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Factor V Leiden mutation, prothrombin gene mutation, and deficiencies
in coagulation inhibitors associated with Budd-Chiari syndrome
and portal vein thrombosis: results of a case-control study

Harry L. A. Janssen, Johan R. Meinardi, Frank P. Vleggaar, Stan H. M. van Uum, Elizabeth B. Haagsma, Felix J. M. van der Meer,
Jan van Hattum, Robert A. F. M. Chamuleau, Rob P. Adang, Jan P. Vandenbroucke, Bart van Hoek, and Frits R. Rosendaal

In a collaborative multicenter case-con-
trol study, we investigated the effect of
factor V Leiden mutation, prothrombin
gene mutation, and inherited deficiencies
of protein C, protein S, and antithrombin
on the risk of Budd-Chiari syndrome
(BCS) and portal vein thrombosis (PVT).
We compared 43 BCS patients and 92
PVT patients with 474 population-based
controls. The relative risk of BCS was
11.3 (95% CI 4.8-26.5) for individuals with
factor V Leiden mutation, 2.1(95% CI 0.4-
9.6) for those with prothrombin gene mu-
tation, and 6.8 (95% CI 1.9-24.4) for those

with protein C deficiency. The relative risk
of PVT was 2.7 (95% CI 1.1-6.9) for indi-
viduals with factor V Leiden mutation, 1.4
(95% CI 0.4-5.2) for those with prothrom-
bin gene mutation, and 4.6 (95% CI 1.5-
14.1) for those with protein C deficiency.
The relative risk of BCS or PVT was not
increased in the presence of inherited
protein S or antithrombin deficiency. Con-
currence of either acquired or inherited
thrombotic risk factors was observed in
26% of the BCS patients and 37% of the
PVT patients. We conclude that factor V
Leiden mutation and hereditary protein C

