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4.1  Gastroesophageal Reflux Disease

The most widely accepted definition of gastroesophageal reflux disease (GERD) is 
“a condition that develops when stomach contents cause troublesome symptoms 
and/or complications” [1].

The pathophysiology of GERD is multifactorial and complex and determined by 
interactions among multiple aggressive mechanisms and defensive factors.

Some mechanisms play a role in the provocation of GERD, schematically at the 
level of the esophagogastric junction (EGJ) such as Transient Lower Esophageal 
Sphincter Relaxations (TLESRs, low LES pressure, hiatus hernia (HH), and 
increased distensibility of the EGJ), above the EGJ in the esophageal body such as 
prolonged esophageal clearance, and below the EGJ such as acid pocket, delayed 
gastric emptying, and increased intragastric pressure. A number of other factors, 
indeed, may influence the intensity-frequency of GERD symptoms, including the 
phenomenon of peripheral (primary afferents) and central (spinal dorsal horn neu-
rons) sensitization, as well as the characteristics of refluxate (acidity, the presence 
of gas, the presence of bile acids, the proximal extent), the longitudinal muscle 
contraction, and the mucosal integrity.

The EGJ, that play a central role because it is the main defense against GERD, 
anatomically consists of the LES, the crural diaphragm, and the anatomical flap 
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valve, and acts as an antireflux barrier. LES, a short segment of tonically contracted 
smooth muscle at the very end of the esophagus, is considered the intrinsic sphincter 
and is surrounded by oblique gastric fibers that are fastened to the striated muscle of 
the crural diaphragm by the phreno-esophageal ligament, while the right crus of the 
diaphragm forms a sling that surrounds the distal esophagus (the extrinsic sphinc-
ter) augmenting the high-pressure zone of the LES [2, 3]. When these protective 
components are compromised, the deleterious effects are additive, resulting in 
abnormal esophageal reflux exposure.

TLESRs [4] by definition are characterized by complete prolonged (>10 s) LES 
relaxations not caused by swallowing and accompanied by inhibition of the crural 
diaphragm (CD) [5].

The dominant trigger for TLESR is distension of the proximal stomach, which 
stimulates afferent vagal innervation that input to the nucleus tractus solitarii in the 
brainstem and subsequently to the dorsal motor nuclei of the vagus. Dorsal motor 
nucleus neurons send motor outputs of the reflex circuit to inhibitory neurons local-
ized into the myenteric plexus of the distal esophagus and an integrated motor 
response involving LES relaxation through reflex inhibitory responses, longitudinal 
muscle contraction that reduces EGJ obstruction through tension-mediated LES 
relaxation and repositioning of the LES above the crura, crural diaphragmatic inhi-
bition, and contraction of the costal diaphragm as the final effector state of the 
TLESR reflex [6]. Compelling evidence has demonstrated that TLESR is the most 
frequent mechanism associated with gastroesophageal reflux episodes and essen-
tially the only operant mechanisms during period of normal LES pressure 
(>10 mmHg) [4, 7]. Although TLESR is a major mechanism of gastroesophageal 
reflux, patients with GERD do not have more frequent TLESRs than controls. 
However, the frequency of acid reflux during TLESRs has been reported to be 
greater in GERD patients [8, 9]. It is therefore not the frequency of TLESRs which 
cause GERD but alterations in the complex processes comprising TLESRs.

LES pressure measured by conventional esophageal manometry (including mean 
basal and end-expiratory LES pressures) continues to be reported and utilized [10]. 
However, LES pressure has been described consistently low only in small number 
of GERD patients [11, 12]. These parameters are descriptive terms and cannot be 
used to evaluate the LES and CD separately, and so cannot provide an accurate 
picture of EGJ function. In fact, the resting tone varies also in healthy individuals 
during the day reaching lower pressure in the postprandial state [13]. LES tone is 
under regulation of multiple myogenic and neurogenic factors that are modified by 
gastric distension, intraabdominal pressure, hormones, and medication [14]. 
Recently, the new technique of high resolution manometry (HRM) introduced new 
parameters that incorporate EGJ length and respiratory variability such as LES 
pressure integral [15] or EGJ contractile integral [16] and it has been demonstrated 
that these parameters are significantly decreased in GERD patients. The EGJ-CI is 
evaluated using the distal contractile integral (DCI) value at the EGJ during three 
complete respiratory cycles with a threshold of 2 mmHg above the gastric baseline, 
and the recorded value is divided by the respiratory cycle duration. The magnitude 
of contractility can be integrated over time and EGJ length, which are fundamental 
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for EGJ barrier function. The clinical utility of the EGJ-CI has been further investi-
gated to diagnose GERD [17] and recently it has been suggested its clinical utility 
after surgical intervention in patients with GERD and achalasia [18].

