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Background: Patients with cirrhosis have low levels of coagulation factors, the most pronounced
deficiency being that of FVIL. This may compromise haemostasis during bleeding from ruptured
oesophageal varices. The objective of this trial was to evaluate the effect of rFVIla on prothrombin time
in cirrhosis patients with ongoing variceal bleeding. Safety, including signs of DIC, was monitored.
Methods: The study is a single centre, open-label trial. Ten consecutive patients with known alcoholic
cirrhosis and oesophageal variceal bleeding were included. The patients received routine treatment,
including Terlipressin. Each patient received one i.v. injection of rFVIla (80 Hg/kg bw). The study
observation time was 12 h per patient. Results: The mean age of the patients was 48 years (8 men and 2
women). The cirrhosis was classified as Child B in 5 patients and Child C in 5. At baseline, all patients
had prothrombin time levels above the normal range, and all but one had FVII coagulation activity
(FVIL:C) levels below the normal range. rFVIla normalized the prothrombin time in all patients within
30 min. The effect lasted for more than 4 h in 7 patients, and for about 2 h in the remaining 3 patients.
Immediate bleeding control was obtained in all patients, and no patient died within the study time. There
was no sign of DIC. Conclusions: rFVIIa is effective in transiently reversing the prolonged prothrombin
time in cirrhosis patients with haematemesis from varices. This indicates a potential of improving
haemostasis and survival in patients with compromised coagulation due to liver disease.
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he liver is the principal site of synthesis and clearance
of coagulation factors, the components of the
fibrinolytic system, and the naturally occurring
anti-coagulants. The most frequently encountered abnormali-
ties in haemostasis in cirrhosis patients include thrombocy-
topenia, prolonged prothrombin time and hyperfibrinolysis.
The progressive loss of liver parenchymal cells associated
with cirrhosis results in a decreased synthesis of the vitamin
K-dependent coagulation factors: FII, FVII, FIX, FX and
protein C (and S) (1).

Cirrhosis patients with prolonged prothrombin time have
been shown to have low levels of coagulation factors, the
most pronounced deficiency being that of FVII (1). The
coagulation abnormalities are similar, irrespective of the type
of liver damage, and the extent of the abnormalities depends
upon the degree of liver damage and loss of function (1).
Cirrhosis patients with low platelet counts and/or prolonged
prothrombin time have an increased risk of bleeding from
oesophagogastric varices or gastric mucosa. The majority of
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patients with cirrhosis develop oesophageal varices, one-third
bleed within the first year from the time of diagnosis, and
bleeding accounts for one-third of all deaths. The mortality of
each bleeding episode is 30%—50% depending on the clinical
status of the patient (2). Early control of the bleeding episode
is associated with better survival (3), possibly because
secondary coagulopathy is prevented. Correspondingly, it
may be important to correct coagulopathy during bleeding.
The current treatment of coagulopathy caused by liver
cirrhosis in an actively bleeding patient is based on replace-
ment of coagulation factors by administration of fresh frozen
plasma. However, it is not documented that plasma improves
survival, and the volume necessary to correct the coagulation
status may be prohibitively large. Correction of single specific
key deficiencies, therefore, is an attractive alternative. FVII
may be such an alternative, since lack of this factor is the most
pronounced deficiency (cf. above). FVII acts via its activated
form, FVIla, which is not haemostatically active itself. It
requires binding to tissue factor present in the deeper layers of
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the vessel wall. FVIIa forms complexes with the tissue factor
at the site of injury, that is, where the endothelial barrier is
injured and the deeper layers are exposed, and induces a local
haemostasis by activating FX. This selective mechanism of
action minimizes the risk of inducing a generalized activation
of the coagulation cascade, and thus of disseminated
intravascular coagulation (4). FVIla, produced by a recombi-
nant technique (rFVIIa) is available, and has been tested with
promising results in non-bleeding cirrhosis patients with
disturbed coagulation (5).

The objective of the present trial was to evaluate the short-
term effect of rFVIla on prothrombin time in cirrhosis
patients actively bleeding from oesophageal varices. Addi-
tionally, safety, including signs of DIC, was monitored.

