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Gastroesophageal reflux disease (GERD) represents a real 
social problem in the western world about 20% of population 
has at least once a week, typical symptoms of this disease 
(heartburn and acid regurgitation); this incidence is probably 
underestimated because many patients have symptoms referable 
to extra-esofageal locations (asthma, cough, hoarseness, non 
cardiogenic chest pain). The Montreal consensus conference 
defined GERD as “a condition that develops when the reflux 
of gastric contents causes troublesome symptoms and/
or complications” [1]. But this definition does not take into 
account all possible pathogenetic causes and their therapeutic 
implications. Therefore seems more relevant to the definition 
of Brazilian consensus conference who considered GERD to be 
“a chronic disorder related to the retrograde flow of gastro-
duodenal contents into the esophagus and/or adjacent organs, 
resulting in a spectrum of symptoms, with or without tissue 
damage” [2]. This definition recognizes the chronic character 
of the disease, and acknowledges that the refluxate can be 
gastric and duodenal in origin, with important implications for 
the treatment of this disease [3]. Gastric hydrochloric acid has 
long been recognized as harmful to the esophagus [4]. However, 
gastro-esophageal refluxate contains a variety of other noxious 
agents, including pepsin. Currently, it is recognized that this 
component of the refluxate (commonly called bile reflux and 
identified by the Bilitec bile reflux monitor using bilirubin as a 
marker) is composed of bile salts and pancreatic enzymes, and is 
also injurious to the esophageal mucosa [5]. It causes symptoms, 
and could be linked to the development of Barrett’s esophagus 
and esophageal adenocarcinoma [6].

Besides the constituents of the refluxate, symptom perception 
and mucosal damage also appear to be linked to the patterns of 
esophageal exposure and the volume of the refluxate. Individuals 
are more likely to perceive a reflux event if the refluxate has a high 
proximal extent and a large volume [5]. A highly efficient barrier 
exists between the stomach and the esophagus formed by the 
lower esophageal sphincter (LES), the diaphragm, the His angle, 
the Gubaroff valve and the phrenoesophageal membrane [6]. 
The most important factors at work in preventing reflux include, 
well the lower esophageal sphincter, esophageal clearance 
mechanisms that limit contact time with noxious substances, 

and mucosal protective factors intrinsic to the esophageal 
mucosa. The LES, a 3 to 4 cm long region of smooth muscle 
located at the esophagogastric junction, creates a zone of high 
pressure separating the esophageal and gastric compartments 
between swallows. The diaphragmatic crura assist the LES 
in the maintenance of a tonically closed sphincter. The hiatus 
hernia eliminates the contribution of the crural diaphragm to 
LES function and thereby promotes gastroesophageal reflux. 
The severity of reflux disease in patients with hiatal hernia has 
been positively correlated with the size of the hernia sac [7]. The 
most common cause of gastroesophageal reflux is an excessive 
exposure of the esophagus to gastric secretions during Transient 
Lower Esophageal Sphincter Relaxation (TLESR). The initial 
event is in a sharp decrease in the tone pressure not triggered by 
swallowing or esophageal contractions. The duration of TLESR 
(about 10 seconds) is greater than those induced by swallowing 
(about 6-8 seconds) and is accompanied by gastroesophageal 
reflux. Has been shown that TLESR occur with a frequency 
of 2-6 episodes for hour in normal subjects and increased in 
patients with GERD (3-8 episodes). In normal subjects, in fact, 
only 40-50% of such releases is followed by acid reflux while the 
percentage rises to 60-70% in patients with GERD [8]. In healthy 
subjects showed reduced LES pressure in the postprandial 
period and during exercise; most reflux episodes (82%) occur 
during TLESR. The mechanism behind this release inappropriate 
is not yet clarified; some results suggest that this release occur in 
response to gastric distention and vagal stimulation.

The gastric distension is probably able to trigger such 
releases through the stimulation of mechanoreceptors located in 
the proximal stomach in the vicinity of the LES [8].

Each time that gastric contents refluxing into the esophagus 
the extent of esophageal mucosal injury depends on several 
factors including the contact time between refluxate and the 
mucosa, the composition of refluxate and the intrinsic ability to 
resist damage the esophageal epithelium [9]. As the capacity of 
the refluxate to cause inflammation and then symptoms depends 
on the time of contact between the esophageal mucosa and the 
acid content of the refluxate a prompt and speedy clearance of 
the refluxate is of primary importance. Acid clearance normally 
occurs as a two steps process. At first most of the refluxed 
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volume is cleared quickly by one or two peristaltic contractions, 
thereafter the remaining acid is neutralised by swallowed saliva 
[10]. Secondary peristalsis is triggered by esophageal distension 
and contributes to esophageal volume clearance after reflux [11]. 
It is the initial esophageal motor event after most reflux episodes 
in normal subjects.

