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Abstract

Liver cirrhosis (LC) can cause a wide spectrum of gastric mucosal lesions, the
main diagnostic method of which is esophagogastroduodenoscopy. In addition to
gastric varices, portal hypertensive gastropathy, gastric antral vascular ectasia,
portal hypertensive polyps, peptic ulcer disease can be detected. All of these leave
LC patients susceptible to bleeding. If visual differential diagnosis is difficult,
endoscopic ultrasound and new digital and optical endoscopic technologies such
as magnifying endoscopy with narrow-band imaging may be useful. In many
cases, endoscopic technologies are also the methods of choice for the treatment of
gastric mucosal lesions in LC patients. In particular, argon plasma coagulation can
be used for local treatment of portal hypertensive gastropathy bleeding, and
argon plasma coagulation, radiofrequency ablation or endoscopic band ligation is
recommended as the main method for local treatment of gastric antral vascular
ectasia bleeding. Endoscopic therapy for peptic ulcer bleeding is carried out
according to the current guidelines. Besides, endoscopic mucosal resection and
endoscopic submucosal dissection may be used in LC patients for the treatment of
early gastric cancer. The purpose of this review is to provide up-to-date infor-
mation on the role of endoscopy in the diagnosis and treatment of gastric mucosal
lesions in LC patients.
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Core Tip: Liver cirrhosis (LC) can cause a wide spectrum of gastric mucosal lesions, the main diagnostic method of which is
esophagogastroduodenoscopy. If visual differential diagnosis is difficult, endoscopic ultrasound and new digital and optical
endoscopic technologies such as magnifying endoscopy with narrow-band imaging may be useful. In many cases,
endoscopic technologies are also the methods of choice for the treatment of gastric mucosal lesions in LC patients. The
purpose of this review is to provide up—to-date information on the role of endoscopy in the diagnosis and treatment of gastric
mucosal lesions in LC patients.
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INTRODUCTION

Liver cirrhosis (LC) is one of the most severe chronic somatic diseases. In 2019, it accounted for 2.4% of global deaths[1].
According to the Global Burden of Disease Study 2017, the estimated number of people with compensated LC was 112
million worldwide, which corresponds to the age-standardized global prevalence of compensated LC of 1395 cases per
100000 population[2]. The natural history of LC is accompanied by complex metabolic disorders and the development of
portal hypertension. This has a pathological effect on various organs and systems including the stomach. Esophago-
gastroduodenoscopy (EGD) is a common and generally safe endoscopic procedure for the diagnosis and treatment of
upper gastrointestinal tract lesions[3]. LC patients have a wide spectrum of gastric mucosal lesions, the main diagnostic
method of which is EGD. Gastric varices are less common than esophageal varices, occurring in about 17%-25% of
patients with portal hypertension. The incidence of gastric varices varies from 16% at 1 year to 44% at 5 years[4]. In
addition to gastric varices, portal hypertensive gastropathy (PHG), gastric antral vascular ectasia (GAVE), portal
hypertensive polyps (PHPs), peptic ulcer disease (PUD) can be detected. All of these leave LC patients susceptible to
bleeding[5]. If visual differential diagnosis is difficult, endoscopic ultrasound (EUS) and new digital and optical
endoscopic technologies such as magnifying endoscopy with narrow-band imaging (NBI) may be useful[6,7]. Various
endoscopic technologies have been proposed for their prevention and treatment[8]. For example, according to the
decisions of the Baveno VII consensus workshop, endoscopic therapy, in particular, argon plasma coagulation (APC) can
be used for local treatment of PHG bleeding, and APC, radiofrequency ablation (RFA) or endoscopic band ligation (EBL)
is recommended as the main method for local treatment of GAVE bleeding[9]. Endoscopic therapy for peptic ulcer
bleeding is carried out according to the current guidelines[10-12]. Besides, endoscopic mucosal resection (EMR) and
endoscopic submucosal dissection (ESD) may be used in LC patients for the treatment of early gastric cancer[13].

The purpose of this review is to provide up-to-date information on the role of endoscopy in the diagnosis and
treatment of gastric mucosal lesions in LC patients. The Web of Science platform, the EMBASE and PubMed databases,
the Cochrane Database of Systematic Reviews, the Google Scholar retrieval system, Reference Citation Analysis (https://
www.referencecitationanalysis.com/), and the reference lists from related articles were used to search for suitable public-
ations. Articles evaluating the role of endoscopy in the diagnosis and treatment of gastric mucosal lesions in LC patients
were selected for 1995-2025. To limit the scope of this review, articles dealing with gastric varices were not included.

PHG

PHG occurs as a complication of cirrhotic or non-cirrhotic portal hypertension and is of great clinical importance, since it
can be complicated by both acute and chronic upper gastrointestinal bleeding[14]. The prevalence of PHG ranges from
7% to 98%. The wide disparity in these results is due to differences in the criteria used for patient selection and
endoscopic interpretations[15]. The development of PHG usually requires the presence of clinically significant portal
hypertension. The prevalence of PHG among patients with compensated LC ranges from 49% to 80%, with lower
prevalence in patients without gastroesophageal varices (GEVs) (11%) or small GEVs (35%) relative to those with medium
or large GEVs (80%-97%)[16]. With long-term follow-up of LC patients, progression of PHG is frequently, and regression
more rarely, observed. Factors contributing to the progression of PHG may be a high hepatic venous pressure gradient
[17], severity of LC, as measured by Child-Turcotte-Pugh (CTP) score and/or model for end-stage liver disease (MELD)
score[18], and endoscopic eradication of GEVs[19].