Materials and Methods

Patients

Ten consecutive patients with known alcoholic liver
cirrhosis acutely admitted to the Dept. of Medicine V, Aarhus
University Hospital, Denmark, were included. The depart-
ment is a primary and secondary referral centre for patients
with liver disease. Patients were eligible for inclusion if they
(a) had haematemesis; (b) had a prolonged prothrombin time;
(c) had known or presumed liver cirrhosis; (d) had oesopha-
geal variceal bleedings, either known from previous encoun-
ters or endoscopically proven at the present episode; (e) were
aged 18 years or older; and (f) were able to provide informed
consent (either from the patient or from relatives). No patient
fulfilled the exclusion criteria, that is, none: (a) had known
hypersensitivity to rFVIIa or any of its components; (b) had
received treatment with prothrombin-complex concentrates
within the last 7 days; (c) had received treatment with 1-
desamino-8-D-arginine vasopressin or antifibrinolytics within
the last 3 days; (d) had taken other investigational drug(s)
within 3 months before screening; (e) were women of child-
bearing potential.

Study design

The study was a single-centre, open-label pilot trial—
duration 12 h per patient. The primary effect variable was the
prothrombin time after administration of the drug. Clinical
outcomes during and beyond the study period were recorded
(6). Each patient received one intravenous (i.v.) injection of
rFVIIa (80 pg/kg bw). Informed consent was obtained from
the patient or relatives if the patient was incapable of doing so
him/herself. At baseline, the following procedures were
performed: physical examination including concomitant
medication and illnesses; recording of haemostatic therapy
for the last 7 days; laboratory tests (haemoglobin, leukocytes,
alanine aminotransferase, alkaline phosphatase, bilirubin,
albumin, s-creatinine, potassium and sodium); coagulation
status (prothrombin time, aPTT, FVII coagulation activity,
FVIIL:C); safety parameters (platelets, D-dimer, AT-III and
F|»). Other safety data included vital signs and monitoring
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of adverse events. Blood samples (coagulation status and
safety parameters) were drawn 0.5,2,4, 6,8 and 12 h after
dosing of rFVIla. Laboratory tests were measured 12 h post-
dosing. The tourniquet time for drawing of all blood samples
was <1 min per draw. The protocol was approved by the
Danish Medicines Agency and the Biomedical Ethics
Committee for Aarhus County.

Materials

Recombinant FVIIa is identical in structure and activity to
human FVIIL. The risk of contamination by human viruses is
eliminated and the preparation contains no foreign proteins.
Recombinant FVIIa (NovoSeven&'{;, Novo Nordisk A/S,
Copenhagen, Denmark) was supplied as a freeze-dried
powder in 2 ml vials. Each vial was reconstituted immediately
before use in 2.2ml sterile water. Reconstituted rFVIla
contains 0.6 mg/ml rFVIIa (1.2 mg/2 ml). Recombinant FVIIa
was administered as a slow i.v. bolus injection (80 Hg/kg bw)
over 2 min.

Coagulation assays

Coagulometric global tests of coagulation, activated partial
thromboplastin time (aPTT) and prothrombin time, were
recorded on an ACL-3000 Coagulation Analyser (Instrumen-
tation Laboratory, Milan, Italy), using Platelin LS reagent
(Organon Teknika, Turnhout, Belgium) for aPTT measure-
ments and IL-test prothrombin-fibrinogen reagent (Instru-
mentation Laboratory) for prothrombin time determinations.
The normal ranges were 10—12 sec for prothrombin and 25—
35 sec for aPTT.

Antithrombin (AT-III) was analysed using the Coamatic
Antithrombin kit-method (Chromogenix, Mélndal, Sweden).
The normal range for AT-III was 0.89-1.25 U/ml. FVII
coagulation activity (FVII:C) was recorded on a Thromboly-
zer (Behnk Elektronik, Norderstedt, Germany) utilizing
Simplastin S tissue factor preparation (Organon Teknika)
and true FVII deficiency plasma as a test base. The reference
range for FVII:C was 0.6—1.4 U/ml. Prothrombin fragment; 4,
(F1+2) was measured using an ELISA kit method (Behring
Diagnostika, Marburg, Germany). The reference range for
F, -+, was below 2.36 mmol/l.

