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The elucidation of the genetic basis of venous thromboembolism started in 1965 with 
the discovery of antithrombin deficiency by Egeberg 1 and has advanced considerably 
in recent years. 2 While known genetic defects (deficiencies of antithrombin, protein 
C and protein S, mutations (Factor V Leiden, prothrombin G20210A mutation) are 
present in 30-40% of the patients with venous thromboembolism 3, it has been shown 
that other genes are likely to be involved in another 25-30% of the patients. 4;5 Thus, our 
knowledge about the genetic basis of venous thromboembolism remains incomplete. 

Outline of this thesis
Chapters 2 to 6 describe the Genes study, which was set up in 2002. The aim of this 
study was to identify new hereditary risk factors for venous thromboembolism by 
analyzing families with an increased propensity for developing venous thrombosis, 
without any of the known hereditary risk factors.   
The second part of this thesis (Chapters 7 to 10) focuses on superficial vein thrombosis. 
Superficial vein thrombosis has traditionally been regarded as having another etiology 
than venous thromboembolism, but comparable risk factors are involved in both 
diseases. 6-10 The idea that superficial vein trombosis is a benign disease appears to 
be inappropriate. Firstly, superficial thrombi carry a risk of progressing to the deep 
venous circulation. 11-16 Secondly, superficial vein thrombosis often recurs or progresses 
causing a burden for the patient in terms of pain symptoms and the need for escalation 
of therapy. 

Part I: Genes in venous thromboembolism

From single-gene to multi-genetic to just complex
Genetic research has been successful in so-called Mendelian genetic disorders, which 
have almost all been mapped now. 17 Although devastating in disease development, 
these disorders are often very rare. Common diseases mostly have a much more 
complex etiology, due to a mix of environmental and genetic factors. 18;19

Traditionally, inherited venous thromboembolism has been attributed to single genetic 
defects. This remains partly true for the homozygous thrombophilic defects in which 
homozygosity is incompatible with life (antithrombin deficiency) or causes massive 
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venous thrombosis or purpura fulminans in newborns (protein C and S deficiency). 
20-22 Homozygosity for factor V Leiden or the prothrombin G21020A mutation has a 
milder phenotype, although risk of venous thromboembolism is strongly increased 
as compared to non-carriers (e.g. 50-100 times in homozygous FVL). 23;24 The 
discrepancy between population-wide risk of venous thromboembolism (i.e. 0.1%) 
and gene frequency of factor V Leiden (5%) has led to the understanding that venous 
thromboembolism must be a multigenetic disease. 19

Genetic susceptibility 
Estimating the proportion of genetic variance over the total phenotypic variance can be 
done by studying monozygotic or dizygotic twins, or by statistical methods calculating 
heritability. 25 A study in Danish twins showed that for venous thromboembolism 
the proportion of the variance attributable to genetic effects was as high as 55%. 4 
Furthermore, in the Genetic Association of Inherited Thrombopilia (GAIT) study, the 
heritability of thrombosis susceptibility was estimated by means of a novel variance 
component method using a multivariate threshold model. 5 It was estimated that more 
than 60% of the variation in susceptibility to common thrombosis is attributable to 
genetic risk factors. A large French-Canadian protein C deficient family was shown 
to have a second unknown defect, which interacted with the protein C mutation 
increasing the risk of venous thromboembolism. 26 This explained the increased risk of 
venous thromboembolism found in family members in the same kindred without the 
protein C mutation compared with the normal population. 
However, heritability estimates remain approximations of the genetic variance 
in disease risk, that are unable to effectively separate shared genetic from shared 
environmental or nongenetic influences. 17 

The GENES study
The main objective of the GENES study was to identify novel hereditary thrombophilic 
defects by defining an intermediate (or subclinical) phenotype. An intermediate 
phenotype would help to distinguish individuals with a persistent (genetically 
determined) hypercoagulable state from those without. We used a similar approach 
as has been carried out successfully in families with familial dyslipidemias. Probands 
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and their family members were identified by specially trained genetic field workers. 
This has resulted in efficient screening of familial hypercholesterolaemia and led to 
the discovery of new genes in patients with low levels of HDL cholesterol such as the 
ABCA1 gene. 27

Inclusion criteria for the GENES were a history of venous thromboembolism and the 
absence of known thrombophilic defects (factor V Leiden, deficiencies of protein C, 
of protein S and of antithrombin, the prothrombin G20210A mutation and (familial) 
elevated levels of factor VIII, IX and XI). A standardized history was obtained using 
a validated questionnaire. 28 Family members were defined as cases if they had had a 
history of symptomatic venous thromboembolism. 
Two different approaches were undertaken to define an intermediate phenotype in the 
families. Firstly, by assessing several coagulation and fibrinolysis assays in all members 
of the families (chapter 2). We hypothesized that these tests could give an overall 
impression of a hypercoagulable or hypofibrinolytic state. In addition, a protein profile 
analysis was performed using surface-enhanced laser desorption/ionization-time 
of flight mass spectometry (chapter 3). Proteins involved in coagulation have been 
widely investigated and none have thusfar been found useful as (part of) a subclinical 
phenotype. Therefore, we were interested in finding proteins from other biosystems, 
such as inflammation, involved in venous thrombosis by performing protein profile 
analysis. Furthermore, we assessed the heritability of the coagulation and fibrinolysis 
assays, and protein profiles. 
The second approach was the performance of a whole genome scan in all thrombophilic 
families (chapter 4). If a gene is contributing to the development of disease, the region 
of the genome in which the gene is lying will be co-inherited more frequently than 
is expected by chance. A genome scan recognizes commonly inherited regions by 
following the inheritance of polymorphic microsatellite markers in affected members 
of a pedigree. Several whole genome scans have been performed in thrombophilic 
families. 26;29 In these independent studies a region on chromosome 18 was found to 
be linked to the risk of developing venous thromboembolism. Chapter 5 evaluates 
whether linkage of venous thrombosis to chromosome 18 could be confirmed in the 
GENES study. In chapter 6 a whole genome scan (quantative trait linkage analysis) 
performed in the GENES study is described. 
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Part II : Superficial vein thrombosis 

Terminology
Synonyms for superficial vein thrombosis of the leg are superficial phlebitis and 
superficial thrombophlebitis. In general “superficial phlebitis” refers to the clinical 
findings of inflammation such as pain, tenderness or erythema along the affected 
superficial vein, often palpable as a cord. The term “superficial thrombophlebitis” or 
superficial vein thrombosis is used when a thrombus is found by diagnostic testing 
such as compression ultrasonography or phlebography.

Background
The fact that there are several synonyms for superficial vein thrombosis illustrates 
the lack of precise knowledge about this disease. The incidence of superficial vein 
thrombosis for example, is not well-known, although is estimated to be higher than 
that of deep vein thrombosis. The diagnosis is often made in a general practice setting, 
where no incidence studies are available. If referred, patients are generally sent to 
specialists from various disciplines, such as surgery, dermatology, internal medicine 
etc. Traditionally, superficial vein thrombosis has been regarded as benign, i.e. 
selflimiting without risk of extension into the deep venous system. However, there are 
no epidemiological studies to confirm this view and several clinicians have a different 
experience. 12;13;15;30 

Riskfactors for superficial vein thrombosis and risk of venous thromboembolism 
Superficial vein thrombosis and venous thromboembolism have traditionally been 
regarded as different in etiology. However, they share the same risk factors, i.e. 
postoperative states, pregnancy, active malignancies, auto-immune diseases, use 
of oral contraceptives, previous venous thromboembolism and varicosis. 14 Also, 
inherited thrombophilic defects such as the factor V Leiden and prothrombin 20210A 
mutations as well as deficiencies of the natural anticoagulant proteins C and S and 
antithrombin are found more often in patients with superficial vein thrombosis than 
in healthy individuals. 6;7
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Location of superficial vein thrombosis is thought to influence the risk of progression 
to a deep venous thrombosis and/or embolization to the pulmonary arteries. 
Superficial vein thrombosis of the vena saphena magna or close to the saphenous-
femoral junction has the highest risk of developing venous thromboembolism. 16 
Furthermore, superficial vein thrombosis can recur and cause discomfort and in some 
cases might be a first symptom of cancer. 32 We evaluated the risk of developing venous 
thromboembolism following superficial vein thrombosis (chapter 7).  

Treatment of superficial vein thrombosis
A wide range of therapies have been described for superficial vein thrombosis. 
In general, superficial vein thrombosis is either not treated or treated with elastic 
compression stockings, topically (e.g. hiroid creams) or with non-steroidal anti-
inflammatory agents. Although pain is regarded to be the most important symptom, 
the knowledge that superficial vein thrombosis may increase the risk of venous 
thromboembolism, more aggressive approaches treatments became more common. 
Active treatments range from surgical ligation or stripping of the affected veins to full-
dose anticoagulant therapy. In order to summarize the evidence about the treatment 
of superficial vein thrombosis with the aim to prevent extension or recurrence, we 
performed two reviews. The first review concerns treatment (non-surgical or topical) 
options for superficial vein thrombosis (chapter 7), the second review, a Cochrane 
review, investigated all treatment options, i.e. medical (topical, oral, subcutaneous) 
and surgical for superficial vein thrombosis (chapter 8). A retrospective cohort study 
was performed to determine the risk of arterial and venous complications after a 
superficial vein thrombosis in Chapter 9. Furthermore, a retrospective follow-up study 
was performed to evaluate therapeutic management, thrombophilic risk factors and 
clinical outcome of superficial vein thrombosis in one clinic over the past six years 
(chapter 10). 
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Abstract 

Introduction: Despite knowledge of various inherited risk factors associated with 
venous thromboembolism (VTE), no definite cause can be found in about 50% of 
patients. The lack of an intermediate phenotype in VTE impedes the discovery of 
new familial risk factors. We set out to define an intermediate phenotype for VTE 
by performing global coagulation analyses in unexplained thrombophilic families. 
Methods: Families were selected through a proband with VTE but without one of the 
known thrombophilic defects and at least one 1st or two 2nd degree family members 
with VTE. Clinical data were collected using a standardized questionnaire. Blood 
samples were collected for overall haemostasis assays (i.e. thrombin generation time 
(TGT), endogenous thrombin potential (ETP), prothrombin fragment 1+2 (F1+2) 
and activated protein C-sensitivity ratio (APC-sr) and clot lysis time (CLT). Data 
were analyzed using logistic regression. Results: Coagulation assays were performed 
in 353 individuals of whom 41 (12%) had a history of VTE; these belonged to 17 
thrombophilic families. Of the tested variables only the ETP was associated with VTE 
(OR 1.03 for each % increase, 95% CI 1.01-1.05). However, the relatively low number 
of cases does not firmly exclude the other assays as candidate intermediate phenotypes 
for venous thrombosis. Conclusions: We found that an increased ETP may serve as 
an intermediate phenotype for VTE and may be used to discover novel inherited risk 
factors by genetic linkage analysis. 



Assessment of coagulation and fibrinolysis in families with  unexplained thrombophilia

21

Introduction

Venous thromboembolism (VTE) is considered to be multicausal and polygenic.1 

Known hereditary thrombophilic factors include deficiencies of antithrombin, 
protein C and protein S, as well as gain-of-function point mutations in the genes 
of factor V and factor II (factor V Leiden, prothrombin G20210A). Interaction of 
these factors with environmental and other risk factors (e.g. surgery, immobilisation, 
mild hyperhomocysteinemia and elevated levels of clotting factors VIII, IX and XI) 
determines the risk of thrombosis. 2 The heritability for VTE, i.e. the proportion of 
variance attributable to genetic effects, has been estimated to be as high as 55-60%, 
whereas no defect can be found in several clinically thrombophilic families. 3;4 At 
present the known genetic thrombophilic factors can be detected in about 30-40% of 
patients with VTE. 5;6 Therefore, it is likely that other unidentified hereditary defects 
exist, that contribute to the thrombosis risk.
The investigation of new heritable risk factors has been impeded by the lack of an 
“intermediate phenotype” for VTE. Even in carriers of known thrombophilic factors, 
symptomatic thrombosis is rare and its clinical expression is dependent on age and 
exposure to other risk factors. An intermediate phenotype would help to distinguish 
individuals with a persistent (genetically determined) hypercoagulable state from 
those without. Furthermore, factors defining an intermediate phenotype are likely to 
be closer to gene action than the clinical phenotype and will generate less attenuated 
genetic signals in linkage analysis. 7

Elevated levels of prothrombin fragment1+2 (F1+2) are known to reflect a 
hypercoagulable state and can be detected in one third of the patients with protein C 
or protein S deficiency. 8;9 Moreover, it was shown that in 78% of the patients with high 
levels of FVIII, elevated levels of F1+2 fragments were present. 9;10 The same is true for 
patients with APC resistance due to factor V Leiden, who have higher levels of F1+2 
levels than non-affected individuals. 11 It has been shown that activation markers of 
coagulation such as F1+2 fragments are controlled to a substantial degree by genetic 
factors. 12 More sensitive methods to measure enhanced thrombin generation such as 
the endogenous thrombin potential were developed in the early 1990s. 13 Some years 
later this system was modified by adding activated protein C. 14 This test is very sensitive 
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for inherited APC resistance (i.e. factor V Leiden) and acquired risk factors such as 
oral anticonceptive use and pregnancy. 15 APC resistance in the absence of factor V 
Leiden is also a known risk factor for VTE. 16;17 Recently, it was shown that global 
fibrinolytic potential, as measured by a plasma-based assay constitutes a risk for the 
development of a first episode of venous thrombosis. This increased dose-dependently 
with decreasing overall plasma fibrinolytic potential. 18 We hypothesized that these 
tests could give an overall impression of a hypercoagulable or hypofibrinolytic state 
and that family studies allow for calculating the heritability of observed abnormalities. 
The ultimate goal of our study is to use an intermediate phenotype for VTE in order to 
identify novel inherited risk factors through genetic linkage analyses. 

Methods

Pedigrees
Probands with a personal and/or strong family history of VTE (defined as at least 
one first degree or two second degree relatives with VTE) but without one of the 
known thrombophilic defects and their extended pedigrees including spouses were 
identified. Probands were selected from the outpatient clinic of the Department of 
Vascular Medicine, where they had been referred to because of a suspected VTE or 
because they had a strong family history of VTE only. Written informed consent was 
obtained before inclusion. Individuals with a personal history of VTE were tested 
for factor V Leiden, deficiencies of protein C, of protein S and of antithrombin, the 
prothrombin G20210A mutation. The following thrombophilic risk factors were 
measured, although an abnormal result was not an exclusion criterium: factor 
VIII, IX and IX levels were measured in all cases, antiphospholipid antibodies and 
anticardiolipin antibodies were measured in all probands and homocystein levels were 
measured in part of the probands, since we excluded this test from the thrombophilia 
screening in 2004. A standardized history was taken using a validated questionnaire. 
19 Family members were defined as cases if they had had a history of symptomatic 
VTE. A thrombotic event was classified as “definite” if objectively diagnosed (use 
of compression ultrasonography, plethysmography, venography, (spiral) CT scan or 
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ventilation/perfusion scan) and treated with anticoagulant therapy. A VTE event was 
defined as “probable” if not objectively diagnosed or documentation on diagnostic 
tests used was unavailable. The asymptomatic individuals and spouses in these families 
served as the controls. 