A HH is present when a spatial dissociation of the antireflux barrier at the EGJ 
into the intrinsic sphincter and extrinsic sphincter crural diaphragm exists [19], 
which is likely caused by the weakening or rupture of the phreno-esophageal liga-
ment [20]. Old studies in animal models demonstrated that severing the phreno- 
esophageal ligament reduced the LES pressure, and that the subsequent repair of the 
ligament restored the LES pressure to levels similar to baseline [21].

By using HRM it is now easily seen the spatial dissociation of the antireflux bar-
rier into intrinsic sphincter and hiatal canal pressure components, and it has been 
demonstrated that each of these components was of lower magnitude than the EGJ 
pressure of a comparator group of healthy individuals [22].

It has been accurately established that patients with HH have more reflux epi-
sodes and greater esophageal acid exposure than patients without HH [23, 24]. 
When the LES lies constantly above the diaphragm, the swallow-associated re-reflux 
from the hiatal sac impairs esophageal clearance [25], allowing a prolonged acid 
exposure of the mucosa. In fact, patients with large HH show a severe alteration in 
the clearance of refluxate [26]. Furthermore, prolonged acid clearance correlates 
with the severity of esophagitis and the presence of Barrett’s metaplasia [27, 28]. 
However, the threshold for these responses and complications vary and is likely to 
be influenced by the integrity of the epithelium [27, 28].

Traditionally the assessment of esophageal clearance has therefore focused on 
pH measures, and esophageal acid clearance time is determined by the time where 
the esophageal lumen is acidified to a pH of less than 4 after a reflux event. Recently, 
new methodologies such as impedance analyze bolus presence and clearance [29] 
and other parameters such as post-reflux swallow-induced peristaltic wave index 
and nocturnal baseline impedance parameters have been demonstrated to improve 
the diagnostic yield of impedance-pH monitoring and might identify subpopula-
tions that will respond to acid suppression [30].

Peristaltic dysfunction is considered a potential cause of prolonged reflux expo-
sure and acid clearance and an important contributor to the severity of esophagitis.

Delayed gastric emptying and altered motor function of the proximal stomach 
have often been described in GERD. It is uncertain, however, how much these alter-
ations contribute to the increased gastroesophageal reflux [31]. The acid pocket was 
firstly described in 2001 as layer of unbuffered acidic, gastric juice sits on top of the 
meal, close to the cardia, ready to reflux in the postprandial period [32]. The acid 
pocket is present in GERD patients and controls. However, alterations in its location 
and/or distribution may favor acid reflux from the pocket and partially explain the 
difference between GERD patients and controls [33].

Central obesity increases the intragastric pressure [34] and the gastroesophageal 
pressure gradient. Both of them favor reflux of gastric content [35] and are also 
predictors of HH development [36]. Interestingly, it has been demonstrated that 
small decrease in weight (approximately 10–15 lbs) can reduce GERD symptoms, 
possibly reducing the pressure gradient and burden on the antireflux barrier [37].
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The severity of esophageal acid exposure to gastric content does not directly cor-
relate to the severity of symptoms. It is a matter of fact that patients with non- 
erosive reflux disease (NERD) and patients with PPI refractory symptoms are 
hypersensitive to minor stimuli while patients with severe esophagitis and Barrett 
are often hyposensitive or even asymptomatic [38]. In the last decade, a number of 
patient-related factors such as peripheral and central sensitization, impaired muco-
sal barrier function and possibly genetic factors together with the acidity, the proxi-
mal extent, the presence of bile acids and the presence of gas in the refluxate have 
been taken into account to explain the differences in perception in specific subtypes 
of GERD symptoms [39]. At peripheral level, nerve endings in the submucosal 
layer are belived that mediate the sensitivity to refluxed gastric contents. A loss of 
mucosal barrier function has been demonstrated in GERD that might allow compo-
nents of refluxate can easily reach nerve endings and increase symptoms [40, 41].

