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ackground & Aims: Upper gastrointestinal bleeding
UGIB) is a severe and frequent complication of cirrhosis.
ecombinant coagulation factor VIIa (rFVIIa) has been
hown to correct the prolonged prothrombin time in pa-
ients with cirrhosis and UGIB. This trial aimed to deter-
ine efficacy and safety of rFVIIa in cirrhotic patients with
ariceal and nonvariceal UGIB. Methods: A total of 245
irrhotic patients (Child-Pugh< 13; Child-Pugh A� 20%, B
52%, C � 28%) with UGIB (variceal � 66%, nonvariceal
29%, bleeding source unknown� 5%) were randomized
qually to receive 8 doses of 100 �g/kg rFVIIa or placebo
n addition to pharmacologic and endoscopic treatment.
he primary end point was a composite including: (1)
ailure to control UGIB within 24 hours after first dose, or
2) failure to prevent rebleeding between 24 hours and day
, or (3) death within 5 days. Results: Baseline character-
stics were similar between rFVIIa and placebo groups.
FVIIa showed no advantage over standard treatment in
he whole trial population. Exploratory analyses, however,
howed that rFVIIa significantly decreased the number of
ailures on the composite end point (P � 0.03) and the
4-hour bleeding control end point (P � 0.01) in the sub-
roup of Child–Pugh B and C variceal bleeders. There were
o significant differences between rFVIIa and placebo
roups in mortality (5- or 42-day) or incidence of adverse
vents including thromboembolic events. Conclusions: Al-
hough no overall effect of rFVIIa was observed, exploratory
nalyses in Child–Pugh B and C cirrhotic patients indicated
hat administration of rFVIIa significantly decreased the
roportion of patients who failed to control variceal bleed-
ng. Dosing with rFVIIa appeared safe. Further studies are
eeded to verify these findings.

pper gastrointestinal bleeding (UGIB) is a severe
complication of cirrhosis and portal hypertension,

ith bleeding from varices accounting for approximately
0% of all UGIB episodes.1,2 Mortality associated with
ariceal bleeding remains high despite improvements in
reatment. Up to 30% of initial bleeding episodes are
atal, and recurrent bleeding episodes further contribut-
ng to mortality are common.2–4

The liver is the principal site of synthesis and clearance
f coagulation factors, components of the fibrinolytic
ystem, and naturally occurring anticoagulants. Patients
ith cirrhosis often have defects in the coagulation sys-

em, the most pronounced deficiency being that of factor
II.5 Furthermore, in a prospective study, prolonged
rothrombin time has been identified as a variable sig-
ificantly related to 1-year probability of bleeding from
sophageal varices.3 In another prospective trial on pro-
hylaxis of bleeding from esophageal varices, low levels
f clotting factors II, VII, and X were identified as a
ignificant independent prognostic variable.6 UGIB in
irrhotic patients often is massive, and patient manage-
ent may require large-volume transfusions, which may

xacerbate the coagulopathy associated with cirrhosis
urther. Coagulopathy therefore may be an important
redisposing risk factor for failure to control bleeding in
irrhotic patients experiencing UGIB. Patients thus
ould be likely to benefit from a drug that could correct

he coagulopathy and thereby improve hemostasis.
Recombinant activated coagulation factor VII (rFVIIa,
ovoSeven; NovoNordisk A/S, Copenhagen, Denmark)

urrently is approved for the treatment of bleeding epi-
odes in patients with hemophilia with inhibitors, and in
he European Union, patients with acquired hemophilia,
VII deficiency, and Glanzmann’s thrombasthenia who
re refractory to platelets. Case reports and randomized
ontrolled trials, however, indicate the effectiveness of

Abbreviations used in this paper: rFVIIa, recombinant activated co-
gulation factor VII; UGIB, upper gastrointestinal bleeding.
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FVIIa in promoting hemostasis in other clinical settings
s well.7–9 Furthermore, a previous pilot study has shown
he ability of rFVIIa to normalize prothrombin time in
atients with decompensated cirrhosis and esophageal
ariceal bleeding.10 In a study in nonbleeding patients
ith advanced liver disease, a single dose of 80 �g/kg