Plasma collection 
Blood was collected at least 3 months after cessation of anticoagulant treatment for an 
acute VTE in tubes containing 0.106 mol L-1 trisodium citrate after overnight fasting 
and 12 hours cessation of smoking. Plasma was prepared by centrifugation at 2000 g 
for 20 min at room temperature and stored at -70ºC in suitable aliquots. 

Coagulation and fibrinolysis assays 
All commercially available assays were carried out according to the manufacturer’s 
instructions.
The test for F1+2 used was an ELISA-based and validated assay (Behring, Marburg, 
Germany). 
The thrombin generation time (TGT) was measured spectrophotometrically using the 
fibrin polymerization method. Thrombin generation was initiated by adding calcium 
and recombinant tissue factor (2500 x diluted prothrombin time reagent) and results 
were expressed as the percentage t 1/2max (time to reach the midpoint of clear to maximal 
turbid density) of normal (t 1/2max~160s in a pooled plasma of 150 healthy volunteers). A 
higher percentage TGT reflects less thrombin generation. 
The endogenous thrombin potential (ETP) was performed as previously described. 14 
Briefly, ETP was determined amidolytically at 37°C in defibrinated plasma containing 
phospholipids, tissue factor and calcium chloride, and the data were expressed as 
percentage of ETP determined in a pooled normal plasma (pool of more than 150 
healthy hospital workers). A higher ETP reflects more thrombin generation potential. 
APC sensitivity ratios (APC-sr) were determined by quantifying the effect of APC on 
thrombin generation as described before. 13;20 Increased levels of this ETP-based APC 
resistance test reflect a reduced sensitivity to APC. 
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The clot lysis time (CLT) was performed as described before. 18 Plasma was clotted by 
addition of tissue factor, phospholipids, and calcium chloride, and lysis was induced 
by addition of tissue plasminogen activator (tPA). Clot formation and subsequent lysis 
was monitored by turbidity measurements at 405nm. Clot lysis time defined as the 
time from the midpoint of the clear to maximum turbid transition, which characterizes 

clot formation, to the midpoint of the maximum turbid to clear transition, which 
represents clot lysis. A higher CLT reflects a reduced fibrinolytic capacity. All assays 
were performed without knowledge of whether the sample was from a symptomatic or 
asymptomatic individual. 

Statistical analysis
Tertiles of the ETP were calculated based on values of the unaffected relatives and 
spouses. Differences in categorical and continuous variables between affected and 
unaffected family members and heritabilities were estimated using the Sequential 
Oligogenic Linkage Analysis Routines (SOLAR) programme 21. In the analysis of 
the global haemostasis assays (e.g. ETP), age, sex and household were included as 
covariates and a proband ascertainment correction implemented in SOLAR was used 
to obtain unbiased parameter estimates relevant to the general population. 22;23 
To further examine the relationship between the probability of a VTE and the 
global haemostasis assays, univariate and multiple logistic regression analyses were 
performed using Generalized Estimation Equations (GEE) to correct for relatedness 
of the individuals 24 (Proc GENMOD, SAS 9.0, SAS Institute, Cary, NC, USA). P-values 
< 0.05 were regarded significant.

Results

Characteristics 
In total 351 individuals from 17 families with family sizes ranging from 4 to 81 
members were identified. The median age of the subjects under study was 43 years 
(Table 1). In total 41 (12%) had a history of VTE of whom 15 (37%) recurrently. 
Twenty-six of the 41 (75%) symptomatic individuals were women. Median age of a 
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first thrombotic event was 40 years for all cases, 31 years for women and 49 years for 
men. More than half of the first events (58%) had been preceded by known clinical 
risk factors, i.e. surgery, trauma, immobilization, pregnancy, postpartum period, use 
of oral contraceptives or hormonal replacement therapy. 
Thirteen individuals with a history of VTE and two controls were using anticoagulant 
therapy (i.e. vitamin K antagonists, low-molecular weight heparin) at the time of 
blood collection and were excluded from the analyses. Among the remaining 28 cases 
there were more women than among the 308 controls, i.e. 21 (75%) and 129 (42%) 
respectively (Table 1). Furthermore, cases were older (mean difference 13 years) and 
more often had a history of superficial thrombophlebitis than controls, i.e. 4 (14%) and 
7 (2%) respectively (Table 1).

Table 1. Baseline characteristics.
Characteristics of the pedigrees (N=351) N %

Age (median years; range) 43 (5-92)
Age<13 years 8 3
Age>35 years 200 57
Number of families/probands 17
Number of households 229
Mean number of individuals per household (range) 1.5 (1-6)
Spouses 44 13
Male spouses 22/44 50 
Personal history of venous thrombosis 41/351 12
(probable and definite events)
Personal history of venous thrombosis 35/351 10
(definite event) 
Age of onset of VTE (median; range) 40 (4-68)
Idiopathic first thrombotic events¶ 17/41 42 
Anticoagulation treatment 15/351 4

Characteristics of the study population (N=336) cases (N=28) controls (N=308) GEE 
household

(anticoagulant users excluded) N % N % p-value

Mean age (years;SD) 53 (17.2) 40 (17.6) 0.000
Female gender 21 75 129 42 0.000
Personal history of superficial vein thrombosis 4 14 7 2 0.003
Oral anticonceptive use*  2 10 33 22  0.127
Hormonal replacement therapy*   2 10 4 3 0.192
Pregnancy*   1 5 4  3 0.704
Smokers# 3 11 71 24 0.132

* Calculations made on number of women >13years with (N=150); # Age > 13 years (cases N=28; controls 
N=300); ¶ Idiopathic event is defined as a thrombotic event of unknown cause. 



Chapter 2

26

Coagulation assays
Mean levels and standard deviation or median levels and interquartile ranges among 
cases and controls were calculated for all assays (Table 2). Increases in the APC-sr, 
F1+2 and ETP reflect an increase in thrombin generation, whereas an increase in TGT 
reflects a decrease in thrombin generation. An increase in CLT reflects a decreased 
fibrinolytic potential. There was a difference in F1+2 levels and ETP percentages 
between cases and controls. However, after correction for age the difference in F1+2 
levels disappeared. No difference in mean or median values was seen for the other 
assays. 

The distribution of cases among tertiles of the different assays in comparison to controls 
is depicted in Table 3. More than half of the cases (16/41; 57%) had ETP values in the 
highest tertile; this was the case in 13/41 (46%) for the F1+2 and 11/41(39%) for all 
other assays. 
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Table 3. Number of definite, probable cases and controls for tertiles of TGT, ETP, F1+2, APC-sr 

and CLT. 
All cases Controls

Thrombin generation time (%) N % N %
<98 9 32 98 33
98-114 8 29 99 33
>114 11 39 99 33
Endogenous thrombin potential (%)
< 88 1 4 100 33
88-107 11 39 100 33
>107 16 57 99 33
Prothrombin fragment 1+2 (nmolL-1)
<0,59 3 11   97* 32
0,59-0,77 12 43 104 35
>0,77 13 46 99 33
Activated Protein C-sensitivity ratio
<0,53 10 36 99 33
0,53-1,04 7 25 100 33
>1,04                                                                                                                      11 39 100 33
Clot lysis test (min)
<57 9 32 102 33
57-71                                                                                                                        8 29 103 34
>71 11 39 102 33

* Number of controls is not distributed equally among the tertiles, since the same values were frequently 
represented. 

Univariate and multiple logistic regression analyses
Univariate logistic regression for VTE was performed for all variables with correction 
for age, sex, family correlations and household correlations (Table 4). No significant 
difference between the family and household correlations corrected OR was found 
(data not shown). Of the tested variables only an increased ETP was independently 
associated with VTE. For every % increase of the ETP the OR for VTE increased 1.03, 
i.e. the OR increased 1.35 for each 10% increase in ETP. F1+2 level was strongly related 
with VTE (OR 5.07, 95% CI 1.93-13.28) (data not shown). However, after correction 
for age the effect of F1+2 disappeared (OR 0.81, 95%CI 0.21-3.16). 
Results of the multiple logistic regressions for VTE were very similar to those of the 
univariate analysis (OR 1.04 (95% CI 1.02-1.06) for every percentage ETP increase). 
Age (1.05, 95% CI 1.02-1.08) and female sex (4.29, 95% CI 1.62-11.38) were associated 
with VTE.



Assessment of coagulation and fibrinolysis in families with  unexplained thrombophilia

29

Table 4. Univariate logistic regression for VTE corrected for family correlations, age and gender. 
Variable OR (95% CI) § p-value
Thrombin generation time (%) 1.00 (0.99-1.01) 0.909
Endogenous thrombin potential (%) 1.03 (1.02-1.05) 0.000
Prothrombin fragment 1+2 (mmolL-1)# 0.76 (0.26-2.27) 0.627
Activated protein C-sensitivity ratio* 0.99 (0.37-2.64) 0.982
Clot lysis time (min)# 1.44 (0.23-9.17) 0.697

§ Odds ratio per unit increase, # log transformed; * square root transformed. All variables used were 
continuous.

Heritability and household effects
Heritability estimates were substantial for all assays, i.e. genetic associations were 
found, ranging from 26% to 40% (Table 5). The highest heritability estimate was found 
for the TGT (40%). Variance attributed to age and sex was high for F1+2 (48%) and 
ranged from 5 to 20% for all other assays. Only for the TGT and CLT a proportion 
of the variance could be explained by household effects, i.e. 18 and 17% respectively. 
The proportion of the variability of the ETP accounted for by age and sex (20%) was 
smaller than the genetic effects (32%), whereas the proportion of household variability 
was none. 
Exclusion of individuals with a probable thrombotic event did not have a major effect 
on the results of the heritability or household estimates (data not shown). 

Table 5. Proportion of variance of all coagulation assays attributed to covariates (age, sex), 

hereditability and household effects. 
Proportion of variance (% )
Covariates Heritability 

(h2)
Household 
effects (c2)

Variable h2 SE (h2) p (h2) c2 SE (c2) p (c2)
Thrombin generation time (%) 11 40 12 <0.001 18 9 0.020
Endogenous thrombin potential(%) 20 32 10 <0.001 0 NA NA
Prothrombin fragment 1+2 (mmolL-1) 48 32 17   0.023 0 NA NA
Activated Protein C-sensitivity ratio 5 37 15   0.000 6 10 0.281
Clot lysis time (min) 9 26 10   0.001 17 8 0.015

SE, standard error; Calculations were made with a proband ascertainment correction.
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Discussion 

Of all global coagulation and fibrinolysis assays tested in these selected families, an 
increase in ETP was associated with symptomatic VTE, and shown to have a high 
heritable component. This intermediate phenotype might therefore be useful to identify 
new candidate genes through genetic linkage analyses in large pedigrees. High and 
low ETP has been described to define hypo- or hypercoagulable states. For instance, 
haemophilia patients have a low ETP whereas women using oral anticonceptives and 
asymptomatic individuals with antithrombin deficiency or the prothrombin G20210A 
mutation have high ETP test results. 14;25 One study investigated the ETP-based APC 
sensitivity test and found that free protein S, free TFPI and oral contraceptive use were 
major determinants of the test. 16 Although the F1+2 seemed to be associated with the 
risk of thrombosis this effect was fully explained by increasing age. 
The results of the estimated heritability and household effects were positive for genetic 
effects for all coagulation assays, and tended to be considerably smaller or even absent 
for shared household effects. These findings are in line with studies showing that genes 
appear to be the largest identifiable determinant of variation among haemostatic 
variables in thrombophilic families. These studies have led to the identification of 
several candidate genes or potential gene locations for a prothrombotic state. 26-29 
Comparison of coagulation and fibrinolysis markers in homo- and dizygotic twins 
revealed that genes were important determinants. 3;12;30 
Some issues warrant comment. First, the sensitivity of our approach may be reduced 
because in the 17 pedigrees different underlying genetic mechanisms may play a role. 
While in our approach we have been focusing on defining a shared intermediate 
phenotype, it is interesting to note that among these families we found one large 
pedigree in which the variance attributed to genes for the ETP was estimated to be as 
high as 65% in comparison to the results found in the other families ranging from 0 to 
4.1%. The association of ETP with VTE remained after excluding this particular family 
in the univariate logistic regression analysis (OR 1.03 95% CI 1.01-1.04) corrected for 
age and sex). Second, the relatively low number of cases, some of whom had probable 
but not definite venous thromboembolism, does not firmly exclude the other assays as 
candidate intermediate phenotypes for venous thrombosis. Third, the fact that a large 
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proportion of the control group consisted of asymptomatic family members of the 
cases may have led to an underestimation, since misclassification may have occurred 
due to the low penetrance of venous thromboembolism. Finally, instead of assessing 
a genetic hypercoagulable state, an effect of the previous thrombotic event on overall 
coagulation and fibrinolysis may have been measured. 
Strengths of our study are the number of families without thrombophilia together 
with the size of the extended pedigrees, the ascertainment of cases, and standardized 
conditions of blood sampling. The next step will be to investigate whether known and 
potential determinants of ETP can be identified by measuring several clotting factors 
and anticoagulants in the large family with high heritability of ETP. 31 Furthermore, 
we are currently investigating other mechanisms outside the coagulation cascade by 
protein profiling in cases versus controls, as well as performing a whole genome scan 
for genetic linkage analysis. 32

In conclusion, in this study we were able to determine a shared intermediate phenotype 
for VTE, which provides optimism for future identification of new genetic defects in 
these thrombophilic families.  
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Abstract

Introduction. Previous research has shown that the endogenous thrombin potential 
(ETP) discriminates affected from non-affected family members in families with 
unexplained thrombophilia (OR 1.03 95% CI 1.01-1.05 for every percentage increase 
of the ETP). A high variance of 68% attributed to genetic factors for the ETP was found 
in one particular family. The present study was conducted to search for determinants 
of the ETP in this family. Methods. In the GENES study probands with a strong family 
history of VTE but no known thrombophilic defect and their extended pedigrees 
were identified. We measured several coagulation variables in one large family with 
unexplained thrombophilia and a high variance attributed to genetic factors for 
the ETP. Univariate and multiple regression analysis of variables were performed. 
Results. We were unable to identify coagulation variables as determinants for ETP 
in univariate linear regression with ETP as dependent variable. In multiple linear 
regression analysis, PT, factor (F) VII, FVIII and FIX and antithrombin were found to 
be minor determinants of the ETP. Discussion and conclusion. Although the effect of 
antithrombin and FVII, FVIII and FIX on ETP can be explained physiologically, none 
of these variables were major independent determinants of the ETP. In conclusion, no 
determinant for the ETP could be identified in this family. Therefore, the ETP seems 
to be a risk factor for thrombosis not influenced by one of the known coagulation 
variables. 



