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Vasoactive drugs are recommended to be started as soon as possible in suspected variceal bleed-
ing, even before diagnostic endoscopy. However, it is still unclear whether the therapeutic effica-
cies of the various vasoactive drugs used are comparable. The aim of this prospective,
multicenter, randomized, noninferiority trial was to characterize the effects of terlipressin,
somatostatin, and octreotide when they are initiated before endoscopic treatment in patients
with acute variceal bleeding. Patients with liver cirrhosis and significant upper gastrointestinal
bleeding were randomly assigned to receive early administration of terlipressin, somatostatin, or
octreotide, followed by endoscopic treatment. Patients with nonvariceal bleeding were excluded
after endoscopy. The primary endpoint was 5-day treatment success, defined as control of bleed-
ing without rescue treatment, rebleeding, or mortality, with a noninferiority margin of 0.1. In
total, 780 patients with variceal bleeding were enrolled: 261 in the terlipressin group; 259 in the
somatostatin group; and 260 in the octreotide group. At the time of initial endoscopy, active
bleeding was noted in 43.7%, 44.4%, and 43.5% of these patients, respectively (P 5 0.748), and
treatment success was achieved by day 5 in 86.2%, 83.4%, and 83.8% (P 5 0.636), with similar
rates of control of bleeding without rescue treatment (89.7%, 87.6%, and 88.1%; P 5 0.752),
rebleeding (3.4%, 4.8%, and 4.4%; P 5 0.739), or mortality (8.0%, 8.9%, and 8.8%;
P 5 0.929). The absolute values of the lower bound of confidence intervals for terlipressin versus
somatostatin, terlilpressin versus octreotide, and octreotide versus somatostatin were 0.095,
0.090, and 0.065, respectively. Conclusion: Hemostatic effects and safety did not differ signifi-
cantly between terlipressin, somatostatin, and octreotide as adjuvants to endoscopic treatment in
patients with acute gastroesophageal variceal bleeding. (HEPATOLOGY 2014;60:954-963)
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A
cute variceal bleeding is one of the critical com-
plications in patients with liver cirrhosis.1

Although the mortality rate has decreased

significantly during the past several decades as a result of
remarkable improvements in diagnostic and therapeutic
modalities for its management, acute variceal bleeding
remains a leading cause of death in patients with cirrho-
sis.1,2 Therefore, appropriate, effective treatments should
be performed promptly in these patients.
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Three vasoactive drugs—terlipressin, somatostatin,
and octreotide—play a role in the control of variceal
bleeding by reducing portal blood flow and portal
pressure.3,4 Previous studies showed that use of vasoac-
tive drugs was associated with a significantly lower risk
of mortality and transfusion requirements as well as an
improved control of bleeding.5,6 In particular, treat-
ment response in patients with variceal bleeding was
significantly better when combining vasoactive drugs
with endoscopic therapy than with pharmacological or
endoscopic monotherapy.7-11 Therefore, current prac-
tice guidelines recommend the combination of phar-
macological therapy and endoscopic therapy as the
standard treatment for acute variceal bleeding, particu-
larly the early administration of vasoactive drugs even
before endoscopy in suspected variceal bleeding.12-14

Regarding the methods of endoscopic therapy, several
studies suggested that the probability of rebleeding
from esophageal varices (EVs) is significantly lower for
endoscopic variceal ligation (EVL) than for endoscopic
injection sclerotherapy (EIS).15,16

There is no preference when selecting one of these
three vasoactive drugs because their efficacies seem to
be comparable, although some researchers recommend
terlipressin as the first choice17 because it is the only
drug that was found to improve the survival in
placebo-controlled trials18,19 and a meta-analysis.5

However, it is unclear whether the earlier results could
be directly applied to the current clinical situations,
because most patients in the previous studies were
treated with vasoactive drugs alone or with vasoactive
drugs plus EIS whereas EVL is now primarily recom-
mended for the endoscopic control of esophageal vari-
ceal bleeding in combination with vasoactive drugs. In
addition, there are some concerns regarding the hemo-
static efficacy of octreotide because it was ineffective in
the setting of monotherapy in a randomized, con-
trolled trial,20 and desensitization of octreotide was
reported in patients with cirrhosis with portal hyper-
tension (PH).21

The present multicenter, prospective, open-label,
randomized trial was conducted to compare the effica-
cies of the vasoactive drugs, terlipressin, somatostatin,
and octreotide, in patients with cirrhosis and acute

variceal bleeding when they were combined with endo-
scopic therapy. Because we hypothesized that these
drugs have the same treatment efficacies, the present
study was designed as a noninferiority test. The 5-day
treatment success rate was assessed, as determined by
the control of bleeding free of rescue treatment,
rebleeding, and mortality.

