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Abstract
AIM: To evaluate the esophageal motility and abnormal 
acid and bile reflux incidence in cirrhotic patients with-
out esophageal varices (EV). 

METHODS: Seventy-eight patients with liver cirrhosis 
without EV confirmed by upper gastroesophageal en-
doscopy and 30 healthy control volunteers were pro-
spectively enrolled in this study. All the patients were 
evaluated using a modified protocol including Child-Pugh 
score, upper gastrointestinal endoscopy, esophageal 
manometry, simultaneous ambulatory 24-h esophageal 
pH and bilirubin monitoring. All the patients and volun-
teers accepted the manometric study.

RESULTS: In the liver cirrhosis group, lower esophageal 
sphincter pressure (LESP, 15.32 ± 2.91 mmHg), peri-
staltic amplitude (PA, 61.41 ± 10.52 mmHg), peristaltic 
duration (PD, 5.32 ± 1.22 s), and peristaltic velocity 
(PV, 5.22 ± 1.11 cm/s) were all significantly abnormal in 
comparison with those in the control group (P < 0.05), 
and LESP was negatively correlated with Child-Pugh 
score. The incidence of reflux esophagitis (RE) and 
pathologic reflux was 37.18% and 55.13%, respectively 

(vs  control, P  < 0.05). And the incidence of isolated 
abnormal acid reflux, bile reflux and mixed reflux was 
12.82%, 14.10% and 28.21% in patients with liver cir-
rhosis without EV. 

CONCLUSION: Cirrhotic patients without EV presented 
esophageal motor disorders and mixed acid and bile 
reflux was the main pattern; the cirrhosis itself was an 
important causative factor.
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INTRODUCTION
Gastroesophageal reflux disease (GERD) is one of  the 
most common diseases in modern civilization, which 
greatly affects people’s health and quality of  life[1]. GERD 
is defined as reflux of  gastroduodenal content to the 
esophagus, and includes reflux esophagitis (RE), nonero-
sive reflux disease (NERD) and Barrett’s esophagus (BE). 
GERD originates from a disturbance in the structure and 
function of  the lower esophageal sphincter (LES) barrier, 
and dysfunctional esophageal motility coupled with a weak 
LES can cause uncoordinated propulsion, regurgitation of  
gastric and/or duodenal contents into the esophagus[2].

Gastroesophageal reflux consists of  a broad mixture 
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of  oral-esophageal, gastric, and duodenal secretions. It is 
accepted that acid reflux plays an important role in the 
pathogenesis of  GERD[3]. But the role of  non-acid re-
flux is still a controversy[4,5], and some recent studies have 
shown that duodenogastroesophageal reflux (DGER) 
is another important causative factor in esophageal mu-
cosal damage[6,7]. So the combination of  esophageal pH 
and bilirubin monitoring is indispensable for a precise 
diagnostic test in acid and non-acid reflux of  GERD. 

GERD can be induced or aggravated under many con-
ditions including liver diseases. It has been reported that 
in patients with liver cirrhosis and portal hypertension, 
gastroesophageal reflux occurs at a high frequency (64%)[8]. 
Moreover, hepatic cirrhosis has a high morbidity and mor-
tality due to the portal hypertension with the development 
of  esophageal varices, and the possibility of  a digestive 
hemorrhage and worsening of  hepatic insufficiency[9-11]. It 
is important to identify predictive or aggravating factors 
and if  possible, to prevent these factors. Esophageal mo-
tor disorders have been found to be associated with acid 
gastroesophageal reflux in cirrhotic patients with esopha-
geal varices, and functional studies have shown decreased 
functions of  the lower esophageal sphincter with low 
amplitude of  primary peristalsis and acid clearance, which 
might attribute to a mechanical effect of  the presence of  
varices[12]. It is still unclear whether the presence of  cir-
rhosis itself  presents as a causative factor for the onset 
of  gastroesophageal reflux, and there are few studies on 
the incidence of  acid reflux and DGER in the cirrhotic 
patients without esophageal varices. Therefore, this study 
was designed to evaluate the esophageal motility and ab-
normal acid and bile reflux incidence in cirrhotic patients 
without esophageal varices.