FVIIa normalized the prothrombin time for 12 hours
nd the half-life of rFVIIa was determined to be approx-
mately 3 hours.11 The effect of rFVIIa at pharmacologic
oses is thought to be mediated by increasing the
mount of thrombin formed at the site of vessel rupture,
hus promoting a tight fibrin structure that is less prone
o fibrinolysis.12

Standard therapy for acute variceal bleeds focuses on
ndoscopic treatment (band ligation or sclerotherapy)
ombined with vasoactive therapy to decrease portal
ressure. We hypothesized that treatment with rFVIIa in
ddition to standard therapy might be of benefit in
ontrolling UGIB in cirrhotic patients. Accordingly, the
bjective of this trial was to evaluate the efficacy and
afety of rFVIIa in cirrhotic patients with acute UGIB.

Materials and Methods

Patients

Patients were enrolled in the trial at 26 hospitals
hroughout Europe. Patients were required to meet the fol-
owing inclusion criteria: presence of signs of active acute
GIB suspected to be of variceal origin (i.e., hematemesis or
elena within 24 hours of inclusion) requiring hospitalization

nd volume replacement therapy; presence of cirrhosis, either
onfirmed histologically or with obvious clinical or endoscopic
igns of cirrhosis and portal hypertension; age 18–74 years;
cheduled to undergo endoscopy within 12 hours of hospital
dmission (or within 12 hours of index bleed if already hos-
italized); and initiation of trial product administration before
rst endoscopy and within 6 hours of admission (or within 6
ours of index bleed if already hospitalized). Exclusion criteria
ncluded known hypercoagulopathy, acquired FVIII defi-
iency, or hereditary bleeding disorder; history of pulmonary
mbolism or deep vein thrombosis within 6 months; history of
ither portal vein thrombosis, stable/unstable angina pectoris,
yocardial infarction, intermittent claudication, or transient

schemic attack/ischemic stroke; signs of cardiac ischemia;
oncomitant disease with a life expectancy of less than 6
onths; tense ascites and obvious jaundice; grade IV enceph-

lopathy; sclerotherapy or band ligation within 2 weeks; pre-
ious transjugular intrahepatic portosystemic shunt or ortho-
opic liver transplantation; known gastrointestinal/respiratory
ystem cancer/hepatocellular carcinoma; planned use of any
emostatic drug other than rFVIIa in the management of the
leeding episode; and known advanced cirrhosis reflected in a
nown Child–Pugh score13 � 12 points at trial entry. The trial
rotocol was approved by local ethics committees in the partici-
ating countries, and the trial conformed to the Helsinki decla-
ation14 and guidelines for Good Clinical Practice in clinical trials.

Trial Procedures

During screening, signed informed consent was ob-
ained, inclusion/exclusion criteria were checked, a 12-lead
lectrocardiogram was obtained, and blood samples were
rawn for the determination of liver function as soon as
ossible before or after treatment allocation. Randomization
computer-generated and stratified by trial center with an
qual allocation ratio between rFVIIa and placebo groups and
sing a concealed block size of 4) was performed immediately
fter screening procedures through a central interactive voice-
esponse system to administer trial product as early as possible.
atients were randomized to 1 of 2 parallel groups, 8 doses of
ither 100 �g/kg rFVIIa or placebo, in addition to standard
harmacologic and endoscopic treatment. The first dose was
dministered as a slow intravenous injection before first en-
oscopy and within 6 hours of admission (or within 6 hours of
he index bleeding if the patient was already hospitalized). At
rst endoscopy (to be performed within 12 hours of admission
r index bleed) it was assessed whether or not the patient was
leeding actively, and the bleeding source was defined before
ny procedures were performed to stop the bleeding. Variceal
leeding and active bleeding were defined according to the
aveno criteria.15 Further doses were administered at 2, 4, 6,
2, 18, 24, and 30 hours after the first dose. Trial product was
upplied as sterile, freeze-dried powder in identically appear-
ng single-use vials and was to be reconstituted with sterile
ater before injection. Common guidelines on endoscopic
rocedures (sclerotherapy and banding) were adhered to
hroughout the trial period. Blood transfusions were given to
eep hematocrit level between 25%–30%, and vasoactive
reatment with either terlipressin, somatostatin, or octreotide
as used in accordance with local standard practice. Patients
ere monitored closely during the 5-day trial period. This

