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Prevalence of the factor V Leiden mutation in
hepatic and portal vein thrombosis

A E A Mahmoud, E Elias, N Beauchamp, J T Wilde

Abstract
Background-The factor V Leiden (FVL)
mutation has been shown to be the most
frequent cause of hereditary thrombo-
philia. The prevalence of the mutation in
patients with Budd-Chiari syndrome
(BCS) and portal vein thrombosis (PVT)
has not been fully elucidated.
Aims-To investigate the association be-
tween the FVL mutation and BCS and
PVT.
Patients-Thirty patients with BCS, 32
patients with PVT, and a control group of
54 patients with liver disorders and no
history ofthrombosis.
Methods-The factor V gene was analysed
for the presence of the FVL mutation by a
polymerase chain reaction (PCR) tech-
nique. The presence of the mutation was
confirmed by DNA sequencing.
Results-Seven (23%) patients with BCS,
one (3%) patient with PVT, and three (6%)
patients in the control group were
identified as having the FVL mutation.
Three of the BCS patients had coexisting
hypercoagulable states. The prevalence of
the FVL mutation was significantly higher
in patients with BCS compared with
patients with PVT and controls (p<004).
The FVL mutation was the second most
common aetiology associated with BCS.
Conclusion-The FVL mutation is an
important factor in the pathogenesis of
BCS and screening for the disorder must
be included in the investigation ofpatients
presenting with this condition. In con-
trast, the FVL mutation is not a major
predisposing factor in the pathogenesis of
PVT.
(Gut 1997; 40: 798-800)
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The association between hepatic vein throm-
bosis (Budd-Chiari syndrome, BCS) and
myeloproliferative disorders (MPD) is well
recognised' 2 and the association with other
hereditary and acquired thrombophilic states
has also been reported.' Despite extensive
investigation, however, no underlying cause
can be identified in up to 30% of cases of BCS.
Hypercoagulable states have also been impli-
cated in the pathogenesis of portal vein throm-
bosis (PVT) although the association is not as
strong as with BCS.7 10
The recently characterised factor V Leiden

(FVL) mutation has been shown to be the most

frequent cause of hereditary thrombo-
philia." 13 We and others have reported an
association between BCS and FVL.4il5 To
determine the strength of this association we
have investigated the prevalence of FVL in
patients with BCS and have sought to establish
the relationship between the mutation and
coexisting hereditary and acquired thrombotic
conditions in the pathogenesis of this rare
disorder. We have also investigated the
prevalence of FVL in patients with PVT.

Methods

PATIENTS

Thirty patients with BCS (23 females and 7
males, median age 33 years, range 16-64) and
32 patients with PVT (13 females and 19
males, median age 47 years, range 19-68) were
included in this study. Three of the patients
with BCS were of Asian origin; the remaining
patients with BCS and all patients with PVT
were European Caucasians. Fifty four patients
(29 females, 25 males, median age 43 years,
range 17-69) chosen at random from those
attending the liver unit with a range of hepatic
disorders and no history of thrombotic disease
were included as controls. All control patients
were European Caucasians.

LABORATORY ANALYSIS

DNA was extracted using a DNA extraction kit
(Puregene, Centra Systems Inc., USA) from
peripheral blood samples obtained from the
living patients (14 BCS and 20 PVT patients).
DNA from deceased patients (16 BCS and 11
PVT patients) was obtained from paraffin
embedded tissue obtained from previous liver
biopsy specimens or frozen liver tissue stored
routinely after liver transplantation.