MATERIALS AND METHODS
Patients
Seventy-eight patients with liver cirrhosis without EV con-
firmed by upper gastroesophageal endoscopy from March 
2008 to November 2010 were prospectively enrolled to 
this study. All the patients were the inpatients of  Beijing 
Tiantan Hospital, Capital Medical University. Patients with 
systemic diseases related to esophageal motor disorders 
and/or gastroesophageal reflux diseases (progressive 
systemic sclerosis, diabetes mellitus, neuromuscular disor-
ders), alcohol abusers within 6 mo and chronic drug users 
that influence esophageal motility (such as theophylline, 
nitrates and calcium channel blockers) were excluded. 

All the patients were evaluated by the same physi-
cian according to a modified protocol including Child-
Pugh score[13], ascites, and other complications and a 
reflux disease questionnaire (RDQ; AstraZeneca R and D, 
Wuxi, China). RDQ is a detailed questionnaire regarding 
the severity and frequency of  four symptoms: heartburn, 
acid regurgitation, food regurgitation, and retrosternal 
pain, and each symptom is graded in severity and fre-
quency. The diagnosis of  liver cirrhosis was verified by 
the clinical, laboratory, radiologic and histopathological 
results according to the criteria of  the Chinese Medical 

Society for Liver Diseases[14].
Thirty healthy volunteers (15 women) with a mean 

age of  33 years served as controls in this study. None of  
them had a history of  reflux disease or of  surgery in the 
upper gastrointestinal tract or thorax. All the volunteers 
accepted the manometric study without medication. 

The written informed consent for the study was ap-
proved by the hospital ethics committee, and obtained 
from all the subjects and the procedure followed the 
principles of  the Declaration of  Helsinki. 

Methods
Upper gastrointestinal endoscopy. To exclude the EV 
cases, all patients received the upper gastrointestinal endo-
scopic examination (OlympusXQ260; Olympus, Japan). 
Gastric varices and/or related congestive gastropathy were 
also recorded. Reflux esophagitis if  present was classified 
according to the Los Angeles classification standards. Bar-
rett’s esophagus was defined as a columnar-lined esopha-
geal mucosa with intestinal metaplasia.

Esophageal manometry. Manometry was performed 
using a water-perfused manometric assembly (Medtronic, 
Deutschland). The manometric probe consisted of  a 
4.5-mm polyvinyl catheter (Medtronic) with eight measur-
ing sites (0, 1, 2, 3, 5, 10, 15, and 20 cm). The position, 
length and pressure of  the lower esophageal sphincter 
(LES) were identified by the method of  stepwise retrac-
tion of  the probe through gastroesophageal junction (GEJ). 
After correct positioning of  the catheter in the esophageal 
lumen, patients were asked to swallow ten 5-mL boluses 
of  water. Manometric signals were recorded on a comput-
er for subsequent display and analysis, and the information 
included: the length of  the LES, antegrade and retrograde 
peristalses, synchronous and isolated contractile waves, 
peristaltic amplitude (PA), peristaltic duration (PD), and 
peristaltic velocity (PV) of  primary peristaltic wave in distal 
esophagus. LES disorder and esophageal body dysmotil-
ity were diagnosed according to the criteria in a previous 
study[15].

Simultaneous ambulatory 24-h esophageal pH and 
bilirubin monitoring. After esophageal manometry, an 
antimony esophageal pH electrode and fiber optic probe 
for detecting acid and bilirubin were positioned pernasally 
5 cm above the upper border of  the LES and connected 
with an ambulatory pH recorder (Digitrapper Mk Ⅲ 2000, 
Synetice Medical, Sweden) and an ambulatory duodeno-
gastroesophageal reflux (DGER) monitoring system (Bilitic 
2000, Synetice Medical, Sweden), respectively. The method 
was reported previously[16]. The recorded data were ana-
lyzed using the Synectics PM Software. 