ncluded recording signs of active bleeding or rebleeding,
mergency and elective procedures, transfusion requirements,
dverse events and mortality, as well as monitoring hematocrit
nd changes in coagulation-related parameters and blood bio-
hemistry. Doppler ultrasound examinations only were per-
ormed electively. Mortality, rebleeding, elective procedures,
erious adverse events, and hospitalization occurring between
ays 5–42 were recorded at a follow-up visit 42 days after first
rial product administration. An independent data and safety
onitoring board was established to provide independent rec-

mmendations on safety issues.
To maintain double blinding, treatment allocation was kept

n sealed envelopes during the trial, and an equal volume per
ody weight of trial product was administered to all patients
rrespective of treatment allocation.

Outcome Measures and Definitions

The primary objective was to compare the 2 treatment
roups with respect to control of acute bleeding, prevention of
ebleeding, and mortality over the 5-day trial period. The
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October 2004 rFVIIa IN UPPER GASTROINTESTINAL BLEEDING 1125
rimary outcome measure was a composite end point com-
osed of the following 3 end points: (1) failure to control
leeding within 24 hours after first dose of trial product.
ailure within 0–6 hours was defined as transfusion of �4
nits of blood (whole blood or red blood cells) together with an
nability to achieve an increase in systolic blood pressure by 20
m Hg or to 70 mm Hg or more. Failure within 6–24 hours
as defined by the presence of a new hematemesis together
ith (a) a decrease in systolic blood pressure �20 mm Hg

nd/or (b) a transfusion of �2 units of blood (whole blood or
ed blood cells) in addition to the earlier transfusions (given
rom 0–6 hours) to increase hemoglobin level to �9g/dL. In
ddition to these Baveno II criteria,16 it was regarded as a
ailure to control acute UGIB if balloon tamponade was used
ithin 24 hours after first trial product administration. (2)
ailure to prevent rebleeding between 24 hours and 5 days
efined by the occurrence of new hematemesis and/or new
elena together with transfusion of �2 units of blood (whole

lood or red blood cells) in any 24-hour period in which 1 or
ore of the 3 after hemodynamic criteria were fulfilled: (a)

ystolic blood pressure � 100 mm Hg, (b) postural change
20 mm Hg, or (c) pulse rate � 100 beats/min. In addition

o these Baveno II criteria,16 it was regarded as a failure to
revent rebleeding if balloon tamponade was used within
days after first trial product administration. (3) Death within
–5 days after first trial product administration. Failure on the
rimary composite end point was defined as failure on at least
of the 3 end points constituting the composite end point.
Secondary end points included control of acute bleeding and

revention of rebleeding as defined earlier, active bleeding at
rst endoscopy, 5-day and 6-week mortality, transfusion re-
uirements, number of emergency and elective procedures
erformed, length of stay in the intensive care unit or hospital,
requency of adverse events including thromboembolic events,
hanges in coagulation-related parameters (prothrombin time,
latelet count, and the levels of fibrinogen, D-dimer, pro-
hrombin fragments 1�2, and thrombin-antithrombin com-
lex), as well as hematology and blood chemistry parameters
hemoglobin, hematocrit, white blood cell count, serum cre-
tinine, calcium, potassium, sodium, bilirubin, serum albu-
in, alanine transaminase, and alkaline phosphatase).

Statistical Analysis

The trial size was planned to detect a decrease in failure
ate on the primary end point from 30% in the placebo group
o 15% in the rFVIIa group, with 80% statistical power, and
t a significance level of 5%. This translated to a sample size
f 240 patients; 120 per treatment arm. Results pertain to
atients who were randomized and received trial product. All
values are 2 tailed. The type I error was set to 5%. For

ategoric variables, treatment groups were compared using the
isher exact test. The analysis was repeated for the population
tratified by source of UGIB (variceal/nonvariceal) for all
leeding failure end points. Furthermore, similar analyses were
erformed post hoc on variceal bleeders stratified by Child–
ugh grade (grades A/B–C) to examine the ability of rFVIIa to
ompensate for coagulopathies induced by varying degrees of
irrhosis.

