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Abstract
Background—The role of factor V Leiden
as a cause of Budd-Chiari syndrome has
only recently been described.
Aims—To assess the specific features of
factor V Leiden related Budd-Chiari syn-
drome.
Patients—Sixty three consecutive patients
with hepatic vein or terminal inferior vena
cava thrombosis.
Methods—Standardised chart review.
Results—Factor V Leiden was found in 20
patients (31% (95% CI 20–43)). In the sub-
group of patients with, compared with the
subgroup without, factor V Leiden, a
combination of prothrombotic states was
more common (70% (95% CI 50–90) v 14%
(95% CI 3–24)); inferior vena cava throm-
bosis was more frequent (40% (95% CI
19–61) v 7% (95% CI 0–14)); and distribu-
tion of initial alanine aminotransferase
values was bimodal (almost normal or
extremely increased) versus unimodal
(p=0.003). Factor V Leiden accounted for
four of five cases of massive ischaemic
necrosis (transaminases >50-fold the
upper limit of normal values) (p=0.014),
and also for all three cases developing
during pregnancy. Patients with and with-
out factor V Leiden did not diVer with
regard to mortality, portosytemic shunt-
ing, or listing for liver transplantation.
Hepatocellular carcinoma developed in
two patients; both had factor V Leiden and
indolent obstruction of the inferior vena
cava.
Conclusions—In patients with Budd-
Chiari syndrome, factor V Leiden (a) is
common; (b) precipitates thrombosis
mostly when combined with another risk
factor; (c) is associated with one of two
contrasting clinical pictures: indolent
thrombosis—particularly of the inferior
vena cava—or massive ischaemic necro-
sis; and (d) is a major cofactor of
Budd-Chiari syndrome developing during
pregnancy.
(Gut 2001;48:264–268)
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Budd-Chiari syndrome is a rare disorder
caused by obstruction of hepatic venous
outflow, leading to sinusoidal congestion,
ischaemic injury to liver cells, and portal
hypertension. The main mechanism of ob-
struction is thrombosis of hepatic veins or ter-
minal portion of the inferior vena cava.

Thrombosis at these sites usually occurs in
association with various prothrombotic disor-
ders, including primary myeloproliferative dis-
orders, antiphospholipid syndrome, paroxys-
mal nocturnal haemoglobinuria, inherited
deficiency in natural coagulation inhibitors,
and miscellaneous prothrombotic disorders.1–8

Pregnancy and oral contraceptive use are
regarded as precipitating cofactors.1 2 9 How-
ever, in 10–30% of patients, a prothrombotic
state cannot be identified.

Recently, the so called factor V Leiden has
been recognised as a common prothrombotic
disorder. Factor V Leiden results from the
G1691A factor V gene transition. This
anomaly induces resistance of activated factor
V to degradation by activated protein C.10 Fac-
tor V Leiden is found in about 25% of patients
with deep vein thrombosis.10 Anecdotal cases of
Budd-Chiari syndrome associated with factor
V Leiden have been reported.11–15 In a recent
survey, seven of 30 cases of Budd-Chiari
syndrome were found to be associated with
factor V Leiden.16 However, the respective roles
of factor V Leiden and myeloproliferative
disorders could not be accurately assessed
because occult forms of the latter—a common
cause of Budd-Chiari syndrome—had not
been evaluated.

The aim of this study was to ascertain the
role of factor V Leiden in hepatic vein or infe-
rior vena cava thrombosis and to examine the
characteristics of factor V Leiden related
Budd-Chiari syndrome.

