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Preface

A peptic ulcer is a necrotic lesion penetrating through the entire mucosal thickness 
of the upper gastrointestinal tract. Although it mostly happens to the stomach, it 
can spread into the lower esophagus and the upper duodenum as well. 

The cause of peptic ulcers is often blamed on either Helicobacter pylori infection 
or the use of non-steroid anti-inflammatory drugs (NSAIDs). However, although 
H. pylori infection is found in more than 50% of the world population, merely 
less than 10% of the population develops peptic ulcer disease. Furthermore, only 
10% of peptic ulcer cases are found to have a connection with the use of NSAIDs. 
According to a 2013 estimate, at least one in five peptic ulcers have nothing to do 
with either H. pylori infection or NSAIDs use. So, what causes the rest of the peptic 
ulcers? Well, the reasons can be several. Topping the list is mental stress, which has 
been recognized as a contributing factor to peptic ulcers for many years. A typical 
example is a great earthquake that happened in Japan in 2011. The psychological 
trauma of this event led many refugees to develop peptic ulcers. Another factor is 
gastric bypass surgery, which is a common procedure to deal with the problem of 
obesity. About 5% of bariatric surgery patients develop marginal ulcers around the 
wound. Eating spiced food has also been connected to some cases of peptic ulcers. 
In addition, the concept of idiopathic peptic ulcer disease was introduced years ago. 
Zollinger-Ellison Syndrome can be such an example in which people are born with 
over secretion of gastric acid. 

Nevertheless, all these factors have a common effect on the upper gastrointestinal 
tract, damaging the mucosal lining and exposing the epithelium directly to the 
highly acidic stomach fluid (~ pH 1–2). As early as the 1940s, scientists were learn-
ing through animal experiments that exposure of any living tissues to this fluid, 
including the stomach wall, is detrimental. The reason that our stomach or duode-
num can normally tolerate such a hostile environment is the mucus overlaid on the 
surface of the epithelium, which shields the tissue from gastric acid. In addition, 
both the stomach and the duodenum contain cells that can produce bicarbonate to 
neutralize the acid intimate to the mucosal surface. When H. pylori dwells in the 
stomach or duodenum, it produces toxins that trigger the inflammatory response 
from the host, which can lead to mucosal atrophy, making the epithelial cells 
prone to acidic damage. Similarly, NSAIDs inhibit the production of mucus and 
bicarbonate, resulting in epithelial denudation. Therefore, the fundamental cause 
of peptic ulcers is stomach acid. As the German Protestant theologian Karl Schwarz 
said, “Ohne saueren Magensaft kein peptisches Geschwür,” which means no acid, 
no ulcer. Anything that harms the mucus layer can potentially lead to peptic ulcer 
disease. 

Peptic ulcer disease is probably the most common chronic infection in the human 
population. It had a tremendous impact on morbidity and mortality until a few 
decades ago when its connection to H. pylori was confirmed. Eradication of 
H. pylori infection has made a huge contribution to the decline of peptic ulcer 
disease. However, as mentioned, bacterial infection is only one factor. The final 
elimination of the problem requires more research on the mechanisms and a better 



understanding of the real cause. Despite many years of effort, peptic ulcer disease 
remains a major digestive disorder. According to the World Health Organization 
(WHO), each year more than 6 million people die of various digestive diseases; 
peptic ulcer disease is responsible for 4% of these deaths. 

This book contains five chapters contributed by scholars from different parts of 
the world. Each chapter focuses on one aspect of the disease. Chapter 1 analyzes 
the causes of gastric ulcers and the auto-protection involved, including mucus 
secretion, epithelial construction, and the vascular, nervous, and immune systems 
built in the submucosa. It is a great inventory of what we are equipped with against 
stomach ulceration. Chapter 2 talks about H. pylori infection in young people. As we 
know, H. pylori infection is largely acquired at the early ages of life through vari-
ous paths of transmission, such as contaminated food, groundwater, shared food 
utensils, shared personal items, and even kissing. This is true not only in developing 
countries but also in developed nations. It remains asymptomatic until later years in 
life. Despite the prevalence of peptic ulcer disease, it is rarely life-threatening unless 
complications develop, such as bleeding, perforation, or outlet destruction. In such 
cases, emergency care is needed. Chapter 3 gives detailed information on each of 
the complications, including how they are diagnosed and what are the right treat-
ment options. It is a good reference for young clinicians. Chapter 4 elaborates on 
surgical treatment for peptic ulcers. Regardless of a bacterial infection or NSAIDs 
use or any other triggers, the fundamental cause of peptic ulceration is stomach 
acid. Therefore, acid-suppressive drugs are the first line of medication to treat 
peptic ulcer disease. Lastly, Chapter 5 compares vonoprazan, a novel potassium-
competitive acid blocker, with commonly used proton pump inhibitors like lan-
soprazole and shows several advantages, including more effectiveness, fewer side 
effects, and more. However, it has not been approved for use in the United States or 
Europe. After this book is published, vonoprazan may be given a reconsideration. 

Although we have been studying peptic ulcer disease since the medieval era (~ 11th 
century), today it remains a major digestive disease that troubles millions of people 
around the world. Needless to say, we have not done enough. We still lack adequate 
knowledge about this common disease. The aim of this book is to provide an update 
on the latest developments in peptic ulcer disease and inspire future research. 

Jianyuan Chai
Baotou Medical College,

Baotou, China
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Chapter 1

Gastroprotective Mechanisms
Cirlane Alves Araujo de Lima, Robson Silva de Lima,  
Jesica Batista de Souza, Ariel de Souza Graça, 
Sara Maria Thomazzi, Josemar Sena Batista  
and Charles dos Santos Estevam

Abstract

Gastric ulcer (GU), a common type of peptic ulcer, results from an imbalance 
in the action of protective and aggressive agents. Gastroprotective mechanisms are 
mucus layer, gastric epithelium, gastric blood flow, gastric neurons, mucosal repair 
capacity, and immune system. Thus, the aim of this chapter was to provide an update 
on gastroprotective mechanisms. It was carried out through searches in PubMed cov-
ering the years 2016–2021 using several keywords. This survey resulted in 428 articles, 
of which 110 were cited in this chapter. It was reviewed the status of gastroprotective 
mechanisms and highlighted that mucins can act as a filter; gastric epithelial defenses 
are composed of the cell barrier, stem cells, and sensors on the mucosal surface; 
nitric oxide (NO) and hydrogen sulfide (H2S) act for gastric blood flow homeostasis 
(GBF); the main effector neurons in the gastric mucosa are cholinergic, nitrergic and 
VIPergic, and oxytocin can activate neurons; repair of the gastric mucosa requires 
complex biological responses; the immune system regulates the entry of antigens 
and pathogens. The main knowledge about gastroprotective mechanisms remains 
unchanged. However, we conclude that there has been progressing in this area.

Keywords: hydrochloric acid, pepsin, mucus, gastric epithelium, gastric blood flow, 
gastric neurons, mucosal repair, immune system

1. Introduction

Gastric ulcer (GU) is a common type of peptic ulcer that stands out among 
different types of ulcers due to the frequency of occurrence in the digestive tract. 
In addition, it affects approximately 10% of the world’s population [1, 2]. Although 
the number of deaths from GU complications has decreased in recent years, it still 
seriously affects the patient’s quality of life and requires studies in this regard [3]. 
GU occurs as a gastric mucosal lesion that progresses to the lining of the stomach and 
becomes chronic and recurrent [4, 5]. In gastric ulcers, different stages of necrosis 
occur in the glands of the stomach tissue, participating in the formation process, neu-
trophil infiltration, reduced blood flow, increased oxidative stress and inflammation 
[6]. These changes are due to the imbalance between protective agents (e.g., produc-
tion of mucus, bicarbonate, and prostaglandins) and aggressive agents (e.g., secre-
tion of acid and pepsin) caused by different sources. People suffering from stomach 
ulcers report stomach pains feeling when eating, nausea, vomiting often accompa-
nied by blood, high temperature feeling in the stomach, burning, and bloating.
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The main causes of GU includes nonsteroidal anti-inflammatory drugs pro-
longed use, alcohol intake, smoking, ischemia, delayed gastric emptying [7], 
chronic inflammation due to exogenous factors, stress (trauma, shock, and burns), 
Helicobacter pylori infection [8, 9] and some dietary habits. When the stomach 
is exposed to adverse conditions, it tends to increase the production of acid and 
pepsin and to decrease the production of mucus and other factors that protect the 
gastric mucosa, which leads to epithelial damage.

The mucosal epithelial damage causes disorganization of the simple columnar 
epithelium, capillary blood congestion, edema, and necrosis of the gastric mucosa 
[10]. When the gastric mucosa is injured, there is a continuous secretion of reactive 
oxygen species (ROS) leading to lipid peroxidation and, consequently, to a decline 
in the antioxidant defense mechanism [8, 11]. Reactive nitrogen species (RNS) also 
participate in this process. Both ROS and RNS lead to ulcerative gastritis, stimulate 
macrophages, and increase the release of inflammatory cytokines [tumor necro-
sis factor (TNF)-α and interleukin (IL)-6] and nuclear factor kappa B (NF-kB) 
 signaling [12].

The most used drugs for the treatment of gastric ulcers in the last 5 years are 
proton pump inhibitors (PPI), histamine H2 receptor antagonists, and antibiotics 
eradication of H. pylori [13]. However, they cause several adverse effects. PPI can 
produce hypomagnesemia, cutaneous lupus erythematosus, osteoporosis-related 
fracture, acute kidney injury, and an increased risk of gastrointestinal infections 
[14]. Ranitidine can cause cancer in humans due to the presence of impurities con-
taining N-nitrosodimethylamine [15]. Antibiotics, on the other hand, can develop 
bacterial resistance in users [16].

It is important to highlight that, although therapies with anti-H2 and PPI are 
already well established for the treatment of UG, they do not prevent its recurrence 
and may occur drug interactions in some patients [17, 18]. In view of these unfavor-
able properties, many researchers have searched for more effective and safer alter-
native anti-ulcer agents to treat GU that have less or no adverse effects [11, 17, 19].

Therefore, it is necessary to know the gastroprotective mechanisms which are 
essential to the development of new drugs for the prevention and treatment of GU. 
In general, gastroprotective mechanisms are mucus layer, gastric epithelium, gastric 
blood flow, mucosal repair capacity, gastric neurons, and immune system [20–25]. 
Therefore, the aim of this research was to discuss the gastroprotective mechanisms 
in the stomach and update the existing knowledge on the subject.

2. Method

This chapter presents an update on gastroprotective mechanisms based on 
research in PUBMED using the following words—gastroprotective action mecha-
nisms (113 articles); gastric protection against hydrochloric acid and pepsin (4); 
function of hydrochloric acid and pepsin (31); types of pepsinogen in the stomach 
(16); function of gastric mucus and bicarbonate (7); gastric mucus and bicarbonate 
(9); gastric mucus formation (258); gastric sodium bicarbonate (91); defense of 
the gastric epithelium (43); blood flow gastric defense (15); vascular endothelial 
growth factor in gastric defense (4); gastric neurons mucosal defense (5); IL-1β 
gastric defense (16); stomach interneurons (9). A total of 428 articles were found on 
the topic researched between the years 2016 to 2021 and, of these, 110 were cited for 
containing relevant content within the scope of this chapter. The main approach of 
this update was on the gastroprotective mechanisms related to the prevention and 
treatment of gastric ulcers.
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3. Gastroprotective mechanisms

3.1 Hydrochloric acid and pepsin

Increased production of HCL in the stomach leads to increased conversion 
of pepsinogen to pepsin. Together, these two substances can cause loss of gastric 
integrity and constitute harmful agents for the stomach.

The gastric juice is a liquid constituted mainly by HCl, lipase, and pepsin [26]. 
HCl acts actively in food digestion and is part of the protective barrier against 
pathogens ingested in food or water [27]. HCl is produced mainly by parietal cells 
and its secretion is stimulated by gastrin hormone in the gastric antrum G cells in 
response to food intake. Its secretion is mediated by vagal stimulation and gastrin-
releasing peptides [23, 27]. In addition, other endogenous agents also participate 
in gastric acid secretion, such as histamine released from enterochromaffin cells 
(paracrine pathway) and acetylcholine from enteric neurons (neurocrine pathway).

Pepsin is the enzyme contained in gastric juice responsible for the digestion 
of proteins. It is produced by the main cells from the inactive form “pepsinogen” 
stored in zymogen granules. Under physiological or chemical signals, these granules 
secrete pepsinogen into the gastric cavity, where is activated into pepsin in the 
presence of HCl from the gastric juice [24, 28, 29]. The main cells secrete pepsin in 
its inactive form that prevents the self-digestion of protective proteins in the lining 
of the gastrointestinal tract. The pepsin activation only occurs in the presence 
of HCl [27].

There are two types of pepsinogens, type A (with three subtypes A3, A4, and 
A5) and type C [28, 29]. Other authors refer to pepsinogen as type I and type II. 
However, type A pepsinogen has characteristics common to type I and, type C 
to type II. Type I is formed by main gastric cells, whereas type II is formed in the 
fundic glands in the stomach, pyloric glands, and Brunner’s glands in the duodenum 
[30]. Type I is reduced in cases of stomach mucosa atrophy below 30 μg/L, and type 
II can be secreted into the gastric lumen or the circulation, and its concentration in 
the blood increases in case of gastritis of different origins [31]. In another study, the 
authors found a relationship between gastric cancer risk and a low level of serum 
pepsinogen [32]. The diagnosis of atrophic gastritis of the body (AGB) is evaluated 
by the relationship between the pepsinogen I blood concentration and pepsino-
gen I versus II proportion (if < 3 means that the patient has AGB), whose values 
represent the mass of glandulocytes and the main glands in the body region of the 
 stomach [31].

Pepsinogen type A can be used as a diagnostic biomarker for chronic atrophic 
gastritis and gastric neoplasms [33], and type C pepsinogen as a biomarker for 
prediction, diagnosis, and prognosis of different types of cancer because it has a 
broad-spectrum expression characteristic [28].

In a study to assess clinicopathological features of gastric adenocarcinoma of 
the fundic gland by endoscopy, 90–100% of clinical cases showed positive immu-
nostaining for type I pepsinogen [34]. The honeycomb gastric cancer had negative 
immunostaining for pepsinogen type I/H+/K+-ATPase [35]. In another study, 
the authors reported that type I pepsinogen levels were found to be increased in 
individuals with gastric cancer and peptic ulcers affected by type I H. pylori (which 
expresses CagA and VacA type proteins) [30]. These authors argue that the differ-
ent levels of pepsinogen found are probably due to the use of different methods of 
analysis or population of patients involved and, perhaps, it is uncertain to assess 
cancer risks and its progression by pepsinogen levels, which require other more 
accurate tests, such as endoscopy.
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3.2 Mucus layer

The mucous epithelium promotes the internal protection of the organs in rela-
tion to the external environment (respiratory, digestive, urinary, and reproductive 
systems) [36]. In the stomach, the mucus-bicarbonate layer has a peculiar role, 
because it has gelling property and forms a physical barrier against the self-diges-
tion of the epithelium by HCl and pepsin. It covers the mucosal surface and ensures 
acid neutralization, maintaining the basophilic pH [37–42]. Mucus is a viscoelastic 
hydrogel with a thickness of ≥1 mm formed mostly by mucin molecules produced 
by goblet cells [43]. It has an antioxidant and protective effect on epithelial sur-
faces against dehydration, shear stress, and infections [40, 44], and promotes the 
protection of the gastric mucosa in host defense against pathogens and gastric 
irritants [45].