Confounding factors were assessed by the logistic regression
odel for the treatment effect on the primary composite

utcome measure and by the Cox regression model for 42-day
ebleeding and death rates. The models included the treatment
erm and variables previously known as prognostic factors for
pper gastrointestinal bleeding in cirrhosis17: cause of cirrho-
is, Child–Pugh grade, and source of bleeding.18,19 The total
umber of red blood cell units transfused was compared by
sing a Wilcoxon–Mann–Whitney test. The number of emer-
ency or elective procedures performed within 5 days and
ithin 42 days, the number of follow-up endoscopies, days in

he intensive care unit within 42 days, and days in hospital
ithin 42 days were compared between treatment groups by
sing exact 2-sample Wilcoxon tests. Adverse events were
ummarized, and changes in coagulation-related parameters
ere analyzed by analysis of variance (ANOVA) adjusting for
aseline levels or by repeated-measurements ANOVA account-
ng for intrasubject as well as intersubject variation.

Results

From April 2001 to April 2002, 245 patients
ere randomized to treatment. Three of these patients,
owever, were withdrawn before dosing: one because he
ad a transjugular intrahepatic portosystemic shunt in
lace, one withdrew consent, and one was withdrawn by
he investigator because of a previous cerebrovascular
ccident. A flow diagram of patient allocation is outlined
n Figure 1.

Baseline characteristics were similar between treat-
ent groups (Table 1). Findings at first endoscopy and

haracteristics of endoscopic and vasoactive therapy
re summarized in Table 2. Bleeding was found to be
f variceal origin in 68% of patients in the placebo

Figure 1. Flow diagram of patient allocation.
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roup and in 65% of patients in the rFVIIa group. In
otal, 83% of rFVIIa-treated patients and 88% of
lacebo-treated patients received concomitant vasoac-
ive treatment to control bleeding. There was no
ifference between treatment groups in the proportion
f patients who were bleeding actively at first endo-
copic procedure. The initial endoscopic procedure
as performed 2.2 � 2.5 hours (mean � SD) and 2.1

2.6 hours after first dosing of trial product in
atients receiving placebo and rFVIIa, respectively.
ime elapsed from admission (or index bleed if already
ospitalized) to initial endoscopy was 7.8 � 6.9 hours
nd 7.2 � 5.4 hours in placebo-dosed and rFVIIa-
osed patients, respectively.

Efficacy

Results of therapy are presented in Table 3. Overall,
o effect was observed on the composite end point or on its
omponents. However, a trend toward a decrease of the
ailure rate was observed in patients bleeding from varices
nd treated with rFVIIa (8 of 78 vs. 16 of 80; relative risk
eduction, 0.49; P � 0.12). This trend for a beneficial effect
f rFVIIa was consistent across the components of the
omposite end point except for mortality (Table 3). More-
ver, an exploratory analysis of the subgroup of variceal
leeders with Child–Pugh scores B or C and more severe
oagulopathy indicated that significantly fewer rFVIIa-
reated patients than placebo-treated patients failed on the

able 1. Baseline Characteristics

Placebo
N � 121

rFVIIa
N � 121

ge (yr) 54.2 � 10.6 52.6 � 11.9
ale (no.) 90 (74%) 90 (74%)

ndex bleed of variceal origin (no.) 82 (68%) 79 (65%)
hild-Pugh score 8.4 � 1.9 8.1 � 2.0
hild-Pugh grade (no.)
A (scores 5–6) 23 (19%) 23 (19%)
B (scores 7–9) 58 (48%) 66 (55%)
C (scores 10–13) 38 (31%) 29 (24%)

rothrombin time (s)a

A (scores 5–6) 15.0 � 2.1 15.4 � 2.9
B (scores 7–9) 18.0 � 3.0 17.9 � 4.2
C (scores 10–13) 28.2 � 21.5 25.9 � 8.8

ystolic blood pressure (mm Hg) 124 � 23 118 � 21
eart rate (beats/min) 95 � 21 96 � 20
lcohol-induced-cirrhosis (no.) 81 (67%) 88 (73%)
ematocrit (%) 27.4 � 7.2 27.3 � 7.0
emoglobin (g/dL) 9.2 � 2.5 9.2 � 2.4
latelet count (�109/L) 103.3 � 58.4 110.8 � 60.9
lanine transaminase (U/L) 22.1 � 32.4 15.8 � 17.5
lkaline phosphatase (U/L) 197.8 � 147.5 158.3 � 98.7
reatinine (mg/dL) 0.9 � 0.4 1.0 � 0.4

OTE. Continuous variables and Child-Pugh score are presented as
ean � SD.

