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Abstract
AIM: To assess the diagnostic value of a combination 
of intragastric bile acids and hepatobiliary scintigraphy 
in the detection of duodenogastric reflux (DGR).

METHODS: The study contained 99 patients with DGR 
and 70 healthy volunteers who made up the control 
group. The diagnosis was based on the combination of 
several objective arguments: a long history of gastric 
symptoms (i.e. , nausea, epigastric pain, and/or bilious 
vomiting) poorly responsive to medical treatment, gas-
troesophageal reflux symptoms unresponsive to proton-
pump inhibitors, gastritis on upper gastrointestinal (GI) 
endoscopy and/or at histology, presence of a bilious 
gastric lake at > 1 upper GI endoscopy, pathologic 24-h 
intragastric bile monitoring with the Bilitec device. Gas-

tric juice was aspirated in the GI endoscopy and total 
bile acid (TBA), total bilirubin (TBIL) and direct bilirubin 
(DBIL) were tested in the clinical laboratory. Continu-
ous data of gastric juice were compared between each 
group using the independent-samples Mann-Whitney 
U -test and their relationship was analysed by Spear-
man’s rank correlation test and Fisher’s linear discrimi-
nant analysis. Histopathology of DGR patients and 23 
patients with chronic atrophic gastritis was compared 
by clinical pathologists. Using the Independent-samples 
Mann-Whitney U -test, DGR index (DGRi) was calculated 
in 28 patients of DGR group and 19 persons of control 
group who were subjected to hepatobiliary scintigra-
phy. Receiver operating characteristic curve was made 
to determine the sensitivity and specificity of these two 
methods in the diagnosis of DGR.

RESULTS: The group of patients with DGR showed a 
statistically higher prevalence of epigastric pain in com-
parison with control group. There was no significant 
difference between the histology of gastric mucosa 
with atrophic gastritis and duodenogastric reflux. The 
bile acid levels of DGR patients were significantly higher 
than the control values (Z : TBA: -8.916, DBIL: -3.914, 
TBIL: -6.197, all P  < 0.001). Two of three in the DGR 
group have a significantly associated with each other (r : 
TBA/DBIL: 0.362, TBA/TBIL: 0.470, DBIL/TBIL: 0.737, 
all P  < 0.001). The Fisher’s discriminant function is fol-
lowed: Con: Y = 0.002TBA + 0.048DBIL + 0.032TBIL - 
0.986; Reflux: Y = 0.012TBA + 0.076DBIL + 0.089TBIL 
- 2.614. Eighty-four point zero five percent of original 
grouped cases were correctly classified by this method. 
With respect to the DGR group, DGRi were higher than 
those in the control group with statistically significant 
differences (Z  = -5.224, P  < 0.001). Twenty eight pa-
tients (59.6%) were deemed to be duodenogastric re-
flux positive by endoscopy, as compared to 37 patients 
(78.7%) by hepatobiliary scintigraphy.
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CONCLUSION: The integrated use of intragastric bile 
acid examination and scintigraphy can greatly improve 
the sensitivity and specificity of the diagnosis of DGR. 
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Core tip: The study results suggest that total bile acid 
is the most important factor of the bile acids to deter-
mine duodenogastric reflux (DGR) by using a variety of 
statistical methods. Using the receiver operator curve, 
we found the hepatobiliary scintigraphy is better than 
the examination of gastric juice in the diagnosis of 
DGR. From this study, the biggest revelation is that we 
can research other medical problems particularly using 
many statistical methods. 
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INTRODUCTION
Duodenogastric reflux (DGR) is a natural physiologi-
cal phenomenon which is commonly defined as the 
transport of  duodenal contents from the duodenum to 
the stomach[1]. Chernov et al[2] concluded that DGR was 
involved in the formation of  the internal gastric environ-
ment, which played a significant role in gastric digestion 
and that its regulation was affected by the coordinated 
motor and evacuated performance of  the gastroduo-
denal junction and duodenum. Duodenal fluid causes 
an increase in inflammatory cells in the gastric mucosa, 
decrease in parietal cells, hyperplasia of  mucous cells and 
changes in glandular morphology. Patients with DGR will 
feel heartburn, nocturnal cough and chest pain, nausea, 
epigastric pain, gassy or bloating feelings, vomiting and 
so on. DGR has been implicated in the pathogenesis of  
a variety of  upper gastrointestinal disorders including 
esophagitis, gastritis, duodenal and gastric ulcers[3]. 

