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Abstract. – OBJECTIVE: Reflux is the principal
complication for patients after esophagectomy with
gastric reconstruction. The aim of this study was to
investigate the effect of the modified Nissen fundo-
plication after resection of adenocarcinoma from
the esophagogastric junction (AEG) on controlling
the reflux and the role of duodenogastroesophageal
reflux (DGER) and cyclooxygenase-2 (COX-2) ex-
pression level in the remnant esophagus. 

PATIENTS AND METHODS: Sixty patients with
AEG were randomly divided into two groups: (i)
the conventional anastomosis group and (ii) the
anti-reflux anastomosis group. Fifty esophagec-
tomized patients were invited to participate in
postoperative follow-up after 6 to 12 months.
Among those we had 29 cases in the convention-
al anastomosis group and 21 in the anti-reflux
anastomosis group. We used endoscopy, simul-
taneous 24 hours esophageal pH and bilirubin
monitoring in this study. The COX-2 expression
level in the remnant esophagus was detected us-
ing real-time PCR. 

RESULTS: The reflux esophagitis prevalence in
anti-reflux anastomosis group was comparable
to that in the conventional group (p = 0.154). De-
Meester score and fraction time of bilirubin abs
>0.14 decreased more intensely in the anti-reflux
anastomosis group (p < 0.05). The COX-2 expres-
sion level in of anti-reflux anastomosis group
was evidently lower than that in the conventional
anastomosis group (p = 0.022) while it was mean-
ingfully higher compared to the normal control
group (p = 0.046). COX-2 up-regulation as well as
high prevalence of esophagitis were observed in
simultaneous acid reflux and DGER (p < 0.05).

CONCLUSIONS: Although modified fundoplica-
tion following resection of AEG did not achieve
an optimal effect on controlling reflux, it was very
effective in decreasing the reflux. COX-2 expres-
sion monitoring can be considered as a possible
new way to evaluate the impact of anti-reflux
surgery. DGER occurring in acidic environment
could develop severe reflux esophagitis and up-
regulate the COX-2 expression.
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Introduction

Partial esophagectomy and proximal gastrecto-
my are major surgical procedures for patients suf-
fering from adenocarcinoma of esophagogastric
junction (AEG). In these cases, we have less than
20%, five years survival rate1. Gastric and duode-
nal reflux after esophagectomy with gastric con-
duit reconstruction is a common problem and is
often considered an inevitable consequence of this
type of surgery. Reflux symptoms have been
found in 60 to 80% of esophagectomy cases2 and
problems such as severe heartburn and regurgita-
tion associated with this condition can create
physical discomfort as well as social complica-
tions. Presently, the life quality after a surgical in-
tervention has become paramount. There are gath-
ering evidences indicating that gastroesophageal
reflux almost occurs in all patients who underwent
esophagectomy and in nearly all cases the conven-
tional anastomotic orifice fails to prevent gastroe-
sophageal reflux after the surgery3. 

The prevalence of esophagitis and Barrett’s esoph-
agus in the esophageal stump is respectively 45.9 to
91.9% and 29.5 to 57.5% after the surgery. The devel-
opment of Barrett’s esophagus might result in a new
carcinoma in patients who have achieved long-term
survival after esophagectomy4.

Modified Nissen fundoplication shaped by the
gastric fundus wrapping around the remnant oe-
sophagus and conventional anastomosis after
esophagectomy may be considered as a powerful
anti-reflux manoeuvre in patients with esophageal
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carcinoma5. Its anti-reflux effect was demonstrat-
ed by endoscopy and 24-hour pH monitoring6.
Modified Nissen fundoplication is shaped by an
adequate width and length of remnant gastric tube
wrapping around the esophageal stump and anas-
tomosis. However, the effectiveness of this im-
proved surgical procedure in controlling gastroe-
sophageal reflux is still unclear. To investigate the
anti-reflux effect of this method and the impact of
DGER on reflux esophagitis we used endoscopy,
simultaneous ambulatory 24 hours pH and spec-
trometric bilirubin monitoring following the AEG
resection. 