Patients and Methods

Patients. Eleven medical centers distributed
throughout Korea participated in this study. Patients
with liver cirrhosis presenting with either hematemesis
or melena between October 1, 2006 and May 31,
2010 were assessed for inclusion in this trial after
obtaining informed written consent from all potential
patients or from their next of kin when patients were
unable to give this consent. Inclusion criteria were as
follows: (1) liver cirrhosis diagnosed by previous liver
biopsy or by compatible clinical, laboratory, and radio-
logic findings; (2) age between 16 and 75 years; (3)
arrival at the hospital within 24 hours after the occur-
rence of hematemesis and/or melena; (4) clinically sig-
nificant bleeding, defined as systolic blood pressure
(BP) <100 mmHg, postural change in BP >20
mmHg, or pulse rate >100 beats/min22; and (5)
patients agreeing to participate in this trial with
informed consent. Patients were excluded if they pre-
sented any of the following: (1) noncirrhotic PH; (2) a
history of endoscopic variceal therapy within 2 weeks
before the episode; (3) enrollment during the 6-week
period before the index bleed; (4) a history of severe
cardiovascular disease, including acute myocardial
infarction, atrioventricular block, congestive heart fail-
ure, ischemic heart disease, or severe hypertension (sys-
tolic BP >170 mmHg and/or diastolic BP >100
mmHg); (5) chronic renal failure; (6) advanced hepa-
tocellular carcinoma (HCC) invading portal vein; (7)
other malignancy; (8) pregnancy; (9) positive result in
a human immunodeficiency virus test; (10) known
hypersensitivity to any of the study drugs; or (11)
refusal to participate in the study.

This study conformed to the ethical guidelines of
the 1975 Declaration of Helsinki and was approved by
the ethical committees for human investigations at all
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of the enrolled hospitals. The study protocol was regis-
tered at www.clinicaltrials.gov (ClinicalTrials.gov iden-
tifier: NCT00966355).

Definitions. Time zero (T0) was defined as the
time of admission to the first hospital that the patient
was taken to.23 In patients who presented a clinical
sign of bleeding (e.g., hematemesis or melena) during
hospitalization for other reasons, the time when the
patient noticed the sign was considered as T0. Index
bleeding was defined as controlled when there was no
hematemesis, hemoglobin (Hb) level was stable with-
out requiring blood transfusions, and vital signs were
stable (systolic BP >100 mmHg and pulse rate <100
beats/min) for 24 hours.1 Bleeding control time was
defined as the beginning time of this 24-hour inter-
val.1 Rebleeding was defined as any occurrence of
hematemesis or an Hb decrease with fresh melena after
the successful control of initial bleeding.1 Mortality
was defined as death from any cause within 5 days
from T0.

Study Aims. The primary aim was to characterize
the three treatment groups of patients regarding the
combined endpoint of control of bleeding, avoidance
of rescue treatment, prevention of rebleeding, and sur-
vival during 5 days of treatment; these parameters
were also used in a previous study.9,10 Treatment was
considered successful when the initial bleeding was
controlled without rescue treatment and the patient
remained alive without early recurrence of bleeding at
120 hours after T0. The secondary aims were to deter-
mine the incidence of active bleeding at the time of
the initial endoscopic procedure, the occurrence of
related events of bleeding control without rescue treat-
ment, prevention of rebleeding, survival, and the safety
profile.

Clinical Evaluation. All patients were managed in
the hospital during the 5-day treatment with regular
monitoring of the BP and pulse rate: every 1 hour
during the first 12 hours, every 2 hours during 12-24
hours, every 4 hours during 24-48 hours, every 6
hours during 48-120 hours, and every 12 hours after
120 hours. Hb and hematocrit (Hct) levels were meas-
ured every 3 hours during the first 12 hours, every 6
hours during 12-48 hours, and then every 24 hours.
In addition, routine laboratory tests, such as hemato-
logic parameters, blood chemistry, and urinalysis, were
performed regularly. Presence of infectious diseases was
investigated with appropriate diagnostic methods.
Patients with a fever >38�C that lasted more than 24
hours and leukocytosis with a shift to the left, but
without any other evidence of infection, were consid-
ered as having possible infections.24 Hepatic dysfunc-

tion was evaluated according to the Child-Pugh
classification25 and the Model for End-stage Liver Dis-
ease (MELD) score employed by the United Network
of Organ Sharing (http://www.unos.org). Stage of
HCC was classified according to the modified Union
for International Cancer Control classification.26

Definitions for the classifications according to type
and source of bleeding are described in the Supporting
Methods.

Pharmacologic Treatment. Once enrolled, patients
were randomly allocated to the following three groups
using sealed opaque envelopes numbered according to
a table of random numbers: terlipressin; somatostatin;
and octreotide groups. Randomization was performed
using computer-generated random numbers to allocate
patients to the terlipressin, somatostatin, and octreo-
tide groups in a 1:1:1 ratio. Study drugs were adminis-
tered immediately after randomization as follows:
terlipressin (2 mg) by intravenous (IV) bolus followed
by 1 mg IV every 6 hours for 5 days, somatostatin
(250 mg) by IV bolus followed by 250 mg/hour contin-
uous infusion for 5 days, and octreotide (50 mg) by IV
bolus followed by 25 mg/hour continuous infusion for
5 days. The vasoactive drug was stopped after endos-
copy in cases where bleeding was determined to be
unrelated to gastroesophageal varices (GOVs).

