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Abstract

We explored the relationship between abdominal vein thromboses, including portal vein thrombosis (PVT) and superior
mesenteric vein thrombosis (SMVT), and thrombophilia. The frequency of thrombophilia, such as antithrombin (AT), protein C
(PC), or protein S (PS) gene mutations, was examined in 2| patients with PVT, 6 patients with SMVT, and 6 patients with both PVT
and SMVT. Low levels of AT, PC, or PS were frequently detected in patients with PVT or mesenteric vein thrombosis, and 4
mutations in the PS gene, 3 mutations in the PC gene, and 2 mutations in AT the gene were detected. Protein S Tokushima was
detected in 3 of 4 patients with a PS gene mutation and was associated with 2 other PS gene mutations. The onset of PVT or SMVT
was almost idiopathic in patients with congenital thrombophilia. Both PVT and SMVT were frequently caused by an AT, a PC, or a
PS mutation, and the onset of these thromboses due to thrombophilia was frequently idiopathic.
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Introduction

Abdominal vein thrombosis includes portal vein thrombosis
(PVT) and mesenteric vein thrombosis (MVT). Portal vein
thrombosis is venous thrombosis occurring in the trunk of the
portal vein including portal branches such as the mesenteric and
splenic veins.'> Mesenteric vein thrombosis commonly
involves the superior mesenteric vein, known as superior
mesenteric vein thrombosis (SMVT), and rarely the inferior
mesenteric vein. In SMVT,? local blood coagulation impairs
the venous return of the bowel and causes ischemic changes
and necrosis of the bowel wall. As SMVT is a relatively rare
condition with nonspecific symptoms and insufficient clini-
cian awareness, the mortality rate remains high due to a
delayed diagnosis. The frequency of nonneoplastic PVT in
patients with liver cirrhosis is about 7.2% to 17%*° and is
higher at the decompensated or advanced stage.>® Although
acute PVT can be severe and may lead to mesenteric ischemia
and variceal bleeding, there are many cases of nonsympto-
matic PVT.” The frequency of SMVT ranged from 1 of 5000
to 1 of 15 000 among inpatients and 1 of 1000 among

emergency department admissions, accounting for 6% to 9%
of all cases of acute mesenteric ischemia.® Portal vein throm-
bosis is also a frequent complication of splenectomy’ and
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liver transplantation.’ Primary SMVT develops sponta-
neously and is idiopathic, and secondary SMVT arises from
underlying diseases or risk factors. A delayed diagnosis or
treatment of SMVT allows intestinal infarction to develop,
which can be life-threatening. Thrombophilia,'® such as plas-
minogen activator inhibitor I 4G-4G, methylene tetrahydro-
folate reductase (MTHFR) 677TT, factor V Leiden 506Q,
prothrombin 20210A, and antithrombin (AT), protein C
(PC), and protein S (PS) abnormalities, can frequently cause
PVT or MVT. Few reports have explored the prevalence of
MTHFR 677TT, factor V Leiden 506Q, and prothrombin
20210A in Japan.

In this study, the differences between PVT and SMVT,
including abnormalities in AT, PC, and PS, were examined
in 21 patients with PVT, 6 patients with SMVT, and 6 patients
with both PVT and SMVT in order to confirm the relationship
between thrombophilia and SMVT.

Materials and Methods

The study protocol was approved by the Human Ethics
Review Committee of the Mie University School of Medi-
cine, and a signed consent form was obtained from each
patient. This study was faithfully carried out in accordance
with the Declaration of Helsinki. Deep vein thrombosis
(DVT) was diagnosed using echography or venography, and
disseminated intravascular coagulation (DIC) was diagnosed
according to the International Society of Thrombosis and
Haemostasis overt DIC diagnostic criteria.'® Cerebral vascu-
lar disease was diagnosed with computed tomography or
magnetic resonance imaging (MRI), and cerebral venous
sinus thrombosis (CVST) was diagnosed based on MRI, mag-
netic resonance venography, or cerebral angiography (CAG)
findings.'""1?

