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Introduction

Reflux of duodenal juice, containing bile and
pancreatic secretions into the stomach, is called
duodeno-gastric reflux (DGR). When contents of
duodenal juice are mixed with contents of the
stomach and reflux in the oesophagus, we are
speaking of duodeno-gastro-oesophageal reflux
(DGER). As bile is most commonly used for the
detection of both DGR and DGER for research
and clinical practice, the term “bile reflux”,
although being to some extent erroneous since it
neglects other refluxate components, is often
used synonymously for DGR and DGER.

Only a few studies have been published about
DGR and DGER in children, and to the best of
my knowledge, no such studies were done in
infants. Therefore, a majority of data about phys-
iology, pathology and clinical importance of
DGR and DGER in this chapter derive from the
results of studies made in experimental animal
models and in adult patients. Moreover, a lot of
knowledge about the importance of these refluxes
came from studies performed in patients with
partial or total gastrectomy who represent an
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in vivo model with excessive reflux of duodenal
juice because of disrupted pyloric anti-reflux bar-
rier. With total gastrectomy, no acid and pepsin
secretions interfere with harmful effects of duo-
denal juice components and represent an ideal
possibility for studying duodeno-oesophageal
reflux.

Duodeno-gastric reflux is a physiological phe-
nomenon. In healthy people, it occurs sporadi-
cally during phase II and III of the interdigestive
migrating motor complexes (MMC) of the
antrum and is regularly present postprandially [1]
and during the night [2]. Beside the motility of
stomach, pylorus and duodenum, the amount and
concentration of bile, pancreatic and duodenal
secretions as well as food intake and its composi-
tion are likely to determine the duration and
quantity of DGR. Postprandial DGR is provoked
by a great amount of bile and pancreatic secre-
tions in the duodenum after a meal and enhanced
duodenal motor activity. Lipid-rich meals are
probably associated with higher reflux rates and a
higher concentration and total amount of duode-
nal juice in the stomach when compared to
protein-rich meals [3]. At the end of the antral
phase III, reflux of bicarbonate and immunoglob-
ulins IgA, but not bile, from the duodenum aided
by duodenal retro-peristalsis may play an impor-
tant physiological role in the chemical and immu-
nological restitution of the gastric mucosal
barrier function after the exposure to high acid
and pepsin concentrations [4]. In this physiologic
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DGR, bile reflux is prevented by deviation to the
gallbladder, probably by a phase IIl-associated
occlusion of the sphincter of Oddi [5]. In view of
the presumed role of MMC phase III as a gastro-
intestinal housekeeper, a role of gastric phase III
in clearing of duodenal contents from the stom-
ach seems likely [1].

The extent and duration of physiologic DGR
in healthy persons show great interpersonal and
intrapersonal day-to-day variability. The results
of DGR detection are mostly dependent on the
methods that were used. Even measurements
with bilirubin monitoring system Bilitec 2000,
probably the most accurate method for the DGR
detection, which is explained in details in the sec-
tion about the methods for DGR and DGER mea-
surement, show very wide normal ranges. The
median duration of bile presence in the stomach,
the most frequently used marker for DGR, varied
from 1.4 to 24.0% of the day in healthy adults
with an upper normal quartile cut-off levels from
7.8 to 72.0% [6-12]. A comparison of gastric
bilirubin exposure between proximal and distal
sites within the stomach shows very big similar-
ity that indicates that the duodenal refluxate is
well mixed and evenly distributed within the
stomach rather than concentrated more in the
antrum and prepyloric area [9]. Since duodenal
refluxate is relatively frequently present in the
stomach, it is obvious that during gastro-
oesophageal reflux episodes, it can reflux into the
oesophagus.

Therefore, DGER can also be regarded as a
part of normal physiology, although it does not
appear regularly in all healthy people. Reflux
episodes in healthy people are most common
postprandially, and in healthy volunteers, more
DGER was found during daytime than during
the night. The median percentage of time with
bile in the oesophagus in studies in healthy
adults varied from practically none to up to
19.6 % [6, 13—-16]. The amount of DGER may
increase with ageing as more DGER was found
in older volunteers [6]. For that reason, the adult
normal values should not be directly extrapo-
lated to children. Although the amount of DGER
in healthy children has not been evaluated
because of ethical reasons, the percentages of
total time, upright time and supine time with bile

Table 128.1 Results of DGER measurement by Bilitec
2000 in children without oesophagitis

