
Rezumat

Fiziopatologia bolii de reflux gastroesofagian (BRGE) este 
determinată multifactorial şi rămâne un subiect de dezbatere între
specialităţile medicale implicate, în special între gastroenterologi şi
chirurgi gastro-intestinali, dar şi medici ORL şi pneumologi.
Scopul acestui studiu este de a oferi o privire de ansamblu asupra
influenţei diferitelor componente fiziopatologice ale BRGE, precum
şi de a evalua gradul implicării lor în boală. Sfincterul esofagian
inferior (SEI) asigură împreună cu muşchii şi structurile liga-
mentare ale diafragmei bariera antireflux dintre esofag şi stomac.
Factorul crucial în BRGE îl reprezintă refluxul unei cantităţi
importante de conţinut gastric în esofag. Acest lucru determină
expunerea patologică a mucoasei esofagiene la aciditatea gastrică,
cu apariţia leziunilor şi simptomelor. Mecanismele fiziopatologice
care stau la bază implică structuri anatomice, precum SEI şi
diafragma, şi componente funcţionale, precum incompetenţa 
SEI, relaxarea tranzitorie a SEI, afectarea motilităţii esofagiene,
disfuncţii gastroduodenale şi apariţia refluxului duodeno-gastro-
esofagian. Evaluarea cantitativă a acestor componente a fost 
raportată într-o serie de studii care demonstrează importanţa
incompetenţei SEI (incidenţă> 80%) şi rolul herniei hiatale 
(incidenţă> 80%) în severitatea BRGE indicată de expunerea 
excesivă a esofagului la acid şi de leziunile macroscopice ale 
mucoasei esofagiene. Toate componentele fiziopatologice cunoscute
ale BRGE pot fi investigate în prezent prin teste diagnostice care
identifică incompetenţa SEI sau creşterea relaxării tranzitorii,
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prezenţa herniei hiatale cu dimensiuni crescute, expunerea crescută a esofagului la conţinutul 
gastric. În plus, pot fi asociate alte tulburări funcţionale precum alterarea motilităţii esofagiene sau
evacuare gastrică întârziată, care pot contribui la agravarea bolii şi a stării pacientului. 

BRGE, fiziopatologie BRGE, sfincter esofagian inferior, hernie hiatală

Abstract
The pathophysiology of Gastroesophageal reflux disease (GERD) is multifactorial determined 
and remains a matter of discussions between the involved medical subspecialties, mainly gastro-
enterologists and gastrointestinal surgeons, but also ear-nose-and-throat colleagues and 
pulmonologists. The purpose of this manuscript is an overview on the different pathophysiologic
components of GERD, their influence as well as a certain weighing of their involvement in the 
disease. The lower esophageal sphincter (LES) represents together with the muscles and 
ligamentous structures of the diaphragm at the esophageal hiatus the antireflux barrier between
esophagus and stomach. The crucial factor in GERD is an increased amount of gastric contents
refluxing into the esophagus above the physiologic level. This creates pathologic esophageal acid
exposure (EAE) to the mucosa, which may lead to symptoms and damage. The underlying patho-
physiologic mechanisms are anatomical components such as LES and diaphragm, and functional
components such as LES-incompetence, transient LES relaxations, impaired esophageal motility,
gastroduodenal dysfunctions and alterations of the refluxate such as duodeno-gastro-esophageal
reflux. The quantitative assessment of these components has been reported in a number of studies
demonstrating the importance of LES-incompetence (incidence > 80 %) and the role of hiatal hernia
(incidence > 80 %) in the severity of GERD indicated by excessive esophageal acid exposure and 
visible damage of the esophageal mucosa. All known pathophysiologic components of GERD can be
investigated currently by diagnostic assessment, detecting a LES-incompetence or an increase in
transient relaxations, detecting a hiatal hernia with increasing size, detecting increasing exposure
to gastric contents in addition to other possible functional associated disorders such as an 
insufficient esophageal motility and or a delayed gastric emptying, which all can aggravate the 
disease and the patient's status.

