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Abstract
AIM
To evaluate the effectiveness of oral esomeprazole (EPZ) 
vs  injectable omeprazole (OPZ) therapy to prevent 
hemorrhage after endoscopic submucosal dissection 
(ESD).

METHODS
A case-control study was conducted using a quasi-
randomized analysis with propensity score matching. A 
total of 258 patients were enrolled in this study. Patients 
were treated with either oral EPZ or injectable OPZ. The 
endpoint was the incidence of hemorrhage after ESD.

RESULTS
Data of 71 subjects treated with oral EPZ and 172 
subjects treated with injectable OPZ were analyzed. 
Analysis of 65 matched samples revealed no difference 
in the incidence of hemorrhage after ESD between the 
oral EPZ and injectable OPZ groups (OR = 0.89, 95%CI: 

Retrospective Study
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0.35-2.27, P ≥ 0.99).

CONCLUSION
We conclude that oral EPZ therapy is a useful alternative 
to injectable PPI therapy for the prevention of hemorrhage 
after ESD.

Key words: Endoscopic submucosal dissection; Proton 
pump inhibitors; Hemorrhage
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Core tip: Proton pump inhibitors (PPIs) have been 
reported to be effective for suppressing hemorrhage 
after endoscopic submucosal dissection (ESD); however, 
it remains unclear whether oral PPI therapy or injectable 
PPI therapy is preferable. The results of the present study 
indicate that oral effectiveness of oral esomeprazole 
therapy is a useful alternative to injectable PPI therapy for 
the prevention of hemorrhage after ESD.
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INTRODUCTION
Endoscopic submucosal dissection (ESD) allows en-bloc 
resection of even large and ulcerated gastric tumors[1,2]. 
It enables accurate histopathological diagnosis and 
reduces the risk of local recurrence[3], and is a standard 
treatment for selected gastric tumors. However, ESD 
is technically difficult and is associated with a higher 
risk of adverse events than conventional endoscopic 
mucosal resection (EMR)[3-5]. Among the adverse ev-
ents, hemorrhage is a frequently encountered and 
serious problem[6]. Hemorrhage after ESD can occur at 
a later stage than other complications of ESD, such as 
perforation, sometimes occurring even after hospital 
discharge. Furthermore, hemorrhage after gastric ESD 
can be serious, as it can be massive and complicated 
by life-threatening hemorrhagic shock[7]. Thus, the 
importance of preventing hemorrhage after ESD cannot 
be overemphasized. While some previous studies have 
reported the risk factors for hemorrhage after ESD[6-14], 
no consensus has been arrived at yet in respect of the 
risk factors. Proton pump inhibitors (PPIs) have been 
reported to be effective for controlling hemorrhage after 
ESD[15]. However, to the best of our knowledge, there 
have been no studies yet to compare the efficacy of oral 
PPI therapy vs injectable PPI therapy for the control of 
hemorrhage after ESD. It remains unclear whether oral 
PPI therapy or injectable PPI therapy is preferable for the 

prevention of hemorrhage after ESD.
Esomeprazole (EPZ) is the S-isomer of omeprazole 

(OPZ) and has more favorable pharmacokinetic and 
pharmacodynamic profiles than OPZ[16]. However, in-
jectable EPZ is not available at present in our hospital. In 
the current study, therefore, we compared the efficacy of 
oral EPZ therapy with that of injectable OPZ (in place of 
EPZ) therapy for the prevention of hemorrhage after ESD 
by propensity score-matched analysis.

MATERIALS AND METHODS
Patients and methods
We conducted a retrospective study with propensity 
score-matched analysis. We registered patients who 
had undergone ESD for gastric tumors at our hospital 
between March 2008 and March 2014 (n = 258). The 
research protocol was approved by the Hospital Ethics 
Committee. Written informed consent was obtained from 
each of the participants of the study.

Treatment
Figure 1 shows the treatment protocol used. The patients 
received either oral EPZ (20 mg daily) for 8 wk after 
ESD (oral EPZ group) or injectable OPZ (20 mg twice 
daily) for the first 5 d, followed by oral OPZ (20 mg daily) 
from day 6 to the end of 8 wk after the ESD (injectable 
OPZ group). Additionally, all the patients underwent an 
endoscopic examination on day 2 and a third endoscopy 
on day 6 after the ESD. All patients were given sucralfate 
from day 2 to the end of 8 wk after the ESD. Antiplatelet/
anticoagulant drugs were discontinued before the ESD.