Determinants of a high endogenous thrombin potential in a thrombophilic family

37

Introduction

Since the 1990’s, several prevalent inherited and acquired coagulation defects that 
increase the risk of venous thrombosis (VTE) have been identified, for example factor 
(F)V Leiden, prothrombin G20210A mutation and elevated levels of FVIII, FIX and 
FXI. It is widely accepted that both known and unknown inherited risk factors and 
environmental factors contribute to the occurrence of VTE (e.g. surgery, immobilisation 
and use of oral contraconceptives). This multicausality makes it difficult to predict 
VTE and therefore a laboratory test that is able to detect a prothrombotic state which 
correlates with clinical VTE would be helpful. 1

The haemostatic balance in plasma is regulated by procoagulant factors, natural 
anticoagulants and fibrinolytic factors that are all dynamically intertwined under 
normal circumstances. The central component of this cascade is thrombin generation 
and disturbance leads to either bleeding or thrombosis. 
Thrombin generation assays are used to phenotype the clotting system. 2 For example, 
the thrombin generation test (TGT) has been used in patients with haemophilia and 
correlated with levels of FVIII activity. 3 In another study, patients at low risk for 
recurrent VTE could be identified by measuring thrombin generation. 4 Furthermore, 
the endogenous thrombin potential (ETP, area under the curve of the thrombin 
generation time) was developed in 1993 to measure enhanced thrombin generation and 
was modified some years later by adding activated protein C. 5;6 The ETP is elevated in 
hypercoagulable states induced by oral contraceptive use and inherited thrombophilic 
defects (i.e. antithrombin deficiency and prothrombin G20210A mutation). 7-10 
Recently, we investigated several potential markers of a prothrombotic state in 17 
thrombophilic families without a known inherited defect. Of the six markers we 
investigated, only the endogenous thrombin potential (ETP) was able to discriminate 
between affected and non-affected family members (OR 1.03 (95% CI 1.01-1.05) per 
10% percent increase of the ETP). 11 Interestingly, a high variance (68%) attributed 
to genetic factors for the ETP was found in one particular family. 11 This study was 
conducted to find out if a single known coagulation or fibrinolysis factor determined 
the ETP in this family.   
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Methods

Family
The presently investigated family is one of the families with unexplained thrombophilia 
included in the GENES study, which was described previously. 11 In this study, probands 
with a personal and strong family history of VTE (defined as at least one first degree 
or two second degree relatives with VTE) but without a known thrombophilic defect 
were included. Probands were selected from the outpatient clinic of the Department 
of Vascular Medicine, Academic Medical Center, Amsterdam, where they had been 
referred to because of suspected VTE. Probands were included if they had an objectively 
diagnosed VTE. A thrombotic event was classified as “definite” if objectively diagnosed 
(compression ultrasonography, plethysmography, venography, (spiral) CT scan or 
ventilation/perfusion scan) and treated with anticoagulant therapy. A VTE event was 
defined as “probable” if there was a typical history and anticoagulant treatment, but no 
objective diagnosis. Family members including spouses were identified by a genetic 
field worker. All individuals with a history of VTE were defined as cases and tested 
for deficiencies of protein C, protein S and antithrombin (AT), FV Leiden and the 
prothrombin G20210A mutation. A standardised history was taken using a validated 
questionnaire.(12) Written informed consent was obtained before inclusion.
In this study individuals on anticoagulant treatment (i.e. vitamin K antagonists, low-
molecular weight heparin or pentasaccharides) at the time of blood sampling were 
excluded from all analyses (n=2). 
The GENES study was approved by the Central Committee on Research In volving 
Human Subjects (CCMO).

Blood collection 
Blood was collected at least 3 months after an acute thrombotic event in tubes 
containing 0.106 mol L-1 trisodium citrate after overnight fasting and 12 hours 
cessation of smoking. Plasma was prepared by centrifugation at 2000 g for 20 minutes 
at room temperature and stored at -70ºC in suitable aliquots. 
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Coagulation parameters
The ETP was performed as previously described. 6;7 Briefly, thrombin potential was 
determined amidolytically at 37°C in defibrinated plasma containing phospholipids, 
tissue factor and calcium chloride. A higher ETP reflects more thrombin generation. 
APC sensitivity ratios (APC-sr) were determined by quantifying the effect of APC on 
thrombin generation as described before. 13 Increased levels of this ETP-based APC 
resistance test reflect enhanced resistance to APC. Coagulation assays (prothrombin 
time (PT), activated partial thromboplastin time (APTT), and coagulation FII, 
FV, FVII, FVIII, FIX, and FXI) were performed on an automated coagulation 
analyzer (Behring Coagulation System, BCS) with reagents and protocols from the 
manufacturer (Siemens Healthcare Diagnostics, Marburg, Germany). AT activity was 
determined with Berichrom antithrombin (Siemens Healthcare Diagnostics) on a 
Behring Coagulation System. Protein C was determined using the Coamatic protein C 
activity kit from Chromogenix (Mölndal, Sweden). Total protein S antigen was assayed 
by ELISA using antibodies from DAKO (Glostrup, Denmark). Free protein S was 
measured by precipitating the C4b-binding protein-bound fraction with polyethylene 
glycol 8000 and measuring the concentration of free protein S in the supernatant. TFPI 
activity was measured on the Behring Coagulation System according to a method 
described by Sandset et al. 14

Statistical analysis
Univariate and multiple linear regression models for all measured coagulation variables 
with ETP as the dependent variable were performed in Sequential Oligogenetic 
Linkage Analysis Routines (SOLAR). 15 Both analyses were corrected for age, sex and 
oral anticonceptive use, since these are known to influence coagulation variables. 16-18 

Heritabilities for all measured coagulation variables and their effects on ETP were also 
estimated in SOLAR. All analyses were adjusted for age, sex, oral contraceptive use and 
household effects. A proband ascertainment correction implemented in SOLAR was 
performed to obtain unbiased parameter estimates relevant to the general population. 
19;20
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Results

The baseline characteristics of the 136 family members are described in Table 1. The 
pedigree of the family is depicted in Figure 1. Two individuals without VTE were using 
anticoagulant treatment at the time of blood sampling and were excluded from the 
present analysis. The median age of the participants was 48 years. Four family members 
(including the proband) had a history of VTE; the median age at the time of first VTE 
was 36 years, ranging from 4-41 years. Five family members had a history of superficial 
thrombophlebitis (STP). Table 2 lists the levels of all variables. Interestingly, relatively 
high levels of protein C (median 113%, range 72-212%) were found in this family. 
Table 3 shows the results of the univariate and multiple linear regression analyses per 
coagulation variable with ETP as dependent variable. No determinants of the ETP were 
found among all variables in the univariate analysis. In the multiple linear regression 
model PT, FV, FVII and FIX, and AT were found to be minor determinants of the ETP. 
The total variance of ETP explained by this model was 35%, covariates included.
Table 4 lists the variance of all coagulation variables attributed to covariates, heritability 
and household effects. Similar to our findings in the analysis of 79 members of this 
family 11, the heritability remained high (67%) after extension of the family with 57 
subjects in the present study. We found very high heritability for the PT, protein C 
and AT activity of 74%, 72% and 75%, respectively. All variables, except FIX, had 
a moderate to high variance attributed to heritability ranging from 38 to 60%. In 
contrast, the variance attributed to household effects was absent for most coagulation 
variables, except for FIX, although it was low (6%). Variances attributed to covariates 
(age and/or sex) were low, ranging from 0 to 22%. 
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Figure 1. Pedigree of the affected family. 

□ male ○ female; ■ / ●: individuals with a history of VTE; I-V: generations

Table 1. Baseline characteristics at blood draw in all family members (n=136). 
Characteristics n %
Age (median yrs(IQR; range)) 48 (27; 15-72) -
Women 70 51
Spouses 24 17
Number of households 85 -
History of venous thromboembolism 4 3
History of superficial thrombophlebitis 5 4
Oral contraceptive use* 20 29 
Hormone replacement therapy 0 -
Pregnancy* 2 3 
Smoking 27 20

*Percentages for oral contraceptive use and pregnancy were given for women only.

I

II

III

IV

V

1
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Table 2. Median, interquartile range and range of all variables in family members and spouses 

without anticoagulant treatment. (n=136)
Variable Median IQR Range
PT (sec) 12.0 1.1 10.6 - 14.4
APTT (sec) 31.6 4.1 24.0 - 38.0
F II (%) 99 23 66 - 161
F V (%) 116 35 67 - 193
F VII (%) 97 22 49 -180
F VIII (%) 116 31 59 - 196
F IX (%) 100 20 77 -165
F XI (%) 110 22 75 - 181
Protein C act (%) 113 42 72 - 212
Protein S free (%) 46 13 19 - 79
Protein S total (%) 103 24 48 - 169
AT (%) 105 13 81 - 228
TFPI (%)                                 88 38 45 - 171
ETP (%) 103 30 60 - 176
APC-sr                                                          males 0.57 0.69 0.01 - 5.82

females without OAC 0.79 1.02 0.00 - 4.14
females with OAC 1.76 1.88 0.30-3.33

PT, prothrombin time; APTT, activated partial thromboplastin time; AT, antithrombin; TFPI, tissue factor 
pathway inhibitor; ETP, endogenous thrombin potential; APC-sr, activated protein C-sensitivity ratio; OAC, 
oral anticonceptives. 
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Table 3. Linear regression analysis with ETP as dependent variable adjusted for age, sex, oral 

contraceptive use and family or household correlations.  
Variable Univariate linear regression

Explained variance by covariates only: 6%

Multiple linear regression

Explained variance (with covariates):  35%

Unstandardized Beta 
(95% CI)

R2 (%) Unstandardized Beta 
(95% CI)

PT 4.54 (-0.98-10.06) 9 14.50 (4.16-24.84) *
APTT 0.52 (-0.85-1.88) 7 1.24 (-0.71-3.19)
F II 0.17 (-0.07-0.40) 7 0.21 (-0.10-0.52)
F V 0.03 (-0.06-0.16) 6 0.17 (-0.03-0.37)
F VII 0.06 -0.14-0.26) 6 0.30 (0.02-0.59) *
F VIII 0.09 (-0.07-0.25) 7 0.25 (0.04-0.47) *
F IX -0.06 (-0.33-0.21) 8 -0.58 (-0.98-(-0.18))*
F XI 0.00 (-0.20-0.21) 6 0.10 (-0.22-0.42)
Protein C 0.12 (-0.05-0.29) 7 0.14 (-0.07-0.35)
Protein S free 0.08 (-0.34-0.49) 6 0.17 (-0.38-0.72)
Protein S total 0.13 (-0.10-0.36) 6 0.18 (-0.22-0.58)
TFPI -0.01 (-0.18-0.16) 6 -0.11 (-0.28-0.06)
AT -0.35 (-0.78-0.07) 6 -0.60 (-1.09-(-0.12))*
APC-sr 5.02 (-4.64-14.68) 6 7.21 (-3.46-17.87)

ETP, endogenous thrombin potential; CI, confidence interval; PT, prothrombin time; APTT, activated 
partial thromboplastin time; TFPI, tissue factor pathway inhibitor; AT, antithrombin; APC-sr, activated 
protein C-sensitivity ratio (root transformed). * p<0.05. 

Table 4. Proportion of variance of all coagulation variables attributed to covariates, heritability 

and household effects. 
Proportion of variance (% )

Covariates Heritability (h2) Household effects (c2)
Variable h2 SE (h2) p (h2) c2 SE (c2) p (c2)
PT 17 74 15.2 0.000 - - -
APTT 13 60 22 0.002 - - -
F II - 38 21 0.026 - - -
F V 12 57 18.3 0.002 - - -
F VII 17 53 16.4 0.002 5 15.2 0.365
F VIII 14 36 21.7 0.051 8 19.9 0.344
F IX 7 15 17.0 0.178 6 13.6 0.002
F XI 9 46 23.3 0.017 - - -
Protein C act 16 72 15.3 0.000 - - -
Protein S free 11 49 21.4 0.014 - - -
Protein S total 22 47 19.4 0.012 - - -
AT 8 75 15.5 0.000 - - -
TFPI 18 58 17.4 0.003 - - -
ETP 11 67 17.6 0.001 8 11.6 0.230
APC-sr 9 38 21.9 0.044 10 12.3 0.193

SE, standard error; Calculations were made with a proband ascertainment correction. PT, prothrombin time; 
APTT, activated partial thromboplastin time; AT, antithrombin; TFPI, tissue factor pathway inhibitor; ETP, 
endogenous thrombin potential; APC-sr, activated protein C-sensitivity ratio.
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Discussion 

In this family with a strong genetic basis for the ETP, we measured several coagulation 
variables to investigate whether one or more of these determined the level of ETP. 
Although these coagulation variables were selected for their known influence on 
thrombin generation and therefore potentially on the ETP, none were found to be strong 
determinants of the ETP. Following multiple linear regression analysis, the PT, FVII, 
FVIII, FIX, and AT were found to be minor, however not independent, determinants. 
These findings are in line with our previous observations. 21 Furthermore, studies 
investigating influence of pro- and anticoagulants on thrombin generation in healthy 
individuals were also unable to find a single major factor determining thrombin 
generation. 22;23 In another study, determinants of the ETP based APC sensitivity test 
were examined in healthy women (with and without oral anticonceptive use) and men 
and free protein S and free TFPI levels were found to influence the test mostly. 16

The positive correlation between the PT and the ETP cannot be explained 
physiologically. The paradoxical effect of FIX, where an increase of FIX leads to a 
decrease in ETP, has been described. 24 A lack of response in thrombin generation to 
increasing FIX concentrations might be the consequence of a competition of FIX and 
FX with the FVIIa-TF complex. The other minor determinants can be more easily 
explained. When AT levels decrease, downregulation of the coagulation cascade 
is diminished resulting in a hypercoagulable state and thus an increase in the ETP. 
Increased levels of FVII and FVIII enhance thrombin generation. 24 

The high genetic influences for PT, protein C and AT have not been described previously, 
as is true for the low genetic influence for FIX levels. All our other findings are in 
line with observed heritabilities of a prothrombotic state, reflected by measurement of 
various coagulation variables. 25-29

No good explanation is available for the high levels of protein C in this family. A 
correlation between elevated levels of protein C with a low risk of venous thrombosis has 
not been described. Another hypothesis might be that these levels are a compensatory 
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mechanism to an unknown defect underlying hypercoagulability in this family. The 
high levels of protein C and the exceptionally high heritability of protein C found in 
this family warrant further genetic investigation. 

