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Abstract. The safety and efficacy of endoscopic submucosal 
dissection (ESD) and radiofrequency ablation for early esopha-
geal cancer (EEC) in cirrhotic patients has not been thoroughly 
investigated to date. The present study aimed to establish a 
standard treatment strategy for EEC in cirrhotic patients with 
esophageal varices. Six cirrhotic patients with early flat‑type 
EECs (high‑grade intraepithelial neoplasia) on or adjacent to 
esophageal varices were enrolled. Esophageal varix ligation 
(EVL) or transjugular intrahepatic portosystemic shunt (TIPS) 
were used for the initial management of esophageal varices. 
Follow‑up endoscopy was performed two months following the 
initial procedure. The mean longitudinal length of the lesions 
was 4.3 cm (range, 2‑6 cm). The average procedure time was 
72.8 min (range, 34‑135 min) and the average longitudinal length 
of the resected specimens was 45.6 mm (range, 30‑90 mm). One 
case had a tumor‑positive lateral margin with lymphovascular 
infiltration. Both complete and curative resection rates were 
80% (4/5 lesions). Large intraoperative bleeding was detected in 
patients undergoing EVL compared with TIPS prior to the ESD 
procedure. No severe complications or mortality‑associated 
events, including massive postoperative bleeding, perforation 
or hepatic failure, were observed. No recurrence and metastasis 
were observed during the follow‑up period. The current study 
suggested a novel treatment strategy for EECs complicated by 
esophageal varices in cirrhosis with good treatment results, no 
neoplastic progression and an acceptable adverse event profile.

Introduction

Esophageal cancer is often diagnosed in the advanced 
stages of the disease (1). This highlights the requirement to 

identify patients with early esophageal cancer and to provide 
appropriate treatment as soon as possible. The development 
of techniques, including chromoendoscopy, narrow‑band 
imaging (NBI), magnification endoscopy, confocal microscopy 
and spectroscopy, has facilitated the diagnosis of early super-
ficial esophageal cancer (2,3). Early esophageal cancer (EEC) 
refers to lesions confined to the mucosa (lamina propria and 
muscularis mucosa) regardless of lymph node or distant organ 
metastasis (4,5). Endoscopic submucosal dissection (ESD) is 
an established procedure for the treatment of early superficial 
esophageal cancer (6,7). Compared with endoscopic mucosal 
resection, ESD provides a high en bloc resection rate (6,7). 
Previous studies reported that esophageal ESD may be associ-
ated with adverse events, including postoperative bleeding and 
perforation (8,9). Therefore, ESD is contraindicated in patients 
with lesions that occur close to the blood vessels, including 
esophageal varices, due to the increased risk of bleeding (10).

Patients with cirrhosis associated with superficial esopha-
geal cancer have been increasingly reported (11‑14). ESD for 
patients with cirrhosis may carry a higher risk of postopera-
tive bleeding due to the low platelet count, coagulopathy and 
particularly due to the esophageal varices in these patients (10). 
Although previous case reports described the use of ESD for 
EEC in patients with liver cirrhosis (12), the safety and efficacy 
of ESD for EEC in these patients remains uncertain. The aim 
of the current study was to investigate the efficacy, safety and 
treatment flowchart of EEC in patients with cirrhosis with or 
without esophageal varices.

Materials and methods

Ethics statement. The current study was conducted in accor-
dance with the Declaration of Helsinki. The study protocol 
was approved by the Ethics Committee of Xinqiao Hospital 
of Third Military Medical University (Chongqing, China). 
Informed consent for participation in the study and publication 
of the images associated with this manuscript was obtained 
from all patients.