Evaluated at baseline for 213 patients.
omposite end point (15 failures in 64 placebo-treated
atients vs. 5 failures in 62 rFVIIa-treated patients; P �
.03) and the 24-hour bleeding control end point (7 failures
n 63 placebo-treated patients vs. 0 failures in 62 rFVIIa-
reated patients; P � 0.01), whereas a trend was observed
or the prevention of rebleeding end point (8 failures in 61
lacebo-treated patients vs. 3 failures in 62 rFVIIa-treated
atients; P � 0.13). The observed failure rates were higher
ith rFVIIa than with placebo in patients in whom the

ource of bleeding was either unconfirmed or not of variceal
rigin (8 of 42 rFVIIa-treated patients and 3 of 39 placebo-
reated patients). No effect of treatment was observed for
ortality.
A minority of patients could not be assessed on failure

nd points, primarily because they withdrew consent or
ere lost to follow-up evaluation on or before day 5. To test

he robustness of the earlier-described findings and to assess
he potential impact of this loss of information, best-case
nd worst-case scenarios with respect to failure scoring for
hese nonassessable patients were constructed and the cor-
esponding P values were calculated. Only a minor influ-
nce was observed, with significant P values still being
orderline statistically significant for the worst-case scenar-
os (Table 4).

Child–Pugh grade was the only significant covariate in
he applied logistic regression models for the primary com-

able 2. Findings at First Endoscopy and Characteristics
of Therapy

Placebo
N � 121

rFVIIa
N � 121

ource of bleeding
Esophageal varices 77 (64%) 68 (56%)
Gastric varices 5 (4%) 11 (9%)
Gastric ulcer 9 (7%) 12 (10%)
Mallory Weiss tear 5 (4%) 12 (10%)
Portal hypertensive gastropathy 10 (8%) 5 (4%)
Other 12 (10%) 7 (6%)
Unknown 3 (2%) 6 (5%)

ype of bleeding
Spurting 20 (17%) 16 (13%)
Oozing 50 (41%) 51 (42%)
No active bleeding 51 (42%) 54 (45%)

ype of endoscopic therapy
Sclerotherapy and banding 3 (2%) 3 (2%)
Sclerotherapy only 37 (31%) 37 (31%)
Banding only 40 (33%) 32 (26%)
None 39 (32%) 46 (38%)

asoactive therapy
Octreotide 25 (21%) 29 (24%)
Somatostatin 34 (28%) 33 (27%)
Terlipressin 13 (11%) 7 (6%)
More than one vasoactive drug 35 (29%) 32 (26%)
No vasoactive therapy 14 (12%) 20 (17%)

roton pump inhibitor therapy 104 (86%) 109 (90%)

OTE. Data refer to number and percentage of patients.
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October 2004 rFVIIa IN UPPER GASTROINTESTINAL BLEEDING 1127
osite failure end point. Cox regression analyses showed that
hild–Pugh grade, but not trial product treatment, signif-

cantly influenced time to death within 42 days and time to
ebleeding within 42 days (data not shown).

No significant effect of treatment was observed for
equirement for red blood cells (Table 3), or for number
f emergency and elective procedures performed (data
ot shown). Likewise, no consistent effect of treatment

able 3. Results of Therapy

Pla

ailure on composite end point
All patients (primary end point) 1
Variceal bleeders
Variceal bleeders Child-Pugh B–Cb

ailure to control bleeding within 24 hours
All patients 1
Variceal bleeders
Variceal bleeders Child-Pugh B–Cb

ailure to prevent rebleeding (24 h–day 5)
All patients 1
Variceal bleeders
Variceal bleeders Child-Pugh B–Cb

ortality
Deaths within 5 days
Deaths within 42 days 1

ed blood cell requirements (units; mean � SD)
Within 24 hours
Within 5 days

ctive bleeding at first endoscopy
All patients 4
Variceal bleeders

Ratios represent number of failures relative to the total number of
uccess.
Exploratory end points.