ESD procedure
ESD was performed using a videoendoscope (GIF-Q260J), 
Electric scalpel for endoscopic surgery (IT-Knife2) (Olympus 
Corporation, Tokyo, Japan) and an electrosurgical unit (ICC 
200) (ERBE Elektromedizin GmbH, Tubingen, Germany). 
After tumor resection, all the visible vessels in the cr-
eated ulcer were coagulated using a coagulation device 
(Coagrasper) (Olympus Corporation).

Hemorrhage
Hemorrhage after ESD was defined as the presence of 
clinical evidence of hemorrhage, such as the occurrence 
of melena or hematemesis confirmed by the hospital 
staff, or confirmation of the presence of blood or ble-
eding spots in the post-ESD ulcer at the second or third 
endoscopy. Preventive hemostasis for visible vessels 
not showing evidence of hemorrhage during the second 
or third endoscopy was not included as evidence of 
hemorrhage after ESD. We also defined clinically 
significant hemorrhage after ESD as hemorrhage nece
ssitating emergency endoscopy or blood transfusion.

Statistical analysis
Data are presented as mean ± SD or number, and the 
diagnostic outcomes were examined using the χ 2 test. 
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The variables and incidence of hemorrhage after ESD 
in the oral EPZ group were compared with those in the 
injectable OPZ group using the χ 2 test. Furthermore, 
propensity score matching was performed to control and 
reduce the selective bias[17-19]. Ten variables that could 
potentially influence the incidence of hemorrhage after 
ESD, listed below, were used to generate propensity 
scores using logistic regression: Patient age, patient 
sex, history of use of antiplatelet/anticoagulant drugs, 
location of the lesion, lesion depth, presence/absence of 
ulceration, diameter of the lesion, duration of operation, 
macroscopic type of the lesion, and the operator 
experience (beginners: Surgeons who had performed < 
50 gastric ESDs; experts: Surgeons who had performed 
> 50 gastric ESDs). A propensity score-matched cohort 
was created by trying to match each patient given oral 
EPZ with a patient given injectable OPZ (a 1:1 match), 
using the nearest pair method. After matching, a coarse 
comparison of the matched cohorts was performed using 
χ 2 test. P values of < 0.05 were considered to indicate 
significance. Statistical analyses were performed using 
the JMP 10.0 software (SAS, North Carolina, United 
States).

RESULTS
Background characteristics of the patients
A total of 258 patients were enrolled in this study. Fifteen 
following reasons: Failure of resection of the lesion en-
bloc (n = 8); presence of perforation (n = 5); interruption 
of the ESD (n = 1); previous history of gastrectomy (n = 
1). Data of the remaining 243 patients were evaluated. 
Of the 243 patients, 172 who had undergone ESD 
before November 2012 received injectable OPZ, and 
the remaining 71 patients who had received ESD after 
November 2012 received oral EPZ (Figure 2). The data of 
71 patients of the oral EPZ group and 172 patients of the 

injectable OPZ group were analyzed.
Among the 243 patients included in the analysis, 

33 developed hemorrhage after the ESD (13.6%), 
with the hemorrhage being clinically significant in 10 
of these cases (4.1%). Table 1 shows the baseline 
characteristics of the study population. A univariate 
analysis identified operator experience as the only risk 
factor for hemorrhage after ESD (beginner vs OR = 2.16; 
95%CI: 1.03-4.55, P = 0.039). Hemorrhage after ESD 
was observed within 6 d of the procedure in all the cases.

Propensity score matching
A quasi-randomized experiment can be created using 
propensity score matching. That is, two subjects 
assigned to each group are equally likely to receive 
oral EPZ or injectable OPZ (Tables 2 and 3). Nearest-
neighbor matches were performed using a caliper with 
0.25 standard deviation of the propensity score (log 
odds scale). The predictive performance of the treatment 
model was evaluated using the χ 2 statistic that can 
take values from 0.5 for chance prediction to 1.0 for 
perfect prediction[20]. The propensity score allowed clear 
distinction between cases with and without hemorrhage 
after ESD, with a c-statistic of 0.77.