Patient selection. A total of 6 male patients with cirrhosis and 
EEC were enrolled between February 2014 and July 2018 at 
the Xinqiao Hospital of Third Military Medical University 
(Chongqing, China). The average age was 57 years with an age 
range of 48‑66 years old. The patients were diagnosed with 
cirrhosis based on ultrasonography, radiology and laboratory 
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investigations. Early‑stage esophageal cancer (squamous 
high‑grade intraepithelial neoplasms and intramucosal squa-
mous carcinomas) was diagnosed by narrow band imaging 
and histological biopsy prior to the ESD procedure. All 
patients had esophageal varices. All patients had early EEC 
(type 0‑IIb) overlying or distant from the esophageal varices. 
The location of the lesion was defined by the distance from 
the incision to the lesion. Endoscopic grading of esophageal 
varices was based on the classification defined by the Japanese 
Research Society of Portal Hypertension (15). Esophageal 
varix forms were classified as follows: F1, small straight varix; 
F2, enlarged tortuous varix that occupies less than one‑third of 
the lumen; and F3, large coil‑shaped varix that occupies more 
than one‑third of the lumen (15). The presence of the red wale 
marking was described as red‑sign positive.

Endoscopic variceal ligation procedure. An endoscope (cat. 
no. GIF‑Q260J; Olympus Corporation, Tokyo, Japan) was used 
for the EVL procedure. A 25 cm overtube was backloaded over 
the shaft of the endoscope. Ligation was performed by two 
experienced endoscopists who had >10 years of experience. 
After the endoscope had entered the esophagus, the overtube 
was pushed forward over the shaft of the endoscope. The 
endoscopic ligating device was then attached to the distal end 
of the endoscope. Ligation was performed at 1‑5 cm above the 
gastroesophageal junction. Each varix was ligated with one 
1‑3 rubber bands. A maximum of 10 rubber bands per patient 
were used for ligation.

Transjugular intrahepatic portosystemic shunt (TIPS) 
procedure. Ultrasonography was performed in each patient 
to evaluate the portal vein prior to the TIPS procedure. TIPS 
was performed under general anesthesia by the same experi-
enced interventional radiologist. Briefly, vascular access was 
obtained through the right internal jugular vein, followed by 
catheterization of the right hepatic vein. Intrahepatic puncture 
was performed from the right hepatic vein to the right or left 
portal vein. Successful trans‑hepatic puncture of the portal 
venous system was confirmed by angiography for confirmation 
and assessment of the puncture location. The puncture tract 
was dilated using an angioplasty balloon (diameter, 7 mm). 
Subsequently, 8‑mm Viatorr® covered stent‑grafts covered 
with polytetrafluoroethylene (W.L. Gore and Associates, 
Newark, DE, USA) were inserted from the portal vein up 
to the confluence of the right hepatic vein and the inferior 
vena cava. Shunt placement was considered successful when 
portosystemic gradient was reduced to 10 mmHg or less (16). 
Embolization of gastroesophageal varices was subsequently 
performed to reduce the flow of esophageal varices, thereby 
reducing the risk of ESD bleeding. All patients were admitted 
for at least one night for observation and had a complete blood 
count on postoperative day 1.

ESD procedure. All ESD procedures were performed by the 
same endoscopist. The standard procedures were performed as 
previously reported (7). Briefly, the patients were maintained 
under conscious sedation using intravenous propofol, and their 
blood pressure, electrocardiogram and blood oxygen saturation 
values were monitored. An endoscope with a water jet system 
(cat. no. GIF‑Q260J; Olympus Corporation) was used for the 