Cyclooxygenase-2 (COX-2) is a rate-limiting
enzyme in the conversion of arachidonic acid to
prostaglandins pathway. COX-2 is involved in
the regulation of a broad range of cellular
processes including proliferation, angiogenesis
and resistance to apoptosis. According to the pri-
or studies in this field, among many genes evalu-
ated in the distal esophageal squamous mucosa,
only COX-2 expression well correlated with the
amount of esophageal acid exposure7. The in-
creased expression levels seen in some genes,
such as COX-2 and interleukin 8 (IL-8), in the
distal esophageal mucosa, were significantly
lowered and returned to the level comparable to
that seen in the squamous mucosa of patients
without reflux disease8,9. Based on these find-
ings, using real-time PCR, the COX-2 expression
level in the remnant esophagus was measured in
order to verify whether our anti-reflux surgery
can change COX-2 expression in the remnant
esophagus. We also evaluated the effects of acid
reflux and DGER on COX-2 expression. 

Patients and methods 

Patients
From December 2011 to July 2013, sixty pa-

tients with adenocarcinoma of esophagogastric
junction (AEG) were chosen and randomly di-
vided into two groups: (i) the conventional anas-
tomosis group (modified Nissen fundoplication
added to conventional anastomosis) and (ii) the
anti-reflux anastomosis group. We had 39 males
and 21 females, with ages ranging from 40 to 76
years (mean age was 60.2 years). The pro-opera-
tive general condition, the size of the tumor and
pathologic type were analogical between the two
groups. Fifty post-operative patients including 37
males and 13 females, aging from 40 to 73 years
(average age 61.6 years) took part in the follow-

up studies (6 to 12 months after operation). This
included 29 patients in the conventional anasto-
mosis group and 21 patients in the anti-reflux
anastomosis group. All postoperative patients re-
ceived endoscopy examination while thirty- sev-
en patients underwent 24-hours pH and bilirubin
monitoring. The COX-2 expression level in the
remnant esophagus was evaluated using real-
time PCR. 

Demographic and clinic pathological informa-
tion such as age, gender, characteristics of AEG
and the method of surgery were obtained from
patient’s records (Table I). The pathologic stage
of AEG was determined according to the 7th edi-
tion of the esophageal adenocarcinoma and gas-
tric cancer TNM classification of the American
Joint Committee on Cancer (AJCC) and Union
for International Cancer Control (UICC). Ac-
cording to UICC, a tumor with an epicenter lo-
cated within 5 cm from the EGJ with extension
into EGJ and the distal esophagus (AEG type I
and II) was staged according to the esophageal
adenocarcinoma staging scheme. Tumors with an
epicenter greater than 5 cm from EGJ or those
within 5 cm of the EGJ without extension into
EGJ (AEG type III) were staged using the gastric
carcinoma staging scheme10. Twelve healthy vol-
unteers with no reflux and reflux esophagitis
were selected as normal control for this study.
These included ten males and two females with
mean age of 45.6 years. They were selected us-
ing 24-hour esophageal pH and bilirubin moni-
toring and endoscopy. Written informed consent
was obtained from postoperative patients and
volunteers. This study was approved by Hospital
Ethics Committee.

