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Abstract: A second endoscopic method together with injection

therapy is recommended to treat high-risk bleeding peptic ulcers. This

study investigated whether additional argon plasma coagulation (APC)

treatment could influence hemostatic efficacy following endoscopic

injection therapy to treat high-risk bleeding ulcers.

From October 2010 to January 2012, eligible patients with high-risk

bleeding ulcers wereadmitted to our hospital. They prospectively randomly

underwent either APC therapy along with distilled water injection or

distilled water injection alone. Episodes of rebleeding were retreated with

endoscopic combination therapy. Patients in whom retreatment was inef-

fective underwent emergency surgery or transarterial embolization (TAE).

A total of 116 enrolled patients were analyzed. The hemostatic efficacy

in 58 patients treated with APC along with distilled water injection was

compared with that in 58 patients treated with distilled water injection

alone. The 2 treatment groups were similar with respect to all baseline

characteristics. Initial hemostasis was accomplished in 56 patients treated

with combined therapy, and 55 patients treated with distilled water

injection therapy (97% vs 95%, P¼ 0.648). Bleeding recurred in 2 patients

treated with combined therapy, and 9 patients treated with distilled water

injection (3.6% vs 16%, P¼ 0.029). Treatment method was the only
ung-Jiun Tsai, MD ao, MD,
d Ping-I. Hsu, MD

Endoscopic therapy with APC following distilled water injection is

more effective than distilled water injection alone for preventing rebleed-

ing of peptic ulcer.

(Medicine 94(32):e1343)

Abbreviations: APC = argon plasma coagulation, AUGIB = acute

upper gastrointestinal bleeding, CI = confidence interval, NBVV =

nonbleeding visible vessel, NSAID = nonsteroidal anti-

inflammatory drug, OR = odds ratio, PPI = proton pump

inhibitor, TAE = transarterial embolization.

INTRODUCTION

A cute peptic ulcer bleeding is characterized by hematemesis,
melena, or both, and remains the most common cause of

nonvariceal bleeding, with significant associated mobility or
mortality.1,2 This medical emergency carries hospital mortality
in excess of 10%3 despite advances in pharmacologic and
endoscopic therapies, probably because of the burden associ-
ated with the use of aspirin or nonsteroidal anti-inflammatory
drugs (NSAIDs) and existing comorbidities in elderly popu-
lations in numerous counties.2

During recent decades, endoscopic treatment for achieving
hemostasis has served as the preferred treatment for bleeding
peptic ulcer, providing better therapeutic outcomes than
pharmacologic or surgical treatment.1,4,5 Commonly used
methods include injection therapy (eg, diluted epinephrine,
various sclerosants, and distilled water), hemostatic clip place-
ment, and thermocoagulation (eg, heat probe and argon plasma
coagulation [APC]).4–8

Endoscopic therapy with diluted epinephrine has become a
customary method for ceasing hemorrhage of peptic ulcers with
high-risk stigmata because of its ease of handling and low cost.
However, the plasma levels of epinephrine rise to 4 to 5 times
baseline levels immediately after injection with a small volume
(3 to 11 mL) of 1:10,000 epinephrine solution.9 This phenom-
enon may increase the risk of cardiovascular events, either
hypertensive crisis or arrhythmia. Our previous investigation
showed that a local tamponade effect using distilled water is as
effective as diluted epinephrine solution.6 Consequently, a
nontoxic injection solution (eg, distilled water) is preferred
to agents with potential systemic side effects for endoscopic
therapy. In addition, the international consensus recommended
that injection with diluted epinephrine offers suboptimal hemo-
uld be combined with another method.4

are already known to outperform single
bleeding peptic ulcers.5 For example,
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application of heat probe or hemoclip following injection
therapy achieves higher hemostastic efficacy than injection
therapy alone.5,8

APC is a noncontact thermal method of hemostasis that
transmits energy to the tissue via ionized and conductive argon
gas produced by high-frequency monopolar electrosurgery.10

Previous randomized trials have shown APC to possibly be as
effective as heat probe or hemoclip therapy for peptic ulcer
bleeding, whereas to date only a few small-scale studies have
examined the APC method for treating peptic ulcer bleeding.11

Given this background, this investigation aims to determine
whether additional APC therapy following distilled water injec-
tion can improve outcomes for high-risk bleeding peptic ulcers.