The mucus barrier in the stomach is composed of two layers, a very adher-
ent inner layer and a poorly adherent outer layer [46]. This barrier is formed by 
water (≤ 90%), some salts, carbohydrates, lipids, mucins and lectins [46, 47]. The 
basic components of mucus are mucin glycoproteins (such as Muc5AC, Muc1, and 
MUC6) and lectins such as trefoil factor (TFF) 1 and 2 and Griffonia simplicifolia II 
(GSA-II), which bind to MUC6 and stabilize gastric mucus [38, 47–50]. It is note-
worthy that mucins are mainly responsible for the viscous character of mucus and 
TFFs are typical constituents of mucus-secreting epithelia [28, 50, 51]. In gastric 
neoplasms with differentiation of the oxyntic glands, immature MUC6 is produced 
from the pyloric gland, with an absence of α1,4-linked N-acetylglucosamines 
glycosylation [52], MUC6 positive immunostaining occurs in gastric adenocarci-
noma of the fundic gland [34] and MUC5AC/MUC6 positive immunostaining for 
honeycomb gastric cancer [35].

Mucus can be readily permeable to H+ and HCO3
− ions, preventing most HCO3

− 
secreted by epithelial cells from mixing with acid, keeping the pH gradient almost 
neutral [38]. The hypothesis of hydrogen sequestration by mucus is as follows—
hydrogen is bound to mucin polymers and the degradation of mucin polymers in 
the presence of activated pepsin would decrease the capacity of hydrogen seques-
tration [39], being released in the light of the stomach. On the mucosal surface, the 
pH gradient is almost neutral due to the retention of HCO3

− [37, 47]. HCO3
− is an 

inorganic alkaline salt that neutralizes excess gastric acidity. The conversion of CO2 
to HCO3

− is catalyzed by carbonic anhydrase (metalloenzymes) at low pH and by 
hypoxia in the gastric mucosa [53].

To maintain a balanced pH gradient, HCO3
− secretion must be in the same 

order of magnitude as hydrogen secretion according to a model based on the 
physics of ion transport within the mucosal layer according to the Nernst–Planck 
Equation [39]. In a neutral environment, mucus forms a tangle of polymers with 
adequate conformations for the passage of gases and nutrients and constitutes a 
lubricant against shear stress. Under acidic conditions, mucus constitutes a weak gel 
with adequate elasticity against gastric acids [41].

Mucins are high molecular weight glycoproteins that can act as a filter to prevent 
or delay the diffusion of harmful molecules and the entry of pathogens [44, 51]. 
If mucin production is altered and the mucus layer is damaged, infections such 
as H. pylori can occur [44, 45]. With a greater supply of water, there is a greater 
separation of mucin chains, as their density formed by interactions between mucins 
is reduced and may compromise their bactericidal function [41]. In this sense, 
adequate mucin production and balanced hydration promote the ideal structural 
condition against pathogen invasion.

Mucosal lining factors are directly involved in normalizing the gastric environ-
ment and GU healing [54, 55]. During the process of normalization of the gastric 
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environment, the production of mucus can be stimulated by nitric oxide (NO) and 
hydrogen sulfide (H2S) donors that interact with each other to produce mucus [56].

In ethanol-induced GU experiments, it is observed that in the negative control 
animals there is a reduction in mucus production, decrease in pH, and increase 
in gastric acidity [57]. After dissolving the mucus, ethanol inhibits the protective 
capacity of the mucosa, increases its permeability (allowing transport of large mol-
ecules) and leads to the dissolution of lipoproteins in the cell membrane [42, 57].

3.3 Gastric epithelium

The gastric epithelium is formed by a continuous layer of narrow junctions cells 
with secretory and digestive functions [57, 58]. The main cells that the infectious 
agent H. pylori tries to attach are the gastric epithelial cells [59].

Some of the protective mechanisms of the gastric epithelium include—cell 
barrier against the entry of toxic or pathogenic agents, stem cells that differentiate 
into gastric epithelial cells, and sensors located on the mucosal surface capable of 
detecting microbial antigens, leading to the induction of autonomic mechanisms 
that result in the effective killing of bacteria [60–62]. One of the proteins respon-
sible for supporting the integrity of the protective barrier is β-catenin, acting as an 
adherent junction molecule together with E-cadherin [63].

This epithelial barrier is continually renewed by a small population of long-lived 
dividing stem cells; the renewal period is short, typically ranging from 3 to 10 days 
depending on your location [64, 65]. The generations of basal stem cells directly 
neutralize the colonization by pathogens by sensing their approach, promoting the 
regeneration of clean epithelial cells in the lumen [60].

In addition to the mucosa having cell renewal mechanisms for its own mainte-
nance and secreting hydrochloric acid, pepsin and mucus under normal physiologi-
cal conditions, it has sensors located on the cell surface that lead to the induction of 
the invader’s death by autonomous effector mechanisms [60]. For example, when 
gastric epithelial cells become infected by pathogens, they produce factors that 
recruit immune cells, such as matrix metalloproteinases [66].

3.4 Gastric blood flow

Adequate gastric blood flow (GBF) is a protective factor for the gastric mucosa 
that has the primary role of maintaining its integrity [25, 56].

Gastric stress-related mucosal disease (SRMD) can lead to ulceration by 
compromised gastric defenses through gastrointestinal hypoperfusion and, 
subsequently, ischemia [37]. In order to repair the gastric injury caused by stress, 
angiotensin (1–7), a metabolite of the renin angiotensin system, NO, H2S or carbon 
monoxide (CO) and ghrelin, nesfatin-1 and apelin peptides, participate; together, 
all these factors promote an increase in gastric microcirculation [67].

Among mediators that induce gastric damage are oxidative stress and inflam-
mation [68]. Ethanol is the main cause of gastric damage in this regard, because it 
causes damage to vascular endothelial cells of the gastric mucosa, promotes hypoxia 
by increasing the production of ROS, induces the release of inflammatory media-
tors, and suppresses the activity of antioxidant enzymes [42, 69, 70], resulting in 
decreased microcirculation, submucosal edema, and development of hemorrhagic 
gastritis [45, 70]. Restoration of damaged blood flow in the gastric mucosa by etha-
nol requires removal of free radicals, pro-inflammatory cytokines, and inhibition of 
the transcription factor NF-kB-p65 [70–72].

Aspirin-treated rats have bleeding lesions in the gastric mucosa due to decreased 
mucus production due to cyclooxygenase blockade, inhibition of endogenous 
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prostaglandin (PGs) synthesis, and decreased GBF [73–75]. The use of this drug 
also promotes an increase of almost 50% in the number of neurons that express 
the pituitary adenylate cyclase-activating polypeptide (PACAP), increasing 
gastric microcirculation [76]. In this sense, the resumption of the production of 
prostaglandins, as well as the increase in the endogenous production of CO and 
H2S (produced by the enzymes cystathionine-γ-lyase/cystathionine-β-synthase/3-
mercaptopyruvate sulfurtransferase or heme oxygenases) [75] and decreased 
number of PACAP-expressing neurons may contribute to the restoration of injured 
gastric mucosa and GBF. It is noteworthy that the interaction of NO and H2S gaso-
transmitters is very important for the maintenance of GBF and vascular homeosta-
sis [77], as well as its restoration.

Other endogenous factors that contribute to mucosal recovery, as well as blood 
flow, will be discussed in the topic of mucosal repair capacity.

3.5 Gastric neurons

The main neurons present in the stomach are gastric interneurons and motor 
neurons [78].

The vagus nerve is responsible for stimulating the secretion of hydrochloric acid, 
and one of the first treatments for GU was based on severing this nerve in order 
to decrease acid production. Gastric neurons act on gastric motility, interact with 
hormones, regulate HCl and bicarbonate secretion, and induce immune responses 
[74, 76, 78, 79]. As an example of the interaction with hormones, oxytocin (OT) 
administered in the ventral tegmental area (VTA) can activate dopamine neurons 
in the dopamine pathway in the nucleus accumbens through OT receptors and 
improve the dysfunction caused by stress in the gastric mucosa, reducing the ulcer 
area, stimulating mucus production, and increasing gastric pH [80].

As part of the mechanism of gastric mucosal integrity, neuropeptides released 
by afferent C fibers sensitive to capsaicin participate [81].

Human gastric enteric neurons have been identified, mainly in the ganglionic 
plexus developed between the longitudinal and circular layers of the tunica mus-
cularis called the myenteric plexus [82]. The main neurons identified were—with 
nonspecific dendritic architecture, cholinergic and nitrergic neurons; cholinergic 
type I uniaxonal spinous neurons are considered excitatory motor neurons or 
interneurons in the stomach; type I spinous neurons reactive to (NOS)+ and 
vasoactive intestinal peptide (VIP)+ considered inhibitory motor neurons and/
or interneurons; and type II multiaxonal neurons (SOM)+ co-reactive for soma-
tostatin. However studies are needed to assess the role of these neurons in gastric 
protection.

Among molecules that participate on the gastric ulcer defense mechanisms we 
can cite neuronal growth factor (NGF), PACAP, calcitonin gene-related peptide 
(CGRP) and NO. Reduction of NGF expression in gastric mucosa endothelial cells 
impairs endothelial cell viability, angiogenesis, and GU healing [74]. There is an 
increase in the number of PACAP-expressing neurons in the dorsal vagal nucleus in 
acetylsalicylic acid-induced gastritis, as described above [76], indicating that it is a 
factor in the neuronal response of inflammation in the stomach, acting to protect 
the gastric mucosa by reducing the secretion of gastric acid. CGRP and NO have a 
vasodilating action, probably participate in the mechanism of gastroprotection and 
increase in GBF in stress-induced damage to the gastric mucosa [81].

It is noteworthy that activation of the gamma-aminobutyric acid (GABA) A 
receptor of peripheral sensory afferent neurons in the stomach also appears to be 
involved in gastroprotection [83].
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3.6 Ability to repair the mucosa

The integrity of the gastric epithelium depends on the maintenance of redox 
balance, antioxidant defense, and blood flow [65], as well as a constant renewal by 
stem cells. In this sense, the treatment of UG requires restoring the balance between 
cytoprotective agents and aggressive agents, either by reducing or neutralizing the 
production of gastric acid and/or stimulating gastric cytoprotection [84, 85].

During the healing process, there is a need for complex biological responses such 
as reduced inflammation, reduced oxidative effect, gastric cell regeneration, cell 
proliferation, migration, differentiation, gland reconstruction, granulation tissue 
formation, and neovascularization [3, 7, 86]. These responses are modulated by  
CO, glutathione peroxidase enzyme (GSH-Px), Cu/Zn superoxide dismutase 
(SOD), catalase (CAT), PGs, NO, sulfhydryl compounds, epidermal growth factor 
(EGF), vascular endothelial growth factor (VEGF) and the peroxisome prolifera-
tor-activator receptor gamma (PPAR-γ) [7, 10, 59, 75, 87–93].

CO is a gas molecule that helps to defend the gastric mucosa due to its 
vasodilating and antioxidant properties, improves hypoxia, and regulates Nrf-2 
expression [75, 90].

The GSH enzyme is the main cellular antioxidant present mainly in the reduced 
form [67]. SOD and CAT enzymes are also important antioxidants [79]. These 
three enzymes constitute an important group of defenses against ROS that degrade 
gastric mucosa components and alter cell metabolism [45, 91]. Despite contributing 
to injury, ROS can reprogram differential cells together with antioxidant defenses 
(so that they are successful), as they can up-regulate molecules that stabilize and 
increase the activity of the cystine/glutamate antiporter, such as CD44v9 [92].

PGs are anti-ulcer agents that protect the barrier of damaged mucosa, increase 
blood circulation and bicarbonate secretion [67]. Increased production of endoge-
nous PGs may result in increased gastric mucosal resistance against harmful agents, 
such as ethanol [51]. Particularly, PGs E2 and I2 amplify the secretion of bicarbonate 
and mucus contributing to the balance of gastric pH, maintain the blood flow of 
the gastric mucosa and coordinate the defense, renewal, and repair of the mucosal 
epithelial cells [45, 70, 93–95]. In addition, PGE2 via the EP receptor can inhibit acid 
secretion and histamine release by parietal cells and enterochromaffin-like cells, 
respectively [95].

A study demonstrated that NO derived from inducible nitric oxide synthase 
(NOS) did not influence the healing process of gastric ulcers; on the other hand, the 
NO produced by the endothelial NOS isoform increased its healing [96]. NO acts as 
a gastric mucosal protector, activates KATP channels, modifies blood flow, neutro-
phil adhesion, and mucus secretion, and aids in wound repair [83, 89, 95]. NO and 
H2S are small gaseous molecules that interact with each other, are freely permeable 
to the plasma membrane, and contribute to stomach homeostasis, integrating the 
control of mucus production, blood flow, mucosal defense, and gastric motility 
[77]. Endogenous sulfhydryls are also involved in the protective mechanism of the 
gastric mucosa [51].

Basic fibroblast growth factor (EGF) is responsible for the accelerated epithelial 
repair, increased mucus production improving the integrity of the gastric mucosa, 
and modulates the expression of cells called spasmolytic polypeptide expression 
metaplasia (SPEM) [2, 94, 97]. It is noteworthy that EGF and PGE participate as 
defense and repair factors of the gastric mucosa [96].

Vascular endothelial growth factor (VEGF) a functions to promote angiogenesis 
and protect gastric endothelial cells [74, 98]. Finally, activation of PPARγ protects 
against stress-induced gastric ulcer [86].
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3.7 Immune system

The innate immune system can recognize molecular patterns associated with 
common pathogens in microbes and molecular patterns associated with dam-
age through cell damage and the necrosis process through pattern recognition 
 receptors [99].

Antimicrobial peptides form a chemical border between the epithelium and the 
mucus layer essential in the innate immune response to pathogen infection and are 
responsible for killing bacteria, fungi, protozoa, and viruses [61, 100]. However, if 
this chemical defense fails or the pathogen adapts and overcomes both physical and 
chemical barriers to reach the epithelium, the epithelial cells emit responses to the 
immune system and the immune system produces specialized defense cells. We can 
report some of these mechanisms described in the literature—macrophages form 
one of the first lines of gastric defense against H. pylori infection [101]; CD8+ T 
cells are present in the gastric mucosa and can act as a pro-inflammatory [66]; IL-17 
and IL-22 are able to inhibit the growth of H. pylori in vitro [102]. The interferon 8 
regulatory factor circuit (IRF)-8 and interferon γ (IFN)-γ forms an innate immune 
mechanism in the host’s defense against H. pylori, which may promote Th1 differ-
entiation, in addition to increasing the inflammatory responses of gastric epithelial 
cells to eliminate the bacteria [103].