In conclusion, we did not identify an independent major determinant of the high 
ETP in this large pedigree. Therefore, the ETP seems to be a risk factor for venous 
thrombosis not influenced by one of the known coagulation variables that affects the 
ETP. In the future, we plan to perform genetic linkage analysis in this family to search 
for a potential genetic defect underlying the levels of ETP.
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Abstract

Introduction: Venous thromboembolism (VTE) is a multicausal disorder in which 
many genetic and environmental factors interact. The proportion of variance 
attributable to genetic effects (heritability) has been estimated at 60%, while at 
present in only 40% of VTE patients genetic risk factors can be detected. Therefore, 
it is presumed that other, yet unidentified hereditary risk factors for VTE exist. 
However, their discovery is greatly impeded by the lack of an intermediate phenotype 
for VTE. In search of this phenotype, coagulation and fibrinolysis parameters have 
been extensively investigated. Except for the endogenous thrombin potential, none 
of these parameters were found useful hitherto. We therefore evaluated whether 
discriminatory proteins can be identified by proteomic techniques. Methods: Sera of 
491 individuals (VTE: n=65, unaffected family members including spouses: n=426) 
selected from 29 families with a family history of venous thrombosis were analysed 
by surface enhanced laser desorption/ionisation-time of flight mass spectometry. 
Furthermore, a heritability analysis was performed in Sequential Oligogenetic 
Linkage Analysis Routines (SOLAR). Results: Of the 69 peak clusters detected, 3 
differed significantly in expression between VTE and non-VTE (univariate analysis; 
p<0.05). However, none of the peaks were found to be significant discriminative in 
the multivariate analysis. Heritability analysis of the peak clusters showed that peak 
clusters were mostly influenced by genes and household. Conclusions: This family 
study was unable to detect a discriminative proteomic pattern for VTE. 
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Introduction

Venous thromboembolism (VTE) is a prevalent disease, affecting approximately 1 
per 1000 individuals each year, and causing considerable morbidity and mortality. 
1 It is a multicausal disorder, in which genetic and environmental factors interact. 
Deficiencies of antithrombin, protein C and protein S were the first inherited risk 
factors discovered in 1965, 1981 and 1984, respectively. 2-4 In the past 15 years these 
were followed by the discovery of two gain-of-function mutations (Factor V Leiden 
and prothrombin 20210A) and several risk factors that are at least in part heritable 
(e.g. mild hyperhomocysteinemia, elevated levels of clotting factors VIII, IX and XI). 5 
However, while the proportion of variance attributable to genetic effects (heritability) 
has been estimated at 60%, only approximately 40% of VTE patients have genetic risk 
factors. 6;7 Other, yet unidentified hereditary risk factors are therefore presumed to 
contribute to the risk of VTE. Their discovery by for instance genetic linkage studies is 
greatly impeded by the lack of an “intermediate phenotype” for VTE. An intermediate 
phenotype, such as hyperinsulinemia or mild hyperglycemia in diabetes, could give 
more information on the true risk of developing disease, because it is more proximal to 
gene action than the complex disease itself. 8 In search of an intermediate phenotype, 
coagulation and fibrinolysis parameters have been extensively investigated. However, 
except for the endogenous thrombin potential, none of these parameters were found 
sufficiently discriminatory. 9-11 
In the last decade, the focus has been redirected from the human genome to the human 
proteome, i.e. the proteins in any given cell including all protein isoforms, modifications 
and their interactions. 12 Compared with the genome, the proteome provides a more 
realistic representation of a biological status and may therefore be more useful than 
gene analysis for evaluating disease risk. 13 The introduction of surface-enhanced laser 
desorption and ionisation time-of-flight (SELDI-TOF) mass spectrometry has made it 
possible to rapidly study protein profiles in serum, plasma or tissue. A landmark study 
on proteomic patterns was performed on serum of patients with and without ovarian 
cancer using SELDI-TOF mass spectrometry with the purpose of detecting disease at 
an early stage. 14 Since then, this technique has been used in several other conditions 
such as different types of cancer, but also in Alzheimer’s disease and cardiovascular 
diseases. 15-19
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In VTE, protein profiles have recently been studied in a protein C deficient family in order 
to distinguish individuals with a history of VTE from those without. 20 Furthermore, 
protein profiles have been investigated as a diagnostic tool in hospitalized patients 
suspected to have VTE. 21 We aimed to identify a possible intermediate phenotype for 
VTE in families with a tendency for VTE, using SELDI-TOF mass spectrometry.

Materials and methods

Study population
The GENES study has been described previously. 10 In short, probands with a strong 
family history of VTE (defined as at least one first degree or two second degree 
relatives with VTE) but without a known thrombophilic defect and their extended 
pedigrees including spouses were identified. Patients with a personal history of 
VTE were tested for factor V Leiden, deficiencies of protein C, S and antithrombin, 
and the prothrombin-G20210A-mutation. History was taken using a standardized 
questionnaire. 22

Individuals on anticoagulant treatment or platelet aggregation inhibitors were excluded 
from the present analyses. 

Blood collection 
Blood samples were collected in plain glass tubes (Becton Dickinson, ref 367615) in 
the morning after overnight fasting and 12 hours cessation of smoking, and allowed to 
clot at room temperature for 30 minutes after which these were preserved on ice. All 
samples were centrifuged within 2 hrs after withdrawal at 2000 g for 20 minutes at 4°C, 
after which the sera were aliquoted and stored at -70°C. All samples were collected 
after obtaining informed consent and with approval of the Central Committee on 
Research Involving Human Subjects (CCMO). 

Chemicals
All used chemicals were obtained from Sigma, St. Louis, MO, USA, unless stated 
otherwise. 
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Serum protein profiling
Serum protein profiling was performed using the ProteinChip SELDI (PBSIIc) 
Reader (Bio-Rad Labs, Hercules, CA, USA). Various array chemistries, binding- and 
washing-procedures and sample pretreatments were initially evaluated to determine 
which affinity chemistry and sample pretreatment procedure provided the best serum 
protein profiles in terms of number and resolution of proteins. Immobilized Metal 
Affinity Capture (IMAC30) arrays were selected for further analysis. Throughout 
the assay, arrays were assembled in a 96-well bioprocessor, which was shaken on a 
platform shaker at 350 rpm. Sample processing was manual, and all serum samples 
were randomly attributed to one of seven measurement series (batches) before 
analyses. Each batch was measured in duplicate on one day and samples were allocated 
randomly to the arrays. 
IMAC30 arrays were charged twice with 50 ml 100 mM NiSO4 (Merck, Darmstad, 
Germany) for 15 min, followed by three rinses with deionised water (Braun, 
Emmenbrücke, Germany) and two equilibrations with 200 µl Phosphate Buffered Saline 
(PBS; 10 mM) pH 7.4 / 0.5 M sodium chloride / 0.1% TritonX-100 (binding buffer; 
sodium chloride from Merck) for 5 min. Unfractionated serum samples were thawed 
on ice and denatured by 1:10 dilution in 9 M ureum / 2% 3-[(3-cholamidopropyl)
dimethylammonio-]-1-propanesulfonic acid (CHAPS). Pretreated samples were 
diluted 1:10 in binding buffer and randomly applied in duplicate to the arrays. One 
serum (QC) sample was spotted randomly to 42 spots throughout the seven batches to 
monitor the reproducibility of the assay. After 30 min incubation, arrays were washed 
twice with binding buffer and twice with PBS pH 7.4 / 0.5 M sodium chloride for 
5 min. Following a quick rinse with deionised water, arrays were air-dried. A 50% 
sinapinic acid (SPA; Bio-Rad Labs) solution in 50% acetonitrile (ACN; Biosolve, 
Valkenswaard, The Netherlands) / 0.5% trifluoroacetic acid (TFA; Merck) was applied 
twice (1.0 µl) to the arrays as the matrix. Following air-drying, the arrays were analysed 
using the ProteinChip SELDI (PBSIIc) Reader. Using the ProteinChip Software v.3.1 
(Bio-Rad Labs), data were collected between 0 and 100 kDa, averaging 96 laser shots 
with intensity 155 (arbitrary units), detector sensitivity 5 (arbitrary units), and laser 
focusing at 10 kDa. For mass accuracy, the instrument was calibrated on each day of 
measurements with the All-in-One peptide standard (Bio-Rad Labs). 
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Statistics and bioinformatics
The distribution of the patient characteristics over the VTE and non-VTE group were 
compared using the Chi-square test for categorical variables (gender) and the Mann-
Whitney U (MWU) test for continuous variables (subjects’ age and sample storage 
duration).
Spectra of serum samples were processed per batch by the ProteinChip Software v3.1 
(Bio-Rad Labs). Following baseline subtraction, spectra were normalised to the total 
ion current. Spectra with normalisation factors < 0.5 or > 2 were excluded from further 
analysis. After spectrum pre-processing, the Biomarker Wizard (BMW) software 
package was applied for peak detection. Peaks were auto-detected when occurring 
in at least 10% of spectra and having a signal-to-noise ratio (S/N) of at least 3. Peak 
clusters were completed with peaks with a S/N of at least 1.5 in a cluster mass window 
of 0.3%. Peak information was subsequently exported as spreadsheet files, and peak 
intensities from the duplicate analyses were averaged. The batches were analysed in 
seven days, a parameter known to influence spectral data. 23;24 As such, merging peak 
intensity data of the different batches would lead to spurious results. To this end, the 
intensities of peaks were converted to standard Z-values per batch, by subtracting the 
mean and dividing by the standard deviation. The Z-transformed data of the seven 
batches were subsequently merged in one file. 
To investigate the relationship between a combination of the Z-transformed peak 
intensities and VTE status, crude odds ratios for each of the peak intensities (as 
continuous variables) were estimated in an univariate and multivariate logistic 
regression model using generalized estimation equations to account for family 
relationships with the inclusion of each peak cluster detected. Peak clusters found to be 
borderline significant (p<0.10) or significant (p<0.05) related to VTE status following 
the univariate logistic regression analyses were used in the multivariate logistic 
regression model. To investigate whether the relationship between peak intensities 
and VTE status could be explained by subjects’ age (categorised according to tertiles), 
gender or sample storage duration (categorised according to tertiles), the odds 
ratios were adjusted for these parameters. The parameters were considered potential 
confounders if the adjusted odds ratios were > 10% different from the crude odds 
ratios. The classification performance of the logistic regression model was evaluated 
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by estimation of the area under the Receiver Operating Characteristic (ROC) curve 
(AUC) and accompanying 95% confidence interval (95% CI).
The reproducibility of the assay was determined by calculation of the pooled 
coefficient of variation (CV) over 10 representative peaks (< 15 kDa) in all spectra of 
the randomly spotted QC sample. All statistical analyses were performed using SPSS 
statistical software, version 13.0 (SPSS Inc., Chicago, IL, USA). 
A heritability analysis of all peak clusters following the spectrum wide analysis 
was performed in every individual using Sequential Oligogenetic Linkage Analysis 
Routines (SOLAR). 25 All analyses were adjusted for age, gender, oral contraceptive 
use and household effects. A proband ascertainment correction implemented in 
SOLAR was performed to obtain unbiased parameter estimates relevant to the general 
population. 26;27

Results

Study population
In total, sera from 491 individuals (VTE: n = 65, unaffected family members including 
spouses: n = 426) selected from 29 families with a strong family history of VTE 
were selected. Individuals on anticoagulant treatment (n=31) or platelet aggregation 
inhibitors (n=19) were excluded. In total 441 individuals remained, 34 individuals 
with a history of VTE and 407 unaffected family members. Patient and sample 
characteristics are summarized in Table 1. VTE patients were older than non-VTE 
subjects at time of blood withdrawal (MWU; p < 0.001), and the VTE group contained 
significantly more female subjects than the non-VTE group (Chi square test; p = 
0.002). Sample storage duration was equal for both groups (MWU; p = 0.4). 
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Table 1. Patient and sample characteristics of the family members including spouses (n=65). 
VTE 

(n = 34)
Non-VTE 
(n = 407)

Age (years), median 
[IQR] 

53.7
[48.0 – 62.8]

39.7
[26.6 – 54.8]

Gender (N)
Male
Female

9
25

216
191

Sample storage time (months), 
median [IQR]

37.1
[19.6 – 43.7]

34.4
[26.4 – 38.5]

Abbreviations: IQR: interquartile range, VTE: venous thromboembolism

Serum protein profiling
Following serum protein profiling and spectrum pre-processing by the ProteinChip 
Software v3.1, spectra of 33 VTE patients and 391 non-VTE subjects were left for 
analyses in the seven batches. Spectrum-wide, the Biomarker Wizard detected a total of 
69 peak clusters. Intensities of peak cluster m/z 3779, 8148 and 11734 were significantly 
different between VTE and non-VTE, i.e. OR 1.30 (95% CI 1.04-1.63), OR 0.70 (95% 
CI 0.49-0.99) and OR 1.38 (95% CI 1.06-1.79) respectively. The intensities of peaks at 
m/z 3962, 4444, and 7977 were borderline significantly different, i.e. OR 1.20 (95% CI 
0.98-1.48), OR 1.25 (95% CI 0.98-1.61) and OR 0.70 (95% CI 0.48-1.01) respectively. 
The intensities of 10 representative peaks in all QC spectra had a pooled CV of 22.6%. 
Next, multivariate logistic regression analyses were performed. All six peaks that were 
(borderline) significantly different between VTE and non-VTE were incorporated in 
the model, resulting in an AUC of 0.782 (95% CI: 0.715-0.850) (Table 2). None of the 
peak clusters included in this model had an adjusted odds ratio that differed more than 
10% from the crude odds ratio. The multivariate model classified the samples with a 
sensitivity and specificity of 24.2% and 97.2%, respectively. 
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Table 2. Multivariate logistic regression analyses by forward entry inclusion of all peak clusters 

detected, before and after adjustment for subjects’ age, gender, and sample storage duration. 
Univariate Multivariate model Multivariate model, adjusted

Variable OR OR (95% CI) p-value OR (95% CI) p-value
m/z 3779 1.30* 1.24 (0.72-2.14) 0.436 1.25 (0.71-2.21) 0.437
m/z 3962 1.20** 1.00 (0.56-1.77) 0.089 0.98 (0.53-1.81) 0.946
m/z 4444 1.25** 1.18 (0.82-1.71) 0.370 1.08 (0.76-1.54) 0.675
m/z 7977 0.70** 1.02 (0.55-1.90) 0.960 1.05 (0.45-2.45) 0.909
m/z 8148 0.70* 0.67 (0.35-1.28) 0.224 0.67 (0.27-1.62) 0.368
m/z 11735 1.38* 1.51 (1.16-1.97) 0.002 1.45 (1.09-1.92) 0.010
Performance
ROC AUC 0.782 (0.715-0.850)
Sensitivity 24.2%
Specificity 97.2%

* p<0.05, ** p<0.10. ROC AUC, receiver operating characteristic area under the curve.

Heritability analysis 
The proportion of variance attributed to heritability, household effects and covariates 
was calculated for all peak clusters (Table 3). Moderate to significant heritabilities were 
found in 24 out of 68 peak clusters with proportions of variance ranging from 12 to 
57%. The highest heritability (57%) was found for peak cluster m/z 8938. Household 
effects attributed 17% of the variance of 8938. In 10 peak clusters significant household 
effects were found ranging from 14 to 24%. Covariates showed to attribute marginally 
(0.5 to 14%) in the proportion of variance of 35 peak clusters. 
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Table 3. Proportion of variance of all peak clusters attributed to covariates (age, gender), 

heritability and household effects.
Peak cluster (m/z ratio) Proportion of variance (%)

Heritability (h2) Household effects (c2) covariates
h2 SE p c2 SE p

2548 - - - - - - 1
2674 - - - - - - 1
2760 - - - 17* 9 0.021 4
2959 - - - 0.29 7 0.113 -
2731 - - - - - - 1
2967 - - - - - -
3092 - - - - - - 1
3164 - - - 23* 9 0.006 -
3279 6 10 0.236 2 9 0.412 -
3293 - - - 1 9 0.431 -
3687 14 10 0.064 11 12 0.174 -
3779 - - - - - - 8
3819 - - - 13 9 0.051 3
3893 18* 10 0.012 - - - -
3962 31* 10 0.000 - - - 13
3978 12 10 0.158 5 10 0.299 2
3994 3 10 0.388 17* 11 0.047 -
4063 33* 11 0.000 19* 10 0.021 -
4217 25* 9 0.000 4 9 0.309 1
4289 35* NA 0.022 2 11 0.405 -
4307 22* 13 0.024 3 10 0.380 -
4422 22* 10 0.004 - - - 3
4444 16* 10 0.035 - - - -
4460 13* 9 0.039 - - - -
4478 36* 10 0.000 - - - 0.5
4650 - - - 7 9 0.205 3
4797 19* 8 0.002 - - - -
5072 19* 11 0.025 6 11 0.276 3
5088 10 11 0.169 17* 10 0.038 1
5249 13 9 0.053 0.66 9 0.471 -
5272 6 7 0.171 - - - 1
5344 1 7 0.447 16 12 0.094 1
5359 2 8 0.373 4 12 0.371
5549 5 NA 0.270 8 NA 0.228 -
5569 - - - 13 11 0.118 -
5809 - - - 11 13 0.192 7
5893 - - - 19 12 0.053 -
5911 12 10 0.099 7 11 0.239 -
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Table 3. Continued

5927 - - - 9 11 0.197 -
5952 3 8 0.360 18 12 0.061 -
5979 - - - 24* 11 0.021 -
6095 - - - 9 10 0.187 -
6117 - - - 13 12 0.121 -
6133 - - - 12 12 0.149 -
6435 - - - 4 7 0.275 2
6566 - - - 11 12 0.190 3
6676 10 11 0.168 12 10 0.096 3
6954 22* 10 0.004 13 9 0.071 1
6983 12 11 0.112 12 9 0.095 3
7770 11 9 0.092 14* 9 0.040 -
7934 27* 11 0.003 10 13 0.197 -
7977 12 NA 0.119 8 NA 0.196 2
8148 18* 10 0.021 11 8 0.084 -
8938 57* 10 0.000 17* 8 0.011 -
9291 6 9 0.242 9 9 0.141 1
9504 7 9 0.186 7 9 0.180 1

10262 39* 10 0.000 - - - 2
11093 10 9 0.116 24* 11 0.013 -
11735 6 10 0.270 10 9 0.129 10
11819 - - - 3 10 0.367 3
13905 27* 10 0.001 19* 10 0.037 14
14105 25* 10 0.003 15 10 0.051 7
15158 16* 10 0.033 0.97 12 0.469 -
15886 17* 11 0.029 9 12 0.214 -
28145 8 10 0.191 4 9 0.308 -
33373 18* 9 0.005 - - - 3
43096 24* 12 0.006 3 9 0.359 3
66611 12* 8 0.026 - - - 3
79701 10 8 0.091 - - - 1

SE, standard error; Calculations were made with a proband ascertainment; NA, not applicable
* significant, i.e. p<0.05.