Surgical procedure 
All patients underwent surgery via left thora-

cotomy and the esophagus and stomach were
mobilized. The esophagus was mobilized to the
level of inferior lung vein. The partial distal
esophagus, gastroesophageal junction, and proxi-
mal stomach were resected at 5 cm tumor-free
margin. Remaining parts of the stomach were
shaped into gastric tube 3 to 4 cm in width using
a linear stapling device (GIA6038S, Covidien,
Saint Louis, MO, USA). The anastomosis was
performed below the aortic arch. The conven-
tional anastomosis was at the terminal side of the
esophagogastric anastomosis using a circular sta-
pling device (HuaSen 24#, ChangZhou Medical
Equipment Company, ChangZhou, China) and
was shaped on the apex of the gastric tube (Fig-
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Clinicopathologic Conventional Anti-reflux Total
characteristics anastomosis anastomosis

Gender (n)
Male 21 16 37
Female 8 5 13

Age (mean year) 62.3 58.5
Siewert and Stein classification (n)
Type I 4 3 7
Type II 18 15 33
Type III 7 3 10

Turmor size (cm) 1.5-5 1-4
Histology (n)
Papillary adenocarcinoma 12 7 19
Tubular adenocarcinoma 7 9 16
Mucinous adenocarcinoma 4 2 6
Poorly differentiated adenocarcinoma 5 3 8
Other types 1 0 1

Tumor stage (n)
Ia 0 (0) 0 (0) 0
IIb 0 (0) 1 (0) 1
IIa 3 (1) 4 (1) 9
IIb 7 (3) 7 (1) 18
IIIa 9 (2) 5 (1) 17
IIIb 2 (1) 1 (0) 4
IIIc 1 (0) 0 (0) 1
IV 0 (0) 0 (0) 0

Table I. Clinicopathologic data in patients with adenocarcinoma who underwent partial esophagectomy and proximal subtotal
gastrectomy with the conventional anastomosis and the anti-reflux anastomosis.

The data in bracket was staged according to the gastric carcinoma staging scheme.

Figure 1. Schematic diagram of conventional anastomosis (A) and anti-reflux anastomosis (B to D). A, The conventional
esophagogastric anastomosis was the end to side esophagogastric anastomosis using a circular stapling device in apex of gas-
tric tube and near to greater curvature of gastric tube. B, The esophagogastric anastomosis was performed in anterior wall of
the stomach, which was in position 3 to 4 cm below the apex of gastric tube and near to greater curvature of the gastric tube.
C, The gastric tube apex was drawn to left at the remnant esophagus. Four non-absorbable sutures were sewn from the gastric
wall at side of the greater curvature of stomach to the gastric wall at side of lesser curvature of stomach. The upper two sutures
included the terminal remnant esophagus wall. The third suture was only sewn at gastric wall between side of the greater cur-
vature of stomach and lesser curvature of stomach. Fourth suture included anterior wall of the stomach below 1 cm anastomo-
sis. D, The three sutures were tied tight to complete the modified Nissen fundoplication following the conventional esopha-
gogastric anastomosis.



ure 1A). For the modified Nissen fundoplication
(Figure 1B-D), the anastomosis was shaped on
the anterior wall of the stomach, which was in a
position 3 to 4 cm below the apex of the gastric
tube and near to the greater curvature of the gas-
tric tube. After conventional anastomosis, the
apex of the gastric tube was drawn to the left side
of the remnant esophagus. This was placed in a
way that the gastric tube extended beyond the
two sides of the remnant esophagus. The fundo-
plication was sewn with four non-absorbable su-
tures. The four sutures, which were sewn to gas-
tric wall at the greater curvature side of gastric
tube to gastric wall at lesser curvature of gastric
tube side, passed across the terminal remnant
esophagus and anastomosis. The first, second
and fourth sutures were sewn at the wall of ter-
minal remnant esophagus and anterior wall of the
stomach 1cm below anastomosis. The third su-
ture was only sewn at the gastric wall from the
greater curvature to the lesser curvature of the
gastric tube. All the sutures were placed 1 cm
apart to close the wrap. The fundoplication was
performed by drawing the lesser curvature of
stomach’s gastric tube side forward and right to
the terminal remnant esophagus and anastomosis,
wrapping it around the terminal esophageal rem-
nant 2 to 3 cm and the anastomosis and securing
it to the gastric wall at side of the greater curva-
ture of the stomach. The pyloroplasty was not
performed in the surgical procedure.