Measurement of the AT, PC, PS, and Antiphospholipid
Antibody Concentrations

Peripheral blood samples were collected in a 1/10 volume of
3.13% sodium citrate. The free PS antigen concentration was
measured using a monoclonal antibody-based enzyme-linked
immunosorbent assay (ELISA) with the Asserachrom free PS
kit (Diagnostica Stago, Asniéres, France). The plasma PS and
PC activity levels were measured according to the clotting
time method using STA-Staclot PS and STA-Staclot PC kit
(Diagnostica Stago). The plasma PC antigen concentration
was measured based on a latex agglutination test using a
LPIA-ACE PC kit (Mitsubishi Chemical Medience Corpora-
tion, Tokyo, Japan). The plasma AT activity was measured
according to a synthetic substrate assay using a Chromorate
ATIII (C) kit (Mitsubishi Chemical Medience Corporation).
The dilute Russell’s viper venom time was measured with
the clotting time method using a Gradipore LA test (Gradi-
pore, Sydney, Australia). The titers of anti-cardiolipin-f2-
glycoprotein I antibodies were measured with an ELISA kit
(Yamasa Co, Tokyo, Japan).'?

Gene Analyses of AT, PC, and PS

Genomic DNA was prepared from peripheral blood leukocytes
using a QIAamp DNA blood mini kit (QIAGEN, Venlo, Neth-
erlands) according to the manufacturer’s instructions. Each
exon and exon/intron boundary of the gene was amplified from
genomic DNA using polymerase chain reaction (PCR), as pre-
viously described. The PCR products were directly sequenced
using a Big-Dye terminator cycle sequencing kit and Applied
Biosystems 3130 genetic analyzer (Applied Biosystems, Foster
City, California).'"* Gene analyses were carried out in cases
with AT, PC, or PS levels less than 70% without warfarin
treatment or liver failure.

Statistical Analyses

The data are expressed as the median (25th percentile to 75th
percentile). Differences between the groups were examined
for statistical significance using the Mann-Whitney U test. A
P value <.05 denoted the presence of a statistically significant
difference.

Results

In all, 12 patients with SMVT (median age, 49.5 years; 2th
percentile to 75th percentile, 40.0-67.0 years; 3 females and
9 males) and 27 patients with PVT (median, 61.5 years; 25th
percentile to 75th percentile, 55.0-77.0 years; 11 females and
16 males) were examined at Mie University Hospital between
January 4, 1992, and December 28, 2016 (Tables 1 and 2). Both
SMVT and PVT were diagnosed by echography or computed
tomography. Ten patients with PVT and 1 patient with SMVT
were diagnosed after surgery, and SMVT was unexpectedly
diagnosed in most patients. Twelve patients with SMVT were
associated with 6 PVT, 4VST, 1 VT, and 1 cerebral thrombosis,
and 4 patients had relapse. Of 27 patients with PVT, 6 were
associated with SMVT, 4 DIC, 3 DVT, 3 CVST, 1 cerebral
thrombosis, 1 major bleeding, and 1 pulmonary embolism (PE).
Six patients were associated with both MVT and PVT. There
were no significant differences in the age or sex between
patients with SMVT and PVT (Tables 1 and 2). The cause of
the onset of PVT was postoperative complication in 10
patients, idiopathic in 5 patients, pancreatic cancer in 4
patients, biliary duct cancer in 3 patients, living donor liver
transplantation in 2 patients, liver failure in 2 patients, other
cancers in 4 patients, and other causes in 4 patients. The cause
of SMVT onset was idiopathic in 8 patients, biliary duct cancer
in 2 patients, APS in 1 patient, and postoperative complication
in 1 patient. The idiopathic onset in 5 patients with PVT and 8
patients with SMVT was suspect to be due to congenital throm-
bophilia. Some patients had more than 2 causes of thrombosis.
None of the patient has in this study had an abnormal hemato-
logical phenotype.

The AT deficiency was observed in 3 of 12 patients with
SMVT and 11 of 27 patients with PVT. The PC deficiency was
observed in 6 of 12 patients with SMVT and 11 of 27 patients
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Table 1. Patients With Superior Mesenteric Venous Thrombosis.