Bilirubin absorbance

>0.14 Mean (SD) | 95th percentile
% total time 0.3 (0.93) 1.17

% upright time 0.45 (1.44) 1.77

% supine time 0.13 (0.8) 0.5

in the oesophagus measured in children with
gastro-oesophageal reflux symptoms but without
reflux oesophagitis are comparable to those mea-
sured in healthy young adults (Table 128.1) [17].
After a reflux episode, refluxed material is
cleared from the oesophagus by peristalsis and
by washing with saliva end oesophageal gland
secretions. Using simultaneous measurement of
volume reflux by intraluminal impedance tech-
nique, acid reflux by pH monitoring and bile
reflux by bilirubin absorptiometry with Bilitec
2000, we found out that volume bolus is cleared
fast, followed by slower normalisation of
oesophageal pH, whilst bile clears from the
oesophagus as the last (unpublished observa-
tion). That can be explained by the fact that
bolus clearance depends mostly on peristalsis,
but the clearance of small amounts of refluxed
material is the result of washing by saliva. Whilst
acid can be chemically neutralised by relatively
alkaline salivary and oesophageal glands’ secre-
tions faster than the washing process are fin-
ished, acid reflux episodes seem to finish faster
than bile reflux episodes.

Methods for Detection
and Measurement of DGR and DGER

Several methods have been used in the past for
the detection of DGR and DGER; however, each
of them has its own strengths and shortcomings.

The observation of bile in the stomach or
oesophagus during endoscopy is a poor indicator
because of the intermittent nature of DGR and
DGER and its clinical significance has never
been demonstrated. Therefore, the endoscopy
has a low accuracy and a low predictive value,
and even histological picture of the mucosa,
although suggestive of bile reflux, is not pathog-
nomonic [18].
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Aspiration studies with chemical analysis of
aspirate contents produced a lot of scientifi-
cally important information but are inappropri-
ate for everyday medical practice. Whilst using
single aspiration yields a high rate of false-pos-
itive and false-negative results, frequent or
even continuous sampling overcomes this
drawback but may induce refluxes by creating
pressure gradient [19].

Detection of bile acids, bilirubin or other con-
stituents of duodenal juice in mouth saliva has
been applied as a marker for DGER [20], but this
method has not been validated enough and its
accuracy is very questionable.

Scintigraphy is another possible method to
detect DGR and DGER. A radioactive marker, for
example, iminodiacetic acid (HIDA), which is rap-
idly eliminated through the liver and the bile ducts
into the duodenum, is given to patients. Intermittent
imaging of abdomen with gamma camera reveals
refluxes as the appearance of the marker in the gas-
tric or oesophageal area. Although non-invasive, it
is relatively insensitive, because of the overlap of
other organs and patient movement and especially
due to the intermittent nature of refluxes, particu-
larly the oesophageal one [21].

Detection of DGR and DGER by pH moni-
toring is based on the assumption that these
refluxes cause an increase of pH over 7 because
of alkaline nature of the duodenal juice. A term
“alkaline reflux” was used as a synonym for
DGR and DGER [22]. Simultaneous pH moni-
toring in oesophagus and stomach was fre-
quently used in an effort to relate alkaline shifts
in the stomach to those in the oesophagus [21].
However, detection of DGR and DGER with
more objective methods revealed that these
refluxes infrequently cause an increase in pH
over 7. Moreover, the majority of bile reflux epi-
sodes take place at acidic or neutral pH [23-25].
Therefore, a pH of less than 7 does not exclude
DGR and DGER. A pH above 7 may be caused
by other factors, such as saliva, food, bicarbon-
ate secreted by oesophageal submucosal glands,
etc. [21]. DGR and DGER can therefore not be
detected by pH monitoring alone, and the term
“alkaline reflux” is a misnomer for describing
refluxes of duodenal juice into the stomach and
the oesophagus.

A fiberoptic spectrophotometer, Bilitec 2000,
detects DGR and DGER independently of pH
and can be used in an ambulatory setting [26].
This system utilises the optical property of bili-
rubin, the main biliary pigment, that has a char-
acteristic spectrophotometric absorption band
with a peak between 390 and 460 nm. The basic
working principle of the instrument is that
absorption of light near these wavelengths
implies the presence of bilirubin and, therefore,
represents bile reflux. In vitro validation experi-
ments using Bilitec in differing dilutions of a
bilirubin solution revealed a linear correlation
between absorbance and bilirubin concentra-
tion, but in acidic environment (pH<3.5), the
bilirubin concentration can be underestimated
by at least 30 % [27, 28]. It has been shown that
bilirubin absorbance also correlates with the
concentration of bile acids; however, this rela-
tionship was weaker in vivo [29]. In clinical
practice, the method is not used for measuring
bilirubin concentrations but to detect the pres-
ence or absence of bile in the stomach or in the
oesophagus. For that purpose, threshold values
of absorbance have been set on experimental
basis to be sensitive and specific enough for bile
detection. Absorbance >0.14 is usually applied
for DGER detection, but different threshold val-
ues, ranging from >0.14 to >0.30, are used for
DGR [6, 30]. By increasing the threshold value,
the specificity of the method increases, but its
sensibility decreases. The results are expressed
as percentage of time of the recording with the
presence of DGR or DGER. Ingested sub-
stances, in particular heavily coloured foods,
may absorb light at the same wavelengths as
bilirubin, thus interfering with the accuracy of
the method and generating false-positive mea-
surements. For that reason, a special “white
diet” is recommended during monitoring [14,
31, 32]. Another drawback of the method is a
possibility that a particle of food or other sub-
stance obstructs the tiny gap between fiberoptic
probe and reflecting cap at its end (Fig. 128.1)
and causes the disappearance of the signal [26].
Despite its limitations, bilirubin spectrophotom-
etry represents the most practical and accurate
method for DGR and DGER detection for both
experimental and clinical purposes.
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Fig. 128.1 The tip of a fiberoptic spectrophotometer
Bilitec 2000