able 4. Sensitivity Analyses of Failure End Point Outcomes

Worst-c

Placebo

ailure on composite end point
All patients (primary end point) 19/121 1
Variceal bleeders 16/82
Variceal bleeders Child-Pugh B–Ca 15/65

ailure to control bleeding within 24 hours
All patients 10/121
Variceal bleeders 8/82
Variceal bleeders Child-Pugh B–Ca 7/65

ailure to prevent rebleeding (24 h–day 5)
All patients 10/121 1
Variceal bleeders 9/82
Variceal bleeders Child-Pugh B–Ca 8/65
ortality
Deaths within 5 days 4/121 1
Deaths within 42 days 11/121 2

ctive bleeding at first endoscopy
All patients 45/121 4
Variceal bleeders 33/82 3

For the worst-case scenario, nonassessable patients in the placebo g
ice versa for the best-case scenario.
as observed with respect to the number of days spent in
he intensive care unit or hospital.

Normalization of prothrombin time was observed in
he majority of patients after rFVIIa dosing (Figure 2).

Safety

Overall, 95 of 121 patients in the placebo
roup had 288 adverse events of which 67 were seri-

N � 121 rFVIIa N � 121 P value

Failures/scored patientsa

9 (16%) 16/118 (14%) 0.72
0 (20%) 8/78 (10%) 0.12
4 (23%) 5/62 (8%) 0.03

9 (8%) 6/120 (5%) 0.31
0 (10%) 2/78 (3%) 0.10
3 (11%) 0/62 (0%) 0.01

6 (9%) 9/116 (8%) 1.00
7 (12%) 5/77 (6%) 0.40
1 (13%) 3/62 (5%) 0.13

9 (3%) 7/118 (6%) 0.38
0 (9%) 16/116 (14%) 0.31

� 1.2 0.9 � 1.8 0.51
� 1.9 1.5 � 3.7 0.73

1 (37%) 47/119 (39%) 0.79
2 (40%) 33/79 (42%) 0.87

nts for whom data were available for evaluation as either failure or

cenarioa Best-case scenarioa

P value Placebo rFVIIa P value

1 1.00 21/121 16/121 0.48
0.19 18/82 8/79 0.05
0.06 16/65 5/63 0.02

1 0.62 12/121 6/121 0.22
0.21 10/82 2/79 0.03
0.06 9/65 0/63 �0.01

1 0.52 15/121 9/121 0.28
0.79 14/82 5/79 �0.05
0.37 12/65 3/63 0.03

1 0.17 6/121 7/121 1.00
1 0.09 12/121 16/121 0.55

1 0.69 45/121 47/121 0.90
0.87 33/82 33/79 0.87

and rFVIIa group were scored as successes and failures, respectively,
cebo

9/11
16/8
15/6

0/11
8/8
7/6

0/11
9/7
8/6

4/11
1/12

0.7
1.3

5/12
33/8

patie
ase s

rFVIIa

9/12
9/79
6/63

7/12
3/79
1/63

4/12
7/79
4/63

0/12
1/12

9/12
3/79

roup
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us, and 84 of 121 patients in the rFVIIa group had
49 adverse events of which 55 were serious. A total of
4 thromboembolic adverse events were recorded dur-
ng the trial, 7 in each treatment group. These events
ncluded 8 clinically asymptomatic events of portal
ein thrombosis (5 in the placebo group and 3 in the
ctive group) diagnosed through elective Doppler ex-
minations; 3 events of phlebitis (2 in the placebo
roup and 1 in the rFVIIa group); and 1 nonserious
vent of thrombosis (blood clot in the central catheter)
n the rFVIIa group on the last day of trial product
dministration, from which the patient recovered
ompletely. Furthermore, 2 cerebrovascular events oc-
urred after repeated dosing with rFVIIa. A right-
emisphere cerebrovascular accident occurred in a 58-
ear-old man; the patient recovered with resultant
ild neurologic sequelae. The patient smoked 20

igarettes daily and was abusing alcohol actively; a
omputed tomography scan 3 months before the event
howed lesions suggestive of a previous infarction in
he right cerebral hemisphere. A cerebral infarction
ccurred in a 73-year-old man, who died from the
vent. The patient was a nonsmoker without active
lcohol abuse, but the patient suffered from arterial
ypertension.
D-dimer, prothrombin fragment 1�2, and thrombin-

