructive pulmonary disease, pneumonia, and idiopathic 
pulmonary fibrosis. Chronic cough and bronchial asthma are more common 
respiratory manifestations of GERD. Pathological GERD has been described in 30% 
to 80% of patients with asthma. Micro-aspiration of gastric contents and/or vagal 
irritation from gastro esophageal reflux may constitute airway irritants and thus 
represent a potential pathogenic mechanism for acute illness or acute exacerbations 
of chronic pulmonary diseases. Exacerbations of chronic obstructive pulmonary 
disease is twice as high in patients with GERD as in those without GERD symptoms. 
GERD can produce lung disease by two mechanisms: by reflex neural mechanisms 
occuring during reflux events limited to the lower part of esophagus, and direct 
from gastric contents refluxed into the pharynx producing upper airway damage 
and lung disease. While gastroesophageal reflux may increase airways resistance 
and cause inflammation by releasing pro-inflammatory mediators, esophagopha-
ryngeal reflux creates the potential to aspiration and its consequences which varies 
depending of the duration, volume and nature of the aspirate [44]. Chronic cough 
is considered to be a cough that is continuously present for eight weeks and longer. 
Among the etiological factors, the three most common causes of chronic cough 
can be singled out: postnasal drip syndrome, asthma and gastroesophageal reflux. 
In 75% of cases, patients with chronic cough do not have the typical symptoms of 
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esophagitis or gastroesophageal reflux disease, yet the result of 25% of patients with 
symptoms of both types speaks in favor of the association of chronic cough and 
esophageal disease [45]. Namely, the determination of correlation is primarily based 
on the strength and direction of the correlation, and not only on the frequency and 
percentage of results.

4. Cardiac manifestations

Coronary heart disease and gastroesophageal reflux disease can interact and 
produce chest pain. Some recent studies have shown that exposure of the esopha-
geal mucosa to acid can compromise myocardial perfusion and cause chest pain 
by inducing coronary spasm or cardiac dysrythmia [46–48]. On the other hand, 
myocardial ischemia can cause esophageal dysmotility or relaxation of the lower 
esophageal sphincter and exacerbate GERD [49]. GERD can worsen sleep distur-
bances, and sleep apnea increases the risk of a cardiovascular diseases [50]. These 
two diseases have a number of common risk factors and comorbidities, such as 
diabetes, hypertension, hyperlipidemia, smoking and alcoholism, gender and age 
[51, 52]. Proton pump inhibitors, as a treatment option in GERD therapy can also 
affect cardiovascular physiology. One of the big population-based study shows that 
PPI usage can reduce the cardioprotective effects of certain therapies, and it can 
also reduce the contractility of myocardial tissue and raise the risk of atherosclerosis 
by increasing the serum levels of homocysteine by impairing the absorption of 
vitamin B12. This study indicates that GERD is associated with an increased risk of 
developing coronary heart disease, and PPI therapy that lasts longer than one year 
might increase the risk of CHD [53].

5. Conclusion

Esophageal symptoms are common and often overlap between different esopha-
geal disorders, making a diagnosis based solely on patient history, symptoms, and 
physical presentation challenging. Esophageal motility disorders often manifest 
with chest pain and dysphagia. Other symptoms are heartburn, regurgitation, 
weight loss and malnutrition. Chest pain is localized behind the sternum, and 
does not spread to the shoulders and arms, which distinguishes it from cardiac 
pain. Gastroesophageal reflux (GER) symptoms have been reported in up to 20% 
of the adult population, which makes GER one of the common gastrointestinal 
disorders with a chronic or recurrent nature. Patients often complain of heartburn 
and acid regurgitation. The presence of this symptoms at least once a week for 
the last 3 months are considered essential in diagnosis of a clinical disorder called 
gastroesophageal reflux disease (GERD) [54]. Gastroesophageal reflux is often 
associated with symptoms of the respiratory tract. Chronic cough of unknown 
origin, laryngeal complaints, throat discomfort, breathing disorders, bronchitis, 
pneumonia and even non allergic asthma, resistant to steroid therapy, are suspi-
cious of being reflux related. Other symptoms are haematemesis, eructation, 
dysphagia, odynophagia, hiccups, changes in the oral, nasal and pharyngeal 
mucosa, dental erosions and cardiac problems. Laryngopharyngeal reflux (LPR) is 
present in up to 60% of GERD patients. Symptoms of this multifactorial syndrome 
are mainly extraesophageal, and are found in the head and neck region. The most 
common symptoms are cough, hoarseness, dysphonia, sore throat, globus pharyn-
geus, chronic postnasal drip, and Eustachian tube dysfunction, Some studies have 
shown that LPR has been associated with vocal cord polyps, vocal cord granulomas, 
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laryngospasm, subglottic stenosis and laryngeal carcinoma [55]. Esophagitis can be 
caused by reflux mechanism, infections, caustic agents, ionizing radiation, thermal 
injuries, eating disorders, medications, and as a part of some sistemic diseases. 
The most common symptoms are dysphagia and odynophagia, heartburn and acid 
regurgitation, haematemesis. Severe and prolonged vomiting and straining can 
results in tears in the mucous membrane of the esophagus. This condition is called 
Mallory-Weiss Syndrome. The main symptoms are hematemesis and melena, and 
in severe cases heavier bleeding may occur. Ribs and webs are the most common 
structural abnormalities of the esophagus. Most of them are asymptomatic, but can 
occasionally present with intermittent dysphagia to solids. They are associated with 
Zenker’s diverticulum and Plummer-Vinson Syndrome which is classically a triad 
of dysphagia, iron-deficiency anemia, and esophageal webs. Esophageal rings are 
almost always associated with a hiatal hernia [56]. The esophagus is the most com-
mon site of acute foreign body obstruction. The clinical presentation varies from 
mild to extremely severe, and the most common symptoms are hypersalivation and 
odynophagia [57]. Esophageal perforation is a rare and potentially life-threatening 
condition most commonly caused by manipulations with medical instruments, 
forced strining and foreign bodies. The most common symptoms are odynophagia, 
chest pain, vomiting and shortness of breath, and in 70% of patients with perfora-
tion of the intrathoracic esophagus there are pleuromediastinum and palpable 
crepitus in the soft tissue of the neck and thorax. Caustic injuries of the esophagus 
are potentially one of the most challenging clinical situations in gastroenterology. 
Caustics and corrosives cause tissue injury by a chemical reaction. The severity of 
injury and the clinical presentation depends on several aspects: Concentration of 
the substance, amount ingested, duration of tissue contact, location of damage, 
and pH of the agent: hoarseness, stridor, dysphagia, odynophagia, hematemesis, 
epigastric pain. Short-term complications include perforation and death [58, 59]. 
Esophageal cancer is the sixth most common cause of cancer deaths worldwide. In 
the initial stage it usually shows no symptoms. The most common symptoms are 
dysphagia, chest pain, pressure or burning, heartburn, coughing or hoarseness, 
weight loss, bleeding, and hiccups. As can be seen, almost all esophageal diseases 
shows atypical and extraesophageal symptomatology. Due to proper and accurate 
diagnosis and treatment, the cooperation of a multidisciplinary team is required.
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Chapter 5

Introducing an Innovative Oral
Neuromuscular Treatment of the
Underlying Reason for Reflux
Caused by Hiatus Hernia: An
Aggravating Factor in Esophagitis
Mary Hägg and Thomas Franzén

Abstract

Esophagitis is a debilitating disease often leading to more serious conditions. It is
aggravated by refluxed stomach acids for which the usual treatment is PPI drugs
that at best treat the symptoms, not the underlying cause of reflux. Surgical inter-
ventions address the root - Hiatal muscular incompetence - but are invasive and
expensive. Both treatments have proven unwanted side-effects. Neuromuscular
treatment is a new and innovative alternative that addresses the root cause of
reflux. The science and evidence behind this treatment is presented here. Reflux
cannot happen when the diaphragm functions properly and maintains adequate
pressure in the Hiatal canal, otherwise the neck of the stomach can intrude through
the diaphragm into the chest cavity allowing reflux and conditions such as GERD,
LPR, silent reflux, dyspepsia and more. This is especially common at night, when in
bed. Training with a simple and inexpensive neuromuscular medical device takes
90 seconds per day, self-administered by the patient without medication or surgical
intervention. No negative side effects are recorded for this treatment. Currently, 40
000 individuals have treated with the device. It is deployed in healthcare institu-
tions in several countries and is recognised in the UK by NICE in a briefing to the
NHS as a treatment for Hiatal hernia.

Keywords: dysphagia, esophagitis, GERD, hiatal hernia, hiatal incompetence,
manometry, neuromuscular treatment, obesity, PPI medication, reflux

1. Introduction

Esophagitis is thoroughly explained as a condition elsewhere in this book and its
various causes discussed. There can be a variety of causes of esophagitis but in all
cases it is aggravated if Gastro Oesophageal Reflux Disease (GERD) is present. It is
that condition, reflux that will be discussed here: its treatments, causes, similar
conditions, and a new and innovative treatment that simply and effectively
addresses the root cause of reflux – not just its symptoms. Damage caused by reflux
to the lining of the oesophagus can lead to the condition of Barrett’s oesophagus in
which cell changes indicate a pre-cancerous condition [1, 2]. This chapter will
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explain what Hiatal hernia (HH) is and why it is near-exclusively [3, 4] responsible
for all reflux-related conditions. It will be seen that the current most common active
treatment for the symptoms of reflux is the administration of medication, often
Proton Pump Inhibitor (PPI) drugs. These successfully alleviate the symptoms by
reducing stomach acid production and its efficacy but, because they do not address
the underlying cause of the condition, they are often prescribed for many years or
even to end-of life. Their unwanted side-effects are well documented and
referenced here. Medical science and healthcare professionals concerned with
treating all symptoms caused by reflux should be excited and interested in a new,
but proven, treatment that is simple, cheap, self-administered and with no negative
side-effects. This disruptive technology to drug research and development is
presented here.

2. Current treatments

In most cases clinicians first advise patients who present with reflux and the
symptoms of reflux to implement lifestyle changes. These include changes in eating
and drinking habits: lose weight, drink less alcohol, stop smoking, do not eat too
close to bedtime, and more. Doctors also advise sleeping with the head of the bed
raised, this encourages the neck of the stomach to remain correctly positioned and
not intrude through the diaphragm at night allowing reflux. Changes in diet are
often popular with patients with certain foods being excluded or included in their
symptom-management routines.

The second, and most common type of treatment administered, is medication.
This can be mild, over-the-counter (OTC) drugs, but is usually prescription drugs
from the Proton Pump Inhibitor (PPI) class.

The third and last widely used type of intervention is surgery. Laparoscopic
fundoplication is common, as are magnetic bands around the hiatal canal, and other
operations. In essence each of these interventions is designed to compensate for the
muscular incompetence in the diaphragm that allows the stomach neck to herniate
into the chest cavity and reflux stomach contents.

2.1 Shortcomings of current treatments

Lifestyle changes are the most innocuous treatment and suffice for some people.
Evidence [5] shows however, that their effect is weak.

Many OTC medications have a base pH and address the problem of reflux by
reducing the acidity of the stomach acids which are being refluxed. Although the
unpleasant sensations of reflux are reduced, the harmful effects on the vulnerable
oesophagus and other organs continues. Long-term use of OTC medication is gen-
erally regarded to be free from harmful side-effects.

PPI medications act by inhibiting the amount and strength of the acids produced
in the stomach. In the case of all medications there is no expectation that the
underlying cause of the reflux – the weakened diaphragm musculature – will be
addressed, merely the severity of the reflux symptoms.

However, in the case of the latter drug class there are significant known side
effects. Long-term PPI usage is generally discouraged and several countries insist
that clinicians perform a medication review before renewing PPI prescriptions. At
least once per year is recommended in the UK [6]. PPI medication is usually not
expensive, but the costs of repeat Healthcare Professional (HCP) interventions
build to a considerable amount when prescribed for rest-of-life.
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PPI drugs belong to one of the safest medication groups, but some research
suggests a list of unwanted side effects [7, 8] include increased risk of cardio-
vascular disease, osteoporosis, dementia, male infertility, diabetes, increased vul-
nerability to severe covid19 infection.

In addition, harmful bacteria in the stomach like Helicobacter pylori (HP) that
would not survive in normal circumstances, can thrive in the weakened acids after PPI
treatment. These germs can enter the body and live in the digestive tract. After many
years, they can cause sores, called ulcers, in the lining of the stomach or the upper part
of the small intestine. For some people, an infection can lead to stomach cancer.

In the UK there are several initiatives in the NHS to reduce PPI prescription,
Rotherham [9], All Wales [10] etc.

The final class of treatment is that of surgical intervention. Laparoscopic opera-
tions are minimally invasive, whilst other procedures can be more traumatic, all
surgical operations carry risks [11]. Such operations require hospitalisation and the
National Institute for Health and Care Excellence (NICE) in the UK advise that the
cost is GBP 2076 [12].

The prevalence of success of these operations [13] is not 100%. In some cases the
remedy is not long lasting and a second operation is required, or the patient will
return to PPI medication. Some patients are not deemed suitable for surgery
because of other pre-existing factors, and in periods like the Covid19 pandemic such
interventions are not prioritised and can be delayed by years.

3. There are several related reflux conditions

Esophagitis is aggravated by acidic reflux and several other conditions are also
caused by this condition. All except esophagitis have similar characteristics and
treatments.

Reflux is a condition in which stomach acids sometimes bubble up from the
stomach, through the oesophagus and into throat, larynx and pharynx. The effect of
these acids is to cause the symptoms [14] of:

Heartburn
Burning sensation in the chest
Acidic reflux
Swallowing difficulties
Feeling of a lump in the throat
Feeling of a blockage in the chest when eating
Chest pains
Pain under the breastbone (sternum)
Stomach pains before eating
Stomach pains after eating
Reduced appetite
Early ‘Full up’ feeling
Feeling sick
Constipated, gassy
Vomiting
Persistent dry or phlegmy cough
Food or drink ‘goes down the wrong way’
Hoarseness
Breathing difficulties
It should be noted that if some of the above symptoms are chronic, and espe-

cially if they do not respond to medication, they could be caused by cancer or other
diseases and these should be considered before diagnosing reflux as the sole cause.
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Refluxing stomach acids is the underlying cause of several conditions: LPR, GERD
(or GORD), Silent Reflux, IED. These conditions are sometimes known by their full
names: Laryngopharyngeal Reflux, Gastroesophageal RefluxDisease, and Intermittent
Oesophageal Dysphagia. These various conditions exhibit some or all of the symptoms
listed above, they vary slightly but are all caused by the corrosive effect of the refluxed
stomach acids. Reflux has an aggravating effect on those with esophagitis.

Another form of reflux is non-acid reflux, this can be diagnosed by impedance
and 24-hour pH study. Even though the refluxed stomach contents are not acidic –
perhaps due to PPI suppression medication – it is still an unwanted symptom. For
this reason, the HH should still be treated even though non-acid reflux is not
thought to aggravate esophagitis.

If untreated, the effect of these acids on the oesophagus can lead to inflamma-
tion and Barrett’s oesophagus. These altered cells can be a sign that they have
entered a pre-cancerous phase. It has been shown that even after PPI medication
that relieves symptoms, the cancer risk is undiminished [15]. It may be useful to
describe the similarities and differences between the various conditions listed.

3.1 GERD

GERD and GORD are the same thing and the name varies only because people
spell (o) oesophagus with or without an ‘O’ in the beginning. It is an abbreviation
for Gastroesophageal Reflux Disease.

This condition means that stomach acids bubble up from the stomach, into the
oesophagus and up to the throat, larynx and pharynx. The effect of these acids is to
cause persistent symptoms like heartburn, a feeling of something stuck in the
throat, pain behind the breastbone, difficulties in swallowing some foods, persistent
non-productive cough, thick phlegm or frothy saliva, and regurgitation.

3.2 LPR

LPR is an abbreviation for LaryngoPharyngeal Reflux. In this condition stomach
acids sometimes bubble up as described earlier and cause the symptoms of heart-
burn, sore throat, irritation in the larynx and vocal cords, and hoarseness. When the
symptoms do not include heartburn, it is often called Silent Reflux instead.

With LPR, unlike similar oesophageal conditions like GERD, the oesophagus
itself is not usually irritated, nor does one usually suffer from the impression of
something stuck in the throat or behind the breastbone.

3.3 Silent reflux

In this condition stomach acids sometimes bubble up as described earlier and cause
the symptoms of sore throat, irritation in the larynx and vocal cords, and hoarseness.

With Silent Reflux, unlike similar oesophageal conditions like GERD, the
oesophagus itself is not usually irritated, nor does one usually suffer from the
impression of something stuck in the throat or behind the breastbone. Because the
symptoms are less obvious than GERD, the condition is known as Silent Reflux. If
heartburn is present in addition to the above symptoms the condition is more often
described as LPR.

3.4 Heartburn

Heartburn is a condition that everybody experiences occasionally. It is normal
after, for example, a heavy meal or fizzy drinks. Constant or persistent heartburn is
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usually diagnosed by doctors as being caused by reflux which sometimes has the
related symptoms of sore throat, irritation in the larynx and vocal cords and
hoarseness (Figure 1).

4. Hiatus hernia: the root cause of reflux

Reflux of stomach contents can allow the body’s own acids to attack the vulner-
able soft membranes and tissues in the oesophagus, pharynx, larynx, throat, vocal
cords, tongue, and more. Refluxed stomach acids can worsen a pre-existing condi-
tion of esophagitis.

The underlying cause of reflux is a muscular weakness in and around the dia-
phragm where the oesophagus passes through it; this is a Hiatal hernia (HH).
Medication will not address this, whereas surgical intervention will, and we will
describe later how a new, non-invasive neuromuscular treatment will allow these
delinquent muscles to be strengthened and rebuilt as an alternative to surgical
intervention.

Many people suffer from reflux but were never diagnosed with HH in earlier
internal examinations. The condition is difficult to diagnose with certainty, a sliding
HH (90% of all cases) [3, 4] is by its nature intermittent and does not always exhibit
at the time of examination. Cuffing of the abdomen to try to provoke herniation is
sometimes required to make a diagnosis more certain, especially when using
hypopharynx-oesophageal X-ray. It is also the case that the main reason for an
internal examination using gastroscopy with biopsy will have been to rule out other
serious conditions; not to confirm a HH. Continual pH-monitoring is also used to
measure prevalence of acidic reflux but does not aim to identify its cause.

Figure 1.
Symptom comparisons in reflux diseases.
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Scientific studies [16–18] have looked at treatment of HH. When recruiting
patients to these studies the researchers have always distinguished between those
with the symptoms of a HH and a confirmed diagnosis; and those with the symp-
toms but no confirmation. In these studies, these two groups have the same symp-
toms, treatment and positive results. In reality there is no difference between the
two groups.

In an IQoro customer questionnaire analysis [19] in June 2020 directed at people
in Sweden and the UK, self-treating the symptoms of reflux with a neuromuscular
device, they were asked how many knew that they had a HH. Most had reflux
symptoms and were asked if they had a confirmed diagnosis. More than 2 700
responded: 37% had a confirmation of the condition after examination, and 37%
suspected a Hiatal hernia or did not know and had no confirmed diagnosis. In other
words, less than 40% of a cohort that probably had a HH had had it confirmed by
examination. To add to this uncertainty people were 25% more likely to have had
confirmed diagnosis in the UK than in Sweden; suggesting that diagnosis is difficult
or not prioritised. Given the paucity of options to treat such a condition it perhaps
not surprising that its diagnosis is not deemed important.

4.1 What is hiatus hernia?

Hiatus hernia is not a disease, it is a condition that allows reflux to occur.
The diaphragm is the thin but powerful muscle below the ribcage that divides

the chest cavity – where the heart and lungs reside, from the stomach cavity. It is
attached to the base of the sternum (breastbone) and follows the base of the ribcage
and ends at the spine.

The aperture where the oesophagus passes through the diaphragm is called
the Hiatus canal, here the diaphragm muscle grips around the oesophagus and
ensures that mouth of the stomach cannot normally intrude upwards into the
chest cavity. When the stomach intrudes at other times, in an uncontrolled and
undesired way, stomach acids can be refluxed into the oesophagus. During the
day, gravity aids the effect of holding the stomach down below the diaphragm,
when lying down this effect is not present and is a factor in increased acidic reflux
at night.

The valve at the top or mouth of the stomach is called the Lower Oesophageal
Sphincter (LES), its job is to remain tightly closed except when swallowing and
admitting food and drink into the stomach. An exception to this is when we need to
belch, or when we are ill and need to vomit. In these cases, the neck of the stomach
slides up through the diaphragm to allow the LES to open upwards to discharge
gases or liquids. In its natural position below the diaphragm, it cannot do this. The
LES is normally only able to flex open in a downward direction and permit one-way
traffic into the stomach. The cause of this uncontrolled intrusion of the neck of the
stomach is that the muscle gripping the oesophagus in the Hiatus canal is weakened
or ruptured. When held in place below the diaphragm the LES cannot open
upwards and allow stomach contents into the oesophagus. The underlying cause of
reflux is therefore always a HH.

All babies are born with part of their stomach in the chest cavity; this is normal
and usually does not cause a problem. Some, especially those who were born pre-
maturely or in difficult circumstances, may exhibit the symptoms of reflux and
projectile vomiting. They may also reject oral feeding; this is due to immaturity of
the musculature in the digestive system. At the age of around 6 months the baby’s
oesophagus starts to grow and lengthen allowing the stomach to descend, and at
around 12 months the stomach usually has achieved its correct position below the
diaphragm.
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5. The weakened diaphragm muscle can be trained like any other

If reflux is allowed by a HH, and this is only a muscle weakness, then why do we
treat with medication or by surgical intervention?

If a patient presented with an arm that had atrophied because it had been in a
plaster cast for three months, we would not hesitate to recommend a rehab
programme based on weights and exercises – and we would not be surprised when
it was 100% successful either.

However, there are key differences between the arm muscles and the muscles
that need strengthening in the diaphragm.

The arm is made up of skeletally striated muscles that can be commanded by the
individual to flex and can therefore be consciously exercised, whereas many of the
muscles in the swallowing chain cannot.

Some muscles in the swallowing chain are smooth muscle which are controlled
only by the autonomic system - through different command pathways to our vol-
untary systems.

So, the answer to our question why doctors do not get patients to train this
muscle, is that they think that it cannot be done. A patient can be asked to do sit-ups,
or lift weights, but not to shut his epiglottis tightly, make peristaltic waves down his
oesophagus or squeeze the muscles around his Hiatal canal tightly. Yet it is just this
last exercise which is required. The muscles that we need to exercise include these
smooth muscles controlled by the body’s autonomic system, not only the striated
muscles that we can control voluntarily. But we can successfully exercise this muscu-
lature back to full strength if we can stimulate the brain stem to issue commands to
these muscles. This is the basis of neuromuscular training: the physical exercise
stimulates the brain to activate and strengthen the affected smooth muscle.

6. IQoro

IQoro (Figure 2) is a simple hand-held neuromuscular treatment device
consisting of a curved plastic plate which is inserted pre-dentally by the patient –
that is, inside the lips and in front of the teeth. The user grips the handle that
protrudes out through his lips, seals his lips and then pulls forward strongly. The
partial vacuum thus produced thus triggers the neurological and muscular effects
described below. It exercises the muscles in the orofacial and swallowing processes

Figure 2.
The IQoro neuromuscular training device.
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from the face, lips, mouth, throat, airways and oesophagus down to the diaphragm
and stomach.

By closing your lips tightly against the handle and pulling the device forward, a low-
pressure is created in the oral cavitymaking the tongue rise and retract and seal against
the anterior palatal arch and the soft palate. Further, the naso-pharyngeal and upper
airways close, the larynx rises, the epiglottis shuts, and theUpperOesophageal Sphincter
(UES) opens. In other words, the exercise action provokes themechanical components
of a swallow. TheUES is also known as the Posterior Oesophageal Sphincter (PES).

These physical movements alone are not enough to strengthen the weakened
musculature in the diaphragm; indeed the muscles that need to be targeted to repair
the hernia lie around and outside the oesophagus. No amount of low pressure
flexing the oesophagus can have a direct effect on the muscles in the hiatal canal
around the oesophagus.

Instead, they are exercised by proxy, themuscle and organmovements described
above promote intense stimuli in the afferent Cranial Nerves to the brainstem. Here
they provoke a sensorymotoric reflex arc that causesmessages to be issued through the
efferent, motor nerves to the muscles in the swallowing chain. Crucially, this includes
the smooth musculature that can only be commanded by the autonomic system.