Patients and methods
We studied 63 consecutive patients with Budd-
Chiari syndrome due to thrombosis of the
hepatic veins or inferior vena cava, seen
between 1994 and 1999. The following pro-
thrombotic disorders were looked for in every
patient using previously reported methods and
criteria: classical primary myeloproliferative
disease fulfilling established criteria regarding
platelet count, total red cell mass, endogenous
erythroid colonies, and bone marrow bi-
opsy17 18; formes frustes of primary myeloprolif-
erative disorders, not fulfilling classical criteria
but with endogenous erythroid colonies19; par-
oxysmal nocturnal haemoglobinuria20; anti-
thrombin activity, protein C activity, and
protein S antigen deficiencies using commer-
cial kits (Diagnostica Stago, Asnieres, France)
and only considered as primary (that is, not
related to impaired liver function) when other
inhibitors and clotting factors were normal;
anticardiolipin antibodies (Biogenic, Montpel-
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lier, France); lupus anticoagulant21; G1691A
factor V gene mutation22 or resistance to
activated protein C23; and, in patients seen after
1996, G20210A prothrombin gene mutation.24

Assessment of coagulation inhibitors and clot-
ting factor deficiencies was performed at least
one month after an episode of thrombosis.
Some of the patients included in the present
study had also been included in a recently
reported study on the concurrence of pro-
thrombotic states in patients with hepatic vein
thrombosis.25

Hepatic veins, portal vein, and/or inferior
vena cava were studied using ultrasonography,
magnetic resonance imaging, computed tom-
ography, or angiography, as appropriate. Tu-
morous hepatic vein invasion or compression
was excluded as appropriate. Acute ischaemic
necrosis was considered when serum alanine
aminotransferase (ALT) activity was greater
than five times the upper limit of the normal
range. Massive ischaemic necrosis was consid-
ered when there were signs of liver failure in
association with serum ALT activity exceeding
50 times the upper limit of normal.

Comparison of the characteristics of patients
with and without factor V Leiden mutation was
performed using the Student’s t test for
qualitative data and the ÷ test with Yates’ cor-
rection for quantitative data.

Results
Prothrombotic disorders, risk factors as well as
associated, possibly causal, conditions are out-
lined in table 1. Apart from factor V Leiden, all
prothrombotic disorders could not be reliably
tested for various reasons: associated decrease
in the level of clotting factors suggesting liver
insuYciency with secondary deficiencies in
coagulation inhibitors in 39 patients (11
patients with and 30 patients without factor V
Leiden); unable to assess myeloproliferative
disorders in two critically ill patients with
factor V Leiden; and mutation G20210A of the
factor II gene not yet recognised at the time the
patients were seen (five patients with and nine
patients without factor V Leiden).

Resistance to activated protein C was found
in 20 patients (31% (95% confidence interval
(CI) 20–43)). Factor V Leiden mutation was
tested in 19 of 20 patients with resistance to
activated protein C and in 38 of 43 patients
without resistance to activated protein C.
There was 100% concordance between the
presence of factor V Leiden mutation and
resistance to activated protein C. All patients
with factor V Leiden were heterozygous for the
mutation The other identified prothrombotic
disorders are presented in table 1. As shown in
table 2, combinations of various prothrombotic
states or risk factors for thrombosis were found
in several patients. In six patients, no pro-
thrombotic state was identified.

Patient characteristics according to the pres-
ence or absence of factor V Leiden are
presented in table 2. Age, sex ratio, prevalence
of oral contraceptive use or heavy smoking, and
prevalence of ascites did not significantly diVer
among patients with and without the mutation.
Similarly, serum albumin and serum bilirubin
levels as well as prothrombin time were similar
in the two subgroups. Apart from factor V Lei-
den, the prevalence of prothrombotic states or
other thrombophilic factors was similar in both
subgroups. Thus a combination of two pro-
thrombotic states was more commonly found
in patients with factor V Leiden than in
patients without this anomaly (70% (95% CI
50–90) v 14% (95% CI 3–24); p<0.005).
However, the type and prevalence of associated

Table 1 Prothrombotic states and risk factors for thrombosis in 63 patients with
Budd-Chiari syndrome

Prothrombotic state or risk factor No tested No positive

Primary myeloproliferative disorders 61 31
Forme fruste 15
Overt form 16

G1691A factor V gene transition (factor V Leiden) 63 20
Anticardiolipin antibodies 63 9
Isolated protein C deficiency* 21 4
G20210A prothrombin gene transition 47 3
Paroxysmal nocturnal haemoglobinuria 63 1
Isolated protein S deficiency* 30 2
Inherited plasminogen deficiency* 21 1
Antithrombin deficiency 47 0
Pregnancy 3
None found 6

*In only 21 patients without decreased levels of clotting factors could primary natural coagulation
inhibitor or plasminogen deficiencies be reliably investigated. However, despite decreased coagu-
lation factors, normal levels of antithrombin and protein S were found in 26 and nine patients,
respectively.