In fact, pH-metric studies in healthy subjects have shown that 
primary peristalsis is the most important mechanism of clearing 
after acid reflux in orthostatic position. When the subject is in 
supine position, however, most reflux is neutralized by means 
clearance produced by secondary peristalsis. The contact time 
between the esophageal mucosa and a acid reflux potentially 
damaging increase during sleep when esophageal clearance is 
greatly reduced due to the decrease in the number of swallowing, 
the volume and alkalinity of the saliva and the absence of gravity 
[12]. The esophageal acid clearance is a process that takes place 
in two stages. On the one hand, the volume of the refluxate is 
removed by esophageal peristalsis, the other the acid pH is 
neutralized by bicarbonate rich saliva delivered by primary 
peristaltis. Thus secondary peristalsis would not by itself be 
expected to restore esophageal pH, but to complement and 
accelerate the effects of the primary peristalsis that follows [11]. 
In normal subjects during concurrent ambulatory manometry 
and pH monitoring that while primary peristalsis was the most 
common initial esophageal clearance event overall, secondary 
peristalsis was the important initial motor event when the 
subjects were supine or asleep, or both [13]. Several studies 
have shown that oesophageal function is impaired in patients 
with reflux esophagitis, especially in high grade esophagitis. 
Patients with reflux oesophagitis have reduced lower esophageal 
sphincter pressures, an increased incidence of failed peristalsis 
(Figure 1), reduced distal peristaltic amplitudes, slower 
velocity of propagation and in some studies shorter duration 
of contractions [10]. Two groups have reported that healing of 
oesophagitis does not improve impaired oesophageal motility 
[14,15]. An extension of the clearance time has been reported 
in about 50% of patients with esophagitis [16]. The frequency 
of abnormalities of peristalsis increases with the severity of 
reflux reaching 20% in patients with GERD without esophageal 
lesions (Figure 2), 25% in those with moderate esophagitis, and 
48% in those with severe esophagitis [16]. A weak or ineffective 
peristalsis (waves of amplitude less than 30/40 mm Hg) is not 
able to eliminate acid reflux from the esophagus [16]. Even a 
lack of salivary function, characterized by reduced secretion 
or a reduced capacity for neutralization by saliva may result 
in a prolongation of esophageal clearance [12]. For example, 
smokers have a reduced salivary secretion than nonsmokers 
and therefore have a higher incidence of GERD. The velocity of 
propagation has been shown to be slower in patients with reflux 
esophagitis. Savarino et al., have reported shorter durations of 
contraction in this condition [15]. On the other hand, Ghoshal 
et al., have found a longer duration of contraction in patients 
with GERD compared with the controls [17]. Esophageal transit 
and acid clearance have also been shown to be slower in these 
patients [15]. In agreement with those observations Moore et 
al., found, comparing oesophageal motility in patients with low 
grade esophagitis with motility data obtained in a matched 
normal control group, reduced propagation velocity and 

duration of peristaltic contractions, with increase in the number 
of non transmitted contractions in patients with grade I and II 
oesophagitis. Peristaltic amplitude was not shown to be impaired 
[10]. Defective peristalsis is associated with severe GERD, both 
in terms of symptoms and of mucosal damage [18]. As matter of 
fact, the composite reflux score (DeMeester score) includes in its 
calculation two indirect measurements of esophageal clearance 
(number of reflux episodes longer than 5 min and length of the 
longest episode) (Figure 3,4). In addition, the average esophageal 
clearance time can be calculated by dividing the total minutes 
the pH is below 4 by the number of reflux episodes [19]. This 
association also explains the high prevalence and severity 
of GERD in systemic diseases that affects peristalsis, such as 
connective tissue disorders [20].