Results

Patients

The mean age was 48 years (range 34—67 years; 8§ men and
2 women) (Table I). The aetiology of cirrhosis was alcohol in
all cases. The stage of the cirrhosis was classified as Child-
Pugh class B in 5 patients and class C in 5 patients. All
patients had known varices that had bled before. Acute
endoscopy was not performed before entry into the study. All
patients had a prothrombin time above the normal range and
all but one had FVII:C levels below the normal range (Table
I). One patient (no. 7) had a sudden life-threatening rupture of
a varix and rFVIIa was administered before blood was drawn
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Table 1. Patient characteristics
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Initial PT (sec) Initial FVIIa:C (U/ml)

Patient Sex Age (years) Child-Pugh (NL, 10-12) (NL, 0.6-1.4)
1 M 45 B 15 0.37
2 F 39 18 0.39
3 M 46 B 13 0.73
4 M 41 C 21 0.28
5 F 43 C 22 0.12
6 M 46 C 23 0.09
7 M 57 B 18 —
8 M 67 C 16 0.28
9 M 64 C 21 0.15

10 M 34 B 14 0.38

NL =normal limits; PT = Prothrombin time.

for baseline values. The immediately preceding prothrombin
time was used as entry value.

Varices were accepted as bleeding source based on endos-
copy after study entry in six patients, by contrast filling of
varices and control of bleeding at portography and TIPS in
three patients that had earlier received several banding
treatments, and by immediate bleeding control by balloon
tamponate in one patient who could not undergo endoscopy.

All patients were treated throughout the study period with
Terlipressin (Glypressin&'{; ), initially 2 mg as an iv bolus dose,
followed by 1 mg every 4 h. During the study, the patients
received a median of 2 units of packed red cells (range 0-5).
In addition, 1 patient (no. 5) received 4 units of plasma
terminally in the study period.

Immediate bleeding control was obtained in all patients.
However, within the study period of 12 h, 2 patients (Child-
Pugh class C) had haematemesis. Beyond the study time
period, 1 further patient (class C) had haematemesis and 3
patients (class B) received a TIPS within 24 h. Thus, 5 (non-
TIPS) patients did not rebleed within 24 h. No patient died
within the study observation period of 12 h. Six patients (5 in
class C, 1 in class B, and those with the longest initial
prothrombin times) died after 2—10 days, that is in all cases
related to the bleeding episode (6).

Prothrombin time

The initial prothrombin time values were variable (mean at
baseline 18 sec, range 13—23 sec). There was a trend towards
parallelism among the patients’ individual time curves (Table
I, Fig. 1). Prothrombin time normalized in all patients 30 min
after injection of rFVIIa. In 7 patients, the prothrombin time
remained within the reference range 4 h after treatment, while
it returned to above normal limits after 2 h in the remaining 3
patients, who all had prothrombin time above 20 sec at
baseline (Table I) (patients nos. 4, 5, 9).

FVII coagulation activity
Mean initial factor VII:C activity was 0.19 mU/ml. The
mean peak FVII:C value was 17.7 U/ml (range 8.3—

25.1 U/ml). Two hours after dosing, about half of the
measured peak activity had disappeared (Fig. 2).

Safety

No adverse event was reported during the study. There was
no clinical or biochemical sign of DIC. At baseline, the
patients displayed fibrin D-dimers ranging from <500 mg/l to
15.300 mg/1, suspectedly related to intestinal absorption from
large amounts of clotted blood. Likewise, the prothrombin
fragment F1 + 2 was dissimilar among patients. Antithrom-
bin, albeit abnormally low in all patients at all times during
the observation period of 12 h, was reviewed, and data did not
demonstrate a tendency to change in either direction. Hence,
consumption of antithrombin was not detected.