deficiency appear to be important risk
factors for BCS and PVT. Although the
prevalence of the prothrombin gene muta-
tion was increased, it was not found to be
a significant risk factor for BCS and PVT.
The coexistence of thrombogenic risk
factors in many patients indicates that
BCS and PVT can be the result of a
combined effect of different pathogenetic
mechanisms. (Blood. 2000;96:2364-2368)
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Budd-Chiari syndrome (BCS) represents occlusion of hepagcothrombin and may therefore be at increased risk for vengus
outflow either at the level of the hepatic veins or inferior venthromboembolism&This mutation, also referred to as prothrombliﬂ
cava! Clinically, the disease is characterized by hepatomegaR0210 A variant, has recently been recognized as a risk factor fgra
manifestations of portal hypertension, and sometimes rapidiglected group of patients with idiopathic P¥With regard to 8
deteriorating liver functio’.Portal vein thrombosis (PVT) often BCS, the impact of the prothrombin gene mutation is uncei‘f’alr‘e"
occurs in conditions leading to decreased portal flow and alsor both BCS and PVT, the importance of several other hypercoag-
becomes manifest by symptoms of portal hyperten®oth BCS ulable states, such as inherited deficiencies of the coagulagon
and PVT have been linked to several hypercoagulable stat#d)ibitors protein C, protein S, and antithrombin, is also unknowgn
primarily myeloproliferative disordersHowever, most studies on because their association with BCS and PVT is based solelyaon
the pathogenesis of BCS and PVT contain few patients or s#gecdotal reports.? 2
hampered by the lack of complete testing for thrombophilia and We initiated a large multicenter population-based case- con@ol
absence of a well-documented Contro|group_ study to establish the influence of factor V Leiden mutano@
Resistance to activated protein C due to factor V Leiden mutationf&othrombin gene mutation, protein C deficiency, protein S defi-
to date the most frequent cause of hereditary thromboﬁﬁME ciency, or antithrombin deficiency on the risk of BCS and PVT.
prevalence in the general white population is approximately 5%, but the
relative risk of BCS and PVT for subjects carrying factor V Leiden
mutation is uncertain. In a recent study, factor V Leiden appeared topgtients and methods
present in about one fourth of patients with BCS, whereas its occurrence
in patients with PVT was negligible. Patients were selected by means of a search in the computefzed
Carriers of the prothrombin gene mutation, which results fromospital registration systems (ZIS) of 7 academic hospitals in The
guanine to adenine transition at nucleotide position 20210 in'the8etherlands. The hospitals were located in Leiden, Groningen,
untranslated region of the gene, exhibit increased plasma levelsRaftterdam, Utrecht, Nijmegen, Amsterdam, and Maastricht. All
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patients registered with the diagnosis of BCS or PVT betwegmotein C antigen, protein S antigen, or antithrombin value to
January 1984 and July 1997 were identified. Diagnostic criteria f(factor Il + factor X)/2 below 0.7 were selected for individual
BCS and PVT were partial or complete obstruction of hepatevaluation of the presence of hereditary protein deficiencies by 2
outflow or the portal vein, respectively, as documented by approphiemostasis physicians (F.R.R. and F.J.M.v.d.M.). These investiga-
ate radiographic abdominal imaging (ie, Doppler ultrasonographgrs, who were not involved in patient management and were
computed tomography, magnetic resonance imaging, venographgaware of the hepatologic diagnosis, based their decision on the
or laparotomy. We excluded patients with veno-occlusive diseasesults of protein C, protein S, and antithrombin testing in relation
patients with hepatic outflow obstruction caused by congestitethe patient’s use of anticoagulants, the use of oral contraceptives,
heart failure, and patients who were younger than 15 years of ageind the degree of liver failure as indicated by results of a panel of
July 1997. For all identified patients (BCS=n76; PVT, n= 214) coagulation tests (protein C, protein S, antithrombin, fibrinogen,
a standardized questionnaire, asking for specific clinical informprothrombin time, partial thromboplastin time, factor Il, factor V,
tion to confirm the diagnosis of PVT and BCS, was completed wi#nd factor X). A clear isolated deficiency of either coagulation
data obtained from the medical charts by local investigators undehibitor in comparison to other coagulation tests was considered
close supervision of one member of our team (H.L.A.J.). Twentys an inherited deficiency. In all cases, the presence of myeloprolif-
five patients with BCS and 100 with PVT had died before Julgrative disease was confirmed by bone marrow examination. Latent
1997. Patients alive were asked to visit the hospital in which th@yimary myeloproliferative disorder, as diagnosed by erythroid
were registered for blood sampling, at the same time enabligglony formation, was not tested in all patients and was @Ot
investigators to complete the questionnaire with information ofpnsidered to be a myeloproliferative disease. Six BCS patients gnd
previous thrombotic events, familial thrombosis, acquired risk PVT patients had undergone liver transplantation before the date
factors of thrombosis, and the use of anticoagulants at the timeafblood sampling. For 7 of these 10 patients plasma taken befre
venipuncture. Eight patients could not be traced, 14 were unwillidyer transplantation could be obtained and investigated for protgin
to participate, and 5 were registered in 2 hospitals; in 3 casesprotein S, and antithrombin deficiency. Separate analysis of ghe
insufficient material for DNA extraction was obtained. Forty-thre@retransplantation samples did not alter the decision on |nher§ed
patients with BCS and 92 patients with PVT were enrolled in théeficiency of these coagulation inhibitors. The frequencies of fao}?or
study and underwent a full screening for thrombogenic disordel, Leiden mutation, prothrombin mutation, and deficiency &f
Five patients had both BCS and PVT. These patients were includ@@tein C, protein S, and antithrombin among cases and contgols
in the analyses of both diseases. The population-based contre compared by simple cross-tabulation. Patients who, ex@pt
group consisted of 474 healthy individuals who had no history 80 these investigated inherited thrombogenic conditions, did got
venous thromboembolism, had not used coumarin derivatives folehibit risk factors for thrombosis were referred to as idiopattgc
least 3 months before blood sampling, and had no myeloprolifeigases. The relative risks of BCS or PVT among individuals W%;h
tive or malignant disease (LETS study control populdiioAge, thrombogenic conditions were estimated as the odds ratio (OR) § gnd
sex, and ethnic descent of patients and the controls were simiff€ 95% confidence interval (CI) according to Wo'f.
More than 95% of patients and controls were of Caucasian origin.
The study was approved by the ethical committee of each
participating hospital and the participants gave their informe@esults
consent before entering the study.