Peak cluster (m/z ratio) Proportion of variance (%)
Heritability (h2) Household effects (c2) covariates

h2 SE p c2 SE p



Chapter 4

60

Discussion

In this study, we aimed to evaluate the discriminative value of protein profiles in 
families with a tendency to VTE, using the proteomic SELDI-TOF MS platform. 
We investigated the discriminative value of protein profiles in a large number of 
thrombophilic families. The univariate analysis showed 6 (borderline) significant 
peaks that discriminated individuals with VTE from those without. One of these peaks, 
m/z 11375, was found to be significantly different between VTE and non-VTE family 
members in the multivariate analysis. However, using ROC curves, the classification 
performance of the multivariate model was insufficient to have discriminative value 
for VTE. 
An interesting finding is that the heritability analysis showed that many peak clusters 
were influenced by both genes and household effects, and marginally by sex and age. 
The highest heritability (57%) of all peak clusters was estimated for peak cluster m/z 
8938. Since no peptide purification and identification has been performed in this 
study, we can only assume that the identity of peak cluster m/z 8938 is C3a des-Argine 
anaphylatoxin (C3adesArg) based on the mass and type of chip used,. 28 Complement 
C3adesArg is the biologically inactive form of anaphylatoxin C3a, a split product of C3 
that is generated through complement activation. 29 C3adesArg is formed by cleavage of 
anaphylatoxin C3a through active thrombin-activatable fibrinolysis inhibitor (TAFIa) 
and carboxypeptidase N. 29;30 Interestingly, high TAFI levels have been described as 
a risk factor for venous thrombosis, but there remain conflicting results. 31-33 In one 
study a high level of C3adesArg in solvent detergent plasma was found to be a cause 
of thrombogenicity, possibly through platelet activation. 34;35 The suggestion of a 
relationship between inflammation and thrombosis has been described, although an 
inflammatory reaction as a consequence of thrombosis cannot be ruled out. 36-38 
Interestingly, we assume the m/z 8148 peak cluster, found in the univariate analysis, to 
be a fragment of C3adesArg, i.e. C3adesArg∆8 (based on its mass and the chiptype used). 28

Do our findings mean that future research in the field of proteomics to discover 
novel risk factors for VTE is futile? Despite the large sample size, the power of our 
study is limited by the fact that many cases had to be excluded because of concurrent 
anticoagulant treatment, whereas the protein profiles of these individuals may be the 



Analyses of protein profiles in thrombophilic families

61

most informative. Unfortunately, exclusion of cases on anticoagulant treatment was 
inevitable, since protein profiles were influenced by anticoagulants (data not shown). 
The sensitivity of our approach may also be reduced by the presence of unknown 
mutations in several susceptibility genes in the thrombophilic families, which may 
cause different proteomes, thus diluting the finding of one or more discriminative 
proteomic patterns. 39 
Strengths of our study are the large sample size and strong thrombophilic character 
of the families. Furthermore, the standardized blood collection and stringent sample 
conditions minimized noise. This is also shown by the good reproducibility of the 
samples, i.e. a pooled CV of 22.6%, which is in agreement with previous reports. 40 
In conclusion, this large family study was unable to establish a discriminative proteomic 
profile for VTE. To our knowledge, there is only one other study using SELDI-TOF 
profiles in venous thrombosis, which was able to distinguish VTE (occurring before 
the age of 40) from non-VTE subjects by their proteomic pattern. 20 Thus, proteomics 
in population-based case control or cohort studies of patients with VTE may still be 
worthwhile. There remains a need for analysis beyond the genotype to accurately 
assess thrombotic risk. 41
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Venous thrombosis (VTE) is a multicausal disease in which interaction of genetic 
(i.e. factor V Leiden, PT20210), acquired (i.e. elevated levels of factor VIII, lupus 
anticoagulans) and environmental (i.e. surgery, immobilization) factors determine the 
development of disease. A study in Danish twins showed that for VTE the proportion 
of the variance attributable to genetic effects was as high as 55% 1. Furthermore, in a 
family-based study, the Genetic project Analysis of Idiopathic Thrombophilia (GAIT) 
study, the heritability of thrombosis susceptibility was estimated by means of a novel 
variance component method using a multivariate threshold model 2. It was estimated 
that more than 60% of the variation in susceptibility to common thrombosis is 
attributable to genetic risk factors. Since only a limited number of genetic risk factors 
are known, it is expected that there are unidentified hereditary defects that contribute 
to the risk for VTE. 
In a search for novel genetic risk factors a whole genome scan in large protein C deficient 
kindred identified candidate regions involved in the risk of VTE on chromosomes 
10, 11 and 18 3. Supportive evidence for the region on chromosome 18 was obtained 
in the GAIT study. In this second study, linkage analysis pinpointed a region on 
chromosome 18 which simultaneously influenced the ‘activated protein C resistance’ 
(APCR) phenotype, factor VIII levels and VTE 4. The peak log of the odds (LOD) score 
for APCR occurred near microsatellite marker D18S53, i.e. very close to the peak LOD 
score in the first study. Since the fact that two independent studies point to the same 
region on chromosome 18 provides compelling evidence of a true finding, we were 
interested if we could confirm linkage of VTE to chromosome 18 in the GENES study, 
a study of families with unexplained thrombophilia in The Netherlands. 
GENES is an ongoing study and at the time of the present analysis there were 
22 families included 5. Inclusion criteria were a history of VTE and the absence of 
known thrombophilic defects (factor V Leiden, deficiencies of protein C, of protein 
S and of antithrombin, the prothrombin G20210A mutation and (familial) elevated 
levels of factor VIII, IX and XI). A standardized history was taken using a validated 
questionnaire 6. Family members were defined as cases if they had had a history of 
symptomatic VTE. 
A thrombotic event was classified as “definite” if objectively diagnosed (use of 
compression ultrasonography, plethysmography, venography, (spiral) CT scan or 
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ventilation/perfusion scan) and treated with anticoagulant therapy. A VTE event was 
defined as “probable” if not objectively diagnosed or documentation on diagnostic 
tests used was unavailable. In this study cases with probable and definite events were 
included for analysis. Family history was defined as ≥1 first degree and/or ≥2 second 
degree relatives with VTE.
The 22 pedigrees consisted of 889 individuals and 58 family members with VTE 
(6%). A heritability (h2) analysis for VTE was performed in the program Sequential 
Oligogenic Linkage Analysis Routines (SOLAR) 4;7. The h2 for VTE was 76% (SE 13%) 
and 46% (SE 27%) when only individuals with definite VTE (n=30) were included in 
the analysis. The median age of onset was 40 years (range 18-68 years). Family sizes 
ranged from six to 185 with a median size of 28.  
To determine the power to detect linkage, a simulation study using SIMLINK was 
performed in five randomly selected GENES families 8. We assumed a dominant 
trait with a piecewise linear or cumulative normal penetrance function and an allele 
frequency of 0.01. Based on 1000 simulations, the maximum LOD score and the power 
to detect a LOD score > 3 or > 2 were 5.1, 85% and 95% at θ = 0 and 3.8, 62% and 82% 
at θ = 0.05. Results were similar for the two penetrance functions.
Genomic DNA was prepared from 10 ml whole blood using standard procedures. Two 
markers on chromosome 18 (D18S53 and D18S843) were chosen from the UniSTS 
human sequence database. Oligonucleotide primers were obtained from Biolegio 
(Nijmegen, The Netherlands). The forward primers were labelled with a 5-FAM 
fluorescent dye, and reverse primers were modified by PIGtailing 7. Polymerase chain 
reactions (PCRs) were performed in a 10 μL volume containing 3 μL (D18S843) 
versus 1.2 μL (D18S53) DNA, 0.2 μL of each oligonucleotide primer, 1.5 μL of 2.5 
mM dNTP’s, 0.2 μL Taq, 1.5 μL PCR buffer and 1.5 μL of 25 mM MgCl2. DNA was 
initially denaturated at 95°C for 3 min and was then subjected to 11 cycles of 94°C for 
15 sec, 55°C for 15 sec and 72°C for 30 sec, followed by 31 cycles of 89°C of 15 sec, 
55°C of 15sec, 72°C of 30sec, followed by a final step of 72°C of 10min. PCR products 
were diluted four times with distilled water and 4 μL diluted product was mixed with 
0.4 μL GS-500 size standard (Applied Biosystems) and 15.6 μL denaturated H2O and 
separated on a 3100 Genetic Analyzer (Applied Biosystems). 
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Data were analyzed using Genemapper software (Applied Biosystems) for Windows 
NT. Two independent observers checked results for inconsistency. Genetic linkage 
analysis was performed in SOLAR 4;8. 
Of the 889 individuals 421 individuals had genotype information of whom 51 with 
a history of VTE. We could not confirm the previous claims as we found no linkage 
between VTE and D18S53 or D18S843, located at 38 and 28 cM on chromosome 18 
respectively, in the whole study population or in any of the individual families from 
GENES. In the analysis of all families the LOD score for marker D18S53 was 0.122 
and for D18S843 0.147, both of which are far removed from a significance threshold of 
3.0. Furthermore, a bivariate analysis of VTE and activated protein C-sensitivity ratio 
was performed but no linkage was found. Bivariate analysis for VTE and FVIII was 
performed in the largest family, but no linkage was found. 
These negative results imply that if there is a genetic risk factor hidden at the locus on 
chromosome 18, its prevalence might be low in Dutch patients with thrombophilia. 
Also for other genetic risk factors like factor V Leiden and PT20210 a gradient has 
been observed in Europe, with factor V Leiden most common in northern parts of 
Europe, whereas the opposite seems the case for the prothrombin variant 9. Please 
note that the large PC family that was studied in Vermont is of French–Canadian 
descent, i.e. originated close to the geographic region from which the participants of 
the Spanish GAIT were recruited. Therefore our negative result should not be taken 
as final evidence that the linkage peak that was observed in the previous studies is not 
pointing at a true novel risk factor for VTE.  
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Abstract

Background: Venous thromboembolism (VTE) is a multi-causal disease in which 
interaction of genetic, acquired and environmental factors determine the development 
of disease. Although genetic variation contributes a substantial part of the variability in 
the development of the disease, only a limited number of genetic risk factors are known. 
Objectives: The GENES study, consisting of families with unexplained thrombophilia, 
was initiated with the objective to identify novel genetic risk factors for VTE. Methods: 
Genome-wide (variance components) linkage analysis for symptomatic VTE and for 
several coagulation variables in 22 families (304 individuals), including one large 
family (128 individuals) that had a high heritability estimate for the endogenous 
thrombin potential (ETP). Results: Suggestive linkage peaks (LOD-score 2.0, 1.9 and 
2.5) were found on 11q23, 20q13 and 1q23 for VTE, ETP and APC-sensitivity ratios, 
respectively. Linkage analysis in the family of 128 individuals revealed significant 
(LOD > 3.3) linkage peaks on 16q22, 16q23, 17q22 and 20q11 for factor II, factor V, 
prothrombin time and protein C, respectively. A suggestive linkage peak (LOD-score 
2.6) was found on 20q11for ETP. Conclusion: For VTE, we confirmed a previously 
reported locus at 11q23. The majority of the coagulation variables studied was highly 
heritable and QTL have been found for several traits. To identify the gene(s) in these 
quantitative trait loci, follow-up studies are needed.
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Introduction

Venous thromboembolism (VTE) is a multi-causal disease in which genetic, acquired 
and environmental factors interact 1. Previous studies showed that for VTE the 
proportion of the variance attributable to genetic effects was as high as 55 - 60% 2-4. 
Despite an increase in knowledge of genetic risk factors over the past decades, there 
still are unidentified hereditary defects that contribute to the risk for VTE 5.
We studied families with unexplained thrombophilia (the GENES study), with the 
objective to identify novel hereditary risk factors for VTE. Recently, in a search for 
relevant intermediate phenotypes for VTE, we showed that the endogenous thrombin 
potential (ETP) could discriminate between VTE affected and non-affected family 
members 6. The estimated heritability of ETP in the families was 32 ± 10%, which 
was mainly determined by the high heritability of 68% in one particular large family 
(family 8). We measured additional coagulation factor levels in this family to examine 
their possible relationship with ETP. Multiple regression analysis revealed that levels of 
antithrombin and clotting factors VII, VIII and IX were correlated with ETP. However, 
these factors only explained 35% of the variation observed in ETP in this family 6,7.
We carried out a genome-wide linkage scan in all GENES families. Furthermore, in 
family 8 with the high heritability estimate for ETP, we included additional coagulation 
and fibrinolysis variables in the genome-wide linkage scan.

Material and Methods

Families
Probands with a personal and strong family history of VTE (defined as at least 
one first degree or two second degree relatives with VTE) but without one of the 
known thrombophilic defects and their extended family including spouses were 
included. Individuals with a personal history of VTE were tested for factor V Leiden, 
the prothrombin G20210A mutation and deficiencies of protein C, protein S and 
antithrombin. For analysis of VTE, all available individuals in the 22 families were 
included and an analysis was carried out for definite and probable cases combined. 
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For the quantitative traits (i.e. coagulation and fibrinolysis variables), individuals who 
were using vitamin K antagonists at the time of blood sampling were excluded.
The GENES study was approved by the Central Committee on Research Involving 
Human Subjects (CCMO) and all probands and family members provided informed 
consent.