Endoscopic Treatments. After initiation of phar-
macologic treatment, endoscopic examination was per-
formed as soon as patients had been resuscitated.
Endoscopic treatment was applied immediately in
patients diagnosed with bleeding from GOVs on
endoscopy. EVL and endoscopic variceal obturation
(EVO) with cyanoacrylate were considered as the pri-
mary therapies for bleeding from esophageal or gastric
cardial varices and for bleeding from gastric fundal
varices, respectively.14 If the primary therapy was not
technically feasible, EIS and EVL/EIS were performed
for esophageal/cardial varices and for fundal varices,
respectively.

In the present study, bleeding from EVs was treated
with EVL in 92.0% of patients, except for minor cases
managed by EIS (0.9%); bleeding from GOV1 were
also mainly treated with EVL (71.0%) followed by
EVO (22.6%), bleeding from GOV2 was principally
treated with EVO (72.3%) followed by EVL (20.0%),
and bleeding from isolated gastric varices type 1
(IGV1) was principally treated with EVO (79.3%) fol-
lowed by EVL (10.3%).

Detailed information about endoscopic treatments and
other treatments are described in the Supporting Methods.

Statistical Analysis. Statistical analyses were per-
formed with the Statistical Package for Social Sciences

956 SEO ET AL. HEPATOLOGY, September 2014

http:www.clinicaltrials.gov
http://www.unos.org


(version 13.0; SPSS, Inc., Chicago, IL). Statistical sig-
nificance was established at P< 0.05. All P values were
two-tailed. Methods for the sample-size calculation are
described in the Supporting Methods. For noninferior-
ity tests of comparing treatment success proportions
among terlipressin, somatostatin, and octreotide,
98.3% [(120.05/3)3100] one-sided confidence inter-
vals (CIs) of proportion difference between pair-wise
groups were calculated with Bonferroni’s type adjust-
ment for multiple comparisons. Terlipressin was con-
sidered as an active control when we compared
somatostatin and octreotide with terlipressin. When
we compared somatostatin with octreotide, octreotide
was considered as an active control for the noninferior-
ity test. If the absolute value of the lower bound of
the interval was lower than the noninferiority margin
of 0.1, we concluded that the treatment was noninfe-
rior to the control. Data are presented as mean 6 stan-
dard deviation or number of patients and percentage
values. Categorical and continuous variables were com-
pared with the chi-square test and Student t test,
respectively. Multivariate logistic regression analyses
were performed to detect independent predictive fac-
tors for 5-day treatment failure. To find a compact
and predictive model, we first included all the variables
significant from univariate logistic regression and
selected final predictors using a backward step-wise
selection procedure. Patients with an undefined source
for bleeding were not included in the multivariate
analyses because information on endoscopic findings,
such as the source or type of bleeding, was not avail-
able in these patients. For the significant variables,
adjusted odds ratios (ORs) with two-sided 95% CIs
are presented.

Results

Patients’ Characteristics. In total, 1,160 patients
with cirrhosis presenting with hematemesis and/or
melena were screened during the study period, of
which 1,034 fulfilled the inclusion criteria and were
randomly assigned to receive one of the three vasoac-
tive drugs: terlipressin (n 5 345), somatostatin
(n 5 345), or octreotide (n 5 344; Fig. 1). At the ini-
tial endoscopic procedure, 209 of the 1,034 enrolled
patients were found to have bleeding from lesions
other than GOVs, so infusion of the vasoactive drug
was discontinued (Fig. 1). Another 33 patients subse-
quently dropped out of the study because of newly
diagnosed advanced HCC, and 12 were lost to follow-
up. Therefore, 780 patients were included in the final
analysis: 261 in the terlipressin group, 259 in the

somatostatin group, and 260 in the octreotide group
(Fig. 1).

Baseline characteristics of the 780 included patients
are presented in Table 1. The study population was
male dominant (85.4%) and 53 6 10 years of age.
Alcoholic liver disease (56.0%) was the most common
cause of liver cirrhosis, followed by chronic hepatitis B
(31.7%). A previous history of variceal bleeding was
found in 340 (43.6%) patients, of which 150 (41.4%)
had received prophylactic management for rebleeding.
HCCs were combined in 82 patients (10.5%). Infec-
tion was noted in 59 patients (7.6%) at enrollment,
including pneumonia (1.8%), spontaneous bacterial
peritonitis (1.7%), sepsis (1.2%), bronchitis (0.5%),
urinary tract infection (0.1%), and possible infection
(2.3%). Most of the patients belonged to Child-Pugh
grades B (42.7%) and C (32.8%). Source of bleeding
was revealed by endoscopy in 740 of the 780 patients
(94.9%): EVs in 553 (70.9%), GOV1 in 93 (11.9%),
GOV2 in 65 (8.3%), IGV1 in 29 (3.7%), and unde-
fined in 40 (5.1%) patients in whom endoscopy was
unavailable because of hemodynamic instability
(n 5 28) or impaired mental status (n 5 12). Among
40 patients with undefined source of bleeding, 6 died
before rescue therapy and bleeding was controlled with
vasoactive drugs alone in 10. Twenty-four patients
were treated with balloon tamponade and 20 of these
died within 5 days.