EGD is currently the gold-standard for the diagnosis of PHG. It is characterized by gastric mucosal lesions that is
classically described as a mosaic pattern that resembles the skin of a snake, with or without red marks. Based on this,
PHG is classified into mild (Figure 1A), when mosaic pattern alone is observed, and severe (Figure 1B), in the presence of
red marks of any kind. With severe PHG, an erythema foci merge and hemorrhages appear[20]. The most common

WJGE | https:/ /www.wjgnet.com 2 September 16,2025 | Volume17 | Issue9 |

Jaishideng®


https://www.wjgnet.com/1948-5190/full/v17/i9/108787.htm
https://dx.doi.org/10.4253/wjge.v17.i9.108787
https://www.referencecitationanalysis.com/
https://www.referencecitationanalysis.com/

Olevskaya ER et al. Endoscopy for gastric lesions in LC

Figure 1 Portal hypertensive gastropathy. A: Mild portal hypertensive gastropathy. A mosaic mucosal pattern of the body and fundus of the stomach; B:
Severe portal hypertensive gastropathy. Hemorrhages on the background of erythema foci.

locations for PHG are the body and fundus of the stomach[21]. The endoscopic findings are not specific for PHG. In some
cases, it is difficult to distinguish from other gastric mucosal lesions, such as GAVE, Helicobacter pylori (H. pylori)-
associated gastritis, etc. Therefore, microscopic examination may be useful. Histologically, PHG is characterized by
dilation and ectasia of the capillaries and venules of the gastric mucosa and submucosa, as well as edema and thinning of
the arteriole and venule wall in the submucosa without signs of inflammation, erosion or fibrin thrombi[22].

In a study by Macedo et al[23] involving 20 patients with compensated LC, the role of contrast-enhanced EUS in the
assessment of PHG was studied. Intense gastric mucosa and submucosa blood flow was identified in all patients with
endoscopically confirmed PHG and only in one patient without endoscopic signs of PHG, presenting sensibility,
sensitivity, positive predictive value and negative predictive value, respectively of 100.0%, 90.0%, 90.9%, 100.0% (P <
0.001). It can be assumed that with the help of contrast-enhanced EUS, it is possible to detect PHG earlier and with greater
sensitivity than with conventional EGD.

The gastric mucosa in portal hypertension differs morphologically and functionally from normal. Its increased suscept-
ibility to damaging agents, such as nonsteroidal anti-inflammatory drugs, alcohol, bile acids, acid-peptic factor,
contributes to the development of bleeding[24]. PHG-related bleeding is usually mild to moderate in severity, and in over
half of cases, hemostasis can occur on its own. Clinically significant bleeding is rare, but difficult to stop[25].

According to the European Association for the Study of the Liver clinical practice guidelines, acute PHG bleeding may
be treated with somatostatin analogues or terlipressin but substantiating data are limited[26]. According to the decisions
of the Baveno VII consensus workshop, non-selective B-blockers (NSBBs) are the first-line therapy for preventing
recurrent bleeding from PHG. Endoscopic therapy, in particular, APC, may be used for local treatment of acute PHG
bleeding, and APC or hemospray - in case of its recurrence. Transjugular intrahepatic portosystemic shunt should be
considered for preventing recurrent transfusion-dependent bleeding from PHG despite traditional NSBBs or carvedilol
and endoscopic therapy[9].

APC is an electrosurgical modality for the treatment of bleeding and devitalization of tissue. This is achieved by non-
contact thermal coagulation, in which a high frequency, monopolar alternating current is applied to the target tissue
through an argon plasma jet, creating effective hemostasis and homogeneous surface coagulation with limited
penetration depth. The depth of coagulation depends on the setting of the generator power, the duration of application,
and the distance from the tip of the probe to the target tissue (the optimal distance is 2-8 mm)[10]. In a study by Hanafy
and El Hawary[27] involving 200 LC patients, APC alone and in combination with NSBBs was highly effective and safe in
controlling bleeding from PHG. In a study by El Shahawy et al[28] involving 120 LC patients, APC significantly improved
iron deficiency anemia and reduced transfusion requirements in patients with severe PHG as compared to carvedilol
with a low risk of adverse events. In addition, the combination of APC and carvedilol had a synergistic beneficial effect in
severe PHG.

TC-325 (Hemospray®; Cook Medical, Winston-Salem, NC, United States) is a hygroscopic mineral-based powder that is
applied using a pressurized carbon dioxide cylinder. When it comes into contact with blood, a clotting cascade is
triggered, which leads to the formation of coagulate that ensures hemostasis. The powder peels off the mucosa over the
next 24-72 hours. In a prospective international multicenter study involving 190 patients, TC-325 monotherapy was
effective and safe, in particular, for bleeding after endoscopic interventions, when immediate hemostasis was achieved in
100% of cases[29]. Currently, the efficacy of TC-325 in PHG has been shown only in descriptions of clinical cases. For
example, Smith et al[30] presented data on the successful use of TC-325 in four patients with acute PHG bleeding. Thus,
the use of endoscopic technologies in PHG-related bleeding remains problematic and requires further research.
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GAVE

GAVE is a disease characterized by dilation of the capillaries and venules of the gastric mucosa and submucosa, visually
resembling blotchy erythematous or bloody streaks. The most common locations for GAVE is the gastric antrum. These
lesions can cause about 4% of non-variceal upper gastrointestinal bleeding. As a rule, GAVE is clinically manifested by
melena and iron deficiency anemia secondary to chronic blood loss. GAVE is usually associated with LC, autoimmune
diseases, heart failure, chronic renal failure, bone marrow transplantation, as well as metabolic syndrome[31,32].