Blood was collected in tubes containing 3.2% trisodium citraté&haracteristics of patients and controls are shown in Tableol
After centrifugation for 10 minutes at 20§0plasma and white Myeloproliferative disease was present in 12 (28%) BCS patleﬁts
blood cells were separated and stored—0°C until analysis. @nd 16 (17%) PVT patients. Thirty-two (74%) BCS patients and24
Material was collected and transported to Leiden by the stu§36 %) PVT patients were treated with coumarin derivatives. Tms
coordinators. All laboratory assessments were performed at ifference may be attributable not only to the lack of evidence tlﬁat
Haemostasis and Thrombosis Research Centre of the Academic
Hospital Leiden. High molecular weight DNA was isolated frOmfable 1. Characteristics of patients with Budd-Chiari syndrome (BCS) and
the white blood cell fraction by standard methods. The presencepoital vein thrombosis (PVT) and controls
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mutations in théactor Vgene (1691, 6>A) and the prothrombin BCS PVT Controls
gene (20 210, &>A) was determined as previously descrilyéd. n=43 n=92 n =474
Other coagulation assays were done according to establishgg ) 40 (19-60) 51 (19-83) 47 (16-73)
procedures: protein C activity and antithrombin activity wereale (%) 16 (37) 48 (52) 202 (43)
measured by Coamate (Chromogenix;|iial, Sweden) on an Oral anticoagulation (%) 32 (74) 24 (26) —
ACL-200 (Instrumentation Laboratory, Milan, Italy), total proteinPuration of disease* (y) 6.4(0.3-25  7.0(0.5-45) —
S antigen by a polyclonal enzyme-linked immunosorbent assafyeloproliferative disorders (%) 12 (28) 16 (17) -
factor Il and factor X antigen by immunoelectrophoresis, and factor~0yeythemia vera (%) 10(23) 809 -
V activity by a one-stage clotting assay on an Electra 1000C-Sse"ta! thrombocythemia (%) 1@ 3® -

. . Myelofibrosis (%) — 4(4) —
coagulometer (MLA, Pleasantville, New York). In view of poten- Unclassified (%) 1) 1) _

tial liver failure and anticoagulant treatment of patients with BCgy, o

and PVT, the presence of hereditary deficiencies of protein Gypus anticoagulant (%) 25 2(2_) —
protein S, and antithrombin could only be estimated by modifiegbpsy documented cirhosis (%) 6 (14) 16 (17) _
criteria as compared to controls. For controls the criteria faiistory of pancreatitis (%) — 10 (11) —
diagnosis of protein deficiencies were plasma levels under thevious abdominal surgery (%) 10 (23) 28 (30) NA
lower limit of normal, combined with normal factor Il and Oral contraceptives (%) 12 (28) 12 (13) 65 (14)

pro_thrombin time vz.ilueé?. F_)atients_ WiFh BCS and F_)VT Wh_o PNH indicates paroxysmal nocturnal hemoglobinuria; NA, not available.
satisfied these protein deficiency criteria and those with a ratio of *Median (range).
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Table 2. Differences in prevalences of factor V Leiden mutation, prothrombin Table 4. Prevalence of acquired and inherited risk factors for Budd-Chiari
gene mutation, protein C deficiency, protein S deficiency, and antithrombin syndrome (BCS) and portal vein thrombosis (PVT)
deficiency in patients with Budd-Chiari syndrome (BCS) and controls BCS (%) PVT (%)
BCS (%) Controls (%) Acquired risk factor Inherited risk factor n=43 n=92
= = 0,
n=43 n =474 OR 95% ClI B — 11 (25.6) 15 (16.3)
Factor V Leiden mutation 11 (25.6) 14 (2.9) 11.3 4.8-26.5 + - 18 (41.8) 60 (65.2)
Prothrombin gene mutation 2(4.7) 11 (2.3) 2.1 0.4-9.6 - + 8 (18.6) 4(4.3)
Protein C deficiency 4(9.3) 7(1.5) 6.8 1.9-24.4 + + 6 (13.9) 13 (14.1)
Protein S deficiency 0(0) 11 (2.3) — —
Antithrombin deficiency 0(0) 9(1.9) _ _ BCS: Inherited risk factor: factor V Leiden mutation n = 11, prothrombin gene
mutation n = 2, protein C deficiency n = 4. Acquired risk factor: oral contraceptives
Clindicates confidence interval: OR, odds ratio. n = 12, myeloproliferative disease n = 12, lupus anticoagulant n = 2, inflammatory