With the increasing number of  research in this field, 
reliable, repeatable and simple methods of  assessment 
of  DGR are required, especially in the early stage. Ear-
lier used techniques included radiology, endoscopy and 
intubation methods such as nasogastric aspiration of  
bile marker or the measurement of  bile acids in fasting 
gastric aspirates. At present, several methods are available 
to detect duodenogastric reflux in general hospital. For 
example, intubation of  the upper gastrointestinal tract is 
the essential method to assess the extent and severity of  
tissue damage of  duodenogastric reflux disease in our 
daily work. This intubation should be gentle because it 

may causes disturbances in gastric and duodenal motil-
ity. The conventional and most widely accepted method 
of  diagnosing DGR is the measurement of  intragastric 
bile acid in the gastric juice aspirated through nasogastric 
tube and hepatobiliary scintigraphy. In the last few years, 
scintigraphic radiological techniques, such as imaging 
with hepatobiliary scintigraphy, has become available to 
study dynamic duodenogastric reflux[4-6], but they also 
have limitations[7,8]. 

The aim of  this study was to represent the visualiza-
tion of  endoscopy, to measure intragastric bile acids 
aspirated at endoscopy and to compare them with DGR 
index (DGRi) assessed by hepatobiliary scintigraphy to 
assess the sensitivity and specificity of  these two tech-
niques in the diagnosis of  DGR.

MATERIALS AND METHODS
Patients and methods
A total of  99 patients (41 male and 58 female) with DGR 
were undergoing esophagogastroduodenoscopy (EGD) 
from September 2011 to March 2012 at Shanghai Tenth 
People’s Hospital, Tongji University. The diagnosis of  
DGR was based on the combination of  the following 
arguments: a long history of  gastric symptoms poorly 
responsive to prokinetics, mucosa-protective medicines, 
H2-blockers and/or proton-pump inhibitors (PPI), gas-
troesophageal reflux symptoms unresponsive to PPI, gas-
tritis on upper GI endoscopy, and/or at histology, pres-
ence of  a large amount of  bile in the gastric cavity at > 1 
endoscopic examination, pathologic at 24-h intragastric 
bile monitoring with the Bilitec device. The gastric juice 
was often lucidity or light yellow-green and/or associated 
mucosal change in these patients’ endoscopic images. 
Before investigation, all patients were interviewed by the 
senior author for the presence of  both upper abdominal 
symptoms (heartburn, regurgitation, nocturnal cough and 
chest pain) and dyspeptic symptoms (nausea, epigastric 
pain, gassy or bloating feelings, vomiting). None of  the 
patients had diabetes mellitus, neurological disorders, vas-
cular diseases, collagen diseases, neoplastic diseases or in-
flammatory bowel disease. Acute cases and patients who 
had previously undergone gastrectomy or esophagotomy 
were excluded.

As a control group, 70 consecutive patients (35 male 
and 35 female) who needed EGD for an annual medi-
cal check-up were enrolled. None had undergone earlier 
esophageal, gastric or biliary surgery; and none had ear-
lier gastrointestinal diseases or was on medication which 
would influence gastric acidity or motility. After this, all 
patients underwent upper gastrointestinal endoscopy and 
found gastric juice was normal and the gastric mucosa 
was not damaged obviously under the macroscopic ob-
servation.

The protocol of  this study was approved by the eth-
ics committee of  the Shanghai Tenth People’s Hospital. 
Written informed consent was obtained from all partici-
pants.
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Endoscopic study
Endoscopic examination was performed to find the 
evidence of  DGR in all patients using fiber optic gastro-
duodenoscopy (The GIF-H260 and Q260 endoscopes, 
Olympus Medical Systems Co., Tokyo, Japan). To ensure 
the most accurate results possibly, every patient was not 
taken any food or drink for 8-10 h before examination to 
allow a valid examination of  the upper gastric intestinal 
(GI) tract and to lower the risk of  vomiting.