Baseline characteristics, including age, hemodynamic
and hematologic parameters, biochemical data, source
of bleeding, and other clinical features, did not differ
significantly between the three treatment groups (Table
1). Times from onset of hemorrhage to T0, from T0
to commencement of a vasoactive drug, and from T0
to initial endoscopy were did not differ between the
three treatment groups (Table 1).

Outcome of Bleeding. At the time of initial endos-
copy, active bleeding was noted in 342 of 740 patients
(46.2%), and its incidence did not differ significantly
between the terlipressin, somatostatin, and octreotide
groups (46.0%, 46.2%, and 46.5%, respectively;
P 5 0.748; Table 1).

Index bleeding was controlled without rescue treat-
ments in 690 of the 780 patients (88.5%) at
9.8 6 10.3 hours after T0. Rate of bleeding control
without rescue treatment did not differ between the
terlipressin, somatostatin, and octreotide groups
(89.7%, 87.6%, and 88.1%, respectively; P 5 0.752).
In addition, neither the time from T0 to bleeding con-
trol nor the time from the start of the vasoactive drug
to bleeding control differed significantly between the
treatment groups (Table 2). Among 90 patients in
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whom bleeding was not controlled by initial therapy,
59 (65.6%), 3 (3.3%), and 3 (3.3%) were treated with
balloon tamponade, transjugular intrahepatic portosys-
temic shunt (TIPS), and balloon-occluded retrograde
transvenous obliteration, respectively, as a rescue ther-
apy. The remaining 25 patients were treated with
pharmacological therapy alone because they died
before intervention (n 5 9; 10.0%) or refused further
treatment (n 5 16; 17.8%).

Of the 690 patients in whom index bleeding was
successfully controlled without rescue therapy, 29
(4.2%) rebled from varices during the 5-day treatment
period. However, the rate of recurrent bleeding did
not differ significantly between the terlipressin,
somatostatin, and octreotide groups (3.4%, 4.8%, and
4.4%, respectively; P 5 0.739). Time from control of
index bleeding to rebleeding also did not differ signifi-
cantly between the treatment groups (Table 2).

A total of 67 of the 780 patients (8.6%) died at
37.0 6 29.8 hours after T0 during the 5-day treatment
period. Causes of death were uncontrolled index bleed
in 60 patients (7.7%), uncontrolled rebleeding in 2
(0.3%), liver failure in 3 (0.4%), and sepsis in 2

(0.3%). The mortality rate did not differ between the
terlipressin, somatostatin, and octreotide groups (8.0%,
8.9%, and 8.8%, respectively; P 5 0.929; Table 2).

Ultimately, 5-day treatment success (i.e., control of
bleeding without rescue treatment, rebleeding, or mor-
tality, which was the primary aim) was achieved in
659 of the 780 patients (84.5%). The rate of 5-day
treatment success did not differ between the terlipres-
sin, somatostatin, and octreotide groups (86.2%,
83.4%, and 83.8%, respectively; P 5 0.636). The
absolute value of the lower bound of one-sided 98.3%
CIs of differences in proportion of treatment success
between the treatment groups all fulfilled our a priori
limit of a noninferiority (d) of 0.1: terlipressin versus
somatostatin, 0.095; terlipressin versus octreotide,
0.090; and octreotide versus somatostatin, 0.065. Sub-
group analysis was performed according to Child-Pugh
grade and cause of bleeding. Treatment outcome
between the three groups also did not differ in these
analyses (Supporting Tables 1 and 2).

The requirement for a blood transfusion to main-
tain Hb levels at 8 g/dL or higher did not differ
between the terlipressin, somatostatin, and octreotide

Fig. 1. Flowchart of 1,034 enrolled patients with liver cirrhosis and clinically significant bleeding. GU, gastric ulcer; DU, duodenal ulcer; MW
tear, Mallory-Weiss tear; UGI, upper gastrointestinal.
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groups during day 1 (3.3 6 3.3 vs. 3.2 6 3.2 vs.
3.0 6 3.2 units; P 5 0.605) or during the 5-day treat-
ment period (4.6 6 4.5 vs. 4.3 6 4.1 vs. 4.3 6 5.1
units; P 5 0.732).

The cumulative 42-day mortality rate was 12.0% in
the whole series. There was no significant difference in
the 42-day mortality rate between the three groups:
terlipressin group, 13.1%; somatostatin group, 11.3%,

Table 1. Baseline characteristics and the Source and Type of Bleeding in Patients
With Variceal Bleeding According to the Type of Vasoactive Drug

Characteristics All Patients (n 5 780) Terlipressin Group (n 5 261) Somatostatin Group (n 5 259) Octreotide Group (n 5 260) P Value

Age, years 53.3 6 9.6 52.9 6 9.2 53.1 6 9.7 53.8 6 10.0 0.539

Male, n (%) 666 (85.4) 223 (85.4) 216 (83.4) 227 (87.3) 0.539

Cause of liver disease, n (%) 0.279

Alcohol 437 (56.0) 149 (57.1) 157 (60.6) 131 (50.4)

Chronic HBV infection 247 (31.7) 78 (29.9) 73 (28.2) 96 (36.9)