Extracted DNA was analysed for the
presence of the FVL mutation with the
following oligonucleotide primers as described
by Beauchamp et al'6: 5'-CATGAGAGACAT-
CGCCTCTG, 5'-GACCTAACATGTTC-
TAGCCAGAAG. Amplification was achieved
in a final volume of 100 ,ul containing 30 pmol
of each primer, 200 RI of each dNTP, 1X5 mM
MgCl2, 2 units of Taq DNA polymerase, and
2 pd of extracted DNA. An initial denaturing
step of seven minutes at 95°C was followed by
35 cycles at 94°C for one minute, 57°C for one
minute, and 72°C for one minute with a final
extension step of 10 minutes at 72°C. The
resultant 147 bp product was cleaved with
MNl 1 (New England Biolabs) and subjected
to polyacrylamide gel electrophoresis. The
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presence of the mutation was identified by
observing the different patterns of cleavage
after MNI I digestion. In order to confirm our
results all samples positive for the mutation
and representative normal samples were cycle
sequenced using Taq DNA polymerase and an
automated DNA sequencer (Applied Bio-
systems Inc., UK) with fluorometric identifi-
cation of bases.

All patients with BCS underwent a full
thrombophilia screen including a full blood
count, fibrinogen (Clauss assay), protein C
activity (Immuno AG, Austria), protein S anti-
gen (Dako Antibodies, Denmark), anti-
thrombin III activity (Immuno AG, Austria),
and lupus anticoagulant screen.

STATISTICAL ANALYSIS

Fisher's exact test was used to compare the
incidence of the mutation between the two
groups; p<005 was considered significant.

Results
The underlying aetiologies of the patients with
BCS are shown in Table I and the liver
pathologies in the patients with PVT and the
control patients are summarised in Table II.
Seven (23%) of the patients with BCS (six

heterozygotes and one homozygote) were
found to have the FVL mutation. Four of these
patients (including the homozygote and one of
the Asian patients) were female. None was
taking the oral contraceptive pill or hormone
replacement therapy at the time of presen-
tation. One of the heterozygous female patients
had a coexisting primary proliferative poly-
cythaemia (PPP) and factor XII deficiency,
and another had coexisting PPP and protein C
deficiency. One of the heterozygous male
patients had coexisting myelofibrosis. Only one
(3%) of the 32 patients with PVT was found

TABLE I Underlying aetiology in 30 patients with BCS

Underlying diagnosis Number

MPD 7
FVL 4
PCD 2
MPD+PCD 1
MPD+FVL 1
MPD+FVL+factor XII deficiency 1
MPD+PCD+FVL 1
Antithrombin III deficiency I
Myelodysplasia 1
No underlying aetiology 11

MPD, myeloproliferative disorder; FVL, factor V Leiden
mutation; PCD, protein C deficiency.

TABLE ii Liver pathologies in patients with PVT and
controls

PVT Contols
(n=32) (n=54)

Alcoholic liver disease 8 7
Chronic active hepatitis 7 6
Primary sclerosing cholangitis 5 7
Primary biliary cirrhosis 3 20
Hepatitis B cirrhosis 2 0
Cryptogenic cirrhosis 2 4
a,-antitrypsin deficiency 0 2
Idiopathic PVT 5 0
Post liver transplantation for 0 8

fulminant hepatic failure

to be heterozygous for the FVL mutation and
three heterozygotes (6%) were identified in the
control group. The prevalence of the FVL
mutation was significantly higher in patients
with BCS compared to those with PVT and
control patients (p<0.04).
Two (29%) of the patients with BCS and

FVL (the homozygote and one of the
heterozygous male patients) and six (26%) of
the patients with normal factor V died as a
direct consequence of BCS soon after presen-
tation. Neither of the patients with FVL had a
coexisting hypercoagulable state whereas two
of the patients with normal factor V had
essential thrombocythaemia and a third had
coexisting PPP and protein C deficiency. A
further patient with normal factor V died four
years after receiving an orthotopic liver
transplant for BCS.