Multichannel intraluminal impedance is a
method that enables detection of volume reflux
independently of its pH. Usually, it is used simul-
taneously with pH monitoring so reflux episodes
can be recognised as acid, weakly acid and alka-
line [33]. However, impedance cannot detect a
chemical composition of the refluxed material
and is therefore inappropriate for the detection
DGR and DGER.

In the future, new technologies using biosen-
sors specific for bile acids or other reflux con-
stituents seem a promising practical tool for
DGR and DGER measurement. Such a biosen-
sor could be devised using molecular imprint-
ing technology (MIP) based on recognition
characteristics of polymers that have compli-
mentary size, shape and binding site to specific
substrates and have already been applied to rec-
ognise steroids such as cholesterol and bile
acids which share the same four-ring structure
as other steroids [34].

Mechanisms of Inflammation
and Oncogenesis Produced
by the Duodenal Refluxate
Constituents

Numerous studies using animal models or tissue
culture experimental models revealed that duode-
nal juice constituents play an important role in
the development of inflammation and oncogene-
sis in the stomach and the oesophagus.

Trypsin and perhaps other pancreatic proteases
cause tissue damage and release of intracellular

inflammation mediators [35]. Trypsin is thought
to digest intercellular substances and surface
structures that contribute to the maintenance of
cohesion between cells, causing the dilution of
intercellular spaces and the shedding of epithelial
cells [36-38]. It has been shown that trypsin
induces the expression of pro-inflammatory cyto-
kines on epithelial cells through the activation of
specific receptors, protease-activated receptors
(PARs). Human oesophageal cells stimulated
with trypsin produce interleukin-8 and prosta-
glandin E, [39]. Trypsin’s activity depends on pH
and is optimal in the pH range from 5 to 8.

Another important component of duodenal
juice is lysolecithin that is formed when pancre-
atic phospholipase A hydrolyses the lecithin in
bile. Studies have demonstrated that in the pres-
ence of acid, lysolecithin is able to injure oesoph-
ageal mucosa, causing almost complete tissue
breakdown [36, 40].

Bile salts are normal duodenal juice compo-
nents. Human liver converts an average of 0.78—
1.29 mmol (300-500 mg) of cholesterol into bile
acids daily. These primary bile acids, cholate and
chenodeoxycholate, are synthesised by hepato-
cytes in aratio of 2—1. Secondary bile acids, deoxy-
cholic acid and lithocholic acid, are formed from
primary bile acids as metabolic by-products of
intestinal bacteria, most importantly bacteroides
and bifidobacteria, by deconjugation and
7a-dehydroxylation. Prior to secretion into bile,
98 % of bile acids are conjugated with taurine or
glycine in a ratio of about 3—1. Bile acid synthesis
is regulated by feedback inhibition from reab-
sorbed bile acids from the gut reaching the liver via
the portal vein. Bile acids have to be deconjugated
by intestinal bacteria before absorption and are
reconjugated in the liver before re-entering the bile.
This enterohepatic circulation maintains a compo-
sition of human bile consisting of 54 % cholic,
31% chenodeoxycholic, and 15% deoxycholic
acid, of which about 80 % is conjugated with tau-
rine and 20 % with glycine [41]. Damaging effect
of bile salts on the mucosa is dependent on their
conjugation state. The conjugation state depends
mostly on the pH. When the pH is equal to the pKa,
the bile acid is half ionised and half protonated, the
ionised half being soluble [40].
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Although the mechanism by which bile acids
damage the mucosa is not fully understood, avail-
able studies suggest more hypotheses. The first is
that bile acids damage mucosal cells by their
detergent property and solubilisation of their
lipid membranes [38]. This theory is supported
by studies in gastric mucosa in which bile acid
mucosal injury was correlated with the release of
phospholipids and cholesterol into the lumen
[42]. The second hypothesis suggests that bile
acids gain entrance across the mucosa because of
their lipophilic state, causing intramucosal dam-
age by disorganising membrane structure and
interfering with cellular metabolism [38]. Once
bile acids have penetrated the mucosal barrier,
they are trapped inside the cells by intracellular
ionisation that results in severalfold increase in
their intracellular concentration [43, 44]. The un-
ionised lipophilic forms predominate at more
acidic pH for conjugated bile acids (i.e. pKa 1.9)
and at more neutral pH for unconjugated bile
acids (i.e. pKa 5.1) [38]. As the damage caused
by bile salts depends on their solubility, conju-
gated bile salts cause mucosal damage under
acidic and unconjugated under neutral and alka-
line conditions [36, 37]. Moreover, by dissolution
of cell membranes and tight junctions, bile acids
open the doors to other harmful substances such
as acid, pepsin and pancreatic enzymes [45].