It is known that 40%-50% of patients with GERD have 
abnormal peristalsis [18]. This dysmotility is particularly severe 
in about 20% of patients because of very low amplitude of 
peristalsis and/or abnormal propagation of the peristaltic waves 
(ineffective esophageal motility) [21]. Esophageal clearance is 
slower than normal, therefore, the refluxate is in contact with 
the esophageal mucosa for a longer period of time and it is able 
to reach more often the upper esophagus and pharynx. Thus, 
these patients are prone to severe mucosal injury (including 
Barrett’s esophagus) (Figure 5) and frequent extra-esophageal 
symptoms such as cough [3,21,22]. In addition to alterations of 
primary peristalsis patients with GERD have disorders secondary 
peristalsis and most of them the esophageal distension is not 
capable of triggering secondary peristaltic contractions [23]. 
As this deficit can occur even in subjects with normal primary 
peristalsis has been suggested that the phenomenon is due to an 
altered response to esophageal acid reflux and / or relaxing [11]. 
Patients with reflux disease have considerably lower secondary 
peristaltic response rates than have aged matched controls with 
most patients failing to trigger any peristaltic response at all [11]. 
This finding supports and extends earlier findings on spontaneous 
reflux episodes, which showed that secondary peristalsis occurred 
less frequently after reflux in patients with reflux oesophagitis 
compared with normal subjects [24]. Secondary peristalsis is 
a reflex response to oesophageal distension, the defect may 
lie in the esophageal motor nerves or muscles oesophageal 
sensation, the central integrative mechanisms or a combination 
of these. Most patients with abnormal primary peristalsis also 
had abnormal secondary peristalsis and in these patients we 
postulate that the defect lies in the efferent limb of the motor 
pathway [11]. Most patients with abnormal secondary peristalsis, 
however, had normal primary peristalsis. Because secondary 
peristalsis seems to share a common motor pathway with 
primary peristalsis this side of the reflex would seem to be intact, 
implying that the defect in secondary peristalsis is due either to 
an abnormality of oesophageal sensation or in the integration 
of sensory information with the motor component of the reflex 
[11]. This hypothesis is supported by the findings of Williams et 
al., who noted that the distension threshold required to trigger a 
motor response was higher in patients with oesophagitis than in 
healthy controls [23]. Others, however, have found no difference 
in the threshold volume required to trigger oesophageal motor 
responses using slow (1 ml/s) infusions [25]. Differences in the 
methods of these studies, however, make direct comparisons of 
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Figure 1 Esophageal manometry in patients with gastroesophageal reflux with perfusion catheter to 6-way, three of which radial. Presence of low 
pressure LES and waves of low amplitude in the distal esofagus. (Grande et al.,).

Figure 2 Esophageal manometry with perfusion catheter to 6-way, three of which radial. Failed peristaltis in patients with gastroesophageal reflux. 
(Grande et al.,).
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Figure 3 24-hour pH-metry with antimony probe. Patients with pathological acid reflux (pH <4  lasting more than 5 minutes) in the upright period. 
(Grande et al.,).

Figure 4 Same as preceding case. Manometric examination shows reduced abdominal LES length with abnormal frequency of successful primary  
peristalsis, median response rate in this subject of only 33%. (Grande et al.,).

Figure 5 24-hour pH-metry with antimony probe with two-way read points located 10 cm apart. Presence of reflux in both upright and in supine 
position coming up. (Grande et al.,).
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these results difficult. Secondary peristalsis can effectively clear 
almost all of an injected acid bolus from the esophagus leaving a 
negligible residual volume [11]. However, changes in esophageal 
pH would be unlikely until neutralization of the residual acid by 
bicarbonate rich saliva delivered by primary peristalsis [11]. Thus 
secondary peristalsis would not by itself be expected to restore 
oesophageal pH, but to complement and accelerate the effects 
of the primary peristalsis that follows. During the day when 
patients are awake, any effect of defective secondary peristalsis 
on acid clearance will be minimised by frequent primary 
peristalsis. Secondary peristalsis is likely to be more important, 
however, during sleep when the rate of primary peristalsis is 
substantially reduced [26]. While there is no dispute that these 
abnormalities are commonly present in patients with reflux 
oesophagitis, there is a continuing debate as to whether these are 
primary phenomena or the consequences of repetitive injury and 
inflammation caused by acid reflux. Currently, the most reliable 
data is that the abnormalities of oesophageal motor function in 
patients with reflux esophagitis do not improve after complete 
healing of esophagitis [15]. This suggests that esophageal 
dysmotility in this condition is a primary phenomenon and not 
a consequence of injury and inflammation. In that regard were 
detected a high prevalence of impairment of vagal cardiovascular 
reflexes in patients with gastro-esophageal reflux disease [27]. A 
dysfunction of the parasympathetic system in the form of vagal 
neuropathy may help explain some of the changes found in the 
gastro-esophageal reflux disease (abnormalities of peristalsis, 
delayed esophageal transit, reduced LES pressure and delayed 
gastric emptying). Other studies have shown that patients with 
reflux disease have a lower sensitivity threshold to esophageal 
distension compared with control subjects [28]. These patients 
have a normal acid exposure time but often complain of reflux 
symptoms. This suggests that some of them have a significantly 
increased esophageal sensitivity with a consequent increase in 
the perception of normal reflux (Figure 6).

It is still unclear whether esophageal dysmotility is a primary 
condition that leads to GERD, or it is a consequence of esophageal 
inflammation. Medical therapy does not ameliorate esophageal 

peristalsis [29,30]. However it has been shown that effective 
fundoplication improves the abnormal peristalsis in most 
patients [6]. The operation controls reflux because it improves 
esophageal motility, both in terms of LES competence and quality 
of esophageal peristalsis. In conclusion, application of the 24 
hour ambulatory oesophageal pressure and pH monitoring 
technique did not show any differences in either pH profiles or 
motility variables before and after healing of reflux esophagitis. 
The fact that esophageal motility does not change after healing 
of oesophagitis supports the hypothesis that abnormalities in 
motility are pre-existent rather than the consequence of the 
inflammation. It could be argued, however, that the inflammation 
has caused irreversible changes in the esophageal wall.
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