Table 2 Characteristics of patients with or without factor V Leiden mutation

With factor
(n=20)

Without factor
(n=43) p

Mean (SD) age (y) 37 (11) 35 ( 12) NS
Sex ratio (M/F) 5/15 10/33 NS
OC users/child bearing aged women 4/15 19/32 NS
Heavy smoker (n%) 6 (30) 14 (43) NS
Prothrombotic states (total No found/total No tested) 38/94 44/239 0.00001
Prothrombotic states, excluding factor V Leiden (total No found/total No tested) 18/74 44/239 NS
At least 2 prothrombotic states (n (%)) 14 (70) 6 (14) < 0.005
Isolated antithrombin deficiency* 0/15 0/32 NS
Isolated protein C deficiency* 1/9 3/13 NS
Isolated protein S deficiency* 1/13 1/17 NS
G20210A prothrombin gene transition (No found/No tested)** 2/15 1/32 NS
Primary myeloproliferative disorder (No found/No tested) 6/18 26/43 NS
Acute ischaemic necrosis (ALT >5 ULN) (n (%)) 6 (30) 22 (51) NS
Massive ischaemic necrosis (ALT >50 ULN) (n (%)) 5 (25) 2 (4.6) 0.017
Ascites (n (%)) 17 (85) 35 (81) NS
Inferior vena cava thrombosis (n (%)) 8 (40) 3 (7) 0.0013
Portal vein thrombosis (n (%)) 2 (10) 11 (25) NS

*Number with isolated deficiency/number without decreased coagulation factor levels.
**Only patients seen after 1996 could be tested. OC, oral contraceptives; ULN, upper limit of normal.
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prothrombotic disorders in the subgroup of
patients with factor V Leiden were not diVerent
from those in patients without factor V Leiden.

As depicted in fig 1, at the time of presenta-
tion, absence of ongoing ischaemic injury—
which was assumed because of normal serum
transaminase activity—was more common in
patients with factor V Leiden (35% (95% CI
14–56)) than in those without factor V Leiden
(11% (95% CI 2–21)). However, data pre-
sented in fig 1 show that, in patients with factor
V Leiden and ongoing ischaemic injury
(transaminases above five times the upper limit
of normal), the magnitude of the elevation in
ALT was much more marked than in patients
without factor V Leiden. Indeed, factor V Lei-
den accounted for four of the five cases of mas-
sive liver injury (ALT >50-fold the upper limit
of normal) encountered in this cohort
(p=0.014). In these four cases (table 3, patient
Nos 17–20), an unusual acute condition was
associated and obviously triggered develop-
ment of massive ischaemic injury: eclampsia in
a patient with an associated G20210A factor II
gene mutation; fetal death in another pregnant

patient with an associated G20210A factor II
gene mutation; high dose factor VIII adminis-
tration for pregnancy related factor VIII
inhibitor; and catastrophic antiphospholipid
syndrome triggered by profound hypothyroid-
ism with shock in a young oral contraceptive
user with Down’s syndrome. No such unusual
conditions were encountered in patients with-
out factor V Leiden or in those without massive
ischaemic injury. It is noteworthy that the three
cases of pregnancy related Budd-Chiari syn-
drome belonged to the group of patients with
factor V Leiden and massive ischaemic injury.

Inferior vena cava thrombosis was docu-
mented in eight of 20 patients with factor V
Leiden (40% (95%CI 19–61)) but only in
three of 43 patients without factor V Leiden
(7% (95% CI 0–14)) (p=0.0013). Hence
factor V Leiden accounted for eight of the 11
cases of inferior vena cava thrombosis. Histo-
logical examination, performed in 12 patients
with factor V Leiden mutation and in 25
patients without this mutation, showed centri-
lobular congestion, centrilobular necrosis, as
well as fibrosis, in a similar proportion of
patients in both groups.