CagA-dependent H. pylori infection contributes to activate the mechanistic 
target of rapamycin complex 1 in gastric epithelial cells; then, there is an increase 
in pro-inflammatory cytokines TNF-α, IL-1β and IL-6, CCL7, and CXCL16 chemo-
kines, as well as an increase in the antimicrobial peptide LL37, exerting pro-inflam-
matory and probactericidal effects, inhibiting H. pylori colonization [59].

However, if H. pylori resists to these defenses and advances in its colonization, 
it can lead to ulcer and gastric cancer; which is quite common, since in most cases 
the infection can last for decades because the immune response has been unable to 
eliminate the bacteria, and long-term damage can lead to dysplastic changes and 
malignant transformations [32]. About 17.8% of the different types of cancers in 
the world are caused by infectious agents, including cancer by H. pylori that cor-
responds to about 5.5% of this total and over 60% of cases of gastric cancer [31]. 
H. pylori has a molecular mimicry between its lipopolysaccharide and the human 
Le group antigens, Le Type 1 (Lea and Leb) and Type 2 (Lex and Ley), allowing 
the bacterium to escape the host’s immune system response [104]. Its attachment 
to mucus is mediated by the Lewisb antigen in MUC5AC and can also be attached 
to the mucosal epithelium; however, antigens can lead to alterations in the glyco-
sylation sequence in mucins, forming epitopes on oligosaccharide side chains and 
contributing to aggressiveness and metastasis of gastric cancer [38].

After the gastric injury, there is an increase in the count of circulating neutro-
phils and a reduction in lymphocytes; the count of these cells or others that are 
part of the immune system are markers for GU [54, 71]. In a recent study for the 
development of vaccines against the pathogen Helicobacter felis, an infiltration of 
the antibody Gr-1 in the stomach induced an inflammatory response that led to the 
formation of CD4+ memory T cells (TRM) essential for protection [105].

In gastric injury, inflammatory cytokines IL-1β, IL-6, IL-8, IL-10, TNF-α, and 
the transcription factor NF-kB-p65 are present [70, 71, 94, 106, 107]. IL-1β and 
TNF-α are increased in ethanol-induced gastric ulcers [57]. IL-1β is considered a 
hereditary factor for gastric cancer; and, its reduction together with the reduction 
of TNF-α contributes to the restoration of the gastric mucosa [57, 99]. IL-6 activates 
neutrophils, macrophages, and lymphocytes at the site of injury, resulting in oxida-
tive bursts and the formation of cytotoxic metabolites [89, 106].
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Activation of the mitogen-activated protein kinase (MAPK) cascade and NF-κB 
transcription pathways is critical in several inflammatory and immunomodulatory 
diseases [108]. TNF-α induces neutrophil infiltration in the gastric epithelium and 
activation of NF-κB, increasing its own production, considered the main pro-
inflammatory cytokine present during GU [103]. NF-kB regulates the transcription 
of IL-1 and IL-6 by activating neutrophils [45]. In addition to the transcription of 
TNF-α, IL-1, and IL-6, NF-kB can promote the transcription and expression 
of more than 100 target genes, which express cytokines and pro-inflammatory 
enzymes, contributing to tissue inflammation. In this sense, inhibition of NF-kB is 
considered the key to reducing gastric ulcer formation [42, 70].

Neutrophils can increase lipid peroxidation, releasing ROS as superoxide and 
hydrogen peroxide, delaying ulcer healing [91]. ROS secretions activate MAPK 
signaling in the gastric epithelium, which further activates NF-kB and Nrf-2, which 
can suppress the inflammatory response by increasing the antioxidant capacity in 
the gastric tissue [89]. Corroborating this information, the main antioxidants such 
as SOD, CAT, HO-1, gamma-glutamylcysteine synthetase, and GSH-Px are regu-
lated by Nrf-2 [109]. Thus, it is noteworthy that Nrf-2 mediated HO-1 induction 
has cytoprotective, anti-inflammatory, antioxidant, and anti-apoptotic activities 
providing a therapeutic target against SRMD [107].

IL-10 acts as an anti-inflammatory cytokine, negatively regulating Th1 cell 
expression, class II MHC antigens, NF-kB transcription, and costimulatory 
molecules in macrophages [17]. Therefore, ROS inhibition and immune system 
improvement are related to the GU healing process [20], as well as the inhibition of 
the inflammatory cascade and down-regulation of the transcription factor NF-kB 
result in the decrease of neutrophils in the gastric tissue.

During wound healing, peptides from the TFF family coordinate the process of cell 
migration/invasion, angiogenesis, and immune responses [90]. Peptides TFF1, TFF2 
and TFF3 are critical for gastric mucosa protection and damage correction [70, 110]. 
The TFF2 peptide is expressed in the mucus-secreting repair epithelial cell present at 
the edge of the SPEM ulcer, which coordinates immune cell traffic during repair [93].

Macrophages contribute to ulcer healing, secreting collagenases and elastases to 
break down damaged tissue and stimulating the release of cytokines, which stimu-
late chemotaxis, the proliferation of fibroblasts, and smooth muscle cells to build 
granulation tissue [91].

4. Conclusion

We present a brief summary of the main gastroprotective mechanisms of gastric 
ulcer. Analyzing such mechanisms is of great importance for advances in the studies 
of new drugs that aim to attenuate or prevent the actions of aggressive agents in the 
formation of gastric ulcers. We observed that there was a little scientific advance 
in relation to gastroprotective mechanisms, among which we can mention: HCO3

− 
secretion occurs in the same order of magnitude as H+ secretion for the mainte-
nance of the gastric buffer system in the absence of food; oxytocin can activate 
dopaminergic neurons in the ventral tegmental area reducing stress-induced gastric 
ulcer; the main effector neurons in the gastric mucosa are cholinergic, nitrergic, 
and VIPergic; the cagA-dependent H. pylori infection that contributes to activating 
the mechanistic target of rapamycin complex 1 in gastric epithelial cells; infiltra-
tion of the Gr-1 antibody in the stomach induces the formation of CD4+ TRM cells 
essential for protection from H. felis; and that the main antioxidants SOD, CAT, 
HO-1, gamma-glutamylcysteine synthetase, and GSH-Px are regulated by Nrf-2.
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Chapter 2

Helicobacter pylori Infection in 
Peptic Ulcer Disease among Young 
People
Sampson Weytey

Abstract

Peptic Ulcer Disease (PUD) is a common chronic disease of the Gastrointestinal 
Tract (GIT) worldwide, affecting 87.4 million people with 257,500 mortality 
turnouts in the year 2015. PUD is a painful open sore that develops in the wall lining 
of the lower part of the esophagus, the stomach, or the duodenum. PUD has both 
internal and external causative factors, of which Helicobacter pylori (H. pylori) is a 
major role player, accounting for 70–95% of its prevalence rate globally. H. pylori 
infection is acquired generally during the younger ages of life with its various mode 
of transmission, and with a prevalence rate of 90% in some developing countries, 
but remains asymptomatic till later years in life. This chapter attempts to provide 
the overview of H. pylori infection among young people, since they differ from 
the elderly, in terms of its prevalence rate, its risk factors, its complication rate, its 
diagnostic tests and managements, and its higher rate of antibiotic resistance.

Keywords: Helicobacter pylori, infection, peptic ulcer, young people, asymptomatic, 
antibiotic resistance

1. Introduction

1.1 Background

H. pylori (H. pylori) seems to play a significant role in the development of Peptic 
ulcer disease (PUD), a disease which is said to affect more that 10% of the world’s 
population [1]. From the global perspective, H. pylori infection affects above 50% of 
the world’s population, and is known to affect at least one-third of the young people 
especially children [2, 3]. Up to 90% of the children in the developing countries get 
infected by H. pylori where as in the developed countries it has 1.8–65% prevalence 
rate [4]. In some parts of Africa, H. pylori infection rate ranges from 40–90% [4]. 
Most of the individuals according to knowledge from literature shows that nearly 
10% of the children in the developing nations remain asymptomatic after acquiring 
H. pylori infection [5].

H. pylori is a gram-negative microaerophilic bacterium that affect the mucous 
lining of the stomach, especially the antrum [6, 7]. H. pylori infection may result in 
either developing gastric ulcer (70–90%) or duodenal ulcer (90%) or both [1, 8]. 
H. pylori infection occurs in the early stages of life, but remains asymptomatic, and 
can live with the affected individual for a long period of time until it is treated [7]. 
Common signs and symptoms identified with the infection among the young people 
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includes nausea, vomiting, gnawing or burning abdominal pain, intestinal bleeding, 
gastric reflex, occasional fever, poor appetite, bloating abdomen, frequent burping, 
tiredness and weakness, and weight loss [5]. The effects of this infection can prog-
ress to more complicated form, causing both gastric and extra-gastric conditions if 
not treated early or left untreated [9]. H. pylori infection causes gastric adenocarci-
noma through a progressive sequence of gastritis to atrophy, then intestinal meta-
plasia, then to dysplasia, and finally to carcinoma [10]. Several gastro-duodenal 
complications may develop once H. pylori infection is well established [11].

Literature shows that there are both invasive and non-invasive diagnostic 
investigations that can be used to determine the presence of the infection [2, 12]. 
The recommended management approach is the screen-and-treat strategies [3]. 
Usually, the first line of treatment is the triple therapy, and according to researched 
work has proven to be the best in the management of H. pylori infection among 
the young people [13]. It has been observed that clarithromycin resistance is the 
main cause of treatment failure among the affected individuals [14]. Due to the 
increased rate of antibiotic resistance in the eradication of H. pylori, recommenda-
tions have been made for the development, and the use of new vaccines to prevent 
the infection among young people [13, 14]. Research seems to prove that the infec-
tion of H. pylori increases with age, and the rate of infection among the elderly is 
higher than the youngsters, therefore critical attention must be given to children 
since 80% of the infection usually occur in childhood which usually persist until 
adulthood [7].

2. Bacteriology

H. pylori bacterium was first discovered by Marshall and Warren in the year 
1983 after they have cultured a gastric biopsy specimen of Peptic ulcer disease 
patients over a prolonged period of time [15]. This bacterium initially was called 
Campylobacter until the year 1989, when it was given its currently known name when 
a sequence of ribosomal features revealed its uniqueness [16]. This essential gastro-
enterological transforming effort gained global recognition and so won a Noble prize 
in physiology and medicine in the year 2005 [17]. Literature currently reveals the 
identification of about 22 more species possessing similar cellular morphology, and 
test positive for oxidase, catalase and urease test, and in addition have the stomach, 
and the intestine as their colonizing site in their mammalian host [2].

H. pylori is a helical-shaped, unipolar, multiflagellate, slow growing, micro-
aerophilic, Gram-negative motile bacterium [7]. This bacterium typically is 0.5 to 
1.0 μm in width, and can be 2.5 to 5 μm long [17]. H. pylori possesses smooth and 
round end surface from which evolves one to six polar-sheath flagella [18]. Age, 
growth conditions, and specie type can cause the spiral wavelength of the organ-
ism to vary [17]. Chocolate agar or blood agar are none selective agar media, and 
selective agars like Skirrow’s brooded in a humidifier, micro-aerobic of 5% oxygen 
at the degree centigrade of 35 to 37, are some media agars on which the bacterium 
H. pylori can be cultured for 3 to 7 days [2]. It has been found that old, stressed or 
mal-nutritious and prolong air exposure of cultured cells can become idle or inac-
tive coccoid which enhances its survival in feces, and even in water outside of the 
human host [17].

Irrespective of the hostile condition of the human stomach, H. pylori has the 
ability to colonize a specific biological micro niche within the gastric lumen, 
survive, and persist for a long period of time, if not treated effectively as compared 
to other microorganisms that thrives well in very low pH environment [7, 12, 15]. 
Research has proofed that H. pylori is mostly observed to be attached to the 
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superficial epithelial cells of the gastric mucous layer without serious invasion of 
the stomach tissues of its host [13]. There are various essential features possessed by  
H. pylori that efficiently enhance its survival in the acidic condition of the stomach, 
causing infection [13]. This disease-causing microorganism uses its unipolar flagella 
to establish colonization, penetrate, and make significant movements between two 
regions of the stomach avoiding its acidic pressure [7, 15]. Studies have shown that 
H. pylori can cause significant interference to the human host’s antigen presenting 
process, and subvert the pattern recognition of the innate and adapted immunity 
[15]. H. pylori can also thrive undisturbed by the acidic content of the stomach by 
secreting urease, which is able to set a conducive pH environment of 4–8.5 for its 
survival [15].

3. Epidermiology

H. pylori infection is among the world’s commonest health problem, having 
more than 50% victims of the global population [7]. Epidemiological studies have 
revealed the fact that H. pylori infection prevalence is directly associated with its 
high incidence rate and long-term existence [2]. H. pylori infection compared with 
other related infectious disease has a high prevalence rate in the world [17]. Between 
the developed and developing nations of the world, H. pylori infection prevalence 
rate differs across the various regions [7]. Developed countries have been proven 
to experience less prevalence rate of H. pylori infection than the developing coun-
tries [17]. Researcher have observed that in a year about 0.5% of individual in the 
developed nations fall victim to H. pylori infection, but increases in the developing 
nations with the rates ranging from 3–10% [2, 19].

Among children in the developing countries, the prevalence rate of H. pylori 
infection ranges from below 10–80% [16], and from 1.8–65% among children in 
the developed countries [4]. It has been understood by epidemiological studies 
that some regions in the Eastern Asia and Latin American have recorded a preva-
lence rate of 80% among young individuals before 20 years, and places like UK, 
USA, or Australia records the prevalence rate of 40% within 30 to 40 years [7]. 
In the United States, observation has been made that H. pylori infection is rare 
among children lower than 10 years, but increases to 10% between the ages of 18 
and 30 [7, 20]. In various nations like Canada, Netherlands, Mexico, Portugal, 
Asia, and Turkey according epidemiological studies have recorded H. pylori 
infection rate of 38, 32, 52, 84, 54–76%, and 82% respectively among children and 
adults [13, 21].

Data has revealed that individuals inhabiting industrialized countries have  
H. pylori infection rate ranging from 30–40% [13]. Also, among the non-Hispanic 
blacks and Hispanics, the infection of H. pylori is known to be common to individu-
als within any age group [2]. The African continent has been identified to have 
recorded a prevalence rate of 51% with regards to H. pylori infection [13]. Within 
the African countries like Ethiopia, Morocco, and Iran both children and adults 
according to studies have prevalence rate of 65, 75, and 54% respectively [13]. 
Organized data over the years have shown that H. pylori infections occurs within 
the early years of life, and increases with age [4]. By the first year of life in some 
developing countries, there is a prevalence rate of 20%, which increases to 50% by 
the age of 10 [2]. A research in Uganda showed that H. pylori infection varies with 
increasing age of 1–5 years, 6–10 years, and 11–15 years with 16.2, 27.2, and 36.71% 
as their respective prevalence rate [4]. The prevalence rate of H. pylori infection 
as revealed by studies in Nigeria, Indonesia, and Yemen were 89.7, 10.0, and 8.9% 
respectively [11].