The doctor explained the test to everyone, including 
the possibility of  biopsy and risks such as the need to 
remove polyps or other surgical procedures and asked 
to sign a consent form agreeing to the procedure. At the 
same time, all the participants informed the endoscopy 
team about any medications he/she was taking and any 
allergy or bad reactions in previous tests. People who 
have had cardiac valve replacement or blood vessel graft 
suggested to continue medications to prevent infection. 
All dentures and eyeglasses prior to begin an upper en-
doscopy were removed. Each of  the subjects was given a 
topical anesthetic before the test to numb his/her throat 
to prevent gagging. The patient was placed on his/her 
left side and had a plastic mouthpiece placed between 
his teeth to keep his mouth opening that makes easier 
to pass the tube. The doctor lubricated the endoscope, 
passed it through the mouthpiece, and then asked him to 
swallow it. The doctor guided the endoscope under direct 
visualization through his esophagus to the first part of  
small intestine (duodenum). Any saliva was cleared using 
a small suction tube that was removed quickly and easily 
after the test.

The doctor inspected portions of  the linings of  ev-
eryone’s esophagus, stomach, and the first part of  small 
intestine and then re-inspects them as the instrument is 
withdrawn. To determine the presence and severity of  
DGR, biopsies of  gastric inflammation was necessary to 
be performed in the antrum of  the stomach. All endo-
scopic examinations were done by well-trained endosco-
pists, and three expert endoscopists examined the endos-
copy photographs to determine whether the attending 
endoscopists had diagnosed accurately. The endoscopic 
diagnosis was established by consensus of  two or three 
expert endoscopists and the attending endoscopist.

Histopathology
Biopsy samples, no less than four sequential sections, 
were taken from the inflammatory mucosa for each en-
rolled patient. Mucosal erythema, erosion or ulcerations 
of  the gastric wall were usually considered signs of  gas-
tric inflammation. Biopsy specimens were immediately 
placed in a 10% buffered formalin solution, routinely 
processed, and embedded in paraffin in the department 
of  Pathology. Two sections were stained with hematoxy-
lin and eosin (HE). At the same time, 23 patients with 
chronic atrophic gastritis were reviewed for comparison. 
The estimation of  inflammatory was made only when the 
biopsy specimen consisted of  intestinal columnar epithe-
lial cells with goblet cells. All biopsy examinations were 

done by well-trained clinical pathologists and the patho-
logical diagnosis was established by consensus of  two or 
three expert pathologists.

Determination of bile acids in gastric juice
For all patients, resting gastric juice was aspirated through 
a sterile wash tube inserted down the biopsy channel of  
the gastroscope. The gastric aspirate was stored at -20˚C 
until batch analysis. The concentration of  free and total 
bile acid was made by the steroid dehydrogenase method 
(Modular P800, Hoffmann-La Roche Ltd, Basel, Swit-
zerland), performed in duplicate with a mean coefficient 
of  variation of  5% for each patient. The mean overall 
percentage recovery was 89 percent and the variance was 
less than 10 percent in duplicate analyses. In the present 
study, three bile acids were analyzed in accordance with 
the clinical processes: total bile acid (TBA), total bilirubin 
(TBIL) and direct bilirubin (DBIL).

Duodenogastric reflux imaging
Twenty eight patients of  DGR group and 19 persons 
of  control group were subjected to hepatobiliary scin-
tigraphy for the diagnosis of  DGR. 99mTc-ethyl hepatic 
iminodiacetic acid (EHIDA) imaging was performed 
using single-photon emission-computed tomography 
(SPE-CT)/CT (PHILIPS Precedence 16 SPE-CT/CT, 
Koninklijke Philips Electronics NV, The Netherlands) 
in accordance with our institution’s standard protocol. 
Stress and rest images were acquired 1 h after injecting 
111-185 MBq (3-5mCi) of  technetium 99m ethyl hepatic 
iminodiacetic acid, [99mTc(CO)3(EHIDA)]-.