In this way, for example, the long outer muscles that run down along the side of
the oesophagus and fasten below the diaphragm, by the hiatal canal, are activated.
As they flex, they pull on the weakened musculature around the hiatal canal and
this musculature is exercised and strengthened.

The training regime (Figure 3 A, B; Video 1) was developed during research
studies; optimal training is three such pulls, each of 10 seconds’ duration, and
repeated three times per day, totally 90 seconds per day. Some positive effect on
reflux symptoms is often noticed within the first month, and more than 60% of
respondents reported improvement within 5 months [19, 20].

7. The neurology of the swallowing process

Understanding the neurology a little more deeply is therefore key for those who
wish to understand neuromuscular training more fully.

Figure 3.
(A, B). IQoro training regime. (A) the IQoro is inserted pre-dentally, behind closed lips. (B) the patient presses his
lips firmly together whilst pulling straight forward strongly for 5–10 seconds, and does this 3 times with 3 seconds rest
between each pull. These sessions are performed three times per day, preferably before mealtimes.Video 1 [20].
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The process of transmitting food and drink into the stomach is called the
swallowing process, this also includes the process by which food and drink are held
in the stomach and not refluxed. Hence a HH disrupts a normal swallowing process.

When food is to be eaten it is first processed using the voluntary muscles in the
jaw, lips and tongue. As the bolus is pushed back to the pharynx by the action of the
tongue base rising and retracting, the voluntary part of the process ends; the rest is
reflexive.

Four sensory Cranial Nerves (CN) are primarily involved in the swallowing
process. Stimulation of the CN (V) Trigeminus in the lips is the first step. In short
order thereafter, the CN (IX) Glossopharyngeus and CN (X) Vagus nerves are also
triggered, and then in turn the CN (V) Trigeminus and CN (VII) Facialis nerve too
in the soft palate and anterior palate (Figure 4).

In the brain stem we find the Nucleus Tractus Solitarius (NTS), the afferent
nucleus. The NTS is the core that gathers all incoming sensory signals from the lips,
oral cavity and pharynx via the afferent nerve pathways, and transmits them either
to the brain’s cortex or directly to the network-like system in the brain stem called
the Formatio Reticularis (FR). The FR not only controls the swallowing process, but
also the respiratory and swallowing processes, cough reflex, orofacial and postural
control, vomiting, bowel and bladder evacuation, these are all indivisibly
interlinked at the neurological level, where the Formatio Reticularis plays a central
role in governing all the muscles involved in these functions.

The three swallowing centres in the brain stem are triggered in the following
sequence. The first swallowing centre interprets that something is to be swallowed,
and this instruction is sent to the second swallowing centre.

The second swallowing centre transmits signals to the muscles via the motor
nerves – the downward-transmitting efferent nerve pathways. Here, there is a pre-
programmed ‘go/no-go’ decision: ‘swallow’ or ‘do not swallow’ - a so-called stereo-
typical muscle response. When something is to be swallowed the command is first
sent to the Nucleus Ambiguus (NA) an efferent nucleus which, in its turn, sends the
instruction to swallow to the major components of the swallowing musculature via
the motor, efferent nerve pathways to the skeletally striated muscles. Concurrently,
impulses are also sent to the third swallowing centre.

Figure 4.
Cranial nerves and reflex points in the oral cavity.
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The five motor nerves that are important for swallowing are: CN Trigeminus (V),
CN Facialis (VII), CN Glossopharyngeus (IX), CN Vagus (X) and CN Hypoglossus
(XII). The first four are both sensory (afferent) and motor (efferent) nerve path-
ways.

The third swallowing centre transmits information to the Nucleus Dorsalis Nervi
Vagi (NDNV) an efferent nucleus, and then onwards to the smooth muscles
including those in the oesophagus (Figures 5 and 6).

The three swallowing centres’ interactions - from brain stem to muscles.
These signals are transmitted via efferent nerves that can be thought of as cables

containing various fibres, motor neurons, to the muscles and glands. There are three
different kinds of motor neurons that are important in the swallowing process.

• The General Somatic Efferent (GSE) motor neurones are present in the CN
Hypoglossus (XII) and CN Oculomotorius (III) which transmit signals onwards
to the tongue’s and the inner eyes’ voluntary skeletal striated muscles
musculature.

• The Special Visceral Efferent (SVE) motor neurons act through the CN
Trigeminus (V), CN Facialis (VII), CN Glossopharyngeus (IX), CN Vagus (X)
and CN Accessorius (XI) which transmit signals to the voluntary musculature in

Figure 5.
The sensory-motor reflex arc (level 1). The three swallowing centres’ interactions - from brain stem to muscles.

Figure 6.
The sensory-motor reflex arc (level 1–3). The three swallowing centres´ interactions from: - the 2nd Centre to
the striated muscles - the 3rd Centre to the smooth muscles.
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the mouth, chewing muscles, facial musculature, pharynx, larynx, oesophagus
and diaphragm.

• The General Visceral Efferent (GVE) motor neurons act via CN Facialis (VII)
and CN Glossopharyngeus (IX) which transmit signals to the glands, blood
vessels and smooth muscles in the pharynx, stomach and rectum.

The signal pathways from the above-named motor neurons are:
CN (V) Trigeminus – signals via the SVE.
CN (VII) Facialis – signals via the SVE and the GVE.
CN (IX) Glossopharyngeus – signals via the SVE and GVE.
CN (X) Vagus – signals via the SVE.
CN (XII) Hypoglossus – signals via the GSE.
The sum of all the above signals initiates a pre-programmed cooperation

between the 148 muscles that are involved in the transport of each food bite from
the mouth down to the stomach. Controlled by these circuits and executed by these
muscles. Breathing and postural control function are stimulated and strengthened,
as are the tongue, soft palate and When using IQoro as a neuromuscular training
device it triggers the sensory-motor reflex arc described earlier. This manifests itself
in improvement in swallowing including the weakened diaphragm muscles that
allow reflux, and then successively in other functions pharynx (Figure 7).

So, we have two effects of IQoro on the muscles. One is both neurological and
physiological (the upper muscle chain from the lips to the upper part of the
oesophagus) promoting movement, flexion and strengthening; and a second one,
with only a neurological effect (the lower part of the oesophagus to the rectum).

Figure 7.
The three motor neuron fibres, their nerves and effect organ connections.
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8. Scientific evidence of the effectiveness of neuromuscular treatment

The effectiveness of neuromuscular training is supported by more than a dozen
scientific studies conducted at university hospitals in Sweden. This section will pre-
sent abstracts from three studies that are of particular relevance to HH and reflux.

In all three studies [16–18] quoted here the patients were long-term users of PPI
medication before the studies began. In a Medtech Innovation Briefing [21] produced
by the UK’s National Institute for Health and Care Excellence in 2019 they quoted,
“all patients continued with their PPI medication as advised. As symptoms reduced,
patients ceased to medicate. Use or cessation of PPIs was under the control of the
patients’ doctors. At end-of-training in the 3 studies quoted 93%, 58% and 61% that
they ceased all PPI medication, the remainder mostly reduced dose and intake fre-
quency”. For this reason, medication can be excluded as the cause for improvement.

Overall, the studies showed success rates in the region of 98%, this is the same
result reported by IQoro customers [19] in a survey conducted in 2020.

In these scientific studies of neuromuscular training there was particular focus
on measurement methods. Patients were recruited as suffering from intermittent
oesophageal dysphagia (IED) and reflux despite PPI medication from 1 year to
many years and this was confirmed by a comprehensive test battery.

The test methodologies used were:

• Symptom Questionnaire [14].

• Visual Analogue Scale (VAS) [22] in which the patient records the ability to
swallow food.

• Orofacial Motor Tests (OFMT) [23] and Orofacial Sensory Tests (OFST) [24]
were carried out in order to exclude patients whose dysphagia were of central
nervous origin. All tests showed normal brain function.

• Pharyngeal Sling Force (PSF) [25], measuring the resistance of the buccinator
mechanism,

• Velopharyngeal Closure Test (VCT) [26] testing velum closure competence.

• Timed Water Swallow Test (TWST) [27] measuring swallowing competence
and aspiration.

• PSF, VCT and TWST were used to confirm both normal oropharyngeal
function and training compliance.

• High Resolution Manometry (HRM) [28] measuring pressure changes in the
UES and the diaphragmatic hiatus.

In all cases tests were made in the recruiting process, at baseline, and at end-of-
treatment; however, all patients were contacted by telephone or in the clinic two or
three times to verify compliance before follow-up at end-of-treatment.

8.1 Oesophageal dysphagia and reflux symptoms before and after oral

IQoro® training. Hägg M, Tibbling L, Franzén T.
World J Gastroenterol 2015; 21(24): 7558–7562.
DOI: 10.3748 / wjg.v21.i24.7558 [16].
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Study type
Peer reviewed, Prospective, Cohort pre- and post- study.
Aim
To examine whether training with an IQoro Neuromuscular Training (IQNT)

improves oesophageal dysphagia and reflux symptoms.
Patients
43 patients (F = 22, M = 21) median age 57 years (range 22–85) with oesophageal

dysphagia of a non-stenotic nature for a median period of 3 years (range: 1–
15 years), of which:

• 21 patients with median age 52 years (range 19–85) with a confirmed Hiatal
hernia,

• 22 patients with median age 57 years (range 22–85) exhibited Hiatal hernia
symptoms but had no confirmed diagnosis.

All patients had been using PPI medication for more than one year.
Methods
IQoro training (Figure 3 A, B; Video 1), 3 x 10 seconds three times a day, totally

90 seconds per day, for a duration of 6 months. Outcome measurements were made
at two time points: before training and at end of training.

Outcome measurements
Patients (n = 12), median age 53 years (range 22–68 years) with hiatal hernia

were measured using:

• High Resolution Manometry during IQoro traction to record pressure in [28]:

◦ the UES (normal restin pressure > 30 mmHg, Table 1).

◦ the diaphragmatic pressure in the hiatus canal (normal resting pressure 10–
35 mm HG, Table 1).

All patients were measured using:

• Symptom questionnaire (IED = intermittent oesophageal dysphagia a sensation
of solid food retention in the chest at swallowing, acid chest symptoms and/or
acid regurgitation), scored 0–3: 0 = no, 1 = slight, 2 = moderate, 3 = severe [14].

• Swallowing questionnaire (ability to swallow food), measured using

◦ Visual Analogue Scale (VAS 0–100: 0 = normal, 100 = total inability) [22],.

Items UES
n = 12

Hiatus
n = 12

Resting pressure 68 (40–110) 0 (0–0)

IQS traction 95 (80–130) 65 (20–100)

Data are mean (range) mmHg.

Table 1.
Oesophageal high resolution manometry pressures in the upper oesophageal sphincter (UES) and hiatus during
rest and traction with an oral IQoro screen (IQS) in patients with hiatal hernia.
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• Pharyngeal sling force (measured using Lip Force meter) [25],.

◦ lower normal value ≥15 N

• Velopharyngeal Closure Test (VCT) [26],.

◦ lower normal value ≥10 sec

• Orofacial motor tests [23],.

• Orofacial sensory tests (oral stereognosia and two-point discrimination) [24].

Results
All Orofacial motor tests and Orofacial sensory test scores were normal

before treatment, indicating that there was no neurological cause to the patient’s
symptoms.

No significant difference in symptom frequency was found between the group
with confirmed hiatus hernia, and those without a confirmed diagnosis, this was
true both before and after training.

• Oesophageal dysphagia was present in all 43 patients at start of treatment,
and 98% of patients showed improvement after IQoro neuromuscular training
(p < 0.001).

• Reflux symptoms were reported before training in 86% of the patients, 100%
of these showed improvement at end of training, (p < 0.001) and 58% were
entirely symptom free and ceased PPI medication.

• VAS scores were classified as pathologic in all 43 patients, and 100% showed
improvement after IQoro neuromuscular training (p < 0.001).

• Pharyngeal sling force test values (p < 0.001) were significantly higher after
IQoro neuromuscular training.

• Velopharyngeal closure test values (p < 0.001) were significantly higher after
IQoro neuromuscular training.

• High Resolution Manometry during IQoro traction showed an increase in mean
pressure in the diaphragmatic hiatus region from 0 mm Hg at rest (range: 0–
0 mm Hg) to 65 mm Hg (range: 20–100 mm Hg, Table 1).

Statistical significance of result
(p < 0.001) oesophageal dysphagia.
(p < 0.001) reflux symptoms.
(p < 0.001) VAS values.
(p < 0.001) pharyngeal sling force scores significantly higher.
(p < 0.001) VCT scores significantly higher.
(p = NS) No statistical difference between symptoms or outcomes between

those with or without confirmed Hiatal hernia diagnosis - both before and after
treatment.

Conclusion
IQoro neuromuscular training can relieve/improve oesophageal dysphagia and

reflux symptoms in adults, likely due to improved hiatal competence. The similarity
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of the results in the two groups suggest that many people suffer from Hiatus hernia
despite this not having been confirmed by diagnosis.

8.2 Effect of IQoro® training in hiatal hernia patients with misdirected

swallowing and oesophageal retention symptoms. Hägg M, Tibbling L,
Franzén T. Acta Otolaryngol. 2015 Jul;135 (7):635–639.
DOI: 10.3109/00016489.2015.1016185 [17].
Study type
Peer reviewed, Prospective, Cohort pre- and post-study.
Aim
To investigate whether muscle training with IQoro influences symptoms of

misdirected swallowing and oesophageal retention in patients with hiatal hernia.
Patients
28 patients, F = 14, M = 14. Adult, Median age 59 years (range 22–85). All

patients had hiatal hernia with misdirected swallowing and oesophageal retention
symptoms for median 4 years (range 1–28).

Methods
IQoro training (Figure 3 A, B; Video 1) of duration 3 x 10 seconds three times

per day for a duration of 6–8 months. Outcome measurements were made at two
time points: before and at end of training.

Outcome measurements
12 patients in the study

• High Resolution Manometry (HRM) [28].

All patients in the study,

• Symptom Questionnaire typical for HH [14],.

• Visual Analogue Scale – VAS – self assessed scoring [22],.

• Pharyngeal sling force (using Lip Force meter) [25],.

◦ lower normal value ≥15 N,

• Velopharyngeal Closure Test (VCT) [26],.

◦ lower normal value ≥10 sec

• Swallowing ability (measured using TimedWater Swallow Test - TWST) [27],.

◦ lower normal value for swallowing rate ≥ 10 ml / sec

• Orofacial Motor Test [23],.

• Orofacial Sensory Test (oral stereognosia and two-point discrimination) [24],.

Results
All Orofacial motor tests and Orofacial sensory test scores were normal before

treatment, indicating that there was no neurological cause to the patient’s symp-
toms.
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• Reflux symptoms were reported before training in 100% of patients, 100% of
these showed improvement at end of training, (p < 0.001) and 61% were
entirely symptom free and ceased PPI medication.

• All hiatal hernia patients were improved after training (p < 0.001) with IQoro
and showed significant improvements in

◦ misdirected swallowing

◦ cough,

◦ hoarseness,

◦ oesophageal retention

◦ globus sensation,

◦ VAS, Pharyngeal Sling Force (PSF = LFT), VCT and TWST = SCT.

• Traction during the training action with IQoro resulted in a 65 mm Hg increase
in the mean pressure of the Diaphragmatic Hiatus as measured by high
resolution manometry (Table 1).

Statistical significance of result
(p < 0.001) improvements in misdirected swallowing, cough, hoarseness,

oesophageal retention, globus sensation, VAS scores, pharyngeal sling force,
velopharyngeal closure and swallowing ability.

Conclusion
IQoro training significantly improves all the symptoms of hiatus hernia, poten-

tially through improved hiatal competence. All symptoms were significantly
improved at end of training suggesting that lasting improved hiatal competence had
been achieved.

8.3 Oral neuromuscular training relieves hernia-related dysphagia and

GERD symptoms as effectively in obese as in non-obese patients.
Franzén T., Tibbling L., Hägg M. Acta Oto-Laryngol.
Jan 2019;138 (11):1–5 DOI: 0.1080/00016489.2018.1503715 [18].
Study type
Peer reviewed, Prospective, Clinical Study, Cohort pre- and post- study.
Aim
To investigate whether Body Mass Index (BMI) has significance on IQoro neuro-

muscular training’s effectiveness in treating Hiatal hernia (HH) related symptoms.
Patients
86 adult patients (F = 46, M = 40) with verified HH and long- standing Inter-

mittent Oesophageal Disease (IED) and other Gastro Oesophageal Reflux Disease
(GERD) symptoms.

Before entry into the study the patients were partitioned into three groups
according to BMI (Table 2):

• Group A:

◦ normal weight, BMI < 25
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◦ (n = 37: 19 women of median age 68 yrs., 18 men, median 72 yrs.)

◦ GERD symptoms - median duration 5 yrs. (1–75).

◦ PPI medication history median 5 yrs.

• Group B:

• moderately obese, BMI 25–29

• (n = 28: 16 women of median age 59 yrs., 12 men of median age 56 yrs.)

• GERD symptoms - median duration 6 yrs. (1–15).

• PPI medication history median 6 yrs.

• Group C:

◦ severely obese, BMI 30–37

◦ (n = 21: 11 women of median age 52 yrs., 10 men of median age 70 yrs.

◦ GERD symptoms - median duration 3 yrs. (1–29).

◦ PPI medication history median 3 yrs.

Methods
All patients received IQoro neuromuscular training 3 x 10 seconds, three times

per day for a duration of 6 months.
All patients were measured before and after treatment.
Outcome measurements
Radiology or gastroscopy was used to confirm HH and to rule out oesophageal

stenosis before inclusion.
An Orofacial Motor Test (OFMT) and an Orofacial Sensory Test (OST) were

performed in order to exclude symptoms of any central nervous lesion. Patients
with neurological diseases were excluded.

All patients were measured before and after treatment using:

• Symptom questionnaire regarding IED and GERD (reflux, heartburn, chest
pain, dysphagia, globus sensation, non-productive cough, hoarseness, and
misdirected swallowing) [14]

Items Group A; n = 37 Group B; n = 28 Group C; n = 21

Median age 69 yrs. (20–85) 57 yrs. (22–85) 62 yrs. (44–87)

Gender 19 women, 18 men 16 women, 12 men 11 women, 10 men

GERD symptom duration 5 yrs. (1–75) 6 yrs. (1–15) 3 yrs. (1–29)

BMI before/after IQNT 23 (17–24) / 23 (20–25) 28 (26–29) / 27 (24–29) 33 (30–37) / 31 (27–38)

Ranges in parentheses. BMI and GERD: median values; IQNT: Neuromuscular training with an oral IQoro.

Table 2.
Age, gender, symptom duration, and BMI in groups a, B, and C.
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• Swallowing ability (measured using Timed Water Swallow Test - TWST) [27]

◦ lower normal value for swallowing rate ≥ 10 ml/sec

• Pharyngeal sling force (measured using Lip Force meter) [25]

◦ lower normal value ≥15 N

• Swallowing questionnaire (ability to swallow food) [22]

◦ measured using Visual Analogue Scale (VAS 0–100)

Results

• At entry into the study there were no significant differences between the three
BMI groups in:

◦ TWST = SCT, PSF = LFT or VAS values

◦ IED and GERD symptom severity, except that:

a. heartburn and cough were significantly more common in Groups B
(moderately obese) and C (severely obese), and that

b. misdirected swallowing was significantly more common in Group C
(severely obese).

• After IQoro neuromuscular training the following was observed in all three
BMI groups:

◦ all IED and GERD symptom scores were significantly improved or
reduced (p < 0.001).

◦ median BMI was not significantly changed.

◦ self-assessed GERD symptom improvement showed no significant
difference across the groups, except for heartburn, cough and misdirected
swallowing which were significantly (p < 0.01) more reduced in obese
patients than in normal bodyweight patients.

◦ TWST = SCT and pharyngeal sling force (LFT) and VAS score, showed
significant improvement (p < 0.001) in median values, with no
significant difference between the BMI groups except for:

a. TWST values, which were significantly (p < 0.01) more improved
in Group C (severely obese) than in Group A (normal weight).

b. pharyngeal sling force (LFT), which was significantly (p < 0.05)
more improved in Group B (moderately obese) than in Group A
(normal weight).

Statistical significance of result
(p < 0.001) all IED and GERD symptom scores were significantly improved

or reduced.
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(p < 0.01) heartburn, cough and misdirected swallowing were significantly
more reduced in obese patients than in normal bodyweight patients.

(p < 0.001) VAS score, TWST, and pharyngeal sling force (LFT) improved.
(p < NS) no significant difference between other results across the three groups.
Conclusion
IQoro neuromuscular training (IQNT), a non-surgical treatment for IED and

other GERD symptoms in hiatal hernia patients, is equally successful in treating
moderately- or severely obese patients as in treating sufferers of normal weight.
Obesity in itself does not therefore seem to be a handicap in treating IED and other
GERD symptoms by IQNT.

9. Importance of neuromuscular treatment

Orally administered neuromuscular treatment as described, deserves wider
deployment and, where more evidence is deemed necessary, further research.
Unlike medication it treats the root cause of reflux, and without the cost and
inconvenience of surgical intervention. It is self-administered by the patient and
instructions for use are clearly explained in the accompanying manual; in surveys
98% thought that instructions were clear, and 97% thought it was easy to start
training [19]. PPI drugs should not be re-prescribed routinely but rather only after a
medication review; these reviews are often planned twice per year and add a burden
to primary care practices. The drugs themselves have a considerable cost over the
course of a patient’s lifetime. An IQoro sells singly at around €150.

The overall advantage is that it addresses and treats the underlying condition,
not merely the symptoms.

Figure 8.
(A) Sliding hiatal hernia; (B) functional anatomy (A) sliding hiatal hernia. The upper part of the stomach
has slid up through the hiatal canal. This causes difficulties with opening the PES and allows gastroesophageal
reflux. (B) Normal anatomy. The neck of the stomach is correctly held below the diaphragm promoting
normal PES function and preventing reflux.
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10. Conclusions

Esophagitis is a debilitating condition that is made worse by the effects of
refluxed stomach acids. Reflux is caused by a Hiatus hernia, a weakening in the
diaphragm muscles where the oesophagus passes through to join to the stomach
(Figure 8). These weakened muscles can be compensated for by surgical interven-
tion, or the amount and strength of the stomach acids produced can by reduced by
medication. The most commonly prescribed drugs are Proton Pump Inhibitors,
these carry proven unwanted side-effects.

Neuromuscular exercise is a safe, natural and simple treatment that can be
carried out by the patient his or herself, and the underlying cause of the reflux is
proven to be treated in 97% [16–18] of cases.
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Chapter 6

Pathophysiology of H. pylori
Karam Dawood and Israa Mamdooh

Abstract

Helicobacter species were known for long as a causative agent of gastritis. 
H. pylori associated gastritis is characterized by the presence of acute and chronic 
inflammation. Previously, it was believed that in H. pylori gastritis, fundic inflam-
mation was less important than that of the antral mucosa. However, H. pylori and 
gastroesophageal reflux disease create, or arise concurrently, may also be caused 
by the anatomical role of the inflammatory cell infiltrate. The source of H. pylori is 
mostly unknown. H. pylori has a small host range and is present in people and some 
non-human primates nearly exclusively. In rare cases, the presence of pets may be 
a concern for H. pylori infection; hence, pets should be isolated. There is also no 
definitive proof for zoonotic H. pylori transmission. The direct transmission from 
person to person, either oral or fecal-oral route or both, is expected to lead to new 
infections. H. pylori colonization is not an infection itself, but it impacts the relative 
likelihood that multiple pathological conditions of the upper gastrointestinal tract 
and even the hepatobiliary tract will grow. Therefore, H. pylori examination alone 
is not relevant but can be done in order to ascertain the cause of a basic disorder, 
such as peptic ulcer disease or to avoid disease, for example in subjects with family 
gastric carcinoma. A positive test result will validate the procedure, and a negative 
test result can suggest that other etiological causes or prevention steps needs to be 
examined. Gastritis is divided into acute and chronic. Several virulence factors play 
a role in the disease such as cag PAI (Pathogenicity Island) and VacA vacuolating 
cytotoxin. Different adhesins and their receptors aid in H. pylori colonization and 
invasion. Based on analogy with other mucosal infections, it was initially assumed 
that a protective immune response against H. pylori would predominantly be 
mediated by antibodies. Subsequent experiments have indicated that the relevance 
of the humoral system for protective immunity is only marginal. Antibodies can 
effectively prevent infection and reduce colonization in animal models.