Follow up was similar in patients with and
without factor V Leiden (median 34 months
(range 2–432) v 65 months (0.5–198), respec-
tively). All patients were given anticoagulation
with fractionated heparin followed by oral vita-
min K antagonists. Two patients with factor V
Leiden developed hepatocellular carcinoma
and one was successfully transplanted. Both
had indolent inferior vena cava thrombosis.
Otherwise, outcomes did not diVer signifi-
cantly in patients with and without factor V
Leiden in terms of thrombolytic therapy (one v
six), surgical portosystemic shunting (seven v
19), listing for liver transplantation (two v six),
transplantation actually performed (two v
two), death (four v six), and death in
transplanted patients (one v two). At the end of
follow up, the presence of ascites, need for diu-
retic therapy, serum ALT activity, serum
bilirubin, serum albumin, and coagulation fac-
tor V levels did not diVer significantly in

Figure 1 Serum alanine aminotransferase (ALT) activity at the time of presentation in
63 patients with Budd-Chiari syndrome due to hepatic vein or inferior vena cava
thrombosis according to the presence or absence of factor V Leiden mutation (each bar
represents an individual value).
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Table 3 Prothrombotic states, alanine aminotransferase (ALT) activity, and inferior vena cava (IVC) thrombosis in
patients with factor V Leiden

Patient
No Prothrombotic state ALT*

IVC
thrombosis

1 Protein C deficiency 0.8 +
2 — 0.8 −
3 — 0.8 +
4 — 1.0 +
5 — 1.0 +
6 Primary myeloproliferative disorder (forme fruste) 1.0 +
7 — 1.0 −
8 Factor II gene mutation 1.1 −
9 — 1.1 +
10 Primary myeloproliferative disorder (forme fruste), antiphospholipid antibodies, protein C deficiency 1.5 −
11 Anticardiolopin antibodies 1.5 −
12 Primary myeloproliferative disorder (forme fruste) 2.0 −
13 Polycythemia rubra vera 2.5 −
14 Primary myeloproliferative disorder (forme fruste) 2.5 −
15 — 16.0 −
16 Essential thrombocythemia 50.0 −
17 Pregnancy, intrauterine death, factor II gene mutation 120.0 −
18 Pregnancy, factor VIII administration for pregnancy associated deficiency 120.0 +
19 Eclampsia, factor II gene mutation 300.0 −
20 Catastrophic antiphospholipid syndrome, hypothyroidism with shock, protein S deficiency 352.0 −

*Times the upper limit of normal values.
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patients with and without factor V Leiden
(data not shown).

Discussion
In a population of apparently healthy subjects
from various areas, the reported prevalence of
factor V Leiden was 0.45–7%, with a mean
incidence of 5% in Europe.26 Factor V Leiden
has been identified in 20–25% of patients with
venous thromboembolism which makes this
anomaly the most common prothrombotic
state currently identified. Similarly, the present
study has shown that factor V Leiden was
present in 31% of patients with Budd-Chiari
syndrome (95% CI 20–43), a value similar to
that found in a recent UK survey.16 Thus in
patients with Budd-Chiari syndrome, factor V
Leiden is the second most commonly identified
prothrombotic state after primary myeloprolif-
erative disorders.

In the present cohort, the first noticeable
feature in patients with factor V Leiden was the
frequent combination with other prothrom-
botic states or thrombotic risk factors (70% of
cases) although other prothrombotic disorders
or thrombotic risk factors where found to be
equally common in patients with (24.3%) and
without (18.4%) factor V Leiden. A combina-
tion of factor V Leiden and other prothrom-
botic states was documented in three of five
cases previously reported by other
investigators.11–15 These findings indicate that
factor V Leiden mutation alone may not be
suYcient to cause hepatic vein or inferior vena
cava thrombosis. The mutation could act to
exacerbate the thrombogenic potential of the
other factors. In practical terms, there is a need
to investigate other prothrombotic disorders
when factor V Leiden is recognised in a patient
with Budd-Chiari syndrome.