GERD, GERD-pathophysiology, lower esophageal sphincter, hiatal hernia

Introduction

The pathophysiology of Gastroesophageal
reflux disease (GERD) remains a matter of
discussions between the involved medical sub-
specialties, mainly gastroenterologists and
gastrointestinal surgeons, but also ear-nose-
and-throat colleagues and pulmonologists 
(1-4). This originates from the large spectrum
of presenting symptoms of this disease, which
causes patients to seek help in different areas
of medicine (2,5-8). The Montréal classifica-
tion for GERD is accepted around the world,

providing some insight into the pathophysio-
logic background of the disease and providing
a definition of GERD using symptoms (2). The
draw-back of a symptom-based definition is
the weakness of precision and specificity
regarding symptoms, associated with overlap-
ping of symptoms in foregut disorders (2,5-8). 

GERD is a multi-factorial disease with a
substantial prevalence in western industrial
populations (2,3,9-15). Therefore, if necessary,
in critical, clinical situations or for research
purposes, GERD should be best defined using
objective testing, which provide measurable
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results on pathologic esophageal acid exposure
proofing reflux and/or demonstrating visible,
endoscopic damage (12,13,14). Determining
pathophysiologic components of GERD requires
both, functional and morphologic studies to
receive a complete information about anatomi-
cal and functional alterations in a given
patient. Critics of a comprehensive diagnostic
work-up in patients with GERD claim that
this could hardly be applied in daily practice.
The European Association of Endoscopic
Surgery has demonstrated in its guidelines
that the Montréal definition can be a basis for
defining the disease, but must be expanded by
objective criteria (10). Important components
in the pathogenesis of GERD are the anatomy
of the esophago-gastric junction (EGJ) 
combined with the anatomy of the hiatus and
diaphragm, second the functional status of the
high pressure zone in the distal esophagus, 
of the esophageal body and of the stomach
regarding fundic accommodation, gastric 
emptying and gastroduodenal dysfunctions
(12-14).

The purpose of this manuscript is an
overview on the different pathophysiologic
components of GERD, their influence as well
as a certain weighing of their involvement in
the  disease.

The lower esophageal sphincter (LES) 
represents together with the muscles and liga-
mentous structures of the diaphragm at the
esophageal hiatus the antireflux barrier
between esophagus and stomach. The 
functional coordination of these anatomical
structures by their hormonal and neurologic
regulatory mechanisms controls the complex
physiologic processes of the LES and the body,
which may be influenced by external factors
such as psychologic components (1,3,11-14).
LES and diaphragm should be seen as a 
functional unit, which can be best assessed by
High Resolution Manometry (HRM)(14).
Liebermann-Meffert has shown that special-
shaped muscle fibers or clasps as well as
oblique muscle bundles are responsible for the

structure of the LES (16-19). Recently, this
structure with an inner, circular and an outer,
longitudinal muscle layer was demonstrated
extremely well during transesophageal myo-
tomy in the POEM-technique (20,21). At the
smaller curvature the inner, circular muscle
layers transform at the transition zone in the
Cardia into half-circular muscle clasps
towards the proximal stomach (17). On the
greater curvature, the muscle fibers below the
angle of His transform into bundles of oblique
fibers. Both types of muscle bundles from each
side create U-shaped, half-circular muscle
structures, which together form the LES.  As a
result, the LES consists of two structural 
entities and is therefore not symmetric.
Branches of the vagal nerve regulate the 
neurologic function of the LES.

The diaphragm and its components 
represent the second important structure at
the gastroesophageal junction (3,12-14,16,17).
The hiatus consists of the right and left crus,
the hiatal arch as the ventral border of the
hiatus and the muscular and ligamentous
structures of the diaphragm around the hiatus
with the phreno-esophageal ligament. The
phreno-esophageal ligament secures the 
position of the LES within the hiatus. With
this fixation of the distal esophagus, the
esophageal body is kept under a certain tension
within the thorax and the mediastinum, since
it‘s longitudinal muscle tends to contract and
thus tends to shorten the esophagus. In the
physiologic situation a 2-3 cm long intra-
abdominal segment of the LES is secured by the
phreno-esophageal ligament (3,12,14,18,19).