GAVE is mostly diagnosed by EGD. In some cases, capsule endoscopy may be useful[33]. The endoscopic patterns of
gastric mucosa in GAVE may vary. Among these variations, linear striped (“watermelon stomach”) phenotype is a term
used to describe the classic GAVE phenotype, which is manifested by red vascular spots spiraling away from the pylorus
(Figure 2). The “honeycomb stomach" is characterized by similar red gastric mucosal lesions spread out in a diffuse
pattern. The third endoscopic GAVE phenotype is represented by nodules, which are often indistinguishable from other
benign formations of the gastric antrum, and may require biopsy for diagnosis[34]. Diffuse (honeycomb, punctate) GAVE
phenotype is most characteristic for LC patients (Figure 3)[35].

In some cases, GAVE is difficult to distinguish from other gastric mucosal lesions including PHG, erythema, ulceration,
H. pylori-associated gastritis, or polyps. Therefore, microscopic examination may be useful. Histologically, all three
variations have characteristic reactive epithelial hyperplasia and vascular ectasia, meanwhile, more specific manifest-
ations include spindle cell proliferation of smooth muscle cells, microvascular thrombi, and fibrohyalinosis, the frequency
of which depends on the GAVE phenotype[36].

The use of modern endoscopic technologies has significantly improved the diagnosis of GAVE. The characteristic EUS
features of GAVE are wall thickening of the gastric antrum with preserved stratification, hypertrophy of the mucosa and
submucosa with the presence of anechoic structures in them, and a well-defined muscularis propria[37-39].

NBI is an optical digital method of image-enhanced endoscopy. NBI is a light technology that uses special filters to
separate the wavelengths of white light and highlight the red, green, and blue ranges. Additional filtering technology
enhances the blue range. Due to the selective effect of these bands of light, the microvasculature is more clearly visible
(Figure 3C)[7]. In a study by Chang et al[40] involving 27 LC patients, the high efficiency of magnifying endoscopy with
NBI for the diagnosis of diffuse GAVE phenotype was demonstrated.

Versatile Intelligent Staining Technology (VIST) is based on the NBI concept, but instead of an optical filter uses digital
image processing to refine the appearance of both vascular and mucosal patterns without the use of dye. It is easy to
perform and allows for inspection of the whole endoscopic field with more accuracy by simply switching the button from
the conventional view to the VIST view. In a study by Abdelmoneim et al[41] involving 50 LC patients, it was shown that
VIST can be used as an alternative tool for the histopathological diagnosis of GAVE. There was a statistical significance
between VIST and histopathology in the diagnosis of GAVE (P < 0.035). In addition, VIST had superior sensitivity than
conventional white light endoscopy in the detection of GAVE (82.1% vs 7.1%), while conventional white light endoscopy
had higher specificity (95.5% vs 59.1%) by VIST.

I-scan virtual chromoendoscopy with indigo carmine or crystal violet is a modern endoscopic technology that allows to
evaluate, in particular, the gastric mucosa microvasculature. In a study by Al-Taee et al[42] involving 23 LC patients, I-
scan virtual chromoendoscopy had higher specificity, sensitivity, and accuracy in the diagnosis of GAVE compared to
high-definition white light endoscopy alone (82% vs 70%). However, the efficiency of these two methods in detecting
PHG was similar.

The main methods of treatment for GAVE are pharmacotherapy, endoscopy, and surgery. The efficacy and safety of
pharmacotherapy have not been sufficiently confirmed, and surgical intervention is considered only in cases where other
treatment is ineffective[43]. According to the decisions of the Baveno VII consensus workshop, endoscopic therapy, in
particular, APC, RFA or EBL is recommended as the main method for local treatment of GAVE bleeding[9].

APC

In recent years, APC has been the most commonly used endoscopic approach for GAVE with a good level of efficiency
and safety. Endoscopic success, which is defined as persistent hemostasis and/or elimination of most of the gastric
mucosal lesions visible during endoscopy, can reach 40%-100%. According to the literature, recurrences occurred in 25%-
68.2% of cases, 5.9%-40% of patients required post-treatment blood transfusions. Adverse events and complications were
rare. Fever, abdominal distension and epigastric pain, antrum stenosis, gastric hyperplastic polyps, Mallory-Weiss
syndrome and gastric ulceration resulting in scarring were described (Table 1)[44-57].

In a retrospective single-center study by Tamari et al[58] involving 15 patients with GAVE, the combination therapy
with polidocanol injection and APC was effective with a low recurrence rate. Endoscopic hemostasis has been achieved in
all cases. The average number of attempts to stop bleeding with polidocanol injections was 1.5 + 0.8 (1-4), and the average
number of APC attempts was 2.1 + 1.2 (1-5). Treatment-related complications occurred in two patients: Ulceration in one
patient and hematoma in the other patient. Two patients had relapse of the disease during the follow-up period (the
average period was 42 months).

RFA

RFA allows for a short period of time to transfer powerful energy for ablation of surface lesions, ensuring a uniform
depth of impact with a low risk of wall perforation and no need for gas insufflation. A variety of ablative catheters
ensures adequate tissue contact. The HALO® RFA system uses two different types of probes with a closely spaced
electrode that thermally ablate tissue. The depth (0.5-1 mm) is dependent on the power, density and duration of contact.
The generator is connected to either a HALO 360 catheter or a HELO 90 catheter to provide circular or more focused
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Table 1 Results of argon plasma coagulation for the treatment of gastric antral vascular ectasia