It is known that bile acids can also stimulate
cell proliferation and promote tumorigenesis and
are therefore implicated in the development of
Barrett’s oesophagus, gastric and oesophageal
squamous cell carcinoma and adenocarcinoma
[35, 46-50]. Damaged mucosal cells produce
inflammatory mediators such as cytokines, which
recruit inflammatory cells to the site of inflam-
mation. These cells produce free radicals whose
primary role is to remove the damaged cells, but
they may also induce genetic mutations. Bile
acids are known to induce oxidative stress and
DNA damage [51, 52]. They can induce up-
regulation of superoxide-generating NADPH
oxidase NOX5-S expression and increase in cell
proliferation depend on activation of TGRS
receptor (a bile acid receptor) and Caq protein
which is involved in hydrogen peroxide produc-
tion [53]. Whilst most of these changes will lead

to cell death, others may confer a survival advan-
tage and lead to a clonal expansion of the prema-
lignant, Barrett’s or malignant cell type [54].

One of the characteristics of premalignant and
especially malignant cells is also their loss of dif-
ferentiation. The vitamin A derivate retinoic acid
is an inducer of differentiation, and there is evi-
dence that bile acids compete for one of its
nuclear receptors [55]. Cyclooxygenase (COX) is
the enzyme responsible for the rate-limiting step
in the production of prostaglandins. Whilst
COX-1 is constitutively expressed in the normal
gastric and oesophageal mucosa and has a protec-
tive function, the role of COX-2 includes inflam-
mation, cell adhesion, blocking apoptosis,
invasion, angiogenesis and metastasis and is
induced by inflammatory and cancerous pro-
cesses [54]. Bile acids have been shown to stimu-
late production of COX-2 and prostaglandins
such as prostaglandin E, which may play an
important role in cell metaplasia, dysplasia and
tumorigenesis [56, 57]. They can also activate
mitogen-activated protein (MAP) kinase and
NF-kB pathways, thereby increasing cell prolif-
eration and decreasing cell apoptosis [53].

Experimental studies suggest that bile acids
can directly induce DNA changes which may
lead to mutations and may be thus implicated in
the initiation of carcinogenesis [58]. Many chro-
mosomal losses and gains were detected by a
high-resolution oligonucleotide —comparative
genomic hybridisation in the neoplastic cells
developed by experimental reflux of duodenal
juice [59]. Moreover, by entering cellular nucleus
and binding to nuclear receptors, bile acids may
induce the expression of oncogenes. For exam-
ple, the proto-oncogene C-myc is up-regulated
and expression is increased by exposure to bile
acids [60].

In conclusion, duodenal juice contents as pan-
creatic enzymes, lysolecithin and conjugated and
unconjugated bile acids are implicated in muco-
sal damage, inflammation, metaplasia and malig-
nant alteration through different mechanisms;
however, their detrimental effect depends on
pH. In acidic conditions, conjugated bile acids
and lysolecithin can damage mucosa in syner-
gism with hydrochloric acid and pepsin from the
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Fig.128.2 A schematic representation of pH dependence of different agents responsible for mucosal injury

gastric juice. At neutral or alkaline pH, unconju-
gated bile acids and pancreatic trypsin can dam-
age gastric and oesophageal mucosa (Fig. 128.2).

Clinical Presentation

Excessive DGR and DGER have been suggested
to be involved in the pathogenesis of several fore-
gut diseases such as chemical gastritis, functional
dyspepsia, reflux oesophagitis, Barrett’s oesoph-
agus and gastric and oesophageal carcinoma.
Symptoms are non-specific such as upper abdom-
inal pain or discomfort, postprandial fullness,
regurgitation and, occasionally, bile vomiting.
Therefore, the objective diagnostic methods are
necessary to prove pathologic amount of reflux as
well as its connection with the disease.