PC (%) PS (%)
Age Thrombotic AT (%)

Case Sex (years) Onset (years) Complications AC AC AG AC AG Cause Outcome  Anticoagulant
| M 62 2012, 2013 PVT 86.2 51 37 118 ND Infection Survive Warfarin

2 M 63 2007, 2013 CVST, PVT 88.4 542 48  27* 69°  Idiopathic  Survive Warfarin

3 F 52 2011 PVT 82.7 84 11 46 81.2 Idiopathic  Survive Warfarin

4 M 41 2012 PVT 50.1 102 106 120 140 Idiopathic  Survive Warfarin

5 M 40 2010, 2014 PVT, CVST 99.1 90 93 44* 46 APS Survive Warfarin

6 M 38 2016 PVT 63.4 94 74 107 143 Idiopathic  Survive UFH, warfarin
7 M 40 2009 DVT 79.8 24 18 10l 110 Idiopathic  Survive Warfarin

8 M 77 2015 86.4 89 83 85 ND BDC Survive Anti-Xa

9 M 47 2011 37.0 96 103 ND 97  Idiopathic  Survive Warfarin

10 F 71 2007, 2009 CVST 114 49* 50" 10 40.5° Idiopathic  Survive Warfarin

I M 8l 2015 88.1 68.0 BDC, ope  Survive UFH, warfarin
12 F 31 1992, 1995 CT, CVST 98.1 <l.0 <1.0 ND ND Idiopathic Survive Warfarin

Abbreviations: AC, activity; AG, antigen; APS, antiphospholipid syndrome; AT, antithrombin; BDC, biliary duct cancer; CT, cerebral thrombosis; CVST, cerebral
venous sinus thrombosis; DVT, deep vein thrombosis; F, female; M, male; ope, operation; PC, protein C; PS, protein S; PVT, portal vein thrombosis; UFH,
unfractionated heparin.

*The patient was treated with warfarin.

Table 2. Patients With Portal Vein Thrombosis.?

AT (%)  PC (%) PS (%)

Age
Case Sex (years) Onset Complications AC AC AG AC AG Causes Outcome Anticoagulant
| M 62 2012, 2013 SMVT 86.2 51° 37° 118 ND Infection Survive UFH, warfarin
2 M 63 2007,2013 CVST,SMVT 884 54° 48° 27° 69° Idiopathic Survive  Warfarin
3 F 52 2011 SMVT 82.7 84 |11 46 81.2 Idiopathic Survive  Warfarin
4 M 41 2012 SMVT 50.1 102 106 120 140 Idiopathic Survive Warfarin
5 M 40 2010,2014 SMVT, CVST  99.1 90 93 44> 46° APS Survive  Warfarin
6 M 38 2016 SMVT 63.4 94 74 107 143 Idiopathic Survive UFH, warfarin
13 M 8l 2015 88.1 68.0 BDC, ope Survive UFH, warfarin
14 M 54 2013 DIC, TMA 30.8 LDLT Death AT, FFP
15 M 63 2012 DVT, PE 98.1 83 74 62 CC Survive UFH, warfarin
16 F 60 2016 CB 61+ + + + + BDC, ope Death UFH
17 F 27 2014 DVT, PE 89.9 6l 43 88 106 UC, ope Survive UFH, warfarin
18 F 63 2013 33 24 37 LF Survive UFH, warfarin
19 M 64 2012 889 132 118 97 Pancreatic cancer, ope, Survive UFH, warfarin

EPLT

20 F 59 2015 59.2 53 61 Pancreatic cancer, ope survive UFH, warfarin
21 M 58 2014 110 74 144 Ope Survive UFH
22 F 55 2013 DIC 96.2 78 67 72 72 DIC Survive UFH
23 M 37 2012 CVST 119 92.9 12 53 None Survive UFH, warfarin
24 M 77 2012 ITP, SAH, DIC 41.2 Ope, BDC Survive UFH, warfarin
25 M 77 2013 CT 72.1 62 465 68 649 SC Survive UHF, warfarin
26 F 65 2014 325 62 60 Pancreatic cancer, ope Survive UFH, warfarin
27 F 70 2016 55.3 HCC Survive UFH, warfarin
28 F 58 2013 MB 89 54 42 45 47 Ope Survive LMWH, warfarin
29 M 77 2015 DIC 47.0 21 50 UTC Survive UFH, AT
30 F 74 2015 LF LF Survive UFH, warfarin
31 M 74 2012 DVT 89 78 13 21 Pancreatitis Survive UFH, warfarin
32 M 61 2012 42 27 62 LDLT Survive UFH, warfarin
33 F 55 2013 53.7 Pancreatic cancer, ope Survive UFH, warfarin

Abbreviations: AC, activity; AG, antigen; APS, antiphospholipid syndrome; AT, antithrombin; BDC, biliary duct cancer; CB, cerebral bleeding; CC, colon cancer;
CT, cerebral thrombosis; CVST, cerebral venous sinus thrombosis; DIC, disseminated intravascular coagulation; DVT, deep vein thrombosis; EPL, elevated
platelet count; F, female; FFP, fresh frozen plasma; HCC, hepatic cell carcinoma; ITP, idiopathic thrombocytopenic purpura; LDLT, living donor liver transplanta-
tion; LF, liver failure; LMWH, low-molecular-weight heparin; M, male; MB, massive bleeding; Ope, operation; PC, protein C; PE, pulmonary embolism; PS, protein
S; SAH, subarachnoid hemorrhage; SC, stomach cancer; SMVT, superior mesenteric venous thrombosis; TMA, thrombotic microangiopathy; UC, ulcerative
colitis; UTC, urinary tract cancer.