ESD procedure with a transparent cap attached to its tip. A 
needle knife (cat. no. NM‑400U‑0423; Olympus Corporation), 
a hook knife (cat. no. KD‑620 LR; Olympus Corporation), an 
insulated‑tip knife‑2 (cat. no. KD‑611 L; Olympus Corporation) 
and a hemostatic forceps (cat no. FD‑410 LR; Olympus 
Corporation) were used during the procedure. The electrosur-
gical generator used in the ESD was an ICC 200 device (Erbe 
Elektromedizin GmbH, Tuebingen, Germany) or a VIO300D 
device (Erbe Elektromedizin GmbH). The EEC lesions were 
detected with white light endoscopy, magnifying NBI and 
Lugol staining, as described previously (17), to estimate their 
depth and extent of invasion, and the lesions were marked by 
making spots with a needle‑knife ~5 mm outside the lesion. 
A mixture consisting of 30% hyaluronic acid (Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany), 70% saline solution 
(Chengdu KeLong Chemical Co., Ltd., Chengdu, China) and 
a small amount of indigo carmine (Micro‑Tech, Co., Ltd., 
Nanjing, China) was subsequently injected into the submucosal 
layer to lift the lesion. Submucosal dissection was performed 
using a needle‑knife, a hook knife or insulated tip knife‑2. To 
control bleeding during the ESD procedure, hemostatic forceps 
were used in the soft coagulation mode (effect 5, 60 W). 
Procedure‑associated bleeding after the ESD was defined as 
bleeding that required transfusion or surgical intervention 
or bleeding that caused the hemoglobin level to decrease by 
2 g/dl (18). Perforation was defined as detection of free air by a 
chest X‑ray or computed tomography (CT) scan following the 
procedure. When EEC was located on an esophageal varix, 
endoscopic varix ligation (EVL) or TIPS was performed 
prior to the ESD procedure. ESD was performed one month 
following the EVL or TIPS procedure.

Radiofrequency ablation (RFA). Radiofrequency ablation 
was performed by the same endoscopist using a Barrx Flex 
RFA system (Covidien, Dublin, Ireland), as described previ-
ously (19). The system consisted of an ablation catheter, an 
energy generator and a sizing balloon. All RFA procedures 
were performed with the patients under conscious sedation or 
anesthesia. Prior to the RFA procedure, Lugol staining was 
performed to determine the location and size of the lesions. 
A radiant exposure of 12 J/cm2 was used to minimize the risk 
of bleeding (14). Radiofrequency ablation was performed one 
month after the EVL or TIPS procedure.

Pathological analysis. ESD specimens were stretched, pinned 
on a styrofoam board and immediately immersed in 8% 
formalin at room temperature for 4 h. Following fixation, the 
specimens were serially sectioned perpendicularly at 2‑mm 
intervals. Following deparaffinization and rehydration, 5‑µm 
longitudinal sections were stained with hematoxylin solution 
at room temperature for 5 min followed by five dips in 1% acid 
ethanol (1% hydrocholoric acid in 70% ethanol) and rinsed in 
distilled water. The sections were subsequently stained with 
eosin solution at room temperature for 3 min followed by 
dehydration with graded alcohol and clearing in xylene. The 
mounted slides were then examined and images were captured 
using an Olympus Corporation microscope. All specimens 
were reviewed by two gastrointestinal pathologists and the 
final pathological report was issued when the two pathologist 
agreed on the diagnosis. The tumor size, depth of invasion, 
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gross type, lymphatic and vascular involvement and tumor 
involvement of the lateral and vertical margins were assessed 
as described previously (7). Depth of invasion was classified 
into M1 (confined to the intraepithelium), M2 (confined to the 
lamina propria), M3 (confined to the muscularis mucosa), SM1 
(submucosal invasion <200 µm), and SM2&3 (submucosal 
invasion ≥200 µm) (20).

Outcomes measurement and follow‑up. During the procedure, 
the degree of intraoperative bleeding was defined as: Small 
bleeding, no obvious bleeding in the ESD procedure; medium 
bleeding, obvious bleeding which can be stopped immediately 
by endoscopy; large bleeding, hard to control or uncontrol-
lable bleeding, or required blood transfusion following the 
procedure (21). Following the ESD or RFA procedure, intrave-
nous administration of a proton pump inhibitor (omeprazole, 
40 mg/d) for two days and antibiotics (cefuroxime, 1.5 g/d) for 
three days was started on the day of the ESD or RFA proce-
dure. The proton pump inhibitor was administered orally daily 
for two months thereafter. Blood cell counts, liver enzyme 
levels, bilirubin and albumin levels, international normalized 
ratio and C‑reactive protein level were assessed twice during 
the first week following the ESD as described previously (22). 
Follow‑up endoscopy was performed two months following 
the ESD. The examinations were conducted every six months 
or every year thereafter. The last follow‑up examination was 
conducted in July 2018.