Total ‘
. Number of Recurrence, treatment failure, post-
number of  Other gastric Follow-up __. .
Ref. . . APC Efficacy treatment blood transfusions, adverse
patients mucosa lesions . (month) L.
A sessions events, complications
Iwith LC
Probstetal  17/6 N/A 2.2 (range 1-4) 30.4 (range Endoscopic success was  Recurrence was 29.4%; one patient (5.9%)
[44] 1-65) 100% needed post-treatment blood transfusions;
one patient (5.9%) developed antrum
stenosis
Yusoffetal 5/3 N/A 2.6 (range 1-4) 20 (range  Endoscopic success was  Recurrence was 40%; two patients (40%)
[45] 14-27) 100% needed post-treatment blood transfusions
Sebastianet  12/2 N/A Median 2 Median3  Endoscopic success was ~ Two patients (16.7%) needed post-
al[46] (range 1-5) (range 1-4)  100% treatment blood transfusions; one of them
had ulcer bleeding, second patient had no
cause for blood loss identified at repeat
endoscopies
Sato et al[47] 8/8 One patient (12.5%) 1.8 (range1-3) 28 (range = Endoscopic success was  Recurrence was 25%
had EV, one patient 12-47) 100%
(12.5%) had PHG
Lecleire etal 30/17 Eleven LC patients 2.18+1.74in  Median20 Endoscopic success in LC Nine LC patients (53%) died during the
[48] (64.7%) had EV, LC patients in LC patients was 88.2% follow-up; two LC patients (11.8%) who
four LC patients patients were not successfully treated died from
(23.5%) had PHG intractable overt bleeding
Herreraetal 8/ N/A N/A Median 3 28 Endoscopic success was ~ One patient had a recurrence acute upper
[49] (range 1-10) 87.5% gastrointestinal bleeding 15 months after
treatment completion
Fuccioetal  20/20 All patients had EV, Median4.6+ N/A Endoscopic success was ~ Recurrence was 30%; two patients (10%)
[50] thirteen of them 4.6 100% needed post-treatment blood transfusions;
(65%) underwent gastric hyperplastic polyps developed in 3
EBL patients (15%) causing active bleeding in 2
cases
Naga et al 29/22 Thirteen patients Median4.6+ N/A N/A Three patients (10.4%) required post-
[51] (44.8%) had PHG 4.6 (range 1-17) treatment blood transfusions
Sato et al[52] 22/20 Twelve LC patients 2.3 (range 1-3)  16.6 There was no need for Recurrence was 68.2%; seven patients
(60%) had EV blood transfusion in most  (31.8%) died during follow-up period,
cases including two cases with bleeding-related
deaths
Chiu et al 19/12 Five patients 24+14 N/A Endoscopic success was ~ Rebleeding occurred in 15 patients (78.9%);
[53] (26.3%) had PHG about 80% the median duration of rebleeding after
treatment was 23 days; three LC patients
(25%) died of rebleeding
Keohaneet 15/N/A Three patients 4.1 (range 1-11) 26 (range  Endoscopic success was  There was a non-significant increase from
al[54] (20%) had PHG 1-60) 46.7% 7.7 t0 9.3 post-treatment blood transfusions
Elhendawy 44/44 N/A 3.48 +0.902 6 N/A Nine patients (20.5%) had adverse events,
et al[55] in the form of fever in two patients,
abdominal distension in four patients and
epigastric pain in three patients
Garg et al 20/16 Four LC patients Median 2 Median 20  Endoscopic success was ~ Recurrence was 25%
[56] (25%) had EV (range 1-7)in  (range2-  40%
LC patients 65)
Fabianetal  45/17 N/A 443 +0.76 (for 13.49+2.46 There was a significant Complications occurred in four patients
[57] endoscopic increase in hemoglobin (8.8%): Two patients (4.4%) had Mallory-
remission) levels and a decrease in Weiss syndrome and two patients (4.4%)

the need for blood
transfusion

had gastric ulceration without active
bleeding resulting in scarring

LC: Liver cirrhosis; GAVE: Gastric antral vascular ectasia; APC: Argon plasma coagulation; EV: Esophageal varices; PHG: Portal hypertensive gastropathy;

EBL: Endoscopic band ligation; N/ A: Not available.

ablation[59].

RFA is an alternative to APC for the treatment of GAVE with a good level of efficiency and safety. Technical success,
which is defined as complete ablation of the gastric mucosal lesions visible during endoscopy, can reach 90%-100%.
Clinical success, which is defined as complete independence from the need for blood transfusions for the 6-month follow-
up period (after the last RFA) and negative endoscopy 6 months after completion of treatment, can reach 71%-87%.
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Figure 2 Gastric antral vascular ectasia. A: Linear striped phenotype. Red vascular spots spiraling away from the pylorus; B: Linear striped phenotype.
Hemorrhages on the background of red vascular spots spiraling away from the pylorus.

Figure 3 Gastric antral vascular ectasia. A: Diffuse phenotype. Multiple red spots spread out in a diffuse pattern along the gastric antrum; B: Diffuse
phenotype in white light endoscopy; C: Diffuse phenotype in endoscopy with narrow-band imaging.

According to the literature, treatment failure, which is defined as any need for blood transfusions after completion of RFA
therapy, occurred in 15%-33.3% of cases. Adverse events and complications were rare. Epigastric pain, superficial gastric
ulceration and ulcer bleeding were described (Table 2)[60-68].

In a systematic review and meta-analysis of 24 studies (n = 508) using APC and 9 studies (1 = 104) using RFA, the
comparative efficacy and safety of these two endoscopic technologies for the treatment of GAVE was evaluated. A total of
47% of patients with RFA were refractory to previous APC treatment. RFA required fewer treatment sessions and was
accompanied by fewer and less severe complications compared to APC (P < 0.001). Although endoscopic success was
better for RFA compared with ARF (P < 0.001), an increase in total hemoglobin after treatment and a decrease in
transfusion dependence were higher for APC compared with RFA (P < 0.001)[69].

