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Abstract
Background Endoscopic variceal sequential ligation (EVSL) is currently endorsed in our hospital, as the preferred endoscopic 
treatment for prevention of variceal rebleeding and achieving adequate hemostasis. There is currently a lack of consensus 
surrounding EVSL-induced changes in esophageal motor function and abnormal reflux.
Aims To explore alterations in esophageal motor function and risk of abnormal gastroesophageal reflux in liver cirrhosis 
patients with esophageal varices, after EVSL.
Methods Twenty-one liver cirrhosis patients with esophageal varices were studied using manometry and 24-h pH monitor-
ing 1 day prior to and 1 month following EVSL. The EVSL consisted of performing esophageal variceal ligation using a 
multi-band ligator, which was repeated every 4 weeks until the varices were eradicated.
Results The amplitude and duration of peristaltic contraction waves and the percentage of abnormal esophageal contraction 
waveforms were unaltered in both the proximal (P > 0.05) and the distal (P > 0.05) esophagus after EVSL. However, the lower 
esophageal sphincter pressure was decreased following EVSL (16.1 ± 7.9 mmHg vs 21.1 ± 6.3 mmHg (P < 0.05)). Various 
quantitative parameters including percentage of total monitoring time with pH < 4.0, total number of reflux episodes, number 
of reflux episodes > 5 min, and DeMeester scores were not increased in post-EVSL patients. Abnormal reflux monitored by 
24-h pH monitoring occurred in ten (47.6%) pre-EVSL patients and 11 (52.4%) post-EVSL patients.
Conclusions Although EVSL affects esophageal motility by relatively decreasing LES pressure, it does not induce substantial 
motor abnormalities nor increase risk of abnormal gastroesophageal reflux disease in cirrhosis patients.

Keywords Liver cirrhosis · Esophageal varices · Endoscopic variceal sequential ligation · Esophageal motility · 
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Introduction

Liver cirrhosis is a chronic disease with significant preva-
lence worldwide, associated with high morbidity and mortal-
ity. Upper gastrointestinal (GI) bleeding following variceal 
rupture is a leading cause of death in liver cirrhosis patients 
with portal hypertension [1]. Traditional esophageal variceal 
ligation (EVL) introduced in 1986 is now advocated as a safe 
procedure for the treatment of esophageal variceal bleed-
ing via mechanical blockade of variceal flow [2–4]. EVL 

has been accepted as the preferred endoscopic treatment for 
prevention of variceal rebleeding and achieving adequate 
hemostasis, with a lower rate of rebleeding, mortality, and 
complications than sclerotherapy [5]. However, EVL has 
been associated with a wide range of complications such as 
substernal pain, esophageal ulceration, stricture, perforation, 
and even death. Complications can occur in up to 40% of 
patients, while incidence of treatment-related death is 1% 
to 2% [6–8]. Currently, much controversy surrounds EVL-
induced altered esophageal motor function such as changes 
in motility, described in some reports as transient and per-
sistent in others [9, 10].

In our study, we performed endoscopic variceal sequen-
tial ligation (EVSL), which consists of performing esopha-
geal variceal ligation every 4 weeks until variceal eradica-
tion for prophylaxis of variceal hemorrhage. EVSL has been 
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advocated to be among the most efficient strategies available 
to control acute variceal hemorrhage and achieve adequate 
hemostasis, prevent rebleeding and decreasing mortality 
rates of patients with liver cirrhosis. The aim of our study 
was to investigate whether EVSL affects esophageal motility 
and causes abnormal gastroesophageal reflux.

Methods

This was a hospital-based clinical study conducted on 
patients with esophageal varices who underwent 24-h 
pH ambulatory recording and manometry of the esopha-
gus before and after EVSL, in the Department of Gastro-
enterology of the Third Affiliated Hospital of Sun Yat-
Sen University from January 2015 to January 2017. The 
Institute Research Committee and Institute Ethics Com-
mittee approved the study (Approved No. of ethic com-
mittee: [2014]2-145), and the study had been registered 
in Chinese Clinical Trial Registry (Registration number: 
ChiCTR-OOC-15005876).