Among the matched samples, the incidence of 
hemorrhage after ESD was 15.4% (10/65) in the oral 
EPZ group and 16.9% (11/65) in the injectable OPZ 
group, with no statistically significant difference seen 
between the two groups (EPZ group vs OPZ group, OR 
= 0.89, 95%CI: 0.35-2.27, P ≥ 0.99). The incidence of 
clinically significant hemorrhage was 6.2% (4/65) in the 
oral EPZ group and 4.6% (3/65) in the injectable OPZ 
group, with no significant difference of this parameter 
between the two groups either (EPZ group vs OPZ group, 
OR = 1.36, 95%CI: 0.29-6.31, P ≥ 0.99). No significant 
differences in any of the other variables examined were 
found between the two groups.

ESD         EGD                                           EGD                                                                             EGD

EPZ group

OPZ group

Day                    0               1                                    5         6              7                                                                  35               56

EPZ 20 mg. oral, once a day

Sucralfate

OPZ 20 mg. iv , 
twice a day

Sucralfate

OPZ 20 mg. oral, 
once a day

Diet

Figure 1  Treatment protocol for the two groups. EGD: Esophagogastroduodenoscopy; ESD: Endoscopic submucosal dissection; EPZ: Esomeprazole; OPZ: 
Omeprazole.
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DISCUSSION
EPZ is the first optical isomer developed as a PPI. 
Previous studies have demonstrated the efficacy of oral 
EPZ in the treatment of GERD[21,22]. Recently, Bunno 
et al[23] reported that oral EPZ was effective for ulcer 
healing after ESD. However, no studies have assessed 
the efficacy of oral EPZ for the control of hemorrhage 
after ESD. Recent studies have reported that oral EPZ 
therapy is a useful alternative to injectable PPI therapy 
to prevent recurrent hemorrhage in hemorrhagic gastric 
ulcer patients[24,25]. Laine et al[26], who compared oral 
and injectable lansoprazole, showed a difference in 
the intragastric pH only during the first hour after PPI 
administration, with no difference in the intragastric 

pH seen between the two groups at ≥ 1.5 h after the 
drug administration. Javid et al[27] demonstrated an 
equivalent ability of injectable and high oral doses of 
various PPIs in suppressing gastric acid secretion, and 
no significant difference in effect among various PPIs 
given through different routes on the gastric pH ≥ 6 for 
72 h after successful endoscopic hemostasis. Our results 
were consistent with the findings of these previous 
studies. Oral EPZ therapy has the advantages of a lower 
cost and easier administration as compared to injectable 
PPI therapy, whereas injectable PPIs will still be needed 
for patients who cannot receive oral medications. 
Therefore, we conclude that oral EPZ therapy is a useful 
alternative to intravenous PPI therapy for the prevention 
of hemorrhage after ESD.

Patients underwent ESD,
March 2008 to March 2014
(n  = 258)

Excluded (n  = 15)
  Not en-bloc  resected (n  = 8)
  Presence of perforation (n  = 5)
  ESD was discontinued (n  = 1)
  Patients after gastrectomy (n  = 1)

Eligible for analysis (n  = 243)

OPZ group (n  = 172)
with delayed bleeding (n  = 23)
without delayed bleeding (n  = 149)

EPZ group (n  = 71)
with delayed bleeding (n  = 10)
without delayed bleeding (n  = 61)

Figure 2  Selection of cases for study. ESD: Endoscopic submucosal dissection; EPZ: Esomeprazole; OPZ: Omeprazole.

Table 1  Background characteristics of the patients in relation to the bleeding status

Hemorrhage after ESD P value

Negative Positive

Number 210 33
Age (yr) 73.9 ± 8.0 71.7 ± 9.4   0.14
Gender (M/F)   151/59   8/25   0.65
Antiplatelet/anticoagulant drugs (-/+)   161/49   8/25   0.91
Hypertension (-/+)   123/87 20/13   0.83
Diabetes mellitus (-/+)   186/24   4/27   0.52
H. pylori infection (-/+)      90/120 13/20   0.89
Location (U/M/L) 28/96/86 2/15/16   0.45
Depth (m/sm)   190/20   5/28   0.35
Ulcer (-/+) 205/5 33/0   0.37
Diameter of the lesion (mm)   40.7 ± 15.3   40.4 ± 13.9   0.89
Duration of the operation (min) 106.9 ± 64.1 123.8 ± 98.5 0.2
Macroscopic type of the lesion (elevated or flat/combined/depressed) 130/29/51 5/10/2018   0.49
Pathological findings (Adenoma/Differentiated ca/Undifferentiated ca) 76/126/8 12/21/0   0.32
Lymphatic/venous invasion (-/+) 206/4 Jan-32   0.67
Anastomosis (-/+)   200/10 33/0 0.2
Operator type (expert/beginner)   129/81   14/19       0.0392
Bleeding during ESD (good/poor control)   164/46     9/24   0.49

P value calculated by the χ 2 test (Fisher’s exact test or Pearson’s test). ESD: Endoscopic submucosal dissection; H. pylori: Helicobacter pylori.