Magee et al[70] conducted a study comparing the cost-efficacy of RFA and APC for the treatment of patients with APC-
resistant GAVE. According to their calculations, the introduction of RFA would result in reductions in the need for
intravenous iron, endoscopic intervention and requirement for blood transfusions by 27.1%, 32.3% and 36.5%
respectively. As a result, RFA will require 36.7% fewer procedures than APC.

EBL

EBL in patients with GAVE allows to reliably obliterate vascular structures in the deep gastric mucosa and submucosa,
which reduces the need for further treatment. Ligation bands are applied to the antrum mucosa at the sites of
pathological changes. The distal antrum is first treated, then the ligation bands are applied more proximally until most of
the gastric mucosal lesions is treated[8]. Many studies have demonstrated the advantages of EBL over other endoscopic
technologies for the treatment of GAVE.

In a systematic review and meta-analysis of 10 studies involving 194 patients with GAVE, EBL demonstrated excellent
clinical outcomes with minimal adverse events. The pooled rate of treatment responders was 81%, and GAVE recurrence
was 15.4%. The pooled mean number of treatment sessions required was 2.4, and the number of bands used to achieve
eradication per patient was 15.1. The pooled mean difference of pre- to post-treatment hemoglobin was 1.5 (P = 0.001),
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Table 2 Results of radiofrequency ablation for the treatment of gastric antral vascular ectasia

Total . 8
Other gastric  Number of Follow- Recurrence, treatment failure, post-
number of ' .
Ref. o mucosa RFA up Efficacy treatment blood transfusions, adverse
. lesions sessions  (month events, complications
Iwith LC ( ) ol
Grossetal 6/N/A One patient 1.7 (range1- N/A There was a significant increase ~ One patient (16.7%) remained dependent on
[60] (16.7%) had 3) in hemoglobin levels blood transfusions, but the overall need for
superficial blood transfusion decreased
gastric ulcer
McGorisk  21/18 Two patients 1.9+0.6 6 Technical and clinical successes ~ Three patients (14.3%) required post-
et al[61] (9.5%) had EV,  (range 1-3) were 90% and 86%, respectively  treatment blood transfusions; one patient
five patients (4.8%) had superficial gastric ulceration, one
(23.8%) had patient (4.8%) had ulcer bleeding and one
PHG patient (4.8%) continued to have GAVE
associated bleeding
Drayetal 24/11 N/A 1.8+0.8 6 There was a significant increase  There were no reports of any perioperative
[62] (range 1-3) in hemoglobin levels and a or inpatient postoperative complications
decrease in the need for blood
transfusion
Janaetal 7/2 N/A Median 2 Median 6  Technical and clinical successes ~ Two patients (29%) required post-treatment
[63] (range 1-3)  (range 8-  were 100% and 71%, respectively  blood transfusions; there were no reports of
15) any perioperative or inpatient postoperative
complications
Razaetal 9/4 One LC patient ~ Median 3 Median 11 Technical success was 100% Three patients (33.3%) had a recurrence of
[64] (25%) had PHG = (range 2-6)  (range 6- GAVE, and required blood transfusions and
21) retreatment
Dunnetal 15/3 N/A Median 2 Median2  Clinical and endoscopic Four patients (26.7%) required post-
[65] (range 1-6) responses were 87% and 20%, treatment blood transfusions
respectively. There was a
significant increase in
hemoglobin levels and a decrease
in the need for blood transfusion
Markos et 15/0 N/A Median 2 Median 11 Technical and clinical successes  Five patients (33.3%) required post-
al[66] (range 1-3)  (range5-  were 100% and 80%, respectively. treatment blood transfusions
18) There was a significant increase
in hemoglobin levels
Senzolo et  40/40 N/A N/A 6 There was a significant increase ~ No major complication occurred and liver
al[67] in hemoglobin levels and a function remained stable in all patients
decrease in the need for blood
transfusion
Mageeet  20/4 N/A Median 2 6 There was a significant increase ~ Three patients (15%) required post-
al[68] (range 1-2) in hemoglobin levels treatment blood transfusions; three patients

(15%) experienced epigastric pain which
was managed with oral pain medications

LC: Liver cirrhosis; GAVE: Gastric antral vascular ectasia; RFA: Radiofrequency ablation; EV: Esophageal varices; PHG: Portal hypertensive gastropathy;

N/ A: Not available.

pre- to post-treatment units of packed red blood cells transfused was 1.1 (P = 0.002), and pre- to post-treatment hospital
length of stay was 0.5 days (P = 0.01). The overall incidence of adverse events was 15.9%[71].
In a systematic review and meta-analysis of 11 studies involving 393 patients with GAVE, EBL was safe and effective

with improved outcomes when compared to APC. Endoscopic success was achieved in 87.84% with average number of
treatment sessions of 2.50 + 0.49 and average of 12.40 + 3.82 bands applied. For eight studies comparing EBL (1 = 143) vs
APC (n = 174), there were no differences in baseline patient characteristics. However, endoscopic success was
significantly higher for EBL (P = 0.002), which required fewer treatment sessions (P < 0.001). EBL was also associated with
a greater increase in post-procedure hemoglobin (P = 0.0140), greater reduction in transfusions required (P = 0.033) and
fewer rebleeding events (P < 0.001). There was no difference in adverse events or bleeding-associated mortality (P >
0.050)[72].

In a systematic review and meta-analysis of four randomized controlled trials involving 204 patients with GAVE, it
was shown that EBL was associated with a higher incidence of endoscopic eradication and fewer recurrence of bleeding
than APC. Patients treated with EBL required fewer blood transfusions and hospitalizations. The number of sessions
required to repair of gastric mucosal lesions was higher with APC. There were no differences in the frequency of adverse
events[73].