Blood and plasma collection
Blood was collected at least 3 months after an acute venous thrombotic event after 
overnight fasting and 12 hours cessation of smoking. For plasma collection blood was 
collected in tubes containing 0.106 mol L-1 trisodium citrate. Plasma was prepared by 
centrifugation at 2000 g for 10 min at room temperature and stored at -70°C in suitable 
aliquots. Blood used for DNA isolation was collected in tubes containing EDTA. DNA 
was isolated from blood using the Gentra Puregene method (Gentra systems, Inc., 
Minneapolis, MN, USA).

Traits
Venous thromboembolism (VTE): A diagnosis of venous thrombosis or pulmonary 
embolism (VTE) was classified as “definite” if objectively diagnosed (use of compression 
ultrasonography, plethysmography, venography, (spiral) CT scan or ventilation/
perfusion scan) and treated with anticoagulant therapy. A VTE event was defined as 
“probable” if not objectively diagnosed or documentation on diagnostic tests used was 
unavailable. We included cases with probable and definite events in the analysis. 
Coagulation and fibrinolysis assays: The test for prothrombin fragment 1+2 (F1+2) used 
was an ELISA-based assay (Siemens Healthcare Diagnostics, Marburg, Germany). The 
thrombin generation time (TGT) was measured spectrophotometrically. Results were 
expressed as the percentage t1/2max (= time to reach the midpoint of clear to maximal 
turbid density) of a normal t1/2max determined in a pooled plasma of more than 150 
healthy volunteers. A higher percentage TGT correlates with a reduced thrombin 
generation potential. The endogenous thrombin potential (ETP) was performed as 
previously described 8. A higher ETP reflects more thrombin generation potential. 
APC sensitivity ratios (APC-sr) were determined by quantifying the effect of APC on 
thrombin generation 9,10. Increased levels of this ETP-based APC resistance test reflect 
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a reduced sensitivity to APC. The clot lysis time (CLT) was determined as described 
before 11. A higher CLT reflects a reduced fibrinolytic capacity.
In addition to the coagulation assays performed in all families, we measured additional 
coagulation variables in family 8 only to investigate their possible correlations with 
ETP. These were: prothrombin time (PT), activated partial thromboplastin time 
(APTT), activity-based or antigen-based assays for factor II, factor VII, factor VIII, 
factor IX, factor XI, antithrombin (AT), total (PS-tot) and free protein S (PS-free) and 
protein C (PC), factor V and tissue factor pathway inhibitor (TFPI). PT, APTT and 
factors II, V, VII, VIII, IX and XI were determined using an automated coagulation 
analyzer (Behring Coagulation System, BCS) with reagents and protocols from the 
manufacturer (Siemens Healthcare Diagnostics, Marburg, Germany). AT activity 
was determined with Berichrom antithrombin (Siemens Healthcare Diagnostics) 
on a BCS. Protein C was determined using the Coamatic protein C activity kit from 
Chromogenix (Mölndal, Sweden). Total protein S antigen was assayed by ELISA 
using antibodies from DAKO (Glostrup, Denmark). Free protein S was measured by 
precipitating the C4b-binding protein-bound fraction with polyethylene glycol 8000 
and measuring the concentration of free protein S in the supernatant. TFPI activity 
was measured on the BCS according to a method described by Sandset et al 12. Except 
for PT and APTT, all coagulation factor levels are expressed as percentage of the level 
in a pooled plasma sample of more than 150 healthy volunteers.

Genotyping and error checking
Genotyping was conducted by the NHLBI Mammalian Genotyping Service at the 
Marshfield Medical Foundation (Marshfield, WI, USA) 13, using the 10 cM spaced 
short tandem repeat polymorphism screening set 16. On the autosomes, 375 markers 
were examined with an average marker spacing of 9.3 cM (range 0 - 19 cM) and an 
average marker heterozygosity of 75% (range 54 - 89%). Genotyping success rate was 
91.5% (SD = 3.7%). The families were checked for Mendelian errors using the software 
Mendel 14 and errors were removed by assigning missing values to the genotypes 
involved.
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Statistical analysis
APC-sr and CLT were right skewed and were transformed with the square root or 
natural logarithm, respectively, to obtain a normal distribution. Age, sex and use of 
oral contraceptives were included as covariates in the linkage analysis.
Estimation of the probability of (multipoint) identity by descent (IBD) and variance 
components linkage analysis were carried out using the SOLAR package 15. Linkage 
was assessed by fitting a polygenic model that did not incorporate genetic marker 
information (i.e. IBD status) and comparing it with models that incorporated 
genotype data across a chromosome (multipoint analysis). The log-of-the-odds (LOD) 
score is the log (base 10) of the ratio of the likelihoods of the polygenic and marker-
specific models. As proposed by Lander and Kruglyak 16, we defined significant 
linkage as statistical evidence expected to occur 0.05 times in a whole genome scan 
(probability 5%; LOD score >3.3) and suggestive linkage as statistical evidence that 
would be expected to occur one time at random in a whole genome scan (LOD score 
between 1.9 and 3.3). The 1-LOD-support interval (≈ 95% confidence interval) was 
determined by the points on the curve defined by dropping the LOD score by one 
unit 17. In case of a LOD score > 2.5, a second genome-wide analysis was performed 
using a model that included this peak. In case of multiple peaks, this second pass 
enables identification of peaks that are (statistically) independent from the locus with 
the highest LOD score. In case of suggestive or significant LOD scores of different 
traits on the same chromosome, a bivariate linkage analysis was performed. Next to 
bivariate LOD scores, an environmental (ρe) and genetic (ρg) correlation are estimated. 
Subsequent testing the observed genetic correlation against the null hypotheses ρg = 0 
and ρg = 1 gives information whether the peaks of the two traits are most likely due to 
co-incident linkage (two QTLs) or pleiotrophy (single QTL influencing both traits) 18. 
All LOD scores reported were corrected for inaccuracy caused by possible non-normal 
trait distribution using the empirical LOD adjustment implemented in SOLAR.



Quantitative trait loci for coagulation variables in families with thrombophilia

79

Results

All families
We included 22 extended families with family sizes ranging from six to 185, with a 
median family size of 28 individuals. In total, 304 individuals (34%) were genotyped 
in these 22 families. The characteristics of these individuals are shown in Table 1. 
The mean/median F1+2, TGT, ETP, APC-sr and CLT are shown in Table 2. In the 
22 families, a total of 57 diagnoses of VTE were made (6%). Of these, 28 (49%) were 
definite VTE cases. The median age of onset was 40 years (range: 18 - 68 years).
The highest LOD scores for the different traits are shown in Table 3. No significant 
linkage peaks were detected. For VTE, ETP and APC-sr, suggestive linkage peaks 
were found on chromosomes 11, 20 and 1, respectively. Apart from these highest LOD 
scores, no other (secondary) multipoint LOD scores > 1.9 were observed for VTE, ETP 
or APC-sr.

Table 1 Characteristics of the GENES study subjects without vitamin K antagonist therapy at 

time of blood sampling
All Families Family 8

(n = 304) (n = 128)
Age (years; mean ± SD) 42 ± 18 47 ± 15
Female (n, (%)) 133 (43.8) 66 (51.6)
Spouses (n, (%)) 42 (13.8) 25 (19.5)
Smoking (n, (%)) 68 (22.4) 27 (21.1)
Alcohol (n, (%)) 236 (77.6) 92 (71.9)
Oral contraceptives (n, (%))* 33 (24.8) 20 (30.3)
Hormone replacement Therapy (n, (%))* 6 (4.5) 0 (0.0)
Pregnancy (n, (%))* 5 (3.8) 2 (3.0)
* of women 13 year and older (n=133and 66, respectively)
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Table 2 Mean ± standard deviation or median (interquartile range) of the coagulation traits 

measured in all families and in family 8 only
Trait All Families Family 8

(n = 304) (n = 128)
Prothrombin Fragment 1+2 (nM)* 0.7 ± 0.2 0.8 ± 0.2†
Thrombin Generation Time (%) 107 ± 19 108 ± 19†
Endogenous Thrombin Potential (%) 100 ± 24 105 ± 23
APC Sensitivity Ratio* 0.7 (1.0) 0.8 (0.9)
Clot Lysis Time (min)* 62 (23) 68 (25)†
Prothrombin Time (s)* − 12 ± 1
Activated Partial Thromboplastin Time (s)* − 30 ± 3
Factor II (%) − 98 ± 16
Factor V (%) − 137 ± 29
Factor VII (%) − 99 ± 22
Factor VIII (%) − 118 ± 24
Factor IX (%) − 103 ± 16
Factor XI (%) − 112 ± 18
Protein C (%) − 115 ± 25
Protein S free (%) − 46 ± 10
Protein S total (%) − 103 ± 18
Tissue Factor Pathway Inhibitor (%) − 94 ± 26
* Normal values for prothrombin fragment 1+2: 0.3 - 1.6 nM, APC sensitivity ratio: 0.65-1.95, Clot Lysis 
Time: 25 - 106 min, Prothrombin time: ≤ 14.7 s, Activated Partial Thromboplastin Time: 28 - 42 s.
† determined in 81 individuals only

Table 3 Heritability (standard error), highest multipoint LOD score, chromosome, location 

[1-LOD-support interval] and nearest marker for the different traits in all 22 families.
Trait h2 SE LOD Chr. Location* Interval Nearest marker
VTE 76% (13) 2.0 11q23 112 [65 – 125] D11S1998
Prothrombin Fragment 1+2 10% (10) 0.8 − − − −
Thrombin Generation Time 35% (9) 1.3 18q12 55 [30 – 70] D18S877
Endogenous Thrombin Potential 38% (9) 1.9 20q13 73 [30 – 90] AAT269
APC Sensitivity Ratio 54% (14) 2.5 1q23 185 [176 – 197] TATC028
Clot Lysis Time 26% (10) 1.4 10 115 [45 – 145] D10S2470
h2: heritability, SE: standard error, Chr: chromosome
* Location in cM as in Marshfield map
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Family 8
The highest heritability estimate for ETP was found in family 8 [6]. This family consists 
of five generations, and 128 genotyped (69%) individuals (Figure 1). For the overall 
assays F1+2, TGT and CLT information was available of 81 individuals only, whereas 
ETP, APC-sr and the additional coagulation variables were measured in all individuals. 
The characteristics and the results of the coagulation tests of these individuals are 
shown in Tables 1 and 2.

Figure 1 Family 8. Black symbols indicate individuals with a diagnosis of venous 

thromboembolism (VTE).
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Of the five overall coagulation and fibrinolysis variables (traits) also measured in the 
other 21 families (F1+2, TGT, ETP, APC-sr and CLT), none showed significant linkage 
in family 8 (Table 4). For ETP and APC-sr suggestive linkage peaks were found. Only 
for APC-sr, a second multipoint linkage pass (with correction for the location with the 
highest LOD score in the first pass) resulted in a second suggestive linkage peak on 
chromosome 2 (LOD 2.2) at 198 cM [190-210] near marker D2S1384. For F1+2, TGT 
and CLT maximum LOD scores were < 1.9.
For the traits measured in family 8 only, the highest LOD score (4.8) was observed for 
PC on chromosome 20q11 (Figure 2 and Table 4). No other (suggestive) linkage peaks 
were found for PC either in the first or second pass. For PC and ETP, a bivariate linkage 
scan on chromosome 20 showed a highest LOD score of 6.8 at 57 cM [43-66] near 
marker D20S478. The environmental (ρe) and genetic (ρg) correlations between ETP 
and PC were 0.333 and -0.080, respectively. The probability that the observed linkage 
peaks were due to coincident linkage (probability under the null hypothesis ρg = 0) 
was 0.735, whereas the probability of a single underlying QTL with a pleiotropic effect 
(probability under the null hypothesis ρg = -1) was <0.0001. Thus the observed peaks 
for ETP and PC on chromosome 20 were most likely due to two independent QTLs.
Further significant linkage peaks were found for PT, factor II and factor V. For PT the 
highest LOD score was observed on chromosome 17q22 (LOD 3.8), with a further 
suggestive linkage peak (LOD 2.4) at 58 cM [35-75] on chromosome 19q12 near 
marker GATA156F11. Running a second pass with correction for the location on 
chromosome 17 resulted in a highest peak with a LOD score of 2.2 at location 91 cM 
[80-110] near marker D5S1501 on 5q14. The LOD score at 19q12 was reduced to 1.5 
in the second pass.
The significant linkage peaks for factor II and factor V were both found on 
chromosome 16q22-23 with LOD scores of 3.4 and 3.9, respectively (Table 4). For 
factor II, no further (suggestive) linkage peaks were found, neither in the first nor in 
the second pass. For factor V, three additional suggestive linkage peaks were found 
in the first pass at 80 cM [65-95] on chromosome 17 (LOD 2.3) and on chromosome 
1 and 19 (both LOD 2.1). After correction for the putative QTL on chromosome 16, 
the locations on chromosome 1q23.3 (175 cM [150-185]) and 19q12 (55 cM [35-80]) 
retained a suggestive LOD score of 2.0 and 2.1, respectively. Bivariate linkage analysis 
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on chromosome 16 for factor II and factor V showed that the highest bivariate LOD 
score of 3.3 was found at 105 cM [86-114] near marker ATACC001. The ρe and ρg were 
0.495 and 0.793, respectively. The probabilities under the null hypotheses ρg = 0 or ρg 
= 1 were 0.023 and 0.053, respectively. These results indicate that a single QTL with an 
effect on both factor II and V cannot be excluded.
For free PS and antithrombin only suggestive linkage peaks were found (Table 4) and 
for CLT, APTT, factor VII, factor VIII, factor IX, factor XI, PS-tot and TFPI maximum 
LOD scores were < 1.9.

Table 4 Heritability (standard error), highest multipoint LOD score, chromosome, location 

[1-LOD-support interval] and nearest marker for the different traits in family 8.
Trait h2 SE LOD Chr. Location* Interval Nearest marker
Prothrombin Fragment 1+2 0% (−) 0.8 − − − −
Thrombin Generation Time 64% (15) 1.1 10p15 5 [0 − 60] D10S1435
Endogenous Thrombin Potential 69% (12) 2.6 20q11 56 [42 − 78] D20S478
APC Sensitivity Ratio 52% (23) 2.8 1q25 192 [180 − 218] D1S1589
Clot Lysis Time 24% (20) 1.2 10 60 [25 − 140] D10S1426

ProthrombinTime 76% (13) 3.8 17q22 76 [65 − 105] 095tc5ZP
Activated Partial Thromboplastin Time 82% (21) 1.5 2 55 [45 − 85] D2S1788
Factor II 45% (19) 3.4 16q22 97 [89 − 113] MFD466-TTA001
Factor V 49% (22) 3.9 16q23 110 [98 − 114] ATACC001
Factor VII 56% (14) 1.3 16 75 [40 − 90] D16S3253
Factor VIII 19% (20) 1.8 17 100 [85 − 105] D17S1301)
Factor IX 39% (21) 1.5 13 55 [45 − 85] D13S800
Factor XI 43% (25) 1.5 13 55 [40 − 85] D13S800
Protein C 60% (14) 4.8 20q11 51 [38 − 64] GATA29F06Z
Protein S free 51% (16) 2.5 3p14 85 [73 − 100] AGAT128
Protein S total 51% (16) 1.6 1 25 [5 − 40] D1S1597
Tissue Factor Pathway Inhibitor 66% (12) 1.6 13 65 [35 − 75] D13S317
Antithrombin 62% (19) 2.6 2p16 78 [67 − 84] D2S1352
h2: heritability, SE: standard error, Chr: chromosome
* Location in cM as in Marshfield map
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Discussion

The linkage regions we found were very broad. With help of the UCSC genome browser 
(http://genome.ucsc.edu/) 19, we scanned the 1-LOD-support intervals for biologically 
plausible candidate genes (e.g. based on results from association studies) that could 
explain the observed linkage peaks.