PATIENTS AND METHODS

Study Population
In this study, we screened patients with acute upper

gastrointestinal bleeding (AUGIB) who were admitted to the
emergency department of Kaohsiung Veterans General Hospital
between October 2010 and January 2012. Inclusion criteria
were age >20 years and having high-risk peptic ulcer bleeding.
Acute hemorrhage from upper gastrointestine was defined as the
classical presentation with hematemesis, coffee-ground emesis,
and/or melena. High-risk bleeding ulcers were defined as those
accompanied by stigmata of a bleeding visible vessel (spurting
or oozing), a nonbleeding visible vessel (NBVV), or an adherent
clot.4 NBVVat endoscopy was defined as a raised red, red-blue,
or pale hemispheric vessel protruding from the ulcer bed,
without active bleeding. Finally, an adherent clot was defined
as an overlying blood clot that was resistant to vigorous
irrigation.

Exclusion criteria included the following: the presence of
another potential bleeding site (eg, gastroesophageal varix,
gastric cancer, reflux esophagitis); coexistence of active and
severe illnesses (eg, septic shock, stroke, myocardial infarction,
surgical abdomen); treatment with an anticoagulant (eg, war-
farin); pregnancy; history of stomach surgery; or refusal to
participate in the study.

In the current study, baseline characteristics of both study
groups were gathered at 24 hours after admission. Some defi-
nitions of events were expressed herein: smoking was defined as
daily inhalation of tobacco smoke during the past 3 months;
habitual consumption of alcohol was defined as imbibing
alcohol twice or more per week during the past 3 months;
shock was considered systolic blood pressure <90 mm Hg or
diastolic blood pressure <60 mm Hg, together with heart rate
exceeding 100 beats/min; comorbid diseases included unre-
solved malignancy, diabetes mellitus, liver cirrhosis, uremia,
congestive heart failure, chronic pulmonary obstructive disease,
and pneumonia; and finally, coagulopathy was defined as
prothrombin time >14 seconds and/or activated partial throm-
boplastin time >45 seconds.

Randomization
In this prospective, parallel-group, randomized controlled

trial, eligible patients were randomized into 2 groups using
opaque sealed envelopes numbered according to a table of
random numbers before the first therapeutic endoscopy (index
endoscopy): the Combined group and the Injection group. All

Wang et al
participants provided informed consent. The Combined group
patients received APC therapy following distilled water injec-
tion at index endoscopy. Meanwhile, the Injection group
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patients online underwent distilled water injection at index
endoscopy. Subsequently, both treatment groups were treated
with intravenous pantoprazole (Pantoloc i.v.; Nycomed GmbH,
Singen, Germany) at 40 mg every 12 hours during the first 3
days, followed by oral pantoprazole (Pantoloc; Takeda GmbH,
Oranienburg, Germany) at 40 mg daily throughout the remain-
der of the 56-day study period. The primary end point was
rebleeding, whereas the secondary end points included initial
hemostasis, need for surgery/transarterial embolization (TAE),
transfusion requirements, period of hospitalization, severe
adverse event (stricture, obstruction, or perforation), and death
at 30 days postrandomization.8

The study protocol accorded with the Declaration of
Helsinki of the World Medical Association (October 2008).
The study protocol was also approved by the Institutional
Review Board at Kaohsiung Veterans General Hospital, Kaoh-
siung, Taiwan (IRB No. VGHKS98-CT8-13).