Peptic Ulcer Disease - What’s New?

24

4. Risk factors and mode of transmission

According to researched works, it has been understood that the increased  
H. pylori infection rate among the elderly is a direct mirror image of many early 
years of poor living conditions of the youngsters [2]. A study conducted in 
Bangladesh revealed lower infection rate of 4.9% among children living with 
family members below four, than those from the household having more than three 
members, corresponding to a rate of 19.4% [4]. Literature have established that 
socioeconomic status and childhood living conditions are highly associated with  
H. pylori infections [2]. Epidemiological studies have proven the fact that school 
going children, international adoptees, immigrant children are at high risk of 
developing H. pylori infection [4, 13]. It has also been identified that high risk 
children are those that usually swim in or drink from rivers, streams, ponds as well 
as consume raw vegetables. Generally, the major factors that put most children at 
risk of H. pylori infection includes poor personal and environmental hygiene, over-
crowding areas, low socio-economic status, poor quality of drinking water, and 
eating of contaminated foods [7, 16, 22]. The level of urbanization also accounts for 
the variation of the prevalence rate of H. pylori infection among nations [11].

Microbiological strategies used in various studies have revealed that the micro-
organism H. pylori can be found in contaminated environment and ground water, as 
well as in animals such as domestic cats and sheep worldwide [2, 7]. Irrespective of 
the fact that literature provides few information on the mode of transmission of the 
bacterium, epidemiological studies strongly support oral-oral, fecal-oral, and person-
person, as well as zoonotic transmission [2, 4]. Infection routes limited to person-
person transmission during the early stages of life could be possible from mothers, 
caretakers, nursery attendance, and family members to babies [3, 4]. Researched 
observations have been made that in the acquisition of H. pylori infections, genetic 
susceptibility is also possible [7, 13]. According to studies, exposure to diverse sources 
of H. pylori infection increases with the increasing ages of children [4, 23].

5. Pathosysiology

The stomach remains the primary colonization site for the bacterium H. pylori 
[6]. Though clear-cut understanding of the pathophysiology of H. pylori infection 
is not well known, it has been identified to cause both gastric and duodenal ulcers 
with multiple factors coming into play [2]. Literature has revealed the fact that 95% 
of duodenal ulcer and 70–80% of gastric ulcers are associated with H. pylori infec-
tion [24]. There are four main strategic activities used by the bacterium H. pylori to 
facilitates its successful colonization, persistent infection, and disease pathogenesis 
[25]. The first of these basic but important strategies is its ability to survive within 
the stomach acidic condition, by producing urease to disrupt the acidic environ-
ment, making it suitable and conducive to survive; secondly, its flagella facilitate 
movement to the epithelium cells of the stomach lining in order to attach itself, as 
well as to detect and live in the low pH region of the stomach; thirdly, it attaches 
the self to the host epithelial cells by adhesins preventing frequent displacement; 
and the fourth strategy is cell destruction or tissue damage, and this is done by the 
release of toxins called Cag A and Vac A [11, 25]. As the bacterium presents the 
self in the stomach lumen, it then localizes the self to the antrum and corpus for 
adaptation, so as to avoid the acidic condition of the stomach and to cause persistent 
infection [11]. Evidenced-based research works shows that cascades of destructive 
processes arise from the microorganism H. pylori’s interactions with the gastric 
epithelium of its host [26].
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6. Clinical manifestation

Data have shown that about 30–35% of the individuals affected with H. pylori 
do not show any symptoms, especially among the young people [27]. Yet still it has 
been established that H. pylori infection tends to leave its victims with some form 
of gastric and entero-gastric manifestations [8]. According to studies, the combi-
nation of different factors like the host genetics, bacteria characteristics, and the 
environment account for the experience of various clinical manifestations by the 
affected individuals [13]. The manifestations that accompany H. pylori infection 
can either be associated with gastritis or Peptic ulcer disease [5]. Common signs 
and symptoms known to come along with this infection among the young people 
includes nausea, vomiting, gnawing or burning abdominal pain, intestinal bleeding, 
gastric reflex, occasional fever, poor appetite, bloating abdomen, frequent burping, 
tiredness and weakness, and weight loss [5, 23].

7. Complications

From literature review, it has been well proven that H. pylori infection comes 
along with both gastric and extra-gastric complications which are likely to be devel-
oped by the infected young person [28]. These various complications are due to late 
eradiation of the infection, and most of the times resulting from its asymptomatic 
nature at the early stage, as younger children hardly develop complications [11, 29]. 
The large range of gastric complications of H. pylori infection includes severe recur-
rent abdominal pain, gastric esophageal reflux (GER), gastric mucosa-associated 
lymphoid tissue lymphoma (MALT), Peptic ulcer disease, gastric adenocarcinoma, 
chronic gastritis, and others [4]. Also, some extra-gastric conditions that may be 
present in the delay eradication of the infection among the young people includes 
iron deficiency anemia, chronic idiopathic thrombocytopenic purpura, growth 
retardation, diabetes mellitus, coronary heart disease, normal tension glaucoma 
and others [9, 28].

Studies reveal that more than 50% of the children in Europe affected with 
H. pylori experience retarded growth [24]. Different literatures have presented 
with the fact that young people who have acquired H. pylori infection have 1–2% 
life time risk of developing stomach cancer, whiles 60–70% are likely to develop 
gastric mucosa-associated lymphoid tissue lymphoma (MALT) [19, 24, 29, 30]. 
Complications like gastric cancer resulting from H. pylori infection has been proven 
to be a significant health problem in the world, as identified to be the third most 
major cause of cancer-related mortality of 723,100 in the year 2012 [11].

8. Diagnostic investigations

Scientists have done their possible best to make available various scientific 
means to help diagnose individuals who have been infected with H. pylori [6]. 
Although H. pylori infection can be acquired globally, regular test for the presence 
of H. pylori among individuals are not recommended due to the fact that most 
patients do not develop significant gastro duodenal disease [2]. The European 
Helicobacter Study Group recommended that diagnostic investigation should be 
done for children with family history of Peptic ulcer disease, and chronic abdominal 
pain [2]. Testing and eradication therapy is only requested for infected individuals 
who are suspected of developing Peptic ulcer disease so as to reduce the rate of anti-
biotic resistance [13]. According to literature, the various diagnostic investigations 
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have been categorized into invasive or endoscopic test and non-invasive or non-
endoscopic test [2, 6].

Non-invasive scientific methods include Urea breath test with a sensitivity rate 
of 90–96% and specificity rate of 88–98%, Antibody test has sensitivity rate of 
88–94% and specificity rate of 74–88% [2, 12], and Fecal Antigen test which also 
has sensitivity rate of 91–96% and specificity rate of 95–96% [31]. Invasive diag-
nostic test is also made up of histology, and it has a sensitivity rate of 93–96% and 
specificity rate of 98–99%, Culture has a sensitivity rate of 80–98% and specificity 
rate of 100%, Rapid Urea test has a sensitivity rate of 88–95% and specificity rate 
of 95–100%, as well as Polymerase Chain reaction which has a sensitivity rate above 
95% and specificity rate also above 95% [2]. As revealed by studies, two or more 
tests are very much required to accurately establish the present of the bacterium 
H. pylori [3, 22]. Also, non-invasive methods are more reliable among the young 
people before and after treatment, whereas the invasive ones are difficult to  
perform among younger children [3, 5, 31, 32].

9. Management

The management of the infection H. pylori is based on three main criteria 
including destroying the micro bacterium H. pylori, treating the ulcer present 
either in the stomach or duodenum, and to prevent the recurrent of the infection 
which can be possible after 7 to 14 days of treatment [33]. Studies have shown that 
the only effective management strategy to reduce H. pylori associated with gastric 
cancer and extra-gastric complication is the eradication regimen [11]. In 70–95% 
of the cases, eradication of the microorganism is successful whereas 50–80% of the 
cases progress into cancers [33]. The triple therapies have been reported to have 
sufficient therapeutic rate of 85–90% [34, 35]. Antibiotics such as Amoxicillin, 
Clarithromycin, Metronidazole, Tetracycline, or Tinidazole can be used to kill the 
bacterium [33]. Dexlansoprazole, Esomeprazole, Lansoprazole, or Omeprazole can 
be used to decrease the secretion of gastric acid within the stomach by blocking its 
production source [33]. Cimetidine, Famotidine, Nizatidine, or Ranitidine is usually 
used to inhibit histamine that mediate the production of the gastric acidic content 
that is likely to erode the wall lining of the stomach [33]. Among individuals with 
H. pylori infection, surgery as treatment is not an option, but can be recommended 
only for victims that are developing severe complications like the malignancies [34].

It has been identified that the first-line eradication management for standard 
triple therapy must be Amoxicillin, Clarithromycin, and Proton-pump inhibit 
(PPI) for a time period of 14 days [34, 36]. PPI, Metronidazole, Amoxicillin, and 
Clarithromycin have been proven to have eradication efficiency rate of 84.3% 
[11]. In order to confirm the complete eradication of H. pylori infection, treated 
patients must be tested again even after management [13]. Higher weight-based 
doses of Proton-pump inhibitor (PPI) management regimen are what young chil-
dren need as against the adolescents and the elderly, and it has also been proved to 
be very efficient in dealing with the eradication of the infection [13]. However, the 
test-and-treat management strategy is less recommended for young patients below 
the age of 14 years [36]. Studies have shown that washing of hands thoroughly 
and frequently, drinking of safe water, as well as eating well prepared foods can 
help prevent the infection of H. pylori among the youngsters [5]. Recently, studies 
have recommended the addition of iron therapy in the management and establish-
ment of H. pylori infection eradication [10]. In the eradication therapy strategy, 
sequential therapy has been proven to command positive results of more than 
90% efficiency [10]. The duration of the eradication therapy is also very much 
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important, and research studies as well as commendation from the European and 
United States indicates that 14 days of sequential treatment is the most potent 
among the durations 7,10, or 14 days [37].

10. Rate of antibiotics resistance

There are few numbers of antibiotics used in the treatment of H. pylori infection 
among children [36]. The increase rate of antibiotic resistance to the management 
of H. pylori infection has become obvious [38]. Therefore, recommendations have 
been made that drug susceptibility test is to be conducted before treatment so 
as to identify the corresponding regimen needed for accurate management [3]. 
A study conducted in Cameroon in the year 2019 revealed that Amoxicillin and 
Metronidazole have the highest resistance rate of 97.14% and 97.85% respectively, 
and so recommendation was made that they should be avoided as components of 
the triple therapy in the eradication of H. pylori infection especially among the 
young people [38]. In countries like Nepal and Bangladesh, Metronidazole resis-
tance rate recorded by studies were 88 and 84% respectively [11]. Another study 
conducted in Vietnam showed that Clarithromycin, Levofloxacin, and Tetracycline 
have the resistance rate of 34.1, 29.7, and 17.9% respectively [39]. Common treat-
ment strategies for H. pylori eradication have been observed to have a failure rate of 
20% [37].

The resistance rate of Clarithromycin increased from 13% in the year 2006 to 21% 
by the year 2016 [39]. Countries such as China, Turkey, Japan and Italy, and Sweden 
and Taiwan have recorded Clarithromycin resistance rate of 50, 40, 30, and 15% 
respectively [10]. A study conducted among isolates revealed a multiple drug resis-
tance pattern of 42.57% double therapy, 15.71% triple therapy, and 5.71% quadruple 
therapy [38]. There is a high antibiotic resistance rate in H. pylori infection than in 
other bacteria, due to the increase misuse and overuse of antibiotics for the treatment 
of other infections in most developing nations [11]. Some contributing factors such 
as inability to responding to treatment, and gastric suppressant inadequacy results 
in antibiotic resistance among young people [34]. Due to the great impact of the 
resistance in the treatment of H. pylori, World Health Organization (WHO) in the 
year 2017 identified it as part of the common cause of community-acquired infection 
[11]. It has been recommended that second line therapy be included in the eradication 
of H. pylori since the first line therapy has been observed to have about 20% rate of 
failure [37].

11. Conclusion

Numerous factors might play different roles in the development of Peptic ulcer 
disease, but one significant biological factor that has been associated with the 
occurrence of this global gastrointestinal health problem is the H. pylori. Poor socio-
economic status, poor personal and environmental hygiene, drinking contaminated 
water, eating contaminated food, and overcrowded arears have been identified to 
make school going children more prone to developing H. pylori infection at the 
early stages of life. H. pylori infection is associated with gastritis, and gastric ulcers. 
Therefore, early detection and effective treatment of the infection is needed to well 
establish its eradication and further prevent any clinical complications likely to 
develop in the later years of life. In the aspect of prevalence rate, complications, rare 
occurrence of malignancies, age-specific problems with diagnostic test and drugs, 
as well as for increased rate of antibiotic resistant, children differ from the elderly in 



Peptic Ulcer Disease - What’s New?

28

Author details

Sampson Weytey
Valley View University, Accra, Ghana

*Address all correspondence to: sampsonweytey@gmail.com

terms of H. pylori infection. Therefore, some recommendations for the elderly may 
not be relevant to the youngsters.
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Chapter 3

Peptic Ulcer Disease
Carlos A. Casalnuovo, Pedro A. Brégoli, 
Cesar J. Valdivieso Duarte and Carlos A. Vera Cedeño

Abstract

Peptic ulcer disease, including duodenal and gastric ulcers, is associated with 
potentially life-threatening complications, including bleeding, perforation, and 
gastric outlet obstruction. Stomach lesions are located preferentially along the small 
curvature in the transition zone between the body and the antrum; in the duodenum 
those lesions are located in the duodenal bulb, where posterior lesions are usually 
associated with hemorrhage and the anterior ones with perforation. Peptic ulcer 
disease affects approximately 5–10% of the population worldwide and represents an 
important cost for public health. Peptic ulcers pathogenesis is complex and involves 
multifactorial processes, which basically occurs by an imbalance between aggressive 
and defensive factors of the gastric mucosa. Gastric mucosa is continuously exposed 
to harmful substances and factors, whether endogenous (acid secretion, peptic 
activity, and biliary secretion) or exogenous (Helicobacter pylori infection, alcohol 
abuse, smoking habit, and nonsteroidal anti-inflammatory drugs (NSAIDs)) and 
stressful life habits.