In a systematic review and meta-analysis of five studies involving 207 patients with GAVE, over a follow-up period of
at least 6 months, patients who underwent EBL had significantly lower post-procedural blood transfusion requirements
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and significantly higher changes in average hemoglobin levels compared to those who received endoscopic thermal
therapy, including APC and electrocautery with heater probe. EBL has led to a reduction in the number of required
sessions and a more pronounced change in blood transfusion requirements. There were no differences in the number of
adverse events[74].

In a meta-analysis of 12 studies involving 571 patients with GAVE, the efficacy and safety of EBL, endoscopic thermal
therapy using APC together with a non-contact device to destroy mucosal microvasculature, and RFA was compared.
When compared with endoscopic thermal therapy, EBL allowed for better bleeding control (P = 0.01), higher hemoglobin
improvement (P < 0.01), and fewer number of sessions (P = 0.01). In addition, EBL outperformed endoscopic thermal
therapy in terms of improved endoscopic outcomes (P < 0.01), hospitalization (P < 0.01), and blood transfusion
requirements (P = 0.01) with statistical significance, excluding mortality (P = 0.34) and complication rate (P = 0.14), while
RFA did not show differences in any of these outcomes[75].

At the moment, the optimal endoscopic technologies for the treatment of GAVE has not yet been determined. This is
due to the lack of sufficient number of randomized controlled trials involving a large cohort of patients necessary to
evaluate them.

PHPs

Gastric hyperplastic polyps account for 30% to 93% of all gastric epithelial polyps. Their specific histological features are
dilated, elongated, tortuous foveolae (which give them the appearance of a corkscrew) lined by hyperplastic epithelium
containing mucin[76]. Gastric hyperplastic polyps are usually associated with H. pylori-associated gastritis, chronic
atrophic gastritis, autoimmune gastritis, portal hypertension and gastric surgery[77]. Cases of their development after
APC and EBL for GAVE are described[78,79].

Gastric hyperplastic polyps are a common finding during conventional EGD in LC patients. In a study by Topal et al
[80] involving 200 LC patients, polypoid lesions were detected in 33.5% of cases, and their rate was statistically higher in
the advanced chronic liver disease. PHPs have been described in LC patients with portal hypertension, portal venous
obstruction or GAVE, have a low risk of malignant transformation, and can cause pyloric obstruction, acute and chronic
upper gastrointestinal bleeding leading to anemia[81]. The prevalence of PHPs in LC patients ranges from 1% to 8%[82].
These polyploid lesions are associated with portal hypertension and therefore require its correction[83]. PHPs are similar
to gastric hyperplastic polyps, but with presence of larger and more numerous vascular capillaries in the lamina propria.
PHPs can be single or numerous, located in the antrum or the gastric corpus (Figure 4). Their size may range from a few
millimeters to several centimeters[84].

Independent risk factors for the development of PHPs are thrombocytopenia (platelet count < 130 x 10°/L), CTP score
> 6, and MELD score > 16. An unfavorable event is the preliminary EBL of GEVs, which may be due to the increased
formation of portosystemic shunts in the gastric wall[85].

The management of gastric hyperplastic polyps is determined by their size and the presence of dysplasia. Endoscopic
resection is recommended for gastric hyperplastic polyps that biopsy-proven dysplasia (usually > 10 mm), have pedun-
culated morphology and are symptomatic[86]. At the same time, there are no specific recommendations for the manage-
ment of PHPs. Due to the benign nature of PHPs, frequent recurrence, and the risk of significant bleeding from the
feeding vessels located deep within the gastric submucosa, it is most advisable to remove them only in case of complic-
ations[87]. In a single-center retrospective study by Nelson ef al[88] involving 63 patients of whom 20 (31%) had LC, the
efficacy of endoscopic resection for the treatment of transfusion-dependent iron-deficiency anemia or upper gastroin-
testinal bleeding due to gastric hyperplastic polyps was investigated. The majority of LC patients had upper gastrointes-
tinal bleeding (n = 13.65%, P = 0.52), whereas the majority of non-cirrhotics presented with transfusion-dependent iron-
deficiency anemia (1 = 30.70%, P = 0.01). Technical success was 100% with no adverse events. The clinical success rate was
94% (95% in LC patients and 93% in non-cirrhotics, P = 0.46). The recurrence rate was 32% (40% in LC patients and 28% in
non-cirrhotics, P = 0.35) with mean time to recurrence of 17.3 + 13.9 months (P = 0.22). Of those with recurrence, 75% had
no further transfusion-dependent iron-deficiency anemia or upper gastrointestinal bleeding after repeat endoscopic re-
section (mean follow-up 20 = 11 months). At the same time, in a study by Cui et al[89], the rate of post-endoscopic poly-
pectomy bleeding in LC patients was 16.5%, while the rate of post-endoscopic polypectomy bleeding non-cirrhotic group
was 2.4% (P < 0.001). CTP class B and C, severe GEVs, and polyps located in the stomach were independent risk factors
for bleeding (P < 0.05).

Hot snare polypectomy (HSP) is the most acceptable procedure for endoscopic resection of gastric hyperplastic polyps.
In a study by Elsabaawy et al[90] involving 100 LC patients, the efficacy and safety of EBL and HSP in resecting gastric
hyperplastic polyps were compared. It turned out that the average operational time with EBL was more than two times
shorter than with HSP (P < 0.001). There were no complications in 94% of EBL cases, compared with 78% for HSP.
Bleeding occurred only with HSP (20%). The cost was significantly lower with EBL than with HSP (P < 0.001). The
recurrence rate of hyperplastic gastric polyps and the number of required sessions did not differ significantly.