A lot of knowledge about the importance of
DGR and DGER has arrived from observations in
surgical patients. In patients after partial or total
gastrectomy with gastroduodenostomy (Billroth
I), gastrojejunostomy (Billroth IT) or reconstruc-
tion with biliary diversion (Roux-en-Y), exces-
sive DGR had been documented by objective
measurements with intragastric bilirubin spectro-
photometry, caused by the loss of pyloric sphinc-
ter functioning as a physiologic barrier to

retrograde flow of duodenal contents into the
stomach [10, 61, 62]. Not only dyspeptic symp-
toms but also remnant gastritis, gastric ulcer-
ations, gastric stump carcinoma,
gastro-oesophageal reflux disease and oesopha-
geal adenocarcinoma have been attributed to
excessive DGR in these patients [10].

Moreover, excessive DGR with its conse-
quences has also been discovered in patients who
underwent cholecystectomy, endoscopic sphinc-
terotomy or other hepatobiliary operative
procedures [63—65]. In contrast with healthy sub-
jects in whom DGR was present most often post-
prandially, in cholecystomised patients, bile is
present in stomach also during fasting [65]. This
profile may be explained by the surgical loss of
the normal gallbladder reservoir for bile, which is
then excreted into the duodenum at the same rate
it is secreted by the liver. Thus, after cholecystec-
tomy, more bile enters the duodenum when fast-
ing and less after eating compared with subjects
with a normal gallbladder. The more constant
presence of bile in the duodenum creates condi-
tions predisposing to increased duodeno-gastric
bile reflux. Moreover, a number of motility
abnormalities were noted after cholecystectomy
[66]. Phase II in the antrum, the “clearance”
wave, was found to occur at a significantly slower
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rate. Also, there was less build-up to phase III of
the interdigestive migrating motor complex, with
a lengthened phase I and reciprocally shortened
phase II. Furthermore, the phase III front migrates
down the duodenum at half the speed that it does
in healthy subjects. This may slow clearance of
the increased proximal duodenal pool of biliary
secretions, which is then available to reflux into
the stomach where it is ineffectively cleared [66].
In children operated for choledochal cyst, exces-
sive DGR was found following hepaticoduode-
nostomy but not following Roux-en-Y
hepaticojejunostomy [67].

In contrast to this, serious gastric pathology
caused by primary excessive DGR without previ-
ous gastrointestinal surgery is relatively rare. It
has been postulated that DGR produces consis-
tent histological changes in the gastric mucosa,
so-called chemical or reactive gastropathy or bile
reflux gastritis. The histological feature most
strongly associated with DGR was intestinal
metaplasia at the gastric antrum. DGR was also
positively associated with the severity of glandu-
lar atrophy, chronic inflammation, lamina propria
oedema and foveolar hyperplasia. As a result, a
histological index, the bile reflux index (BRI),
was derived. Evaluation studies showed that its
values above a threshold 14 have a sensitivity of
70 % and a specificity of 85 % for a bile acid con-
centrations >1.00 mmol/l, which is the upper
limit of physiological reflux [68]. Increased DGR
has been incriminated in the genesis of symp-
toms in patients with functional dyspepsia.
Although in some studies significantly increased
DGR has been found in these patients compared
to controls [10], other groups found the role of
DGR to be minor since its amount during fasting
was normal and only slightly increased after eat-
ing [65]. In patients with dyspeptic symptoms
with pathologic amount of DGR, the mucosal
lesions such as active inflammation, chronic
inflammation, intestinal metaplasia, atrophy and
Helicobacter pylori infection in the whole stom-
ach were more severe than those in dyspepsia
patients without DGR, and the bile reflux time
was well correlated with the severity of patho-
logical changes [69]. However, the relationship
between H. pylori infection and DGR remains

controversial. Some data suggest that H. pylori
may induce DGR, and therefore both may act
synergistically on the gastric mucosa, causing
chronic gastritis, which may lead to the carci-
noma sequence [68, 70, 71]. On the other hand,
there are reports proposing that DGR decreases
H. pylori colonisation and even suggesting to use
bile acids for the treatment of H. pylori-related
gastritis [72, 73]. However, by comparing the
amount of DGR before and after H. pylori eradi-
cation [74], and the presence of H. pylori infec-
tion in patients with and without DGR [75], no
causative relationship could be proved between
DGR and H. pylori infection. Primary DGR has
been rarely reported as a proposed mechanism of
gastric pathology in children unresponsive to
classical antacid therapy [76].