Keywords: Helicobacter, Gastritis, CAG pathogenicity island, Vac A vaculating 
cytototoxin, Autoantibodies

1. Introduction

1.1 History of gastritis

Warren and Marshall in 1983 first recorded H. pylori’s relationship of gastric 
mucosa in adults with antral gastritis [1]. Shortly thereafter, Hill et al., four children 
who were afflicted with H. pylori had identified chronic mononuclear cell gastritis [2]. 
That same year, Cadranel and colleagues described organisms present in eight chil-
dren with chronic, lymphocytic gastritis [3]. Subsequently, Drumm et al. observed 
Helicobacter-like organisms in 70% of 67 pediatric patients with a chronic-active 
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Gastritis [4]. Related findings have been made of spiral-shaped species colonizing the 
mucosa and the overlying gastric-epithelium mucus layer Infiltrate gastric inflamma-
tory cells Czinn and Carrl in 25 children. More studies indicate that H. pylori coloniza-
tion in the gastritis of a primarily chronic inflammatory cell infiltrate is almost always 
linked to gastritis in children [5, 6]. Reports of H. pylori eradication from gastric 
mucus suggest that the antral gastritis is resolved in combination with a single core 
case sequence. However, H. pylori-infected children have not undergone multicenter 
randomized controlled eradication trials and are important [6].

Studies in adults established the presence of the organism in nearly all cases 
of chronic gastritis [7]. At first, H. pylori was proposed to colonize inflamed tis-
sue, rather than to induce inflammation, since gastritis is widespread in adults [7]. 
However, the prevalence of gastritis is less frequent in children thereby enabling the 
investigation of H. pylori as a cause for gastritis rather than an opportunistic colonizer 
of inflamed tissue [8]. Studies have observed that colonization of H. pylori in children 
with secondary causes, such as NSAID, eosinophilic gastroenteritis and Crohn’s dis-
ease is not normal in the gastric mucosa [8]. These findings together show clearly the 
pathogenic role of H. pylori in the development of chronic antral gastritis in infants.

For over a century, bacteria have been known to be found in the human body 
[9]. These bacteria, however, were thought to be contaminants from digested food 
rather than true gastric colonizers. Around 20 years ago, the isolation and culture of 
a bacterial spiral species known later as Helicobacter pylori was announced success-
fully by Barry and Robin Warren [10], from the human stomach. Self-ingestion 
experiments by Marshall [11] and Morris [12] and later experiments with volunteers 
[13] demonstrated that these bacteria can colonize the human stomach, thereby 
inducing inflammation of the gastric mucosa. After ingestion of H. pylori, Marshall 
produced intermittent gastritis; Morris’ condition progressed into more persistent 
gastritis, which cleared doxycycline and sub-salicylate bismuth after sequential 
care. These initial data were closely used as a stimulus in further studies, demon-
strating that gastrointestinal disorders such as chronic gastric gastritis, peptic ulcer, 
lymphoma associated with gastric mucous membrane and stomach cancer can 
lead to a variety of upper gastrointestinal disorders. This knowledge has a direct 
therapeutic influence on disease control. In addition, insights into the pathogen-
esis of chronic disease are provided by the persistence of a pathogen in an area 
long believed to be sterile. This discovery has resulted in Robin Warren and Barry 
Marshall’s “discovery of the bacterium Helicobacter pylori and his role in gastritis 
and peptic ulcer diseases” won the 2005 Nobel Prize in physiology or medicine.

The genus Helicobacter belongs to the subdivision of the Proteobacteria, 
order Campylobacterales, family Helicobacteraceae. This family also includes the 
genera Wolinella, Flexispira, Sulfurimonas, Thiomicrospira, and Thiovulum. The 
Helicobacter genus consists of more than 20 species, all of which have been recog-
nized officially. Members of the Helicobacter family are all microaerophile organ-
isms and most of them are positive for catalase and oxidase and many but not all 
species also are positive for urease [14].

It is possible to separate Helicobacter species into two main lines, the gastric 
helicobacter species and the enterohepatic (nongastric) species of Helicobacter. 
They have a strong degree of organ specificity, which in general indicates gastric 
helicobacter cannot colonize the intestine or liver, and vice versa.

2. Gastric Helicobacter species

Gastric Helicobacter organisms have evolved to the unfriendly environments 
at the stomach surface and are currently suspected to colonize the stomachs of all 
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mammals through Helicobacter members. The urease is positive and extremely 
mobile by flagella are all recognized gastric Helicobacter species [15, 16]. Urease 
is believed to enable brief survival in a very acidic gastric lumen, but motility has 
been thought to allow quick travel into the more neutral pH of gastric mucosa; this 
may explain why the colonization of gastric mucosa is conditional upon both factors 
[17]. When joining, the Helicobacter gastric species display a chemical motility of 
urea and bicarbonate to the mucus layer [16]. The spiral morphology and flagellate 
motility help the viscous mucus layer penetrate, where the more pH-neutral condi-
tions allow the genital Helicobacter species to grow.

i. Helicobacter felis

ii. Helicobacter mustelae

iii. Helicobacter acinonychis

iv. Helicobacter heilmannii.

H. pylori is a demanding micro-organism that needs complex media for develop-
ment. Sometimes, blood or serum was applied to these medias. These supplements 
are additional food sources and can also be used for defending against long-chain 
fatty acid toxic effects [18].

H. pylori associated gastritis is characterized by the presence of acute and 
chronic inflammation, with immature surface epithelial cells [19]. Mucus degenera-
tion is also found by successful cell renewal of epithelial cells. The degree of muco-
sal infection ranges from the lowest inflammatory infiltration in lamina propria to 
the extreme gastritis with thick mucoal inflammation with retained architecture. 
In extreme cases, all surface epithelium and gastric wells can be used as micro-
abscesses for intraepithelial neutrophils [20].

Previously, it was believed that in H. pylori gastritis, fundic inflammation 
was less important than that of the antral mucosa [21]. However, H. pylori and 
gastroesophageal reflux disease create, or arise concurrently, may also be caused 
by the anatomical role of the inflammatory cell infiltrate [22]. Moreover, patients 
who have been receiving a proton pump inhibitor for acid suppression frequently 
have colonization of fundic and cardia mucosa by H. pylori. Carditis, of both a 
chronic and active phenotype, is frequent in H. pylori-infected adults [23]. Children 
require research to help establish the association between H. pylori infection, gastric 
inflammation sites and sequalae of long-term diseases.

H. pylori-associated gastritis in children is commonly not apparent at endoscopy, 
thereby making biopsy essential for definitive diagnosis [24]. Nodularity of the 
antral mucosa has been described in association with H. pylori gastritis in children 
[25]. Its value has not yet been identified. However, antral nodularity was found in 
H. pylori infected adults and less common in children [26].

Columbia or Brucella agar, (lysed) horse or sheep blood agar, or fetal calf 
serum as substitute, is widely used as a solid medium for regular isolation and 
 H. pylori culture.

3. Transmission and sources of infection

Most unknown are the precise processes by which H. pylori is obtained. H. pylori 
has a small host range and is present in people and some non-human primates 
nearly exclusively.
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In rare cases, the presence of pets may be a concern for H. pylori infection; 
hence, pets should be isolated [27]. There is also no definitive proof for zoonotic 
H. pylori transmission [28]. The direct transmission from person to person, either 
oral or fecal-oral route or both, is expected to lead to new infections. In saliva, 
vomit, gastric refluxate and diarrhea, H. pylori has been detected [29]. Yet there is 
no definitive proof that either of these products had the predominant transmission. 
This may be because most transmission research has concentrated on adults.

It indicates that for dentists, gastroenterologist, nurses, spousal partners or 
physicians with sexually transmitted diseases there was no clear rise in risk of 
carrying H. pylori [30]. As a result of these and other investigations, it is generally 
believed that acquisition mostly occurs in early childhood, most likely from close 
family members [31].

Crowding inside and outside families with children are both linked to the occur-
rence of H. pylori [32], Although the adult crowd seems less significant, except for 
some situations, for example amongst military recruits [33]. Several experiments 
have shown that H. pylori DNA is found in environmental bodies of water [34].

Spread via fecal contaminants is supported by the occurrence of H. pylori infec-
tions among institutionalized young people during outbreaks of gastroenteritis 
[35]. Additional sources are infected food, as H. pylori can briefly live on cooled 
food [36]. In tandem with H. pylori’s intense exposure to oxygen demand, nutrient 
exclusion and temperatures outside 34–40°C [37]. The most likely path of direct 
person-to-person transmission.

The incidence of gastric cancer is higher in poor areas and in developing and 
advanced countries in lower socioeconomic groups [38]. Gastric cancer remains the 
most prevalent malignancy among men and the second most commonly identified 
among women in many countries of Latin America and Asia. Colombia and Japan 
recorded incidence rates of up to 80 per 100,000 populations. The gastric cancer 
in the United States and Western Europe, by comparison, affects less than 10 per 
100,000 individuals per year [39]. However, ethnic groups with elevated risk remain 
in low-risk nations. For instance, in the US, gastric cancer is nearly double that preva-
lent among Blacks, Asians and Hispanics. It is noteworthy that H. pylori prevalence 
rates are 2-l0 times higher in all of these populations than in the total population [40].

4. Clinical aspects of H. pylori-associated diseases

H. pylori colonization is not an infection itself, but it impacts the relative likeli-
hood that multiple pathological conditions of the upper gastrointestinal tract and 
even the hepatobiliary tract will grow. Therefore, H. pylori examination alone is not 
relevant but can be done in order to ascertain the cause of a basic disorder, such as 
peptic ulcer disease or to avoid disease, for example in subjects with family gastric 
carcinoma. A positive test result will validate the procedure, and a negative test result 
can suggest that other etiological causes or prevention steps needs to be examined.

4.1 Types of Disease

Although gastric H. pylori colonization causes histologic gastritis in all infected 
persons, only a minority experience any apparent clinical symptoms. H. pylori-
positive patients are estimated to have a 10–20 percent life-cycle risk for ulcer and 
a 1–2 percent risk for distal gastric cancer [41]. The probability of developing  
H. pylori disorders depends on a range of bacterial, host, and environmental 
 factors, most of which are related to gastritis pattern and severity (Figure 1).
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4.2 Acute and chronic gastritis

The scale of H. pylori colonization nearly always contributes to gastric mucosa 
invasion of neutrophilic and mononuclear cells in the antrum and corpus. The prin-
cipal condition of this chronic active gastritis is H. pylori colonization, in particular 
as consequence of this chronic inflammation phase, and other H. pylori-related 
conditions [42].

4.2.1 Acute gastritis

Acute infection results are uncommon and come mostly from accounts of 
subjects who knowingly or accidentally took H. pylori or were exposed to hazardous 
substance procedures [43]. Recently, an H. pylori infection human challenge model 
was introduced, which permitted managed acute infection analysis with deliberate 
safe volunteer infection by a well-characterized H. pylori laboratory strain [44]. 
Along with these findings, these reports have shown that the acute process of 
H. pylori colonization can include temporary non-specific dyspeptic symptoms, 
including completeness, nausea, vomiting, and severe inflammation of the proxi-
mal, and distal stomach mucus or pangastritis. This process is also related to the 
period of months of hypochlorhydria. It is uncertain whether spontaneous clearing 
and resolution of gastritis can be accompanied by this initial colonization and, if so, 
how often that happens. Further trials in young children with serology or breathing 
tests have shown that certain patients in this age group might spontaneously lose 
the infection [45]; This was not found in the development of atrophic gastritis other 
than under particular circumstances.

Studies of homozygotic twins however demonstrated a concordance with their 
classification as H. pylori regardless of their cohabitation or break [46]. This con-
sensus between heterozygous twins has not been observed. This indicates that some 
people are likely to be colonized with H. pylori while others may avoid or eradicate a 
proven infection. This theory is also backed by the finding that H. pylori sensitivity 
in many developing countries is very strong in young age and yet chronic H. pylori 
infections are never acquired by any individuals.

Figure 1. 
Schematic representation of the factors contributing to gastric pathology and disease outcome in H. pylori 
infection [42].
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4.2.2 Chronic gastritis

When colonization becomes persistent, the acid secretion level and the gastritis 
distribution interact closely (Figure 2). The association between acid and bacte-
rial growth arises from the counteractive effects of acid against bacterial growth 
and subsequent mutation inflammation on the acid separation and regulation. The 
effect of H. pylori infection is important in this relationship. H. pylori particularly 
colonizes the gastric antrum in subjects with intact acid secretion, where there are 
only a few parietal acid secretory cells present [42].

This pattern of colonization is linked to gastritis which prevails. Histological 
examination of the gastric corpus specimens shows that the amount of superficially 
colonized H. pylori bacteria is reduced by chronically dormant inflammation and 
that. Those of which the secretion of acid is affected by some process have a more 
equal distribution of bacteria in the antrum and corpus and are in closer proximity 
of the mucosa bacteria, inducing pangastritis, which are predominate [47].

The acid secretion may be diminished by loss of parietal cells due to atrophic gas-
tritis, but it can also happen when acid’s secretive potential is intact, although the work 
of parietal cells is inhibited by vagotomy or acid-suppressive drugs, particularly proton 
pump inhibitors (PPIs) [47]. The subsequent active inflammation of the corpses raises 
hypochlorhydra parallel to an acute period of infection with a strong suppressive effect 
on the celestial function, since local inflammatory factors, including cytokines, like 
interleukin-1 beta (IL-1 β) are strongly suppressive. Different findings illustrate that. 
The first argument is that H. pylori-corpus gastritis frequently is related to hypochlor-
hydrate, and eradication treatment leads to greater secretion of acid [48].

Secondly, H. pylori corpus gastritis augments the acid-suppressive effects of PPIs 
[49]. As a result, H. pylori-positive patients with gastroesophageal reflux disease 
(GERD) may respond somewhat faster to PPI treatment both with respect to symp-
tom resolution and with healing of esophagitis [50], However, this effect of everyday 
clinical practice is marginal and essentially negligible. This means that the status of 
H. pylori is not general in decision-making regarding GERD dose of PPI medication. 
A third observation in favor of the acid repression effects of active corpus gastritis 
has been made in more recent significant research that indicates the risk of corpus 
predominant pangastritis from subject with proinflammatory genotype predisposing 
people to atrophic gastritis, intestinal metaplasia and gastric cancer [51].

Figure 2. 
Acid secretion and the associated pattern of gastritis play an important role in disease outcome in H. pylori 
infection. The figure displays the correlations between the pattern of H. pylori colonization, inflammation, 
acid secretion, gastric and duodenal histology, and clinical outcome [42].
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Although colonization by H. pylori is almost invariably associated with gastritis, 
and gastritis is mainly attributed to colonization by H. pylori, gastritis is due to 
other causes of gastritis, such as cytomegalovirus, chronic inflammatory idiopathic 
diseases, and auto-immune disease such as Crohn’s disease and pernicious anemia.

5. Role of H. pylori virulence factors

5.1 cag PAI (Pathogenicity Island)

Although the H. pylori infection nearly always triggers chronic active gastritis, 
most affected patients are free of apparent health signs and have no other compli-
cations [52]. This lead to the belief that some strains could be more virulent than 
others. Early studies of variations of H. pylori strains demonstrated the capacity of 
such virulent strains to cause morphological changes, vacuolizations and succes-
sive degeneration from in vitro-cultivated cells. This pathogenicity is linked [53]. 
This activity was then linked to the presence of a protein with a molecular mass of 
approximately 140 kDa that was named CagA (for “cytotoxinassociated gene A”).

The CagA protein is a highly immunogenic protein encoded by the cagA gene 
[54]. About 50–70 percent of H. pylori strains have this gene [55] and is a marker 
for the presence of a genomic PAI of about 40 kb that, depending on the strain 
analyzed, encodes between 27 and 31 proteins [54]. Strains carrying the Cag PAI are 
called CagA+ strains, as their ability to cause major antibody titers against the CagA 
marker protein is widely recognized in patients. In CagA patients, inflammation is 
typically higher and the probability of developing a signs (peptic ulcer or gastric 
cancer) in western populations is considerably higher [56], though not in Asian 
populations [57]. While CagA+ strains are associated with a higher risk of ulcer-
ation, gastritis and gastric cancer, cag PAI strains are also associated with a higher 
risk of peptic ulcer or gastrointestinal cancer, even though at a smaller frequency.

Eighteen cag PAI-coded proteins are used to form a type IV secretive unit that 
forms a structure like a syringe that is able to penetrate gastric epithelial cells and 
to promote the translocation of CagA, peptidoglycan, and probably other bacterial 
components into host cells [58] (Figure 3). Once delivered inside the cell, the CagA 
protein is phosphorylated at tyrosine residues in EPIYA motifs [59] by Src family 
kinases [60]. Phosphorylated CagA interacted then with a number of host signaling 
molecules, including tyrosine phosphate SHP-2, which results in morphological 
changes in the epithelial cells [61].

Apoptosis of T cells is impaired by the cag PAI since the immune response is also 
affected [62]. The association of type IV formation with the host cell also results in 
pro-inflammatory cytokines in epithelial cell induction [63].

It was originally believed that this proinflammatory cytokines are caused by a 
CagA protein itself, but nowadays CagA only plays, if any, a minor role in triggering 
them [63]. It is possible that the intimate contact with the IV-type form contributes 
to peptidoglycan leak into the eukaryotic cell [64] (Figure 3), although it cannot be 
ruled out completely that the activation of the IL-8 signaling cascade results from 
the translocation of a thus-far-unknown bacterial factor [63].

Tyrosine Phosphorylation is necessary for binding CagA to SHP-2 within the 
CagA EPIYA motif. [65]. The number of EPIYA tyrosine phosphorylation motives 
within the CagA proteins of various H. pylori isolates varies considerably. CagA is 
specifically correlated with the amount of repetitions of tyrosine phosphorylation. 
[66]. Strains with a larger number of CagA repetitions cause more marked mor-
phological changes in cultivated epithelial cells [67] and an increased risk of gastric 
carcinogenesis being correlated. CagA also interacts through SH2 domains with the 
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c-terminal Src kinase, which contributes to c-tyrosine Src’s kinase inactivation. This 
inactivation, since it mediates CagA tyrosine phosphorylation, leads to a decrease in 
CagA phosphorylation, thereby creating a feedback loop to control CagA behavior 
[65]. This cross talk of host-pathogen results in tested virulence and can thus serve 
to colonize the host for a lifetime.

5.2 VacA vacuolating cytotoxin

Around 50% of all strains of H. pylori secrete VacA, a highly immunogenic 
95 kDa protein that is causing massive vacuolisation of epithel cells in vitro [68]. 
VacA is a key factor in both peptic ulceration and gastric cancer pathogenesis. 
Though VacA is not necessary for in vitro growth of H. pylori the murine gastric 
colonization by H. pylori has been shown to make a substantial contribution [69].

The activities of VacA include development of the membrane channel, endo-
somal and lysosomal disorders, incorporate cell receptor signaling effects and 
cytoskeleton-related interference with cell-dependent functions, apoptosis induc-
tion and immune regulation (Figure 4). Although vacuolization is readily observed 
in vitro, it does not seem to occur in vivo [42]. The VacA protein is formed with a 
protoxin of 140 kDa and is broken into the shape of 95 kDa as it is secreted.

While all strains have a functional vacA gene, the vacuolating activities among 
strains differ considerably [69]. This is due to the sequence heterogeneity within 
the vacA gene at the signal region (s) and the middle region (m). The s region 
of the gene, which encodes the signal peptide, occurs as either an s1 or s2 type, 
whereas the m region, which contains the p58 cell binding domain, exists as an m1 
or m2 type [70].

In the cell epithelial membrane, VacA forms pores that cause urea and anions to 
be released from the host cells. It also enhances transcellular penetration, resulting 
in nutrient and cation releases [71]. Interestingly, a major portion of the secreted 
toxin does not go to the environment, but is bound to the outer membrane of 
 H. pylori. These toxin clusters are passed to the host cell surface following bacterial 

Figure 3. 
Schematic representation of the different roles of the Cag type IV secretion system in immune modulation, cell 
proliferation, and morphological changes [42].
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interaction with their host cells and have their toxic effects. This touch-dependent 
mechanism for direct delivery proposes the inclusion in bacterial-cell contact of 
particular receptors. However, such a receptor has not yet been identified [72].

Secreted VacA can be further processed into a 33-kDa N-terminal fragment and 
a 55-kDa C-terminal fragment through proteolytic cleavage. In the development of 
anion channels, the N-terminal protein plays an important role while C-terminal 
proteins mediate cell binding [73].

In spite of the proteolytic cleavage, these fragments remain noncovalently 
associated with each other [74]. Spontaneously purified VacA forms oligomeric 
aggregates and disassembles in the active monomers of pores in the cell membrane 
after exposed to acidic pH. Spontaneously purified VacA forms oligomeric aggre-
gates and disassembles in the active monomers of pores in the cell membrane after 
exposed to acidic pH but are likely to be an in vitro artifact [75].

While several VacA-mediated effects are induced by membrane binding and 
pore formation, VacA also reaches the cytosol, then accumulates in the mitochon-
drial inner membrane and causes apoptosis, activating endogenous mitochondrial 
channels [76]. The proapoptotic influence of VacA is based on the cell type and may 

Figure 4. 
The VacA protein influences cellular processes via different routes, thus assisting in chronic colonization of 
the gastric mucosa by H. pylori. (1) Surface-bound VacA may be directly delivered to the cell membrane. 
Secreted VacA may either (2) bind to a cell membrane receptor and initiate a proinflammatory response, (3) 
be taken up directly by the cell and be trafficked to the mitochondria and induce apoptosis, (4) be taken up 
by pinocytosis and induce vacuolization, (5) form a membrane channel, resulting in leakage of nutrients to 
the extracellular space, or (6) pass through the tight junctions and inhibit T-cell activation and proliferation. 
(Modified with permission from Nature Reviews Microbiology [23].
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be restricted to gastric epithelial cells like parietal cells. This may result in reduced 
acid secretion, thereby predisposing for development of gastric cancer [77].

6. Pathogenesis of infection

6.1 H. pylori-associated pathogenesis

Chronic active gastritis is the principal disease after H. pylori colonization. In 
all H. pylori-positive subjects this syndrome can be found. Various different fac-
tors such as colonizing stress characteristics, host physiology, immune response, 
diet, and development rate depend on the intragastric distribution and intensity 
of the chronic inflammatory process. Many of the complications of this chronic 
inflammation include H. pylori-induced ulcers, gastric cancer and lymphoma; in 
particular, ulcerative and gastric cancers arise in these people and in the areas of 
the most serious inflammation. Therefore, recognizing these factors is important 
in order to consider H. pylori’s role in the etiology of the upper gastrointestinal 
disorder [42].

H. pylori colonizes the membrane in the stomach antrum of the gastric epithelia. 
H. pylori adhere to the stomach epithelia is a prime and significant step towards 
colonization of gastric mucosa and gastritis [78].

In duodenum, H. pylori only infects gastric mucosa and gastric metaplasia [79]. 
In comparison, on intestinal epithelium H. pylori is never seen. Dunn et al., stated in 
vitro, that H. pylori was more effective than human intestine (Int-407) cells, and sac 
cells with yolk bags, on human gastric epithelial cells [80]. Similarly, the adherence 
rate of H. pylori to gastric cell lines (KatoIII, MKN45) was shown to be significantly 
higher than that to Int-407 cells. These results indicate that H. pylori has specific 
binding activity to human gastric epithelial cells [81].

In a logarithmic point, H. pylori has strong nourishment with a spiral mor-
phology. But spiral to coccoid conversion may be inducted by alkaline pH, rise in 
temperature, antibiotic therapy, aerobics or anaerobics, or prolonged incubation. 
The type of coccoid H. pylori is known as viable but not cultivable. H. pylori coccoid 
bind to both the stomach epithelial MKN45 cells and the spiral form. Although it 
is unknown whether the coccoid form has any role in the infection pathogenesis., 
Cole et al.” The type of coccoid has been reported to bind badly to gastric epithelial 
cells. In contrast to spiral shape the form induces a short interleukin 8 (IL-8) chain. 
The coccoid shape, by comparison, was more frequent than the spiral of H. pylori 
induces cellular changes of pedestal formation [82].