Endoscopic and Pharmacological Therapies
All participants with AUGIB considered suitable for the

trial received intravenous pantoprazole with an initial dose of
40 mg, followed by 40 mg every 12 hours until endoscopic
examination, and underwent index endoscopy within 24 hours
upon admission. Inserting a nasogastic or orogastric tube
allowed the physicians access to the stomach and its contents.
Gastric lavage was not performed routinely.12 Intramuscular
injection with hyoscrine methonitrate 20 mg and local pharyn-
geal anesthesia with 8% xylocaine spray were used for pre-
medication.7

Therapeutic endoscopies were randomly performed by 4
experienced endoscopists with >5 years of experience, using
Olympus GIF XQ230, GIF XQ260, GIF Q260J, or GIF H260Z
endoscope (Olympus Corporation, Tokyo, Japan). High-risk
ulcers were irrigated with normal saline and/or distilled water
via the accessory channel of the endoscope or water pump.
Distilled water was then applied in aliquots of 0.5 to 2.0 mL,
both at and around the site of target bleeding, in volumes of up to
25.0 mL if necessary. Injection amount was determined by
endoscopists based on ulcer or vessel size and location. The
addition of a 3-prong device together with snare catheter
following vigorous irrigation may exposure the underlying
stigmata for ulcers with adherent clot. Ulcer size was estimated
using biopsy forceps, with a 6-mm opened cup. Helicobacter
pylori status was not tested routinely at index endoscopy owing
to potential bleeding and/or lower sensitivity through endo-
scopic biopsy for H. pylori detection.13 APC therapy in the
Combined group followed distilled water injection once bleed-
ing stopped or subsided. In addition, the risk statuses of all
patients were assessed using the Rockall score system.14

APC therapy was realized by an Olympus electrosurgical
unit/APC unit (PSD-60/Endoplasma; Olympus Corporation),
and its catheters were 2.3 and 3.5 mm equipped with different
endoscope channels.7 APC treatment used a coagulation mode
at gas flow/power settings of 1.5 L/min and 40 W for duodenal
ulcers and 40 to 60 W for gastric ulcers.10 The operative
distance between the probe and target bleeding ranged from
2 to 8 mm. Frequent air sucking was warranted to decrease
APC-induced smoke and gastric decompensation, with appro-
priate treatment of high-risk bleeding ulcers.

On achieving initial hemostasis, patients were admitted to
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the ward of the gastrointestinal department, and their vital signs
and hemoglobin levels were closely monitored by the medical
care team. Both study groups were treated with partial
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parenteral nutrition as patients kept fasting. After 2 days of
observation, the patients spent 2 to 3 days on a soft diet,
followed by a regular diet. Continue pantoprazole infusion at
40 mg every 12 hours was administered to all participants during
the first 3 days. To promote ulcer healing, oral pantoprazole was
prescribed at 40 mg once daily, starting with the resumption of
oral intake and continuing throughout the 56-day study period.
After discharge, all participants were requested to undergo
follow-up in our outpatient department on days 14, 18, and
56 postrandomization.

In patients who required an NSAID, the medicine was
discontinued for 3 days following the therapeutic endoscopy
and resumed on day 4. Similarly, for patients receiving anti-
platelet therapy for cardiovascular and/or cerebrovascular dis-
eases, the treatment was halted for 3 days following the index
endoscopy. The antiplatelet therapy (eg, aspirin 100 mg/d,
clopidogrel 75 mg/dy) was resumed on day 4.

Initial Hemostasis and Rebleeding
Initial hemostasis was defined as endoscopically

verified bleeding stopping for at least 5 minutes after
both scheduled treatments at index endoscopy.7 If initial
hemostasis failed owing to uncontrollable, abundant hemor-
rhage, patients underwent another endoscopic modality or
emergency surgery, as determined by the responsible gastro-
enterologist.

Rebleeding was observed during the 30-day study period.
One or more of the following criteria were considered as
evidence of recurrent bleeding: aspiration of fresh blood from
a nasogastric or orogastric tube; pulse rate exceeding 100 beats/
min; a drop in systolic blood pressure exceeding 30 mm Hg; or
continuation of coffee ground emesis or melena with a decline
in hemoglobin of at least 2 g/dL. In the event of rebleeding,
emergency endoscopy for the second hemostasis was per-
formed. Rescue endoscopic therapy following injection therapy
(distilled water or normal saline) included APC, hemoclip, and
heater probe. When the rescue therapy failed to achieve hemos-
tasis, emergency surgery or TAE was indicated.4

Sample Size Calculation and Statistical Analysis
According to recent clinical studies, the incidences of

recurrent peptic bleeding following APC treatment15–17 and
injection therapy8 were 4.7% and 22.3%, respectively. It is
estimated that at least 58 patients in each group were required to
achieve a statistical power of 80% with a type I error of 0.05,
when using the MedCalc statistical package (MedCalc Soft-
ware, Mariakerke, Belgium).

