
 EDITORIAL

Management of bleeding and artificial gastric ulcers 
associated with endoscopic submucosal dissection

Yosuke Muraki, Shotaro Enomoto, Mikitaka Iguchi, Mitsuhiro Fujishiro, Naohisa Yahagi, Masao Ichinose

Yosuke Muraki, Shotaro Enomoto, Mikitaka Iguchi, Masao 
Ichinose, Second Department of Internal Medicine, Wakayama 
Medical University, Wakayama-city, Wakayama 641-0012, Japan
Mitsuhiro Fujishiro, Department of Endoscopy and Endoscopic 
Surgery, Faculty of Medicine, University of Tokyo, Bunkyo-ku, 
Tokyo 113-8655, Japan
Naohisa Yahagi, Division of Research and Development for 
Minimally Invasive Treatment, Cancer Center, Keio University 
School of Medicine, Shinjuku-ku, Tokyo 160-8582, Japan
Author contributions: Muraki Y and Enomoto S contributed 
equally to this work; Muraki Y drafted the manuscript; Enomo-
to S made preparations for this manuscript; Iguchi M, Fujishiro 
M, Yahagi N and Ichinose M performed critical revision; all 
authors read and approved the final manuscript.
Supported by A Grant-in-Aid for Cancer Research from the 
Ministry of Health, Labor and Welfare of Japan, in part
Correspondence to: Shotaro Enomoto, MD, PhD, Second 
Department of Internal Medicine, Wakayama Medical Univer-
sity, 811-1 Kimiidera, Wakayama-city, Wakayama 641-0012, 
Japan. shoe@orion.ocn.ne.jp
Telephone: +81-73-4471335  Fax: +81-73-4453616
Received: July 6, 2011            Revised: November 6, 2011
Accepted: January 12, 2012
Published online: January 16, 2012

Abstract
Endoscopic submucosal dissection (ESD), an endo-
scopic procedure for the treatment of gastric epithelial 
neoplasia without lymph node metastases, spread 
rapidly, primarily in Japan, starting in the late 1990s. 
ESD enables en bloc resection of lesions that are dif-
ficult to resect using conventional endoscopic mucosal 
resection (EMR). However, in comparison to EMR, ESD 
requires a high level of endoscopic competence and a 
longer resection time. Thus, ESD is associated with a 
higher risk of adverse events, including intraoperative 
and postoperative bleeding and gastrointestinal perfo-
ration. In particular, because of a higher incidence of 
intraoperative bleeding with mucosal incision and sub-
mucosal dissection, which are distinctive endoscopic 
procedures in ESD, a strategy for endoscopic hemos-

tasis, mainly by thermo-coagulation hemostasis using 
hemostatic forceps, is important. In addition, because 
of iatrogenic artificial ulcers that always form after 
ESD, endoscopic hemostasis and appropriate pharma-
cotherapy during the healing process are essential.
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INTRODUCTION
Endoscopic submucosal dissection (ESD) is a novel en-
doscopic procedure developed in the 1990s[1,2], and is 
characterized by the use of  electrosurgical knives for mu-
cosal incision and submucosal dissection[3-15]. In ESD, the 
resected size and shape of  tumors can be controlled, and 
even lesions difficult to resect by endoscopic mucosal 
resection (EMR) can be resected en bloc by ESD. As this 
technique permits en bloc resection of  tumors, ESD has 
the advantages of  enabling accurate pathological assess-
ment and reducing the risk of  local recurrence[2,16-19].

However, ESD requires a higher level of  endoscopic 
competence than EMR. In addition, as a result of  ESD 
being used to treat larger lesions and lesions with ulcer-
ative findings, operation time is longer, with a higher risk 
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of  adverse events such as bleeding and gastrointestinal 
perforation[20-29]. The incidence of  procedure-related 
bleeding is higher with ESD than with EMR, and to per-
mit safe completion of  ESD, control of  bleeding is very 
important. In this article, we discuss the characteristics 
of  ESD-related bleeding (intraoperative and postopera-
tive bleeding) and endoscopic hemostasis. Furthermore, 
to prevent postoperative bleeding, we also discuss the 
pharmacotherapy of  artificial ulcers after ESD.