The principal role of acid reflux of gastric
juice in the development of reflux oesophagitis,
Barrett’s oesophagus and oesophageal cancer has
been well established. First ideas about the
importance of DGER came from the observa-
tions in patients with atrophic gastritis, perni-
cious anaemia and following gastrectomy who
developed oesophagitis despite practically absent
gastric acid secretion [77-79]. Although DGER
can be a consequence of excessive DGR, it can
appear from either increased or normal gastric
exposure to duodenal contents [80]. Therefore,
pathologic DGR can be an important mechanism
but is not a prerequisite for increased DGER. In
contrast with paucity of convincing clinical evi-
dence that DGR can produce serious pathology
in intact (non-operated) stomach, numerous qual-
ity clinical studies elucidated the importance of
DGER in oesophageal pathology, both in adults
and children.

Some but not all of the studies using gastric or
oesophageal aspiration and chemical analysis of
the aspirate showed an increase in the presence of
bile acids in gastro-oesophageal reflux (GERD)
patients in comparison with healthy controls
[45]. The differences in the results can be par-
tially explained by different techniques of sam-
pling and particularly by different methods of
chemical analysis. In addition, particularly
increased bile acid concentration was found
amongst patients with Barrett’s oesophagus, with
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the highest concentrations amongst those with
complicated Barrett’s oesophagus (stricture,
ulcer, dysplasia) [81, 82]. However, even in stud-
ies which found increased amounts of bile acids
in GERD patients, their concentration seldom
exceeded 1.0 mmol/l, the concentration regarded
high enough to produce oesophageal mucosal
lesions [83].

Although it is clear today that increase of pH
above 7 cannot be regarded as a marker of DGER,
oesophageal pH monitoring was used in the past
to trace for “alkaline reflux”. Several groups pub-
lished their findings of significantly higher
amounts of both acid and alkaline reflux in
patients with complicated oesophagitis, Barrett’s
oesophagus and complicated Barrett’s oesopha-
gus [84]. These investigators went on to suggest
that prolonged exposure of oesophageal mucosa
to duodenal contents alone may promote the
development of complicated Barrett’s oesopha-
gus and even adenocarcinoma.

Most of the knowledge about the clinical
importance of DGER in oesophageal pathology
arrives from studies using simultaneous oesoph-
ageal pH monitoring and bilirubin spectropho-
tometry with Bilitec 2000. These studies again
pointed out the importance of DGER in the
development of Barrett’s oesophagus as in the
majority of them patients with Barrett’s oesoph-
agus had a significantly greater exposure to both
acid and duodenal contents than patients with
reflux oesophagitis or healthy controls [14, 85,
86]. Moreover, it seems that patients with long
segment and complicated Barrett’s oesophagus
have particularly increased exposure to DGER
[82, 87]. In comparison with patients with short
segment Barrett’s oesophagus, they have similar
acid reflux but significantly greater reflux of
duodenal contents. With some exceptions that
did not find significant differences in GERD
between controls and patients with reflux
oesophagitis [14], a gradual increase of both
acid reflux and DGER has been proven across
the GERD spectrum, being the lowest in healthy
persons and in patients without oesophagitis,
higher in patients with reflux oesophagitis and
the highest in patients with Barrett’s oesopha-
gus [15, 86, 88]. Barrett’s oesophagus is a rare

disorder in children; therefore, paediatric stud-
ies did not include patients with Barrett’s
oesophagus. However, both acid reflux and
DGER exposure were found to increase step-
wise with the severity of oesophagitis. They
were lower in children with GERD symptoms
but without reflux oesophagitis compared with
children with reflux oesophagitis, and children
with severe oesophagitis (Los Angeles grades C
and D) had more refluxes than those with mild
oesophagitis (Los Angeles grades A and B)
(Fig. 128.3) [17].

Duodeno-gastro-oesophageal — reflux — may
cause symptoms, although symptom episodes in
patients with GERD seem to be more often
related to acid reflux episodes [89, 90]. There is a
growing evidence that pathologic amounts of
DGER without pathologic acid reflux can result
in erosive reflux oesophagitis both in adults [91—
94] and children [17, 95]. In my experience, a
majority of children without oesophagitis has no
pathologic refluxes. Isolated pathologic acid
reflux or isolated DGER cause mild oesophagitis,
and a combination of both cause severe oesopha-
gitis (Fig. 128.4) [17]. However, in some patients
with reflux oesophagitis or even Barrett’s oesoph-
agus, the results of both pH monitoring and bili-
rubin spectrophotometry can be normal [96].