Chronic HCV infection 27 (3.5) 9 (3.4) 8 (3.1) 10 (3.8)

Alcohol 1 HBV 24 (3.1) 7 (2.7) 11 (4.2) 6 (2.3)

Alcohol 1 HCV 12 (1.5) 3 (1.1) 3 (1.2) 6 (2.3)

HBV 1 HCV 3 (0.4) 0 (0) 2 (0.8) 1 (0.4)

Others 8 (1.0) 4 (1.5) 1 (0.4) 3 (1.2)

Cryptogenic 22 (2.8) 11 (4.2) 4 (1.5) 7 (2.7)

Previous bleeding, n (%) 362 (46.4) 134 (51.3) 111 (42.9) 117 (45.0) 0.130

Previous variceal bleeding, n (%) 340 (43.6) 124 (47.5) 105 (40.5) 111 (42.7) 0.260

HCC, n (%) 82 (10.5) 27 (10.3) 25 (9.7) 30 (11.5) 0.778

Stage I 12 (1.5) 3 (1.1) 6 (2.3) 3 (1.2)

Stage II 39 (5.0) 14 (5.4) 11 (4.2) 14 (5.4)

Stage III 31 (4.0) 10 (3.8) 8 (3.1) 13 (5.0)

Diabetes, n (%) 221 (28.3) 67 (25.7) 71 (27.4) 83 (31.9) 0.263

Systolic BP, mmHg 101.0 6 23.1 99.1 6 23.7 100.8 6 23.2 103.2 6 22.3 0.100

Diastolic BP, mmHg 61.5 6 14.4 60.2 6 14.8 61.6 6 14.7 62.6 6 13.6 0.160

Heart rate, beats/min 104.4 6 21.7 105.7 6 21.5 102.7 6 21.6 104.7 6 22.0 0.265

Hb, g/dL 8.7 6 2.2 8.5 6 2.2 8.8 6 2.2 8.8 6 2.2 0.410

Hct, % 25.8 6 6.2 25.2 6 6.2 25.8 6 6.0 25.9 6 6.4 0.406

Platelet count, 3103/mm3 105.3 6 56.3 100.8 6 48.8 109.7 6 63.3 105.5 6 55.7 0.167

INR 1.6 6 0.5 1.6 6 0.6 1.5 6 0.4 1.6 6 0.5 0.325

BUN, mg/dL 27.5 6 16.7 27.8 6 16.9 28.1 6 18.3 26.5 6 14.6 0.510

Creatinine, mg/dL 1.0 6 0.5 1.0 6 0.5 1.0 6 0.5 1.1 6 0.5 0.869

AST, IU/L 121.8 6 252.3 119.4 6 245.7 121.6 6 290.5 124.3 6 216.3 0.974

ALT, IU/L 50.3 6 102.1 50.0 6 138.3 49.0 6 72.3 51.9 6 83.3 0.943

Bilirubin, mg/dL 2.7 6 3.0 2.9 6 3.7 2.7 6 2.9 2.6 6 2.3 0.430

Albumin, g/dL 2.8 6 0.6 2.8 6 0.6 2.8 6 0.6 2.9 6 0.6 0.118

Child-Pugh score 8.5 6 2.2 8.6 6 2.3 8.5 6 2.1 8.4 6 2.1 0.383

Child-Pugh grade, n (%) 0.659

A 152 (19.5) 49 (18.8) 46 (17.8) 57 (21.9)

B 372 (47.7) 121 (46.4) 126 (48.6) 125 (48.1)

C 256 (32.8) 91 (34.9) 87 (33.6) 78 (30.0)

MELD score 15.1 6 5.6 15.4 6 5.9 15.0 6 5.3 15.0 6 5.6 0.659

Infection, n (%) 59 (7.6) 19 (7.3) 16 (6.2) 24 (9.2) 0.412

Time interval, hour

Start of bleeding to T0 6.8 6 6.4 6.8 6 6.3 6.8 6 6.7 6.8 6 6.2 0.998

T0 to vasoactive drug 1.8 6 2.0 1.8 6 1.9 1.9 6 2.3 1.6 6 1.7 0.325

T0 to endoscopy 4.5 6 4.4 4.6 6 4.5 4.7 6 4.6 4.3 6 3.9 0.526

Source of bleeding 0.099

EVs 553 (70.9) 195 (74.7) 180 (69.5) 178 (68.5)

GOVs, type 1 93 (11.9) 23 (8.8) 34 (13.1) 36 (13.8)

GOVs, type 2 65 (8.3) 16 (6.1) 29 (11.2) 20 (7.7)

IGVs, type 1 29 (3.7) 14 (5.4) 6 (2.3) 9 (3.5)

Undefined 40 (5.1) 13 (5.0) 10 (3.9) 17 (6.5)

Type of bleeding 0.748

Active bleeding 342 (43.8) 114 (43.7) 115 (44.4) 113 (43.5)

Stigmata 330 (42.3) 110 (42.1) 108 (41.7) 112 (43.1)

Nonactive, no stigmata 68 (8.7) 24 (9.2) 26 (10.0) 18 (6.9)

Undefined 40 (5.1) 13 (5.0) 10 (3.9) 17 (6.5)

Abbreviations: ALT, alanine aminotransferase; BUN, blood urea nitrogen; HBV, hepatitis B virus; HCV, hepatitis C virus.
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and octreotide group, 11.6% (P 5 0.891; Supporting
Fig. 1).