Keywords: peptic ulcer disease, bleeding, perforation, gastric outlet obstruction, 
gastric ulcer complications

1. Introduction

Peptic ulcer disease (PUD) is common with a lifetime prevalence in the general 
population of 5–10% and an incidence of 0.1–0.3% per year. Peptic ulceration 
occurs due to acid peptic damage to the gastroduodenal mucosa, resulting in 
mucosal erosion that exposes the underlying tissues to the digestive action of gas-
troduodenal secretions. This pathology was traditionally related to a hypersecretory 
acid environment, dietary factors, and stress. However, the increasing incidence of 
the Helicobacter pylori infection, the extensive use of NSAIDs, and the increase in 
alcohol and smoking abuse have changed the epidemiology of this disease. Despite 
a sharp reduction in incidence and rates of hospital admission and mortality over 
the past 30 years, complications are still encountered in 10–20% of these patients. 
Complications of peptic ulcer disease include perforation and bleeding, and 
improvement in medical management has made obstruction from chronic fibrotic 
disease a rare event [1].

2. Bleeding

Bleeding is a common complication and the leading cause of death from peptic 
ulcer. Requiring endoscopic therapy in the onset of bleeding, rebleeding and 
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multiple comorbidities are predictive of mortality. Treatment often requires the 
participation of a multidisciplinary team.

2.1 Definition

Upper gastrointestinal bleedings (UGBs) are those originating proximal to 
Treitz angle, including diseases of the esophagus, stomach, duodenum, and those 
generating haemobilia, such as tumors or trauma of the liver, bile duct, and pan-
creas. Approximately 20% of peptic ulcers have an episode of bleeding, and 25–30% 
of them repeat it.

2.2 Pathophysiology

The wall of the stomach has a complex irrigation. By eroding the wall, peptic 
ulcers may injure a large vessel causing bleeding; once it starts, gastric acid becomes 
more harmful because a pH of 6 or below diminishes platelet aggregation and clots 
get unstable. In the duodenum, irrigation comes from the gastroduodenal and 
pancreaticoduodenal arteries, which are larger in the posterior wall, and that’s why 
the majority of hemorrhage complications are related to posterior wall duodenal 
ulcers. Loss of intravascular volume leads to shock, the severity of which is deter-
mined primarily by the amount, speed, and body’s ability to compensate blood 
lost. Hypovolemia causes a reduction in tissue perfusion. The first compensation 
phenomena are the release of catecholamines that generate vasoconstriction.

2.3 Clinical presentation

The initial management is essential. Based on the grade of hypovolemia, the 
patient may be hemodynamically compensated or need an urgent transfusion. 
Treatment depends on patient’s general condition after bleeding onset. Clinical 
presentation may be oligosymptomatic, with or without history of PUD symptoms, 
and without rebleeding it would whether go unnoticed or be diagnosed in a follow-
up check, usually by anemia; it would also be presented as a complication in the 
evolution of a previously diagnosticated peptic ulcer. Almost 30% of ulcers begin 
their clinical manifestations with bleeding.

Bleeding can also be classified based on the percentage of blood lost, into:
MILD, if the loss is less than 10% of the total blood volume.
MODERATE, when it is 10 to 20%.
SEVERE, with a loss of more than 20% of the total blood volume.
There is also another classification according to the volume lost and the conse-

quent management (Table 1).
Taking the history of the patient should identify those patients with systemic 

diseases that may predispose or promote bleeding such as gastric or duodenal 

ml Blood volume (%) Treatment

I <750 <15 Fluids

II 750–1500 15–30 Fluids

III 1500–2000 30–40 Fluids + blood

IV >2000 >40 Fluids + blood

Table 1. 
Hypovolemic classification.
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pathology, liver disease that predisposes to coagulopathies, portal hypertension, 
stress situations, and use of NSAIDs or anticoagulants.

2.3.1 Signs and symptoms

Hematemesis is usually absent in mild bleeding, while melena (tarry stools) is 
evident with 50–100 ml of blood. The presence or absence of hematochezia depends 
on the bleeding rate and the speed of bowel transit. The paleness of the skin and 
mucous membranes depends on the degree of anemia, while orthostatism is one of 
the first symptoms of hypovolemia.

2.4 Diagnosis

In cases with doubts, a nasogastric tube may show traces of blood or active 
bleeding, with a 10% of false-negatives.

2.4.1 Physical examination

As bleeding progresses, tachycardia, arterial hypotension, tachypnea, oliguria, 
poor peripheral perfusion, Glasgow deterioration, and shock appear. Digital 
rectal exam can evaluate rectal content and differentiate between melena and 
red blood.

2.4.2 Laboratory

Hematocrit: In acute bleeding and the first hours, it is practically not modified 
then it is more useful for the replacement of the blood volume lost and control for 
eventually rebleeding scenario. Anemia without signs of hypovolemia suggests 
slow bleeding (chronic anemia). In UGB, the elevation of urea in the blood is very 
common, without being part of diagnostic criteria.

2.4.3 Endoscopy

It is the main diagnostic procedure with an efficiency of 80 to 90%. It has three 
goals: to make a diagnosis, to stop bleeding, and to assess the risk of rebleeding.

Endoscopy should not be deferred. It evaluates:

1. Topographic diagnosis. Location of the bleeding lesion (esophagus, stomach, 
or duodenum) and other possible lesions. Endoscopy is essential due to the 
possibility of treatment, since bleeding endoscopic treatment may avoid gas-
trotomies or duodenotomies.

2. Etiological diagnosis. Both tactics and opportunity change depending on the 
cause and pace of bleeding.

3. Evaluation of the “Type of Bleeding”. Forrest et al. [2] (Table 2) described 
the characteristics of bleeding lesions, to unify diagnostic and prognostic 
criteria.

4. Application of a therapeutic procedure (Figures 1–4).

Other options of exceptional need, given the persistence of bleeding without 
endoscopic findings, are:
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Figure 1. 
Spurting hemorrhage.

Forrest classification Rebleeding (%)

I. Active bleeding Ia. Spurting hemorrhage (Figure 1) 90–100

Ib. Oozing hemorrhage (Figure 2) 80–85

II. Signs of recent bleeding IIa. Non-bleeding visible vessel (Figure 3) 40–45

IIb. Adherent clot on lesion (Figure 4) 20–30

IIc. Hematin-covered lesion 5

III. Lesion without bleeding <3

Table 2. 
Forrest classification.

Figure 2. 
Oozing hemorrhage.
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2.4.4 Selective arteriography

Sensitivity depends on the bleeding extent and the operator. Lesions such as 
tumors or vascular malformations can be detected even if they are not bleeding at 
the time of the study. Arteriography could also be therapeutic by the possibility of 
eventual embolization, making this technique analog to endoscopy (diagnostic and 
therapeutic). Topographically locates the bleeding area if there is a loss greater than 
0.5 cc/minute.

2.4.5 99mTc-labeled red cell scintigraphy

A technetium Tc 99m-labeled red cell scan is another diagnostic resource 
with specific indications and may be helpful in localizing the source of bleeding, 
although with brisk bleeding the time required for the scan is problematic and 

Figure 4. 
Adherent clot on lesion.

Figure 3. 
Non-bleeding visible vessel.
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urgent surgical intervention may be more expeditious. Topographically locates the 
bleeding area if there is a loss greater than 0.2 cc/minute.

2.5 Natural evolution

It is estimated that more than 70% of UGB by peptic ulcer respond to medical 
treatment. Adding endoscopic to medical treatments, the bleeding control reach 
90%. Rebleeding is a proven prognostic factor. With an effective endoscopic proce-
dure, it is only seen in 10% of those under 60 years old and in 15–20% of those over 
60 years. The worst scenario of rebleeding is when the endoscopic treatments are 
already exhausted and the patient remains with hypovolemia, and increasingly in 
worse conditions which usually contraindicates getting the patient to the operation 
room. Between 5 and 10%, they are discharged without etiological diagnosis.

2.6 Treatment

2.6.1 Medical treatment

After initial evaluation of the patient, fluid resuscitation may be achieved by 
canalizing two peripheric veins with 14 Fr catheters. Due to persistence of hypo-
volemia (hypotension) without response to fluid resuscitation, blood transfusion 
is mandatory. Hypovolemic shock would require the placement of a central venous 
catheter that measures venous pressure, or Swan-Ganz catheter placement to mea-
sure the pressure in the pulmonary artery when the shock is severe. Simultaneously 
and according to severity, a mechanical ventilation is evaluated in order to achieve 
integral life support management.

Catheterization of the bladder is to control urine output. A nasogastric tube is 
useful if there is Glasgow deterioration, to prevent regurgitation of gastric contents 
to the airway. It can also evaluate bleeding; aspiration favors an eventual endoscopy.

A gastric pH > 6 is ideal to decrease the risk of rebleeding. In 95% of cases, it is 
achieved with proton pump inhibitors (PPIs) in intravenous doses of 40–80 mg/day.

2.6.2 Endoscopic treatment

Until the mid-80s, endoscopy was only diagnostic. Nowadays, it is very common 
to attempt for endoscopic hemostasia before indicating surgical treatment.

The most accepted technique is the adrenaline or epinephrine 1:10,000 injec-
tion, and better results would be obtained if sclerosing agents such as ethanolamine 
oleate, human thrombin, or cauterization are added. Other methods such as bipolar 
electrocautery (Figure 5), laser (Figures 6 and 7), elastic bands, or hemo-clips are 
effective but require more training and specific equipment. Currently, endoscopic 
treatments are effective in more than 90% of cases.

Hemostasis in lesions with pulsatile bleeding have more than a 50% chance of 
rebleeding, but it also facilitates hemodynamic stabilization until surgical interven-
tion. In those with a visible vessel without active bleeding, the incidence of rebleed-
ing is 40–50%, while lesions with a clot adhered rebleeding rate is estimated around 
20–30%, so a second endoscopic treatment is suggested at 48 h.

2.7 Rebleeding

It is defined as a new episode of hematemesis and/or melena, associated with 
signs of hypovolemia or anemia. This must be confirmed by endoscopy. The risk 
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of rebleeding depends on several factors, such as, massive UGB, persistence of 
hemodynamic instability, delay endoscopic treatment, larger size of the ulcer, those 
having a visible vessel or a clot attached, even without active bleeding and posterior 
duodenal ulcers.

After endoscopic treatment, administration of proton pump inhibitors decreases 
rebleeding risk.

Figure 5. 
Rebleeding.

Figure 6. 
Endoscopic treatment.
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2.8 Surgical treatment

Modern medical and endoscopic treatments have decreased the frequency of 
operations for upper gastrointestinal bleeding.

Surgical indication:
The criteria or guides that stand out are:

1. Magnitude of bleeding

Hypovolemic shock has a “period of reversibility,” so if hemodynamic stability 
is not achieved, an operation should be chosen.

According to this criterion, surgery is indicated when bleeding requires more 
than five blood units in the first 24 h.

2. Persistence of bleeding

Between 5 and 10% of patients with UGB keep bleeding once the initial hypo-
volemia is controlled and even after medical and endoscopic treatments.

With these criteria, the operation is indicated when there is a daily require-
ment of two blood units, for 4 days or more.

3. Rebleeding

It occurs between 10 and 30% of the hemorrhages already treated. It is recom-
mended that patients at high risk of rebleeding should have a new evaluation 
in the following 2 or 3 days. In the face of new bleeding, the surgical indication 

Figure 7. 
Endoscopic electrocoagulation of an active bleeding.
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is urgent, because treatment alternatives are exhausted, the failure of a new 
endoscopic procedure is very high, and the patient deteriorates rapidly.

Surgical tactics:
The main objectives of the operation are:

1. Control of bleeding

2. The cure of ulcerative disease, if feasible, but is not the main objective. Main-
taining postoperative PPI therapy is mandatory.

In the plan matters patient general condition, the history of the PUD, its loca-
tion, the operative risk, and the experience of the surgical team.

2.8.1 Gastric ulcer (GU)

Surgeons have two options:

1. Hemostatic suture

It is the first option because of its simplicity and results and is indicated also in 
patients who had not received right medical treatment. The hemostatic suture 
consists of making deep suture throughout the extension of the ulcer, with 
nonabsorbable material or very slow absorption and using semicircular and 
strong needles, due to sclerosis of the peri-ulcerous tissue.

2. Gastrectomy

It is feasible in compensated patients. As the most frequent gastric ulcers are 
in the middle and distal thirds, the most used operations are antrectomies and 
hemigastrectomies, trying to avoid subtotal resections. The need for a total 
gastrectomy for PUD is exceptional. When the procedure does not include re-
section of the ulcer, biopsies should be taken before hemostasia, for the chance 
of having a bleeding carcinoma.

2.8.2 Duodenal ulcer (DU)

There are several options.

1. Hemostatic suture (Figure 8): currently, it is the most used technique in non-
compensated and compensated patients. Because PPIs and H. pylori eradica-
tion cure more than 90% of DU, hemostatic suture and medical treatment 
from the immediate postoperative period have goods results and lowers risks. 
The technique of hemostasia is like in GU, adding an important difference in 
posterior wall ulcers due to their proximity to the bile duct. Another comple-
mentary option is the external ligation of the vessel that irrigates the anatomic 
portion where the ulcer is located.

2. Hemostasia and vagotomy with gastric drainage: in compensated patients and 
with chronic ulcer disease, adding a vagotomy with drainage to the hemostatic 
suture is a physio-pathologically correct criterion, but less used today. The re-
duction in acid secretion achieved with vagotomy is lower or the same in some 
cases as with proton pump inhibitors.



Peptic Ulcer Disease - What’s New?

42

2.9 Mortality

Mortality in patients admitted to hospital with UGB ranges between 5 and 10%, 
while in intensive care units, when there is bleeding as a complication of another 
serious disease, it can exceed 25%.

3. Perforated peptic ulcers

Perforations begin penetrating the layers of the viscera until they open freely 
in the peritoneum or are blocked by neighboring tissues or organs. They occur 
between 2 and 10% of patients with PU.

Perforation is a frequent cause of acute abdomen. The perforation causes the 
leak of chlorohydric acid in to the peritoneum, constituting over time in to sep-
tic shock.

3.1 Diagnosis

3.1.1 History

In 70% of those perforated, there is a history of ulcerative disease or a known 
diagnosis of GU or DU. The remaining 30% is divided between those who are perfo-
rated without previous symptoms and those who present symptoms of PU a few weeks 
before perforation. The pain of the perforation is very intense, with an abrupt begin-
ning and mid-abdominal predominance. Then it becomes continuous and spreads to 
the rest of the abdomen with propagation to the chest and shoulders. The intensity 
of the pain causes sweating, paleness, and superficial breathing. Peritoneal irritation 
causes an antalgic position to be adopted with the thighs flexed over the abdomen.

Figure 8. 
Longitudinally pyloro-duodenotomy and posterior defect transversal closure (pyloroplasty).
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With time, fever, arterial hypotension, ileus, and oliguria are added, and eventu-
ally if not treated achieving systemic failure.

3.1.2 Physical examination

Paleness of the skin and mucous membranes, tachycardia, and hypotension are 
common findings. When peritonitis is already installed, the patient is still and does 
not try to move. In the palpation of the abdomen, there is muscle contracture, (rigid 
abdomen) defense, and pain to decompression (Blumberg sign). The disappearance 
of hepatic dullness to percussion is a classical semiological maneuver (Jobert’s sign), 
which must be followed by radiological studies. It means the interposition of air 
between the liver and the abdominal wall (Popper’s sign).