Dilated intercellular spaces studied by histology or, most accurately, by 
electron microscopy of esophageal biopsies have been demonstrated in GERD 
as expressions of the loss of mucosal barrier integrity [42]. Recently, another 
technique, baseline impedance, has been used to evaluate the mucosal integrity 
[43, 44].

Acid and bile reflux have been involved in causing the dilation of intercellular 
spaces and increase in mucosal permeability suggesting that luminal aggressive 
refluxate activate receptors on submucosal nerve endings, then inducing symptoms 
[40, 45]. In last decade it has been suggested that refluxed gastric material stimu-
lated esophageal epithelial cells to secrete cytokines that attracted immune cells, 
which ultimately damaged the mucosa [46] and, in 2016 a preliminary study of 12 
patients with severe esophagitis successfully treated with PPI therapy, the interrup-
tion of PPI results in submucosal infiltration by T cells and dilated intercellular 
spaces in the basal layer without loss of surface cells [47].

The presence and density of reflux-sensing receptors such as transient receptor 
potential vanilloid type-1 (TRPV1), acid-sensitive ion channels, and the protease- 
activated receptor 2 (PAR2), which are all expressed in human esophageal mucosa 
might also determine symptom occurrence during reflux events and possibly deter-
mining esophageal hypersensitivity to reflux [48, 49].

The pathogenesis of esophageal hypersensitivity, however, could involve also 
central mechanisms that increase sensitivity of incoming signals from the esopha-
gus affecting spinal cord excitability and altered descending modulation of nocicep-
tive processing. These are regulated by factors that affect central mechanisms, such 
as stress, anxiety, and personality traits [50]. Stress is often presumed to alter central 
processing of afferent signals, such as heartburn, but animal studies showed that 
acute stress led to dilation of intercellular spaces in the esophagus, which could also 
account for the increased sensitivity to reflux [51].

GERD patients show reduced quality of life [52]. In presence of depression and 
especially anxiety, GERD patients have more symptoms and lower quality of life 
compared to GERD patients without anxiety and similar reflux parameters [53].

However, more studies are mandatory to explain how intensity-frequency of 
GERD symptoms could be modulated.
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4.2  Natural History of Barrett’s Esophagus

Following the original description in 1950 by Normal Barrett of the condition that 
came to bear his name [54], it has been subsequently established from animal stud-
ies that Barrett’s oesophagus (BO) is an acquired condition due to gastroesophageal 
reflux, leading to the replacement of the normal squamous epithelium of the lower 
esophagus with a columnar lined mucosa [55].

BO is commonly defined endoscopically as an esophagus in which a variable 
proportion of the distal normal squamous epithelial lining has been replaced by vis-
ible metaplastic columnar epithelium above the gastroesophageal junction, usually 
defined by the proximal margin of the gastric folds, and confirmed histologically on 
endoscopic biopsy [56].

In 1952, a patient was reported who developed an adenocarcinoma in an esopha-
geal mucosa of intestinal type goblet cells, consistent with BO [57]. Given the poor 
prognosis of many patients presenting with symptomatic esophageal adenocarci-
noma, endoscopic screening of patients with BO has been widely practiced over the 
past three decades, though not without some controversy.

Endoscopic surveillance of BO is based on the histological progression in sub-
jects with esophageal adenocarcinoma from non-dysplastic to low grade dysplasia 
and then high grade dysplasia before developing adenocarcinoma. Detecting dys-
plasia potentially allows endoscopic intervention with endoscopic mucosal resec-
tion or radio-frequency ablation to prevent progression to adenocarcinoma.

4.3  Natural History of Non-dysplastic Barrett’s Esophagus

The annual risk of developing esophageal adenocarcinoma in non-dysplastic BO is 
a key factor in determining the cost-effectiveness of endoscopic surveillance for BO 
and the recommendations we make to our patients concerning its value. A recent 
meta-analysis of the risk of esophageal adenocarcinoma in BO without dysplasia 
included 57 cohort studies involving over 11,000 BO subjects and over 58,000 years 
of follow-up and suggested that the annual esophageal adenocarcinoma risk in BO 
is 0.33% [58]. However, although there was no evidence of publication bias reported 
in this meta-analysis, many of the case series included are prone to a number of 
other biases, particularly selection bias. Two subsequent large population based 
studies suggest that the annual esophageal adenocarcinoma risk in BO is signifi-
cantly lower [59, 60]. In a population based study of 8522 BO subjects in Northern 
Ireland with no dysplasia at study entry, the annual risk of esophageal adenocarci-
noma was 0.1% [59]. In a nationwide study based on histopathology records of 
11,028 Danish BO subjects with no dysplasia at study entry, the annual risk of EAC 
was 0.1% [60].