Patients were in fasting, non-smoking for 4-12 h and 
oral potassium perchlorate 400 mg was taken to close the 
thyroid function before examination. DGR was studied 
scintigraphically using a modified and extended version 
of  the conventional hepatobiliary scintigraphy. The study 
was conducted with the patient in the supine position and 
the gamma camera detector placed above the patients’ 
abdomen. About 111-185 MBq [99mTc(CO)3(EHIDA)]- 
(99mTc-EHIDA) was injected intravenously. Gallbladder 
contraction was then stimulated by a fatty meal and/or 
intravenous cholecystokinin (1-5 units/kg). SPECT was 
performed by acquiring 32 projections over 180° (from 
45°RAO to 45°LPO) on a circular, 400-mm field of  view 
gamma camera. Serial images of  the liver and hepatobili-
ary system were obtained at every 5 min up to one hour, 
followed by imaging at every 10 min for the next two 
hours. At the end of  the study, 20-40 MBq 99mTc-EHIDA 
was given orally to confirm the location of  the stomach 
if  necessary.

In this research, the films of  all participants, showing 
both SPECT and planar projection image, were evalu-
ated retrospectively by two nuclear consultant radiologists 
working together. Scans were scored as positive for DGR 
only if  the two physicians agreed on the presence of  
DGR. Retrograde movement of  radioactivity from the 
duodenum into the stomach was considered abnormal 
and diagnostic of  DGR. DGRi was calculated to estimate 
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matory changes in the gastric mucosa. Reviewed with 
past recording, there is no significant difference between 
atrophic gastritis and duodenogastric reflux (Figure 2).

Determination of bile acids in gastric juice
Gastric juice was successfully collected from all enrolled 
patients, and the concentration of  bile acids in gastric 
juice was measured in the clinical laboratory. Analysis of  
the gastric aspirates was described in the Table 2, Figure 3. 
The bile acids levels of  DGR patients were significantly 
higher than the control values (Z: TBA: -8.916, DBIL: 
-3.914, TBIL: -6.197, all P < 0.001). Using Nonparamet-
ric correlations, two of  three in the DGR group have a 
significantly associated with each other (r: TBA/DBIL: 
0.362, TBA/TBIL: 0.470, DBIL/TBIL: 0.737, all P < 
0.001). Using the Fisher’s linear discriminant analysis, we 
found the canonical correlation is 0.631 (P < 0.001). The 
standardized canonical discriminant function coefficient 
of  TBA, DBIL and TBIL is individually 0.899, 0.084 and 
0.152, from which we found TBA is the most important 
factor in the diagnosis of  DGR in the examination of  
gastric juice. The Fisher’s discriminant function is fol-
lowed: Con: Y = 0.002TBA + 0.048DBIL + 0.032TBIL - 
0.986; Reflux: Y = 0.012TBA + 0.076DBIL + 0.089TBIL 
- 2.614. Eighty-four point zero five percent of  original 
grouped cases were correctly classified by this method. 
In other words, the result of  endoscopy and gastric juice 
biochemistry detection were consistent more than 80% 

the severity of  DGR, following the formula: 

DGRi (%) = 
Supreme count rate in the stomach

100%
Intrahepatic supreme count rate

×

Statistical analysis
All statistical analyses were performed using Statistical 
Analysis Software IBM SPSS Statistics 20 (Chicago, IL, 
United States). The significance level was set at 0.05 for 
all statistical tests. Values are expressed as mean ± SD 
or stand error of  mean. Continuous data of  gastric juice 
and DGRi were using the Independent-samples Mann-
Whitney U-test between DGR and control group. The 
relationship among the TBA, DBIL and TBIL of  DGR 
group was analysed by Spearman’s rank correlation test 
and Fisher’s linear discriminant analysis. The comparison 
between intragastric bile acids and hepatobiliary scin-
tigraphy in the diagnosis of  DGR was demonstrated by 
receiver operating characteristic (ROC) curve.

RESULTS
Characteristics of enrolled patients
Characteristics of  the enrolled patients are shown in 
Table 1. The group of  patients with DGR was 41 males 
and 58 females, with a mean ± SD age of  48.62 ± 16.20 
years (95%CI: 45.39-51.85). The group of  patients with-
out DGR was 35 males and 35 females, with a mean ± 
SD age of  50.16 ± 13.23 years (95%CI: 47.00-53.31). 
The group of  patients with DGR showed a statistically 
higher prevalence of  epigastric pain in comparison with 
that without DGR.