Respiratory movements will stress these
structures. Inspiration will cause a negative
pressure in the thoracic pressure environment
and at the same time an elevated pressure in
the abdominal pressure system (3,12,14,18,
19). As a result, there is a permanent burden
on the gastroesophageal junction and its
anatomical elements, because the positive
intra-abdominal pressure and respiratory
based temporary negative intrathoracic 
pressure will tend to push the gastroesophageal
junction further into the mediastinum. The
latter will eventually lead to wearing out of
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these tissues. In addition, individual factors
may even worsen this physiologic situation,
for example a large amount of intra-
abdominal fat. The nutritional habits of many
people in Western industrialized countries
with daily overeating puts much strain on the
fundus, which is the storage area of the 
stomach (2,3,12). The repetitive enlargement
of the fundus may lead to effacement of the
LES.  After years of strain on the LES and the
diaphragm, mechanical insufficiency will
develop, resulting in the development of hiatal
hernia and increased reflux.

The crucial factor in GERD is an increased
amount of gastric contents refluxing into the
esophagus above the physiologic level (3,12,
14,22). This creates pathologic esophageal
acid exposure (EAE) to the mucosa, which
may lead to symptoms and damage (3,12,
14,22). The background of the failure of 
the antireflux barrier is discussed quite 
controversially, since two major directions of
interpretation around the barrier function
have been established (3,12,23,24). Additional
components may aggravate the process of
refluxing such as impaired esophageal 
motility and/or may worsen the composition of
the refluxate such additional duodeno-gastro-
esophageal reflux (25-28).

The incompetence of the LES

A first concept is characterized by a rather 
surgical and mechanical interpretation of the
failure of the antireflux barrier based on mano-
metric parameters (1,12,13,16). Propagated 
by the „DeMeester-School“, LES-function is
described by three manometric criteria, the 
overall length, the sphincter pressure and the
sphincter position expressed as the remaining
intra-abdominal length of the sphincter in the
hiatal position, developed using traditional 
perfusion manometry (1,12,16). In the physio-
logic situation, the high pressure zone has a
length of 3 to 5 cm and an average pressure of
around 14 mmHg (1,12). The high pressure zone

creates a sufficient and effective pressure 
environment over a certain length within the
distal esophagus to maintain enough resistance
against gastric pressure and prevent excessive
acid reflux. In this concept, it is evident that the
shorter the sphincter is, the higher the pressure
must be within the high pressure zone to 
maintain a sufficient closure for prevention of
reflux (1,12). The LES is supported by the 
external, mechanical pressure of the diaphragm
and the intra-abdominal pressure, of which 
the intra-abdominal segment of the distal
esophagus is exposed causing additional com-
pression. The longer the intra-abdominal
esophageal segment is, the larger the compres-
sion area is exposed, and the more the intra-
abdominal pressure can support the LES in
keeping reflux in a physiologic level.

A vast amount of clinical evidence has
shown that these findings have a serious 
clinical relevance, despite the fact that these
findings were generated with the limitations
of perfusion manometry (1,12,13,16,22,25). A
major finding has been in GERD that the
more advanced this disease is associated with
complications such as esophagitis, ulcerations
and Barrett‘s esophagus, the more frequent an
incompetent LES is present in these patients
(12,28-31). These manometric criteria of
mechanical incompetence of the LES are
important in the characterization of severe
and progressive GERD  (1,12,16,22,30). Today,
these findings are strongly supported by HRM
using EGJ-assessment, which confirm the
important role of mechanical pressure, length
and position of the EGJ with regards to the
diaphragm in their antireflux barrier function
(3,14,22,32,33).