It is important to point out that other risk factors for esophageal adenocarcinoma 
in BO need to be taken into account when assessing the individual annual risk of 
esophageal adenocarcinoma, in particular the length of the Barrett’s segment. In a 
Dutch cohort study of 713 BO subjects, the risk of progression to esophageal 
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adenocarcinoma increased by a factor of 1.11 for each extra centimeter of BO seg-
ment length [61]. The length of BO segment was only available in 20% of subjects 
in the Northern Ireland population based study and in none of the Danish population 
based study, since it was based on histopathology records [59, 60]. In Northern Irish 
subjects with short segments less than 3 cm of BO, the annual risk of esophageal 
adenocarcinoma was 0.07% and was 0.22% in longer segment Barrett’s [60]. Both 
population based studies are likely to have included a majority of BO subjects with 
short segments, since they are more common than long segment BO, thereby lower-
ing their estimates of the annual risk of esophageal adenocarcinoma compared with 
cohort studies largely from surveillance programs, which would predominantly 
include subjects with longer BO segments.

In conclusion, subjects with BO with no dysplasia at index endoscopy are at 
lower overall risk of developing EAC than previously thought, with two recent pop-
ulation based studies suggesting this is around 0.1% per year.

4.4  Natural History of Barrett’s Esophagus Indefinite 
for Dysplasia

Indefinite for dysplasia is used for BO cases where the morphological features dif-
ferentiating between true dysplasia and regenerative/inflammatory atypia are not 
clear [62]. The degree of agreement among histopathologists for a diagnosis of 
indefinite for dysplasia has been reported to be very poor and even lower than the 
known poor agreement for low grade dysplasia, with kappa values of 0.18 and 0.35, 
respectively [63]. There is very limited data on the natural history of BO subjects 
indefinite for dysplasia. The rate of progression to esophageal adenocarcinoma in 
BO subjects indefinite for dysplasia has been reported to be similar to non- dysplastic 
BO patients, unless the areas that were indefinite for dysplasia were multifocal, 
when the rate of progression to carcinoma seemed as high as in patients with low 
grade dysplasia [64].

It has therefore been recommended that patients with a diagnosis of indefinite for 
dysplasia should be managed with optimization of their medical therapy and a fur-
ther surveillance endoscopy in 6 months [56]. If no dysplasia is found on biopsies 
at that stage, then the patient’s risk is thought to be the same as non-dysplastic BO, 
with the need and timing of future surveillance determined by segment length and 
patient factors such as age and co-morbidity.

4.5  The Natural History of Barrett’s Esophagus with Low 
Grade Dysplasia

Despite the recognized limitations of a diagnosis of low grade dysplasia, with the 
poor inter-observer agreement among histopathologists described above, recogni-
tion of low grade dysplasia appears of critical importance to the management of BO 
and prevention of esophageal adenocarcinoma. In cohort studies and two large 
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population based studies it was the most important predictor of subsequently devel-
oping esophageal adenocarcinoma, with BO subjects with low grade dysplasia five 
times more likely to develop esophageal adenocarcinoma than subjects without dys-
plasia [60, 61, 65]. In contrast, BO subjects who do not have low grade dysplasia at 
baseline and do not develop it during endoscopic follow-up appear to be at much 
lower risk of esophageal adenocarcinoma. Among a cohort of 3515 BO subjects, the 
risk of esophageal adenocarcinoma progressively fell in subjects who had an 
increasing number of surveillance endoscopies up to five that did not reveal dyspla-
sia, from 0.32% per year to 0.11% per year [66].