Qualitative variables were compared using the x2 test and
Fisher exact test whenever considered appropriate. Quantitative
data were expressed as mean � standard deviation using the
Student 2-tailed t test. The intension-to-treatment analysis
included all enrolled subjects. Logistic regression univariate
and multivariate analyses were applied to detect possible prog-
nostic factors for recurrent bleeding and death. To identify the
most valuable predictors, those variables significant at P< 0.20
in univariate models were subsequently subjected to multi-
variate analysis. Interim analysis of hemostatic efficacy was
performed following enrollment of 50% of the subjects. A
statistical boundary was established for deciding to stop the
study (P< 0.01). All hypothesis tests were conducted against a
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2-sided alternative where appropriate. The level of significance
was set at P< 0.05. Analyses were performed using SPSS
12.0.1C (SPSS Inc, Chicago, IL).

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
RESULTS

Baseline Characteristics
Between October 2010 and January 2012, 143 consecutive

patients with high-risk bleeding peptic ulcers were recruited via
the Division of Gastroenterology, Kaohsiung Veterans General
Hospital. Twenty-seven patients were excluded owing to bleed-
ing gastric malignancy (n¼ 4), acute severe illness (n¼ 11),
status as wafarin users (n¼ 5), pregnancy (n¼ 1), and refusal to
participate (n¼ 6). Thus, the remaining 116 participants under-
went either combination therapy (Combined group, n¼ 58) or
injection therapy only (Injection group, n¼ 58) (Figure 1).

Most of the 116 enrolled patients were male (70%) and/or
aged 60 years old and over (63%). Regarding location of high-
risk ulcers, 57 cases (49%) involved the stomach (Combined
group, n¼ 25; Injection group, n¼ 32) and 59 (51%) involved
the duodenum (Combined group, n¼ 33; Injection group,
n¼ 26). Bleeding types were divided into spurting (n¼ 2),
oozing (n¼ 33), NBVV (n¼ 50), and adherent clot (n¼ 31).
The average injection volume was 7.6 mL (range 2–25 mL).
Table 1 shows patient characteristics and endoscopic demo-
graphics. Baseline characteristics at entry were comparable in
terms of age, sex, history of peptic ulcers or ulcer bleeding,
location and size of ulcers, type of bleeding, shock status,
hemoglobin level, platelet count, coagulopathy, Rockall score,
and use of NSAID, antiplatelet drugs, or steroids at presentation.

No participant was lost to follow up until the end of study
period. However, 1 patient in the Combined group and 2
patients in the Injection group failed to adhere to the scheduled
pantoprazole regimen postdischarge.

Initial Hemostasis
Initial hemostasis was achieved in 56 patients treated with

APC following distilled water injection, and in 55 patients
treated using distilled water injection alone (97% vs 95%,
P¼ 0.648) (Table 2). Among the 5 patients in whom initial
hemostasis was not successfully achieved, 2 patients in the
Combined group and 1 patient in the Injection group underwent
heater probe combined with distilled water injection for second
hemostasis; the remaining 2 patients received hemoclipping
along with distilled water injection in the Injection group. No
subject subsequently required emergency surgery or TAE.

Rebleeding
The exact incidence of rebleeding was assessed by exclud-

ing the 5 patients with failed initial hemostasis. Significantly,
peptic ulcer bleeding recurred more frequently in the Injection
group (3.6% vs 16%, P¼ 0.029) (Table 2). Among the 11
patients with recurrent bleeding, 2 in the Combined group
and 3 in the Injection group underwent heater probe combined
with distilled water injection for second hemostasis; the remain-
ing 5 patients received either hemoclipping (n¼ 3) or APC
(n¼ 2) along with distilled water injection and 1 patient under-
went emergency surgery in the Injection group. No patient
arranged for TAE.