VTE
For VTE only a single suggestive LOD score (2.0) was observed in the present study 
at 112 cM on chromosome 11q23. A significant LOD score was observed at the same 
position in a genome-wide scan for venous thrombosis in the type I protein C deficient 
Kindred Vermont II 20. The latter study also reported additional loci at chromosome 
18p11.2-q11.2 and 10p12, but the highest LOD scores obtained in the present study for 
these loci were 1.0 and 0.35, respectively.
Candidate genes present in the 1-LOD-support region on chromosome 11 include 
NNMT and PAFAH1B2. The latter encodes the β subunit of platelet-activating factor 
acetylhydrolase gene, and was already pinpointed as an interesting candidate gene by 
Hasstedt et al 20. The nicotinamide N-methyltransferase (NNMT) gene was identified 
as a candidate gene in a genome-wide linkage analysis for QTLs influencing plasma 
homocysteine levels in the GAIT study 21.

Protein C
The highest LOD score for Protein C (PC) was found on chromosome 20q11. 
Interestingly, the highest LOD score for ETP was also found in this region. Bivariate 
linkage analyses showed that both the environmental (ρe) and genetic correlation (ρg) 
were low. Coincident linkage could not be excluded, whereas pleiotrophy was most 
unlikely. Therefore, the region on chromosome 20q11 most likely harbors two QTLs 
influencing either PC or ETP in family 8.
Several candidate genes are present within the region spanning from 38 - 78 cM on 
chromosome 20. These include THBD (thrombomodulin), FOXA2 (Forkhead Box 
A2, formerly known as HNF3-β) and PROCR (protein C receptor). Thrombomodulin 
is a transmembrane protein that is constitutively expressed on the luminal surface 
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of vascular endothelial cells 22. The anticoagulant function of thrombomodulin is 
mediated by interaction with thrombin and PC. Endothelial membrane-bound 
thrombomodulin forms a high affinity complex with thrombin and inhibits thrombin 
interaction with fibrinogen and protease-activated receptor-1. In contrast, the 
thrombin-thrombomodulin complex is a potent activator of PC, and thrombomodulin 
enhances thrombin-dependent PC activation. In addition, thrombomodulin plays an 
role in activation of thrombin-activatable fibrinolysis inhibitor (TAFI) activation, 
whereas the lectin domain of thrombomodulin acts anti-inflammatory by inhibition 
of leucocyte adhesion, complement activation and cytokine production.
The liver-enriched transcription factor FOXA2 also is a candidate gene. Although the 
effect of FOXA2 expression on ETP is yet unknown, changes in FOXA2 expression 
have been shown to change the level of expression of their target genes, including the 
Protein C gene 23.
An obvious candidate gene, especially for PC is the gene for the (endothelial) Protein 
C receptor (PROCR) [24]. The PROC gene itself is not a likely candidate in the present 
family given the absence of a linkage signal on chromosome 2.
For QTLs influencing PC, a genome-wide scan has been performed previously in the 
GAIT study 25. No relevant LOD score on chromosome 20 was observed there. Instead, 
a significant LOD score was observed on chromosome 16q23 and suggestive LOD 
scores on chromosome 9q and 10q. However, in our study these results could not be 
confirmed, with maximum LOD scores for PC on these chromosomes of 0.6, 0.2 and 
0.3, respectively (Figure 2).

PT
For prothrombin time (PT) a putative QTL was found in family 8 on chromosomes 
17q22 (LOD 3.8). However, running a second pass revealed suggestive linkage on 
chromosome 5q14, whereas the peak on chromosome 19 dropped below the 1.9 LOD 
threshold. The 65-105 cM region on chromosome 17q22 harbors multiple genes, but 
except for the ACE gene, none have been related to VTE or PT based on association 
studies.
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FII and FV
Levels of coagulation factors II and V both showed significant linkage at 16q in family 
8. Based on the bivariate analyses, the hypothesis of coincident linkage could be 
rejected. Given the high genetic correlation (ρg = 0.8), a single QTL regulating both 
factors seems most likely. The 1-LOD-support interval of the bivariate analysis ranged 
from 86 to 114 cM. This region is similar to that reported by Buil et al for Protein C 
25. They found a positional candidate gene in their linkage signal region at position 
16q22.1, the NAD(P)H: dehydrogenase quinone 1 (NQO1) gene, which codes for a 
quinone reductase involved in the metabolism of vitamin K.

In summary, the GENES study is a valuable resource for genetic analysis of 
thrombophilia. For VTE, we confirmed a previously reported locus at 11q23. The 
majority of the coagulation variables studied was highly heritable and QTL have been 
found for several traits. To identify the gene(s) in these QTLs, follow-up studies are 
needed.
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Abstract 

Background and objectives. The aim of this systematic review was to summarize 
the evidence from randomized clinical trials (RCT’s) concerning the efficacy and 
safety of medical or surgical treatments of superficial vein thrombosis (SVT) for the 
prevention of deep venous thrombosis (DVT) and pulmonary embolism (PE). Design 
and methods. A systematic search was performed in MEDLINE, EMBASE and the 
Cochrane (CENTRAL) database to identify all randomized trials that evaluated the 
effect of surgical or medical treatment in the prevention of venous thromboembolism 
(VTE) in patients with SVT of the legs. Results. Five studies were included. Pooling of 
the data was not possible due to the heterogeneity among the studies. Moreover, three 
studies had major methodological drawbacks limiting the clinical applicability of the 
results. One of the remaining (pilot) studies showed a non-significant trend in favor 
of high- compared to low-dose unfractionated heparin for the prevention of VTE. The 
last remaining study showed a non-significant trend in favor of short term treatment 
with low-molecular-weight heparin (LMWH) or a non-steroidal anti-inflammatory 
drug (NSAID) as compared to placebo shortly after treatment with respect to VTE, 
but the apparent benefit disappeared after three months of follow-up. Active treatment 
of SVT reduced the incidences of SVT extension or recurrence. Interpretations 
and conclusions. Treatment with a therapeutic or prophylactic dose of LMWH or 
a NSAID reduces the incidence of SVT extension or recurrence, but not VTE. More 
RCT are needed, before any evidence based recommendations on the treatment of 
SVT for the prevention of VTE can be given. With the present lack of solid evidence 
we would suggest to treat patients with at least intermediate doses of LMWH.
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Introduction 

Superficial vein thrombosis (SVT) is a common disease and although the incidence of 
SVT has never been properly assessed, it is estimated to be higher than that of deep 
vein thrombosis (DVT), which has an incidence of 1 per 1000 inhabitants per year. 
1-3 Predisposing risk factors for SVT are very similar to those observed for venous 
thromboembolism (VTE) and include varicose veins, postoperative states, pregnancy, 
active malignancies, auto-immune diseases, use of oral contraceptives and a history 
of previous VTE. 4-16 17 Furthermore, the presence of inherited thrombophilia (e.g. 
factor V Leiden, the prothrombin 20210A mutation and deficiencies of the natural 
anticoagulant proteins C and S) in SVT suggest a similar etiology. 2;8;12;14;15

Traditionally, SVT has been considered a relatively benign disease. However, several 
studies have described the association of SVT with VTE. In patients with a diagnosis 
of SVT, 6-44% cases are associated with DVT, 20-33% with asymptomatic pulmonary 
embolism (PE) and 2-13% with symptomatic PE.5;6;11;18-27 Moreover, SVT located in the 
main trunk of the saphenous vein has the strongest association with VTE.6;11;18-20;23;26;28-

30 The variation in estimates reported in literature is probably due to the retrospective 
character of most studies, the small number of patients included and the fact that 
SVT was often diagnosed in vascular laboratories, where patients were referred for 
suspected DVT. Conservative management, mainly focussing on the painful symptoms 
of disease, might therefore be insufficient. 
Until now, there has been no consensus about the optimal treatment of SVT in clinical 
practice. Several therapies have been proposed, including surgical therapy (ligation 
or stripping of the affected veins), elastic stockings, non-steroidal anti-inflammatory 
drugs (NSAID) which aim to reduce pain and inflammation, and several anticoagulant 
agents. 

We aimed to systematically review the evidence from randomized clinical trials (RCT) 
concerning the efficacy and safety of medical or surgical, but not topical, treatment for 
the prevention of VTE in SVT, as well as the progression and/or recurrence of SVT.   
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Methods

Study identification 
A computer-assisted search was performed to identify all RCT in all languages that 
evaluated the effect of surgical or medical treatment in the prevention of DVT and PE 
in patients with SVT of the legs. 
Studies were identified by searching MEDLINE from 1966 until September 2004 
with the following search terms: randomized controlled trial, controlled clinical trial, 
random allocation, comparative study, clinical trial, thrombophlebitis, superficial 
thrombophlebitis, phlebitis, superficial thrombo$, saphenous vein thrombo$, saphenous 
adj1 thrombo$, saphenous adj1 phlebitis. In addition, EMBASE was searched from 
1980 until September 2004 with the following search terms: clinical trial, randomized 
controlled trial, randomization, multi-center study, controlled study, crossover procedure, 
double blind procedure, single blind procedure, major clinical study, placebo, meta 
analysis, phase 2 clinical trial/ or phase 3 clinical trial/ or phase 4 clinical trial/, superfical 
adj1 thrombosis, thrombophlebitis, superficial thrombo$, thrombophlebitis/, phlebitis/, 
saphenous adj1 thrombo$, saphenous adj1 phlebitis, saphenous vein thrombo$. Finally, 
the Cochrane CENTRAL Database was searched using the key words: superficial 
venous thrombosis, superficial vein thrombosis, thrombophlebitis, superficial thrombosis, 
superficial thrombophlebitis, saphenous vein AND thrombosis, saphenous vein AND 
thrombophlebitis, saphenous vein AND phlebitis. 

Inclusion criteria 
The following inclusion criteria were applied for the selection of the trials: 
Study design: Randomized trials.
Populations: Patients presenting with SVT of the lower limb(s) confirmed by 
ultrasonography. 
Interventions: Medical (unfractionated heparin (UFH); low-molecular-weight heparin 
(LMWH), in therapeutic or prophylactic doses; NSAID; vitamin K antagonists (VKA) 
[e.g. warfarin or coumadin]) or surgical (stripping or ligation) treatment. Studies 
evaluating the effect of topical/local treatment only were not included. 
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Efficacy outcomes: VTE (DVT and PE) as objectively confirmed by ultrasound, 
venography or impedance plethysmography, progression and/or recurrence of SVT as 
objectively confirmed by ultrasound or venography during and directly after treatment 
and after 2, 3 and/or 6 months of follow-up.  
Safety outcomes: All-cause mortality, major bleeding and if applicable heparin-induced 
thrombocytopenia.
Follow-up: All patients had to be clinically followed up after treatment. 

Study selection
Two reviewers (IW, MD) independently screened titles and abstracts from the 
database searches to determine whether the inclusion criteria appeared to be satisfied. 
Titles and abstracts that seemed relevant were selected and full articles were examined. 
References of all articles were cross-checked to identify additional articles. An effort 
was made to contact one of the authors in case the article could not be retrieved or 
lacked information. Discordances were dealt with by discussion with a third reviewer 
(SM). 

Data extraction 
Data were extracted from the selected studies  by two independent reviewers (IW, 
MD), using a data extraction form. Discordances were dealt with by discussion with a 
third reviewer (SM). 

Methodological quality of included studies 
Methodological quality of included studies was assessed by considering the  
comparability of patient groups at baseline, randomization method, allocation 
concealment, blinding of treatment from investigators and/or participants, use of a 
placebo group and completeness of follow-up using a standardized form. 

Statistical analysis and pooling
We planned to pool the results of the selected studies based on comparability of patient 
inclusion criteria and treatment regimens. For each study the relative risk (RR) with 
95% confidence interval (CI) for dichotomous data was calculated. 
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Results

We analyzed five studies that fulfilled our inclusion criteria (Figure 1, Table 1). The 
studies were not considered comparable in terms of treatment regimens, so that the 
data were not pooled. Safety outcomes were available in four of the five included 
studies. 
In the first randomized, open trial by Titon et al. three treatment regimens were 
compared (Table 1). 31 All 117 patients included wore elastic stockings for six days. 
The results of the ultrasonography were available for 113 patients (97%) at day 7 
and in 104 patients (89%) after eight weeks. No symptomatic PE or extension of the 
thrombus into the deep venous system occurred in the course of the trial. At day seven 
one of the patients (2.7%) in the NSAID group, one (2.8%) in the fixed dose LMWH 
group and two patients (5.0%) in the adjusted dose LMWH group had an extension 
of SVT. Whether these patients were treated with anticoagulant therapy based on 
these findings was not mentioned. After eight weeks, one patient had a recurrent and 
one patient a new thrombus in the superficial veins, both allocated to the fixed dose 
of LMWH treatment arm. The absolute event rate of this outcome was 2/36 (5.6%) 
(Table 2). No major bleeding or heparin-induced thrombocytopenia was observed 
during the course of this trial. There were several methodological drawbacks in this 
trial. First, the trial was open and the method of allocation was not described. Second, 
ultrasonography to assess the deep and superficial venous system for presence of DVT, 
progression of SVT or recurrence of SVT was not performed by an assessor blinded 
for the treatment regimen.
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Figure 1. Flow chart of selected studies. 

RCT, randomized controlled trial(s);  SVT, superficial vein thrombosis; DVT, deep venous 

thrombosis.
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Table 1. Characteristics of included studies.   
Study Methods and Quality† Participants Interventions Outcomes

Titon RCT, unblinded, 117 participants; NSAID (naproxen), recurrence and/or extension 
et al. no placebo; all SVT’s. therapeutic fixed dose of SVT and/or VTE directly after 
(1994) 8 weeks follow-up; LMWH (nadroparin) or treatment and after 2 months

dropout rate 11% bodyweight adjusted 
Allocation concealment B dose of LMWH.

Treatment for 6 days.

Belcaro RCT, unblinded, 562 participants; ECS only, recurrence and/or extension
et al. no placebo; only large varicose ECS+early surgery, of SVT and/or VTE directly after
(1999) 6 months follow-up; veins and SVT. ECS+proph.LMWH*/UFH,   treatment and after 3 and 6 months

dropout rate 21% ECS+VKA (coumadin).
Allocation concealment B Treatment duration unclear.

Marchiori pilot RCT, single blind, 60 participants; twice daily s.c. injected recurrence and/or extension SVT
et al. no placebo; only great saphenous high dose UFH (12.500 IU) and/or VTE directly after
(2002) 6 months follow-up; vein SVT. for 1 week, followed by treatment and after 3 months

dropout rate 0% 10.000 IU or
Allocation concealment A  low dose UFH (5000 IU).

Treatment for 4 weeks.

Stenox pilot RCT, double blind, 436 participants; prophylactic LMWH recurrence and/or extension
(2003) placebo controlled; all SVT’s. (enoxaparin), of SVT and/or VTE 

3 months follow-up; therapeutic LMWH. directly after treatment and 
dropout rate 2% NSAID (tenoxicam) after 3 months. 
Allocation concealment A or placebo. 