bowel disease n = 2, liver abscess n = 1.
PVT: Inherited risk factor: factor V Leiden mutation n = 7, prothrombin gene

. . . U : tation n = 3, protein C deficiency n = 6, protein S deficiency n = 2, antithrombin
antlcoggulatlon IS_ ben_eﬁCIal In P\_/T but also to the predommanggﬁciency n = 1. Acquired risk factor: oral contraceptives n = 12, myeloproliferative
of variceal bleeding in PVT patients (36%) compared t0 BC@sease n = 16, cirrhosis n = 16, abdominal surgery n = 28, pancreatitis n = 10,

patients (7%). umbilical vein infection n = 6, inflammatory bowel disease n = 4, liver abscess n = 4,
Among the 43 BCS patients factor V Leiden mutation=(ri1, abdominal trauman = 2, paroxysm_al nocturnal hemoglobinqrian = 2, pregnancy n =
25.6%, OR 11.3, 95% CI 4.8-26.5), hereditary protein C deficienGromm n 21 omronmr -y | 2 Portal sclerosis i = 1, hepatocelliar
(n=4, 9.3%, OR 6.8, 95% CI 1.9-24.4) and prothrombin gene
mutation (n= 2, 4.7%, OR 2.1, 95% CI 0.4-9.6) were more
prevalent than in controls (Table 2). In particular, factor V Leidenompared to 65 of 169 (38%) controls. Concurrence of inheritj?;d
mutation and protein C deficiency were predominant risk factotsrombogenic factors (ie, factor V Leiden mutation, prothrombg
for BCS. One patient exhibited homozygous carriership for factgene mutation, protein C deficiency, protein S deficiency, ai’ﬁ;]d
V Leiden mutation; the combined presence of factor V Leideantithrombin deficiency) and acquired prothrombotic states For
mutation and hereditary protein C deficiency was found in BCS and PVT is shown in Table 4. For 11 of the 43 BCS patierits
patients. Protein S deficiency and antithrombin deficiency cou{@6%) and 15 of the 92 PVT patients (16%) no risk factors f_ér
not be demonstrated for any of the BCS patients. Among the firombosis could be demonstrated. At least one of the inheriged
patients with idiopathic BCS, factor V Leiden mutation was foung@rothrombotic risk factors was present in 14 patients with BC§S
in 7 (36.8%, OR 19.1, 95% CI 6.5-56.0) protein C deficiency in 232.5%, OR 3.9, 95% CI 1.9-7.9) and 17 patients with PVT (18.5%,
(10.5%, OR 7.8, 95% CI 1.5-40.6), and prothrombin gene mutati@R 1.8, 95% CI 1.0-3.3). Coexistence of acquired and inheriged
in none. risk factors was found for 6 (14%) of those with BCS and 13 (14%)
Among the 92 PVT patients, factor V Leiden mutation wasvith PVT. Analysis of all thrombogenic risk factors, irrespective @‘
observed in 7 patients (7.6%, OR 2.7, 95% CI 1.1-6.9), hereditamshether they were acquired or inherited, revealed 11 (26%’0)
protein C deficiency in 6 patients (6.5%, OR 4.6, 95% CI 1.5-14.1patients with BCS and 34 (37%) patients with PVT who had mate
and prothrombin gene mutation in 3 patients (3.2%, OR 1.4, 958tan one risk factor (Table 5). Three BCS patients and 12 PgT
Cl 0.4-5.2) (Table 3). Although less pronounced than in the BG&tients exhibited 3 or more factors considered to be a r&k
group, the relative risk of PVT was increased in the presence fof development of thrombosis in hepatic and portal veirs,
these thrombogenic factors. In one patient with primary biliarsespectively.
cirrhosis factor V Leiden mutation and protein C deficiency were
present simultaneously. The prevalence of both protein S defi-
ciency (2.2%, OR 0.9, 95% CI 0.2-4.3) and antithrombin defi- _ .
ciency (1.1%, OR 0.6, 95% CI 0.1-4.5) was low, being comparabldiSCUSSIon