Endoscopic study and histopathology
The images of  patients which were got in the endo-
scopic examination were revealed in Figure 1. The gastric 
juice of  DGR patients was lucidity or light yellow-green 
and/or associated mucosal changes. Pathologically the 
reflux was associated with infiltration of  mononuclear 
leukocytes, neutrophilic granulocytes, and eosinophilic 
granulocytes and with foveolar hyperplasia in the gastric 
mucosa. Our results suggest that postprandial duodeno-
gastric bile reflux is characterized by superficial inflam-

Table 1  Comparison of demographic and c l in ica l 
characeristics of duodenogastric reflux group and control 
group

DGR group (n  = 99) Control group (n  = 70)

Age (mean ± SD) 48.6 ± 16.2 50.1 ± 13.2
Gender (male/female) 41/58 35/35
Epigastric pain (yes) 72.7%1 17.10%
Nausea/vomit (yes) 20.2%1   7.10%
Bitter taste (yes) 31.3%1   4.30%
Sour regurgitation (yes) 23.2%1   8.60%
Retrosternal pain (yes) 18.2%1   1.40%
Anorexia (yes)  26.30% 10.00%

1Statistically significant differences (P < 0.05). DGR: Duodenogastric reflux.

B

A

Figure 1  Comparison between the review of endoscopic evaluation con-
trol group (A) and duodenogastric reflux group (B). Compared with control 
group, the gastric mucous paste of duodenogastric reflux patient is usually yel-
low or green and has bile dyeing like islands. 
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by this method. The sensitivity and the specificity is sepa-
rately 83.8% and 84.3%.

Duodenogastric reflux imaging
When hepatobiliary scintigraphy was administered by 
constant intravenous infusion it resulted in an increased 
elimination in bile for the first 80-100 min, and the con-
centration in bile then remained relatively constant for 
the rest of  the test. Normally no increase in radioactivity 
in the stomach can be recorded, while the local radioac-
tivity of  the stomach increased during the investigation 
in DGR patients (Figure 4). The DGRi of  DGR group 
were higher than those of  the control group significantly 
(Z = -5.224, P < 0.001) (Figure 5). Twenty eight patients 
(59.6%) were deemed to be duodenogastric reflux posi-

tive by endoscopy, as compared to 37 patients (78.7%) 
by hepatobiliary scintigraphy. In this study, we also found 
some patients who were not determined with DGR by 
endoscopy were found the clue of  duodenogastric re-
flux in the hepatobiliary scintigraphy. Furthermore, 11 
patients were evaluated twice by the hepatobiliary scin-
tigraphy at intervals ranging from 3-14 d. The result was 
identical in 8 patients, from which it indicates the good 
reproducibility of  the test.

DISCUSSION
DGR is a natural physiological phenomenon often oc-

B

A

Figure 2  Representative hematoxylin and eosin staining of gastric tissue 
from chronic atrophic gastritis (A) and duodenogastric reflux (B). Isolated 
metaplasia of glandular epithelium and mild inflammation of the lamina propria 
was found in the tissue of duodenogastric reflux patients (original magnification, 
× 200). 

Table 2  Results of gastric juice analyses between duodeno-
gastric reflux group and control group

Type mean ± SD Range 95%CI Z Sig. 

TBA Con 44.51 ± 56.53    0.80-235.80 31.05-58.01 -8.916 0.000
Reflux 263.64 ± 171.61    0.70-660.50 229.41-297.87

DBIL Con 1.87 ± 1.85 0.00-8.90 1.43-2.31 -3.914 0.000
Reflux 5.43 ± 6.12   0.00-23.70 4.20-6.65

TBIL Con 1.63 ± 1.34 0.10-7.40 1.31-1.94 -6.197 0.000
Reflux 5.49 ± 5.51   0.30-21.90 4.39-6.59