Endoscopy
Six months after the surgery, the remnant

esophagus mucosa was examined using a flexible
endoscope (Olympus GIF-Q260J; Olympus Opti-
cal Co., Ltd., Tokyo, Japan). The severity of re-
flux esophagitis observed during the endoscopy
was graded according to Los Angeles (LA) clas-
sification system11. Three biopsy specimens were
collected at 3, 9, 12 clock position of the remnant
esophageal mucosa 3 cm above of esophageal-
gastric anastomosis in postoperative patients and
in the same region of distal esophageal mucosa 3
cm above esophagogastric junction (Z-line) in
healthy volunteers.

Ambulatory 24 hours esophageal pH 
and bilirubin monitoring

Simultaneous esophageal pH and bilirubin
monitoring were performed for 24 hours. Anti-
mony with single sensor for pH (Medtronic,
Skovlunde, Denmark) was calibrated in buffer
solutions of pH 1.07 and pH 7.01 before each
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study. Then, the fiber optic probe for bilirubin
monitoring (Medtronic) was calibrated with wa-
ter. After the catheters had been passed trans
nasally, pH sensor and bilirubin monitoring were
positioned in the region of remnant esophagus 5
cm above anastomotic orifice identified fluoro-
scopically by the presence of the staple in
esophagectomized patients and in the region of
distal esophagus 5 cm above esophagogastric
junction (identified by endoscopy) in healthy
volunteers. The esophageal pH and bilirubin
monitoring was respectively recorded by a
portable digital data recorder (Digitrapper Mark
III, Medtronic) and a portable optoelectronic data
recorder (Bilitec 2000, Medtronic). Data were
downloaded into a personal computer for further
analyses using Esophogram Reflux Analysis
Software (Medtronic). Elevated acid reflux was
defined as DeMeester score above 14.7212 and el-
evated duodenal gastro esophageal reflux
(DGER), was defined as bilirubin absorbance ex-
ceeding 0.14 for more than 1.8% of the monitor-
ing time13.

Real-time PCR
Histological biopsy specimens underwent

routine fixation. Total RNA from the biopsy sam-
ples was extracted using High Pure FFPET RNA
Isolation Kit according to the instructions provid-
ed by the supplier (Roche Applied Science Co.,
Basel, Switzerland). Total RNA samples (1 μg)
were subjected to reverse transcription in order
to obtain complementary DNA (cDNA). The re-
action was performed in 25 μl according to Tran-
scriptor first strand cDNA synthesis kit (Roche
Applied Science Co.). Real-time PCR measure-
ment of COX-2 cDNA was performed on an ABI
PRISM 7500 sequence detector (PE Applied
Biosystems, Foster City, CA, USA) with TaqMan
assay. The COX-2 primers and probe sequences
were synthesized (PE Applied Biosystems) as de-
scribed previously14 (Table II). The PCR reaction
mixture consisted of 1200 nmol/of each primer,
200 nmol/probe, 0.4 U of AmpliTaq Gold Poly-
merase, 200 nmol/each dATP, dCTP, dGTP,
dTTP, 3.5 mM MgCl2 and 1x Taqman Buffer A
containing a reference dye, to a final volume of
20 μl (all reagents from PE Applied Biosystems).
Cycles conditions were 50°C for 2 min, 95°C for
10 min, followed by 46 cycles at 95 °C for 15s
and 60 °C for 1 min. TaqMan measurements
yield Ct values were inversely proportional to the
amount of cDNA in the tube. A higher Ct value
indicated that more PCR cycles were required to
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reach the level of detection. Gene expression val-
ues (relative mRNA levels) were communicated
as ratios (differences between the Ct values) of
COX-2/β-actin in arbitrary units. An internal ref-
erence gene (β-actin) provided a normalization
factor for the amount of RNA isolated from a
specimen.