The concept of a mechanical and functional
antireflux-barrier, composed by LES and
diaphragm and its weakening and shortening
allowing for increased acid reflux is supported
by another consideration and findings
(3,12,17,18). There is evidence that during and
shortly after a meal the acid secretion is 
stimulated by several mechanisms and newly
secreted acid collects in the subcardial region
creating an „acid-pocket“ (34,35). This 
acid-pocket is directly located below the LES,
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being under strain by shortening through
fundic accommodation. Thus, reflux can occur
easily after large meals. 

The transient lower esophageal sphincter
relaxations (TLESR's)

The second concept of the antireflux barrier at
the EGJ, created and propagated by Dent and
Dodds, describes a spontaneous opening of the
LES as the most important mechanism for the
development of gastroesophageal reflux (3,14,
23,24). This occurs in healthy persons and also
in patients with GERD and was considered a
physiologic mechanism to evacuate ingested
air from the gastric lumen (23,24,36-39).
However, if the LES is open during such 
relaxations, acid reflux can occur. Transient
lower esophageal sphincter relaxations (TLESR's)
develop without previous swallowing, and may 
be increased in pathologic reflux. Usually, LES-
relaxations are triggered in the process of
swallowing. In TLESR's a vagal reflex is
caused by stimulation at the cardia and by
fundic distension (23,24,36-39). This signal
reaches via afferent vagal lines the central
nervous system and further causes an inhibi-
tion of the LES and diaphragm, leading to a
TLESR (23,24,36-39). The relaxation develops
with a pressure drop of > 1 mmHg /sec and
continues for approximately 10 sec (23,24,36,
37). TLESR's were detected and recorded by a
sleeve-manometry catheter inserted in the
high pressure zone (23,24). The sleeve
catheter is able to characterize the intra-
luminal and integral pressure changes over
the complete length of the high pressure zone.
It must be emphasized that these TLESR's
occur without previous swallowing and the
opening of the sphincter will allow for reflux of
gastric contents into the esophagus.

There has been over years a controversial
discussion between gastroenterologists and
surgeons about the interpretation of this 
phenomenon (12,18,23,24). A main criticism
of this concept has been based on the fact that
studies have shown that TLESR's are not 
necessarily increased in its frequency
between individuals without reflux problems
and those with reflux problems, which raises

the question whether there is a connection.
TLESR's are especially increased in patients
with GERD in the postprandial phase (23,24,
36-39). In contrast, in patients with progres-
sive and advanced GERD, TLESR's may not
necessarily be increased (36-39). Since physio-
logic LES-function depends on its intra-
abdominal segment, both in pressure and intra-
abdominal length, a spontaneous shor-tening
of the sphincter in the postprandial phase will
create a temporary incompetency, leading to a
temporary spontaneous opening of the
sphincter. The latter could fully explain the
manometric observations of a TLESR in the
postprandial phase (12,18,22,23,24,36-39). 

In a recent study, it could be shown that
these two manometric approaches do not 
necessarily create a conflict in interpretation
(40). The latter analysis shows a relationship
between a mechanically incompetent LES and
an increased number of reflux-associated
TLESR's, suggesting that the two mechanisms
are not mutually exclusive, but may be instead
different measurements of the same condition
- a functionally and mechanically defective
LES (40). 

With the introduction of High Resolution
Manometry a better and more precise evalua-
tion, the manometric assessment and inter-
pretation of the EGJ and diaphragm has been
improved substantially and allows for both,
functional and mechanical features due to the
large amount of assessment points (32,33). 

Impaired esophageal motility

Impaired esophageal motility (IEM) can delay
esophageal clearance and has been investigated
in GERD-patients (3-7). The prevalence of IEM
in these patients is reported between 10-50 %
(1-8,41-43). In a previous study, our group
found 14 % of GERD patients to have IEM
together with other components (41). IEM as
an isolated pathophysiologic defect was 
found in only 2 % (41). In another study, we
documented IEM in 8.8 % of the GERD study
population, indicating that the majority of
GERD-patients do not develop a severe,
detectable IEM (13).