In brief, the 24-h pH ambulatory recording was car-
ried out with a portable digital system composed of  a 
catheter with an antimony electrode and external refer-
ence electrode. Patients were instructed to keep a diary re-
cording the time of  meals, position changes, and the time 
and type of  their symptoms, and encouraged to pursue 
their normal daily activities and maintain their usual diet, 
avoiding citric fruit and soft drinks. Proton pump inhibi-
tor if  in use, were discontinued at least 7-10 d prior to the 
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examination, H2 blockers at least 48-72 h and prokinetics 
agents 24 h. An esophageal pH of  less than 4 for at least 
15 s was considered to be a reflux episode. Pathological 
acid reflux was considered if  the percentage of  the time 
with the intraesophageal pH less than 4 was greater than 
4%, the number of  reflux episodes was larger than 50 or 
the DeMeester value was higher than 14.72[17].

The fiber optic spectrophotometer Bilitec 2000 was 
used to quantify DGER. The system consisted of  a 
miniaturized probe measuring 1.5 mm in diameter that 
carried light signals into the esophagus and backed via a 
plastic fiberoptic bundle. Before each study, the probe was 
calibrated in water, and the probe tip was checked for ob-
struction after completion of  the study.

Patients were also encouraged to maintain normal ac-
tivities, sleep schedule, and to follow a particular low-fat 
diet containing light food elements, and not to take cof-
fee, tea and fruit juice, in order to prevent any interfer-
ence with the spectrophotometric recording. Skimmed 
milk and non-sparkling water were allowed. An episode 
of  DGER was defined as an increase in esophageal bili-
rubin absorbance 0.14 for more than 10 s[18,19]. 

Blood sample detection
Blood samples were drawn for a complete analysis of  
blood cell count and levels of  prothrombin, albumin, ala-
nine transaminase (ALT), aspartate transaminase (AST), 
alkaline phosphatase, gamma glutamyl transferase, biliru-
bin, cholesterol, creatinine. 

Statistical analysis
Statistical analysis was performed using the statistical pro-
gram SPSS 13.0 for Windows (SPSS Inc., Chicago, USA). 
All data were presented as mean ± SD, and P values lower 
than 0.05 were considered statistically significant.

RESULTS
Patient characteristics
Seventy-eight patients met the inclusion criteria, 40 males 
(51.28%) and 38 females (48.72%), with a mean age of  
56.41 ± 9.72 years (range, 18-75 years). Twenty-eight pa-
tients were classified as Child A, 27 as Child B and 23 as 
Child C patients. Typical symptoms of  gastroesophageal 
reflux disease were present in 25 (32.05%) patients. The 
RDQ scores were significantly higher in liver cirrhosis 
group (11.32 ± 3.14) than in control group (6.25 ± 3.31) 
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Table 1  Results of esophageal manometry in liver cirrhosis patients and controls (mean ± SD)

Group LESP (mmHg) PA (mmHg) PD (s) PV (cm/s)

Liver cirrhosis (n = 78)  15.32 ± 2.91a   61.41 ± 10.52a   5.32 ± 1.22a  5.22 ± 1.11a

Child A (n = 28) 16.18 ± 2.81 70.52 ± 8.93a   3.91 ± 1.03a  4.56 ± 1.22a

Child B (n = 27)  15.41 ± 3.13c 67.4 ± 9.3c   5.11 ± 1.21c  5.10 ± 1.02c

Child C (n = 23)  14.52 ± 2.91e   56.13 ± 10.06e   6.02 ± 1.23e  5.91 ± 1.01e

Control (n =30) 16.21 ± 5.33  74.41 ± 17.53  2.70 ± 0.81 3.71 ± 1.82

aCompared with control, P < 0.05; cCompared with Child A, P < 0.05; eCompared with Child B, P < 0.05. LESP: Lower esoph-
ageal sphincter pressure; PA: Peristaltic amplitude; PD: Peristaltic duration; PV: Peristaltic velocity.

(P < 0.01). There were no statistical differences of  RDQ 
scores among the liver cirrhosis subgroups, and no rela-
tionship between Child-Pugh score and abnormal reflux 
(P > 0.05).