Statistical Analysis
All statistical analyses were performed using

SPSS for Windows (Version 19.0; SPSS, Inc.,
Chicago, IL, USA). The prevalence of reflux
esophagitis and gastroesophageal reflux were an-
alyzed by Chi Square test. The 24 hours pH and
bilirubin monitoring parameters were compared
by Wilcoxon rank-sum test. The COX-2 expres-
sion was estimated using Scheffe test. A p-value
of ≤0.05 was considered statistically significant.

Results

Using endoscopy examination, different
grades of reflux esophagitis were observed in the
conventional anastomosis as well as the anti-re-
flux anastomosis groups (Figure 2). The reflux
esophagitis occurrences were respectively 69%
and 47.7% in the conventional anastomosis and
the anti-reflux anastomosis groups. Although re-
flux esophagitis prevalences in the anti-reflux
anastomosis group declined more intensely, dif-
ferences between the groups were not statistical-
ly significant (χ2=2.313, p=0.154). 

The reflux patterns were classified into four
types: (i) neither acid reflux nor DGER, (ii) only
acid reflux, (iii) only DGER and (iv) simultane-
ous acid reflux and DGER by analysis of 24-hour

pH and bilirubin monitoring (Figure 3). The re-
flux occurrences were respectively 85.2% and
76.5% in the conventional anastomosis and anti-
reflux anastomosis groups. No significant differ-
ence in reflux occurrence was observed between
the two groups (χ2=0.343, p=0.434). The simulta-
neous acid reflux and DGER were the main re-
flux patterns in both groups. Higher reflux
esophagitis occurrences (grade C and grade D)
were observed patients with simultaneous acid
reflux and DGER (χ2=4.723, p=0.043) (Figure
4). DeMeester score and fraction time of biliru-
bin abs >0.14 in the anti-reflux anastomosis

GenBank accession: NM-000962
Forward primer of COX-2 5′-GCTCAAACATGAT-
GTTTG
CATTC-3′

Reverse primer of COX-2
5′-GCTGGCCCTCGCTTATGA-3′ 
TaqMan probe of COX-2
6FAM 5′-TGCCCAGCACTTCACGCATCAGTT-3′

TAMRA.
GenBank accession: NM-001101
Forward primer of β-actin
5’-GAGCGCGGCTACAGCTT-3’
Reverse primer of β-actin
5’-TCCTTAATGTCACGCACGATTT-3’
TaqMan probe of β-actin
6FAM 5′-ACCACCACGGCCGAGCGG-3′TAMRA.  

Table II. Primers and Probes of COX-2 and β-actin.

Figure 2. Prevalence of different grade of reflux esophagitis
between the groups of conventional anastomosis and anti-re-
flux anastomosis. There was no difference in prevalence of
reflux esophagitis between two groups (χ2=2.313, p=0.154).

Figure 3. Incidence of different types of reflux between
the groups of conventional anastomosis and anti-reflux
anastomosis. No difference was observed in prevalence of
reflux between two groups (χ2=0.343, p=0.434).
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group were clearly dropped more than those in
the conventional anastomosis group and differ-
ences were statistically significant (p<0.05)
(Table III). 

COX-2 expression level was lowest in the nor-
mal control group (0.053±0.037). In patients un-
derwent esophagectomy, the COX-2 gene expres-
sion level was 0.126±0.085 for patients with nor-
mal esophageal mucosa (n=20) and 0.147±0.112
in patients with reflux esophagitis (n=30). The
COX-2 expression levels in esophagectomized pa-
tients with normal esophageal mucosa and reflux
esophagitis were clearly higher compared to that
in the normal control (p=0.0314, 0.012) and there
was no significant difference between esophagec-
tomized patients with normal esophageal mucosa
and reflux esophagitis (p=0.1281). The COX-2
expression levels in patients with simultaneous
acid reflux and DGER (0.2301±0.0571) were evi-
dently higher than that in only acid reflux

(0.0901±0.0546, p=0.004,) and control group
(p=0.001). However, the difference was not signif-
icant when compared to that in DGER only
(p=0.142) (Figure 5). 