Patients

Twenty-five patients with liver cirrhosis and esophageal 
varices were assessed for eligibility, and four patients were 
ineligible; one patient was found to have secondary liver 
carcinoma, and three patients did not complete the study. 
Twenty-one patients aged 18–75 years, with a previous 
history of variceal hemorrhage 1–12 months ago, who pre-
sented with no active bleeding on admission, were eligible 
for this study. All patients enrolled were nonsmokers and 
had no history of use within the preceding 2 weeks of 
acid-suppressant and motility drugs. The diagnosis of liver 
cirrhosis and esophageal varices was made on the basis of 
clinical history, physical examination, laboratory exami-
nation, ultrasound scan, and CT/MRI scan, and esopha-
geal varices were evaluated by endoscopy. All patients, 
respectively, performed 24-h pH ambulatory recording 
and esophageal manometry 1 day prior to EVSL to obtain 
a baseline and 1 month following EVSL to observe the 
changes (Fig. 1).

Fig. 1  Study design. Twenty-
four liver cirrhosis patients 
with esophageal varices were 
assessed for eligibility; four 
patients were not eligible. 
Twenty-one patients were 
enrolled. The diagnosis of liver 
cirrhosis and esophageal varices 
was made on the basis of clini-
cal history, physical examina-
tion, laboratory examination, 
ultrasound scan, and CT/MRI 
scan, and esophageal varices 
were evaluated by endoscopy. 
All patients performed 24-h 
pH ambulatory monitoring and 
esophageal manometry prior 
to and after EVSL. All the par-
ticipants were inpatients at The 
Third Affiliated Hospital of Sun 
Yat-Sen University.
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Exclusion Criteria

1. Patients with hepatic encephalopathy or other neu-
ropsychiatric disorders; 2. Patients with Budd–Chiari syn-
drome or liver carcinoma; 3. Patients with unstable vital 
signs; 4. Patients with active gastrointestinal bleeding; 5. 
Patients with acute coronary syndrome, uncontrolled high 
blood pressure, or other severe cardiovascular diseases; 
6. Patients with prior history of endoscopic treatment of 
esophageal varices; 7. Patients unable to complete the 
study.

Upper Gastrointestinal Endoscopy

In order to evaluate the severity of esophageal varices, all 
patients underwent standard upper gastrointestinal endos-
copy and the varices were classified according to the 
Westaby classification system: Grade I: The esophageal 
varices collapse to inflation of the esophagus with air; 
Grade II: The esophageal varices are between grades I and 
III; Grade III: The esophageal varices are large enough to 
occlude the lumen [5, 6].

EVSL

EVSL was performed with a multiple band ligator (Multi-
Band Ligator SAEED SixShooter, Wilson-Cook Medical 
Co., Winston-Salem, USA). Ligation was first applied in 
the region of the gastroesophageal junction, with subsequent 
ligation applied at a distance interval of 2 cm in a helically 
cephalad direction; this procedure was then repeated to com-
plete multiple ligations of individual channels at different 
levels, in the distal third of the esophagus. During each ses-
sion, up to six bands were placed, and esophageal variceal 
ligation was repeated every 4 weeks until complete variceal 
obliteration [5] (Fig. 2a–f).

Esophageal Manometry

Esophageal manometry (EMN) was performed with an eight 
lumen, 4.5-mm-diameter polyvinyl catheter, locating the 
superior limit of the lower esophageal sphincter (LES) and 
using a low-compliance pneumohydraulic capillary infusion 
system (GAP-08A type, MedKinetic, China) for continuous 
perfusion with distilled water at a rate of 0.6 ml/min. In 
essence, the catheter was advanced through the nasal cavity 
down to the distal end of esophagus. Slow pull-through tech-
nique with catheter tractions with increments of 1.0 cm was 