to that found for controls. In the group of 21 patients with ) ) o
idiopathic PVT factor V Leiden mutation was observed in 3 NiS study shows a high prevalence of factor V Leiden mutatign

(14.2%, OR 5.5, 95% Cl 1.4-20.7), prothrombin gene mutation indd hereditary protein C deficiency in patients with BCS and P\CT,
(4.8%, OR 2.1, 95% CI 0.3-17.1), and protein C deficiency in non@_dlcatlng that |nd|V|du_aIs YVIth these thro_mbogt_anlc conditiogs
Use of oral contraceptives was an important acquired risk factdAve an increased relative risk for both manifestations of thromfgo-
for BCS and PVT. Among women in the age group of 15 to 4§is- The prevalence of the prothrombin gene mutation was less than
years, oral contraceptives had been used at the time of diagnosig {h for BCS and PVT, and individuals with this mutation only had

12 of 20 patients (60.0%, OR 2.4, 95% Cl 0.9-6.2) with BCS and /" increased relative risk for BCS and PVT, which was not
12 of 25 patients (48.0%, OR 1.5, 95% C 0.6-3.4) with pypignificant. In general, the prevalence of the investigated hereditary

1 papeojumoq

sanb Aq Jpd'$9£20006,

Table 3. Differences in prevalences of factor V Leiden mutation, prothrombin Table 5. Prevalence of combined risk factors (acquired and inherited) among
gene mutation, protein C deficiency, protein S deficiency, and antithrombin patients with Budd-Chiari syndrome (BCS) and portal vein thrombosis (PVT)
deficiency in patients with portal vein thrombosis (PVT) and controls BCS (%) PVT (%)
PVT (%) Controls (%) Number of risk factors* n =43 n=92
n=092 n =474 OR 95% ClI o 11 (256) 15 (16.3)
Factor V Leiden mutation 7(7.6) 14 (2.9) 2.7 1.1-6.9 1 21 (48.8) 43 (46.7)
Prothrombin gene mutation 3(3.2) 11 (2.3) 14 0.4-5.2 2 8(18.6) 22 (23.9)
Protein C deficiency 6 (6.5) 7(1.5) 4.6 1.5-14.1 3 3(6.9) 9(9.8)
Protein S deficiency 2(2.2) 11 (2.3) 0.9 0.2-4.3 4 — 3(3.3)
Antithrombin deficiency 1(1.1) 9 (1.9) 0.6 0.1-4.5 >4 — —

Cl indicates confidence interval; OR, odds ratio. *Risk factors as shown.



BLOOD, 1 OCTOBER 2000 « VOLUME 96, NUMBER 7 RISKS FOR BUDD-CHIARI SYNDROME/PORTAL VEIN THROMBOSIS 2367

risk factors for thrombosis was especially high among patients witklation to the levels of factor Il and factor X, which are also liver-
idiopathic BCS and PVT. and vitamin K-dependent factors, and (2) subject all patients with