Adverse Events. Adverse events (AEs) were noted
in 57 patients (7.3%; Table 3). Hyponatremia (defined
as a drop of serum Na level �5 mmEq from baseline
to <130 mEq/L) developed in the terlipressin group
(30 of 261; 11.5%), compared to the somatostatin
(4 of 259; 1.5%) and octreotide (3 of 260; 1.2%)
groups (P< 0.001). The frequency of other side effects
did not differ significantly between these three groups
(P 5 0.954).

Prognostic Factors. Comparison of the baseline
characteristics between patients with 5-day treatment
success (650 patients) and those with 5-day treatment
failure (90 patients) revealed that the proportion of
patients with infection at T0, heart rate, international
normalized ratio (INR), serum aspartate aminotransfer-
ase (AST) and creatinine levels, Child-Pugh score, the
proportion of patients with Child-Pugh grade C,
MELD score, the proportion of patients with bleeding
from gastric varices (GVs), and the proportion of
patients with active bleeding were significantly higher in
patients with 5-day treatment failure, whereas the sys-
tolic BP, diastolic BP, platelet count, and serum albumin
level were significantly lower in those patients (Table 4).
A multivariate analysis using those variables that were
significant in the univariate analysis was performed to
define the independent factors for predicting the 5-day
treatment failure. This revealed that the independent
predictive factors for 5-day treatment failure were low
systolic BP at T0, high serum creatinine level, active
bleeding in the emergency endoscopy, bleeding from
GVs, and Child-Pugh grade C (Supporting Table 3).

Discussion

This large-scale, multicenter, randomized trial has
provided convincing evidence supporting the therapeu-
tic equivalence of three well-known vasoactive drugs as
an adjuvant therapy to standard endoscopic treatments
in patients with variceal bleeding. This study is the
first to compare three drugs simultaneously in a suffi-
ciently large number of patients with variceal hemor-
rhage. The obtained results indicate that the
hemostatic efficacies of terlipressin, somatostatin, and
octreotide are the same in patients with clinically sig-
nificant variceal bleeding when they were administered
before standard endoscopic treatments, as recom-
mended in most of the current practice guidelines.
Also, the subgroup analysis according to the source of
bleeding, which was a strong determinant of treatment
outcome, found that treatment responses did not differ
between the three drugs. These results are consistent
with those of previous studies that analyzed the hemo-
static effects of monotherapy with vasoactive drugs. Our
study also confirms the results of a recent randomized,
double-blind, placebo-controlled trial, which found that
terlipressin and octreotide had the same hemostatic effi-
cacy in the setting of combination therapy with EVL in
patients with bleeding from EVs.27

Several previous randomized trials and meta-analyses
have suggested that terlipressin is the only drug that
provides a survival benefit, compared to placebo, in
patients with variceal bleeding.5,18,19,28 This has
prompted some researchers to recommend terlipressin
as the first choice and somatostatin or octreotide as
the second choice.17,28 However, many other studies
that have compared the clinical efficacies of different

Table 2. Treatment Responses in All Enrolled Patients With Variceal Bleeding

Treatment Response

All Patients

(n 5 780)

Terlipressin

Group (n 5 261)

Somatostatin

Group (n 5 259)

Octreotide

Group (n 52 60) P Value

Control of index bleeding without rescue therapy, n (%) 690 (88.5) 234 (89.7) 227 (87.6) 229 (88.1) 0.752

Time interval from T0 to bleeding control, hours 9.8 6 10.3 9.6 6 10.7 10.1 6 10.1 9.7 6 10.2 0.839

Time interval from commencement of vasoactive

drug to bleeding control, hours

8.0 6 10.3 7.8 6 10.6 8.2 6 10.1 8.1 6 10.3 0.899

Patients with rebleeding, n (%)* 29 (4.2) 8 (3.4) 11 (4.8) 10 (4.4) 0.739

Time interval from T0 to rebleeding, hours† 66.8 6 23.6 70.0 6 27.5 69.0 6 19.6 61.9 6 26.0 0.730

Time interval from bleeding control to rebleeding, hours† 62.1 6 24.4 64.7 6 26.4 64.2 6 22.4 57.9 6 26.8 0.801

Mortality, n (%) 67 (8.6) 21 (8.0) 23 (8.9) 23 (8.8) 0.929

Cause of mortality 0.920

Uncontrolled index bleeding, n (%)*** 60 (89.6) 19 (90.5) 20 (87.0) 21 (91.3)

Uncontrolled rebleeding, n (%)‡ 2 (3.0) 1 (4.8) 1 (4.3) 0 (0)

Liver failure, n (%)‡ 3 (4.5) 1 (4.8) 1 (4.3) 1 (4.3)

Infection, n (%)‡ 2 (3.0) 0 (0) 1 (4.3) 1 (4.3)