Sig.: Asymp. Sig. (2-tailed) or exact Sig.; TBA: Total bile acid; TBIL: Total 
bilirubin; DBIL: Direct bilirubin. 
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Figure 3  Intragastric concentrations of total bile acid (A), direct bilirubin 
(B) and total bilirubin (C) aspirated in endoscopy examination in duodeno-
gastric reflux group and control group. Patients with duodenogastric reflux 
had a significantly higher total bile acid (TBA), total bilirubin (TBIL) and direct 
bilirubin (DBIL) compared to controls (bP < 0.001 vs control group). Data are 
expressed as mean ± SE and difference was calculated using the independent-
samples Mann-Whitney U-test. 
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Figure 4  Examination of duodenogastric reflux by 99mTc-ethyl hepatic iminodiacetic acid test. A: One episode of duodenogastric reflux, of which the duodeno-
gastric reflux index is 27.5%, is shown in the gastric localization (yellow circle) in the third image; B: A normal study in which no reflux is seen in the gastric region (yellow 
circle) outlined in the last picture. 

B

A

Chen TF et al . Bile acids/hepatobiliary scintigraphy in DGR



2193 April 14, 2013|Volume 19|Issue 14|WJG|www.wjgnet.com

curring during the early hours of  the morning and 
postprandial period[9]. It is commonly understood to 
mean the passing into the stomach of  duodenal fluid 
containing secretions from the intestinal mucosa, bile 
and pancreatic fluid[10]. The prevalence of  upper gastro-
intestinal symptoms and frequency of  established diag-
nosis of  upper gastrointestinal disease is greatest for the 
patients with marked DGR, being approximately twice 
that of  patients without evidence of  DGR[11]. For over 
a century DGR has been considered the main cause of  
the primary or secondary alkaline gastritis and plays the 
basic role in the pathogenesis of  gastritis and other GI 
tract diseases (reflux oesophagitis, gastric ulcer, progress-
ing metaplasia or oesophageal and gastric cancer). In the 
previous researches, DGR occurred in 30% to 40% of  
adult patients presenting with acid reflux esophagitis or 
gastroesophageal reflux disease[12,13]. It is common even in 
asymptomatic subjects, especially in gastric and duodenal 
ulcer patients, gastric surgery, gallstone patients, patients 
undergoing gallbladder operations and cases of  chronic 
pulmonary disease. DGR is a physiologic event, but also 
that the pathologic presence of  duodenal juice in the 
foregut lumen may account for the development of  Bar-
rett’s metaplasia and dysplasia[14,15], and for that of  gastric 
polyps[16], as well. Excessive DGR has been associated 
with the development of  antral gastritis, gastric ulcers, al-
kaline esophagitis, esophageal or gastric adenocarcinoma, 
and intestinal metaplasia of  the gastric mucosa[17-20]. Gas-
tric mucosal damage induces mast cell degranulation and 
a release of  vasoactive mediators, such as histamine, lead-
ing to vascular congestion and lamina propria edema[21]. 
Accurate detection of  DGR has been a major problem 
for many years. The exact pathogenic features of  bile 
reflux in unoperated stomach as well as its contributions 
to gastric mucosal lesions in chronic gastritis are still re-
maining unrevealed[22]. The clinical diagnosis of  excessive 
DGR is usually based on endoscopic observation of  bile 
reflux found in the stomach, antral gastritis or ulceration, 
or the histologic documentation of  foveolar hyperplasia, 
vascular congestion, lamina propria edema or chemical 

gastritis[23-25]. 
The various techniques employed to detect DGR are 

endoscopy gastroduodenal intubation and direct sam-
pling, gastric pH monitoring, ambulatory gastric bilirubin 
monitoring and hepatobiliary scintigraphy. Among them, 
the use of  the intubation technique is considered non-
physiologic since it is invasive and thereby may spuriously 
provoke reflux. Gastric pH monitoring is cumbersome, 
entails the use of  sophisticated instruments and is un-
comfortable for the patients. Scintigraphic documenta-
tion of  DGR is technically easy, simple and physiologic 
as it is noninvasive[3]. Bilitec method reliably identified the 
presence of  bilirubin and it has made feasible to quanti-
tatively detect duodenogastroesophageal reflux of  bile[26]. 
Just et al[27] showed that there was no correlation between 
an alkaline pH and the presence of  bilirubin. Due to 
methodological discrepancies, research into the signifi-
cance of  duodenogastric reflux in the diagnosis of  DGR 
has yielded varying results. Combined with past research-
es and practice, we think the diagnosis of  DGR is still 
based on the systematic analysis of  endoscopy, gastric 
fluid samples obtained by intubation and hepatobiliary 
scintigraphy, a more physiological, non-invasive method.