Esophageal manometry 
In the liver cirrhosis group, LESP (15.32 ± 2.91 mm Hg), 
PA (61.41 ± 10.52 mmHg), PD (5.32 ± 1.22 s), and PV 
(5.22 ± 1.11 cm/s) were all significantly abnormal in com-
parison with those in the control group (P < 0.05) (Table 
1). The results showed a gradual decrease of  LESP and 
PA, also an extension of  PD and PV in the liver cirrhosis 
group from Child A to Child C. LESP was negatively cor-
related with Child-Pugh score (P < 0.01, r = -0.625).

24-h esophageal pH monitoring 
The results demonstrated a stepwise increase of  patholog-
ic esophageal pH-metry in liver cirrhosis patients, and an 
increase of  acid reflux episodes and percentage of  a pH < 
4 in the upright, supine and total phases of  measurement (P 
< 0.05) (Table 2).

24-h esophageal bilirubin monitoring 
The results showed a significant stepwise increase of  
pathologic esophageal bilirubin-metry in liver cirrhosis 
patients, along with significant increases of  bile reflux 
episodes and percentage of  absorbance > 0.14 in the 
upright, supine, and total phases of  measurement (P < 
0.05) (Table 3).

Incidence of RE and abnormal reflux 
The incidence of  RE and pathologic reflux was 37.18% 
and 55.13% in patients with liver cirrhosis, respectively, 
which were all higher than those in the control group (P 
< 0.05) (Table 4 and Figure 1). The incidence of  isolated 
abnormal acid reflux, bile reflux and mixed reflux was 
12.82%, 14.10% and 28.21% in patients with liver cirrho-
sis, respectively (Table 5). And the incidence of  BE was 
5.13% (4/78) in patients with liver cirrhosis, and none was 
found in the control group.

DISCUSSION
As a complication of  chronic liver disease, GERD in cir-
rhotic patients with EV accounted for about 20%, which 
mainly belongs to a dyskinetic type[20]. Previous studies 
found that esophageal varices played an important role 
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in the development of  esophageal motor disorders and 
abnormal gastroesophageal reflux in these patients, who 
presented obvious esophageal motor and motility disor-
ders[21,22]. The most prevalent disorder was the inefficient 
esophageal motility, along with abnormal PA, PD and 
PV[12,21-23]. Some studies found that motor disorders existed 
in the esophageal body in these cirrhotic patients with EV, 
as compared with the cirrhotic patients without varices 
and control group[24]. Thus, it seemed that EV itself, inde-
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Table 2  Results of ambulatory 24-h esophageal pH monitoring in liver cirrhosis patients and controls (mean ± SD)

Group Number of acid reflux episodes Number of acid reflux episodes lasting ≥ 5 min Mean time pH < 4 (%)

Total Upright Supine

Liver cirrhosis (n = 78)   61.17 ± 33.35a  15.25 ± 5.73a  10.34 ± 4.45a  5.22 ± 2.71a   9.56 ± 3.42a

Child A (n = 28)   51.24 ± 20.54a  10.66 ± 7.28a    8.11 ± 2.32a  4.48 ± 1.76a   7.32 ± 5.44a

Child B (n = 27)   60.35 ± 18.66c  12.35 ± 9.83c  10.51 ± 1.62c  5.64 ± 1.31c   9.14 ± 4.37c

Child C (n = 23)   73.52 ± 28.63e    17.34 ± 12.46e  12.34 ± 2.15e  6.79 ± 1.51e 11.56 ± 5.43e

Child D (n = 30)  39.62 ± 29.32   4.81 ± 2.04   2.35 ± 1.53 3.58 ± 1.34  8.69 ± 3.45

aCompared with control, P < 0.05; cCompared with Child A, P < 0.05; eCompared with Child B, P < 0.05.

Table 4  Relationship between liver function classification of 
cirrhotic patients and gastroesophageal reflux disease  n  (%)

Group RE Abnormal reflux 

Child A (n = 28)   8 (28.57) 12 (42.86)
Child B (n = 27) 11 (40.74) 15 (55.56)
Child C (n = 23) 10 (43.48) 16 (69.57)
Total (n = 78) 29 (37.18) 43 (55.13)

RE: Reflux esophagitis.