The second noticeable feature in patients
with factor V Leiden was presentation with
either surprisingly normal or markedly in-
creased serum alanine aminotransferase activ-
ity. ALT levels exceeding >50 times the upper
limit of normal values in association with
decreased coagulation factors indicate massive
ischaemic injury. Massive ischaemic injury was
almost exclusively encountered in carriers of
the factor V Leiden mutation (fig 1). It is note-
worthy that in all four patients with massive
ischaemic injury and factor V Leiden mutation,
an unusual acute condition appeared to trigger
acute Budd-Chiari syndrome (table 3, patient
Nos 17–20). These observations suggest that
resistance to activated protein C leads to
uncontrolled activation of coagulation under
particular circumstances. Therefore, factor V
Leiden should be strongly suspected in cases of
Budd-Chiari syndrome associated with mas-
sive ischaemic injury. This conclusion could be
particularly relevant to pregnant or recently
delivered woman, as well as to the oral contra-
ceptive user. Indeed, in the present study,
among the four patients with massive ischae-
mic injury, three were pregnant and one was
using oral contraceptives. A similar case of
uncommon, hyperacute, pregnancy related
Budd-Chiari syndrome with factor V Leiden
has recently been reported.15 Factor V Leiden

is known to be strongly associated with other
types of venous thromboses occurring during
pregnancy and with oral contraceptive use.27–31

The reason why the hepatic veins are particu-
larly involved in pregnant women is not clear.
We have suggested that trauma to the hepatic
veins or terminal inferior vena cava may occur
during delivery when abdominal strain and
deep respiratory movements compress the
veins against the diaphragm.32 Contrasting with
the highly diVerent presentations of patients
with and without factor V Leiden, there were
no major diVerences in their respective out-
comes. Thus the impact of factor V Leiden
appears to be limited to the initiation of the
thrombotic process, at least in patients later
given anticoagulation. This observation is con-
sistent with the prothrombotic mechanism
induced by factor V Leiden: limitation in the
control of ongoing activation of coagulation
rather than a trigger for coagulation activation.

The third characteristic found in patients
with Budd-Chiari syndrome and factor V Lei-
den was the frequent association with obstruc-
tion of the inferior vena cava, be it membrane-
ous or not. Eight of 11 patients with inferior
vena cava thrombosis (73%) were carriers of
the factor V Leiden mutation whereas only 12
of 52 patients without inferior vena cava
thrombosis (23%) were carriers (p<0.02). Pre-
vious reports suggested that factor V Leiden
may be less commonly associated with portal
vein thrombosis than with hepatic vein throm-
bosis.16 26 Taken together, these findings indi-
cate that the type of underlying prothrombotic
state may influence the site of thrombosis in the
deep veins: little impact on portal vein; impact
on hepatic veins that is similar to that on the
veins of the lower limbs; and major impact on
inferior vena cava. It is tempting to speculate
that, for as yet unknown reasons, activation of
coagulation takes place specifically at the level
of the terminal portion of the inferior vena cava
and that this process is not well controlled
when factor V Leiden is combined with
another prothrombotic state. This local pro-
cess, when isolated, appears to be indolent and
to induce clinically silent obstruction of the
inferior vena cava without causing acute
ischaemic injury in most patients.

We conclude that factor V Leiden mutation
is likely to be present in almost one third of
patients with Budd-Chiari syndrome, usually
in association with another prothrombotic
state. Factor V Leiden alone appears to be an
intrinsically weak thrombophilic factor and to
exert its thrombogenic eVect mainly when
combined with other prothrombotic factors.
Factor V Leiden plays a major role in the mas-
sive acute forms of the disease, particularly
during pregnancy. Moreover, there may be a
site specific association with thrombosis of the
terminal portion of the inferior vena cava.
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