Endoscopy is one of  the principal means of  studying 
upper abdominal complaints for routine clinical purposes 
and is considered as a minimally invasive procedure, since 
it does not require an incision into one of  the major body 
cavities and does not require any significant recovery af-
ter the procedure (unless sedation or anesthesia has been 
used). Stein et al[28] reported that upper gastrointestinal 
endoscopy had lower accuracy and predictive value than 
scintigraphy or gastric pH monitoring in the assessment 
of  DGR. We can find duodenogastric reflux under direct 
visualization in our daily clinical work. But this is only a 
temporary phenomenon for the most part, and not on 
behalf  of  the patient’s disease status. The chief  source of  
error in this technique is the possible effect of  the intu-
bation in either promoting or hindering reflux. Therefore, 
endoscopic findings only give us an intuitive, subjectivity 
evidence of  the bile reflux and the test is largely a qualita-
tive one.

In addition to the observation of  DGR situation, we 
did pathological examinations during the routine gastros-
copy examination. It has been demonstrated in animal 
experiments that duodenal fluid caused an increase in 
inflammatory cells in the gastric mucosa, a decrease in 
parietal cells, a hyperplasia of  mucous cells and changes 
in glandular morphology. The important factor is the 
antrum which serves to protect the mucosa of  the gastric 
body from the toxic effects of  DGR. In our research, we 
found the atrophic gastritis was very common in patients 
with severe reflux in endoscopy, and we didn’t found the 
histopathology significantly different between DGR and 
atrophic gastritis, which was consistent with the previ-
ously research[29].

The assessment of  gastric fluid, an important work in 
the endoscopic progress, is another important impact in 
the diagnosis of  DGR. The surfactant effect of  bile acids 
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Figure 5  Comparison of duodenogastric reflux group and control group 
in the scintigraphy. The reflux rates of duodenogastric reflux group in the 
patients were higher than those in the control group with statistically significant 
differences (Z = -5.224, P < 0.001). Data was calculated using the independent-
samples Mann-Whitney U-test. DGRi: Duodenogastric reflux index.
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is closely related to their hydrophobic-hydrophilic bal-
ance. Bile acids have a surfactant effect for lipid absorp-
tion[30], and they may have a cytotoxic action if  the sur-
factant effect is too strong[31,32]. Indeed, Heuman reported 
that the hydrophilic-hydrophobic balance of  bile acids 
correlates with their toxicity, and increasing hydrophobic-
ity was associated with increasing cytotoxicity towards the 
gastrointestinal epithelium[33]. Therefore, the bile acids 
may also have some roles in the formation of  duodeno-
gastric gastritis and in the diagnosis of  DGR. In our 
study, we found there was a good correlation between 
TBA and DBIL, TBA and TBIL, DBIL and TBIL in 
DGR group. When we used Fisher’s linear discriminant 
analysis to analyze the three indexes in the determination 
of  DGR, we found TBA was the most important factor 
in the diagnosis and created two formats to discriminant 
the diagnosis of  DGR. The consistency between the 
direct vision of  endoscopy and gastric juice examination 
was nearly 84%. By this method, the sensitivity and the 
specificity was separately 83.8% and 84.3% and this is the 
first time that we used this method to determine DGR.

Hepatobiliary scintigraphy, using 99mTc-EHIDA de-
rivatives, is superior to upper gastrointestinal endoscopy 
in the detection of  DGR and also has the advantage of  
being non-invasive and physiological. A hepatobiliary 
tracer is injected intravenously and 99mTc-EHIDA ex-
creted through the liver into the biliary tract and further 
into the duodenum in cholescintigraphy. When DGR 
happened, 99mTc-EHIDA passes into the duodenum and 
via reflux into the stomach. About 60% (28/47) of  the 
isotope dose was secreted into the bile in 1.5 h. In the 
past researches, a good correlation was shown between 
the severity of  mucosal changes on histology and the 
presence of  DGR on scintigraphy[34,35]. The present study 
not only confirms this sensitive method for the diagnosis 
of  DGR, but also proves its superiority over intragastric 
bile acids estimation (Figure 6). When we used ROC 