ENDOsCOpIC hEmOsTasIs UsINg 
hEmOsTaTIC fORCEps
Endoscopic hemostatic methods for peptic ulcers include 
various techniques, such as local injection of  hyper-
tonic saline-epinephrine (HSE) and ethanol, mechanical 
hemostasis using endoscopic hemoclips, and thermo-
coagulation hemostasis[30,31]. Local injection of  HSE alone 
is inferior to combination therapy with other hemostatic 
methods, but the clear superiority of  any one method has 
not been definitively established[32]. Thermo-coagulation 
devices include contact thermal devices such as heater 
probes and hemostatic forceps, and non-contact thermal 
devices such as an argon plasma coagulator[33,34].

For hemostasis of  ESD intraoperative bleeding, 
Enomoto et al[35] reported the usefulness of  a method 
of  thermo-coagulation hemostasis using monopolar 
hemostatic forceps in combination with an endoscope 
equipped with a water-jet system. Hemostatic technique 
in ESD, which differs from hemostasis for usual gastro-
intestinal bleeding, is often characterized by the need for 
repeated hemostasis during both mucosal incision and 
submucosal dissection. In addition, precise hemostatic 
maneuvers are required, in order not to interfere with the 
subsequent procedure after hemostatic treatment[36,37]. 
Therefore, hemostatic forceps, which enable reliable he-
mostasis when, with re-holding of  the ruptured vessels 
permissible several times before coagulation, bleeding 
points can be accurately grasped, are useful for hemosta-
sis in ESD-related bleeding[38,39] (Figure 1).

With wider use of  ESD, hemostasis using hemostatic 
forceps has become routine at medical centers, and its 
usefulness for bleeding from exposed vessels at the base 
of  peptic ulcers has also been reported[40,41]. Moreover, 
the usefulness not only of  monopolar, but also of  bipo-
lar hemostatic forceps, has been reported[42].

maNagEmENT Of blEEDINg DURINg 
aND afTER EsD
ESD-related bleeding includes intraoperative bleeding as-
sociated with procedures such as mucosal incision and 
submucosal dissection, and delayed bleeding, which occurs 
postoperatively from exposed vessels at ulcer bases. Appro-
priate management of  each type of  bleeding is required.

Endoscopic hemostasis for intraoperative bleeding
In ESD, the incidence of  intraoperative bleeding, which 

is to some degree unavoidable given the nature of  
techniques such as incision and dissection, is as high as 
22.6%[16]. In particular, with ESD for lesions in the upper 
third of  the stomach, because of  abundant vessels in the 
submucosa, the incidence of  intraoperative bleeding is 
relatively high[43]. To predict intraoperative bleeding, iden-
tification of  the submucosal vascular structure by preop-
erative endoscopic ultrasonography can be useful[44].

Of  the series of  techniques in ESD, bleeding is in-
evitable with submucosal local injection and mucosal in-
cision because they are blind procedures in the vascular-
rich submucosal tissue. To produce higher hemostatic 
ability, a small amount of  epinephrine to a concentration 
of  0.0005% is added to the submucosal cushion (glyceol, 
Chugai Pharmaceutical Co., Tokyo Japan). On the other 
hand, during submucosal dissection, bleeding can be 
avoided at all sites by making every effort to visually 
identify vessels and not perform dissection blindly. Oya-
ma et al[45] noted that identification of  vessels prior to 
submucosal dissection and prophylactic thermo-coagu-
lation are most important in preventing ESD intraopera-
tive bleeding. Toyonaga et al[13,46] stated that knowing the 
correct layer of  the submucosa containing fewer vessels 
and existing fibrous tissue, is important in reducing ESD 
intraoperative bleeding.

When bleeding occurs during ESD, by washing out 
the blood with the water-jet system and using a transpar-
ent attachment hood, a clear visual field can be main-
tained, and bleeding points can be rapidly identified[35]. 
For bleeding from vessels smaller than the electrosurgi-
cal knife tip or arm, hemostasis by thermo-coagulation 
with the knife is usually possible. For bleeding from ves-
sels larger than the electrosurgical knife tip or arm, or 
bleeding for which hemostasis with the knife is difficult, 
hemostatic forceps are used (Figure 2). Fujishiro et al[47] 
reported that hemostatic forceps for vessels smaller than 
2 mm in diameter, and hot biopsy forceps for vessels 
larger than 2 mm in diameter, are useful. When hemo-
stasis by thermo-coagulation cannot be achieved, hemo-
stasis using endoscopic hemoclips is necessary, so that 
subsequent procedures are not hindered.