Table 3  Results of ambulatory 24-h esophageal bilirubin monitoring in liver cirrhosis patients and controls (mean ± SD)

Group Number of bile reflux episodes Number of bile reflux episodes lasting ≥ 5 min Mean time Abs > 0.14 (%)
Total Upright Supine

Liver cirrhosis (n = 78)  36.53 ± 9.31a  4.09 ± 1.15a  6.73 ± 1.15a  3.32 ± 1.05a  4.37 ± 1.44a

Child A (n = 28)    27.32 ± 10.31a  3.85 ± 1.34a  5.12 ± 1.45a  3.15 ± 0.92a  4.12 ± 0.97a

Child B (n = 27)    39.46 ± 18.31c  4.11 ± 1.65c  6.54 ± 1.21c  3.37 ± 1.13c  5.04 ± 1.11c

Child C (n = 23)    48.54 ± 26.41e  4.23 ± 2.14e  7.32 ± 1.34e  4.28 ± 1.22e  5.52 ± 1.12e

Control (n = 30) 12.76 ± 6.97 2.15 ± 1.36 1.98 ± 0.86 1.03 ± 0.23 0.83 ± 0.62

aCompared with control, P < 0.05; cCompared with Child A, P < 0.05; eCompared with Child B, P < 0.05. Abs: Aborbance.

Figure 1  Mixed abnormal acid and bilirubin reflux curves in a typical Child C patient.
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pendent of  the cirrhosis, delayed esophageal clearance and 
increased the contact time between acid and mucosa. 

In this study, LESP, PA, PD and PV in cirrhotic patients 
without esophageal varices were significantly abnormal as 
compared with those in the control group. LESP was mark-
edly lower in patients with severe liver function damage, 
and negatively correlated with Child-Pugh score (P < 0.01, 
r = -0.625). The results showed that cirrhosis itself  was an-
other important factor for the esophageal motor disorder.

The incidence of  esophageal acid reflux among cir-
rhotic patients with EV has also been studied in the last 
decades using pH-metry recording. It has been postulated 
that acid reflux may contribute to esophagitis and variceal 
bleeding in cirrhotic patients, and it occurs at a high fre-
quency (64%) in patients with liver cirrhosis and portal 
hypertension, irrespective of  the etiology of  cirrhosis and 
the grade of  esophageal varices[8]. The results indicated 
that there was a correlation between typical gastroesopha-
geal reflux disease and abnormal reflux, but no relation-
ship between ascites, variceal size, congestive gastropathy 
and Child-pugh score and abnormal reflux.

The high incidence of  RE in patients with severe 
chronic liver disease was also demonstrated, and asymp-
tomatic RE was more common in cirrhotic and liver 
failure patients[25,26]. In the present study, abnormal reflux 
and RE were demonstrated in 55.13% and 37.18% of  
the cirrhotic patients without esophageal varices, and the 
more severe liver function damage, the more abnormal 
parameters of  acid and bilirubin reflux. In the mean time, 
typical symptoms of  gastroesophageal reflux disease were 
presented in only 32.05% of  the cirrhotic patients in this 
study, and abnormal reflux was found in 62% of  the pa-
tients in the night possibly due to the lowered esophageal 
defenses during this period, with reduction of  saliva pro-
duction, swallowing and esophageal clearance.

GERD may occur in acid, bile or a mixed form, and 
DGER is considered as an independent risk factor for 
complicated GERD. However, few studies have reported 
the incidence of  DGER among cirrhotic patients. Patients 
with Barrett’s esophagus had significantly higher levels of  
DGER than patients with uncomplicated GERD, and bile 
reflux either alone or mixed with acid reflux contributed 
obviously to the severity of  erosive and non-erosive reflux 
disease[6]. Moreover, DGER in acid medium was more in-
jurious to the esophagus than DGER in alkaline pH[7]. We 
studied for the first time the incidence of  BE and DGER 
in cirrhotic patients without esophageal varices. We found 
that the mixed acid and bile reflux was the predominant 
pattern of  reflux in GERD patients, and the reflux inci-
dence was also higher in Child B or C group than in Child 

A group. A stepwise increase of  mixed reflux was demon-
strated along with the severity of  liver function damage. 
Four BE patients (2 with mixed abnormal reflux, 2 with 
DGER) were found in Child C group. 