Fig. 2  Procedure of the EVSL. a The esophageal varices were clas-
sified as Grade III prior to EVSL. b First session of EVSL. c, d The 
esophageal varices were alleviated after the initial session of EVSL. e 

Subsequent session of EVSL. f Successful eradication of esophageal 
varices after multiple sessions of EVSL
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used. The superior limit of the lower esophageal sphincter 
was designated as the place (in centimeters) immediately 
before the esophageal body pattern was recorded, usually 
where the tracing drops below the gastric baseline pressure. 
Manometric assessment of the esophagus was conducted in 
the supine position beginning at the LES. Both pressure at 
rest and relaxation of the LES during deglutition were meas-
ured. For assessment of the esophageal body, we used eight 
transducers. 5-mL wet swallows were given ten times on a 
20- to 30-s interval. For assessment of the mid-esophagus 
part, the distal transducer was withdrawn an additional 1 cm 
and swallows given. The normative data were recorded by 
computerized software.

Twenty‑Four‑Hour pH Ambulatory Recording

Briefly, it was carried out with a portable digital system 
(HYW Type, Beijing Chang’an Henderson electronics co., 
LTD) composed of a catheter with an antimony electrode 
and an external reference electrode, placed 5 cm above 
superior limit of LES situated by manometry. The patient 
was asked to have a normal activity and have a normal diet 
without acidic fruits and soft drinks. Prior to the exam, pro-
ton pump inhibitors were discontinued at least 7 days,  H2 
blockers 72 h, and pro-kinetic agents 24 h, if in use. No ant-
acids were used for duration of the examination. One reflux 
episode was arbitrarily defined as recording of an esophageal 
pH of less than 4 for at least 15 s. Abnormal reflux was 
defined as the period when the percentage of the total time 
of pH below 4 was greater than 4.5%, the frequency of long 
acid reflux episodes (esophageal pH less than 4 lasting more 
than 5 min) was greater than 50, and the DeMeester score 
was greater than 14.72.

Statistical Analysis

Statistical analysis was performed using SPSS 13.0 software. 
The quantitative data were compared using the Student’s t 
test for variables with a normal distribution, and the remain-
ing data were expressed as median values. Comparisons of 
24-h pH-metry and manometry parameters in pre- and post-
EVSL patients were performed with the Wilcoxon’s signed 
test as the data were not expected to have a Gaussian distri-
bution, P < 0.05 was considered to be significant.

Results

All 21 patients underwent manometry and 24-h ambula-
tory pH monitoring before and after EVSL, eighteen males 
and three females, aged 30–72 years; the mean age was 
51.2 years and median age was 51 years. The etiology of 
cirrhosis was HBV in 15 patients, alcoholic induced in four 
patients, and of mixed (HBV and alcohol) etiology for the 
remaining two patients. Mean data changes from baseline, 
including liver function and coagulation function tests, are 
displayed in Table 1.

The esophageal varices of all patients were initially clas-
sified as Grade III on endoscopy. EVSL was performed on 
average 4.2 times and lasted 128 days from the initial band 
ligation session until variceal obliteration. Prior to EVSL, 
one patient complained of pyrosis and three of regurgitation. 
After EVSL, eight patients had chest pain within the first 
48 h and one had dysphagia within 1 month, suggestive of 
altered esophageal motility. However, all these symptoms 
resolved rapidly, while no esophageal stricture was seen on 
follow-up endoscopy.

Table 1  General characteristics 
of patients included in the study

Variable Before EVSL (n = 21) After EVSL (n = 21) P

BMI (kg/m2) 22.72 ± 1.61 22.23 ± 1.59 0.112
Albumin(g/L) 33.07 ± 4.43 34.54 ± 3.51 0.050
Total bilirubin (mg/L) 25.09 ± 22.66 20.96 ± 13.06 0.206
PLT  (109/L) 88.43 ± 62.39 89.62 ± 77.30 0.909
ALT (UI/L) 31.90 ± 16.88 33.33 ± 10.77 0.670
Alkaline phosphatase (UI/L) 92.10 ± 45.14 99.81 ± 57.78 0.261
Prothrombin time(s) 16.86 ± 2.72 16.96 ± 2.91 0.828
Ascites 8 (21) 2 (21) 0.030
Child–Pugh class 0.562
 A 12 15
 B 7 4
 C 2 2
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Twenty‑Four‑Hour pH Recording

The 24-h pH recordings show records of periods and per-
centage of the total monitoring time with pH below 4, the 
frequency of long acid reflux episodes (esophageal pH less 
than 4, lasting more than 5 min), and the DeMeester score, 
both before and after EVSL.