More recent studies concerning the ability
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of the esophagus to maintain a sufficient 
clearance function shows that the post-reflux
swallowing-induced peristaltic wave (PSPW)
may be very important in emptying the
esophageal lumen from potentially damaging
refluxate (44-46). The new metric characterizes
the peristaltic esophageal function and its
potential to reflect clearance. This can be
determined as a new parameter of esophageal
function (44-48).

Duodeno-gastro-esophageal reflux

Duodenogastric reflux is a physiologic pheno-
menon (1,3,12,13,26,27). As a consequence, it is
no surprise that in reflux patients, duodenal
contents can reach the esophageal lumen (1,3,
12,13,25-29). Usually, together with the acid
refluxate, duodenal and enteric contents can
reflux into the esophagus. Duodenal refluxate
can be quite harmful to the esophageal mucosa
(12,13,25-30). Studies of patients diagnosed
with Barrett`s esophagus indicated that the
refluxate is composed of duodenal contents,
highlighting both the presence and effect of
DGER (12,13,25-30). We investigated this 
subset of subjects with the Bilitec™ bilirubin
monitoring device. Our findings support the
contribution of DGER to the pathophysiology of
GERD, particularly in Barrett patients (12,13,
25-30). This implication may play a role in the
progression of GERD and Barrett`s esophagus
(25,26,28-30).

Gastro-duodenal dysfunctions

Gastric and duodenal motility disorders may
play an accompanying role in GERD (3,12,13,
19,22,25,29,30,49,50). This occurs in the 
primary situation less common, and usually
presents as delayed gastric emptying (DGE)
causing stasis of gastric contents, ultimately
leading to back-up-reflux. In the literature,
DGE is reported to be involved in GERD 
in5-33 % (3,12,13,19,22,25,49,50). In a recent
study, we detected DGE in only 6.8 % of our
GERD-patients (13). 

As explained above, increased intraabdominal

fat may elevate intraabdominal pressure and
this may cause increased gastroesophageal
reflux (12). Obesity, defined as a body mass
index greater than or equal to 30 is associated
with an increased prevalence of GERD as 
compared to the non-obese patient population
(51-54). A variety of explanations for increased
frequency of GERD with increasing body
weight have been proposed (3,4,5,51-54).
Obesity can cause increased esophageal acid
exposure (53).  Studies showed a statistically
significant inverse relationship between BMI
and LES pressure (51-54). We documented
recently in a large GERD-patient cohort a
mean BMI of 27, with only 15.8% of patients
falling in the category of BMI >30. This is a
rather low mean BMI-level for a cohort of
GERD-patients, which may explain the 
apparent lesser contribution of obesity to
GERD in our patients (13). 

For many years, the alterations at the
esophageal mucosal level were insufficiently
followed and assessed (1,2,3,12). Few investi-
gators were able to study these changes
(55,56). Acid and other agents in the refluxate
can harm the esophageal squamous epithelium
(1,3,12,26,29,30,57-59). There is some evidence
that even more severe damage can occur by
the mixture of acid and duodenal contents in
the esophageal mucosa, which can lead to
intestinal metaplasia and Barrett‘s esophagus
(1,3,12,26,29,30,57-59). Chandrasoma et al.
have investigated the histopathologic changes
in the cardia from the normal physiologic 
setting to more specific changes in patients
with incompetent LES and GERD (57,58). As
mentioned above, a new metric of MNBI (mean
nocturnal baseline impedance) can be a marker
for mucosal integrity in the future and may
pave the way for a more pragmatic approach
to assessment of mucosal status (44-47).