curve, we found the hepatobiliary scintigraphy was bet-
ter than the examination of  gastric juice (Figure 6). This 
means the hepatobiliary scintigraphy has better sensitivity 
and specificity. From the statistical analysis, we also found 
TBA was the most important factor of  bile acids to 
determinate the diagnosis of  DGR, which was in accor-
dance with the result of  the standardized canonical dis-
criminant function coefficient of  TBA. But the method 
gave no information on the nature of  the reflux fluid, i.e., 
the substances neither contained in bile, nor did it mea-
sure anything more than bile reflux. It is well accepted 
that hepatobiliary scintigraphy recorded only a relatively 
short period. Being noninvasive, physiological and good 
repeatability, hepatobiliary scintigraphy appears suitable 
for routine clinical use in the diagnosis of  DGR[36,37].

All in all, the results of  endoscopy, discriminant func-
tion of  intragastric bile acid examination and scintigraphy 
were correlated with the final diagnosis of  DGR. Inte-
grated use of  these three methods will help improve the 
accuracy of  diagnosis of  DGR.
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COMMENTS
Background
Duodenogastric reflux (DGR) is a natural physiological phenomenon often oc-
curring during the early hours of the morning and postprandial period, which 
is commonly understood to mean the passing into the stomach of duodenal 
fluid containing secretions from the intestinal mucosa, bile and pancreatic fluid. 
Earlier used techniques employed to detect DGR included gastroduodenal intu-
bation and direct sampling, gastric pH monitoring, endoscopy, gastric mucosal 
biopsy and hepatobiliary scintigraphy, but every method has its limit in the diag-
nosis of DGR.
Research frontiers
Gastric pH monitoring is cumbersome, entails the use of sophisticated instru-
ments and is uncomfortable for the patients. Bilitec method reliably identified 
the presence of bilirubin and it has made feasible to quantitatively detect 
duodenogastroesophageal reflux of bile. Due to methodological discrepancies, 
research into the significance of duodenogastric reflux in the diagnosis of DGR 
has yielded varying results.
Innovations and breakthroughs
This is the first time that we used the Fisher’s linear discriminant analysis to 
determine the bile acids in gastric juice and found total bile acid is the most 
important factor in the diagnosis of DGR. Using the Receiver operator curve, 
authors found the hepatobiliary scintigraphy is better than the examination of 
gastric juice.
Applications
By understanding the advantages and disadvantages of intragastric bile acids 
and scintigraphy, this study demonstrates the hepatobiliary scintigraphy have 
better sensitivity and specificity than intragastric bile acids in the diagnosis of 
DGR and the integrated use of these two methods can greatly improve the ac-
curacy and sensitivity of the diagnosis of DGR.
Terminology
Hepatobiliary scintigraphy is a radionuclide diagnostic imaging study that 
evaluates hepatocellular function and patency of the biliary system by tracing 
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Figure 6  Receiver operator curve for 99mTc-ethyl hepatic iminodiacetic 
acid test and gastric juice analyses in the diagnosis of duodenogastric 
reflux. Area under the curve was of 0.953 for ethyl hepatic iminodiacetic acid 
scintigraphy (P < 0.001, 95%CI: 0.901-1.000), 0.830 for total bile acid (TBA) 
(P < 0.001, 95%CI: 0.709-0.950), 0.722 for direct bilirubin (DBIL) (P = 0.008, 
95%CI: 0.587-0.872) and 0.773 for total bilirubin (TBIL) (P = 0.002, 95%CI: 
0.642-0.905). 
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the production and flow of bile from the liver through the biliary system into the 
small intestine. Sequential images of the liver, biliary tree and gut are obtained. 
Computer acquisition and analysis as well as pharmacological interventions are 
frequently employed.
Peer review
Many reports evaluate duodenogastric reflux with endoscopic examination 
or gastric juice examination. Hepatobiliary scintigraphy can check objectively 
dynamic duodenogastric reflux and is no invasive method. This report results 
hepatobiliary scintigraphy is a useful method for evaluating duodenogastric 
reflux and help improve the accuracy of diagnosis of duodenogastric reflux with 
integrated use of endoscopy and intragastric bile examination.  
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