ntithrombin complex (markers of thrombin formation)
ncreased significantly more in patients receiving rFVIIa
elative to placebo when analyzing change from baseline
o 40 hours after first dose (ANOVA; all P values �
.0001), which is consistent with the pharmacologic
ffect of rFVIIa. No effect of dosing on platelet count was
bserved from repeated-measure ANOVA, and mean

igure 2. Prothrombin time (mean and SD) by treatment group.
, Placebo-dosed patients; Œ, rFVIIa-dosed patients. Arrows indi-
ate time of dosing. Normal range is defined by the gray shaded
rea.
brinogen concentrations were within the lower end of
he normal range for all time points (data not shown).

Discussion

This trial was designed to investigate whether
FVIIa could improve control of acute UGIB in cirrhotic
atients when administered as add-on to standard ther-
py. Definitions of failure to control bleeding end points
dhered to the Baveno II criteria,16 except that the use of
alloon tamponade was added as a failure criterion.
Although no effects of rFVIIa treatment were detected

or the total patient population, a consistent trend to-
ard a decrease in the rate of failure on bleeding end
oints was evident in patients with variceal bleeds re-
eiving rFVIIa. Analyses were performed post hoc on
ariceal bleeders stratified by Child–Pugh grade (grade A
s. grades B or C) to examine the ability of rFVIIa to
ompensate for coagulopathies induced by varying de-
rees of cirrhosis. Statistically significant reductions in
ailure rates for the composite and 24-hour bleeding
ontrol end points then were observed with rFVIIa treat-
ent in the subgroup of variceal bleeders with advanced

irrhosis and more severe coagulopathy (Child–Pugh
lasses B or C). The finding that the effect of rFVIIa
reatment was most pronounced in variceal bleeders who
ad moderate to severe cirrhosis is consistent with the
bility of rFVIIa to correct coagulopathy, which was
ndeed confirmed by this study. Further studies are re-
uired to better define the target population that may
enefit the most from rFVIIa treatment and to establish
he minimal effective dosing regimen and pharmacoeco-
omics for this drug.
In patients in whom the source of bleeding was either

ot established or not of variceal origin, the failure rate
eemed to be higher with rFVIIa (8 of 42 [19%] patients)
han with placebo (3 of 39 [8%] patients). Specifically,
ithin the group of patients for whom site of bleeding

ould not be established, failure on the primary end
oint occurred in 5 of 7 patients receiving rFVIIa (in 2
f these patients, determination of bleeding site was not
ossible owing to massive hemorrhage at first endos-
opy), but only in 1 of 5 patients receiving placebo.
hese findings may be coincidental, and it should be
oted that an anticoagulant effect of rFVIIa is highly
nlikely and has not been observed previously in any
linical setting.

The decrease of failure rates observed in this study was
ot reflected in the number of units of red blood cells
dministered in any of the subgroups of patients. This is
ikely to reflect the low number of patients with very
igh transfusion requirements, which among other fac-
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ors may have been a consequence of (1) the conservative
ransfusion policy followed in this study in accordance
ith recent findings20 and recommendations,21 (2) the

act that patients who are exsanguinating are unlikely to
nter into a randomized clinical trial,22 and (3) the early
se of vasoactive drugs in the majority of patients in this
rial, which has been shown to decrease transfusion re-
uirements.23–25

Mortality as a consequence of the initial bleeding
pisode is reportedly on average about 30%,2,26,27

tressing the importance of achieving initial control of
leeding and preventing early rebleeding. In the
resent study, initial control of bleeding was achieved
n 93% of patients, early rebleeding was prevented in
2% of patients, and overall 5-day and 6-week mor-
ality was 5% and 11%, respectively. These success
ates attest to the high efficacy of standard treatment
t the participating centers, but are also a consequence
f the exclusion from the trial of patients with a
hild–Pugh score of �12. For these reasons, the sta-

istical power to verify reductions in failure end points
as less than anticipated. The failure rate on the

omposite end point was only 16% in the placebo
roup, whereas the power calculation for the trial was
ased on a placebo failure rate of 30%.
When administering a procoagulant drug such as