5-day treatment success, n (%) 659 (84.5) 225 (86.2) 216 (83.4) 218 (83.8) 0.636

*Among patients whose index bleeding was successfully controlled.
†Among 29 patients with rebleeding.
‡Among 67 cases of mortality.
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types of vasoactive drugs as monotherapy found no
differences in mortality rates.16 Furthermore, the pres-
ent study, which included a sufficiently large number
of patients, convincingly shows that mortality rate
does not differ significantly between terlipressin and
somatostatin or octreotide also in the setting of combi-
nation therapy with endoscopic treatment. Therefore,
any of the three splanchnic vasoconstrictors (i.e., terli-
pressin, somatostatin, and octreotide) could be
employed equivalently as an adjuvant therapy to stand-
ard endoscopic therapies to control gastroesophageal
variceal hemorrhage. Meanwhile, prevalence of hypo-
natremia was more frequent in the terlipressin group,
which was similar with a previous study.29

In our study, low systolic BP at T0, high serum cre-
atinine level, active bleeding in the emergency endos-
copy, bleeding from GVs, and Child-Pugh grade C
were the independent predictive factors for 5-day treat-
ment failure. These results are very similar to previous
studies that have suggested a higher Child-Pugh
class,1,30,31 shock,8 active bleeding,8,30 and high serum
creatinine level (�1.0 mg/dL)31 to be significant fac-
tors for a poor prognosis.

It might be argued that the treatment responses
were worse in our study than in previous studies.1,27

This can be explained by differences in the study
designs and patient populations. Comparison of a pre-
vious large prospective study1 with our study indicated
no differences in the 5-day rebleeding rate (3.9% vs.
4.2%), 5-day mortality (9.2% vs. 8.6%), and overall
5-day failure rate (14.8% vs. 15.5%), but the hemosta-
sis failure rate was higher in our study (1.5% vs.
11.5%). This might be, at least partly, attributable to
stricter criteria being applied in the present study for
successful hemostasis, which did not include cases with
bleeding controlled by rescue therapies. This discrep-
ancy might also be explained by the proportion of
patients with EV bleeding differing significantly
between the present study (74.7%) and the previous

Table 3. AEs in All Enrolled Patients With Variceal Bleeding

AEs

Terlipressin

Group

Somatostatin

Group

Octreotide

Group Total

Fever 0 0 1 1

Diarrhea 0 0 2 2

Nausea 0 1 0 1

Vomiting 1 0 0 1

Abdominal pain 4 3 1 8

Chest pain 0 0 1 1

Change in EKG 1 3 2 6

Hyponatremia 30 4 3 37

Total 36 11 10 57

Abbreviation: EKG, electrocardiography.

Table 4. Comparison of Baseline Characteristics and
Endoscopic Findings Between Patients With 5-Day Treatment

Success and Those With 5-Day Treatment Failure Among
Patients With a Defined Source of Bleeding

Characteristics

Patients With

5-day Treatment

Success (n 5 650)

Patients With

5-day Treatment

Failure (n 5 90) P Value

Age, years 53.1 6 9.8 54.0 6 8.6 0.427
Sex 0.054

Male, n (%) 550 (84.6) 83 (92.2)
Female, n (%) 100 (15.4) 7 (7.8)

Cause of liver disease, n (%) 0.515
Alcohol 364 (56.0) 49 (54.4)
Chronic HBV infection 201 (30.9) 34 (37.8)
Chronic HCV infection 24 (3.7) 2 (2.2)
Alcohol 1 HBV 21 (3.2) 2 (2.2)
Alcohol 1 HCV 10 (1.5) 1 (1.1)
HBV 1 HCV 2 (0.3) 1 (1.1)
Others 7 (1.1) 1 (1.1)
Cryptogenic 21 (3.2) 0 (0.0)

Alcohol drinking 0.317
No, n (%) 232 (35.7) 37 (41.1)
Yes, n (%) 418 (64.3) 53 (58.9)

Previous variceal bleeding 0.055
No, n (%) 373 (57.4) 42 (46.7)
Yes, n (%) 277 (46.7) 48 (53.3)

HCC 0.515
No, n (%) 585 (90.0) 79 (87.8)
Yes, n (%) 65 (10.0) 11 (12.2)

Diabetes 0.657
No, n (%) 462 (71.1) 66 (73.3)
Yes, n (%) 188 (28.9) 24 (26.7)

Infection at T0 0.028
No, n (%) 611 (94.0) 79 (87.8)
Yes, n (%) 39 (6.0) 11 (12.2)

Systolic BP, mmHg 103.1 6 22.8 90.7 6 21.0 <0.001
Diastolic BP, mm Hg 62.6 6 13.9 55.7 6 14.5 <0.001
Heart rate, beats/min 103.8 6 20.4 111.0 6 28.2 0.021
Hb, g/dL 8.7 6 2.2 8.4 6 1.9 0.183
Platelet count, 3103/mm3 105.7 6 51.7 92.5 6 57.3 0.025
INR 1.5 6 0.4 1.7 6 0.5 0.007
AST, IU/L 110.3 6 246.8 163.5 6 234.8 0.049
ALT, IU/L 47.2 6 104.0 70.2 6 103.1 0.051
Bilirubin, mg/dL 2.6 6 2.8 3.2 6 4.0 0.068
Albumin, g/dL 2.9 6 0.6 2.7 6 0.6 0.019
Glucose, mg/dL 165.9 6 84.1 148.0 6 87.6 0.066
Cholesterol, mg/dL 109.8 6 35.6 107.9 6 39.0 0.639
BUN, mg/dL 26.9 6 15.4 28.0 6 17.9 0.578
Creatinine, mg/dL 1.0 6 0.4 1.3 6 0.6 <0.001
Child-Pugh score 8.3 6 2.1 9.4 6 2.4 <0.001
Child-Pugh grade, n (%) <0.001