6.2 Gastric environment at the site of infection

The human stomach has a medium luminal pH, with elevations until around 
pH 4 during meals due to nutrient buffering, when set to natural physiological 
acid secretion [83]. H. pylori originally occupied a more neutral niche at the gastric 
region with gastric acidity defense offered by the secretion of bicarbonate from 
epithelial cells and mucus. Studies with glass microelectrodes indicated a pH gradi-
ent in the stomach mucus and an epithelial pH virtually neutral [84]. The measur-
ing technique may have delayed these studies as open tip microelectrodes may 
have stopped proton diffusion. Later microelectrode experiments using a similar 
method of calculation in mice found that all obstacles to the proton diffusion were 
eliminated and acidic pH was indicated in the bacterial niche [85]. Fluorescent 
dyeing tests in the anesthetic mice’s externalized stomachs showed an acidic gastral 
pH surface regardless of the mucus layer [86]. The pH of the gastric surface is a 
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combination between the regulation of acid and alkaline secretion at a certain stage 
instead of the trapping of mucus-layer buffers or protons [87].

Analysis of H. pylori transcriptome provides additional evidence of acidic pH on 
gastric surfaces. Several in Vitro experiments have reported improvements in acidic 
pH expression of the gene using varying duration and conditions of incubation 
[87–89]. The unifying finding of these research studies is that there are a variety of 
genes that alter expression depending on environmental pH and indicate adaptation 
in order to permit gastric colonization.

The well-documented movements of H. pylori from its usual gastric niche to the 
fundus in human or gerbil acid inhibitory Therapy are proof that the bacteria need to 
remain in a particular pH setting [90–92]. The H. pylori transcriptome has been stud-
ied in the gerbil’s stomach to correlate with in vitro pH changes [93]. Gerbil is a suitable 
model system since the gastric pH profile of H. pylori and its advanced sequelae are 
close to the ones found in humans [94–96]. The pattern of H. pylori gene changes in 
the gerbil stomach were comparable to gene changes seen in vitro at acidic pH, provid-
ing additional evidence for an acidic environment at the site of infection [97].

6.3 Attaching and effacement by adherence of H. pylori

Attaching and effacement is characterized by microvilli effacement, actin rear-
rangement and pedestal formation following bacterial adhesion to cells as described 
for enteropathogenic Escherichia coli (EPEC) [7]. The attachment and effacement of 
H. pylori in the gastric cells have been documented [97].

The tyrosine Phosphorylation of two host cell proteins (145 kDa and 105 kDa) 
has been shown to be inducted after H. pylori binding to gastric pathologic cells. 
Although it is hypothesized that tyrosine Phosphoryphorylation of host cell pro-
teins is implicated in pathogenesis of gastric diseases related to H. pylori infection 
However, other researchers found that an attachment of H. pylori does not contrib-
ute to pedestal formation or actin rearrangement [98].

6.4 Adhesin of H. pylori and its receptor

H. pylori adhesively adheres to a receptor on the gastric cell surface by its 
adhesives. The adhesins and their receivers have been recorded in several respects. 
As the adhesion of H. pylori to cells is not entirely hindered by the human antibody 
to an adhesin, adherence by the use of many adhesins and their receptors is known 
to be the outcome.

6.5 HpaA (Sialyllactose-Binding Adhesin)

Evans et al. to purified 20 kDa protein as an adhesin of H. pylori recognizing 
N-acetylneuraminyllactose, and cloned its gene, hpaA. The protein HpaA functions 
as hemagglutinin and aggregates the fibrillary structure together. HpaA is stated 
to be a lipoprotein intracellular and the inactivation of the HpaA did not affect 
H. pylori’s adherence to gastric cells. Consequently, the value of HpaA as H. pylori 
adhesin is contentious [99].

6.6 Adhesin recognizing phosphatidylethanolaurine

Specific binding of H. pylori to a glycerophospholipid species in the antrum 
of the human stomach was reported. The thin-layer chromatogram overlay 
technique showed this species to be a type of phosphatidylethanolamine. Since 
the exoenzyme from Pseudomonas aeruginosa displays similar binding specificity, 
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the binding of H. pylori to its lipid receptor was expected to be induced by an 
exoenzyme S-like adhesive [100].

6.7 BabA protein recognizing Lewisb antigen

The lewis antigens (Lewis, Lewisb, Lewisx, and LewisY) are one of the blood-
group antigens that is flucosylated and expressed in human epithelics and eryth-
rocytes. Lewis antigen that recognizes non-secretory blood groups (O) has been 
reported to be mediating adhesion of H. pylori to human gastric epithelial cells. 
Preferential relation between H. pylori and Lewisb antigen suggests that certain 
patients are more vulnerable to the development of peptic ulcers [101].

6.8 Adhesin recognizing extracellular matrix components

Many researchers have reported that H. pylori has been bound to different extra-
cellular matrix components such as vitronectin, heparin sulfate, collagen, fibronec-
tin, lactoferrin, plasminogen and laminin. There are about 20 Specific attachment of 
H. pylori to extracellular matrix components promotes bacterial colonization [102].

6.9 Induction of secretion of various cytokines from gastric cells

In vivo, H. pylori gastric infection induces several cytokines, including IL–l beta, 
IL–6, IL-7 and alpha tumor necrosis, to develop mucous membranes. IL-8 particu-
larly consists of a small peptide (chemokine), secreted by a range of cell types, which 
helps to attract and activate neutrophils as a powerful inflammatory mediator. IL-8 
development stimulation in gastric epithelial cells was recorded by H. pylori. The 
positive CagA strains displayed a significant increase in IL-8 relative to cag negative 
strains. Transposon inactivation of several genes in cagA pathogenicity island (PAl) 
showed that various genes (cagB) C) D) E) G) H, ~ L) A1) were responsible for the 
induction of IL-8 from gastric epithelial cells [29]. Recently, Li et al., [30] reported 
that multiple genes encoding HP052l, 0525, 0527, 0528 and 0529 ORF in the left half 
of the cag PAl of H. pylori are required for tyrosine-kinase dependent transcription of 
IL-8 in gastric epithelial cells. In addition, Yamaguchi et al., [31] reported the induc-
tion of IL-8 by HSP60 of H. pylori from gastric epithelial KatoIII cells [103].

7. H. pylori gastritis and the possible pathogenic

7.1 Role of anti-gastric autoimmune reactions

The serological study in H. pylori gastritis provided more indications on the rela-
tion between anti gastric autoimmunity and H. pylori gastritis. In older patients, H. 
pylori infection is linked to developing anti-parietal cell antibodies [55]. In addition, 
some H. pylori-infected patients, observed 32 years, produce both chronic atrophic 
gastritis and anti-parietal cell antibodies [104]. These patients eventually become 
H. pylori negative. Also Negrini et al., reported on autoantibodies against gastric 
epithelial cells in up to 84% of H. pylori infected subjects [105].

When sera of H. pylori-infected subjects were screened for autoantibodies react-
ing against human gastric tissue by immunohistochemistry, for these autoantibod-
ies two separate binding sites could be seen; The luminal membranes in the antral 
and corpus mucosa foveolar epithelial cells first and the channel membranes in the 
gastric corpus mucosa, second in the parietal cells. Antichannel autoanticorps were 
called the latter type [106].
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7.2 Motility

In early childhood, H. pylori infection is obtained through oral-oral or oral-fecal 
infection. The microbe has to enter its chosen location of colonization, the mucosa 
of the gastric antrum in the first phase towards colonization. H. pylori has formed 
a spiral mode and unipolar scourge to enter the gastric niche to transit the mucus 
membrane that overlays the gastric epithelial surface. Host factors steer the migration 
of H. pylori towards the gastric mucosa by means of the chemical reaction of bacteria.

The transcription from intracellular localized components to extracellular flagel-
lar filaments is transient regulated by the expression of the flagellar gene. H. pylori 
is primarily present on the usual acid-secreting stomach, with about one-third of 
the mucus layer next to the epithelial cells (0–5 μm) in a predominant 15–30 μm 
mucus above the antrum [107]. About 2 percent of bacteria bind to the gastric 
epithelium. In order to colonize this niche, the bacteria find that the host attractants 
or repellents and travel toward or away from them, respectively.

Urea, bicarbonate, pH, zinc, nickel, arginine, glutamine, histidine, and other 
amino acids elicit chemotactic responses by H. pylori [108–112]. These chemotactic 
factors are sensed by methylaccepting chemotaxis proteins (MCPs) that transduce 
the signal and alter flagellar rotation. H. pylori has at least four MCPs, the mem-
brane proteins TlpA, TlpB, and TlpC and the cytoplasm located TlpD. TlpA senses 
arginine, other amino acids, and bicarbonate [108]; TlpB is required for pH and 
urea taxis and also senses the quorum sensing molecule autoinducer- 2 (AI-2) [113]; 
TlpC regulates whether acid is sensed as an attractant or repellent [111]; and TlpD 
senses the internal energy state of the bacterium [114].

7.3 Acid acclimation

Colonization is prevented by gastric acid. H. pylori is a neutrophil that rises from 
pH 6.0 to 8.0 and lives from pH 4.0 to 8.0. Since the median pH of the stomach is 
less than 2.0 and H. pylori not only lives in this high acidity, but also prospers, the 
single acid acclimation process has evolved. The ability of H. pylori to retain a near-
neutral periplasmic pH in an acidic environment is accurate [115]. This is different 
from the acid resistance mechanism which enables a cytoplasmic pH near 5 to allow 
bacteria to transit the stomach [116]. Examples of proteins involved with acid resis-
tance include the glutamate decarboxylase- glutamate aminobutyrate antiporter 
and the arginine decarboxylase-arginineagmatine antiporter, which consume 
protons and produce carbon dioxide, and the proton transporters including the F 
1 F 0 ATPase and the Na +/2H + antiporter [117, 118]. These systems are designed to 
control the cytoplasm but do not monitor the pH of periplasm.

Gastric colonization is not possible if cytoplasmic pH cannot be elevated to a 
level that allows critical metabolic processes such as protein synthesis, a level of 
buffering that requires periplasmic pH regulation [116]. While H. pylori expresses 
some of the known acid resistance or tolerance genes [119], these proteins comple-
ment rather than explain gastric colonization. The principle component of acid 
acclimation is the neutral pH optimum, highly expressed cytoplasmic urease 
enzyme. The H. pylori urease gene cluster is made up of seven genes under the 
control of two promoters. ureA and ureB, under the control of the first promoter, 
encode the structural subunits of the urease enzyme [120].

Urease is a hexameric heterodimer that requires nickel incorporation for 
activation. Downstream from the second promoter are ureI, ureE, ureF, ureG, 
and ureH [121]. ureI encodes in an operon the only integral membrane protein. 
The Cytoplasmic proteins UreE, UreF, UreG, and UreH help to integrate nickel in 
apourease.
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Urease is required for acid survival and gastric colonization [122, 123]. H. pylori 
urease production is constitutive, contributing about 10 percent of the total cell 
protein [124, 125]. A neutral pH-based cytoplasmic enzyme catalyzes the degrada-
tion of urea into carbonic acid and, eventually. With a low pH activity and inactiva-
tion, the pH-reduced into the region contained inside the intestines, the activity 
curve of the free urease is optimum near neutral. The activity of urease in intact 
bacteria is marginal at neutral pH and increases to no more than pH 6 to roughly 
pH 2.5 [126]. This curve of activity indicates a limit to urea entry to the enzyme. The 
only membrane protein of the urease gene cluster, UreI, was seen as a proton gated 
urea channel, which enables urea into cytoplasm at acidic pH [127]. Deletion of ureI 
leads to loss of acid activation of urease [125]. ureI deletion mutants cannot live in 
acid at physiologic urea concentrations. Periplasmic pH sinks as well as the medium 
pH drops. This leads to opening of UreI, movement of urea into the cytoplasm, and 
breakdown to the eventual end products of carbon dioxide and ammonia, catalyzed 
by the urease enzyme. The two gasses then buffer the periplasm to the pH range 
that is consistent with neutrophil survival without having to adjust the atmosphere 
with bulk pH.

Ni 2+ per active site are required for activation of urease, and a large fraction 
of urease can be inactive, especially at neutral pH [128, 129]. This will likely avoid 
the over-alkalization of this neutrophil in situations where the pH increases, and 
would thus create a urease pool that is primed and ready to go into action in setting 
a decrease in pH [130]. UreE forms a heterodimer with UreG and UreF with UreH, 
as evidenced by yeast two hybrid and homology analysis, and these protein pairs 
bind urease most likely via UreB to aid with nickel incorporation and enzyme 
activation [131, 132]. Each accessory protein has a specific role in urease activa-
tion. UreE aids directly with incorporation of nickel into the active site [132]. UreF 
prevents premature nickel binding [133]. UreG provides energy for assembly of 
urease. UreH provides stability for apourease [134]. A broad number of regula-
tory mechanisms, many of which are involved in acid survival, can be controlled 
directly and indirected by the nickel regulation protein NikR [135]. For example, 
NikR has been shown both in vitro and in vivo to positively regulate expression of 
ureA [136–139].

7.4 pH alteration and treatment efficacy

H. pylori is unique for survival in an acidic gastric environment, but bacteria 
are separated and formed at neutral pH as a neutrophil. Transcription of growth-
dependent genes in higher medium pH is increased [140]. Most antibiotics used 
in treating H. pylori infection are bacterial-dependent for optimum effectiveness. 
Ampicillin is slightly more effective at near-neutral pH against H. pylori in vitro 
[140]. Adding bismuth to the treatment regimens also has a pH effect, at least in 
part, because the compound impairs the proton entry and reduces the decrease in 
cytoplasmic pH with medium acidification, which improves bacterial metabolism 
and increased antibiotic effectiveness [141]. With this in mind, The more bacteria 
are separated in the therapeutic cycle, the more successful conventional treatment, 
a proton pump inhibitor and a triple or quadruple therapy regimen of antibiotics 
are used. This concept is likely homologous to the concept of persisters seen across 
bacterial species.

Persisters are members of a bacterial population that survive exposure to bac-
tericidal antibiotics yet, when re-cultured, display the same antibiotic sensitivity 
as the population as a whole [142, 143]. H. pylori that are not dividing at admin-
istered at antibiotic time will not be eliminated, leaving a limited population 
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of viable bacteria that can restore stomach colonization when antibiotics are 
stopped. At recommended doses, drugs currently available in acid blockade will 
not achieve the required sustained pH shift to imitate the bactericidal effect seen 
in in vitro studies [140, 144].

The current treatment effectiveness challenges can be solved by introducing non 
antibiotic treatment schemes, using the colonization mechanisms mentioned here, 
by prevention, intervention or acclimatization of motility, adhesion or acidity. The 
in vitro efficacy of the carbonic anhydrase inhibitor acetazolamide against H. pylori 
is one example of a potential treatment targeting acid acclimation and periplasmic 
pH regulation [123]. In the creation of new and better treatment regimes, a con-
tinuous research and understanding of the molecular processes of H. pylori gastric 
colonization are crucial.

8. Immune response role of antibodies in protective immunity

Analogy with other mucosal pathogens was originally thought to be primarily 
antibodies to mediate a defensive immune reaction against H. pylori. Subsequent 
studies found that the importance of the humoral immunity mechanism is negli-
gible. Antibodies can prevent infection successfully and decrease the colonization 
in animal models studies [145]. H. pylori infection results in an induction of a 
Th1-polarized response that does not result, however, in clearance of the infection. 
This is striking, because the primary function in sterilizing Immunity is stated to 
be cellular rather than humoral immunity [146], Although it is now widely agreed 
that H. pylori-induced gastritis and/or pathology primarily rely on Th1 cells and 
Th1 cytokines [147]. While a polarized Th2 reaction defends against this pathology, 
it doesn’t generally include the defense of Th2 cells after immunization. In fact, 
Th1-polarized T cells recruit mononuclear cells to the infection site instead of Th2-
polarized, thereby removing bacteria [148].

9. Conclusion

From various studies it is concluded that gastritis still pose world -wide burden 
and requires extensive studies on the pathogenesis of the disease. H. pylori remains 
the most causative agent and it possess the virulence factors such as cag pathogenic-
ity island and vacA vacuolating cytotoxin. These factors influence cellular processes 
via different routes, thus assisting in chronic colonization of the gastric mucosa by 
H. pylori. Gastritis infection highly results in induction of the protective immune 
response. Further studies should focus on the immunity to gastritis and the role of 
cytokines should be ruled out.
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and A. L. Blum. 1995. Effect of H. pylori 
status on intragastric pH during 
treatment with omeprazole. Gut 
36:539-543.

[50] Holtmann, G., C. Cain, and P. 
Malfertheiner. 1999. Gastric Helicobacter 
pylori infection accelerates healing of 
reflux esophagitis during treatment 



Esophagitis and Gastritis - Recent Updates

108

with the proton pump inhibitor 
pantoprazole. Gastroenterology 
117:11-16.

[51] El-Omar, E. M., M. Carrington, W. 
H. Chow, K. E. McColl, J. H. Bream, H. 
A. Young, J. Herrera, J. Lissowska, C. C. 
Yuan, N. Rothman, G. Lanyon, M. 
Martin, J. F. Fraumeni, Jr., and C. S. 
Rabkin. 2000. Interleukin-1 
polymorphisms associated with 
increased risk of gastric cancer. Nature 
404:398-402.

[52] Blaser, M. J., and J. C. Atherton. 
2004. Helicobacter pylori persistence: 
biology and disease. J. Clin. Investig. 
113:321-333.

[53] Leunk, R. D., P. T. Johnson, B. C. 
David, W. G. Kraft, and D. R. Morgan. 
1988. Cytotoxic activity in broth-culture 
filtrates of Campylobacter pylori. J. Med. 
Microbiol. 26:93-99.

[54] Covacci, A., S. Censini, M. Bugnoli, 
R. Petracca, D. Burroni, G. Macchia, A. 
Massone, E. Papini, Z. Xiang, N. Figura, 
and R. Rappuoli. 1993. Molecular 
characterization of the 128-kDa 
immunodominant antigen of 
Helicobacter pylori associated with 
cytotoxicity and duodenal ulcer. Proc. 
Natl. Acad. Sci. USA 90:5791-5795.

[55] Tummuru, M. K. R., T. L. Cover, 
and M. J. Blaser. 1993. Cloning and 
expression of a high molecular mass 
major antigen of Helicobacter pylori: 
evidence of linkage to cytotoxin 
production. Infect. Immun. 
61:1799-1809.

[56] van Doorn, L. J., C. Figueiredo, R. 
Sanna, M. J. Blaser, and W. G. Quint. 
1999. Distinct variants of Helicobacter 
pylori cagA are associated with vacA 
subtypes. J. Clin. Microbiol. 
37:2306-2311.

[57] Peek, R. M., G. G. Miller, K. T. 
Tham, G. I. Pe´rez-Pe´rez, X. M. Zhao, 
J. C. Atherton, and M. J. Blaser. 1995. 

Heightened inflammatory response and 
cytokine expression in vivo to cagA_ 
Helicobacter pylori strains. Lab. Investig. 
73:760-770.

[58] Segal, E. D., J. Cha, J. Lo, S. Falkow, 
and L. S. Tompkins. 1999. Altered states: 
involvement of phosphorylated CagA in 
the induction of host cellular growth 
changes by Helicobacter pylori. Proc. 
Natl. Acad. Sci. USA. 96:14559-14564.

[59] Stein, M., R. Rappuoli, and A. 
Covacci. 2000. Tyrosine 
phosphorylation of the Helicobacter 
pylori CagA antigen after cag-driven 
host cell translocation. Proc. Natl. Acad. 
Sci. USA 97:1263-1268

[60] Stein, M., F. Bagnoli, R. Halenbeck, 
R. Rappuoli, W. J. Fantl, and A. Covacci. 
2002. c-Src/Lyn kinases activate 
Helicobacter pylori CagA through 
tyrosine phosphorylation of the EPIYA 
motifs. Mol. Microbiol. 43:971-980.

[61] Selbach, M., S. Moese, S. Backert, P. 
R. Jungblut, and T. F. Meyer. 2004. The 
Helicobacter pylori CagA protein induces 
tyrosine dephosphorylation of ezrin. 
Proteomics 4:2961-2968.

[62] Smith, M. A., and D. I. Edwards. 
1995. The influence of microaerophilia 
and anaerobiosis on metronidazole 
uptake in Helicobacter pylori. J. 
Antimicrob. Chemother. 36:453-461.

[63] Fischer, W., J. Puls, R. Buhrdorf, B. 
Gebert, S. Odenbreit, and R. Haas. 
2001. Systematic mutagenesis of the 
Helico bacter pylori cag pathogenicity 
island: essential genes for CagA 
translocation in host cells and induction 
of interleukin-8. Mol. Microbiol. 
42:1337-1348.

[64] Viala, J., C. Chaput, I. G. Boneca, A. 
Cardona, S. E. Girardin, A. P. Moran, R. 
Athman, S. Memet, M. R. Huerre, A. J. 
Coyle, P. S. DiStefano, P. J. Sansonetti, 
A. Labigne, J. Bertin, D. J. Philpott, and 
R. L. Ferrero. 2004. Nod1 responds to 



109

Pathophysiology of H. pylori
DOI: http://dx.doi.org/10.5772/intechopen.96763

peptidoglycan delivered by the 
Helicobacter pylori cag pathogenicity 
island. Nat. Immunol. 5:1166-1174.

[65] Tsutsumi, R., H. Higashi, M. 
Higuchi, M. Okada, and M. 
Hatakeyama. 2003. Attenuation of 
Helicobacter pylori CagA SHP-2 
signaling by interaction between CagA 
and C-terminal Src kinase. J. Biol. 
Chem. 278:3664-3670.

[66] Higashi, H., R. Tsutsumi, A. Fujita, 
S. Yamazaki, M. Asaka, T. Azuma, and 
M. Hatakeyama. 2002. Biological 
activity of the Helicobacter pylori 
virulence factor CagA is determined by 
variation in the tyrosine 
phosphorylation sites. Proc. Natl. Acad. 
Sci. USA 99:14428-14433.

[67] Yamazaki, S., A. Yamakawa, Y. Ito, 
M. Ohtani, H. Higashi, M. Hatakeyama, 
and T. Azuma. 2003. The CagA protein 
of Helicobacter pylori is translocated into 
epithelial cells and binds to SHP-2 in 
human gastric mucosa. J. Infect. Dis. 
187:334-337.

[68] Salama, N. R., G. Otto, L. 
Tompkins, and S. Falkow. 2001. 
Vacuolating cytotoxin of Helicobacter 
pylori plays a role during colonization in 
a mouse model of infection. Infect. 
Immun. 69:730-736

[69] van Doorn, L. J., C. Figueiredo, R. 
Sanna, S. Pena, P. Midolo, E. K. Ng, J. C. 
Atherton, M. J. Blaser, and W. G. Quint. 
1998. Expanding allelic diversity of 
Helicobacter pylori vacA. J. Clin. 
Microbiol. 36:2597-2603.

[70] Montecucco, C., and M. de Bernard. 
2003. Molecular and cellular 
mechanisms of action of the vacuolating 
cytotoxin (VacA) and neutrophil-
activating protein (HP NAP) virulence 
factors of Helicobacter pylori. Microbes 
Infect. 5:715-721.

[71] Fitchen, N., D. P. Letley, P. O’Shea, J. 
C. Atherton, P. Williams, and K. R. 

Hardie. 2005. All subtypes of the 
cytotoxin VacA adsorb to the surface of 
Helicobacter pylori post-secretion. J. 
Med. Microbiol. 54:621-630.

[72] Torres, V. J., S. E. Ivie, M. S. 
McClain, and T. L. Cover. 2005. 
Functional properties of the p33 and p55 
domains of the Helicobacter pylori 
vacuolating cytotoxin. J. Biol. Chem. 
280:21107-21114.

[73] Telford, J. L., P. Ghiara, M. 
Dell’Orco, M. Comanducci, D. Burroni, 
M. Bugnoli, M. F. Tecce, S. Censini, A. 
Covacci, Z. Xiang, et al. 1994. Gene 
structure of the Helicobacter pylori 
cytotoxin and evidence of its key role in 
gastric disease. J. Exp. Med. 
179:1653-1658.

[74] Pelicic, V., J. M. Reyrat, L. Sartori, 
C. Pagliaccia, R. Rappuoli, J. L. Telford, 
C. Montecucco, and E. Papini. 1999. 
Helicobacter pylori VacA cytotoxin 
associated with the bacteria increases 
epithelial permeability independently of 
its vacuolating activity. Microbiology 
145:2043-2050

[75] Willhite, D. C., and S. R. Blanke. 
2004. Helicobacter pylori vacuolating 
cytotoxin enters cells, localizes to the 
mitochondria, and induces 
mitochondrial membrane permeability 
changes correlated to toxin channel 
activity. Cell. Microbiol. 6:143-154.