COX-2 expression levels in the remnant
esophagus mucosa are shown in Figure 6. The
COX-2 expression level in anti-reflux anastomosis
group was evidently lower compared to that in the
conventional anastomosis group (0.192±0.148 vs.
0.114±0.087, p=0.022), while it was significantly
higher when compared to the normal control
group (0.114±0.087 vs. 0.053±0.037, p=0.046). 

Discussion

Adenocarcinoma of the esophagogastric junc-
tion (AEG), which occurs within 5 cm of the
esophagogastric junction (EGJ), can be divided in-
to three types according to Siewert and Stein clas-
sification of AEG15. There are several possible ap-
proaches for surgical resection of carcinoma of the
esophagogastric junction. These included resection
of the proximal stomach and total gastrectomy, and
proximal gastrectomy with partial esophagectomy
being the main surgical procedure for AEG. AEG
patients who underwent partial esophagectomy and
proximal gastrectomy with gastric tube reconstruc-
tion have a high risk of prolonged esophageal ex-
posure to gastric acid and duodenal juice because
the normal anti-reflux mechanisms (lower
esophageal sphincter, angle of His, diaphragmatic
sling) have been resected. Zang et al16 reported that
60% of patients after surgery for AGE (cardiac
cancer) had typical symptoms of gastroesophageal
reflux and all patients with AGE suffered from
postoperative gastroesophageal reflux by 24-hour
pH monitoring. Manual anastomosis, such as en-
casing-in style and “scarf” style, could not de-
crease gastroesophageal reflux. The height at
which the anastomosis is shaped is considered to

Figure 4. Prevalence of various extents of reflux esophagitis in
different reflux patterns. The higher occurrence of reflux
esophagitis of grade C and grade D was observed in the patients
who had simultaneous acid reflux and DGER compared with
that in only DGER and only acid reflux (χ2=4.723, p=0.043).

Group Conventional Anti-reflux H p
Anastomosis Anastomosis
(n=19) (n=17)

x±SD x±SD

DeMeester score 132.72±83.01 56.18±48.18 2.758 0.0061

Fraction time of bilirubin abs>0.14 17.28±13.15 7.62±8.37 2.521 0.0118

Table III. Comparison of acid reflux and DGER between conventional and anti-reflux anastomosis groups. 
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affect the extent of the reflux. More severe refluxes
occur on the lower anastomosis locations17,18 be-
cause in lower anastomosis cases, a bigger part of
stomach is subjected to positive intra-abdominal
pressure thus promoting greater reflux19. Since
conventional anastomosis fails to prevent gastroe-
sophageal reflux, many surgical techniques at-
tempting to control reflux after esophagectomy
have been developed20-24. However, these surgical
procedures are too complex and very challenging
and are unsuitable for radical resection of
esophageal cancer and AEG. Hence, these im-
proved surgical procedures have not been com-
monly applied as standard techniques. 

Treatment of patients with gastroesophageal
reflux disease by Nissen fundoplication is a well-
established surgical technique. Aly et al5 origi-
nally reported that the modified Nissen fundopli-
cation was added to conventional anastomosis in
esophagectomized patients with esophageal can-
cer and postoperative reflux symptoms, were re-
duced in the majority of patients with this anti-
reflux maneuver. Our previous study also
demonstrated that this technique was effective in
controlling reflux6. In AEG patients when proxi-
mal stomach must be resected, sufficient width
and length of remnant stomach is very important
because it should wrap around the terminal part
of remnant esophagus and anastomotic orifice in

order to satisfy Nissen fundoplication. In our
case series, the width of remnant gastric tube was
more than 4 cm, and that the gastric tube apex
overtopped 3 cm of anastomotic site on the ante-
rior wall of the remnant stomach. In addition, the
tumor, which was less than 4 cm in diameter, lo-
cated in EGJ extension to distal esophagus and
less gastric curvature (AEG type I and II) or in
the gastric fundus without extension to GEJ and
gastric body (AEG type III). Hence, the location
and the size of tumor were important factors to
successfully complete the modified Nissen fun-
doplication following resection of AEG.