In this study, abnormal reflux was reported in ten 
(47.6%) pre-EVSL and 11 (52.4%) post-EVSL patients, 
with nine patients presenting with abnormal reflux pre- and 
post-EVSL. There was no significant statistical difference 
regarding the percentage of total monitoring time with 
pH < 4.0, total number of reflux episodes, number of reflux 
episodes > 5 min, and DeMeester scores between pre- and 
post-EVSL patients (Table 2).

Esophageal Manometry Findings

The lower esophageal sphincter pressure was significantly 
lower following EVSL compared to pre-EVSL (P < 0.05). 
However, there was no significant statistical difference in 
amplitude (P > 0.05) and duration (P > 0.05) of peristaltic 
contraction waves in both the proximal and the distal esoph-
agus between pre- and post-EVSL patients (Table 3).

There were abnormal esophageal contraction waveforms 
both before EVSL and after EVSL on manometry; the per-
centage of abnormal waveforms both in the proximal and the 
distal esophagus was similar, with no statistically significant 
difference (P > 0.05). Motor dysfunction of the esophageal 
body was observed in six patients before EVSL and five 
after EVSL; however, the difference was not statistically 
significant (Table 4). Endoscopy performed on the patient 

who complained of dysphagia within 1 month after EVSL 
revealed no esophageal stricture, while esophageal manom-
etry showed low-amplitude esophageal contractions and a 
high percentage of synchronized contractions waveforms.

Discussion

Our study showed that EVSL leads to changes in esopha-
geal motility by decreasing the LES pressure; however, other 
parameters [11] such as amplitude and duration of peristal-
tic contraction were not significantly altered. The altered 
esophageal motility did not increase the number or duration 
of abnormal reflux episodes.

Although EVL-induced structural changes such as esoph-
ageal ulceration and stricture have been extensively reported, 
documentation of functional abnormalities of esophageal 
motility is scarce. Earlier studies have reported esophageal 
motility to be either diminished [12, 13] or unchanged [14]. 
Shortly after an EVL session (such as within 2 weeks), the 
acute local effects (edema, ulceration) may cause esopha-
geal motility changes, which are often transient and revers-
ible. Long-term changes in esophageal motility, usually 
associated with submucosal fibrosis in the esophageal wall, 
could not be observed in our study. Chen et al. reported 
a significantly shorter LES length in patients after EVL, 
while esophageal motility is barely altered [13]. Interest-
ingly, we also found that the LES pressure was reduced after 
EVSL. We hence hypothesize that EVL actually normalizes 
LES pressure, which is usually elevated in liver cirrhosis 
patients with esophageal varices and does not induce abnor-
mal esophageal motility. Twenty-four-hour ambulatory pH 

Table 2  Twenty-four-hour 
pH-recording changes in liver 
cirrhosis with esophageal 
varices patients before and after 
EVSL

Data are expressed as median values. Wilcoxon’s signed test was used

Parameters Before EVSL (n = 21) After EVSL (n = 21) z

Percentage of total time with pH < 4.0 5.3 (0.01–76.9) 4.3 (0–45.3) 0.394
Number of reflux episodes 42 (1–326) 28 (0–149) 0.614
Number of reflux episodes > 5 min 2 (0–20) 4 (0–11) 0.721
DeMeester scores 19.4 (0.4–164.3) 18.1 (0.2–134.8) 0.498

Table 3  Esophageal 
manometric records in liver 
cirrhosis with esophageal 
varices patients before and after 
EVSL