Indeed, post-polypectomy bleeding is one of the most common and serious complications, especially in LC patients. To
increase the efficacy of conventional methods of endoscopic hemostasis, the “metallic tulip-bundle” technique, combining
through the scope and over-the-scope clips, can be applied[91].
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Figure 4 Portal hypertensive polyps. A: Polypoid lesion in the gastric antrum up to 1 cm in diameter with an indentation in the middle, and of a soft-elastic
consistency; B: Multiple polypoid lesions in the gastric antrum on a wide base from 3 mm to 7 mm in diameter.

PUD IN LC PATIENTS

LC patients have a high risk of developing PUD, which is associated with a significant prevalence of H. pylori infection
[92]. In a study by Voulgaris et al[93] involving 100 LC patients, PUD was found in 19 (19%) (14 gastric, 5 duodenal).
H. pylori infection was diagnosed in 54% LC patients. PUD was unrelated to the etiology and the severity of liver disease
or to other endoscopic manifestations of portal hypertension (GEVs and PHG), was asymptomatic and had no known risk
factors of ulcerogenicity.

It was also noted that LC patients have a high risk of peptic ulcer bleeding, which significantly worsens their
prognosis. For example, in a study by Gado et al[94], among 103 LC patients who were admitted with non-variceal upper
gastrointestinal bleeding, 62 (60%) had peptic ulcer bleeding. A systematic review including 23 studies involving a total
of 1288 LC patients showed that peptic ulcer bleeding was the most common cause of acute non-variceal bleeding,
followed by PHG, GAVE, Mallory-Weiss syndrome, Dieaulafoy lesions, portal hypertensive colopathy, and hemorrhoids
[95].

In a study by Pariente et al[96] showed that in-hospital mortality was significantly greater in LC patients with peptic
ulcer bleeding as compared to the general population (17.4% vs 4.7%). In a study by Ardevol et al[97] involving 790 LC
patients, 646 (81.8%) were admitted with acute variceal bleeding and 144 (18.2%) with peptic ulcer bleeding. The CTP and
MELD scores were the same. Further bleeding was more frequent in the acute variceal bleeding group than those in the
peptic ulcer bleeding group. However, the risk of mortality at 45 days was the same in both groups (P = 0.48). Various
parameters such as CTP score, acute kidney injury, acute on chronic liver failure, or presence of shock or bacterial
infection, but not the cause of bleeding, were associated with the risk of death. Only 2% of peptic ulcer bleeding group vs
3% of acute variceal bleeding group died with uncontrolled bleeding (P = 0.39), while the majority of patients in both
groups died from liver failure or attributed to other comorbidities.

In a study by Lu et al[98] involving 650 LC patients, 402 (61.9%) had acute variceal bleeding and 248 (38.1%) had peptic
ulcer bleeding. Univariate and multivariate analysis identified prothrombin time [odds ratio (OR) = 0.884, 95% confidence
interval (CI): 0.786-0.995; P = 0.041)], MELD score (OR = 1.153, 95%CI: 1.073-1.240; P = 0.000), emergency intervention
(OR = 8.656, 95%CI: 2.219-33.764; P = 0.002), hepatic encephalopathy before bleeding (OR = 8.119, 95%ClI: 2.084-31.637;
P =0.003) and hepatorenal syndrome before bleeding (OR = 3.877, 95%Cl: 1.152-13.045; P = 0.029) as the independent
predictors for 42-day mortality.

Endoscopic therapy for peptic ulcer bleeding is carried out according to the current guidelines, in particular, the
European Society of Gastrointestinal Endoscopy (ESGE). ESGE recommends the Forrest (F) classification be used in all
patients with peptic ulcer bleeding to differentiate low risk and high risk endoscopic stigmata. The basic principles of
endoscopic therapy for peptic ulcer bleeding are as follows: (1) For actively bleeding ulcers (Fla, FIb), combination
therapy is performed using epinephrine injection plus a second hemostasis modality (contact thermal or mechanical
therapy); (2) In selected actively bleeding ulcers (Fla, FIb), specifically those > 2 cm in size, with a large visible vessel
> 2 mm, or located in a high-risk vascular area (e.g., gastroduodenal, left gastric arteries), or in excavated/fibrotic ulcers,
endoscopic hemostasis using a cap-mounted clip should be considered as first-line therapy; (3) Patients with an ulcer
with a nonbleeding visible vessel (FIla) are recommended contact or noncontact thermal therapy, mechanical therapy, or
injection of a sclerosing agent, each as monotherapy or in combination with epinephrine injection; (4) Patients with
persistent bleeding refractory to standard hemostasis modalities, the use of a topical hemospray/powder or cap-mounted
clip should be considered; and (5) The use of hemostatic forceps as an alternative endoscopic hemostasis option in peptic
ulcer bleeding can be considered[10].
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For patients with acid-related causes of non-variceal upper gastrointestinal bleeding different from PUD (e.g., erosive
gastritis), ESGE recommends treatment with high dose proton pump inhibitors. Endoscopic hemostasis is usually not
required[99].

EARLY GASTRIC CANCER IN LC PATIENTS

A higher incidence of gastric cancer in LC patients has been reported[100]. This is due to the existence of such
unfavorable factors as a high incidence of gastric ulcer and PHG, zinc deficiency, alcohol drinking and tobacco use and
gut dysbiosis[101], as well as a significant prevalence of H. pylori infection[102]. The presence of LC creates significant
difficulties for the treatment of gastric cancer patients[103]. Early gastric cancer is an invasive carcinoma that affects only
the gastric mucosa or submucosa, regardless of lymph node status[104]. EMR and ESD are usually used to treat it[105]. It
has been shown that these endoscopic technologies can be successfully applied in LC patients with early gastric cancer
[106].