Discussion

This study shows that it is possible to correct the coagulo-
pathy of patients with decompensated cirrhosis and active
bleeding from oesophageal varices by means of specific
replacement therapy with rFVIla. The effect, quantified by the
prothrombin time, reached a maximum within 30 min and
lasted for 4—6 h in most patients, and for only 2 h in a minority
of patients. The therapy increased the factor VII:C activity by
a factor of 100.

It has earlier been shown that rFVIla can normalize
prothrombin time in haemophiliacs (7) and in subjects on
anticoagulation regimens (8). Furthermore, the use of rFVIIa
is under implementation in clinical hepatology. It is reported
to correct haemostasis during alcohol injection therapy of
hepatocellular cancer (9), and reports on its use in compli-
cated liver transplantation are under way (e.g. 10). It is able to
correct the prothrombin time in non-bleeding cirrhosis
patients (5). The present results extend these findings by
demonstrating that rFVIIa exerts its corrective effects on
haemostasis even in the case of active bleeding and ongoing
loss of coagulation factors in liver patients already depleted of
coagulation factors. This suggests a clinical utility of rFVIIa
in cirrhosis patients, besides its effects on laboratory tests.

The patients with the shortest effect of the treatment (nos.
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Fig. 1. Individual prothrombin time levels. The figure displays all 10 time courses. Some data points coincide, since prothrombin time is

given in seconds.

4,5,9) all had baseline prothrombin times above 20 sec, had
class C cirrhosis, actively drank up till admission, had
alcoholic hepatitis, and were in a generally deteriorated
nutritional and social state. This may suggest that the
activation of the coagulation cascade by rFVIla is less
efficient in patients that are universally and severely depleted
of plasma proteins.

We administered the same dose per kg weight of rFVIla to
all patients, namely the dose that has been shown to be large
enough to normalize artificial coagulopathy (8). It is not

30 5
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Conc. (Uiml)

Fig. 2. Individual factor VII:C activities.
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known whether a dose adjusted in accordance with initial
factor level may have a larger or more protracted effect.
The safety laboratory parameters, although a difficult issue
in patients with advanced liver disease, bleeding and
intestinal blood absorption, showed no sign of general
activation of the coagulation cascade. This is in accordance
with the described local effect of the drug, which depends on
activation at the site of the lesion. The effect of the drug was
not due to other replacement therapy. No fresh plasma was
given within the first 12 h after administration of rFVIla
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~i- Patient 2
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—&—Patient 8
—O— Patient 9
—&— Patient 10
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except for patient no. 5, who received 4 units a short time
before the final study blood sample (Fig. 1). With the
exception of the three patients with the most marked
pretreatment coagulopathy, the decrease in FVII level was
similar to that reported earlier in non-bleeding cirrhosis
patients in the same Child-Pugh class (5). This may indicate
that the FVII level is not immediately further decreased by
bleeding.

Haematemesis from varices is the major cause of death in
patients with cirrhosis. Several risk factors carrying a poor
prognosis during a bleeding episode have been identified, e.g.
large varices, thin mucosal cover (‘cherry red spots’), and
high portal pressure. It is biologically reasonable to expect
that also the degree of coagulopathy may be an independent
risk factor. This has not, however, been definitely settled, but
is suggested by primary (11) or secondary analysis of data
from prospective trials (12). Whether the higher mortality is
due to impaired liver function reflected by the decreased
prothrombin level or is due to coagulapathy in itself is not
established. The present data indicate that it will be possible
and safe to elucidate this important issue by way of rFVIla
administered in a randomized, prospective trial. However, the
clinical courses and outcomes reported here in themselves
give no indication of the prognostic importance of correcting
the coagulopathy, and the effect of sustained correction of the
coagulopathy by means of repeated administration of rFVIIa
is not known.

In conclusion, one dose of rFVIla to cirrhosis patients with
bleeding from oesophagogastric varices can correct coagulop-
athy. This may purport a potential in the treatment of this
life-threatening complication to cirrhosis, where all new
possible therapeutical modalities are welcomed. A prospec-
tive randomised trial is warranted.
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