Data are expressed as median values. Wilcoxon’s signed test was used

Parameters Before EVSL (n = 21) After EVSL(n = 21) z

Contraction amplitude (mmHg)
 Proximal 53.0 (14.6–176.3) 53.5 (26.1–106.2) 0.251
 Distal 64.7 (22.4–113.0) 50.9 (25.4–105.6) 0.614

Duration of contraction (s)
 Proximal 4.3 (3.7–6.5) 4.4 (3.5–12.4) 0.268
 Distal 4.9 (4.0–6.2) 4.7 (2.8–7.5) 0.559

LES pressure (mmHg) 19.9 (10.1–32.1) 16.5 (4.9–34.0) 0.048
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monitoring is regarded as the gold standard for diagnosis of 
GERD [15, 16]. In our study, no significant statistical dif-
ference was found regarding abnormal reflux in pre-EVSL 
and post-EVSL patients, as previous reported by Viazis et al. 
[17]. The esophageal pH of one patient with a prior history 
of mild gastroesophageal reflux was normalized following 
EVSL. Among two patients with new-onset abnormal reflux, 
one developed ascites due to hypoalbuminemia and was 
switched to Child–Pugh class C; the other patient initially 
with Child–Pugh class A liver function gained 7.5 kg with 
a BMI increase from 22.53 to 25.09; acid reflux was attrib-
uted to large volume ascites and obesity, respectively. Hence, 
we conclude that EVSL normalizes LES pressure, has little 
adverse impact on esophageal motility, and does not increase 
risk of gastroesophageal reflux. In our study, although abnor-
mal reflux was recorded after EVSL, incidence of clinical 
symptoms was low, with one patient (4.7%) complaining of 
pyrosis and three patients (14.3%) of regurgitation.

The cause of the high prevalence of abnormal reflux in 
our study is yet unknown. Esophageal motor disorders and 
decreased amplitude of the peristaltic waves have been docu-
mented in cirrhotic patients with esophageal varices, com-
pared to those without varices, including an asymptomatic 
control group [18]. However, since our study focused on pre- 
and post-EVSL patients, we could not assess the importance 
of this claim. Poor esophageal peristaltic wave progression 
and transient LES relaxation (TLESR) [19, 20] may account 
for changes documented in cirrhotic patients.

A shortcoming of our study includes use of conventional 
water-perfused manometry catheters, which precludes use 
of the Chicago Classification v3.0 of esophageal motility 
disorders. Another shortcoming was the small sample size 
of our study, despite the “minimally invasive” nature of both 
esophageal ambulatory 24-h pH monitoring and esophageal 
manometry found by most patients to be intimidating; we 
were hence unable to perform subgroup analysis of both 

cohorts. Further studies with greater sample size, compar-
ing the frequency and severity of abnormal GER in cirrhotic 
patients with varying varix caliber and in those without 
varices, are essential for a better understanding.
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Table 4  Esophageal contraction 
waveforms changes in liver 
cirrhosis patients with 
esophageal varices before and 
after EVSL

Data are expressed as median values. Wilcoxon’s signed test was used

Parameters Before EVSL (n = 21) After EVSL (n = 21) Z

Forward conduction wave (%)
 Proximal 73.9 (0–96.7) 70.0 (0–100) 0.765
 Distal 77.8 (0–100.0) 80.0 (0–100) 0.476

Antidromic conduction wave (%)
 Proximal 5.4 (0–100) 4.5 (0–56.3) 0.983
 Distal 15.2 (0–37.0) 11.1 (0–66.7) 0.615

Synchronized contraction wave (%)
 Proximal 17.2 (0–72.7) 20.0 (0–100) 0.821
 Distal 3.6 (0–61.5) 3.6 (0–37.1) 1.00

Multimodal wave (%)
 Proximal 4.8 (0–33.3) 4.2 (0–18.5) 0.181
 Distal 11.9 (0–30.9) 12.3 (0–22.2) 1.00
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