?(+) denotes no abnormality by gene analysis.

®The patient was treated with warfarin.
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Table 3. Gene Mutation for AT, PC, and PS.

Case Sex Age (years) Complication Cause Deficiency Gene Mutation

2 M 63 SMVT, CVST, PVT  Idiopathic PS ¢.586A>G (PS Tokushima), p.Lys196Glu

3 F 52 SMVT, PVT Idiopathic PS c416C>T, p.Alal39Val

4 M 41 SMVT, PVT Idiopathic AT ¢.208C>T, p.GIn70X

7 M 40 SMVT, DVT Idiopathic PC c. 1218 G>A, p. Met408lle

9 M 47 SMVT Idiopathic AT c.318delT, p.Aspl06Glu fsX8

10 F 71 SMVT, CVST Idiopathic PS ¢.566G>C p.GlyI89Ala, c.586A>G p.Lys|96Glu, (PS Tokushima)
12 F 31 SMVT, CT, CVST  Idiopathic PC c.202G>A, p.Glué8Lys c.1208delG, p.Gly423ValfsX82

17 F 27 PVT, DVT, PE UC, ope PC c400G>T, p.Glul34X

23 M 37 PVT, CVST Idiopathic PS c.586A>G (PS Tokushima), p.Lys196Glu

Abbreviations: AT, antithrombin; CT, cerebral thrombosis; CVST, cerebral venous sinus thrombosis; DVT, deep vein thrombosis; F, female; M, male; ope,
operation; PC, protein C; PE, pulmonary embolism; PS, protein S; PVT, portal vein thrombosis; SMVT, superior mesenteric venous thrombosis; UC, ulcerative

colitis.

with PVT; PS deficiency was observed in 4 of 12 patients with
SMVT and 13 of 27 patients with PVT. When AT, PC, and PS
were measured, 5 patients with SMVT and 3 patients with PVT
were already being treated with warfarin. Ultimately, all 12
patients with SMVT and the 27 patients with PVT survived
and were treated with unfractionated heparin, warfarin, and
anti-Xa agent. The AT, PC, or PS level was low in 1 patient
with DIC and 1 patient with liver failure.

In the gene analysis (Table 3), mutations in AT, PC, or PS
were detected in 9 of 32 patients; 7 patients had SMVT, 5 had
PVT, and 3 had both PVT and SMVT. Eight patients with a gene
mutation for AT, PC, or PS had multiple thromboses, including
DVT, PE, CVST, PVT, or SMVT, but 1 patient had only MVT.
Of 9, 8 patients with a gene mutation for AT, PC, or PS had an
idiopathic onset for SMVT or PVT, and they had no malignancy.
There were 4 mutations in the PS gene, 3 in the PC gene, and 2 in
the AT gene. The PS Tokushima was detected in 3 of 4 patients
with a PS gene mutation and was associated with 2 other PS gene
mutations. Case 12 was combined heterozygous for PC and had
multiple and recurrent thromboses. The age was significantly
lower in patients with a gene mutation for AT, PC, or PS than
in those without such mutations, and the rates of multiple throm-
boses (P <.001), idiopathic onset (P <.001), and nonmalignancy
(P <.01) were significantly higher in those with mutations than
in those without mutations (Table 4).

Discussion

Our study showed that SMVT was frequently caused by an AT,
a PC, or a PS mutation, and the onset of SMVT due to throm-
bophilia was frequently idiopathic. Both SMVT and PVT,
especially SMVT, were frequently associated with other
thromboses, such as CVST, PVT, SMVT, DVT, and PVT.
Furthermore, the frequency of complication with relatively rare
thromboses, aside from DVT/PE, was high. Given the small
population in our study, there were no significant differences in
the age and sex between patients with SMVT and PVT,
although patients with SMVT tended to be younger than those
with PVT or DVT after surgery.'> All cases in this study sur-
vived, in agreement with previous report.'®

Table 4. Differences Between Patients With and Without Gene
Mutations.?