Uchiyama T et al . Efficacy of oral esomeprazole after ESD
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Previous studies have reported the incidence and 
risk factors for hemorrhage after ESD, although the 
results are conflicting. We also assessed the risk factors 
for hemorrhage after ESD, and our analysis identified 
only the operator experience as a significant predictor 
of hemorrhage after ESD. Adequate coagulation of 
the vessels at the ulcer base after ESD is important 
to prevent delayed hemorrhage. As some experience 
is required for such coagulation, the incidence of 
hemorrhage after ESD differs between beginners and 
experts. A previous study also identified the operator 
experience as a significant risk factor for hemorrhage 

after ESD[11]. On the other hand, several studies have 
reported the absence of any significant effect of the 
operator experience on the risk of hemorrhage after 
ESD[6-10,12-14]. These differences in the outcomes were 
likely caused by the diversity of the ESD procedures and 
treatments employed. Further investigation is required to 
clarify the unified risk factors for hemorrhage after ESD.

Our study had some limitations. First of all, injectable 
EPZ is not available at our hospital; therefore, we 
compared oral esomeprazole with injectable OPZ. Second, 
we could not carry out a non-inferiority study, because 
the number of cases was small. Third, hemorrhage after 

Table 2  Background characteristics of the patients according to the treatment group before the propensity score matching

EPZ group OPZ group P  value

Number 71 172
Age (yr) 75.3 ± 7.1 72.9 ± 8.5       0.0361
Gender (M/F) 52/19 124/48   0.86
Antiplatelet/anticoagulant drugs (-/+) 50/21 136/36   0.15
Hypertension (-/+) 40/31 103/69   0.61
Diabetes Mellitus (-/+) Sep-62 151/21   0.92
H. pylori infection (-/+) 29/42 55/117   0.19
Location (U/M/L) 10/34/27 20/77/75 0.7
Depth (m/sm) 57/14 161/11       0.0019
Ulcer (-/+) 71/0 167/5   0.15
Diameter of the lesion (mm)   42.2 ± 17.2 40.14 ± 14.1   0.31
Duration of the operation (min) 115.9 ± 87.3 106.4 ± 61.1   0.34
Macroscopic type of the lesion (elevated or flat/combined/depressed) 46/16/9 102/18/52     0.003
Pathological findings (Adenoma/Differentiated ca/Undifferentiated ca) 26/42/3 62/105/5   0.86
Lymphatic/venous invasion (-/+) Jan-70 168/4   0.65
Anastomosis (-/+) Mar-68 163/9   0.74
Operator type (expert/beginner) 31/40 112/60     0.002
Bleeding during ESD (good/poor control) 55/16 134/38   0.94
Hemorrhage after ESD (-/+) 149/23 Oct-61   0.88
Clinically significant bleeding (-/+) 165/7 Mar-68   0.96

P value calculated by the χ 2 test (Fisher’s exact test or Pearson’s test). EPZ: Esomeprazole; OPZ: Omeprazole; ESD: Endoscopic submucosal dissection.

Table 3  Background characteristics of the patients according to the treatment group after the propensity score matching