Endoscopic resection of low-grade dysplasia is safe (perforation and bleeding rates are 1% and 7%, respectively) and is
associated with reduced rates of progression to high-grade dysplasia or carcinoma. Lesions greater than 10 mm with
high-grade dysplasia or depressed lesions are more likely to harbor carcinoma and should be resected with ESD.
Compared with EMR, ESD has significantly higher rates of “en bloc” resection, higher rates of complete resection
(negative histologic margins), and lower recurrence rates but requires longer procedure times and results in significantly
higher perforation rates. There are no significant differences in post-procedure bleeding between EMR and ESD[13].

In a cross-sectional retrospective cohort study by Horiki et al[107], the four LC patients with early gastric cancer
received EMR. No patients died of the cancer and no postprocedural complications occurred in the 10-year follow-up
period.

In a case-control multicenter retrospective study involving 69 LC patients (53 of whom had CTP class A) with early
gastric cancer, the short- and long-term outcomes of ESD was examined. It turned out that although LC patients had
significantly worse long-term outcomes than noncirrhotic patients (the 5-year overall survival rates were 60% vs 91%,
respectively), the LC patients CTP class A had an overall survival almost equivalent to that of outcomes than noncirrhotic
patients. The short-term outcomes of LC patients CTP class B or C were no worse, but they benefited less from ESD[108].

In a multicenter retrospective study involving 43 patients with HBV-related decompensated LC undergoing ESD for
the treatment of early gastric cancer, the procedural outcomes and post-procedural complications (bleeding or
perforation) did not differ significantly between LC patients and noncirrhotic patients, as well as between LC patients
CTP class A and LC patients CTP class B. None of the patients showed a deterioration of the CTP score 1 month after ESD
compared to baseline values. During the average follow-up period of 66 months, the recurrence rate of gastric cancer in
LC patients and noncirrhotic patients was the same (P = 0.925), and all recurrent gastric cancers were completely resected
by additional ESD. The overall mortality rate was higher in LC patients compared with noncirrhotic patients (P = 0.034),
and 8 of 10 deaths were associated with liver-related diseases (such as hepatocellular carcinoma, complications of portal
hypertension, hepatic failure)[109].

Barakat et al[110] performed a systematic review of MEDLINE and Cochrane database followed by a pooled data-
analysis, to evaluate the safety and efficacy of ESD in LC patients with early gastric cancer. “En bloc” resection was
achieved in 94% of lesions (P = 0.92) and RO margins were achieved in 90% of lesions (P = 0.65). There were 9% of
bleeding events (P = 0.51), all of which occurred in LC patients CTP class B (P < 0.0001), with platelets count less than
105000/ mL and international normalized ratio of more than 1.3. There was one (0.9%) reported perforation (P = 0.57) and
no mortality related to the ESD procedure.

In a retrospective study by Kim et al[111], the long-term efficacy and safety of ESD for the treatment of early gastric
cancer in LC patients (1 = 17) and noncirrhotic patients (1 = 671) was analyzed. No significant differences were found in
the type of procedure, complications, “en bloc” resection rate, and complete resection rate between the two groups.
However, cancer recurrence was more common in LC patients (P = 0.038).

In a retrospective cohort study by Pecha et al[112], the outcomes of ESD for the treatment of early gastric cancer in LC
patients (n = 16) and noncirrhotic patients (n = 43) was evaluated. “En bloc” and curative resection was achieved in
84.21%, 78.94% of LC patients and 88.89%, 68.89% of noncirrhotic patients, respectively, with no significant differences.
LC patients had significantly higher rates of intraprocedural coagulation grasper use for control of bleeding (47.37% vs
20%; P = 0.02). There were otherwise no significant differences in adverse event rates. A higher rates of recurrence was
found in LC patients compared to noncirrhotic patients (40% vs 5.26%; P = 0.019).

The results of the conducted studies show that EMR and ESD are suitable for the treatment of early gastric cancer, and
the main procedure-associated complications are bleeding and perforation. The risk of bleeding during endoscopic
procedures in LC patients is increasing with the rise of portal pressure and worsening of hemostasis disorders, and is
statistically significantly higher in CTP class C or MELD score > 11.5. The risk factors for bleeding can be divided into
three groups: (1) Risk of vascular origin; (2) Risk related to disorders of platelet count and function; and (3) Risk related to
deficiency of coagulation factors and disorders of fibrinolysis[113]. Currently, there are no specific recommendations for
the use of ESD for the treatment of early gastric cancer accompanied by GEVs. There are reports that this may be safe
after their prior eradication[114]. Disturbances of coagulation and hemostasis are common in LC patients. A study by
Repici et al[115] showed that LC patients with either international normalized ratio > 1.33 and/or platelets count
< 105000/ mm? should be regarded at increased risk of bleeding following ESD. In a study by Drolz et al[116], the platelet
count < 30 x 10°/L, fibrinogen level < 60 mg/dL, and activated partial thromboplastin time values > 100 seconds were the
strongest independent predictors for severe bleeding and served as contraindications for performing invasive procedures
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in LC patients.

CONCLUSION

LC can cause a wide spectrum of gastric mucosal lesions, the main diagnostic method of which is EGD. This is a common
and generally safe endoscopic procedure for the diagnosis and treatment of upper gastrointestinal tract lesions. If visual
differential diagnosis is difficult, EUS and new digital and optical endoscopic technologies such as magnifying endoscopy
with NBI may be useful. In this aspect, the development of software based on artificial intelligence as a decision-making
assistance system is promising. In many cases, endoscopic technologies are also the methods of choice for the treatment of
gastric mucosal lesions in LC patients and their use is recommended by current guidelines. New endoscopic therapeutic
options are currently being proposed to replace outdated and not always harmless ones. Further clinical trials involving a
large cohort of LC patients are required to evaluate their efficacy and safety.
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