Discussion
The neutralisation of activated factors V and
VIII by the activated protein C (APC)/protein
S system is the most important natural anti-
coagulant mechanism preventing thrombus
formation in the intact venous circulation or
limiting clot propagation at sites ofblood vessel
injury.
The FVL defect is the most recently

recognised hereditary thrombophilia state and
has been shown to exhibit an autosomal domi-
nant inheritance pattern. It is characterised by
a point mutation at position 1691 in the factor
V gene which results in the substitution of an
arginine residue by glutamine at position 506
in the factor V molecule.'2 The arginine
506-glycine 507 bond of the activated factor V
molecule is the first site of cleavage by APC
enabling protein C optimal access to the
intemal arginine 306-glycine 307 bond,
cleavage of which results in neutralisation of
factor V activity. APC is unable to cleave the
glutamic acid 506-glycine 507 bond in the
FVL molecule resulting in a ten times slower
neutralisation of factor V activity compared
with the action of APC on the normal
molecule. This is believed to be the basis of the
increased thrombotic tendency and the in vitro
phenomenon of APC resistance observed in
patients with the FVL mutation. The mutation
is highly prevalent in individuals of European
origin with a reported heterozygosity ranging
from 2-9% to 6%.12 13 16-18 Despite this high
prevalence rate, heterozygosity for the
mutation confers only a low thrombotic risk
compared with individuals with a normal factor
V molecule and many heterozygotes never
experience thrombosis.'9 The relative risk of
thrombosis in heterozygotes has been esti-
mated at 7-9 in one recent study.20
However, individuals with the mutation are

more prone to thrombotic events in the
presence of other recognised hereditary or
acquired thrombotic risk factors such as
protein C and protein S deficiency, and the
oral contraceptive pill.2"23
The pathogenesis of BCS is poorly under-

stood although clinical conditions well recog-
nised as predisposing to thrombosis are often
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associated with its occurrence.'4 In our series
the FVL mutation was the second most
common aetiology associated with BCS, being
present in seven (23%) of the 30 patients
studied. Three patients, all heterozygotes, had
additional underlying aetiologies which
probably contributed to the thrombotic risk.
The prevalence of the FVL mutation in the
patients with BCS was significantly higher than
that in the control group, highlighting the
importance of the FVL mutation in the
aetiology of BCS. The prevalence of the
mutation in our chosen control group of
patients with non-thrombotic liver disease and
no history of thrombosis was 6%, similar to
that observed in normal European Caucasians.
In any study ofprevalence ofthe FVL mutation
it is important that comparisons are made
between groups of similar ethnic composition
due to the notable worldwide variation in the
prevalence of the mutation. The highest
prevalence is found in Europeans whereas the
prevalence is around 1/% in individuals from
the Indian subcontinent and the mutation does
not appear to be present in individuals of Far
Eastern origin.24 Although patient numbers are
small the FVL mutation did not appear to
confer an increased mortality risk in patients
with BCS. Our findings highlight the import-
ance of including FVL screening in the
investigation of the aetiology of BCS.
PVT is a recognised complication of liver

cirrhosis with a reported incidence of between
06% and 17%. The pathogenesis of PVT in
cirrhotic patients is uncertain, although it has
been suggested that decreased portal blood
flow and the presence of periportal lymphan-
gitis and fibrosis in these patients promote the
formation of thrombus.25 The contribution of
coexisting thrombophilia states to the develop-
ment of PVT in this setting has not been fully
assessed. Both myeloproliferative disorders7
and hereditary and acquired thrombophilia
states9 10 have been implicated as risk factors in
the development of idiopathic PVT but in the
majority of cases no underlying cause is
identifiable. Idiopathic PVT has been associ-
ated with latent MPD that becomes apparent
only years after the diagnosis of PVT.7 In our
study of patients with PVT predominantly
complicating cirrhosis, only one was found to
have the FVL mutation. This would suggest
that the FVL mutation is not an important
predisposing risk factor in the pathogenesis of
PVT complicating cirrhosis. As only five
patients with idiopathic PVT were included in
our study we are not able to comment on the
relationship between the FVL mutation and
the pathogenesis of this disorder. A larger series
of patients with idiopathic PVT needs to be
investigated in order to study this relationship
in more detail.
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