Variables such as age, sex, history of peptic ulcer or ulcer
bleeding, ulcer location and size, bleeding type, shock status,
hemoglobin level, platelet count, coagulopathy, and use of
NSAID, antiplatelet drugs, or steroids at presentation and
treatment method were analyzed to identify rebleeding predic-

Argon Plasma Coagulation for Bleeding Peptic Ulcers
tors. The multivariate logistic regression model only identified
treatment method as an independent factor predictive of first
rebleeding (odds ratio [OR] 0.17; 95% confidence interval [CI]
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(n¼ 1), and sudden cardiac death (n¼ 1). Furthermore, the all-
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0.03–0.84; P¼ 0.029) (Table 3). Restated, the odds of rebleed-
ing in the Combined group are 83% lower than in the Injection
group, with the true population effect being between 3% and
84%. This result was statistically significant.

Hospital Stay, Blood Transfusion, Surgery, and
TAE

Both treatment groups displayed no significant differences
in hospital stay (7.6þ 6.8 vs 8.6þ 7.1 days, P¼ 0.462) or
transfusion requirements (4.4þ 4.3 vs 4.3þ 4.3 units,
P¼ 0.941) (Table 2). Only 1 patient, who initially presented
with oozing from their ulcer, received emergency surgery in the
Injection group because of profound, uncontrollable rebleeding
following initial hemostasis. No participants needed to receive
TAE during the 30-day follow-up.

A
n    (n = 0) 

FIGURE 1. Flow chart of enrolment.
Adverse Events and Mortality
No severe adverse procedure-related event (stricture,

obstruction, or perforation) could be identified in either
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treatment group (Table 2). In addition, no procedure-induced
bleeding occurred at the therapeutic endoscopies.

Four deaths occurred in patients with uncontrolled rebleed-
ing (Table 2). One of the 4 underwent emergency surgery in the
Injection group, but died of hypovolemic shock. The remaining
3 (Combined group 2; Injection group 1) experienced profound
rebleeding and died of hypovolemic shock, coexisting with
multiple organ failure (n¼ 1), terminal lung cancer with sepsis
cause mortalities were comparable between both treatment arms
(3.4% vs 3.4%, P¼ 1.000).

DISCUSSION
This prospective randomized controlled study clearly

showed that the hemostatic efficacy of APC treatment following

injection therapy was superior to that of injection therapy alone
in preventing rebleeding in patients with bleeding high-risk
peptic ulcers, although combination therapy failed to prove

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



more effective in second end points (eg, death, need for surgery,
transfusion requirements, and hospital stay). Neither treatment
group in the current study exhibited adverse effects or pro-
cedure-induced bleeding.

Endoscopic therapy offers an advantage in maintaining
permanent hemostasis, reducing the need for surgery/TAE and
decreasing all-cause death when compared with pharmacologic
therapy alone.18 Recent practice guidelines recommended the
application of thermocoagulation, hemoclip, or sclerosant injec-
tion in ulcers with high-risk stigmata, either alone or together
with epinephrine injection therapy.4,19 Guidelines did not men-
tion whether clear evidence existed that APC, a noncontact
thermocoagulation, could help treat high-risk bleeding ulcers.
Furthermore, a systemic review of APC therapy compared with
heater probe and sclerosant injection found no evidence of the
superiority of APC to other endoscopic modalities.11 Our
previous study7 compared APC with distilled water injection
for ulcers with high-risk stigmata and revealed that ulcer
bleeding recurred in 11% of cases in the APC arm and 27%
of cases in the injection arm, demonstrating statistically sig-
nificant recurrence rates. Therefore, it is reasonable to examine
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whether adding APC to injection therapy could outperform
injection therapy alone. Indeed, the current study demonstrated
that the combination of APC and distilled water injection

TABLE 1. Baseline Characteristics of the Study Group

Combined
Group
(n¼ 58)

Injection
Group
(n¼ 58)