The causes and the mechanism of  liver cirrhosis in pa-
tients with abnormal GERD have not been fully elucidated. 
In this study, we demonstrated an obvious esophageal 
motility disorder and abnormal gastroesophageal reflux in 
cirrhotic patients without esophageal varices, and abnor-
malities of  esophageal motility and reflux parameter were 
correlated with the severity of  liver function damage. It 
seemed that not only mechanical effect (EV), but also neu-
ral and humoral factor are related to the high incidence of  
GERD in patients with liver cirrhosis. The progress of  liver 
dysfunction decreased the incidence of  LESP, worsened the 
esophageal motility and the reflux in the cirrhotic patients. 
In some studies, the levels of  plasma vasoactive peptides 
and neurotensin were markedly higher in patients with liver 
cirrhosis than in the normal population, which were also 
known to lower the pressure of  the LES, facilitating the re-
flux of  the stomach content[21,27].

The importance of  nitrous oxide (NO) in the exacer-
bation of  portal hypertension in liver cirrhosis was also re-
ported[28,29]. This substance can be found in large amounts 
in the systemic circulation of  cirrhotic patients, and NO 
concentration increased significantly in patients with liver 
disease, which was closely related to the transient LES 
relaxation, suggesting that NO played an important role 
in the process of  GERD. Whether the excessive NO in 
cirrhotic patients could exacerbate these manifestations, 
needs to be further confirmed.

We found that gastric half-emptying of  liquid food 
was delayed in patients with liver cirrhosis, and the func-
tion of  gastric emptying was also influenced by the dam-
aged liver function[30]. Ascites induced an increase in intra-
abdominal pressure, compressing the stomach and the 
stomach content reflux[31].

In summary, the majority of  cirrhotic patients with-
out EV presented esophageal motor disorders; mixed 
acid and bile reflux was the main pattern of  reflux in 
GERD patients; and the presence of  cirrhosis itself  was an 
important causative factor for the onset of  gastroesophage-
al reflux. Further researches on the functional and humoral 
factors and mechanism of  GERD in liver diseases will gain 
a broad attention and interest in this field. 

Background
Gastroesophageal reflux disease (GERD) is one of the most common diseases 
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 COMMENTS

Table 5  Abnormal reflux in liver cirrhosis patients 

Group Isolated abnormal acid reflux Isolated abnormal bile reflux Mixed abnormal reflux No abnormal reflux

Child A (n = 28) 4 3 5 16
Child B (n = 27) 3 4 8 12
Child C (n = 23) 3 4 9   7
Total (n = 78)               10 (12.82%)                11 (14.10%)                22 (28.21%)                  35 (44.87%)
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in modern civilization, and it has been reported that gastroesophageal reflux 
disease occurs at a high frequency in patients with liver cirrhosis.
Research frontiers
The relationship between esophageal motor disorders and acid gastroesopha-
geal reflux in cirrhotic patients with esophageal varices has been reported. This 
study was designed to evaluate the esophageal motility and abnormal acid and 
bile reflux incidence in cirrhotic patients without esophageal varices.
Innovations and breakthroughs
This study showed that the presence of cirrhosis itself was an important 
causative factor for the onset of gastroesophageal reflux in patients with liver 
cirrhosis without varices. It is the first research on the incidence of Barrett’s 
esophagus and DGER in cirrhotic patients without esophageal varices.
Applications 
This study helped better understand the mechanism of GERD in patients with 
liver cirrhosis, and contributed to the diagnosis and treatment of liver cirrhosis 
and its complications in clinical practice.
Peer review
This is an interesting study on GERD in patients with liver cirrhosis, but without 
esophageal varices. Since it has before been thought that esophageal varices 
somehow have something to do with the increased frequency of GERD in pa-
tients with liver disease, the authors have made an interesting contribution to 
the literature by showing that reflux symptoms and pathologic esophageal mo-
tility changes are more common in patients with cirrhosis but without varices.
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