Results

Clinical and endoscopic characteristics. The clinical and 
endoscopic characteristics of 6 patients with early EECs 
are presented in Table I. All patients had cirrhosis; 2 had 
hepatitis B virus cirrhosis and 4 had alcoholic cirrhosis. Of 
the 6 patients, five were Child‑Pugh class A and B, and one 
patient was Child‑Pugh class C. Three patients had F1 varices, 
and three had F2 varices (Table I). All EECs were flat with 
type IIb morphology. Four lesions were located overlying the 
esophageal varices, and two lesions (case 1 and case 2) were 
not close to the esophageal varices. The mean longitudinal 
length of the lesions was 4.3 cm (range, 2‑6 cm). All cases had 
a baseline diagnosis of high‑grade dysplasia by biopsy prior to 
the procedure.

Outcomes and adverse events. The location of the EEC is 
presented in Table II. The average procedure time was 72.8 min 
(range, 34‑135 min), and the average longitudinal length of 
the resected specimens was 53.0 mm (range, 30‑90 mm). A 
total of 2 patients (cases 3 and 4) underwent EVL (representa-
tive image in Fig. S1), and 2 cases (cases 5 and 6) underwent 
TIPS to remove the varices prior to the treatment procedure 
as the EEC was located directly on the esophageal varices 
(Figs. 1 and 2). The remaining 2 cases (cases 1 and 2) under-
went ESD directly without any additional treatment, as the 
lesions were not close to the esophageal varices (Table II; 
Fig. 3). Five patients underwent ESD and one case (case 6) 
underwent RFA due to diffuse 0‑IIb lesions (Table II; Fig. 2). 
For ESD procedure, the en bloc resection rate was 100% (5/5 
lesions). Complete resection was defined as an en bloc resec-
tion with histologically confirmed tumor‑free margins. En 
bloc and complete resection rates were 100% (6/6 lesions). 
Case 3 had tumor‑positive lateral margins with lympho-
vascular infiltration (Table II). Therefore, the rates of both 
complete and curative resection were 80% (4/5 lesions).

Frequent intraoperative bleeding was detected in 
cases 3 and 4 undergoing EVL prior to ESD (Fig. S1). This 
bleeding was immediately stopped following several elec-
trocoagulations, without causing life‑threatening events. 
Nevertheless, less intraoperative bleeding, shorter operation 
time and fewer complications were present in patients under-
going TIPS prior to treatment (cases 5 and 6; Figs. 1 and 2). 
No severe complications or mortality‑associated events, 
including massive postoperative bleeding, perforation or 
hepatic failure, were observed in any patient. Postoperative 
stricture occurred in one patient (case 3) due to the circum-
ferential lesions (Fig. S1). Following three sessions of balloon 
dilation, the symptoms associated with the stricture were 
relieved in the follow‑up period. The median follow‑up period 
was 20 months. No recurrence and metastasis were observed 
during the follow‑up period.

Discussion

Currently, patients with cirrhosis are considered to be at 
high risk for esophageal cancer (10). Studies reported that 
esophagectomy in patients with cirrhosis was associated with 
significant morbidity and mortality rates (23,24). Patients with 

Table I. Clinical characteristics of 6 patients with cirrhosis complicated by esophageal varices.