Mahmoud and associates, who investigated 30 BCS patieatsimbalance of these factors to review by a blinded expert panel.
and 32 PVT patients, reported that factor V Leiden mutation was &urthermore, as in many previous studies of BCS and PVT
important factor in the pathogenesis of BCS but not of PWhe patients, one might question whether selection is introduced by the
present study, which included 92 PVT patients and therefore hilusion of only patients who were alive. Patients with fulminant
more statistical power, demonstrates that factor V Leiden mutatidisease who died early in the course of their illness could bias the
is also a risk factor for PVT. Chamouard and colleagues recentiysults. Nevertheless, a bias would only be present if one assumes
found the prothrombin gene mutation in 4 of 10 patients with PV Tthat the investigated thrombogenic risk factors are directly related
Although they investigated a subgroup of patients with idiopathto mortality in BCS and PVT. This is unlikely, but has never been
PVT, the importance of the prothrombin gene mutation in theell investigated. For the present study, separate analysis of
etiology of PVT could well be overestimated in that study due tthrombophilia screening, as performed by local hematologists,
the limited number of patients included. Large studies on venoirslicated that 76% of the 25 registered patients with fatal BCS did
thromboembolisms did not show a mutation frequency of moreot reveal a major difference in the prevalence of the investigated
than 6.2%, and on pathophysiologic grounds there is no reasorthipombogenic states. Most of the PVT patients who died were
believe patients with the prothrombin gene mutation would exhibiicompletely tested for thrombophilia because they either hgd
an additional risk for PVP. abdominal malignancies or end-stage liver failure.

As previously documented for patients with deep venous A remarkable finding of the present study is the coemstencegof
thrombosis'? the prevalences of hereditary protein S deficiencyeveral thrombophilic states in about one fourth of patients V\ﬂih
and antithrombin deficiency were low in both BCS and PVBCS and more than one third of those with PVT (Table 5). Sevedal
patients, and no differences with controls were observed. In viewgétients even had 4 thrombotic risk factors of either acquwed%or
the low prevalences of these thrombogenic states as well as fiigerited origin. It is plausible that prothrombotic mutations in orme
investigated diseases, we cannot exclude the association of protgimore genes create an inherited predisposition for BCS and F’S/T.
S or antithrombin deficiency with BCS and PVT, as was suggeststibsequent clinical thrombosis might then manifest in the presegace
in several case report!®7Although the higher prevalence of of thrombotic stimuli such as use of oral contraceptives, pregnariy,
protein S deficiency in our control group as compared to othaiyeloproliferative disease, and abdominal surdengence, for @
estimates would not suggest so, the use of total protein S valugfpropriate risk assessment even in the presence of an dert
instead of free protein S could have led to an underestimation of tif®ombotic risk factor, physicians should request complete thro&n
prevalence of inherited protein S deficiency in our sttfdinany  bophilia screening for patients with life-threatening thrombotg:
case, our results indicate that inherited defects of both protein S angnifestations such as BCS and PVT. With the continuing seazch
antithrombin are probably not major predisposing factors in thgr genetic molecular defects, the number of thrombogenic dlsﬁr-
pathogenesis of BCS and PVT. ders will probably grow and we therefore might enter an eravggn

At least one of the inherited prothrombotic risk factors investivhich true idiopathic thrombotic disease will become uncomm@_
gated (factor V Leiden mutation, prothrombin gene mutation, and
protein C, protein S, or antithrombin deficiency) was present in
approximately one third of the BCS population and in one fifth of
the PVT population. The fact that the significance of thesAcknowledgments
prothrombotic abnormalities was more pronounced in BCS than in
PVT can be explained by the heterogeneous etiology of PVT e are indebted to Mrs T. Visser for laboratory assistance and;to
which many focal factors, such as abdominal surgery, pancreatif®pf Dr S. W. Schalm (Department of Hepatogastroenterology
and preexistent cirrhosis, appear to be of importance. Erasmus University Hospital Dijkzigt-Rotterdam) for his helpfrﬂ

The diagnosis of inherited deficiencies in protein C, protein @dvice. 'g
and antithrombin in patients with BCS and PVT is difficult and In addition to the authors, the following investigators coopejg—
should be interpreted as estimates primarily because acquieged in the study: M. P. R. Cooreman (University Hospital $t.
deficiencies can develop in the event of liver failure, acut@adboud-Nijmegen); C. B. H. W. Lamers, P. J. Kingma (Leidgn
thrombosis, and anticoagulant therapy. To minimize the number@hiversity Medical Center); P. L. M. Jansen (University Hospit&l
incorrectly diagnosed inherited deficiencies we decided to (Groningen); H. R. van Buuren, H. W. Tilanus (University Hospital
evaluate the levels of protein C, protein S, and antithrombin ijkzigt-Rotterdam).
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