Hemostasis for delayed bleeding
Delayed bleeding after ESD occurs in 0%-9% of  cas-
es[6,16,18,28,48-54] (Table 1). For resected lesions located in 
the middle and lower third of  the stomach, the incidence 
is higher. Bleeding occurs when vessels at ulcer bases 
rupture due to physical stimulation by peristalsis or due 
to chemical stimulation, for example, by bile reflux[48]. 
Delayed bleeding often occurs within 24 h postopera-
tively and is related to lesion location, size, and ulcer-
findings[48,55]. For delayed bleeding, in almost all cases, 
hemostasis is achieved with urgent endoscopic hemos-
tasis[56]. However, cases requiring vascular embolization 
because endoscopic hemostasis could not be achieved[57], 
and cases complicated by disseminated intravascular 
coagulation the day after delayed bleeding[58] have been 
reported, so caution is necessary.
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To prevent delayed bleeding, prophylactic coagula-
tion of  exposed vessels at the bases of  artificial ulcers 
that occur after ESD lesion resection is very useful. Ac-
cording to Takizawa et al[59], the cause of  delayed bleed-
ing is due more to insufficient prophylactic thermo-
coagulation than insufficient primary hemostasis during 
ESD[60], because the site of  delayed bleeding is not the 
site of  endoscopic hemostasis during surgery. In addi-
tion, a study has been conducted on the prevention of  
delayed bleeding by evaluation of  blood flow at ulcer 
bases using endoscopic Doppler ultrasound (US). Uedo 
et al[61], based on blood flow detected using Doppler US, 
reported that, by coagulation of  vessels seen at artificial 

ulcer bases after ESD lesion resection, delayed bleeding 
is reduced, and unnecessary thermo-coagulation of  ves-
sels without blood flow can be avoided. On the other 
hand, Choi et al[62] reported that prophylactic closure of  
gastric EMR-induced ulcers with metal hemoclips pre-
vent delayed bleeding.

In 2008, a survey of  treatment methods for peptic 
and artificial ulcer bleeding was conducted at nine de-
partments of  high-volume center hospitals in Japan[63]. 
For endoscopic hemostasis of  peptic ulcer bleeding, 
the number one method used was clipping (32.9%), fol-
lowed by coagulation forceps (23.5%). In contrast, for 
artificial ulcer bleeding, coagulation forceps (77.8%) 
were used significantly more. In addition, the propor-
tion of  patients who underwent second-look endoscopy, 
compared to peptic ulcers, was significantly lower for 
artificial ulcers (86% and 71%, respectively).

The effectiveness of  second-look endoscopy after 
hemostasis of  peptic ulcer bleeding has previously been 
shown[64,65]. However, according to Goto et al[66], for arti-
ficial ulcers, no significant difference in the incidence of  
delayed bleeding before and after second-look endosco-
py was found. This suggests that delayed bleeding after 
ESD, irrespective of  whether second-look endoscopy is 
performed, may develop. However, for artificial ulcers 
located in the lower third of  the stomach, compared 
to ulcers located in the upper and middle third of  the 
stomach, because delayed bleeding occurs earlier, careful 
follow-up observation or early second-look endoscopy 
may be useful[54,66].
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Figure 1  Hemostatic forceps tips. A: Monopolar hemostatic forceps (HDB2422W; Pentax, Tokyo, Japan); B: Bipolar hemostaticforceps (H-S2518; Pentax, Tokyo, 
Japan); C: Hemostatic forceps (Coagrasper: FD-410LR; Olympus, Tokyo, Japan); D: Hot biopsy forceps (FD-1L-1; Olympus, Tokyo, Japan).