Perforated ulcers are a constant surgical pathology at pace with advances in the 
medical treatment of peptic ulcer disease.

In 1987, Boey and Wong [3] scientifically analyzed several risk factors to con-
clude that mortality significantly increased

a. when there was preoperative shock;

b. when there were serious associated diseases; and

c. when treatment was started more than 24 h after perforation (most studies had 
used a 12-h parameter). Diffuse peritoneal contamination aged over 60 years 
and less than 3 months of ulcerative history had no value as isolated factors, 
but when they were associated with others.

The analysis of 613 perforations in Hong Kong recorded only 22.2% with one 
or more of the three main risk factors, which influenced the low overall mortality 
of 4.7%.

In 1989, we applied several risk factors to a retrospective series of 105 perfo-
rated at the “Hospital de Clinicas” [4]. Ninety-two percent had one or more of the 
following factors: (a) onset time of more than 12 h; (b) concomitance of associated 
serious diseases; (c) over 60 years of age, which led to a mortality of 26.7%. The 
first factor is related to the delay in treatment (58.1% had more than 12 h of perfora-
tion). Sometimes, the blame lays with the patient and their family members, but 
other times it is due to failures of primary medical care.

In our series, 33.3% were over the age of 60 years and 28.6% received corticoste-
roids or NSAID, figures similar to those of Watkins et al. [5].

When we evaluated patients without risk factors, mortality decreased signifi-
cantly similar to Boey’s [3].

The preoperative shock is associated with a misdiagnosis, late diagnosis, or 
medical mismanagement; therefore, its reduction depends on medical education.

In terms of diagnosis, experience plays a leading role, and the health organization 
of many countries means that care services are composed of doctors in training.

3.1.3 Imaging

A simple chest X-ray with visualization of the diaphragmatic domes shows 
pneumoperitoneum in 65–70% of perforated patients (Popper’s sign) (Figure 9).

When radiology does not show air in the cavity, it does not invalidate the clinical 
diagnosis.

If the patient has been perforating for a while and the hemodynamic conditions 
of the patient make it impossible for him to stand up, a chest X-ray can be performed 
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with the lateral position and the patient in the left lateral decubitus position in order 
to visualize air between the liver and the chest wall.

When is not found, it may be due to the immediate blockage of perforation by 
the omentum. It is more frequent in the elderly.

Because pneumoperitoneum is not objectifiable in 30–35% of those perforated, 
an alternative is pneumogastrophagy, which consists of injecting air into the stomach 
through the nasogastric tube. In this way, a pneumoperitoneum could become visible 
and have a more accurate diagnosis, reducing to one-third the time between perfora-
tion and surgery and therefore also decreasing mortality to one-third (K. Maull [6]).

3.2 Treatment

The initial management in the perforated PU is the usual performed on every 
visceral perforation.

Urgent hospitalization in a center with possibilities of laboratory, images, 
intensive care unit, and eventual surgery. Replacement of fluids with crystalloids 
and administration of analgesics. Nasogastric tube to reduce the effusion of gastro-
duodenal contents to the peritoneum and to evacuate the stomach before a possible 
emergency surgery. Antibiotics since the diagnosis is made. In case of shock, the 
placement of a central line, bladder catheter and hospitalization in an intensive 
care unit, antibiotics, continuous gastric aspiration, and PPIs are added, since the 
diagnosis of perforation is confirmed.

3.2.1 Surgical treatment

As a fact, every perforation is a surgical treatment emergency with three objectives: 
closure of the perforation, washing the cavity, and culture of the peritoneal fluid. The 
classic procedure for closing the perforation is by laparoscopy or laparotomy, making 
trans-parietal points with resorbable material and omentoplasty if feasible (Graham 
technique). In the GU, biopsy of the edges is done due to the eventuality of a perfora-
tion related to malignancy, but it is also done in the DU to identify HP infection. 
Laparoscopic treatment is the gold standard [7], and laparotomy is reserved for those 

Figure 9. 
Frontal chest X-ray. The air bubble below the right hemidiaphragm (on the left of the image) is a 
pneumoperitoneum.
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patients with general contraindications for laparoscopy as it happens with patients on 
established shock.

The conversion from laparoscopy to laparotomy rate varies between 0% and 
29%, being higher in patients who underwent surgery in shock.

3.2.1.1 Postoperative

The nasogastric tube should remain until intestinal peristalsis is reestablish. The 
administration of proton pump inhibitors, first intravenous, and then oral should 
continue until the healing of the ulcer. The presence or absence of H. Pylori is 
controlled by endoscopy.

At present time with the progress of medical treatment, practically only simple 
closure of the ulcer is performed [8]. The simple closure is a short and simple 
operation, and it is available to every surgeon; you can spend more time washing 
the peritoneal cavity, since peritonitis is the main cause of mortality. It forces a 
postoperative medical treatment for the possibility of another ulcer of acute lesions, 
perforation, or bleeding from the sutured ulcer.

3.2.1.2 Complications

Once the acute condition has been treated even with adequate antibiotic coverage, 
subphrenic abscesses, pelvic abscesses, or between the intestinal loops may be develop.

3.3 Morbidity and mortality

The prognosis of a patient with perforated PU depends on multiple factors:
Age is a non-modifiable factor, and comorbidities can be modified. The doctor 

is responsible for a quick diagnosis, and the surgeon is responsible of having good 
training and about choosing an appropriate tactic to each particular case.

Hermon Taylor in 1956 [9] described the nonsurgical treatment of perforated 
peptic ulcer, in which he considers that aspiration of the nasogastric tube and blocks 
the perforation with the omentum.

It is not convenient to replace surgery with this method, because more than 25% 
of patients had to be operated. This method has more complications, longer hos-
pitalization time, and more failure in the elderly. Gastric aspiration is useful in the 
preoperative or in the period when patients need preoperative stabilization of any 
previous conditions.

While the patient already diagnosed waits for the surgery and thus by some 
medical indication (anesthesiologist or other specialist), it is decided to delay it 
briefly in order to improve some associated disease.

The simplest effective treatment in a perforated peptic ulcer, as soon as possible, 
is simple closure and lavage of the abdominal cavity.

In summary, mortality in PU perforations for both laparoscopic and laparo-
scopic surgery remains high and varies between 4.8% and 10.2%.

In order to improve the prognosis in perforated ulcers, we must follow certain 
statements:

• Culture of the population in order to alert them of symptoms and awareness to 
hospitals.

• Effective primary care, that is, the first doctor who attends the patient makes 
an accurate and rapid diagnosis.
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• Prompt diagnosis reduces the time until surgical intervention, reducing 
morbidity and mortality.

• Antibiotic-onset prophylaxis to counteract the progression of infection.

• Emergency surgery and proper operation (limited to simple closure and 
peritoneal lavage in most cases).

4. Pyloroduodenal obstruction

For many years, pyloroduodenal obstruction (PDO) by peptic ulcer (PU) was 
one of the classic indications of gastric surgery.

As mentioned in this chapter, the big change occurred by the appearance of 
H2 blockers and then proton pump inhibitors (PPIs) and eradication of H. Pylori. 
Before these treatments, the PUs had as a characteristic an extended chronicity.

PDO is always preceded by week or months of dyspepsia. In general, they are 
progressive and rarely become total because consultations are earlier, except in 
areas of insufficient medical coverage.

There are two mechanisms of obstruction:

1. By edema and pylorus spams, in active ulcers. They were formerly called “soft 
pyloric syndromes” because of their good response to medical treatment

2. By the healing of old ulcers, causing fibrosis. They were known as “hard py-
loric syndromes” because they did not respond to antiulcer treatment and were 
surgically indicated.

4.1 Symptomatology

A minority of patients with PU begin their disease with PDO. The first symptoms 
are usually postprandial fullness for weeks or months. In more advanced stages, 
there are belching, nausea, and vomiting. The latter usually have traces of food from 
previous days and generally do not have bile. When provoked, they relieve symptoms 
immediately.

In cases of gastric retention by an active PU, the classic pain of ulcerative crises 
is added. In chronic PDO, anorexia leads to malnutrition and persistent vomiting 
causes dehydration, thirst, and hypokalemic and hypochloremic alkalosis due to the 
loss of hydrochloric acid and potassium.

4.2 Diagnosis

The symptomatology is so evident, that with the interrogation a diagnosis of 
gastric retention is made, although the etiology cannot be assured. The physical 
examination predominates weight loss, dryness of skin, and mucous membranes 
and oliguria. The abdomen presents with an asymmetrical distension to the left 
and can reach the pelvis, often with the shape of the distended stomach. Direct 
radiology of the abdomen shows large gastric dilatation and air liquid interphase 
characteristic of retention. X-rays contrasted with barium, which used to be 
routine, are contraindicated before an endoscopy and rarely help to establish the 
etiological diagnosis. Endoscopy is essential to detect pathology of the esophageal 
mucosa by reflux, ulcerative lesions of the gastric body, associated with PDO, and 
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discard a carcinoma or other non-ulcerative gastric pathology. In cases of retention 
due to active ulcers, if the endoscope passes to the duodenum, the need for further 
dilations decreases.

4.3 Treatment

Medical treatment: The replacement of fluids and electrolytes is a priority due 
to the abundant loss/lack of intake, meaning the correction of dehydration and the 
underlying acid-base disorder and in this way permitting the reversion of duodenal 
edema and transit reestablish. The nasogastric tube should remain as a permanent 
drain for several days. PPIs are the main medication to maintain a gastric pH > 4.

Endoscopic treatment: The pneumatic dilation of a stenosis due to PU is one of 
the main advances of the last decade, both for active ulcers and for scars stenosis. 
In most patients, several dilations are needed. The main risk is perforation, but its 
incidence is low. Pneumatic dilation is a first line of instrumental therapy, which 
relieves symptoms and can prevent or defer the need for surgical treatment.

Surgical treatment: Operations, along with the eradication of HP, are the most 
commonly used treatment. The percentage of patients who are operated is variable 
and is related to the time of evolution of the PUD. In PDO due to an ulcer in activity 
it can reach 64%, while in chronic ones with fibrous stenosis it exceeds 98%.

PDO operations are not an emergency and are indicated in clinically compen-
sated patients, which are achieved in the first week before intervention.

The surgery has two objectives. It decreases acid secretion, which is obtained 
with vagotomy (can be replace by PPI treatment), and improves gastric emptying, 
with gastrojejunostomy or antral resection.

Postoperative complications are the same as the ones for uncomplicated PU 
surgery. The most frequent is the delay in evacuation due to gastric hypotonia 
secondary to prolonged obstruction and usually improves in days or a few weeks.
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Chapter 4

The Surgical Management of 
Peptic Ulcer Disease
Gabriela Doyle and Annabel Barber

Abstract

The treatment of peptic ulcer disease has evolved substantially through the 
decades since the discovery of acid-reducing agents and helicobacter pylori bacteria. 
With the success of medical treatment, surgical therapy continues to play a less 
prominent role in the care of this disease. Operative candidates include the naive 
patient treated with over-the-counter NSAIDs who are often those with undiag-
nosed Helicobacter pylori, requiring less complicated initial surgery. With more 
surgeons graduating with less experience operating on PUD with evolving operative 
techniques, the question arises as to what constitutes the optimal surgical approach, 
especially in the elective vs. emergent settings. Recent literature discussing GI 
bleeding associated with COVID-19 also merits discussion of surgical options in this 
chapter. Future surgical options may include minimally invasive endoscopic surger-
ies akin to per-oral endoscopic myotomy of the pylorus; however, this has not yet 
been described in this disease.

Keywords: peptic ulcer disease, Helicobacter pylori, surgical treatment

1.  Introduction: The beginnings of peptic ulcer disease surgery and discovery 
of H. Pylori

Peptic ulcers are not a modern disease. Ulcers have plagued mankind since the 
age of Hippocrates (born 460 BCE), who had been known to use honey and mastic 
oil for symptomatic relief. Record of surgery for a gastric ulcer was found written 
in stone in the temple of Aesculapius at Epidaurus as described by Goldstein in 
1943: “A man with an ulcer in his stomach…Asklepios opened his stomach, cut out 
the ulcer, sewed him up again, and loosed his bonds. He went away whole, but the 
chamber was covered with his blood” [1], (Goldstein HI. Ulcer and cancer of the 
stomach in the middle ages. J Internal Coll Surgeons. 1943;6:482–489.) Millenia 
would pass by before Polish surgeon, Dr. Ludwik Rydygier, would begin the era 
of modern peptic ulcer surgery. In 1881, Rydygier performed the first successful 
antral resection for a gastric ulcer penetrating to the pancreas. Rydygier would go 
on to advocate for resection in the treatment of gastric ulcers in cases character-
ized by perforation or bleeding, and for antral cancer. The gastroenterostomy too 
was pioneered by Rydygier, performed for the first time by the Polish surgeon on a 
patient with a duodenal ulcer [2].

Exactly 100 years after Rydygier’s groundbreaking surgery, pathologist Dr. 
Robin Warren met Dr. Barry Marshall at the Royal Perth Hospital, Australia dur-
ing internal medicine fellowship training. Sharing an interest in the physiology of 
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gastritis, they spent 2 years studying the stomach and discovered the spiral bacteria 
H. pylori. Marshall and Warren developed the hypothesis that this bacterium played 
a role of the development of peptic ulcers. The pair went so far as to drink solution 
containing H. Pylori, predicting eventual ulcer development, and discovering in 
the following weeks that H. pylori had colonized the stomach and caused gastritis 
[3]. While initially met with some skepticism, the link between H. pylori and peptic 
ulcer disease served a pioneering discovery that changed the treatment for PUD and 
earned Marshall and Warren the Nobel Prize in Medicine in 2005 [4].

In the wake of Marshall and Warren’s achievement, new therapies evolved 
against peptic ulcer disease. Proposed treatments have been published since the 
1990s and updated to reflect the advancements in diagnostics, resistance to antibi-
otics, and geographic prevalence patterns. General regimens include acid-reducing 
agents and various antimicrobials [1]. Medical therapy has proven to be largely 
successful in combating H. Pylori, with eradication rates of 70–95% across several 
trials [5, 6]. The patterns of peptic ulcer disease have therefore shifted from a once-
common surgical problem to an entity treated effectively through oral medications.

2. The relevance of invasive intervention for PUD in 2020s

Several studies have shown that hospitalizations for peptic ulcer disease have 
declined since the 1980s [7–10]. However, despite improvement due much in part to 
the advancement of medical therapy, PUD persists in the population with a lifetime 
prevalence in of 5–10% and incidence of 0.1–0.3% yearly. Roughly 10–20% of these 
patients experience complications, including hemorrhage and less commonly, 
perforation [11]. The sequelae of PUD complications are often life-threatening and 
it is in these cases that surgical evaluation must be sought.

The current role for surgery in peptic ulcer disease is largely in the emergent 
setting, with bleeding, perforation, and obstruction as the major indications for 
intervention.