Duodeno-gastro-oesophageal reflux may play
an important role in the pathophysiology of pro-
ton pump inhibitor-refractory GERD [97, 98].
Although pathologic acid reflux, pathologic
DGER or a combination of both were found in
adults and children not responsive to the therapy
with proton pump inhibitors (PPIs), acid expo-
sure did not differ according to the presence of
oesophagitis, but patients with substantial
oesophagitis had significantly higher DGER
exposure than those without oesophagitis [98,
99]. DGER may also participate in the develop-
ment of more severe forms of GERD in children
with additional risk factors like neurological and
developmental disorders, cystic fibrosis and oper-
ated anomalies of upper gastrointestinal tract.
Significantly higher gastric bilirubin levels were
found in children with cystic fibrosis when com-
pared with healthy subjects that may result in
exaggerated DGER [100].
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As DGER or its effects may extend beyond the
oesophagus, it may cause or contribute to a variety
of supra-oesophageal manifestations. Pathological
DGER was found in patients with unexplained
excessive throat phlegm [101]. Significant higher
prevalence of symptoms and findings of laryngeal
damage including laryngeal neoplastic lesions
was reported in patients after gastric surgery with
presence of bilirubin and bile acids, indirect mark-
ers of DGER, in saliva [20]. Moreover, pathologi-
cal acid reflux and especially excessive “alkaline”
reflux were found to be elevated and could be
implicated into the pathogenesis of neoplastic
lesions of the pharynx and larynx [102].

Simultaneous oesophageal pH monitoring and
bilirubin spectrophotometry explained the exact
relationship between DGER and oesophageal
pH. Firstly, these studies revealed that DGER
rarely coincide with so-called alkaline shift (a
rise of pH over 7), suggesting that the term “alka-
line reflux”, previously often used synonymously
with DGER, is a misnomer [24, 88]. Secondly,
DGER appears across the whole oesophageal pH
spectrum. Whilst some studies found DGER epi-
sodes most frequently between oesophageal pH 4
and 7 [14, 24], the others discovered the majority
in an acidic environment (pH<4) [15]. It was
shown that in children, DGER episodes most fre-
quently begin at pH between 6 and 7, the pH of
an empty oesophagus. However, after the begin-
ning of an episode, oesophageal pH may change.
The pH of the refluxate depends on the propor-
tions of acid gastric juice, food and duodenal
juice in it. It is interesting that in children without
oesophagitis, relative duration of DGER was
longest between pH 5 and 6, in children with
mild oesophagitis between pH 4 and 5, whilst in
those with severe esophagitis, it was between pH
2 and 4 [25]. From these observations, one can
hypothesise that the lower the pH at which DGER
occurs, the more severe the oesophageal damage,
resulting from simultaneous effects of gastric and
duodenal juice components.

Therapy

Both pharmacological and surgical therapies of
excessive DGR and DGER have been profoundly
studied.

Specific aims of treating DGR and DGER
with medications can be directed at three compo-
nents: decreasing gastric acid secretion, promot-
ing motility and gastric emptying and neutralising
or binding bile acids and making them less injuri-
ous to the gastric and oesophageal mucosa [103].

Acid suppression, particularly with PPIs, is
the mainstay of treatment of gastric and oesopha-
geal diseases. Several clinical studies revealed
that treatment with PPIs and even H,-blockers
dramatically decreases not only acid reflux but
also reflux of duodenal juice into the oesophagus,
both in adults [88, 104—-107] and children [108]
(Fig. 128.5). The proposed mechanism is reduc-
tion of the volume of gastric secretions, with less
fluid available in the stomach for any DGR to
mix with and thence to reflux into the oesopha-
gus. This mechanism may also explain the reduc-
tion in DGR to the upper part of the stomach, a
prerequisite for DGER [104]. Moreover, some
studies showed that acid suppression therapy can
influence gastric and duodenal motility by
increasing antral phase IIl MMC, which have the
role of “street sweeper” and clean the duodenal
reflux contents from stomach. MMC III is evoked
by a presence of bile and pancreatic juice and
neutralisation of acid in the duodenum but can be
inhibited by acidic pH. Therefore, PPIs may also
decrease DGR and DGER through increasing
MMC 1II due to increased duodenal pH [107].
The second proposed mechanism seems more
likely since studies using combined oesophageal
pH monitoring and intraluminal impedance
revealed that therapy with PPIs does not affect
volume reflux into the oesophagus [109]. It
should not be forgotten that several DGER com-
ponents such as conjugated bile acids and lyso-
lecithin are most dangerous to the oesophageal
mucosa at acidic pH when their harmful effect is
synergistic with gastric acid and pepsin. Their
activity can be neutralised by rising oesophageal
refluxate pH with acid suppression therapy.