Grade A or B 471 (72.5) 41 (45.6)
Grade C 179 (27.5) 49 (54.4)

MELD score 14.4 6 5.0 17.7 6 6.6 <0.001
Source of bleeding, n (%) <0.001

EVs or GOV1 582 (89.5) 64 (71.1)
GOV2 or IGV1 68 (10.5) 26 (28.9)

Type of bleeding, n (%) <0.001
Nonactive 371 (57.1) 27 (30.0)
Active 279 (42.9) 63 (70.0)

Type of vasoactive drug 0.472
Terlipressin 222 (34.2) 26 (28.9)
Somatostatin 214 (32.9) 35 (38.9)
Octreotide 214 (32.9) 29 (32.2)

Abbreviations: ALT, alanine aminotransferase; BUN, blood urea nitrogen; HBV,

hepatitis B virus; HCV, hepatitis C virus.
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study (88.4%).1 This explanation is supported by the
present finding of the bleeding control rate in patients
being significantly lower for bleeding from GOV2 or
IGV1 than for bleeding from EV or GOV1. Similarly,
in a recent randomized trial that compared terlipressin
and octreotide in patients with bleeding from EV as
an adjuvant therapy with EVL, bleeding from EV was
controlled in 318 of 324 patients (98.1%) and only
17 (5.2%) died.27 Those rates for bleeding control and
survival rates were somewhat higher than our results.
However, the included populations differed signifi-
cantly between the two studies: (1) The previous study
enrolled patients with bleeding from EV, and excluded
those with bleeding from GVs,27 and (2) the propor-
tions of patients with active bleeding (67 of 324) and
low systolic BP (112.7 6 20.0 and 115.0 6 19.5
mmHg in the terlipressin and octreotide groups,
respectively)27 were lower than in the present study.

Current practice guidelines recommend the use of vas-
oactive drugs in patients with potential variceal bleeding,
even preceding endoscopic confirmation.12-14 Therefore,
we enrolled all patients with potential variceal bleeding,
started the study drug according to the randomization,
and subsequently performed endoscopy. Therefore, many
(approximately 20%) patients with bleeding from other
sources of bleeding were excluded after endoscopy. Fur-
thermore, the source of bleeding could not be defined in
some patients because of hemodynamic instability or a
lack of cooperation associated with altered mentality pre-
venting endoscopy being performed. Most previous stud-
ies included patients with variceal bleeding only when this
was confirmed by endoscopy. However, because it is often
difficult to perform endoscopy in critically ill patients
with massive variceal bleeding, excluding these patients
could represent a selection bias and result in overestima-
tion of treatment response. We avoided this bias by
enrolling these patients and herein present the results in
all enrolled patients as well as those with a defined source
of bleeding.

There are some limitations in our study. First, our
study was not double blinded, and if it had been dou-
ble blinded, our results may have more strength. Sec-
ond, randomization was not stratified according to the
source of bleeding in this study, although it is already
well known that the prognosis differs significantly
between patients with esophageal variceal bleeding and
those with GVs. Stratification was not possible in this
study because patients were randomized before diagnos-
tic endoscopy depending on the protocol. However, the
proportion of patients finally did not differ according to
the source of bleeding, and treatment outcomes were
comparable between the three treatment groups even in

the subgroup analysis according to the source of bleed-
ing (Supporting Table 1). Last, in this study, somatosta-
tin was infused at a dose of 250 mg/hour. A previous
study suggested that higher doses of somatostatin infu-
sion (500 mg/hour) achieved a higher rate of hemostasis
and a lower rate of mortality in patients with cirrhosis
with active variceal bleeding at emergency endoscopy.32

Therefore, further studies are needed to confirm the
optimal dose of somatostatin in patients with acute vari-
ceal bleeding, although we obtained similar outcomes
with a lower dose of somatostatin, compared to other
vasoactive agents, in the present study.

In conclusion, treatment response in patients with gas-
troesophageal variceal hemorrhage does not differ signifi-
cantly between terlipressin, somatostatin, and octreotide
when they are administered in combination with endo-
scopic therapy. Therefore, any of these drugs could be
used equivalently as an adjuvant therapy to standard
endoscopic treatments to control gastroesophageal variceal
hemorrhage. A low systolic BP at T0, high serum creati-
nine level, active bleeding in the emergency endoscopy,
bleeding from GVs, and Child-Pugh grade C are the
independent predictive factors for 5-day treatment failure.
Other treatment options, such as TIPS, could be consid-
ered in patients with a high risk of treatment failure.
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