Important data on the risk of progression of low grade dysplasia to esophageal 
adenocarcinoma has been provided by a retrospective analysis of 293 subjects with 
low grade dysplasia diagnosed at a number of community hospitals [67, 68]. 
Following a new consensus review, the original diagnosis of low grade dysplasia 
was confirmed in 27% of cases and downgraded to no dysplasia or indefinite for 
dysplasia in the others. Subjects with confirmed low grade dysplasia had a high risk 
of progression to high grade dysplasia or esophageal adenocarcinoma of 9.1% per 
year. Subjects whose diagnosis was down-staged, to either non-dysplastic BO or 
indefinite for dysplasia, had much lower rates of progression to high grade dysplasia 
or esophageal adenocarcinoma of 0.6 and 0.9% per year, respectively. This is sup-
ported by the results of a meta-analysis that reported that cohort studies with a lower 
ratio of low grade dysplasia to non-dysplastic BO cases, suggesting more stringent 
criteria for low grade dysplasia, reported a higher annual incidence of esophageal 
adenocarcinoma (0.76%) compared to studies with higher ratios (0.32%) [69]. 
Furthermore, in a trial of radio-frequency ablation for low grade dysplasia in BO, 
over a 3 year period 26.5% of subjects undergoing surveillance only progressed to 
high grade dysplasia or esophageal adenocarcinoma, compared with only 1% in the 
radio-frequency ablation arm (p < 0.001) [70]. To be eligible for inclusion in this 
study, the diagnosis of low grade dysplasia had to be confirmed by a central patholo-
gist with extensive experience in BO.

Due to the variability among histopathologists in diagnosing low grade dyspla-
sia, it is recommended that low grade dysplasia should be diagnosed on at least two 
endoscopies and confirmed by a histopathologist with expertise in BO. BO patients 
with low grade dysplasia should therefore have a repeat endoscopy in 6 months. If 
low grade dysplasia is reported at any follow-up endoscopy and confirmed by an 
expert gastrointestinal histopathologist, the patient should be offered endoscopic 
ablation therapy following multi-disciplinary team discussion given the high risk of 
progression to adenocarcinoma under these circumstances [70, 71].

4.6  The Natural History of Barrett’s Esophagus with High 
Grade Dysplasia

Historically, high grade dysplasia was regarded as an indication for esophagectomy, 
given the high rate of carcinoma reported in resection specimens in surgical series 
for high grade dysplasia [72]. However, careful intensive endoscopic follow-up 
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tempered this approach. The reported esophageal adenocarcinoma risk in subjects 
with high grade dysplasia seems to be highly variable between different series and 
is likely to reflect that patients are not usually just followed up when high grade 
dysplasia has been diagnosed, that there is variation in histopathological diagnosis 
of high grade dysplasia between different centers and that the endoscopic appear-
ances of early esophageal adenocarcinoma were not as well appreciated in pub-
lished studies as they are today.

In a cohort study in 50 BO subjects, 5 out of 8 high grade dysplasia subjects 
developed adenocarcinoma on repeat endoscopies within 1  year [73]. Among a 
cohort of 1099 subjects, 79 initially had high grade dysplasia or subsequently devel-
oped it, without evidence of adenocarcinoma. Of the 75 high grade dysplasia sub-
jects who remained without detectable adenocarcinoma after 1  year of intensive 
searching, 12 developed cancer (16%) during a mean 7.3-year surveillance period 
[74]. In a recent multi-center, sham-controlled study of radio-frequency ablation in 
BO with dysplasia, 21 subjects with high grade dysplasia underwent sham treat-
ment and were followed up for 12 months with endoscopy and biopsies at 3-month 
intervals. Progression to adenocarcinoma occurred in 19% of subjects, while disap-
pearance of HGD was seen in 19%, implying that even in the carefully controlled 
conditions of a clinical trial, high grade dysplasia can still regress to lower grades or 
no dysplasia, as well as progress to adenocarcinoma [75].

Although there may be visible abnormalities at endoscopy in high grade dyspla-
sia, these can often be subtle and overlooked. It is therefore essential that there is an 
immediate repeat high quality endoscopy to look for any visible lesions suitable for 
endoscopic mucosal resection and map the extent of any dysplastic changes prior to 
any management decisions [56]. More than 80% of patients referred for further 
management of HGD or early esophageal adenocarcinoma, apparently without vis-
ible abnormalities, have at least one visible lesion detected in their BO segment on 
expert endoscopic assessment [76]. All patients with high grade dysplasia for which 
therapy is being considered, should be discussed at the specialist MDT for esopha-
gogastric cancer [56]. This team should include an interventional endoscopist, 
upper GI cancer surgeon, radiologist, and a GI pathologist. Increasingly endoscopic 
therapy with endoscopic mucosal resection and radio-frequency ablation is the 
mainstay of treatment in patients with high grade dysplasia. A systematic review 
showed a mortality of 1.2% in the esophagectomy group compared with 0.04% in 
the endoscopic group [77] and radio-frequency ablation has been shown to be more 
cost-effective than esophagectomy for high grade dysplasia [78].
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