FVIIa, concerns might be raised that patients could be
t a higher risk for developing thromboembolic compli-
ations. However, there was no difference in the preva-
ence of thromboembolic complications between the 2
reatment groups. Portal vein thrombosis was diagnosed
n 2% (3 of 121) of patients receiving rFVIIa and 4% (5
f 121) of patients receiving placebo. The previously
eported incidence of portal vein thrombosis in cirrhosis
anges from 0.6% to 14%.2,28 Moreover, no signs of
ystemic activation of the coagulation cascade were ob-
erved from coagulation-related laboratory parameters or
linical signs. This may be explained by the mode of
ction of rFVIIa: the hemostatic effect of rFVIIa at
harmacologic doses appears to be mediated by enhanc-
ng thrombin generation on activated platelets accumu-
ated at the site of vessel injury.11,29,30 Given this local-
zed effect of rFVIIa, an increased incidence of
hrombotic complications or intravascular coagulation
fter dosing with rFVIIa would not be expected. This is
upported by the low incidence of thromboembolic
vents within the currently approved indications.30

In conclusion, this initial trial with rFVIIa in UGIB
uggests that rFVIIa can be used safely in this clinical
etting. Although no overall effects were detected, the
ubgroup of patients with variceal bleeds and with mod-
rate to advanced cirrhosis is likely to benefit from
FVIIa treatment. Further studies are warranted to verify
hese findings.

Appendix

European Study Group on rFVIIa in UGI
Hemorrhage

Trial Planning Committee: F. Bendtsen, J. Bosch,
. Burroughs, E. Erhardsen, R. de Franchis, D. Lebrec,

nd H. Vilstrup.
Trial Steering Committee: F. Bendtsen, J. Bosch, A.

urroughs, G. D’Amico, and R. de Franchis.
External Safety Monitoring Board: N. Grace, M.

rounds, I. Scharrer, and S. Seremetis.
Patient recruitment: Aarhus Universitetshospital,

arhus: P. Bager and J. F. Dahlerup; H.S. Hvidovre
ospital, Copenhagen: S. D. Larsen; Hospital Pitie Sal-

etriere, Paris: B. Bernard, T. Poynard, J. Massard, and
. Taieb; Hospital Beaujon, Clichy: D. Lebrec and A.
lessier; CHU d’Angers, Angers: P. Calès and F. Oberti;
HU Purpan, Toulouse: J.-M. Péron; Hospital Brabois,
ancy: J.-P. Bronowicki; CHU La Miletrie, Poitiers: C.

ilvain; Medizinische Universitatsklinik, Ulm: C. von
irpitz and H. Weidenbach; St. Franziskus Hospital,
ünster: A. Schweitzer and B. Glasbrenner; Univer-

itätsklinikum Grosshadern, Munic: V. Gülberg; Osped-
le Cervello, Palermo: V. Criscuoli, F. Mocciaro, and G.
alizia; Ospedale Giustinianeo, Padova: G. Battaglia;
spedale Molinette, Turin: L. Todros; Ospedale Mag-
iore, Milano: M. Primignani; Spedali Civili, Brescia: R.
estari; Ospedale Policlinico, Palermo: G. Alaimo; AZR
ijkzigt, Rotterdam: H. van Buuren; Hospitais da Uni.
e Coimbra, Coimbra: M. Ferreira; Hospital de Santa
aria, Lissabon: P. Alexandrino; Hospital Clinic i Pro-

incial, Barcelona: J. C. García-Pagán, J. Turnes, A.
scorsell, and A. Mas; Hospital Ramon y Cajal, Madrid:
. Ruiz-del-Arbol, M. González, A. Cano-Ruiz, and M.
ngeles Martin-Scapa; Hospital Gregorio Maranon, Ma-
rid: R. Bañares and M.-V. Catalina; Hospital Germans
rias I Pujol, Badalona: R. Planas and R. M. Morillas;
ospital Santa Creu I Sant Pau, Barcelona: C. Aracil C

nd C. Villanueva; Clinica Puerta de Hierro, Madrid:
. L. Calleja.

Trial Coordinators: S. Fabricius and S. Soefelt.
Trial Statisticians: T. Christiansen, D. Edwards, and

. M. Soerensen.
Trial Medical Writer: K. Soendergaard.
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