[76] Neu, B., P. Randlkofer, M. Neuhofer, 
P. Voland, A. Mayerhofer, M. Gerhard, 
W. Schepp, and C. Prinz. 2002. 
Helicobacter pylori induces apoptosis of 
rat gastric parietal cells. Am. J. Physiol. 
Gastrointest. Liver Physiol. 
283:G309–G318.

[77] Testerman, T. L., McGee, D. J., & 
Mobley, H. L. (2001). Adherence and 
colonization. Helicobacter pylori: 
physiology and genetics, 379-417.

[78] Logan R. P. H., 1996, Adherence of 
Helicobacter pylori. Aliment Pharmacal. 
Ther. 10(Supp!. I): 3-15.



Esophagitis and Gastritis - Recent Updates

110

[79] Dunn B. E., Altmann M., and 
Campbell G. P., 1991, Adherence of 
Helicobacter pylori to gastric carcinoma 
cells: Analysis by flow cytometry. Rev. 
lrifect. Dis. 13(Supp!. 8):S657-S664.

[80] Yamamoto-Osaki T, Yamaguchi H., 
Taguchi H., Ogata S., and Kamiya S., 
1995, Adherence of Helicabacter pylori to 
cultured human gastric carcinoma cells. 
Ear. J Gastroenterol. Hepatol. 7(Supp!.I ): 
S89-S92.

[81] Cole S. P., Cirillo D., Kagnoff M. F., 
Guiney O. G., and Eckmann L., 1997, 
Coccoid and spiral Helicobacter pylori 
differ in their abilities to adhere to 
gastric epithelial cells and induce 
interleukin-8 secretion. lrifect. Immun. 
65:843-·846.

[82] Teyssen S, Chari ST, Scheid J, 
Singer MV. Effect of repeated boluses of 
intravenous omeprazole and primed 
infusions of ranitidine on 24-hour 
intragastric pH in healthy human 
subjects. Dig Dis Sci. 1995;40:247-55.

[83] Code CF. Defense mechanisms of 
the gastric mucosa. Scand J 
Gastroenterol Suppl. 1981;67:201-4.

[84] Henriksnas J, Phillipson M, 
Storm M, Engstrand L, Soleimani M, 
Holm L. Impaired mucus-bicarbonate 
barrier in Helicobacter pylori -infected 
mice. Am J Physiol Gastrointest Liver 
Physiol. 2006;291:G396-403.

[85] Baumgartner HK, Montrose MH. 
Regulated alkali secretion acts in 
tandem with unstirred layers to regulate 
mouse gastric surface pH. 
Gastroenterology. 2004;126:774-83.

[86] McGowan CC, Necheva AS, 
Forsyth MH, Cover TL, Blaser MJ. 
Promoter analysis of Helicobacter pylori 
genes with enhanced expression at low 
pH. Mol Microbiol. 2003;48:1225-39.

[87] Merrell DS, Goodrich ML, Otto G, 
Tompkins LS, Falkow S. pH-regulated 

gene expression of the gastric pathogen 
Helicobacter pylori. Infect Immun. 
2003;71:3529-39.

[88] Wen Y, Marcus EA, 
Matrubutham U, Gleeson MA, 
Scott DR, Sachs G. Acid-adaptive genes 
of Helicobacter pylori. Infect Immun. 
2003;71:5921-39.

[89] Larkin CJ, Watson RGP, Sloan JM, 
Stevenson M, Ardill JE, Buchanan D. 
Distribution of atrophy in Helicobacter 
pylori -infected subjects taking proton 
pump inhibitors. Scand J Gastroenterol. 
2000;35:578-82.

[90] Lee A, Dixon MF, Danon SJ, 
Kuipers E, Megraud F, Larsson H, et al. 
Local acid production and Helicobacter 
pylori: a unifying hypothesis of 
gastroduodenal disease. Eur J Gastro-
enterol Hepatol. 1995;7:461-5.

[91] Logan RP, Walker MM, Misiewicz JJ, 
Gummett PA, Karim QN, Baron JH. 
Changes in the intragastric distribution 
of Helicobacter pylori during treatment 
with omeprazole. Gut. 1995;36:12-6.

[92] Mollenhauer-Rektorschek M, 
Hanauer G, Sachs G, Melchers K. 
Expression of UreI is required for 
intragastric transit and colonization of 
gerbil gastric mucosa by Helicobacter 
pylori. Res Microbiol. 2002;153:659-66.

[93] Scott DR, Marcus EA, Wen Y, Oh J, 
Sachs G. Gene expression in vivo shows 
that Helicobacter pylori colonizes an 
acidic niche on the gastric surface. Proc 
Natl Acad Sci U S A. 2007;104:7235-40.

[94] Hirayama F, Takagi S, Kusuhara H, 
Iwao E, Yokoyama Y, Ikeda Y. Induction 
of gastric ulcer and intestinal metaplasia 
in mongolian gerbils infected with 
Helicobacter pylori. J Gastroenterol. 
1996;31: 755-7.

[95] Matsumoto S, Washizuka Y, 
Matsumoto Y, Tawara S, Ikeda F, 
Yokota Y, et al. Induction of ulceration 



111

Pathophysiology of H. pylori
DOI: http://dx.doi.org/10.5772/intechopen.96763

and severe gastritis in Mongolian gerbil 
by Helicobacter pylori infection. J Med 
Microbiol. 1997;46:391-7.

[96] Watanabe T, Tada M, Nagai H, 
Sasaki S, Nakao M. Helicobacter pylori 
infection induces gastric cancer in 
mongolian gerbils. Gastroenterology. 
1998;115: 642-8.

[97] Dytoc M., Gold B., Louie M., et aI., 
1993, Comparison of Helicobacter pylori 
and attaching effacing Escherichia coli 
adhesion to eukaryotic cells. lrifect. 
Immun. 61:448-456.

[98] O’Toole P. W, Janzon L., Doig P., 
Huang., Kostrzynska M., and Trust T., 
1995, The putative neuraminyllactose-
binding hemagglutinin HpaA of 
Helicabacter pylori CCUG 17874 is a 
lipoprotein. J Bacterial. 177:6049-605 7.

[99] Lingwood C. A, Huesca M.,  
and Kuksis A, 1992, The  
glycerolipid receptor for Helicobacter 
pylori (and exoenzyme S) is 
phosphatidyiethanolamine. lrifect. 
Immun. 60:2470-2474.

[100] Boren T, Falk P., Roth K. A., 
Larson G., and Normark S., 1993, 
Attachment of Helicobacter pylori to 
human gastric epithelium mediated by 
blood group antigens. Science 262: 
1892-1895.

[101] Kondo I., Nagate T., Akashi T., 
Kaneda Y, Miyachi J., and 
Yamaguchi M., 1993, Presence of 
receptors for laminin, collagen, 
fibronectin and vitronectin on the cell 
surface of Helicobacter pylori. Eur. J 
Gastroentero!. Hepatol. 5:S63-S67.

[102] Yamaguchi H., Osaki T., 
Kurihara N., et aI., 1999, Induction of 
secretion of interleukin-8 from human 
gastric epithelial cells by heat-shock 
protein 60 homologue of Helieobaeter 
pylori. J Med. Microbiol. 48:927-933.

[103] Uibo R., Vorobjova T, Metskula K., 
Kisand K., Wadstrom T, and Kivik T, 

1995, Association of Helicohacter pylori 
and gastric autoimmunity: a population 
based study, FEMS Immunol. Med. 
Microbiol. 11:65.

[104] Negrini R., Lisato L., Zanella 1., 
Cavazzini L., Gullini S., Vilianacci v., 
Poiesi C., Albertini A., and Ghielmi S., 
1991, Helicobacter pylori infection 
induces antibodies cross-reacting with 
human gastric mucosa, Gastroenterology 
101:437.

[105] Faller G., Steininger H., Kranzlein., 
Maul H., Kerkau T, Hensen., Hahn E. G., 
and Kirchner T, 1997, Antigastric 
autoantibodies in Helicobacter pylori 
infection: implications of histological 
and clinical parameters of gastritis, 
Gut 41:619.

[106] Schreiber S, Konradt M, Groll C, 
Scheid P, Hanauer G, Werling HO, et al. 
The spatial orientation of Helicobacter 
pylori in the gastric mucus. Proc Natl 
Acad Sci U S A. 2004;101:5024-9.

[107] Cerda O, Rivas A, Toledo H. 
Helicobacter pylori strain ATCC700392 
encodes a methyl-accepting chemotaxis 
receptor protein (MCP) for arginine and 
sodium bicarbonate. FEMS Microbiol 
Lett. 2003; 224:175-81.

[108] Foynes S, Dorrell N, Ward SJ, 
Stabler RA, McColm AA, Rycroft AN, et 
al. Helicobacter pylori possesses two 
CheY response regulators and a 
histidine kinase sensor, CheA, which are 
essential for chemotaxis and 
colonization of the gastric mucosa. 
Infect Immun. 2000;68:2016-23.

[109] Nakamura H, Yoshiyama H, 
Takeuchi H, Mizote T, Okita K, 
Nakazawa T. Urease plays an important 
role in the chemotactic motility of 
Helicobacter pylori in a viscous environ-
ment. Infect Immun. 1998;66:4832-7.

[110] Sanders L, Andermann TM, 
Ottemann KM. A supplemented soft 
agar chemotaxis assay demonstrates the 



Esophagitis and Gastritis - Recent Updates

112

Helicobacter pylori chemotactic response 
to zinc and nickel. Microbiology. 
2013;159(Pt 1):46-57.

[111] Worku ML, Karim QN, Spencer J, 
Sidebotham RL. Chemotactic response 
of Helicobacter pylori to human plasma 
and bile. J Med Microbiol. 2004;53(Pt 
8):807-11.

[112] Rader BA, Wreden C, Hicks KG, 
Sweeney EG, Ottemann KM, 
Guillemin K. Helicobacter pylori 
perceives the quorum-sensing molecule 
AI-2 as a chemorepellent via the 
chemoreceptor TlpB. Microbiology. 
2011;157(Pt 9):2445-55.

[113] Schweinitzer T, Mizote T, 
Ishikawa N, Dudnik A, Inatsu S, 
Schreiber S, et al. Functional characteri-
zation and mutagenesis of the proposed 
behavioral sensor TlpD of Helicobacter 
pylori. J Bacteriol. 2008;190:3244-55.

[114] Boren T, Falk P, Roth KA, Larson G, 
Normark S. Attachment of Helicobacter 
pylori to human gastric epithelium 
mediated by blood group antigens. 
Science. 1993;262:1892-5.

[115] Sakamoto S, Watanabe T, 
Tokumaru T, Takagi H, Nakazato H, 
Lloyd KO. Expression of Lewisa, 
Lewisb, Lewisx, Lewisy, siayl-Lewisa, 
and sialyl- Lewisx blood group antigens 
in human gastric carcinoma and in 
normal gastric tissue. Cancer Res. 
1989;49:745-52.

[116] Gerhard M, Lehn N, Neumayer N, 
Boren T, Rad R, Schepp W, et al. Clinical 
relevance of the Helicobacter pylori gene 
for blood-group antigen-binding 
adhesin. Proc Natl Acad Sci U S A. 1999; 
96:12778-83.

[117] Ilver D, Arnqvist A, Ogren J, 
Frick IM, Kersulyte D, Incecik ET, et al. 
Helicobacter pylori adhesin binding 
fucosylated histo-blood group antigens 
revealed by retagging. Science. 1998; 
279:373-7.

[118] Mahdavi J, Sonden B, Hurtig M, 
Olfat FO, Forsberg L, Roche N, et al. 
Helicobacter pylori SabA adhesion in 
persistent infection and chronic 
inflammation. Science. 2002;297:573-8.

[119] Ota H, Nakayama J, Momose M, 
Hayama M, Akamatsu T, Katsuyama T, 
et al. Helicobacter pylori infection 
produces reversible glycosylation 
changes to gastric mucins. Virchows 
Arch. 1998;433:419-26.

[120] Peck B, Ortkamp M, Diehl KD, 
Hundt E, Knapp B. Conservation, 
localization and expression of HopZ, a 
protein involved in adhesion of 
Helicobacter pylori. Nucleic Acids Res. 
1999;27:3325-33.

[121] Odenbreit S, Faller G, Haas R. Role 
of the alpAB proteins and lipopoly-
saccharide in adhesion of Helicobacter 
pylori to human gastric tissue. Int J Med 
Microbiol. 2002;292:247-56.

[122] Marcus EA, Moshfegh AP, Sachs G, 
Scott DR. The periplasmic alpha-
carbonic anhydrase activity of Helico-
bacter pylori is essential for acid 
acclimation. J Bacteriol. 
2005;187:729-38.

[123] Ma Z, Gong S, Richard H, 
Tucker DL, Conway T, Foster JW. GadE 
(YhiE) activates glutamate decarbo-
xylase- dependent acid resistance in 
Escherichia coli K-12. Mol Microbiol. 
2003;49:1309-20.

[124] Booth IR. Regulation of 
cytoplasmic pH in bacteria. Microbiolo 
Rev. 1985;49:359-78.

[125] Padan E, Zilberstein D, 
Schuldiner S. pH homeostasis in 
bacteria. Biochim Biophys Acta. 
1981;650:151-66.

[126] Tomb JF, White O, Kerlavage AR, 
Clayton RA, Sutton GG, 
Fleischmann RD, et al. The complete 
genome sequence of the gastric 



113

Pathophysiology of H. pylori
DOI: http://dx.doi.org/10.5772/intechopen.96763

pathogen Helicobacter pylori. Nature. 
1997;388:539-47.

[127] Akada JK, Shirai M, Takeuchi H, 
Tsuda M, Nakazawa T. Identifi cation of 
the urease operon in Helicobacter pylori 
and its control by mRNA decay in 
response to pH. Mol Microbiol. 2000;36: 
1071-84.

[128] Eaton KA, Brooks CL, Morgan DR, 
Krakowka S. Essential role of urease in 
pathogenesis of gastritis induced by 
Helicobacter pylori in gnotobiotic piglets. 
Infect Immun. 1991;59:2470-5.

[129] Eaton KA, Krakowka S. Effect of 
gastric pH on ureasedependent 
colonization of gnotobiotic piglets by 
Helicobacter pylori. Infect Immun. 
1994;62:3604-7.

[130] Hu LT, Mobley HL. Purifi cation 
and N-terminal analysis of urease from 
Helicobacter pylori. Infect Immun. 1990; 
58:992-8.

[131] Mobley HL, Hu LT, Foxal PA. 
Helicobacter pylori urease: properties 
and role in pathogenesis. Scand J 
Gastroenterol Suppl. 1991;187:39-46.

[132] Scott DR, Marcus EA, Weeks DL, 
Lee A, Melchers K, Sachs G. Expression 
of the Helicobacter pylori ureI gene is 
required for acidic pH activation of 
cytoplasmic urease. Infect Immun. 
2000;68:470-7.

[133] Weeks DL, Eskandari S, Scott DR, 
Sachs G. A H+-gated urea channel: the 
link between Helicobacter pylori urease 
and gastric colonization. Science. 2000; 
287:482-5.

[134] Ha NC, Oh ST, Sung JY, Cha KA, 
Lee MH, Oh BH. Supramolecular 
assembly and acid resistance of Helico-
bacter pylori urease. Nat Struct Biol. 
2001;8:505-9.

[135] Scott DR, Marcus EA, Weeks DL, 
Sachs G. Mechanisms of acid resistance 

due to the urease system of Helicobacter 
pylori. Gastroenterology. 2002;123: 
187-95.

[136] Ferrero RL, Cussac V, Courcoux P, 
Labigne A. Construction of isogenic 
urease-negative mutants of Helicobacter 
pylori by allelic exchange. J Bacteriol. 
1992;174:4212-7.

[137] Heimer SR, Mobley HL. Interaction 
of Proteus mirabilis urease apoenzyme 
and accessory proteins identified with 
yeast two-hybrid technology. J Bacteriol. 
2001;183:1423-33.

[138] Voland P, Weeks DL, Marcus EA, 
Prinz C, Sachs G, Scott D. Interactions 
among the seven Helicobacter pylori 
proteins encoded by the urease gene 
cluster. Am J Physiol Gastrointest Liver 
Physiol. 2003;284:G96-106.

[139] Moncrief MB, Hausinger RP. Purifi 
cation and activation properties of 
UreD-UreF-urease apoprotein 
complexes. J Bacteriol. 1996;178:5417-21.

[140] Moncrief MB, Hausinger RP. 
Characterization of UreG, identifi 
cation of a UreD-UreF-UreG complex, 
and evidence suggesting that a 
nucleotide-binding site in UreG is 
required for in vivo metallocenter 
assembly of Klebsiella aerogenes urease. J 
Bacteriol. 1997;179: 
4081-6.

[141] Park IS, Carr MB, Hausinger RP. In 
vitro activation of urease apoprotein 
and role of UreD as a chaperone 
required for nickel metallocenter 
assembly. Proc Natl Acad Sci U S A. 
1994;91:3233-7.

[142] van Vliet AH, Ernst FD, Kusters JG. 
NikR-mediated regulation of 
Helicobacter pylori acid adaptation. 
Trends Microbiol. 2004;12:489-94.

[143] Carpenter BM, West AL, Gancz H, 
Servetas SL, Pich OQ, Gilbreath JJ, et al. 
Crosstalk between the Hp ArsRS 



Esophagitis and Gastritis - Recent Updates

114

two-component system and Hp NikR is 
necessary for maximal activation of 
urease transcription. Front Microbiol. 
2015;6:558.

[144] Dosanjh NS, Hammerbacher NA, 
Michel SL. Characterization of the 
Helicobacter pylori NikR-P (ureA) DNA 
interaction: metal ion requirements and 
sequence specifi city. Biochemistry. 
2007;46:2520-9.

[145] Dosanjh NS, West AL, Michel SL. 
Helicobacter pylori NikR’s interaction 
with DNA: a two-tiered mode of 
recognition. Biochemistry. 
2009;48:527-36.

[146] Evans SE, Michel SL. Dissecting 
the role of DNA sequence in Helicobacter 
pylori NikR/DNA recognition. Dalton 
Trans. 2012;41:7946-51.

[147] Mohammadi, M., S. Czinn, R. 
Redline, and J. Nedrud. 1996. 
Helicobacter specific cell-mediated 
immune responses display a pre-
dominant Th1 phenotype and promote a 
delayed-type hypersensitivity response 
in the stomachs of mice. J. Immunol. 
156:4729-4738

[148] Sommer, F., H. Wilken, G. Faller, 
and M. Lohoff. 2004. Systemic Th1 
immunization of mice against 
Helicobacter pylori infection with CpG 
oligodeoxynucleotides as adjuvants does 
not protect from infection but enhances 
gastritis. Infect. Immun. 72:1029-1035



115

Chapter 7

Gastrointestinal 
Physiopathological Testing for 
Upper GI Functional Disorders
Edda Battaglia, Maria Luisa Niola, Valentina Boano, 
Chiara M.C. Elia, Carlo Sguazzini and Mario Grassini

Abstract

Functional gastrointestinal disorders (FGIDs) are disorders of gut–brain  
interaction; it is a group of disorders classified by gastrointestinal (GI) symptoms 
related to any combination of the following: motility disturbance, visceral hyper-
sensitivity, altered mucosal and immune function, altered gut microbiota, altered 
central nervous system processing. In general, investigations on intestinal motility 
should be reserved for patients with symptoms correlated to motor alterations that 
greatly influence the quality of life, nutrition and productivity, as they are justi-
fied only if a result can be expected that influences the clinical management of the 
patient. Esophageal High-resolution manometry (HRM) today permits greater 
understanding of the function of the esophagogastric junction and the esophageal 
motility. In the more frequent clinical manifestation, like as Gastroesophageal 
reflux disease (GERD), despite endoscopy, the pH-impedance is considered the 
most accurate and detailed method to assess acid/weakly acid or non acid gastro-
esophageal reflux, to identify the specific phenotypes of reflux disease spectrum. 
To investigate gastric motor function, the scintigraphic gastric emptying test is 
the gold standard, but it still has poor uniformity of the protocols, that undermine 
the quality and usefulness of the test. The current and increasingly widespread 
alternative to scintigraphic emptying is the breath-test with octanoic acid (OBT) 
or Spirulina labeled with C13, a test that has the favor of not using radioactive 
substances and that has shown a high concordance with the scintigraphic test. 
The intraluminal capsule test is a recent promising tool, that records intraluminal 
pH, pressure, temperature and post-prandial gastric contractions, and transmits 
wireless data to a receiver. EGG is a non-invasive technique that measures gastric 
myoelectric activity- and consequently its function- using skin electrodes placed 
in the upper abdomen. Gastro-jejunal manometry with multiple pressure sensor 
catheters located in the antrum, pylorus, duodenum and jejunum is the only clini-
cally available test that allows detailed evaluation of coordinated gastro-duodenum-
jejunal contraction models. The functional ultrasound, the barostat, the SPECT and 
resonance methods have provided preliminary data on their application in the study 
of gastrointestinal motility, but the data are still missing and the methods are not 
validated.

Keywords: functional gastrointestinal disorders, functional tests, manometry, 
pH-impedance
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1. Introduction

Functional gastrointestinal disorders (FGIDs) are disorders of gut–brain interac-
tion; it is a group of disorders classified by gastrointestinal (GI) symptoms related 
to any combination of the following: motility disturbance, visceral hypersensitivity, 
altered mucosal and immune function, altered gut microbiota, altered central nervous 
system processing [1].

2. Esophageal function

The evaluation of the esophageal function is not clearly defined because its dis-
function is mainly due to neuromuscular disorders, so its pathophysiology is complex.

However, esophageal manometry and 24-hour pH-impedance monitoring are 
two useful tests to classify the organ’s disorders [2].

2.1 Manometry

Manometry is considered as the gold standard [3] to diagnose motor alterations of 
the esophagus. Conventional examination uses mostly water-perfused probes, with 
recording points placed every 5 cm along the length of the esophageal catheter, in 
order to measure internal contraction and pressure. However, high-resolution manom-
etry (HRM) is nowadays the most accurate and available tool. HRM is equipped with 
high-resolution solid-state catheters that transmit data on the internal condition of the 
esophagus, which are then converted into graphs (topography plots, EPTs). The probes 
are placed every 1 cm, for a total of 32–36 transducers all along the organ [4].

In the standard procedure the patient is placed in a supine position in order to 
eliminate the gravitational effect, and a basal recording is made for 30 seconds, 
followed by at least 10 consecutive swallowings, during which various parameters 
of esophageal peristalsis are detected and recorded, the main ones being DCI 
(Distal Contractile Integral) and DL (Distal Latency).

The DCI represents the contractile vigor of the esophagus, i.e., amplitude x 
duration x length of contraction of the distal esophagus with an isobaric contour of 
20 mmHg.

The DL (measured in seconds) is the interval between relaxation of the UES 
and the point of deflection along the 30 mmHg isobaric contour where the propul-
sion velocity slows (contractile deceleration point, CDP): it represents an indirect 
measure of post-deglutitive inhibition and thus normal peristalsis [3].

It has to be mentioned the IRP (Integrated Relaxation Pressure, in mmHg), which 
is defined as the mean pressure of the EGJ measured for 4 contiguous or not-relax-
ation seconds, during the ten seconds following deglutive relaxation of the UES [5].

The first step of the data analysis is focalized on the evaluation of the 
esophagogastric junction (EGJ): basal pressure of the lower esophageal sphincter 
(LES), IRP and crural diaphragm (CD) are evaluated, and junction subtypes are 
defined.

The Lyon Consensus [6] proposes to study EGJ in two different ways, from an 
anatomic and morphologic point of view and then from his contractility.

Morphologically, three types of junctions are described, where type 3 is associ-
ated with decreased LES pressure due to anatomical separation >3 cm between 
LES and CD. By the second measurement the EGJ-CI (EGJ Contractile Integral) is 
calculated, which measures the level of barrier provided by the junction.

The second step is about evaluating the peristalsis of the esophageal body, based 
on various parameters including the DCI and the interruptions of the isobaric 
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contour of 20 mmHg, although with the latest Chicago classification (CC v3.0) it 
has been proposed to eliminate this last parameter from the assessment of esopha-
geal contractile force, and to consider it as a descriptor of the contractile pattern 
[7]. So, contractile vigor can be described as absent (DCI <100 mmHg·s·cm), 
weak (DCI >100 but <450), inefficient (absent or weak), or hypercontractile (DCI 
≥8000); contractile pattern instead can be premature (DL >4.5 sec), fragmented 
(interruptions >5 cm on the isobaric contour with DCI >450) or normal [3, 5].