With Gene Without Gene Difference
Mutation Mutation (P Value)
Age 41.0 (35.5-54.8) 63.0 (58.0-75.5) 0l
Sex (F:M) 4:5 9:15 NS
Relapse 3/9 2/24 NS
Multiple thrombosis 8/9 4/24 .001
Survive 9/9 24/24 NS
Causes of onset
Idiopathic 8/9 1124 .001
Postoperative 119 12/24 NS
Malignancy 0/9 13/24 0l

Abbreviations: M. male; F, female; NS, nonsignificant.
?Some patients had more than 2 causes of thrombosis.

We previously reported the frequency of congenital throm-
bophilia to be 31.8% in patients with CVST'? and 30.0% in
patients with DVT or PE, including 11.5% with AT mutations,
12.3% with PC mutations, and 6.2% with PS mutations.'* At the
onset of thrombosis, decreased levels of AT, PC, or PS were
observed in patients without congenital thrombophilia.'*'” Few
reports have described thrombophilia in PVT and SMVT.'#%°

Patients with SMVT or PVT were frequently associated with
a deficiency in PC or PS; however, these patients were often
treated with warfarin, indicating that a gene analysis is useful for
diagnosing congenital thrombophilia in such patients.

A gene analysis detected mutations in AT, PC, or PS in about
27% of patients with PVT or SMVT. Case 12 was previously
reported as having a combined heterozygous PC deficiency?’
and cases 2, 10, and 23 were previously reported as having
CVST.?? In our study, the rate of PS mutation tended to be
higher in PVT or MVT than in DVT/PE.'* Although our sample
size was small, this tendency is similar to that noted with
CVST.'? The PS Tokushima mutation was detected in 3 of 4
patients with a PS mutation, which is frequently observed in
Japanese people.?*** Although the frequency of multiple throm-
boses was significant in cases of congenital thrombophilia with
PVT or SMVT, there was no significant difference in the rate of
relapse between PVT/SMVT with and without congenital
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thrombophilia, possibly due to our small sample size. The age
was significantly younger, and the rate of idiopathic onset and
nonmalignancy was significantly higher in patients with conge-
nital thrombophilia than in those without. These findings were
similar to those in previous reports on DVT/PE.'* The Janus
activating kinase 2 (JAK2) p.V617V mutation is a well-known
risk factor for thrombosis in patients with myeloproliferative
neoplasm.”® However, since no abnormal hematological pheno-
types were observed in this study, this mutation was not
analyzed.

In conclusion, PVT and SMVT are frequently associated
with congenital thrombophilia, such as AT, PC, or PS muta-
tions. Young patients with an idiopathic onset of PVT or
MVT with multiple thromboses should be considered at risk
of having congenital thrombophilia.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This work
was supported in part by a Grant-in-Aid from the Ministry of Health,
Labour and Welfare of Japan for Blood Coagulation Abnormalities,
the Ministry of Education, Culture, Sports, Science and Technology of
Japan, and the Rare/Intractable Disease Project of Japan from Japan
Agency for Medical Research and Development (AMED).

References

1. Jiang TT, Luo XP, Sun JM, Gao J. Clinical outcomes of trans-
catheter selective superior mesenteric artery urokinase infusion
therapy vs transjugular intrahepatic portosystemic shunt in
patients with cirrhosis and acute portal vein thrombosis. World
J Gastroenterol. 2017;23(41):7470-7477.

2. Primignani M. Portal vein thrombosis, revisited. Dig Liver Dis.
2010;42(3):163-170.

3. Sulger E, Gonzalez L. Mesenteric Venous Thrombosis. StatPearls
[Internet]. Treasure Island, FL: StatPearls Publishing; 2017.

4. Violi F, Corazza RG, Caldwell SH, et al. Portal vein thrombosis
relevance on liver cirrhosis: Italian Venous Thrombotic Events
Registry. Intern Emerg Med. 2016;11(8):1059-1066.

5. Stine JG, Shah PM, Cornella SL, et al. Portal vein thrombosis,
mortality and hepatic decompensation in patients with cirrhosis: a
meta-analysis. World J Hepatol. 2015;7(27):2774-2780.

6. Turon F, Baiges A, Garcia-Criado A, et al. Portal vein thrombosis
in patients with cirrhosis: incidence and factors associated with its
development. J Hepatol. 2016;64:S260.