In the physiologic situation, squamous
epithelium is directly connected at the 
transition zone to the gastric epithelium 
(gastric oxyntic mucosa) (12,27,57-60). In the
process of strain on the EGJ, increased EAE
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Table 1. Overview on the presence (percentage) of pathophysiologic factors in GERD in literature

Author / year LES TLESR HH DGER DGE IEM Obesity
Skinner, 1970 82 - 65 21

Stein, 1992 91 - 82 - 33 16 15
Fuchs, 1995 87 - 80 6 5 14 -
Boeckxstaens, 2007 90 33 75 - 10-33 25-48 -
Lord/ 2009 - BE 79
ERD+BE 80 85 ERD 50
NERD+mild ERD 57 49 NERD 52

Herbella, 2010 high 40 54 - - 40-50 -
Severe 20

Herregods, 2015 high Association - 12 Related OR: 1,87 31
with acid

Fuchs, 2020 88 Correlation between 95 55 7,9 8,8 25,6
TLESR`s and 
incomp LES
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will damage the squamous epithelium. These
have an anatomical component and a
histopathologic component. The anatomic
component is represented by the shortening of
the LES due to strain by effacement. The
histopathologic component is a change from
squamous epithelium in the distal esophagus
to a columnar lined epithelium also called
„carditis“ (57-59). During this process, the
very distal part of the esophagus and LES 
is dilated and the former squamous cell
epithelium is taken over by cardiac mucosa
and carditis. These processes may influence
the functional deterioration.

Pathophysiology of GERD is multifactorial
and influenced by a number of different 
components that can be involved in varying
severity (1-8,12,13,14,22,30). These compo-
nents are recognized in several guidelines and
this knowledge is by now integrated in 
the diagnostic and therapeutic management 
of GERD in centers (2,3,10,14). 
demonstrates an overview on the involved
pathophysiologic components in several large
series and reviews (3,9,11,13,25,30,41,61). The
most important components are anatomical
changes at the EGJ and functional alterations
in the esophagus. The incompetence of the
LES and EGJ has a major involvement of

more than 80 % of patients (3,12,13).
Furthermore, the presence of a hiatal hernia
as the most severe anatomical change is also
involved in more than 80 % of patients with
severe disease (3,12,13). Other contributing
factors range at lower incidences ( ).

It is very important to understand the 
disease and its possible progress, which
should be stopped by optimal therapeutic
management. The onset of the disease can
occur often by mechanical weakening of the
esophagogastric junction, by transient sphinc-
ter relaxations or temporary shortening of the
LES (2,3,12,13). More severe alterations can
be caused by a primary shortening of 
the esophagus (12). Any weakness of the 
connective tissue with the tendency of hernia
development may also have its influence on
the structure of the hiatus and the dislocation
of the gastroesophageal junction (3-8,12).
These primary changes can of course be 
worsened by the described mechanisms of
excessive eating habits in Western societies.
Mechanical strain by overeating, development
of obesity and increased intra-abdominal fat
will cause intra-abdominal pressure increase,
which both will weaken the stable position of
the esophagus in the hiatus. Thus, it is not
surprising that GERD has a high prevalence
in Western societies with their specific eating
habits.

The natural course of the disease is 
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determined by the chronic character and the
progressive development in some of the
involved patients (3,12,22). Studies with
large cohorts of patients have shown that
most patients stay within a certain level of
severity of the disease over decades (59,60).
This may characterize the benign nature of
this functional disorder, however, there
exists a cohort of patients with more severe
disease and tendency towards progression
(22,30,31,59, 60,62). The latter can not only
ruin the quality of life of these patients, but
also can progress to complicated forms of the
disease and in a minority even to cancer
(22,30,31,60). 

This enlightens the importance of early
detection of these patients with more progres-
sive disease in order provide them with an
improved attention and earlier management
of diagnosis and therapy. 

All known pathophysiologic components 
of GERD can be investigated currently by
diagnostic assessment, detecting a LES-
incompetence or an increase in transient
relaxations, detecting a hiatal hernia with
increasing size, detecting increasing exposure
to gastric contents in addition to other possible
functional associated disorders such as an
insufficient esophageal motility and or a
delayed gastric emptying, which all can aggra-
vate the disease and the patient`s status.
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