Basing on the results obtained from the manometry, the patient is included in 
one of the four groups describing esophageal motility, as defined in CC v3.0 [8]:

• incomplete relaxation of the LES, such as achalasia subtypes I and III or EGJ 
outflow obstruction;

• major peristalsis disorders, such as distal esophageal spasm, esophageal 
‘jackhammer’ hypercontractility, or absent contractility;

• minor motor disorders, such as fragmented peristalsis or ineffective esophageal 
motility (IEM);

• normal esophageal motility (Figure 1).

Figure 1. 
Chicago classification on HRM [8].
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2.2 24-hour pH-impedance monitoring

24-hour pH-impedance monitoring is today the most useful and sensitive test to 
study every type of reflux episode, its composition, proximal extension, duration 
and clearance. It is based on the simultaneous measurement of pH and endoluminal 
electrical impedance: a pair of electrodes correspond to an impedance segment 
that provides a measure of impedance (resistance): it is inversely proportional to 
conductivity, increasing if air is passing through the esophagus and decreasing if 
water/swallowed material or reflux is passing through it [9].

By combining the two measurement, the chemical nature and the physical 
nature of the reflux episode can be defined as acid, weakly acidic, weakly alkaline 
and liquid, gaseous or mixed.

Changes in pH occurred simultaneously with impedance drops of at least 50% 
are classified as follows:

• Acid reflux: a drop in pH <4 from a pre-event pH >4, lasting >5 seconds;

• Superimposed acid reflux: liquid reflux monitored by impedance electrodes 
while the esophageal pH is still <4, i.e., the pH in the distal esophagus has not 
returned to >4 after an episode of acid reflux;

• Weakly acid reflux: the pH nadir is ≥4 but <7 during reflux;

• Weakly alkaline reflux: no acid is present as the intra-esophageal pH increases 
to ≥7 or remains ≥7 during reflux (Figure 2).

Furthermore, a liquid episode is defined as a retrograde flux (to the proximal 
esophagus) capable of changing the basal impedance value by at least 50% in 
two consecutive channels; a gaseous episode, on the other hand, corresponds to a 
simultaneous increase in impedance >3000 Ω in two consecutive channels, with 
a channel having an absolute value >7000 Ω. Finally, a mixed episode is a gaseous 
reflux that occurs during or immediately after a liquid one [10].

By measuring the impedance on different levels of the esophagus the extension 
of reflux can be determined; it is relevant if the pH is altered at 15 cm cranially from 
the LES [11]. Moreover, the Acid Exposure Time (AET) can be calculated: a total 
exposure of less than 4% is judged normal while a value >6% is surely pathologic, 
and the total number of refluxes is considered normal if <54 [12]. The temporal 

Figure 2. 
(A) Weakly acidic reflux episode, (B) acidic episode, (C) weakly alkaline episode, (D) superimposed 
episode [9].
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correlation between reflux episodes and symptoms is analyzed by measuring three 
parameters: the Symptom Index (SI), the Symptom Association Probability (SAP) 
and the Symptom Sensitivity Index (SSI). Additionally, two more parameters have 
been recently introduced, namely the Post reflux Swallow- induced Peristaltic Wave 
(PSPW) index, and the Mean Nocturnal Baseline Impedance (MNBI). The former 
refers to a vagal reflex that is activated after reflux and consists of swallowing that 
raises esophageal pH. The latter reflects the permeability of the esophageal mucosa 
and low values are related to alterations in tight junctions1. Thus, calculation of MNBI 
and PSPW together is useful in general to improve the yield of pH-impedance testing 
[13], and is particularly advantageous when the diagnosis of gastroesophageal reflux 
disease is doubtful (e.g., with normal AET and discordant SAP and SI) to distinguish 
patients with hypersensitive esophagus from patients with functional heartburn [14].

In conclusion, 24-hour pH-impedance monitoring is a test which is not so specific 
for functional disorders, but it allows to analyze multiple parameters. It allows there-
fore to make a diagnosis of gastroesophageal reflux disease, or to exclude it when there 
are doubts, as well as to distinguish the typical forms of reflux from those belonging to 
functional disorders (for example functional heartburn or reflux hypersensitivity).

3. Gastric function

The main tests to study the stomach function are gastric barostat, scintigraphy, 
tests using an intraluminal capsule, breath test, electrogastrography (EGG) and 
Water Load Test (WLT).

3.1 Barostat

Gastric barostat studies are the best-established methods of measuring gastric 
accommodation, and they are considered as the gold standard.

The barostat is a computerized air pump device that measures fundic relaxation 
in response to a meal, by monitoring the volume of air within an intragastric bag 
(a polyethylene balloon [15]) that is clamped at a constant pressure level [16]. The 
system maintains a constant pressure by fixing it and changes the bag’s volume 
reflecting gastric relaxation or contraction (Figure 3). In this way, gastric accom-
modation response to various interventions is recorded.

Figure 3. 
Working mechanism of a barostat balloon [16].
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The problem is that the barostat is an invasive test [17]: although it is a valu-
able technique, it is not practical in daily clinical assessment for patients nor for 
research studies. This is the reason why today non-invasive methods are preferred, 
and they will be later described in this chapter. Moreover, the barostat balloon 
can’t perfectly measure post-prandial accommodation of the entire stomach, and 
it is possible that it interferes with the intra-gastric management of the meal [18] 
(Figure 3).

3.2 Scintigraphy

Gastric Emptying Scintigraphy (GES) is a non-invasive test that uses 99mTc-
Nanocolloidal as the radioactive substance. The patient is usually given a solid and 
radiolabeled meal, then data are acquired, and the emptying time is analyzed. A 
liquid meal with water labeled with indium-111 diethylenetriaminopentacetic 
acid may also be used. The procedure should be repeated after 1 hour, 2 hours and 
4 hours: in fact, delayed gastric emptying is detected with greater sensitivity at 
4 hours, and images detect gastroparesis with 30% greater frequency. Imaging at 
0,1,2 and 4 hours allows identification of both rapid and delayed gastric emptying, 
which is important because patients are treated in a different way, even though 
their symptoms are similar. Moreover, images at 60 minutes have a specificity and 
sensitivity of 90% for rapid gastric emptying, whereas images at 240 minutes show 
a specificity of 70% and sensitivity of 100% for delayed one [19]. Delayed emptying 
is considered to be gastric retention of more than 90% at 1 hour, more than 60% at 
2 hours, and more than 10% at 4 hours [20].

3.3 Intraluminal capsule

The capsule test is performed by ingesting a capsule with the meal: this records 
intraluminal pH, pressure, temperature and post-prandial gastric contractions, 
and transmits wireless data to a receiver. In healthy people it is detected in the 
duodenum after about 5 hours. The test has a concordance of 90% with scinti-
graphic tests and has excellent sensitivity and specificity especially in detecting 
gastroparesis [21]. This technique offers a non-radioactive, ambulatory alternative 
to scintigraphy [22].

3.4 Breath test

A functional test for the study of gastric emptying (GE) is the breath test 
(GEBT) [23]. It is a non-invasive method, feasible also in pregnancy and children, 
that does not use any radiation, it is easily repeatable, and it is based on the mea-
surement of the 13CO2/12CO2 ratio in the exhaled breath after the administration 
of a standard meal, labeled with 13C-Spirulina or 13C-Acetate or 13C-Octanoic 
Acid. The procedure is repeated at 45, 90, 120, 150, 180, and even 240 minutes after 
the end of the meal. By measuring the change in this ratio over time from the pre-
meal value, the rate of 13CO2 excretion can be calculated and the individual’s rate of 
gastric emptying determined.

When compared with scintigraphy, it showed similar values: good agreement 
was found between the two tests, thus validating the breath test as an alterna-
tive method for studying gastric emptying. Based on the study of normal values, 
the 10th and 90th percentiles of t 1/2 calculated with scintigraphy were used to 
classify patients as follows: subjects with delayed (t1/2 > 86 min), accelerated 
(t1/2 < 52 min), or normal (t1/2 52–86 min) [24] gastric emptying.
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3.5 Electrogastrography (EGG)

EGG is a non-invasive technique that measures gastric myoelectric activity- and 
consequently its function- using skin electrodes placed in the upper abdomen. 
Normal activity consists of slow waves ad potential spikes (which would correspond 
to contractions), and the normal frequency is approximately 3 wpm [25].

The correlation between EGG and gastric emptying has been reported in several 
studies: in patients with functional dyspepsia, 40% of patients showed abnormal 
EGG [26]. The presence of EGG abnormalities in patients with dyspepsia or delayed 
gastric emptying, and the presence of motor abnormalities in many patients with 
GERD, leads to the conclusion that EGG abnormalities can be detected in some 
patients with gastroesophageal reflux disease, too.

3.6 Water Load Test

The Water Load Test is an economic, non-invasive and easy to perform test, 
that can be reproduced in healthy subjects as well as in patients with reflux disease 
or functional dyspepsia [27]. It is useful to assess visceral hypersensitivity, that 
has been identified as an important pathophysiologic mechanism in patients with 
functional disorders of the upper gastrointestinal tract [28].

The test consists of having the patient drink as much water as possible, consecu-
tively for 5 minutes (WL5), or until a feeling of satiety is reached. The patients have 
to complete a visual analogue scale (VAS) in order to objectivate their symptoms 
before and after the test, and they have to assign a value for each of them, scaled 
from 0 (absent) to 10 (severe). Then, water is consumed from an unmasked flask 
that is refilled after each drink, but the patients are blinded as to the actual volume 
of water consumed. Finally, the total volume of water ingested, and the perceived 
symptoms are registered and analyzed [29].

There is also evidence that some GERD patients, more often with non-erosive 
disease, may improve dyspeptic symptoms after acid-suppression therapy [25]; 
however, large cohort studies suggest that that the reflux patients and dyspeptic 
patients represent two distinct populations [26]: GERD patients with mild erosive 
oesophagitis and with non-erosive reflux disease have the WLT abnormal, similar 
but not identical to that reported in patients with functional dyspepsia [29]. The 
WLT does not allow a precise determination of visceral hypersensitivity; however, 
it is worth noting that these findings appear somewhat similar to those described 
in other studies by means of the barostat technique in dyspeptic patients, although 
a correlation between these two methods is still not available. Although there is 
literature evidence suggesting abnormalities of gastric motor and sensory function 
in GERD patients [30, 31].

3.7 Other tests

Although these tests were not created exclusively to study gastric function, they 
are becoming a useful help in order to assess its accommodation in a non-invasive 
way: ultrasonography, magnetic resonance (MRI) and Single-proton Emission 
Computed Tomography (SPECT) are some examples.

Ultrasound imaging is a widely available method but offers only an indirect 
measure of gastric accommodation through antral diameter [17]. On the  
other hand, MRI is able to provide information about gastric meal emptying,  
the total volume of gastric contents and also three-dimensional images of the 
stomach [32].
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SPECT is an emerging test that uses intravenous injection of 99mTc-pertechnetate 
with tomographic imaging (three-dimensional reconstruction) of gastric mucosa. 
The evaluation of gastric accommodation is completed by measuring gastric 
volumes in fasting and post-prandial state [33] and by analyzing them with a com-
mercially available software. Mean volumes detected by SPECT are comparable to 
that of barostat; moreover, it permits simultaneous assessment of gastric emptying 
and accommodation [34] (Figure 4).

4. Clinical usefulness

In what clinical conditions is it correct to perform these tests?
For standard esophageal manometry or HR esophageal manometry and reflux 

monitoring recent guidelines have given clear and shared indications [3, 4]. The 
utility of esophageal manometry in clinical practice is to accurately define esopha-
geal motor function, to identify abnormal motor function, and to establish a treat-
ment plan based on motor abnormalities, in patients with dysphagia, chest pain or 
in GERD patients before surgery.

Reflux testing has generally no indication in the majority of patients with typical 
GERD symptoms (i.e., heartburn and/or regurgitation) who have adequate symp-
tom relief with medical therapy. The role of reflux monitoring is more important in 
patients with reflux symptoms and without endoscopic mucosal breaks, in whom 
an objective diagnostic test to define their disease is more likely to be needed. The 
prolonged reflux monitoring with pH-impedance catheter actually represents the 
most sensitive tool to document the role of reflux in patients with GERD symptoms. 
A further indication for reflux testing is represented by belching disorders and one 
of the most common use of reflux monitoring is the evaluation of patients with per-
sistent typical GERD symptoms despite medical therapy, when refractory heartburn 
can be defined as the presence of heartburn that does not respond to at least 8-weeks 
of double-dose acid suppressing medications [4]. Furthermore it’s recommended 
the evaluation of patients with esophageal symptoms suggestive for GERD before 
surgery, to confirm the reflux and the evaluation of children with symptoms sugges-
tive for GERD (particularly in case of neurological symptoms and low growth).

As regards gastro-jejunal functional tests, there are no guidelines or consensus, 
but, extrapolating the data from the literature, we can consider these data useful in:

• Severe functional dyspepsia and related syndromes.

• Rumination symptoms.

• Atypical/estraesophagel forms of reflux.

Figure 4. 
(A) Multiple SPECT images are reconstructed with the help of a software system (B) into a three-dimensional 
image of the stomach (C) for the measurements of gastric volumes [35].
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• Pseudo-obstruction symptoms.

• Diabetes mellitus with functional symptoms and/or difficult metabolic 
compensation.

• Suspected gastroparesis (including post-surgery).

• Functional pre-intervention evaluation (plastic antireflux, colectomies for 
constipation, implantation of gastric pacemakers).

• Identification of specific feeding site enteral or for the administration of drugs 
enterally (Parkinson’s).

5. Conclusions

The gastrointestinal functional tests represent the study modalities of esopha-
geal-gastric motility and intestine, useful for the diagnostic definition and thera-
peutic management of functional gastric and intestinal disorders. These diseases 
affect a large proportion of the world population, compromise the quality of life 
and cause significant health care costs. It is important to underline that functional 
tests must always be preceded by a careful clinical evaluation that excludes other 
etiologies. In general, investigations on intestinal motility should be reserved for 
patients with symptoms correlated to motor alterations that greatly influence the 
quality of life, nutrition and productivity, as they are justified only if a result can be 
expected that influences the clinical management of the patient [36].

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Abstract

The block of the portal flow by obstacles in prehepatic, hepatic or posthepatic 
site and alterations of the splanchnic blood flow are the pathological conditions 
that lead to portal hypertension. The portal hypertension can cause also others 
gastroduodenal lesions, potentially hemorrhagic, in addition to esophageal varices 
commonly developed and habitual source of bleeding in these patients. The gastro-
duodenal lesions associated with portal hypertension, usually encountered in the 
clinical practice, are portal hypertensive gastropaty, gastric antral vascular ectasia, 
gastric and duodenal ulcer, isolated gastric varices. The pathophysiology and  
clinical, diagnostic and therapeutic features of these lesions are examined.

Keywords: portal hypertension, portal hypertensive gastropathy, gastric antral 
vascular ectasia, peptic ulcer bleeding, gastric varices

1. Introduction

Hepatic fibrosis, nodular rigeneration, distortion of hepatic architecture are the 
histopathological characters of liver cirrhosis. The main outcome of this pathologi-
cal condition is the portal hypertension (PH) by the disruption of the hepatic blood 
flow, beside the damage of liver metabolic functions. Moreover the alteration of the 
splanchnic blood flow and the block of portal flow can be localized also in the pre-
hepatic and posthepatic site. The prehepatic causes of PH are portal vein thrombo-
sis, splenic vein thrombosis, arteriovenous fistula, blood overflow in the splanchnic 
district; the posthepatic causes are the Budd-Chiari syndrome, inferior vena cava 
obstruction, right-sided heart failure [1]. The liver cirrhosis is a remarkable medi-
cal problem in the world. Cirrhosis and hepatic chronic diseases are an important 
cause of morbidity and mortality worldwide, but with many differences in the 
geographic distribution. The global mortality rate ranges from 2% to 4% of total 
deaths in 2017, with decrease from the rate variance 1%–9%, evaluated in 1990 [2]. 
The more evident clinical evolutions of liver cirrhosis are PH, damage of coagula-
tion, digestive hemorrhage, ascites, hepatic encephalopathy, hepatocarcinoma.
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2. PH related gastroduodenal lesions

The PH leads to some pathological conditions in the esophageal and gastro-
duodenal tract, that can cause digestive hemorrhage. Esophageal varices are the 
lesion currently developed in the patients with PH by liver cirrhosis or other pre 
and posthepatic obstacles to splanchnic blood flow. Consequently in these patients 
all gastrointestinal bleedings are usually ascribed to esophageal varices. Instead 
others gastroduodenal lesions, potentially hemorrhagic, can be associated with 
PH. In this group of lesions there are the portal hypertensive gastropathy (PHG), 
gastric antral vascular ectasia (GAVE), gastric and duodenal ulcer, isolated gastric 
varices. The aim of this presentation is to evaluate the development, the clinical 
prominence and therapeutic needs of these lesions, which are associated but also 
conditioned by PH.

2.1 Portal hypertensive gastropaty

Varices are activated collateral vessels and they develop following the obstruc-
tion of portal flow. The role of activation of collateral vessel is to allow the retourn 
of digestive portal blood flow into the systemic circulation. PHG has similarly its 
cause in the obstruction in portal flow. All PHG occur in patients with PH, but not 
all patients with PH can develop PHG. The PHG was previously called as hemor-
rhagic gastritis within the large group which includes many bleeding gastric pathol-
ogies; later it was correctly framed and defined in the context of complications of 
PH. The clinical observation shows that the patients with severe PH and longer liver 
disease duration with esophageal varices, expecially if treated with endoscopic 
procedures, have more frequently PHG. In the gastric mucosa there are congestion 
and dilated capillaries [3]. The hemodynamic changes of the PH, caused by some 
mechanical and functional obstacles to portal circulation, as hepatic cirrhosis, pre 
or posthepatic block, portal hyper-inflow, are the pathophysiological basis of PHG. 
The congestion of the gastric mucosa is the first phenomenon of the obstruction of 
the portal flow. The most important question is whether and in which way can 
occur the change in hematic perfusion of the stomach during PH. The etiology of 
PHG is not completely known. In the PH there is an important hemodinamic 
characteristic, that is a hyperdynamic circulation based on the increased hematic 
flow in the mesenteric, splenic and total gastric sections. The hyperdynamic 
circulation is one factor which induces the PHG, based on the changes in blood flow 
of gastric mucosa [4]. The hyperdynamic characteristcs in the PH lead to some 
important hemodynamic changes in the patients. In the hyperdynamic circulation 
of PH intrahepatic vascular resistence greaten, whereas mean arterial pressure and 
systemic vascular resistence reduce and there is wide vasodilatation in the splanch-
nic sector. Finally the gastric blood flow is globally increased, but the particular 
gastric mucosal flow should be reduced [5]. The gastric mucosal blood flow, in the 
patients with PHG, is now discussed. Some studies report decreased gastric mucosal 
blood flow [6], but these data can be modified, as increase of mucosal blood flow, 
after correction of PH, for example by TIPS [7]. There are other studies that 
underline, on the contrary, the increase of gastric mucosal blood flow [8]. Clinical 
observation in PHG shows major tendency to actions of gastrotoxic substances and 
decreased wound healing. Consequently the more obvious clinical appearance of 
PHG is the gastrointestinal bleeding, usualy of mild or moderate entity and diffuse 
from the gastric wall. Ultimately the hemodynamic changes cause the impairments 
of gastric mucosal defense competence with major sensitivity to injuries and 
alteration of growth factors, with minor possibility of mucosal healing [9]. 
Synthetically the weak gastric mucosa more easily can bleed and reduced mucosal 
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blood perfusion, with altered gastric microcirculation leads to increased sensitivity 
to hypoxia and noxions agent, with erosion, ulcers and bleeding. PHG is related to 
severity of liver cirrhosis and in particular is connected with the increase degree of 
hepatic vein pressure gradient (HVPG). PHG is a dinamic condition because in its 
evaluation can occur some reversible gastric mucosal changes [10]. PHG incidence 
raises with increasing of hypertension in the portal area and is associated with 
esophageal and gastric varices; it’s a strong predictor of gastroesophageal varices 
bleeding [11]. In fact PHG occur frequently in patients with liver cirrhosis and its 
major incidence is based on the severity of PH. This lesion can modify its degree 
from midl to severe and can disappear. Bleeding can occur but is not frequent and 
often of not serious entity. The role of sclerotherapy of esophageal varices on the 
natural history of PHG is not unanimously defined. Following some experience, the 
treatment of esophageal varices does not seem to influence the evolution of PHG, 
but there are others observations opposite to this hipothesis in the literature [12]. 
PH develops direct action on gastric mucosa. The PHG encompasses a large types of 
gastric mucosal lesions in the cirrhotic patients. These lesions should be distin-
guished from others lesions as GAVE, which is an independent pathology. These 
following modifications shape the PHG. About gastric mucosal hemodinamic 
changes, it’s not clear if gastric mucosal hyperhemia is by active or passive hemody-
namic congestion. In the pathogenesis of PHG there are together the action of 
increase of the portal pressure and of gastric blood flow (hyperdynamic splanchnic 
circulation) which causes its development. Moreover in PHG there is the damage of 
gastric mucosal defense factors, with the occurrence of bleeding, that is its unique 
clinical manifestation [13]. In the pathogenesis of PHG can be identified some steps. 
The hemodynamic changes in the splanchnic district and in particular in the 
stomach are caused by increased portal pressure. The most evident modification is 
the congestion in the gastric wall, with the tissue impairment. Consequently there is 
the activation of cytokines and growth factors (TNF alfa) and subsequent activa-
tion of endothelial constitutive nitric oxide (NO) synthase in the gastric mucosa. 
The increased presence of NO synthase produces excess of NO which leads to 
hyperdinamic circulation and overproduction of peroxinitrite, that induces, with 
endothelin, the major susceptibility of gastric mucosa to injuries [14]. There are 
controversial data in the literature on the kind of changes of gastric mucosa blood 
flow: in some studies there is the increase but in others there is decrease of blood 
flow. In summary remain unclear if hemodynamic changes in PHG are active or 
passive congestion [15, 16]. Others observations suggest that cirrhotics with PHG 
have increased gastric perfusion but without congestion. The magnitude of changes 
in gastric perfusion and the endoscopic severity of PHG had no relationship with 
the degree of PH [17]. In the patiens with liver cirrhosis can occur both gastric 
lesions, PHG and GAVE. These pathologies have different pathophysiology and 
management. They have the same clinical manifestations as gastric bleeding, 
usually chronic but in some cases the gastric hemorrhage can be acute and with high 
entity. The endoscopic diagnosis for differentiation can be difficult and the histol-
ogy can be useful [18]. The endoscopic appearance of the PHG is characteristic: 
flushed and edematous mucosa that suggest mosaic pattern, dilated mucosal and 
submucosal vessels without inflammation. Further evolutions of these lesions are 
friable mucosa which bleeds easily on contact and there are hemorrhagic spots. The 
site of these pathological mucosal lesions can occur frequently in the proximal 
stomach, but the same lesions by mesenteric hypertension can be observed in others 
sections of the gastrointestinal tract [3]. Histological features of PHG are dilated, 
congested capillaries, edema, extravasated red blood cells (RBCs), smooth muscle 
hyperplasia [19]. Further special problem is the connection of PHG with infection 
of Helicobacter pylori (H.pylori). Some data from the literature report that 
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infection prevalence of H.pylori in cirrhotic patients with PHG is lower than general 
population [20]. The diminution of H.pylori infection in cirrhotic patients should 
be related to the gastric vascular congestion characteristic of PHG [21]. Mucosal 
gastric changes in PH are characterized by the alteration of mucus protection, that 
become slimmer, riduction of gastric acidity based on minor acid secretion, 
decrease of Prostaglandin with lowered gastric blood flow and impaired gastric 
barrier. The alteration of gastric mucosal barrier is worsened by severe impairment 
of gastric wall microcirculation, with the result of vascular congestion, followed by 
mucosal hypoxia and reduction of oxigen released in gastric mucosa. In summary 
the debility of gastric mucosal barrier of PHG could make easy mucosal lesions and 
infectious invasion, e.g. by H.pylori. However the vascular congestion, impaired 
microcirculation and mucosal hypoxia in PHG allow the increase of intestinal 
metaplasia of gastric mucosa, which is an opposed element to H.pylory infection 
[22]. In summary, based on these data of the literature, a current evaluation suggest 
that the minor H.pylori infection rate in cirrhotic patients with PHG can be con-
nected to intestinal metaplasia of gastric mucosa [23]. Clinical presentation of PHG 
is the gastrointestinal bleeding. The hemorrhage can present as acute or chronic 
complication. The frequence of acute bleeding shows a wide range from 2% to more 
than 40% in various reports [12, 24, 25]. The great variance of frequency can be due 
to vast time frame of references and to difficulties and imprecisions of endoscopic 
examination during acute bleeding in congiunction with others potential source 
hemorrhage as esophageal varices. In summary the endoscopic diagnosis can be sure 
only if the bleeding point is identified [26]. The acute bleeding in PHG usually, 
almost 90% of cases, can occur in the patients with advanced cirrhosis, longer 
duration and major extension and severity of gastropathy. The extent of bleeding in 
the PHG is usually mild or moderate [27, 28]. Very difficult is the evaluation of the 
incidence of chronic bleeding from PHG, that frequently can be mild. Some refer-
ences of the literature report the frequence variation that oscillates between 
3%–26% [29]. In fact there are many uncertainties in the definition of chronic 
bleeding as which level of hemoglobin reduction, but, most important, the coexis-
tent clinical condition of anemia in cirrhotic patients, also without gastrointestinal 
bleeding. The diagnosis of PHG is only endoscopic. Some endoscopic features have 
been identified as diagnostic: snake skin, stripped appearance, mild reddening 
mosaic in the mild appearance of gastropathy; flat red spots, fine red speckling 
mosaic characterize the endoscopic appearance of moderate disease; finally the 
more severe condition of gastropathy can be identified in the diffuse hemorrhagic 
lesions, red spots, point bleeding mosaic. This summary of some classifications 
proposal of endoscopic features of PHG shows the discordance among various 
experience reported in the literature, about shared definitions and identifications 
for each endoscopic lesion of PHG [13, 25, 30]. Most frequently the detection of 
asymptomatic PHG occur during endoscopic control of esophageal varices in the 
patients with chronic liver disease. In these patients there is not appearance of 
gastrointestinal bleeding and you can say that PHG developed spontaneusly. In the 
evolution of PHG should be evaluated the role of the treatment of esophageal 
varices by sclerotherapy or ligation. Some data of the literature refer an increased 
occurrence of PHG following endoscopic therapy of esophageal varices. In this 
perspective should be proposed prophylactic pharmacotherapy with nonselective 
betablockers as propranolol. In summary for asymptomatic PHG is usually not 
required treatment [28, 31]. If the PHG is recognized as the cause of anemia due to 
chronic bleeding, drug therapy can be started with iron replacement, in some cases 
blood transfusion and drugs that can lower the pressure in the portal district as 
betablocker propranolol. In the cases of acute bleeding the first procedures are for 
the resuscitation of the patient with blood transfusion, vasoconstrictors as 
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somatostatin or analogues and antibiotics. It’s suddenly mandatory the endoscopic 
control of esophageal varices and possible their treatment if bleeding. When there 
is the endoscopic certainty of PHG as source of acute hemorrhage, should be 
possible the use of endoscopic therapy also for PHG and the current pharmaco-
therapy by betablocker propranolol, somatostatin or analogues, vasopressin. In the 
rare cases of acute hemorrhage not responded to medical therapy can be requested 
emergency therapy with TIPS [18]. Endoscopic therapy of PHG has been proposed 
with the use of the laser, but the results are uncertain and consequently it has been 
little used. All the drugs employed in the management of PHG, connected with 
hypertensive condition in the portal district are based on the reduction of gastric 
blood flow and gastric perfusion [3].