3. Operative approach: perforated peptic ulcers

In patients with perforated peptic ulcer disease with significant pneumoperi-
toneum, extraluminal contrast extravasation on diagnostic study, or signs of 
peritonitis, operative treatment is recommended [11]. It is further suggested that 
the operation is performed promptly (within 24 hours) to decrease morbidity and 
mortality [12, 13]. Endoscopy currently has no role in the treatment of acutely 
perforated peptic ulcers. The laparoscopic and open approaches have both been 
described in the management of perforated peptic ulcers. Selection of surgical 
approach is based at least partially on surgeon experience and available equip-
ment. In unstable patients, open surgery is favored. Several studies have pointed 
to comparable outcomes between open and laparoscopic surgery including overall 
postoperative complication rate, mortality, and reoperation rate. Laparoscopic 
surgery may have advantages in reducing hospital stay, lowering rate of surgical 
site infection, and less postoperative pain when compared to open surgery [14–16]. 
Robotic-assisted laparoscopic surgery has not been widely used for perforated or 
bleeding peptic ulcers and is not currently recommended in an emergent setting.

Several factors will tailor the ultimate surgical intervention to be performed. 
These include ulcer location, ulcer size, history of prior surgeries, prior ulcer 
treatment and patient stability. With gastric ulcers, excision of the ulcer with 
reconstruction of the resultant defect is the operative goal. For gastric ulcers located 
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in the greater curvature, antrum, or body of the stomach, a wedge excision of the 
ulcer usually can be performed easily with linear staplers. Wedge resection results in 
both closure of the perforation and obtaining a tissue sample for biopsy—a critical 
consideration give the reported 4–14% rate of malignancy in perforated gastric 
ulcers [17]. Ulcers along the lesser curvature present a challenge given the proxim-
ity to the GE junction and the left gastric arterial flow. In distal lesser curvature 
ulcer cases, a distal gastrectomy may be considered. The proximal ulcer close to the 
gastroesophageal junction may require a subtotal gastrectomy with a subsequent 
Roux-en-Y esophagogastrojejunostomy.

It is important to note that perforations of the pyloric channel and the duode-
num are functionally grouped together. Treatment of a small perforated duodenal 
ulcers (<2 cm) classically involves pedicled omentum placed into the defect as a 
repair. Primary repair, with or without an omental patch has also been described. 
Historically, an omental patch has been advocated to buttress a primary repair; 
however, recent studies point to no meaningful difference in leakage rate or mortal-
ity with addition of this step [18]. The operative approach to larger duodenal ulcers 
requires thorough calculation and a large range of interventions are available based 
on each patient’s individual scenario. An omental patch repair in duodenal ulcer 
perforations that are greater than 2 cm in size have an increased rate of postopera-
tive leaks (up to 12%) [17]. Partial gastrectomy with subsequent reconstruction 
via a gastroduodenostomy (Billroth I) or gastrojejunostomy (Billroth II) may be 
performed to address the ulcer and restore gastrointestinal continuity. Additionally, 
the jejunum can be used in a pedicled graft or serosal patch approach. The involve-
ment of the duodenum containing the ampulla of Vater is a particularly arduous 
challenge. When in doubt, the integrity of the ampulla should be investigated with 
intraoperative cholangiography. Damage-control procedures such as the Roux-en-Y 
duodenojejunostomy or pyloric exclusion may be warranted in patients with tenu-
ous stability. The duodenostomy tube should be considered as last-resort procedure 
when the patient’s hemodynamic status on the operating table will not allow for a 
more complex operation. An emergent Whipple comes with a high rate of morbidity 
and mortality and should generally not be attempted.

4. Operative approach: bleeding peptic ulcers

The evolution of endoscopic skills and technology in the last several decades has 
brought this technique to the forefront of bleeding ulcers and often obviates the 
need for surgical intervention. Early endoscopy (within 24 hours) is first-line ther-
apy with the employment of therapeutic endoscopic interventions as needed, along 
with the initiation of parenteral proton pump inhibitors [11]. Roughly 10–20% of 
patients will have recurrent bleeding despite endoscopic therapy, at which time 
repeat endoscopy should be considered [19]. Patients who remain hemodynamically 
stable thereafter without high-risk ulcer features may then be safely discharged 
with continued oral PPI management. Surgery becomes warranted in cases of 
bleeding peptic ulcers when endoscopy fails or when the patient is deemed high-
risk of a rebleeding event. Large ulcers (>2 cm) and hypotension at rebleeding are 
reported independent factors of predicting failure in further endoscopic treatment. 
Other features reported to prompt surgical consultation for further management 
include pulsatile bleeding, visible blood vessels in posterior duodenal ulcers, and 
transfusion requirement greater than 6 units of blood in the first 24 hours [20].

The surgical procedures currently used in bleeding gastroduodenal ulcers are 
on a spectrum of minimal to definitive interventions. The principal objective in 
life-saving surgery is hemorrhage control, which may be achieved through simple 
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intraluminal oversewing or ligature, plication, or excision of the ulcer and repair of 
the defect [20]. The initial procedure may also include control of the arteries of the 
stomach or duodenum through direct ligation.

5. The role of acid-reducing procedures

The management of emergent PUD has largely left out procedures that were 
designed to address the underlying problem--a once common consideration in all 
patients with PUD up until the 20th century. Acid-reducing procedures histori-
cally included division of the vagus nerve at various points in order to decrease the 
acetylcholine-mediated secretion of acid from parietal cells [21].

The truncal vagotomy is the division of the anterior and posterior trunks of the 
vagus nerves roughly 4 cm proximal to the gastro-esophageal junction. Stimulation 
of parietal cells is interrupted through this procedure; however, the lack of sympa-
thetic input to the stomach results in a lack of relaxation, thereby decreasing the 
propulsion of solids from the stomach into the small intestine. Therefore, a concom-
itant drainage procedure, consisting of a pyloroplasty or antral resection would be 
performed. A selective vagotomy is similar but involves division of the vagus nerves 
at the more distal anterior and posterior branches after the level of the celiac and 
hepatobiliary branching. The highly selective vagotomy (HSV) was tailored to avoid 
the need for a drainage procedure. The HSV involves division of the nerve fibers 
supplying the parietal cells of the fundus and body of stomach, sparing the “crows’s 
foot” fibers innervating the antrum and pylorus. Given the rise of medical manage-
ment, the role of the vagotomy with or without drainage procedures in peptic ulcer 
disease is limited to very few cases [22].

The main indication for consideration of an acid-reducing procedure are 
patients whose disease is refractory to medical management or those who cannot 
reliably participate or tolerate proton-pump inhibitors. Specifically, it is cases of 
duodenal ulcers (Type II and III) in which a vagotomy may be considered--gastric 
ulcers (TYpe I, IV) are not related to acid hypersecretion and therefore resection 
alone is indicated. In emergent situations, including bleeding duodenal ulcers and 
perforated duodenal ulcers, the use of a vagotomy is debated and is often surgeon-
dependent. In general, the presence of peritonitis, shock, abdominal abscess, delay 
in treatment over 24 hours, or severe concurrent medical illness are contraindica-
tions to lengthening the surgery by adding a vagotomy to the rest of the surgical 
management plan [22, 23].

6. Future surgical considerations

In the era of rapidly advancing surgical instruments and techniques, innovations 
in peptic ulcer disease surgery are rising in efforts to improve patient outcomes. The 
robotic platform is emerging as a feasible alternative to surgical treatment in the 
elective settings for many diseases. There have a been case reports of gastric resec-
tions performed safely with the assistance of the surgical robot, and whether the 
robot has a wider role for peptic ulcer disease merits exploration [24, 25]. Most prior 
reports of robotic assisted laparoscopic surgery for the stomach are those done for 
malignancy.

The pedicled omental plug for a large duodenal ulcer is a described twist on 
the classic omental patch closure. In this procedure, a nasogastric tube is inserted 
through the oropharynx and down through the perforation. A tongue of omentum 
is then secured to the tube via sutures and withdrawn into the stomach, where it is 
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sutured to the ulcer edges. This omental plug shows promise, as was associated with 
a lower recurrent leak and duodenal stenosis rate in a randomized trial comparison 
against the standard omental patch [26]. Falciform flaps may be a feasible option in 
patients who do not have a viable omentum [27].

7. PUD and the advent of COVID-19

With the introduction of SARS-CoV-2 to the world’s collective biome we have 
observed unprecedented patterns of illness, with both the aversion of presenting 
to an affected hospital and the virus itself affecting disease across multiple organ 
systems. We here present a look at the relationship, if any, between COVID-19 and 
peptic ulcer disease.

It is well-known that COVID-19 presents with respiratory symptoms; however, 
several other manifestations are being seen. In one study comprised of over 20,000 
patients, up to 29% had enteric symptoms including abdominal pain, nausea, 
vomiting, and diarrhea [28]. The pathophysiology of gastrointestinal tract mani-
festations of COVID-19 is thought to stem from several biochemical mechanisms 
including infection of the GI tract/liver leading to cellular inflammation and 
damage, dysbiosis enhancing the inflammatory response and cytokine storm, and 
affliction of the neuroenteric system [29].

GI bleeding is a reported, though less common manifestation associated with 
COVID-19. A rather high prevalence of PUD complicated by bleeding was noticed 
in one cohort of patients with moderate-to-severe ARDs caused by COVID-19 [29]. 
In another study performed on COVID-positive hospitalized patients undergoing 
endoscopy (n = 106), one-fourth of the studied population had peptic ulcers while an 
additional 16% had erosive/ulcerative gastro-duodenopathy [30]. The mainstay of treat-
ment in peptic ulcer disease is proton-pump inhibitors; however, at least one study has 
demonstrated that PPI treatment is associated with worse outcomes in those infected by 
SARS-CoV-2 and development of COVID-19 when compared to individuals who are not 
taking a PPI [28]. The mechanism responsible for this finding remains unclear.

Another factor to consider in patients afflicted with peptic ulcer disease is 
the pattern of behavior in seeking medical evaluation during a pandemic. As the 
admissions for COVID-19 related respiratory illnesses increased dramatically, 
several hospitals reported decreased admissions and emergency medicine visits for 
non-COVID related diseases [31–33]. Theories concerning this trends in admissions 
during the pandemic include failure to present to a hospital secondary to fear of 
contracting COVID-19, which may have made some cases of illness more profound 
up to the point of death in the community [33]. The first United States Coronavirus 
epicenter in New York performed a multicenter study looking specifically at emer-
gent general surgery admissions. Comparison to prior years indicated that there was 
an overall decrease in admissions with an overall increase in mortality. Peptic ulcer 
disease was one of the seven diagnoses that was observed [34]. A delay of 12 hours 
was found in 10 cases of complicated peptic ulcer disease in one institution during a 
two-month period [35]. The question arises if the increase in mortality is at least in 
part attributable to delayed presentation.

The full clinical spectrum of COVID-19 has not yet fully been elucidated. There 
is surprisingly limited data on the relationship between COVID-19 and peptic ulcer 
disease. The pathogenesis of ulcers in the setting of SARS-CoV-2 affliction may be 
related to direct gastric epithelial damage, stress resulting from the acute disease, 
or active mucosal inflammation sustained by cytokine storming [36]. Development 
of treatment guidelines in COVID-19 positive patients who sustain gastrointestinal 
manifestations of disease warrants further investigation.
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8. Final reflections

Peptic ulcer disease remains a healthcare issue across the world and requires an 
interdisciplinary approach. In linking H. Pylori and NSAID use to peptic ulcers, 
pioneering efforts in controlling PUD have largely been seen in the primary care 
setting. However, complications from PUD persist in the population, and surgical 
intervention will continue to play a role in the very worst of the disease burden. It 
is therefore the responsibility of the surgical community to advance care through 
innovation of technique to provide optimal outcomes. This is especially true in the 
era of a pandemic where healthcare dynamics are adversely affected.

© 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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Chapter 5

Vonoprazan Versus Conventional 
Proton Pump Inhibitor in the 
Therapeutic Armamentarium 
of Peptic Ulcer Disease and 
Gastroesophageal Reflux Disease
Radu Seicean

Abstract

Vonoprazan is a novel potassium-competitive acid blocker that has been intro-
duced as an effective treatment option in peptic ulcer and gastroesophageal reflux 
diseases. Its adverse events panel is encouraging compared to standard proton pump 
inhibitors, although higher hypergastrinemia and foveolar-type gastric adenocarci-
noma occurrence have been described. The efficiency is proved in gastric and duode-
nal ulcer, gastroesophageal reflux and gastric post- endoscopic submucosal dissection 
ulcers, with higher ulcer shrinkage rate and no incremental risk for bleeding. The 
new therapies containing Vonoprazan instead of convention proton pump inhibitors 
against Helicobacter pylori are safe and well-tolerated, being associated with a better 
eradication rate. However, the therapy should be adjusted to the body size.

Keywords: Vonoprazan, Helicobacter pylori, peptic ulcer, proton pump inhibitors, 
gastroesophageal reflux

1. Introduction

Vonoprazan is part of the potassium competitive acid blockers (P-CABs) 
family that has been reported as being effective against a range of stomach acid 
related conditions due to its acid suppressant activity. It activates on the final step 
of the acid secretion pathway, more specifically on the gastric H+/K + -ATPase 
proton pump. Due to its effects as an acid suppressor, vonoprazan is reported as 
being useful in preventing acid-related injuries due to excessive acid exposure. 
Pathologies, where such effects may prove useful, include gastroesophageal reflux 
disease (GERD), peptic ulcer disease (PUD) as well as infections with Helicobacter 
Pylori [1].

2. Methodology

We performed an extensive search of PubMed using the following terms: 
vonoprazan, ulcer peptic disease, gastroesophageal reflux disease, Helicobacter 
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pylori, NSAIDs, submucosal dissection limited to randomized controlled trials, 
multicenter studies, observational studies, and controlled or uncontrolled clinical 
trials. We applied filters for the English language and for the adult population.

3. Drug comparison

Vonoprazan, unavailable in Europe and USA, is classed as P-CABs that selec-
tively bind to the E2-P conformation of H+/K + -ATPase inhibit K + -stimulated 
acid secretion by competing with K+ in binding to E2-P. Together with proton 
pump inhibitors (PPI) are the drugs used to treat acid-related diseases because 
of their inhibiting action on H+/K + -ATPase. There are several differences in 
behavior and characteristics between these two drug categories. Vonoprazan 
has an ionic and reversible binding method which is different from the cova-
lent and irreversible binding of proton pump inhibitors (PPI). It can link with 
H+/K + -ATPase in both active and rest phases, meanwhile, the PPIs act only on 
the active phase. It is also acid-stable, unlike PPIs, and it has a greater half-life 
(9 hours) as opposed to PPIs (0.5–2.1 hours). Its potency of inhibition is 350 times 
higher than lansoprazole.