Cisapride promotes the release of acetylcho-
line from the myenteric plexus and thereby
improves gastric emptying and increases lower
oesophageal sphincter pressure. Several studies
showed that cisapride relieves symptoms in
both adult [110] and paediatric [98, 111]
patients with excessive duodenal reflux.
However, the results of studies using objective
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measurements of DGR or DGER for assessment
of the efficacy of cisapride are conflicting.
Significant decrease of DGER was observed
during therapy with cisapride in a placebo-con-
trolled trial in postgastrectomy patients [110],
but not in patients with gallstones and intact
stomach [112]. Cisapride is not available any
more, as it has been withdrawn from the market
because of its interactions with many other
drugs and serious side effects.

Domperidone, a peripheral dopamine (D,)
receptor antagonist, acts as an antiemetic and pro-
kinetic agent through its effects on the chemorecep-
tor trigger zone and motor function of the stomach
and small intestine, thus promoting gastric empty-
ing by augmenting gastric peristalsis and improv-
ing antroduodenal coordination. Domperidone was
effective both in amelioration of symptoms and in
decreasing nocturnal bile reflux into the stomach in
patients with functional dyspepsia [113].

Erythromycin, an antibiotic with prokinetic
properties, almost completely normalised DGR
in all patients with pathological DGR after bili-
ary surgery [114].

Baclofen, the gamma-aminobutyric acidg
(GABAy) agonist, inhibits the occurrence of tran-
sient lower oesophageal sphincter relaxations
that are the main pathophysiological mechanism

underlying the gastro-oesophageal reflux. In a
study in patients with DGER refractory to PPlIs,
baclofen reduced both the number and the dura-
tion of DGER episodes significantly [115].

Cholestyramine is a basic anionic exchange
resin that binds bile salts. In an uncontrolled
study, cholestyramine helped some patients with
mild bile reflux gastritis [116], but this finding
was not confirmed in a later randomised, double-
blind study [117].

Aluminium hydroxide but not magnesium
hydroxide antacids absorb conjugated bile acids
and lysolecithin with an affinity and capacity
comparable with cholestyramine. Their efficacy
in symptom relief of bile reflux gastritis was
equivalent to cholestyramine but not better than
placebo [117].

Ursodeoxycholic acid (UDCA) is potentially
effective by changing the composition of the
refluxed bile, which may be less noxious to the
gastric and oesophageal mucosa. In a placebo-
controlled study in patients with bile reflux gas-
tritis, a therapy with UDCA resulted in significant
amelioration of symptoms but had no effect on
the macroscopic and microscopic appearance of
the gastric mucosa [118].

Sucralfate is the basic aluminium salt of sul-
phated sucrose that adheres to exposed proteins
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in damaged mucosa, protecting them from acid,
pepsin and bile acids. In a placebo-controlled
study in patients with bile reflux gastritis, sucral-
fate lowered the gastric inflammatory cell scores
but was not associated with improvement of
symptoms [119].

Remnant chemical gastritis as a consequence
of excessive DGR after subtotal gastrectomy can
probably be prevented by choosing reconstruc-
tive procedures which decrease retrograde flow
of duodenal juice and particularly bile into the
stomach. Studies revealed that Roux-en-Y recon-
struction is better than Billroth I or IT [120, 121].
With Roux-en-Y operation, a 45-60 cm-long iso-
peristaltic limb of jejunum is created between
partially resected stomach and jejunal limb
draining the pancreatic biliary system [103]. The
Roux-en-Y operation was shown to preserve the
cardia and the position of the remnant stomach
better than other procedures. In patients after
resection of the extrahepatic bile duct, Roux-
en-Y hepaticojejunostomy was more effective in
prevention of excessive DGR than hepaticoduo-
denostomy [67]. The Roux-en-Y anastomosis is
also a successful therapy for patients with intrac-
table symptoms of remnant gastritis and docu-
mented increased DGR after other gastric
operations [122, 123]. However, side effects
include ulceration, delayed gastric emptying and
dumping [103]. Duodenal switch is an operation
in which the stomach and proximal 5-7 cm of the
duodenum are left intact. The jejunum is divided
about 25 cm distal to the ligament of Treitz. The
distal limb is anastomosed end to end to the
proximal portion of the duodenum, and the prox-
imal limb of the jejunum is anastomosed end to
side to the distal jejunum. This may be the pre-
ferred operation in patients with excessive DGR
and intact stomach as complications are mark-
edly reduced compared to Roux-en-Y operation
[103, 124]. However, such aggressive surgery is
nowadays not a realistic therapeutic option in
patients and especially in children with pathol-
ogy due to excessive DGR and DGER without
previous gastric or biliary operation. Exceptions
to this rule are patients with severe gastro-
oesophageal reflux disease refractory to pharma-
cological therapy who may benefit from

anti-reflux surgery. Several studies showed that
DGER adequately decreases after Nissen fundo-
plication [125, 126].
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