2.2 Gastric antral vascular ectasia

Gastric antral vascular ectasia (GAVE) occurs roughly in the 30% of the patients 
with cirrhosis [32]. Two types of GAVE syndrome, with different natural history 
and clinical features, can be identified. The non- cirrhotic GAVE syndrome in 
particurar is associated to autoimmune diseases, more frequently in aged women, 
with Rainaud’s syndrome, sclerodactyly, atrofic gastritis [33]. Beside association 
with various autoimmune diseases, there are, in non-cirrhotic GAVE syndrome, 
the pathological association with sclerodermia, chronic renal failure, etc. [34]. The 
etiology of GAVE syndrome is now yet undefined and the pathogenesis of vascular 
characteristic alterations as ectasia should by contracted by mechanical actions on 
the gastric mucosa. This hypothesis is based on some histological characteristics, 
in particular the fibromuscolar hyperplasia, as results of mechanical actions [35]. 
The histologic features of GAVE can be summarized with the following data: 
prevalent presence of the lesions in the antrum, vascular ectasia, submucosal 
fibrohyalinosis, spindle cells (smooth muscle cell – myofibroblast hyperplasia) 
proliferation, fibrin thrombi in mucosal vessells [36, 37]. The GAVE syndrome 
shows the characteristic endoscopic appearance of watermelon stomach, gastric 
dilation, linear lesions localized in the antrum, vasodilation and tendency to the 
bleeding. Endoscopic features of GAVE are represented by conglomerates of red 
spots which are organized in a linear pattern in the gastric antrum, taking shape 
of watermelon stomach. Following the pathogenetical proposal of Lowes J R, can 
be evaluated the role of neuroendocrine cells proliferations in GAVE and effect 
of its vasoactive intestinal peptide on vessels wall with vascular ectasia [38]. The 
occurrence of GAVE in the patients with liver cirrhosis should be due to the obstacle 
of the portal flow, consequent PH, spontaneous shunting of mesenteric flow 
through collateral vessells, as esophageal varices, and impaired hepatic catabolism 
of some vasoactive substances [35]. The management of GAVE syndrome is not 
well established in all clinical manifestations. The central aim of the therapeutic 
procedures is the control of the bleeding, that occurs more frequently in GAVE 
than in PHG, usually as chronic gastrointestinal hemorrhage, in cirrhotic patients 
with clinical appearance of chronic anemia. The chronic anemia is a clinical condi-
tion that belongs to liver cirrhosis and can be also caused by PHG; for this reason 
the differential diagnosis of the causes of anemia is necessary to prepare specific 
therapies [18]. Some procedures have been employed: medical therapies with 
estrogen and progesterone, tranexamic acid (antifibrinolitic substance), octreotide, 
propranolol. All these medical treatments showed partial therapeutic effective-
ness, therefore, if the ineffective medical therapies, can be accessed to invasive 
surgical therapies for control of hypertensive condition in mesenteric district, as 
TIPS or to direct treatment of hemorrhagic source with antrectomy. Unfortunately 
the surgical procedures in cirrhotic patients can be connected with not negligeable 
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risk of morbidity and mortality [35, 39–41]. In the treatment of GAVE have been 
employed endoscopic procedures based on thermoablative techniques. In particular 
argon plasma coagulation and Nd:Yag laser coagulation. For these procedures 
usually should be repeated some sessions. Cryotherapy has been used with rapid 
expansion in the stomach of compressed nitroux oxide and following freezing of 
the mucosa, allowing therapeutic effect on diffuse lesions [42–44]. In the final 
evaluation we can conclude that endoscopic approach with thermoablative pro-
cedures as argon plasma coagulation, Nd:Yag laser coagulation and cryotherapy 
have advantagious therapeutic effects on decrease of bleeding and needs of blood 
transusion in complicated hemorrhagic GAVE [18]. In summary PHG and GAVE 
are potential hemorrhagic mucosal lesions of the stomach that can develop in the 
patients with PH by liver cirrhosis. Both pathologies can cause more frequently 
chronic or sometime acute gastrointestinal bleeding. Therefore these conditions 
have some pathological and clinical differences. The PHG occur only in cirrhotics 
with PH, the hemorrhagic lesions are located mostly in the gastric fundus and the 
pharmacological therapies are frequently effective. The GAVE can be also present 
in the patients without liver cirrhosis and PH (60%–70% of the cases), the gastric 
site of the lesions is antrum almost always, there is the histological characteristic of 
fibrin thrombi in the mucosal vessells and signs of mucosal inflammation, finally 
the therapeutic procedures are endoscopic (argon, laser, cryotherapy).

2.3 Gastric and duodenal ulcer

Another lesions, possible source of upper gastrointestinal bleeding in cirrhotic 
patients are the peptic ulcers, located in duodenum and stomach. The frequency 
of bleeding from gastroduodenal ulcers in cirrhotics, rather than from esophageal 
varices ranges from 5% to 15% [45, 46]. Gastroduodenal peptic ulcer disease 
maintains a not negligeable prevalence in the general population that reaches 14% 
[47]. The etiology and natural history of peptic ulcer pathology is connected and 
conditioned by certain well known factors: mainly environmental, behavioral 
and infectious, as the infection of H.pylori, curative use of NAIDS, etc. However 
the role of associated pathologies cannot be left out. In fact liver cirrhosis carries 
an enlarged risk of occurrence of peptic ulcer disease with the incidence that 
varies widely from 10% to 49% [48]. The pathophysiological connections among 
peptic ulcer disease, liver cirrhosis with metabolic changes related and infection 
of H.pylori are object of numerous studies. Especially the prevalence of H.pylori 
infection in cirrhotic patients is reported in the various researches with great vari-
ability and this does not allow to define if the H.pylori infection has a specific role 
in the pathogenesis of ulcerative disease in cirrhotics. For example in some studies 
the high incidence of peptic ulcer in the patients with liver cirrhosis is associated 
also to great presence of H.pylori infection until 60% of cases [49]. On the other 
hand there are many studies which refer the prevalence rates of H.pylori infection 
in cirrhotics not dissimilar compared to the values of non cirrhotic patients [50]. 
Ultimately the data on the role of H.pylori about the occurrence and develop-
ment of peptic ulcer during chronic liver disease are debatable and in conclusion 
uncertain; in any case it’s not evident a significant action of H.pylori infection in 
the pathophysiology of peptic ulcer disease in the cirrhotic patients. Therefore in 
summary we can believe that there are no significant differences in the prevalence 
of H.pylori infection between general population and patients with chronic liver 
disease [50]. Neverthless this observation, it can be accepted that peptic ulcers 
develop more frequently in the cirrhotic patients. The clinical appearances of 
peptic ulcers in cirrhotic patients are characterized by negative features of ulcer 
disease evolution as greater frequence of bleeding and recurrence of the disease 
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and retarded recovery. The reason of greater occurrence of peptic ulcers is based 
on the modification of gastric-acid secretion, changed gastric mucosal blood 
flow and, mostly, on damaged mucosal defense mechanisms. In fact there is not 
evidence of increase of gastric-acid secretion in cirrhotic patients with PH and, 
on the contrary, the possible variations are almost always as hypocloridric changes 
likely related to worsening of liver disease [51]. The damaged protective function 
of gastric mucosal barrier seems to have a greater role in the pathophysiology of 
peptic ulcers in cirrhotics, based on the occurrence of chronic atrophyc gastritis in 
liver cirrhosis, the reduced strength of gastric mucosa due to parietal venous con-
gestion and protein and vitamin deficiencies [52]. Others metabolic and functional 
modifications should integrate the pathogenetic framework of peptic ulcer in 
cirrhotic patients: raised level of gastrin and histamine, increase of duodenogastric 
reflux, impaired gastric empting, reduced prostaglandin level in gastric mucosa 
and decrease of mucosal oxigen saturation [53, 54]. Most recent studies confirm 
this proposal evaluation referring that the severity degree of liver pathological 
involvement plays an important role in the development of peptic ulcer disease. 
Decompensated cirrhosis, the action of PH, more effective if more serious, on gas-
tric mucosal blood flow, on efficiency of mucosal defense barrier and on epithelial 
resumption, can support ulcer development, the retard of mucosal recovery and 
possible recurrence of peptic disease [50, 55]. In summary in the pathophysiology 
of peptic ulcer in cirrhotics, the H.pylori infection and NSAID therapeutic use are 
risk factors with effects no different than in the general population. However in the 
patients with cirrhosis and PH, in which peptic ulcer disease occur with notable 
percentage, the liver pathology operates a significant pathogenetic role [56]. The 
prevalence of peptic ulcer in cirrhotics is more high compared with general popula-
tion, both in symptomatic patients with bleeding and in asymptomatic patients 
[57]. There is a greater prevalence of peptic ulcer disease in cirrhotic patients and 
these patients have major risk of bleeding from peptic ulcer related to general 
population; moreover each occurrence of peptic ulcer bleeding is followed by the 
decompensation of hepatic cirrhosis with increase of severity of clinical condi-
tions [58, 59]. In the patients with liver cirrhosis upper gastrointestinal bleeding is 
currently reported to esophageal varices, but in the 30% -40% of cases the source 
of bleeding is not esophageal varices but gastroduodenal ulcers, with subsequent 
remarkable morbidity and mortality [60]. Upper gastrointestinal bleeding is the 
common and expected complication of liver cirrhosis with PH. The first therapeu-
tic purpose is to control the hypovolemic alterations of various degrees of severity 
due to amount of hemorrhage and to steady the hemodynamic conditions. The 
subsequent step requires by diagnostic approach to differentiate the bleeding from 
esophageal varices or from others gastroduodenal pathologies connected to hepatic 
cirrhosis, as peptic ulcers. The hemodynamic instability requires resuscitation, that 
can be restrictive or aggressive, by infusion of cristalloids (Ringer lactate, normal 
saline, etc.) or also, in some cases, of colloids (albumin, plasma, dextrane, etc.). If 
the indication is found can be useful the use of blood transfusion. In the first thera-
peutic approach the evaluation of bleeding severity encompasses also the assess-
ment of level of the risk of rebleeding in order to graduate the subsequent phases 
of treatment using Glasgow Blatchford score [61]. The severe gastrointestinal 
hemorrhage from ulcer lesions in cirrhotic patients adversely affects the prognosis 
through worsening of already impaired liver functions. In the patients with upper 
gastrointestinal bleeding from peptic ulcers the therapeutic perspective is based 
on the pharmacologic treatment that includes the use of proton pump inhibitors, 
somatostatin and octreotide, and on the endoscopic diagnostic definition and 
management. The endoscopic therapies, with hemostatic purpose, include various 
procedures as epinephrine injection, thermocoagulation, sclerosant injection, use 
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of the clips, TC-325 Hemospray. The global management of non variceal upper 
gastrointestinal bleeding has been recently defined by international guideline [62]. 
Finally in case of failure of pharmacologic and endoscopic management of peptic 
ulcers in cirrhotics and serious unmanageable clinical conditions, could be pro-
posed direct surgical gastroduodenal procedures as rescue therapy.

2.4 Isolated gastric varices

Gastric varices are usually connected with esophageal varices, but can be also 
isolated along the gastric wall. Gastric varices are classified by endoscopy with 
topographical criterion as gastroesophageal varices type I (lesser gastric curvature), 
gastroesophageal varices type II (greater gastric curvature); isolated gastric varices 
type I (gastric fundus), isolated gastric varices type II (any stomach location, 
except fundus) [63]. The pathogenesis of isolated gastric varices could be ascribed 
to portal or splenic vein thrombosis. The occurrence of bleeding from isolated gas-
tric varices in the patients with PH shows the percentage incidence from 5% to 10% 
[64]. The diagnosis of gastric varices is endoscopic. The first general therapeutic 
approach in the case of bleeding from gastroesophageal or isolated gastric varices 
is included within the current management of gastrointestinal hemorrhage in the 
PH, by pharmacological and endoscopic procedures, or portosystemic derivation 
procedures as TIPS. The specific treatment of isolated gastric varices bleedind is 
endoscopic usually by injection with cyanoacrylate [65].

3. Conclusions

In the clinical scenario of gastroduodenal lesions associated with PH and liver 
cirrhosis, both are important actors, but the PH and hepatic chronic disease remain 
the protagonist of the clinical state. In fact the degree of functional hepatic impair-
ment and of hypertensive status in the splanchnic district affect much the patients 
general conditions. Moreover the upper gastrointestinal bleeding is the more 
frequent complication of this complex pathological condition. Esophageal varices 
currently develop in the cirrhotics with PH and this is the characteristic source of 
gastrointestinal bleeding. However upper digestive hemorrhage in cirrhotic patients 
alwais requires the diagnostic definition of bleeding source, which may also be due 
to pathologies related to PH. In fact, albeit less frequently, others gastroduodenal 
lesions, with pathogenetic association to liver cirrhosis and PH, may present 
intestinal hemorrhage. The PHG is in several cases neglected complication of liver 
cirrhosis and PH. PHG is connected with the degree of PH and can have a role as 
prognostic index of liver cirrhosis. The management of PHG is based on pharmaco-
logical, endoscopic or, in some few cases, on emergency therapy with TIPS. GAVE 
can affect one third of cirrhotics. PHG and GAVE may both occur in patients with 
liver cirrhosis. However these pathologies have different pathophysiology and man-
agement. The central diagnostic aim is to distinguish GAVE from PHG because the 
therapeutic procedures that allow decrease of portal pressure, effective for PHG, are 
not efficacious therapy for GAVE, usually treated by endoscopic approach. Gastric 
and duodenal ulcer are more frequent in cirrhotics and may worsen prognosis. Early 
diagnosis and treatment of peptic ulcer in cirrhotic patients are significant to avoid 
complications. Gastric varices, usually connected with esophageal varices, can be, 
in some cases, isolated; their therapeutic approach in case of bleeding is enclosed 
within the effective management of gastrointestinal hemorrhage in the PH. In 
conclusion the complete diagnosis that identifies with certainty, the bleeding source 
is decisive for the therapeutic choices.
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Abstract

Gastrointestinal endoscopy has become fundamental procedure for diagnosis and 
treatment of gastrointestinal tract diseases. Generally, the gastrointestinal endos-
copy is minimally invasive procedure. However, it can cause considerable amount 
of discomfort and pain which make the procedure unsafe, complicated and refusal 
of follow up procedures if done without safe sedation. The sedation is required to 
alleviate anxiety, provide analgesia, amnesia and to improve endoscopic perfor-
mance specifically in therapeutic procedures. The safe administration of sedative 
and analgesic medications, irrespective of the regimen used, requires knowledge of 
the individual needs of patients. The combination of benzodiazepines and opioids is 
now the most widely used sedation regimen for sedation in gastrointestinal endo-
scopic procedures. Generally, sedation for gastrointestinal endoscopy is considered 
safe, however, it has the potential for serious complications. Therefore, endoscopist 
should assess the patients properly before the endoscopy as well as should be aware 
of all possible complications and the risk factors. Furthermore, skilled staff and 
emergency equipment should be available in endoscopy suit. This chapter discuss in 
details all the aspects of safe procedural sedation during GI endoscopies.

Keywords: sedation, analgesia, gastrointestinal endoscopy, monitoring

1. Introduction

With the advancement in the field of medicine there is a consistent increase in num-
ber of diagnostic and therapeutic procedures which are done as day care basis. These 
procedures can cause considerable amount of discomfort and pain which make the 
procedure unsafe, complicated and refusal of follow up procedures if done without safe 
sedation. The GI endoscopies are a kind of procedures that need sedation to facilitate the 
procedures, alleviate discomfort, pain and eventually making them safe and successful.

Sedation is drug induced depression of the conscious level; it is also call as 
procedural sedation. Sedation is a continuum ranging from minimal sedation i.e., 
anxiolysis, moderate sedation (also known as Conscious sedation), Deep sedation 
and finally general anesthesia. Sedation for GI endoscopy needs proper planning 
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like preprocedural preparation, risk assessment, focus physical examination and 
optimization of comorbid condition if any. Other considerations in the sedation 
managements like the selection of a suitable sedation, analgesia regimen depends 
on the type and duration of procedure, patient and endoscopist satisfaction and last 
not the least on the competency of the provider. Monitoring during procedure is 
one of the crucial points in the safe sedation practice. The post procedure care is an 
essential part of patient safety which need monitoring of the patient in the recovery 
area where the adverse events secondary to the procedure or the sedation can be 
discovered and addressed promptly.

2. Definition

Sedation is the depression in the perception of patient’s surroundings, leading 
to the decrease of his or her reactivity to external stimuli [1]. Sedation seldomly 
occurs without different degrees of related effects of sedative agents which may be 
dose-dependent, such as:

• Anxiolysis: Relieve of apprehension or agitation with limited sensory 
alteration.

• Amnesia: loss of consciousness for a period of time.

• Analgesia: pain relief without a change in level of consciousness.

• Anesthesia: loss of consciousness.

• Sedation has been a common addition to modern medical care as a means of 
promoting complicated or painful procedures in a safe, cost-effective and 
time-saving alternative to general anesthesia.

The endoscopist must completely comprehend the sedation being used. Patient 
factors, the setup of the GI endoscopy service and the variables of the procedure 
itself are to be carefully considered. Age, weight, medical history, concurrent drugs, 
airway anatomy, preprocedural anxiety and pain tolerance are patient variables. The 
amount of expected pain, the length of the test, and how invasive the procedure 
would be are examples of procedural variables.

The area of the endoscopy suite, the ease of staff moving around, the pres-
ence of emergency airway management equipment, the different level of skills of 
personnel present and whether the procedure is carried out in a hospital setting or 
in a stand-alone clinic are all important part of the setup.

3. Sedation levels

In recent years, four levels of sedation have been established that extend along 
a spectrum without clear limits: minimal sedation or anxiolysis, moderate seda-
tion, deep sedation, and general anesthesia [1]. These sedation levels have been 
characterized by the reaction of a patient to verbal, light contact, or painful stimuli, 
although they are often associated with physiological changes in vital patient signs.

“Minimal sedation” is also known as anxiolysis and is defined as the lowest 
drug-induced stage of cognition-impairment. Individuals who are minimally 
sedated usually respond to simple orders and their breathing/cardiovascular 
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system is unaffected. Oral benzodiazepines are commonly used to achieve 
minimal sedatives.

“Moderate Sedation” has traditionally been referred to as “Conscious Sedation”. 
This entitles a deeper depression consciousness level. Individuals who are moder-
ately sedated can still respond to verbal orders, often requiring physical stimulation, 
and their breathing/cardiovascular function is unaffected. Intravenous benzodiaz-
epines and opioids are examples of drugs used to achieve moderate sedation.

‘Deep sedation’ leads to major depression of the central nervous system, where 
patients are no longer conscious and are more difficult to arouse. They will usually 
respond to painful stimuli but not to verbal or simple tactile stimuli. The respiratory 
system is stressed and some ventilatory assistance may be required.

Intravenous benzodiazepines, intravenous anesthetics such as propofol, ket-
amine, etomidate, and dexmedetomidine are examples of medicines used for deep 
sedation.

‘General anesthesia’ is the deepest type of sedation in which there is a total lack 
of consciousness and no response to stimuli. Cardiovascular and respiratory func-
tions are often compromised, therefore, monitoring and assistance, such as ventila-
tory support, may be needed.

A fifth level/form of sedation, also known as ‘Dissociative sedation is a variant 
of moderate sedation characteristically produced by a medication class known 
as phencyclidine, such as ketamine, which induces a disconnection between the 
thalamo-neocortical system and the limbic structures, preventing sensory stimuli 
from being received by higher centers [2, 3].

4. Sedation indications

In most countries, procedural sedation and analgesia (PSA) is common practice 
in order to promote the success and ease of different diagnostic and therapeutic 
procedures which do not need muscle paralysis.

Alongside gastroenterology, many other medical disciplines, such as cardiology, 
gynecology, dentistry, radiology, dermatology, plastic surgery, and emergency 
medicine, are currently using PSA, and the list is ever expanding. The primary clini-
cian and the patient make a mutual decision to carry out the procedure under PSA.

5. Principles of safe procedural sedation and analgesia

Most procedural sedation occur outside and far from operating theaters; others 
might occur in standalone clinics outside hospitals. This constitutes a risk, as should 
an airway emergency happen, anesthetists and other experts in airway management 
are usually not available to hand. Other emergencies such as cardiac arrests have 
been extensively reported in the medical literature. Based on above, it is paramount 
that patients selected for these procedures are carefully evaluated and stratified. A 
lot of emphasis should be put on airway assessment of these patients and if there 
is any doubt, they must be referred to a qualified anesthetist for further evaluation 
and classification.

5.1 Pre-procedure patient assessment

The first stage of secure sedation practice is the proper selection of patients for 
sedation. To assess his or her suitability for sedation outside the operating room, 
each patient must be explicitly evaluated.
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Patient selection requires collecting patient information as well as supplying 
the patient with information. The retrieval and review of previous documents, i.e. 
medical, sedation, anesthesia and surgical history, should be included in pre-
assessment wherever possible. Pre-procedural assessment should include history, 
examinations and laboratory investigations.