7. de’Angelis N, Abdalla S, Lizzi V, et al. Incidence and predictors
of portal and splenic vein thrombosis after pure laparoscopic
splenectomy. Surgery. 2017;162(6):1219-1230.

8. Zeng Q, Fu QN, Li FH, Wang XH, Liu H, Zhao Y. Early initiation
of argatroban therapy in the management of acute superior mesen-
teric venous thrombosis. Exp Ther Med. 2017;13(4):1526-1534.

9. Aktas H, Ozer A, Guner OS, Gurluler E, Emiroglu R. Liver
transplantation in patients with complete portal vein thrombosis:

10.

11.

12.

13.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

renoportal or varicoportal anastomosis using cryopreserved vein
grafts. Transplant Proc. 2017;49(8):1820-1823.

Pasta L, Pasta F, D’Amico M. PAI-1 4G-4G, MTHFR 677TT, V
Leiden 506Q, and prothrombin 20210A in splanchnic vein throm-
bosis: analysis of individual patient data from three prospective
studies. J Clin Exp Hepatol. 2016;6(1):10-14.

Taylor FB Jr, Toh CH, Hoots K, Wada H, Levi M. Towards a
definition, clinical and laboratory criteria, and a scoring system
for disseminated intravascular coagulation. Thromb Haemost.
2001;86(5):1327-1330.

Shindo A, Wada H, Ishikawa H, et al: Clinical features and under-
lying causes of cerebral venous thrombosis in Japanese patients.
Int J Hematol. 2014;99(4):437-440.

Habe K, Wada H, Matsumoto T, et al. Plasma ADAMTS13, von
Willebrand Factor (VWF), and VWF propeptide profiles in
patients with connective tissue diseases and antiphospholipid syn-
drome. Clin Appl Thromb Hemost. 2017;23(6):622-630.

. Ikejiri M, Wada H, Yamada N, et al. High prevalence of conge-

nital thrombophilia in patients with pregnancy-related or idio-
pathic venous thromboembolism/pulmonary embolism. Int J
Hematol. 2017;105(3):272-279.

Hasegawa M, Wada H, Yamaguchi T, et al. The evaluation of
D-dimer levels for the comparison of fibrinogen and fibrin units
using different p-dimer kits to diagnose VTE. Clin Appl Thromb
Hemost. 2018;24(4):655-662.

. Moon RC, Ghanem M, Teixeira AF, et al. Assessing risk factors,

presentation, and management of portomesenteric vein thrombo-
sis after sleeve gastrectomy: a multicenter case—control study.
Surg Obes Relat Dis. 2018;14(4):478-483.

Kamimoto Y, Wada H, Ikejiri M, et al: High frequency of
decreased antithrombin level in pregnant women with thrombo-
sis. Int J Hematol. 2015;102(3):253-258.

Svensson P, Dahlback D. Resistance to activated protein C as a basis
for venous thrombosis. N Engl J Hematol. 1994;330(8):517-522.
Florell S, Rodgers G. Inherited thrombotic disorders: an update.
Am J Hematol. 1997;54(1):53-60.

Reiter W, Ehrensberger B, Steinbruckner B, Keller F. Parameters
of haemostasis during acute venous thrombosis. Thromb Hae-
most. 1995;74(2):596-601.

Yamamoto K, Matsusita T, Sugiura I, et al. Homozygous protein
C deficiency: identification of a novel missense mutation that
causes impaired secretion of the mutant protein C. J Lab Clinic
Med. 1992;119(6):682-689.

Ikejiri M, Shindo A, i Y, et al. Frequent association of thrombo-
philia in cerebral venous sinus thrombosis. /nt J Hematol. 2012;
95(3):257-262.

Hayashi T, Nishioka J, Shigekiyo T, Saito S, Suzuki K. Protein S
Tokushima: abnormal molecule with a substitution of Glu for
Lys-155 in the second epidermal growth factor-like domain of
protein S. Blood. 1994;83(3):683-690.

Miyata T, Hamasaki N, Wada H, Kojima T. More on: racial
differences in venous thromboembolism. J Thromb Haemost.
2012;10(2):319-320.

Tefferi A, Barbui T. Polycythemia vera and essential thrombo-
cythemia: 2017 update on diagnosis, risk-stratification, and man-
agement. Am J Hematol. 2017;921(1):94-108.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