EPZ group OPZ group P  value

Number 65 65
Age (yr) 75.2 ± 7.3 75.0 ± 7.5   0.9
Gender (M/F) 46/19 44/21     0.85
Antiplatelet/anticoagulant drugs (-/+) 46/19 44/21     0.85
Hypertension (-/+) 37/28 33/32   0.6
Diabetes Mellitus (-/+) Aug-57 Dec-53     0.47
H. pylori infection (-/+) 26/39 23/42     0.72
Location (U/M/L) 5/33/27 10/24/31     0.19
Depth (m/sm) Sep-56 Jun-59     0.58
Ulcer (-/+) 65/0 65/0 0
Diameter of the lesion (mm) 41.9 ± 18.5 39.6 ± 12.1   0.4
Duration of the operation (min) 110.6 ± 85.7 102.0 ± 54.9   0.5
Macroscopic type of the lesion (elevated or flat/combined/depressed) 42/14/9 10/8/1947   0.6
Pathological findings (Adenoma/Differentiated ca/Undifferentiated ca) 26/37/2 29/35/1     0.76
Lymphatic/venous invasion (-/+) Jan-64 Feb-63  ≥ 0.99
Anastomosis (-/+) Mar-62 Mar-62  ≥ 0.99
Operator type (expert/beginner) 29/36 27/38      0.86
Bleeding during ESD (good/poor control) 51/14 49/16     0.84
Hemorrhage after ESD (-/+) Oct-55 Nov-54   ≥ 0.99
Clinically significant bleeding (-/+) Apr-61 Mar-62   ≥ 0.99

P value calculated by the χ 2 test (Fisher’s exact test or Pearson’s test). EPZ: Esomeprazole; OPZ: Omeprazole; ESD: Endoscopic submucosal dissection.

Uchiyama T et al . Efficacy of oral esomeprazole after ESD
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ESD is usually defined as bleeding, including hematemesis 
or melena, that necessitates endoscopic treatment and 
has been reported to occur in 1.3% to 11.9% of patients 
undergoing ESD[28]. We observed only 10 cases (10/243) 
with hemorrhage after ESD fulfilling this conventional 
definition, which made a reasonable comparison between 
oral EPZ and injectable OPZ difficult. Therefore, in this 
study, we defined hemorrhage after ESD as described in 
the text above. This was the reason why the frequency 
of hemorrhage after ESD was relatively high in this study, 
while the frequency of clinically significant hemorrhage 
was comparable to that reported from other studies. 
Fourth, this study was a 6-year clinical study. During 
this period, ESD has gradually become more and more 
popular. Individual learning curves, introduction of new 
devices, and establishment of education programs over 
the last few years make reasonable comparisons difficult.

In conclusion, in the present study, we assessed the 
frequency of hemorrhage after ESD after oral EPZ and 
injectable OPZ treatments. No difference was seen in 
the incidence of hemorrhage after ESD between the oral 
EPZ and injectable OPZ groups. This is the first study 
to investigate the effectiveness of oral EPZ therapy to 
prevent hemorrhage after ESD. Further large-scale 
trials are necessary to clarify the effectiveness of oral 
EPZ therapy. Oral PPI therapy shows a clear cost benefit 
and is easier to administer as compared to injectable 
PPI therapy. Thus, we conclude that oral EPZ therapy is 
a useful alternative to intravenous PPI therapy for the 
prevention of hemorrhage after ESD.

COMMENTS
Background 
Endoscopic submucosal dissection (ESD) is technically difficult and is 
associated with a high risk of adverse events. Among the adverse events, 
hemorrhage is a frequently encountered and serious problem. Proton pump 
inhibitors (PPIs) have been reported to be effective for controlling hemorrhage 
after ESD. In this study, the authors compared the efficacy of oral effectiveness 
of oral esomeprazole (EPZ) therapy with that of injectable injectable omeprazole 
(OPZ) therapy for the prevention of hemorrhage after ESD.

Research frontiers
No comparison of the efficacy of oral PPI therapy vs injectable PPI therapy 
for the control of hemorrhage after ESD has been carried out previously. 
Therefore, whether oral PPI therapy or injectable PPI therapy is preferable for 
the prevention of hemorrhage after ESD remains uncertain. The results of this 
study contributed to clarifying the efficacy of oral EPZ therapy vs injectable OPZ 
therapy for the prevention of hemorrhage after ESD.

Innovations and breakthroughs 
A quasi-randomized experiment was created using propensity score matching. 
Among the matched samples, the incidence of hemorrhage after ESD was 
15.4% (10/65) in the oral EPZ group and 16.9% (11/65) in the injectable OPZ 
group. No statistically significant difference was seen between these groups.

Applications 
This study suggests that oral EPZ therapy is a useful alternative to intravenous 
PPI therapy for the prevention of hemorrhage after ESD. Oral PPI therapy 
shows a clear cost benefit and is easier to administer as compared to injectable 
PPI therapy.
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ESD: An endoscopic technique allows en-bloc resection even for large or 
ulcerated gastric tumors.
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