5.1.1 Preoperative history

The Preoperative history should include the patient’s medical problems and 
the intended investigative or therapeutic procedure. History of chronic disease, 
severity and chronic medications should be investigated. Because of the possibility 
of drug interactions with anesthesia full medication history include using alcohol, 
tobacco, marijuana, cocaine, herbal medications, and psychotropic drugs sedatives, 
anxiolytics, antidepressants, antipsychotics, antiepileptics, and drugs used in the 
treatment of mania) should obtained from every patient. Previous allergic history 
should be elicited.

Furthermore, detailed history of previous sedation and anesthesia may disclose 
the previous perioperative challenges such as difficulty in airway management, 
aspiration, post-operative intensive care admission which may suggest unsuitability 
of such patients for out of hospital procedures. In addition, general review of organ 
system may be useful to identify undiagnosed problems.

5.1.2 Physical examination

Although, proper history direct the treating physician to perform focus exami-
nation, the physical examination is extremely important to detect abnormalities 
not obvious in the history. Both history and physical examination complement one 
another.

General examination should include minimally measurements of vital signs 
(Blood pressure, heart rate, respiratory rate and temperature), airway evaluation, 
cardiovascular and respiratory system examination.

5.1.2.1 Airway examination

Sedation practitioner should inspect patient’s dentition for denture, bridges or 
loose teeth. Difficulty in mask ventilation and airway should be anticipated in eden-
tulous as well as those with significant facial abnormalities such as micrognathia, 
prominent upper incisors, macroglossia, limited mouth opening, short neck, and 
limited neck mobilities. There are variety of airway reliable assessment scales such 
as upper lip bite test (ULBT) (Table 1) and Mallampati scale (Table 2) have been 
proposed to assist anesthesiologist and sedation practitioner to assist the airway. 
Figures 1 and 2 [5].

Classes Discerption

Class I lower incisors can bite the upper lip above the vermilion line.

Class II lower incisors can bite the upper lip below the vermilion line.

Class III lower incisors cannot bite the upper lip.

Table 1. 
Upper lip bite test (ULBT).
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5.1.2.1.1 Upper lip bite test (ULBT)

ULBT is one of the several bedside tests used for prediction of difficult intubation, 
it is performed by asking the patient to bite the upper lip (Table 1, Figure 1) [6].

5.1.2.1.2 Mallampati classifications

The Mallampati Classification is extremely useful in detection of potential 
obstructive sleep apnea as well as predictions of difficult endotracheal intubation, 

Classes Visible structures Predicted intubation

Class 1 soft palate, fauces, uvula and pillars Easy

Class 2 soft palate, fauces and base of uvula Easy

Class 3 soft palate Difficult

Class4 hard palate Difficult

Table 2. 
Mallampati score.

Figure 1. 
ULBT.
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The mallampati score is based on the visibility of the pharyngeal structures with maxi-
mal mouth opening and tongue protrusion in the setting position (Table 2, Figure 2).

5.1.3 Laboratory investigations

If the history and clinical examination fail to detect any abnormalities, routine 
investigations for healthy asymptomatic patients is not recommended as it increases 
the cost, delay the procedure and rarely changes the perioperative management. 
Therefore, investigations should be obtained only for specific clinical indication 
and for patients in whom the abnormality may be expected.

Pregnancy test may be considered for fertile women to avoid potential terato-
genic effect for sedative agents on fetus in case of undiagnosed pregnancy.

5.1.4 ASA physical status classification

A re-evaluation of health status shortly before sedation and surgery is advised 
if the patient has been seen at an earlier appointment. The evaluation should be 
performed in accordance with the Physical Status Classification Scheme of the 
American Society of Anesthesiologists (ASA) (Table 3) [7]. Although the ASA 
classification is used by anesthesia and sedation suppliers to denote the overall 
preoperative status of a patient for anesthesia and sedation, a risk prediction cluster 
can be confused. It is necessary to note that this is not a classification of risk, but 
rather a clinical status assessment. For sedation outside the operating room, only 
patients in ASA Class I and II should be considered. ASA Class III, IV or V patients 
need higher levels of supervision and treatment. These patients are recommended 
to be carried out in-hospital.

5.2 Categories of patients that need special treatment include

5.2.1 Obese patient

Sedating the obese patients, especially out of hospital setting where the 
resources are limited is challenging to all sedative practitioners. Clinical assess-
ment of functional capacity and myocardial functions of obese patient is not 
reliable due to sedentary life style and restricted physical activities. In addition, 
most of the obese patients suffer from chronic diseases such as diabetes mellites, 
hypertension, obstructive sleep apnea, and pulmonary hypertension which make 

Figure 2. 
Mallampati score [4].
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these group of patients are not candidate for day case surgery or out of hospital 
setting. Sedative, anesthetics and opioid promote pharyngeal collapse, airway 
obstruction and alter normal respiratory response to obstruction and apnea in 
patients who suffer from obstructive sleep apnea which might increase the jeop-
ardy of mortality and morbidity. Moreover, obese patients have significant reduc-
tion in functional residual capacity and rapidly desaturated [8]. Establishment 
of intravenous access, airway management, positioning and monitoring of obese 
patients are extremely difficult and require well trained sedative practitioners as 
well as immediate help.

5.2.2 Elderly patients

The patient’s upper age limit for outside-hospital procedures should be individu-
ally defined. The decision is based on considerations such as the invasiveness and 
length of the procedure, comorbidity, chronic medications and whether there is 
aftercare at home. Patients older than 65 years of age should be carefully selected 
for potential reduced organ function and increased occurrence of co-existing 
diseases. These patients often have limited reserves and can become degraded 
more rapidly and have more cardiac events. There is a strong correlation between 
advanced age and median successful dose reduction for all central nervous system 
medications regardless rout of administration.

5.2.3 Pregnancy

Gastrointestinal endoscopy in pregnant women should only be carried out if it’s 
strongly indicated and deferred to the second trimester wherever possible.

The pregnant woman should be properly aware of the essence of the procedure, 
the possible advantages and complications, including the risks resulting from 
sedative medications, on herself and the fetus, and should take a fully informed 
decision. Whenever possible, procedures should be carried out without any 
sedation, thus preventing ventilatory dysfunction as well as subsequent hypox-
emia and potential teratogenicity. In situations where sedation is inevitable, a 
minimum clinically appropriate dosage must be maintained for sedative agents. 
Further advices involve maternal and fetal monitoring during endoscopy, and 
putting the patient in a lateral decubitus position, to avoid the vena caval and 
aortic compression through the gravid uterus, and applying the bipolar current to 
electrocoagulation.

Teratogenic effects of propofol and fentanyl in humans have never been proved 
conclusively and these agents have strong safety records in appropriate pregnant 
doses. While a correlation between benzodiazepine use and oral cleft abnormalities 
has been identified, this finding has not been verified by later case–control studies. 
Since the duration of organogenesis is during the first trimester of pregnancy, it is 
widely advised that all but truly emergency endoscopic procedures requiring seda-
tion be delayed until later in pregnancy in order to prevent possible teratogenicity. A 
meta-analysis of anesthetic exposure studies during pregnancy concluded that the 
only potential issue concerning general-anesthetic exposure is a small increase in 
the incidence of miscarriage. Although most current anesthetic and analgesic agents 
cross the placental barrier to varying degrees, their possible adverse fetal effects 
tend to be limited a and if administered judiciously, are well tolerated by the fetus. 
It should be stressed, however, that all the published recommendations are backed 
by minimal evidence, especially in the case of colonoscopy, and that adherence to 
those recommendations could not guarantee an uneventful course of pregnancy 
and the development of the fetus [9, 10].
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5.2.4 Children

Pediatric patients are less supportive than adult patients, and their parents also 
feel more anxiety about the procedure. The effect of sedation varies according to 
the age of pediatric patients [11]. Children below the age of 6 months may have little 
anxiety and may be easily affected by sedation. Patients who are six months of age 
or older, however, have already developed unusual anxiety and will require that 
their parents stay with them during induction. For children of school age, sedating 
them is surprisingly challenging as they have developed concrete thinking. As a 
result, to minimize their level of discomfort, it is advised to carefully address what 
to expect during the operation.

5.3 Fasting guidelines

Preoperative fasting prior to a procedure carried under sedation is contentious. 
Some authorities regard it as unnecessary, especially in dentistry and emergency 
medicine; the idea being Airway protective reflexes are intact during mild and 
moderate sedation but may be lost during deep sedation. However, if deep sedation 
is planned, via dissociative or non-dissociative techniques, the following fasting 
duration recommendations should be followed: [12].

• 2 hours from the last ingestion of breast milk

• 4 hours from the ingestion of Formula for infants

• 6 hours from the consumption of nonhuman milk

• 2 hours from last intake of Clear liquids (defined as fluid without particles  
e.g. apple juice)

• 6 hours from any solid food intake:

In situations where mild to moderate sedation fails to facilitate the procedure, 
and the patient is not adequately fasting as above, the procedure should be halted. 
In an emergency, a general anesthetic can be considered with a rapid sequence 
induction technique.

6. Procedure monitoring

The Academy of Medical Royal Colleges in Safe Sedation Practice for Healthcare 
Procedures describes the principles of monitoring during and after the procedure. 
All sedation team members shall have a comprehensive knowledge of monitoring 
equipment and an interpretation of the information provided by monitoring devices.

The sedation technique employed is to decide what degree of monitoring is 
appropriate. This means either basic/standard sedation or advanced sedation.

During basic/standard techniques in which only one individual pharmacological 
agent is used, respiratory and cardiovascular systems typically are not affected. The 
intermittent examination of vital signs, e.g. sedation level, anxiety, skin color and 
breathing habits, is sufficient. A pulse oximetric and non-invasive blood pressure 
monitor are mandatory for extended procedures [13, 14].

When advanced sedation methods are deployed, the following must be  
controlled and documented:
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1. Levels and actions of distress such as agitation and restlessness: This can 
suggest potential adverse events, such as hypoxemia, hypoglycemia, under-
sedation or even over-sedation.

2. In controlling the level of sedation; frequent contact with the patient will 
help. A significant part of sedation is responsiveness to verbal command/light 
tactile stimuli, as lack of responsiveness means that the patient is going into 
deep sedation. The level of sedation monitoring must begin before sedation is 
administered and must continue throughout the procedure and recovery time 
before the facility is discharged [15]. As patients can respond to a standard 
dose or medication in an unpredictable manner, and as patients can drift in 
and out of different levels of sedation, monitoring of responsiveness should be 
monitored closely and assessed frequently. e.g. the Wilson sedation scale or the 
UMSS (University of Michigan Sedation Scale). It is proposed that the UMSS is 
used by sedation practitioners because the rating system matches the sedation 
levels on the scale of sedation. The importance of the electroencephalogram 
monitors processed, i.e. bispectral index (BIS) sedation monitoring outside the 
operating theater, is debatable. BIS might have a role during deep sedation and 
anesthesia.

3. Pain and discomfort: In cases where patients are unable to respond verbally 
due to the requirements of the procedure, e.g. dental work or head and neck 
operations, a pain or discomfort signaling device should be established before 
the sedation starts. This helps patients to prove whether they have pain or 
 discomfort, for example, with thumbs up or thumbs down.

4. Patency of airways: Relaxation of the jaw and unintended mouth opening are 
early indicators of a deepening level of sedation. Noises produced during in-
spiration or expiration and or snoring suggest a partially blocked upper airway 
and should be rectified through head and neck repositioning and/or titration 
of sedation.

5. Breathing and ventilation: Throughout the duration of the operation, the 
breathing rhythm and movement of the chest and abdomen must be observed. 
Chest movements are expected to be rhythmic. Paradoxical respiration, rib 
retraction, the use of accessory muscles, and tracheal pull are all symptoms to 
look out for, all of which can suggest airway obstruction. The respiratory rate 
should be reported intermittently, except when using a capnograph, where it 
is constantly displayed. Capnography measures the end-tidal concentration of 
carbon dioxide, which is considered to be a more sensitive alveolar hypoventi-
lation sensor than pulse oximetry [16, 17].

Patients undergoing PSA tolerate capnography applied via a nasal cannula, 
side-stream examination and transcutaneous approaches. Capnography is not 
compulsory for mild sedation, but is strongly advised in patients with fragile ASA 
II, elderly, obese, obstructive sleep apnea patients, and patients with respiratory 
problems such as chronic obstructive pulmonary disease (COPD) Nevertheless, 
Capnography can never replace ventilation/respiration clinical monitoring. If 
capnography is unavailable, use of a precordial stethoscope may be helpful.

6. Heart Rhythm and Rate: For most levels of sedation, the pulse rate, as re-
corded by pulse oximetry, should be enough. Electrocardiography (ECG) is 
not necessary in moderate sedation, where regular verbal communication with 
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the patient is established. However, when using advanced sedation procedures, 
an ECG is recommended for extended sedation or in delicate ASA II patients, 
patients with underlying cardiovascular disease and the elderly.

7. Non-invasive (NIBP) blood pressure. NIBP must be monitored at all  
sedation stages.

7. Post-sedation care

Patient is continued to be monitored in the recovery area. Vital signs (blood 
pressure, heart rate, respiratory rate, oxygen saturation), level of consciousness 
and level of pain must be monitored and recorded at regular intervals. The recovery 
area must be staffed with a skilled healthcare professional who certified with at 
least basic life support. The staff to patient ratio should not exceed two patients to 
one nurse.

7.1 Scoring systems for discharge

Discharge scoring systems may be used shortly before discharge to identify 
and record the psychological status of a patient. Modified Aldrete Scoring 
System (Table 4) is widely used to assess when patients from the post-anesthetic 
care unit are ready for discharge. Patients must score 9 out of 10 before discharge 
from the recovery room. In addition, the patient must be assisted by a respon-
sible person at home and there must be no complications from surgery, such as 
bleeding or vomiting. It is no longer important to ensure that the patient is  
able to take fluids orally, or that before discharge at home, he or she has passed 
urine. However, if not able to move urine within 6–8 hours of discharge from 
the sedation unit, the patient must be instructed to contact the responsible 
practitioner.

Category Description of Status Aldrete 
Score

Respirations Breathes, coughs freely
Dyspnea

Apnea

2
1
0

O2 Saturation O2 Saturation > 92% on Room Air Supplemental oxygen with O2 
Sat > 90%

O2 Saturation < 90% on O2

2
1
0

Circulation BP +/− 20% pre-op value
BP +/− 20–50% pre-op value

BP +/− 50% pre-op value

2
1
0

LOC Awake & oriented
Wakens with stimulation

Not responding

2
1
0

Movement Moves 4 limbs on own
Moves 2 limbs on own
Moves 0 limbs on own

2
1
0

Table 4. 
Modified Aldrete discharge scoring system (Total* *a score of 10 was required for discharge from the endoscopy/
recovery room.
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8. Medications used in GI endoscopy

There is still no perfect medication available for PSA and the combinations of two 
or more group of agents such as benzodiazepines, opioids, intravenous anesthetics 
inhalational anesthetics and topical anesthesia is commonly used (Table 5). Drug 
combinations works synergistically which reduces the doses of sedative agents and 
its side effects. Combination of opioid and sedation is most commonly used regi-
men. Sedative agents should be titrated to effect in divided doses and the amount 
of incremental doses should not exceed the maximum recommended doses. In 
the absence of a weight-related dosage (i.e., mg/kg) for drug doses, the dose for a 
‘normal’ patient weighing 70 kg must be considered to be the dose.

Some anesthesiologist societies advise that general anesthetic inductors (propo-
fol, ketamine, etomidate, dexmedetomidine) and short-acting opioids (fentanyl, 
alfentanil, sufentanil, remifentanil) should be used only by physicians who have 

Medication dosage Analgesic 
effect

Onset Duration Side effects

Midazolam Bolus for deep sedation: 
0.1–0.4 mg/kg

Bolus for moderate 
sedation: 0.01–0.1 mg/kg

— 1–5 min <2 h Paradoxical 
excitement 

(occasionally), 
hypotension, 

bradypnea

Propofol Bolus for deep sedation: 
1–2.5 mg/kg

Infusion for moderate 
sedation: 25–100 μg/kg/

min

— <1 min 5–10 min Hypotension, 
bradypnea/apnea

Dexmedetomidine Bolus for deep sedation: 
1 μg/kg over 10 min

Infusion for moderate 
sedation: 0.2–0.7 μg/kg/h

++ 10–15 min ~30 min Biphasic 
hemodynamic 

effect: bolus 
administration has 

been associated 
with hypertension

Remifentanil Infusion for moderate 
sedation: 0.05–2 μg/kg/

min

+++ <1 min 5–10 min Hypotension, 
bradypnea/apnea, 

bradycardia

Etomidate Bolus for deep sedation: 
0.2–0.5 mg/kg

— <1 min 3–5 min Adrenocortical 
dysfunction, 
especially in 

continuous IV 
administration

Ketamine Bolus for deep sedation: 
0.5–2 mg/kg

Bolus for moderate 
sedation: 0.2–0.8 mg/kg

Infusion for moderate 
sedation: 10–20 μg/kg/

min

++ <1 min 12–25 min Dissociative 
hallucination, 

increased ICP and 
IOP, tachycardia, 
and hypertension

ICP, intracranial pressure; IOP, intraocular pressure; IV, intravenous.
Moderate sedation (conscious sedation): purposeful response to verbal commands and intact airway and 
cardiopulmonary functions; deep sedation: response to painful stimulation and requirement of assistance for proper 
ventilation and airway patency.

Table 5. 
Summary of sedation drugs commonly used.
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been specifically trained in anesthesia or intensive care medicine, or by experienced 
sedation professionals who have at least advanced life support certification and 
specialized in unique advanced sedation procedures with anesthetic expertise.

Benzodiazepines (e.g. midazolam, diazepam, flunitrazepam, lorazepam or 
temazepam) and dexmedetomidine are included as procedural sedative drugs. 
Midazolam is the most widely employed benzodiazepine [18].

Pharyngeal aerosol spray of local anesthetics such as lidocaine, benzocaine may 
be considered to suppress gag reflex, decrease the dose of sedatives, and facilitate 
insertion of endoscope. Their effect may last up to an hour.

Benzocaine may cause methemoglobinemia and should be avoided in patients 
with a previous history of methemoglobinemia or known glucose-6-phosphate 
dehydrogenase deficiency.

9. Complications of sedation

Sedation-related gastrointestinal endoscopy complications are generally 
transient and of a mild degree. Nevertheless, when occur, may lead to significant 
morbidity and occasional mortality especially with moderate and deep sedation. 
Patient age, comorbidity, as well as type of sedation agent, the dose and route of 
administration are the most important risk factors of these complications. Serious 
complications can be avoided by proper pre-operative evaluation, preparation, 
appropriate monitoring and post-operative management. In addition, skilled 
treating physicians should be aware, and prepared to treat these complications. 
Sedation- related endoscopy complications can be divided into cardiovascular, 
respiratory, gastrointestinal and allergic reactions [19].

9.1 Cardiovascular related complications

Cardiopulmonary related represent 50% of serious sedation related complica-
tions and 50% of sedation related deaths in gastrointestinal procedures. Commonly, 
it occurs in elderly group of patients or secondary to over sedation. Cardiovascular 
related complications include:

9.1.1 Hypotension

Defined as systolic blood pressure less than 90 mmHg. Generally, systolic blood 
pressure more than 90 mmHg should maintain mean adequate arterial blood pres-
sure to perfuse all vital organs, BP less than 90 should be treated. Benzodiazepine or 
opioid a lone rarely causes hypotension. However, combination of both or sedation 
with propofol, vasovagal attacks and hypovolemia are the most common causes of 
hypotension [19].

9.1.2 Hypertension

Defined as systolic blood pressure more than 160 mmHg, it is usually secondary 
to anxiety, pain, intubation and endoscopy.

9.1.3 Cardiac arrythmias

They are commonly observed during gastro-endoscopy. Fortunately, most of 
arrythmias are benign. Vasovagal attacks, pain and hypovolemia are the most common 
causes of arrythmia. Opioid and buscopan are associated with bradycardia [15, 19].
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9.1.4 Myocardial infarction (MI)

It may occur during endoscopy or within few days post endoscopy. It is com-
monly reported in patients with history of ischemic heart disease. Hypertension, 
sever hypotension, tachycardia, pain and anxiety are the leading cause of myocar-
dial ischemia and anginal attacks. The following steps should be considered to treat 
and prevent perioperative MI and anginal attacks:

1. Pre-oxygentation of high risk patients and continues oxygen supplementation 
through the procedure.

2. Continue antihypertensive and antianginal medications up to the time of 
endoscopy.

3. Discontinue the intervention, oxygen supplementation, sublingual  
nitroglycerine should be considered if angina developed during the endoscopy.

4. 12 lead ECG and request cardiac enzymes if angina or MI are suspected 
[15, 19].

9.2 Respiratory -related complications

9.2.1 Respiratory depression

Both benzodiazepine and opioids may cause respiratory depression by blocking 
their receptors in brain and brainstem which may lead to hypoxia and CO2 reten-
tion. Therefore, continues capnography monitoring is extremely important during 
endoscopic procedures. Drop in oxygen saturation on pulse oximetry is a late sign 
of respiratory depression especially if patients on supplemental oxygen. Patient 
stimulation and reversing the sedative agents should be considered to treat respira-
tory depression. Naloxone (1–2 mcg/kg intravenous) reverses both analgesic and 
respiratory depressant effect of the opioids, the dose can be repeated every 3 min-
utes with maximum dose 0.1 mg/kg. Naloxone has short half life (60–90 minutes), 
therefore patients should be observed at least for 2 hours after administration of 
naloxone to guarantee that re-sedation does not occur. Flumazenil (0.01 mg/Kg 
I.V) is a benzodiazepine antidote and useful to reverse both sedative and respiratory 
depressant effect of benzodiazepine. The half life of flumazenil is 40–80 minutes, 
therefore patients should be monitored for 2 hours after administration of flumaze-
nil to ensure re-sedation does not occur [19–21].

9.2.2 Air way obstruction

Laryngospasm and bronchospasm are the most common cause of airway 
obstruction.

9.2.3 Pulmonary aspiration

Pulmonary aspiration of gastric contents during the gastro-intestinal endoscopic 
procedures are very common. It may lead to pneumonia and death. Over-sedation, 
gastro-intestinal bleeding, intestinal obstruction, elderly, and hepatic encephalopa-
thy are the risk factors of pulmonary aspiration. Cough, cyanosis and respiratory 
distress are the early signs of pulmonary aspiration. If the aspiration is suspected, 
the procedure should be suspended, head down tilt, left lateral positioning, 
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suctioning of the fluid from the airway, encouraging patient and chest x ray should 
be considered [19].

9.3 Allergic reaction

The wide spectrum of allergic reactions may occur during sedation procedures, 
it ranges from minor local reaction to life threatening anaphylactic reactions. 
However, severe allergic reactions during sedation is rare. Diagnosis of anaphylactic 
reactions under anesthesia is not always easy. Treating physician should immedi-
ately stop of most likely precipitating agent, administer adrenaline 0.5 mg intra-
muscular (IM), secure the airway, administer hydrocortisone, antihistamine as well 
as IV fluid resuscitation [19].

9.4 Nausea and vomiting

Over-distension of the stomach and colon may induce nausea and vomiting 
after gastro-intestinal endoscopy. Furthermore, nausea and vomiting are common 
side effect of opioid agents. Anti -emetic agents such as ondansetron and metoclo-
pramide might be considered to treat sever cases [19, 22].

9.5 Paradoxical reactions

Paradoxical reactions are commonly observed with benzodiazepines especially 
midazolam and diazepam, it is characterized by agitation, talkativeness, disorienta-
tion, combativeness and tachycardia. Flumazenil is very effective in management of 
these reactions [19, 23, 24].

10. Conclusion

Gastro-intestinal endoscopy is an extremely important diagnostic and therapeu-
tic intervention of gastro-intestinal diseases. Sedation is usually required to allevi-
ate considerable amount of anxiety, discomfort and pain which make the procedure 
unsafe, complicated and refusal of follow up procedures. Safety of endoscopic 
procedures under sedation needs awareness of especial needs of the patients. 
Combination of benzodiazepine and opioid is the most commonly used regimen in 
gastro-intestinal endoscopy. Though, the gastro-intestinal endoscopy is considered 
as minimally invasive surgery and sedation for these procedures is generally safe, 
life threatening sedation related complications may occur easily even in the healthy 
patients. Pre-procedural risk assessment, preparation, and perioperative as well as 
post-operative monitoring is mandatory to reduce sedation related complications. 
Furthermore, properly trained staff and emergency equipment should be available 
during procedure.
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