P

Age, y (SD) 61.5� 12.3 65.9� 17.3 0.120
Male sex 40 (69%) 41 (71%) 0.840
Cigarette consumption 20 (35%) 13 (22%) 0.150
Alcohol consumption 14 (24%) 10 (17%) 0.359
Aspirin or clopidogrel use 5 (9%) 8 (14%) 0.377
NSAID use 25 (43%) 17 (29%) 0.122
Steroid use 0 (0%) 1 (2%) 1.000
Previous gastric surgery 0 (0%) 2 (3%) 0.496
Previous peptic ulcer 30 (52%) 27 (47%) 0.577
Previous ulcer bleeding 18 (31%) 24 (41%) 0.246
Shock status 4 (7%) 3 (5%) 0.697
Hemoglobin, g/dL (SD) 9.7� 2.6 9.5� 2.7 0.666
Platelet count, k/cumm (SD) 199.4� 89.0 214.1� 82.7 0.361
Coagulopathy 6 (10%) 5 (9%) 1.000
Comorbid disease 16 (28%) 17 (30%) 0.791
Ulcer size, mm (SD) 14.0� 7.6 13.5� 7.0 0.706

Ulcer >20 mm 17 (29%) 12 (21%) 0.284
Ulcer location 0.265

Gastric ulcer 25 (43%) 32 (55%)
Duodenal ulcer 33 (57%) 26 (45%)

Bleeding type
Spurting 1 (2%) 1 (2%) 1.000
Oozing 17 (29%) 16 (28%) 0.837
NBVV 26 (45%) 24 (41%) 0.708
Adherent clot 14 (24%) 17 (29%) 0.529

Injection volume, mL (SD) 7.2� 4.5 7.8� 5.1 0.488
Rockall score 6.1� 1.8 5.9� 1.7 0.534

NBVV¼ nonbleeding visible vessel, NSAID¼ nonsteroidal anti-
inflammatory drug, SD¼ standard deviation.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
outperformed injection alone in preventing ulcer rebleeding
(3.6% vs 16%, P¼ 0.029), although no significant difference
existed with regard to the second end points. As we know,
recurrent bleeding has been identified as the most important risk
factor for death,20 and controlling recurrent bleeding through
adequate endoscopic tools can decrease mortality and mobility.
Notably, the rate of recurrent bleeding was relatively low
(3.6%) in the Combined group, though those participants did
not receive high-dose pantoprazole infusion. This phenomenon
may result from a lower incidence of high-risk bleeding ulcers
or lower Rockall score than other clinical trials.5,8,11

The main clinical issue in combination therapy was the
possible risk of gastroduodenal wall necrosis and/or perforation.
A meta-analysis enrolling 2472 patients (20 controlled trials)
demonstrated that the risk of bowel wall perforation was
significantly increased in the combination therapy relative to
monotherapy (7 vs 0, P¼ 0.03). Perforations occurred in 5
patients treated with thermal methods following injection
therapy and 2 cases treated with dual injection therapy.5 Thus,
expertise and clinical judgment should be applied before recom-
mending contact-type thermocoagulation combined with endo-
scopic injection as the gold standard for all ulcers with high-risk
stigmata.5 In contrast, no perforation was observed in either
treatment group in the current study. Adding APC to injection
therapy did not increase the rate of perforation, probably owing
to superficial tissue injury by the noncontact thermal method.
Another specific complication was procedure-induced bleeding
(eg, hemorrhage precipitated in an ulcer with NBVV). In this
study, no procedure-induced bleeding occurred at therapeutic
endoscopies, whereas our previous study16 identified that 3
patients with NBVV (3/23, 13%) suffered from procedure-
induced bleeding in the APC arm. The authors presumed that
APC alone permitted the unsealing of vessel thrombosis and
then induced bleeding, but antecedent injection therapy fol-
lowed by APC enabled physical compression of bleeding vessel
before coagulation therapy and reduced the rate of induced
bleeding.

APC method is an effective and safe for endoscopic
hemostasis, which offers controlled, noncontact electrocoagu-

Argon Plasma Coagulation for Bleeding Peptic Ulcers
lation.10 Originally, Grund et al21 reported a novel method for
thermocoagulation using APC via a flexible endoscopy in 1994.
APC is repeatable and can be easily learned by endoscopists.