  Author Year Total cases Delayed 
bleeding (%)

En bloc resection 
rate (%) 

  Oda et al[48] 2005       945           6 93
  Kakushima et al[49] 2006       383           3.4 91
  Imagawa et al[18] 2006       196           0 93
  Onozato et al[50] 2006       171           7.6 94
  Oka et al[16] 2006       195           6.2 83
  Hirasaki et al[51] 2007       112           7.1 96
  Ono et al[6] 2008       161           8.7 99
  Hoteya et al[52] 2009       572           4.9 95
  Isomoto et al[53] 2009       510           1.8 95
  Tsuji et al[54] 2010       398           5.8 NA
  Akasaka et al[28] 2011     1188           3.1 95

Table 1  Delayed bleeding rate of endoscopic submucosal dis-
section for gastric epithelial neoplasia

NA: Not analyzed.
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maNagEmENT Of aRTIfICal gasTRIC 
UlCERs afTER EsD
Pharmacotherapy of  artificial ulcers that develop after 
ESD lesion resection is also important to prevent de-
layed bleeding. However, management must take into 
account the differences in etiology between peptic ulcers 
and artificial ulcers after ESD.

Comparison of peptic ulcers and artificial ulcers
Currently, proton pump inhibitors (PPIs) are the drugs 
of  first choice for treatment of  peptic ulcers, and when 
a PPI cannot be used, an H2-receptor antagonist (H2RA) 
is selected. Treatment is generally for 8 wk. A meta-anal-
ysis of  ulcer healing rates reported significantly higher 
ulcer healing rates with PPIs than with H2RAs[67,68]. In 
addition, in a meta-analysis of  the efficacy of  preventing 
recurrence of  bleeding gastric ulcers, no differences in 
rebleeding rates, surgical intervention rates, or mortality 
rates between the two classes of  drugs were reported[69].

The etiology of  artificial ulcers after gastric ESD and 
peptic ulcers also differs greatly[70]. First, peptic ulcers 
develop, at least in part, due to hyperacidity, whereas ar-
tificial ulcers form in a hypoacidic environment in which 
there is severe mucosal atrophy. Second, peptic ulcers 
develop at sites where there is breakdown of  gastric mu-
cosal defense mechanisms, whereas artificial ulcers occur 
iatrogenically at sites where mucosal defense mechanisms 
are intact. Third, peptic ulcers include ulcers deeper than 
the submucosa, and inflammation spreads in the ulcer 
periphery, whereas artificial ulcers, because they basically 
occur due to submucosal dissection, are relatively shal-
low ulcers down to the submucosa, and the inflamma-

tion is localized. Despite these differences, treatment of  
an artificial ulcer after gastric ESD, based on treatment 
for a peptic ulcer, is empiric, with an anti-acid drug for 8 
wk[63] (Table 2).

Anti-acid drugs for artificial ulcers
For artificial ulcers that develop after ESD for gastric 
mucosal lesions without preoperative ulcer findings, 
Kakushima et al[71] reported that healing occurred within 
8 wk with PPI administration for 8 wk, irrespective of  
ulcer size or location. In addition, factors that influence 
artificial ulcer healing such as artificial ulcer size, loca-
tion, Helicobacter pylori infection status, and extent of  
gastric mucosal atrophy had no effect. However, with 
fibrosis deeper than the submucosa of  lesions prior to 
ESD, healing may be delayed[72,73]. According to Huang 
et al[74], although the recurrence rate of  ESD artificial 
ulcers is lower than that of  peptic ulcers, Helicobacterpylori 
infection and lesion ulcer findings are risk factors for 
recurrence. In contrast, Oh et al[75] reported that, because 
the extent of  healing of  artificial ulcers 4 wk after ESD 
is determined by the size of  the ulcer initially formed, 
the duration of  PPI treatment should be decided based 
on this parameter.