Our data showed that various patterns of re-
flux occurred in both groups and the simultane-
ous acid reflux and DGER was the main reflux
pattern. Although reflux pattern was comprised
of three types: only acid reflux, only DGER and
simultaneous acid reflux and DGER, it was pos-
sible for patients with only DGER to have acid
reflux due to the alkaline content in DGER neu-
tralizing gastric acid. Previous findings demon-
strated that most esophageal bilirubin exposures
occurred in a pH ranging from 4 to 7 in
esophagectomized patients25. Marshal et al26 de-
scribed that esophageal mucosal injury was mini-
mal in patients with isolated bile reflux. Vaezi et
al27 argued that duodenal contents required an
acid environment to produce more severe mucos-

Figure 5. COX-2 expression in the remnant esophageal
mucosa in acid reflux and DGER profile in 36 patients in-
cluding the conventional anastomosis and anti-reflux anas-
tomosis groups. Boxes represent the range of standard devi-
ation with the horizontal line representing mean value. Error
bars represent maximum and minimum values. The COX-2
expression in simultaneous acid and DGER was evidently
higher than that in only acid reflux and control (p=0.004,
p=0.001). Difference was not significant when compared to
that in only DGER (p=0.142). 

Figure 6. COX-2 expression in the remnant esophageal mu-
cosa among the conventional anastomosis, anti-reflux anasto-
mosis and control groups. Boxes represent the range of stan-
dard deviation with the horizontal line representing mean val-
ue. Error bars represent maximum and minimum values. The
COX-2 expression in the anti-reflux anastomosis group was
evidently lower than that in the conventional anastomosis
group (p=0.022). COX-2 expression in the conventional anas-
tomosis group significantly increased compared to the normal
control group (p=0.046). 



al injury. Our findings showed that severe
esophagitis (grade C and D reflux esophagitis)
occurred only in DGER as well as simultaneous
acid and DGER, rather than in acid reflux only.
Furthermore, we observed higher occurrence of
severe esophagitis in simultaneous acid and
DGER. This suggested that DGER played a sig-
nificant role in damaging the esophageal mucosa
and the injury might be more severe when DGER
was exposed to acidic environment.

Combined ambulatory esophageal 24 hours
pH and bilirubin monitoring could detect changes
in acid reflux and DGER. Our results showed that
the extent of acid reflux and DGER in the anti-re-
flux anastomosis group was declined more in-
tensely when compared to that in the convention-
al anastomosis group. Nevertheless, the varying
degrees of reflux still occurred in some patients in
the anti-reflux anastomosis group. It was suggest-
ed that anti-reflux anastomosis surgical procedure
could be effective in controlling reflux; however,
it could not prevent reflux across the anastomotic
orifice. Therefore, the role of anti-reflux anasto-
mosis in efficient control of reflux was not as op-
timal as the treatment for gastroesophageal reflux
disease with Nissen fundoplication. Although
proton pump inhibitors might decrease acid reflux
in the esophagectomized patients, the use of these
inhibitors could cause a 3-fold increase in the risk
of esophageal adenocarcinoma. This increase, in
part, might be due to an alteration in the refluxate
composition created by these medications28. An
important advantage of anti-reflux surgery is its
ability to reduce all types of refluxes and this can
be explained by the fact that the gastroesophageal
barrier is mechanically constructed. Our previous
study demonstrated that the pressure at anasto-
motic site measured by esophageal manometry
was higher than that in the intrathoracic stomach6.
The higher pressure at remnant esophagus (1 to 2
cm above anastomotic site) has analogous effect
of the low esophageal sphincter on controlling re-
flux. However, the main problem associated with
anti-reflux anastomosis is whether the scar in
anastomotic orifice can influence the capability of
controlling reflux in the future. Hence, the anti-
reflux outcome of the modified fundoplication
following conventional anastomosis need to be
investigated for long term. 