Vonoprazan is absorbed rapidly and reaches maximum plasma concentration 
at 1.5–2.0 h after oral administration. Food has minimal effect on its intestinal 
absorption. The mean apparent terminal half-life of the drug is approximately 7.7 h 
in healthy adults. Vonoprazan is metabolized to inactive metabolites mainly by 
cytochrome P4502. The plasma protein binding of vonoprazan is 80% in healthy 
subjects. It distributes extensively into tissues with a mean apparent volume of 
distribution of 1050 L. This aids in vonoprazan’s greater ease of use because it only 
requires only one administration to be effective and it is also flexible in its admin-
istration time, allowing for after meal administration in contrast to PPIs which 
require not only repeated administration but also strict before meal administration. 
It has also been observed that Vonoprazan administration leads to a significantly 
higher pH value (9.06) than PPIs (3.8–5.0). There is no correlation observed 
between median intragastric pH and CYP2C19 genotypes [1].

4. Role of vonoprazan in gastric/duodenal ulcer

Because vonoprazan elicited a more extensive gastric acid suppression than the 
proton pump inhibitor, lansoprazole, it also gave rise to two to three times greater 
serum gastrin concentrations as compared with lansoprazole. During repeated 
dosing of 20 mg once daily, the 24-h intragastric pH >4 holding time ratios were 63 
and 83% on days 1 and 7, respectively [2]. Vonoprazan is recommended by Japanese 
guidelines for healing gastric /duodenal ulcer as an alternative to PPI, both being 
superior to anti H2 treatment [3].

5.  Efficiency in use for post-endoscopic submucosal dissection (ESD) 
ulcers

5.1 Vonoprazan vs. esomeprazole

The first study that is to be discussed is a controlled test between a mix of 
Vonoprazan versus Esomeprazole in treating ESD-induced ulcers. Esomeprazole is 
a PPI, that is reported to have shown greater inhibitory action than other PPIs. This 
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study used patients who had undergone ESD for gastric neoplasm and excluded and 
who were either allergic to the medicine or had a severe heart or liver disfunction. 
The H. pylori patients received eradication therapy after the trial.

Out of a total of 84 patients, 40 were randomly assigned to the 20 mg 
Esomeprazole group and 44 to the 20 mg Vonoprazan group. Two patients could 
not complete the study, so the analysis was based on the remaining 43 patients in 
the Vonoprazan group and the 39 in the Esomeprazole group.

In the end, this study yielded no significant results that confirmed a difference 
between the two treatment options. At 4 weeks, the Vonoprazan group had an ulcer 
scar rate of 20.9% and a size reduction rate of 94.6%. Meanwhile, the Esomeprazole 
group had an ulcer scar rate of 15.4% and a size reduction rate of 93.8%. At the 
8-week point, the ulcer scar rate for the Vonoprazan group was 90.7% and 92.3% for 
the Esomeprazole group. The ulcer reduction rates were 99.7% for the Vonoprazan 
group and 99.3% for the Esomeprazole group.

Delayed bleeding occurred in one patient from the Vonoprazan group and 4 of the 
Esomeprazole group (2.33% and 10.2%, respectively). No perforations occurred in either 
group and while there was one case of Mallory-Weiss syndrome in the Esomeprazole 
group and one case of acute myocardial infarction in the Vonoprazan group, the inci-
dence of these conditions poses no statistical difference between the two drugs. As well 
as that, no adverse effects regarding the drugs used in the study were observed [4].

5.2 Vonoprazan vs. lansoprazole

The study drew patients from a population of Japanese natives treated with 
gastric neoplasm by use of ESD. They were then randomly distributed across two 
groups that were to be treated either with vonoprazan 20 mg (61 patients-V groups) 
or lansoprazole 30 mg (66 patients- L group).

The healing ratio at 4 and 8 weeks did not differ significantly between the V and 
L groups was statistically insignificant.

Delayed bleeding was observed in both groups of patients with no statistical 
difference between them. Perforation was observed in one patient from the V group 
and two patients from the L group [5].

Other randomized controlled trial on 216 patients evaluated the healing effects 
of vonoprazan and lansoprazole on ESD-induced ulcers. Again, there were no 
significant differences in the reduction rate of ulcers between the vonoprazan and 
lansoprazole groups at 4 weeks, 94.0 vs. 93.4% or 8 weeks, 99.8 vs. 99.9% [6].

5.3 Vonoprazan vs. Rabeprazole

From 190 patients who underwent ESD, there were 167 enrolled in the study, 
being split into a Rabeprazole group (n = 90), which received 20 mg rabeprazole 
orally once per day, and a V group (n = 77) which received 20 mg vonoprazan orally 
once per day.

The efficiency evaluation was done based on the healing ratio between 
vonoprazan and rabeprazole groups as well as the scarring ratio between the 
two groups.

The scarring rates of all lesions were not significantly different between the 
vonoprazan and rabeprazole groups (31.7 vs. 18.9%; p = 0.07). There were excep-
tions for lesions with a diameter ≤ 35 mm. For this category scarring rate in the 
vonoprazan group was superior to that in the rabeprazole group (42.2 vs. 19.2%; 
p < 0.05). This was also the case for ulcers with a surface lesser than 3–100 mm2, for 
which scarring rate in the vonoprazan group also was superior to that in the rabe-
prazole group (48.7 vs. 20.0%; p < 0.05).
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Overall, the reduction rate for all lesions was superior in the V group (93.0 
vs. 90.4%; p < 0.05), being distributed similarly to the scarring rates, meaning 
that lesions under 35 mm in diameter and 3–100 mm2 are shown to have superior 
healing times in the V group than in the R group. However, for those lesions 
greater than these, there have been no statistical differences in the reduction rates 
between groups.

It was also found that Vonoprazan is superior to Rabeprazole for compete for 
ulcer scarring (OR 2.21; 95% CI 1.03–4.71; p < 0.05), therefore reducing the risk of 
incomplete scarring for large lesions.

Further complications, such as delayed bleeding were found in both groups, but 
their distribution was statistically insignificant [7].

A meta-analysis study including (5 studies, 2 abstracts) patient’s healing rates 
at 4 and 8 weeks post-ESD was conducted in the early days of Vonoprazan’s intro-
duction in Japan had shown that a 20 mg Vonoprazan dose had similar treatment 
efficiency to standard PPI based treatment schemes [8].

Later on, another meta-analysis study was performed, also utilizing studies 
based on Japanese subjects, which showed significant results when comparing 
Vonoprazan with other PPI based treatments. In the end, six studies were selected. 
Initial results at a period between 4 and 8 weeks post ESD showed that the OR for 
complete healing in patients treated with Vonoprazan stood at 2.27 when compared 
with patients treated with PPIs. The statistical heterogeneity was insignificant, 
with an I2 of 0%. Subgroup analysis based on the time of repeated upper endoscopy 
yielded a significantly higher rate of completely healed ulcers in both the 4-week 
and the 8-week subgroup, with pooled ORs of 2.21 and 2.40, respectively. This 
meta-analysis has also shown that while the OR (0.79) of adverse effects is numeri-
cally lower for vonoprazan than PPI, statistical analysis has not been shown to be 
statistically relevant [9].

Another meta-analysis on 1328 patients showed a potential superiority on 
reducing the risk of post-ESD bleeding compared with PPIs, with a pooled OR of 
0.69, although there was no statistically significant difference, with a higher scar 
formation rate OR = 1.58 [10]. Therefore, it is conclusive to state that Vonoprazan 
is a superior treatment method in case of post-ESD ulcers, especially in the first 
2 weeks of treatment [11] and its side effects are no more severe than other PPI 
based treatments [12].

The bleeding rate in post ESD 1715 patients was lower for vonoprazan than 
PPI with an overall bleeding: 11.9% vs. 17.2%, p = 0.008; bleeding between days 2 
and 30: 7.8% vs. 11.8%, p = 0.015 and readmission rate for bleeding 2.4% vs. 4.1%, 
p = 0.081 in a retrospective study [13]. A prospective multicentric Japanese study 
showed that the rate of delayed bleeding in the Vonoprazan and PPI groups was 3.9 
and 4.4%, respectively with non-inferiority for the scar-stage ulcer at 6 weeks in the 
Vonoprazan group and 8 weeks in the PPI group was 68.3 and 74.6%, respectively 
(p = 0.19) [14].

6. Vonoprazan in the treatment of H. pylori

The triple therapy using PPI/amoxicillin/metronidazole or PPI/amoxicillin/
clarithromycine or PPI based quadruple (bismuth salt/tetracycline/nitro-imidazol) 
is associated with an 80–92% eradication rate [3]. The association of Vonoprazan 
with different antibiotics for HP eradication showed a high rate of eradication 
(97%) and in the patients who had prior treatments for HP, the non- vonoprazan 
therapy was associated with a lower eradication rate (91%) [15]. A multicentric 
randomized study proved that the 7-day vonoprazan and low-dose amoxicillin 
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dual therapy provided acceptable H. pylori eradication rates and a similar effect 
to vonoprazan-based triple therapy in regions with high clarithromycin resistance 
(eradication rate of 84.5% and 89.2%) [16]. A recent meta-analysis showed that the 
best results for HP eradication were obtained with vonoprazan triple therapy, over 
90%, and the standard triple therapy had the lowest results [17]. The recommenda-
tion of the 2020 guideline sustains the use of vonoprazan as first line therapy, using 
antibiotics such as amoxicillin, clarithromycin, or metronidazole [3]. When PPI is 
used as first-line therapy, the indication is to use quadruple therapy or sequential 
therapy [18]. For the second-line therapy, the association of PPI or Vonoprazan with 
amoxyciline and metrondazol is recommended [3]. Also, the incidence of adverse 
events in vonoprazan-based triple therapy was lower than that in PPI-based triple 
therapy (pooled incidence, 32.7% vs. 40.5% [19].

Successful H. pylori eradication with vonoprazan- amoxicillin dual therapy was 
associated with the small body size of patients (eradication rate: 90.8% in patients 
with body surface area < 1.723 vs. 79.6% in those with body surface area ≥ 1.723; 
p = 0.045). This showed that vonoprazan therapy should be adjusted to body 
size [20].

The impact of the therapy of eradication based on Vonoprazan was studied in 43 
patients in association with Amoxicillin or Amoxicylin/ Claritromicine. One year 
assessment of gut microbiota was modified qualitatively and quantitatively and 
correlations with the bodyweight were found [21].

7. Drug-induced ulcers

Vonoprazan is not recommended yet for treating ulcers that occurred after 
NSAIDS when the interruption of NSAIDs and association with PPI is considered, 
but they are recommended for their prevention [3].

7.1 Ulcer recurrence prevention during long term NSAID therapy

Those patients that receive NSAID treatment for chronic illnesses to manage 
inflammatory symptoms have been found to have a risk of ulcers as high as 62%. 
The current solution for patients that need this treatment is to prescribe acid block-
ers alongside the treatment.

One randomized controlled study compared Lansoprazol 15 mg with 
Vonoprazan 10 mg and 20 mg in patients under NSAIDs treatment but with no 
history of ulcer.

There were non-inferiority effects of Vonoprazan 10 mg and 20 mg when 
compared to the lansoprazole 15 mg group. Recurrent peptic ulcers within 24 weeks 
on endoscopy assessment were lower for the vonoprazan 10 mg (3.3%) and 20 mg 
(3.4%) groups compared with the lansoprazole 15 mg group (5.5%). The non-infe-
riority effect of vonoprazan 10 mg and 20 mg to lansoprazole was verified because 
the percentage difference between treatment groups was <8.3% (percentage differ-
ence − 2.2%, p < 0.001; −2.1%, p < 0.001, respectively). Tolerability was not appar-
ent to be related to the dosage in Vonoprazan patients [22]. In conclusion, in NSAIDs 
patients, the use of VPZ is recommended for the prevention of ulcer recurrence.

7.2 Ulcer recurrence prevention during low- dose aspirin therapy

Low dose aspirin is used to prevent thrombi formation in at-risk patients. Using 
this treatment, however, exposes the patient to possible recurrent ulcers. Thus, it 
is prescribed alongside PPIs to combat this side effect. One study on 574 patients 
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compared lansoprazole 15 mg and two Vonoprazan groups of 10 mg and 20 mg 
respectively.

The proportion of patients with endoscopically confirmed recurrent peptic 
ulcer during the 24-week treatment period (primary endpoint) was higher in the 
lansoprazole 15 mg group (2.8%; 6 of 213 patients) than in the vonoprazan 10 mg 
(0.5%; 1 of 197 patients) and vonoprazan 20 mg groups (1.5%; 3 of 196 patients). 
The differences in recurrence rate between the lansoprazole 15 mg group and the 
vonoprazan 10 mg and 20 mg groups were −2.3% and −1.3%, respectively. The 
non-inferiority of Vonoprazan to Lansoprazole 15 mg was verified (p < 0.001).

The differences in recurrence rates between vonoprazan 10 mg and lansoprazole 
15 mg (−2.3%) and between vonoprazan 20 mg and lansoprazole 15 mg (−1.3%) 
were not statistically significant [23]. In conclusion, PPI or Vonoprazan are recom-
mended for the prevention of low- dose aspirin therapy, including those with a 
history of ulcers or bleeding ulcers according to the Japanese guideline [3, 23].

8. Vonoprazan and gastroesophageal reflux disease (GERD)

As some patients with GERD are not controlled with their disease control under 
PPI, the vonoprazan therapy seems to be reasonable. In a retrospective study, GERD 
symptoms in the non-erosive group improved compared to baseline and remained 
better after 1 year of vonoprazan therapy, similar to the erosive group. Also, 
vonoprazan improved epigastric pain and postprandial distress symptoms in the 
non-erosive group and 1 year of vonoprazan therapy did not aggravate constipation 
or diarrhea [24]. A randomized controlled study on 73 patients with erosive esopha-
gitis compared vonoprazan 20 mg (n = 37) or 10 mg (n = 36) for 4 weeks as the 
initial treatment followed by maintenance treatment with 10 mg for 8 weeks. The 
vonoprazan 10 mg group showed a similar therapeutic effect to the 20 mg group 
in mucosal healing at 4 weeks and in symptom relief throughout the study period 
[25]. A metaanalysis comprising six studies on this subject showed that vonoprazan 
is more effective than PPIs for patients with severe erosive esophagitis [26]. In the 
case of refractory patients, the behavioral disorders seem to be responsible for it in 
20% of cases, so the high-resolution manometry, and 24-h multiluminal impedance 
pH-metry should be realized in such patients [27]. The level of pH should be higher 
than 5 for obtaining the clinical alleviation [28].

A cost-utility analysis proved that the Vonoprazan-first strategy increased 
quality-adjusted life years and appeared to be cost-effective for GERD patients 
compared with the esomeprazole- or rabeprazole-first strategies [29]. Intermittent 
use of Vonoprazan seems to be the most cost-efficient therapy in controlling GERD 
symptoms [30].

9. Conclusion

Vonoprazan has proven to be a viable and sometimes desired alternative to 
normal PPI treatment in case of ulcers or other circumstances that cause gastric 
acid imbalance. Its role in cost-efficiency analysis should be established in further 
studies.
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