For artificial ulcers after EMR, Lee et al[76] compared 
PPIs in 1-wk and 4-wk treatment groups. They found 
that, after 4 wk, ulcer size, stage, subjective symptoms, 
and use of  other mucosal-protective antiulcer drugs did 
not significantly differ between the groups. Niimi et al[77] 
reported that administration of  PPI for 2-wk for artifi-
cial ulcers after ESD may be sufficient to help them heal. 
These results suggest that, for artificial ulcers, unlike 
peptic ulcers, the importance of  acid secretion inhibition 
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Figure 2  Hemostatic procedure for endo-
scopic submucosal dissectionintraoperative 
bleeding using hemostatic forceps. A: Pul-
satile bleeding is observed during submucosal 
dissection; B: By filling the tip attachment with 
water, the bleeding point can be pinpointed and 
identified; C: After identifying the bleeding point, 
the vessel is securely grasped by hemostatic 
forceps, and thermo-coagulation is performed; 
D: Complete hemostasis is achieved, without 
excessive coagulation.
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in the ulcer healing process may be low.
Yamaguchi et al [78] compared PPI-treatment and 

H2RA-treatment groups in patients with artificial ulcers 
after EMR. They reported no differences in the inci-
dence of  delayed bleeding or ulcer size at 30 d and 60 d 
postoperatively. They did state that artificial ulcers healed 
more easily than peptic ulcers, and they concluded that, 
for artificial ulcers with severe bleeding within 24 h after 
surgery, treatment with H2RA drugs, whose onset of  in-
hibition of  gastric acid secretion is more rapid than that 
with PPIs, is appropriate.

Uedo et al[79] compared PPI-treatment and H2RA-
treatment groups in patients with artificial ulcers after 
ESD. There were no differences in the incidence of  de-
layed bleeding or ulcer healing rates between the groups. 
However, the cumulative non-bleeding rate using the 
Kaplan-Meier method was significantly higher in the 
PPI group. Moreover, on multivariate analysis, PPI treat-
ment was an independent factor in reducing the rate of  
delayed bleeding. Their results suggested that PPIs are 
more effective than H2RAs for preventing ESD delayed 
bleeding.

For post-EMR ulcers and post-ESD ulcers, in terms 
of  formation by endoscopic resection, with the excep-
tion of  size, the pathophysiology is the same. However, 
in studies to date, with regard to ulcer healing and pre-
vention of  delayed bleeding when artificial ulcers are 
treated with acid secretion inhibitors, there is no agree-
ment in the results. Regarding the need for and duration 
of  treatment with acid secretion inhibitors for artificial 
ulcers, there is still room for debate.

Mucosal-protective antiulcer drugs in artificial ulcers
In the treatment of  peptic ulcers, there is no evidence 
that combined therapy with a PPI and a mucosal-pro-
tective antiulcer drug is superior to a PPI alone. How-
ever, in artificial ulcers, an additive effect of  mucosal-
protective antiulcer drugs has been reported (Table 2). 
Asakuma et al[80] compared combined therapy with a PPI 

(rabeprazole 20 mg/d) and ecabet sodium (3.0 g/d) vs 
the PPI alone for artificial ulcers after ESD. At 4 wk 
and 8 wk, ulcer healing rates were significantly higher in 
the combined treatment group. In addition, Kato et al[81] 

compared combined therapy with a PPI (rabeprazole 
10 mg/d) and rebamipide (300 mg/d) vs the PPI alone 
for artificial ulcers after ESD. At 4 wk, the ulcer scarring 
rate was significantly higher in the combined treatment 
group. Similarly, Fujiwara et al[82] compared combined 
therapy with a PPI (rabeprazole 20 mg/d) and rebamip-
ide (300 mg/d) vs the PPI alone for artificial ulcers after 
ESD. At 8 wk, the ulcer scarring rate was significantly 
higher in the combined treatment group.

Thus, among the mucosal-protective antiulcer drugs, 
there are drugs that accelerate ulcer healing. This may be 
attributable to differences in the etiology between arti-
ficial ulcers and peptic ulcers, as previously mentioned, 
but further evidence must be accumulated.

CONClUsION
With the increasing use of  ESD for gastric epithelial 
neoplasia, management of  ESD-related bleeding and 
artificial ulcers after lesion resection has become an 
important issue not only in Japan, but throughout the 
world. Therefore, more effective endoscopic hemostatic 
methods and appropriate pharmacotherapy of  artificial 
ulcers, taking into account their etiology, are becoming 
increasingly important. Moreover, safer and more reli-
able ESD techniques must be developed.
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