     Platelet
   Child‑Pugh  count, Esophageal EEC on Lesion Lesion Circumferential
Patient Age Etiology Class  INR x109/l varices varices morphology length, cm  extension

1 66 HBV A 1.23   56 F1,RC(‑) No 0‑IIb 4 1/3
2 56 HBV B 1.36 144 F1,RC(‑) No 0‑IIb 2 1/3
3 48 Alcohol B 1.29   63 F2,RC(+) Yes 0‑IIb 6 3/4
4 66 Alcohol C 1.35   40 F1,RC(+) Yes 0‑IIb 3 1/2
5 53 Alcohol A 1.12   45 F2,RC(+) Yes 0‑IIb 6 3/5
6 52 Alcohol B 1.51   86 F2,RC(+) Yes 0‑IIb 5 3/4

HBV, hepatitis B virus; INR, international normalized ratio; EEC, early esophageal cancer, RC, red sign; F, form. 
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early esophageal cancer and cirrhosis are poor candidates for 
ESD or EMR due to increased procedure‑associated complica-
tions (10). The current study investigated a treatment strategy 
for early esophageal cancers in patients with cirrhosis compli-
cated by esophageal varices. For patients undergoing ESD 
or RFA procedures, the rates of en bloc and complete resec-
tions were satisfactory. No severe complications, including 
postprocedural bleeding or perforation, occurred and the 
safety profiles were satisfactory, suggesting that ESD or RFA 
could be safely applied for the treatment of early superficial 
esophageal cancer in patients with cirrhosis complicated by 
esophageal varices.

Previous studies reported successful ESD for patients 
with early EEC with esophageal varices, carrying a high risk 
of massive bleeding and requiring a high level of endoscopic 
expertise (12,13). The risk of bleeding increased the lower 
the EEC, as the varicose veins flow mainly through inferior 
esophageal veins. Therefore, the lower location with much more 
esophageal veins had a higher risk of bleeding. Previous studies 
have reported the use of EMR or ESD for patients with EEC and 
cirrhosis combined with esophageal varices (25‑27). The proce-
dures performed relied on the removal of the esophageal varices 
using EVL or endoscopic injection sclerotherapy (EIS) (28). EIS 
requires considerable time to remove the esophageal varices 
and may induce submucosal fibrosis and scarring, possibly 
resulting in difficulty of submucosal lifting and incomplete 
resection (12). EVL was performed prior to ESD procedures in 
two cases (cases 3 and 4) in the current study. Intraprocedural 
bleeding occurred more significantly and frequently in the 
patients undergoing EVL procedures than in patients under-
going TIPS before ESD procedures. While several sessions 
of EVL may have reduced the size of the varices, they may 
have still been present during the ESD and may have resulted 
in bleeding (27). Furthermore, the timing of endoscopic treat-
ment following EVL is important, and primarily determined 
by the size of esophageal varices (12). In the present study, if 
the esophageal varices were significantly reduced in size or 
removed, the ESD procedure was performed. If not, endoscopy 
examination was performed following one month to reevaluate 
the esophageal varices. In the present study, the esophageal 
varices were reduced in size or removed one month following 
EVL or TIPS. A previous study revealed that ulcers following 
EVL healed by 3 to 4 weeks, and the necrosis and fibrosis were 
limited to the mucosa and submucosa, with no involvement of 
the muscularis propria (28). Therefore, in the current study, the 
endoscopic treatment was performed one month following EVL 
or TIPS. One lesion (case 3) was not completely resected with 
tumor‑positive margin. TIPS may therefore be superior to EVL 
for esophageal varices beneath the EECs because it provides 
effective relief of esophageal varices without submucosal adhe-
sion or morphological changes prior to ESD or RFA procedures.

In the current study, the treatment regimens selected were 
primarily based on the morphological type and invasive depth of 
the lesions. EEC has three morphological types, including flat, 
degraded and elevated lesions (7). For widespread completely 
flat early EECs (type 0‑IIb), RFA was used for the removal of 
EECs in the current study. Thus, assessing the depth of invasion 
and the morphological type is important. Prior to treatment, 
NBI‑magnification endoscopy was used for endoscopic staging 
and endoscopic ultrasound was used for evaluating depth of 
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Figure 2. Representative patient (case 6) with early esophageal squamous neoplasia on esophageal varices treated with RFA. (A) White light imaging revealed a 
flat reddish lesion (yellow arrows) on esophageal varices (black arrows). (B) Narrow‑band imaging revealed the brown area of the lesions. (C) The precise area 
of the early esophageal cancer was determined with Lugol staining. (D) A representative microscopic image of the lesions following biopsy. Magnification, 
x4; scale bar=250 µm; arrows indicate the area of interest. (E) Radiological images before stent implantation. The blue arrows indicate the varicose vein. 
(F) TIPS was performed prior to RFA and the radiological images presented are from after stent implantation. (G) White light endoscopy revealed no obvious 
esophageal varices near the lesion following TIPS. (H) RFA was performed. (I) One month following endoscopic submucosal dissection, the epithelium had 
almost recovered with scarring. RFA, radiofrequency ablation; TIPS, transjugular intrahepatic portosystemic shunt.