TABLE 2. Clinical Outcomes of the Study Population

Combined
Group
(n¼ 58)

Injection
Group
(n¼ 58) P

Initial hemostasis 56 (97%) 55 (95%) 0.648
Rebleeding 2 (3.6%) 9 (16%) 0.029

Spurting 0 (0%) 1 (1.8%)
Oozing 1 (1.8%) 2 (3.6%)
NBVV 1 (1.8%) 5 (9.1%)
Adherent clot 0 (0%) 1 (1.8%)

Surgery 0 (0%) 1 (1.7%) 1.000
Transarterial embolization 0 (0%) 0 (0%) 1.000
Blood transfusion, unit (SD) 4.4þ 4.3 4.3þ 4.3 0.941
Hospital stay, d (SD) 7.6þ 6.8 8.6þ 7.1 0.462
All-cause mortality 2 (3.4%) 2 (3.4%) 1.000

NBVV¼ nonbleeding visible vessel.
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TABLE 3. Probable Effects of Variables on Recurrent Bleeding

Univariate Analysis Multivariate Analysis

OR (95% CI) P OR (95% CI) P

Aspirin or clopidogrel use 3.13 (0.73–13.50) 0.125 1.16 (0.18–7.34) 0.872
Comorbid disease 2.82 (0.84–9.48) 0.095 2.92 (0.64–13.31) 0.167
NBVV 2.95 (0.84–10.44) 0.093 3.30 (0.85–12.83) 0.084
Treatment method 0.17 (0.04–0.82) 0.027 0.17 (0.03–0.84) 0.029

odd

Wang et al Medicine � Volume 94, Number 32, August 2015
APC has been successfully applied to hemostais or ablation,
particularly for Barrett’s esophagus, watermelon stomach, gas-
tric antral vascular ectasia, and radiation proctitis.10 The APC
method has numerous theoretical advantages relative to con-
trast-type themocoagulation:7 the burn depth can be preset to
0.5 to 3 mm, depending on different power/flow settings, and is
especially appropriate for thin-wall bowls (eg, duodenum,
colon); the arcing effect of the APC method can better approach
the location of bleeding than can hemoclip or heater probe,10

particularly those locations in the posterior wall or lesser
curvature of the upper gastric body or posterior wall of the
duodenal bulb; and APC is theoretically smokeless owing to the
more desiccated and less carbonized effect of tissue destruction
when involving hemorrhage from the digestive tract.10 Con-
versely, unpredictable injury depth and shallow coagulation
insufficient for hemostasis may be considered shortcomings of
APC treatment.10,21 In this study, APC was performed with an
Olympus PSD/Endoplasma unit, which is equivalent to the
predicate devices such as ERBE VIO APC2 and ERBE
APC3000. Nevertheless, no head-to-head in vitro or human
study has assessed the thermal effects associated with these
devices from different companies (eg, ERBE, ConMed,
Genii),22 and thus far it remains unclear whether our investi-
gation can be applied 1:1 on all APC generators. This point is
key because the old and new APC generators may differ
significantly, for example, the VIO system is 30% to 50% more
effective than the ICC system with the same power/flow/
operation time settings,23 which hints at actual tissue injury
being more aggressive.

The investigation suffers some limitations. First, it has
some possible bias because of a nonblinded study design,
despite the enrollment criteria and outcome measurements
being defined as objectively as possible. Second, some patients
could not undergo early endoscopic treatment during hospital-
ization owing to critical illness or anticoagulant therapy.
Interpretation of these study results thus should be limited to
the enrolled subpopulation with high-risk bleeding ulcers.
Lastly, the current study applied a low-dose regiment of proton
pump inhibitor (PPI), whereas international guidelines recom-
mended high-dose PPI regiments. Actually, low-dose PPI
reduced recurrent bleeding but was not shown to influence
mortality rate.4

To summarize, this study indicates that patients with
high-risk bleeding ulcers at endoscopy still encountered
appreciably high rebleeding rates if treated with injection
therapy alone. The combination of immediate APC treatment

CI¼ confidence interval, NBVV¼ nonbleeding visible vessel, OR¼
following injection therapy during endoscopy could consider-
ably reduce rebleeding rate without increasing severe adverse
events. Large-scale studies are warranted to clarify whether

6 | www.md-journal.com
combination therapy has advantages in reducing the need for
surgery/TAE or mortality.
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