There are indications that at the molecular
level, some pathways associated with inflamma-
tion and injuries are similar to those involved in
carcinogenesis. Such mechanism involves the
nuclear factor NF-κB pathway, in which activat-
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ed COX-2 is a major downstream product. The
NF-κB is a transcription factor with regulatory
capacity on several genes involved in the inflam-
mation response, and it is currently thought to
play a part in gene activation involved in cancer
progression29-31. Our study demonstrated that the
COX-2 expression was present in the remnant
esophagus. The up-regulation of COX-2 was
similar in presence of mucosa injury in the form
of reflux esophagitis or absence of any visible
mucosal injury. Similar results have already been
reported8,32. This suggested that esophageal mu-
cosa changes did not influence the COX-2 ex-
pression in the remnant esophagus, and that the
up-regulation of COX-2 might be the early
episode associated with reflux since it was pre-
sent in patients without endoscopic evidence of
reflux-induced esophageal mucosal injury. COX-
2 up-regulation was likely a more sensitive gas-
troesophageal reflux indicator. 

Several previous studies reported that acid expo-
sure in the distal esophagus could lead to COX-2
up-regulation in esophageal mucosa7,33. Other find-
ings also demonstrated that bile acids stimulated
esophageal squamous cells and Barrett's epithelial
cells to trigger the expression of COX-2 and caused
oxidative stress34,35 and the ratio of hydrophobic to
hydrophilic bile acids influence on COX-2 protein
expression36. Our data also showed that higher level
of COX-2 expression was detected in the postoper-
ative patients with DGER occurred in acidic envi-
ronment, especially in simultaneous acid reflux and
DGER. Our findings indicated that the synergetic
role in acid reflux and DGER, possibly contributed
to COX-2 up-regulation. But other studies reported
that the COX-2 up-regulation was induced by de-
oxycholic acid was partially reversed by the addi-
tion of curcumin37. It is a plausible idea that the ad-
ditional DGER contents, including trypsin and oth-
er digestive enzymes activated by gastric acid, can
induce COX-2 expression. Further studies in future
may shed more light in this idea. 

Earlier studies demonstrated that the increased
gene expression in the distal esophagus was nor-
malized in patients with gastroesophageal reflux
disease following Nissen fundoplication8,9. One of
the chief purposes of this study was to determine
whether the modified Nissen fundoplication follow-
ing esophagogastrostomy might reduce the extent
of reflux and would alter the COX-2 expression
level. COX-2 expression monitoring would evalu-
ate the efficacy of anti-reflux anastomosis. Our data
showed that COX-2 expression level in the anti-re-
flux group was significantly lower compared to that
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in the conventional anastomosis group. At the time
the reduced level of COX-2 expression did not re-
turn to the level detected in the normal esophageal
mucosa. This result indicated that a decrease in acid
reflux and DGER exposing in the remnant esopha-
gus could down-regulate COX-2 expression even
though this modified anti-reflux surgery did not
completely control the reflux. A message from our
study is that the monitoring of COX-2 expression
might be a sensitive method to evaluate the effec-
tiveness of anti-reflux surgery.

Conclusions

The modified Nissen fundoplication follow-
ing resection AEG is effective in reducing reflux;
however, it does not achieve an optimal effect on
controlling the reflux. Monitoring COX-2 ex-
pression level is likely a new method to evaluate
the impact of anti-reflux therapy. We reiterate
that DGER occurred in acidic environment in-
duced an increase in COX-2 expression.
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