Figure 1. ESD for EEC concomitant with TIPS in case 5. (A) Irregular mucosa of superficial EEC (yellow arrows) located on a varix (black arrows) was 
observed by white light endoscopy. (B) The precise area of the EEC was determined with Lugol staining. (C) Radiological images before the stent implantation. 
The blue arrow indicates the varicose vein. (D) TIPS was performed prior to ESD and the radiological images presented are from after stent implantation. 
(E) White light endoscopy revealed no obvious esophageal varices near the lesion following TIPS. (F) ESD was completed successfully en bloc without any 
adverse events. (G) Near complete recovery of the epithelium with scarring one month following ESD. (H) A representative microscopic image of the resected 
tissues. Magnification, x4; scale bar=250 µm; arrows indicate the area of interest. ESD, endoscopic submucosal dissection; EEC, early esophageal carcinoma; 
TIPS, transjugular intrahepatic portosystemic shunt.
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invasion in the current study. Due to the limited cases, all six 
cases in our study had flat lesions. It is possible that all types of 
EECs were confronted with the similar risks of bleeding, and 
are therefore suitable for this treatment strategy (11‑14).

The current study proposed a standard treatment workflow 
for EEC in patients with cirrhosis (Fig. 4). If there are no 

esophageal varices present in the context of cirrhosis, ESD or 
RFA may be performed without any preoperative treatment. 
Otherwise, the relative location of esophageal varices and the 
EEC should be further evaluated. If the EEC is located on the 
esophageal varix, TIPS is recommended to alleviate portal 
hypertension and relieve esophageal varices prior to ESD 

Figure 4. Flowchart of treatment of EEC in patients with cirrhosis. EEC, early esophageal carcinoma; ESD, endoscopic submucosal dissection; RFA, radiofre-
quency ablation; TIPS, transjugular intrahepatic portosystemic shunt.

Figure 3. ESD for early esophageal carcinoma distant from the esophageal varices in case 2. (A) White light imaging revealed a reddish flat lesion (yellow 
arrows) distant from the esophageal varices (black arrows). (B) Narrow‑band imaging revealed a brown area and dilation of intrapapillary capillary loop as 
depicted by the yellow arrows. (C) Lugol staining revealed the area of the lesion. (D) ESD was performed without massive intraoperative bleeding. (E) A 
microscopic image of the resected tissues Magnification, x4; scale bar=250 µm; arrows indicate the area of interest. (F) One month following ESD, the 
epithelium recovered with scarring without stricture. ESD, endoscopic submucosal dissection.
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or RFA procedures. If the EEC is distant to the esophageal 
varices, further evaluation of the vertical depth of varices 
using CT scan or endoscopic ultrasonography is required. 
If the esophageal varices are located in the submucosa or 
muscle layer, TIPS is recommended to alleviate intraoperative 
bleeding as the submucosa is resected in the ESD procedure. 
ESD or RFA may be performed in other cases, dependent on 
the morphological and depth of invasion for EEC.

The major limitation of the present study was the small 
number of cases. Prospective multicenter studies are required to 
evaluate the efficacy and safety of the proposed treatment strategy. 
In conclusion, the present study described a novel treatment work-
flow for patients with EEC complicated by esophageal varices 
and cirrhosis. Good treatment results, no neoplastic progression 
and an acceptable adverse event profile were observed.
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