Treatment for 8-12 days

Lozano RCT, unblinded, 60 participants; saphenofemoral disconnection recurrence and/or extension
et al. no placebo; only great saphenous or LMWH  (enoxaparin) of SVT and/or VTE 
(2003) 6 months follow-up; vein SVT”s above the 1mg/kg bodyweight after 1, 3 and 6 months.

dropout rate 5% knee. twice daily for 1 week followed
Allocation concealment B by the same dose once a day 

for 3 weeks. 

RCT denotes randomized controlled trial; SVT, superficial vein thrombosis; NSAID, non-steroidal anti-
inflammatory drug; LMWH, low-molecular-weight heparin; VTE, venous thrombo-embolism; ECS, 
elastic compression stockings; s.c., subcutaneaously; UFH, unfractionated heparin; Stenox, The Superficial 
Thrombophlebitis Treated by Enoxaparin Study Group. 
† Quality criteria: allocation concealment = adequate (A), unclear (B), inadequate (C) or not used (D). * The 
type of LMWH used in the trial is not mentioned in the article.
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The second trial by Belcaro et al. evaluated the effects of different treatment regimens 
(Table 2). 32 In this open study, patients with SVT in the presence of large varicose 
veins were included. Patients with DVT or SVT located in the saphenous vein with 
an extension towards the femoral vein were treated with anticoagulant therapy. After 
six months of follow-up, the incidence of DVT was 7.7% in the control group, as 
compared to 0% in the three groups treated with anticoagulants (RR not estimable). 
No new DVT occurred in the last three months of follow-up. The incidence of 
thrombus extension after six months varied between 1.3% and 16.7% (Table 2). Safety 
outcomes were not reported in this trial. Again, there were several methodological 
limitations in this trial. First, there was a high percentage of dropouts (i.e. 21%: 444 
patients available for follow-up of the 562 included). Second, the trial was incompletely 
reported, making quality assessment difficult. Although the trial was described as 
being randomized, no details were given about the method of allocation; the dosages 
of LMWH and of subcutaneously injected UFH, as well as the intended INR range of 
the VKA group were not described; and the duration of treatment was not specified. 
Third, ultrasonography to assess the deep and superficial venous system for presence 
of DVT, progression of SVT or recurrence of SVT was not performed by an assessor 
blinded for the treatment regimen.

The third open trial by Marchiori et al. was performed in patients with acute SVT 
of the great saphenous vein (Table 2). 33 Six patients in the low-dose heparin group 
(20.0%) developed VTE; four of these episodes occurred during treatment. One 
patient in the high-dose heparin group (3.7%) developed VTE (compared to low-dose 
heparin: RR 0.17, 95% CI 0.02 to 1.30). Extension and/or recurrence of the SVT was 
seen in 11 patients (36.7%) in the low-dose heparin group; seven of these occurred 
during treatment. Eight patients (26.7%) had an extension and/or recurrence of SVT 
in the high-dose heparin group (compared to low-dose heparin: RR 0.73; 95% CI 
0.34 to 1.55), of whom three (10.0%) during treatment. No death, major bleeding or 
heparin-induced thrombocytopenia was observed during the course of this trial. One 
of the limitations of this trial was the small number of patients (60). Also, the use of 
systemic and/or local anti-inflammatory drugs was allowed in this study, but no details 
were given.  
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The fourth randomized trial by the Stenox-group was a well designed, double blind 
study in which 436 patients were included and three different treatment regimens were 
compared with placebo (Table 2). 16 All patients had to wear elastic stockings. After ten 
days, the incidence of VTE tended to be lower in the treatment groups as compared 
to the placebo group, but these differences were not statistically significant (RR 0.26, 
95% CI 0.03-2.24 for prophylactic LMWH, RR 0.26, 95% CI 0.03-2.33 for therapeutic 
LMWH, and RR 0.57, 95% CI 0.11-3.02 for NSAID). After three months, the trend in 
favor of the active treatment groups disappeared, suggesting a catch-up phenomenon. 
This effect was especially prominent in the first three weeks after cessation of treatment. 
After three months, the incidences of extension and/or recurrence of SVT in the 
groups treated with either dosage of LMWH or NSAID were lower than the 29.5% 
observed in the placebo group (RR 0.40, 95% CI 0.22 to 0.72 for prophylactic LMWH, 
RR 0.42, 95% CI 0.23 to 0.75 for therapeutic LMWH, and RR 0.41, 95% CI 0.23-0.75 for 
NSAID). Isolated recurrence of SVT or extension toward the saphenofemoral junction 
was observed in 56 patients directly after cessation of treatment by day 12; 21 patients 
were not treated for this extension. Of these, 5 (23.8%) experienced symptomatic 
VTE during follow-up, whereas none in the remaining 35 who were treated did so. 
No death, major bleeding or heparin-induced thrombocytopenia was observed during 
the course of this trial. 

The fifth open, randomized trial by Lozano et al. evaluated two different treatments 
for great saphenous vein thrombosis. 34 All patients had to wear elastic compression 
stockings and acetaminophen was prescribed for pain. During the course of follow-up 
no VTE occurred in the patients treated with LMWH in contrast with the patients 
that underwent surgical treatment, where two patients (6.7%) were diagnosed with 
PE. Recurrence of SVT was seen in one patient (3.3%) in the surgery group compared 
to three patients (10.0%) in the LMWH group (RR 0.33; 95% CI 0.04-3.03). No 
death or major bleeding was observed during the course of this trial. There were 
several methodological drawbacks in this trial. First of all, the trial was presented 
as randomized although allocation method was not mentioned. Second, outcome 
assessment was not performed in a blinded manner. Third, no placebo group was used 
and the group of patients studied was rather small (60) (Table 2).
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Discussion

Three of the five studies included in our review were of low methodological quality, 
with unclear randomization methods, no placebo control group, unblinded outcome 
assessment or an unacceptably high drop-out rate. 31;32;34 One study was of intermediate 
methodological quality with its most important drawback the lack of a placebo control 
group.33 This study showed a trend in favor of treatment with high-dose compared to 
low-dose UFH for the prevention of VTE, but without statistical significance. This may 
have been due to a lack of power, since the number of patients studied was very small. 
Only one study was of good quality and showed a trend in favor of active treatment, i.e. 
use of a NSAID, prophylactic or therapeutic LMWH as compared to placebo for the 
outcomes of SVT extension and/or recurrence, but with a lack of longer-term benefit. 
16 Although a short-term trend in favor of active treatment was seen with respect to 
VTE, this reduction did not reach statistical significance. However, this could be due 
to a lack of power given the moderate number of patients that was studied in each 
treatment arm. The catch-up phenomenon, i.e. disappearance of the favorable trend of 
active treatment after three months of follow-up, which was observed for VTE but not 
for SVT extension and/or recurrence, could be due to the short duration of treatment, 
since this effect was especially prominent in the first three weeks after cessation of 
treatment. This phenomenon has also been described for VTE. 35 

Conclusions and recommendations
In conclusion, the absolute risk of VTE and SVT extension and/or recurrence in SVT is 
considerable. Compared to placebo, active treatment with LMWH or NSAIDs reduces 
the incidence of SVT extension or recurrence, but this could not be demonstrated 
with respect to the incidence of VTE at longer follow-up. Therefore, more randomized 
controlled trials that have variable durations of treatment are needed before any 
evidence-based recommendations can be made about the optimal treatment of SVT 
in order to prevent VTE. 
What would be a reasonable approach to patients with SVT in clinical practice? With 
the present lack of solid evidence we would suggest to treat patients with at least 
intermediate doses of LMWH, schedule a follow-up appointment and instruct patients 
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to report with symptoms of recurrence or DVT. Given the observation that 1 week of 
LMWH treatment probably is too short to prevent recurrences on the longer term, a 
treatment period of at least 4 weeks is suggested in the most recent ACCP guidelines.36 
Surgical treatment of SVT may be considered when varicose veins are involved. 
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Abstract

Background. The optimal treatment of superficial thrombophlebitis (ST) of the legs 
remains poorly defined. While improving or relieving the local painful symptoms, 
treatment should aim at preventing deep-venous thrombosis and pulmonary 
embolism, which might complicate the natural history of ST. Objectives. To assess the 
efficacy and safety of topical, medical, and surgical treatments in patients presenting 
with ST of the legs. Search strategy. We searched the Cochrane Peripheral Vascular 
Diseases Specialized Trials Register (January 2006), the Cochrane Central Register of 
Controlled Trials (CENTRAL), MEDLINE (1966 to January 2006), EMBASE (1980 
to January 2006), and we handsearched reference lists of relevant papers as well as 
conference proceedings. Selection criteria. All randomized trials evaluating topical, 
medical, and surgical treatments for ST of the legs were eligible. Quasi-random 
study designs were excluded. Participants were patients with a clinical diagnosis of 
ST of the lower extremities or objective diagnosis of the thrombus in the superficial 
vein. Interventions included any treatment to relieve the symptoms and signs or 
prevent complications of ST such as topical treatments, compression stockings, 
compression bandages, leg elevation, medical treatments (for example, non-steroidal 
anti-inflammatory drugs (NSAIDs) or anticoagulants such as heparin), surgical 
intervention (for example, ligation, vein stripping, crossectomy). Data collection & 
analysis. Two reviewers assessed the trials for inclusion in the review, extracted the data, 
and assessed the quality of the studies using the standard scoring sheet developed by 
the Cochrane Peripheral Vascular Disease Group. Data were extracted independently 
from the included studies and any disagreement solved by consensus.  Main results. 
Twenty-five studies involving 2509 patients with ST of the legs were included in 
this review. Pooling of the data and subgroup analysis were not possible given the 
heterogeneity of the included studies. Moreover, the methodological quality of most 
of the trials was poor. The study design and method drawbacks as well as the under-
reporting of relevant outcomes such as adverse events or venous thromboembolism 
(VTE), represented an important limit for the clinical validity and generalizability 
of the results of several studies. Treatment ranged from (low-molecular-weight ) 
heparin, to anti-inflammatory agents, topical treatment, surgery and a plethora of 
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other oral, intramuscular, and intravenous treatments. Both low-molecular-weight 
heparin (LMWH) and NSAIDs significantly reduced the incidence of ST extension or 
recurrences by about 70% as compared to placebo . Furthermore, LMWH and NSAIDs 
seemed to have a similar efficacy and safety. However, the studies which evaluated 
these treatments had a relatively small sample size which did not allow an adequate 
comparison between LMWH and NSAIDs. Overall, topical treatments improved 
local symptoms. However, no data were provided on the effects of these treatments 
on VTE and ST extension. Surgical treatment combined with elastic stockings in 
ST was associated with a lower VTE rate and ST progression, as compared to elastic 
stockings alone. In addition, a relatively small study suggested that surgery may have a 
comparable efficacy and safety profile to LMWH. Authors’ conclusions. LMWH and 
NSAIDs appear as the current best therapeutic options for ST of the legs. While the 
available data are too limited to make clear recommendations, an intermediate dose 
of LMWH for at least a month might be advised. Further research is needed to assess 
the role of NSAIDs and LMWH, the optimal doses and duration of treatment, and 
whether a combination therapy may be more effective than single treatment. Finally, 
adequately designed and conducted studies are warranted to clarify the role of topical 
and surgical treatments. 
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Background

The term superficial thrombophlebitis (ST) (also known as superficial venous 
thrombosis), refers to a pathological state characterized by an inflammatory-
thrombotic process in a superficial vein. Distinctive clinical findings include pain and 
a reddened, warm, tender cord extending along the vein. The surrounding area may 
show signs of erythema (reddening of the skin) and edema (swelling of the tissue). 

Superficial thrombophlebitis is a relatively common disease and although its incidence 
has never been properly determined, it is estimated to be higher than that of deep vein 
thrombosis (DVT), which is about 1 per 1000 cases (De Weese 1991; Nordstrom 1992). 
Predisposing risk factors for ST and venous thromboembolism (VTE) are similar and 
include for instance varicose veins, immobilisation, trauma, postoperative states, 
pregnancy, the puerperium, active malignancies, auto-immune diseases, use of oral 
contraceptives or hormonal replacement therapy, advanced age, obesity, and a history 
of previous VTE (Barrelier 1993; Bergqvist 1986; Chengelis 1996; de Moerloose 1998; 
Lutter 1991; Samlaska 1990b). Furthermore, the presence of inherited thrombophilia 
(a disorder where there is a tendency for thrombosis to occur for example, factor V 
Leiden, the prothrombin 20210A mutation and deficiencies of the natural anticoagulant 
proteins C and S) in ST suggest a similar pathophysiology as VTE (de Moerloose 1998; 
Hanson 1998; Martinelli 1999; Samlaska 1990a; Samlaska 1990b). 

Traditionally, ST has been considered a relatively benign disease, but several studies 
have described an association between ST and VTE (Bergqvist 1986; Blumenberg 
1998; Bounameaux 1997; Chengelis 1996; Jorgensen 1993; Krunes 1999; Lutter 
1991; Quenet 2003; Unno 2002; Verlato 1999). In people with a diagnosis of ST, 
6% to 44% are associated with (or develop) DVT, 20% to 33% with asymptomatic 
pulmonary embolism (PE), and 2% to 13% with symptomatic PE (Bergqvist 1986; 
Blumenberg 1998; Bounameaux 1997; Chengelis 1996; Jorgensen 1993; Krunes 1999; 
Lutter 1991; Plate 1985; Quenet 2003; Skillman 1990; Unno 2002; Verlato 1999). 
Superficial thrombophlebitis located in the saphenous main trunk seems to have the 
strongest association with VTE (Bergqvist 1986; Blumenberg 1998; ; Chengelis 1996; 
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Jorgensen 1993; Lutter 1991; Quenet 2003; Unno 2002; Verlato 1999). The variations 
in estimates reported in the literature are probably due to the retrospective character 
of most studies, the small number of patients included, and the fact that ST was often 
diagnosed in vascular laboratories, where patients were referred for suspected DVT. 

While the estimates of VTE prevalence in patients with ST vary, management of ST 
should consider the prevention of this scaring complication beyond the mere resolution 
of local symptoms (Wichers 2005).Conservative management, mainly focussing on 
the painful symptoms of disease, might therefore be insufficient. 

There is no consensus on the optimal treatment of ST in clinical practice. Several 
therapies have been proposed in literature, including surgical therapy (ligation or 
stripping of the affected veins), elastic stockings, non-steroidal anti-inflammatory 
drugs (NSAIDs) which aim to reduce pain and inflammation, and several anticoagulant 
agents. 
It is not clear whether different locations of ST may influence the choice of treatment. 
The thrombus location in trunks of either the saphena magna or parva may have the 
highest risk of extension into the deep vein system and thus could require an aggressive 
treatment, whereas other locations may be associated with a lower risk of extension 
and thus they may warrant a less aggressive approach. 

The aim of this review is to summarize the evidence from randomized clinical trials 
(RCTs) on the efficacy and safety of topical, medical, and surgical treatments for ST 
of the leg. 

Objectives

To review the evidence on the efficacy and safety of topical, medical, and surgical 
treatments in patients with ST of the legs. 
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Methods

Criteria for considering studies for this review

Types of studies

All randomized controlled trials evaluating topical, medical, and surgical treatments 
for ST of the legs. 

Types of participants

Patients with a diagnosis of ST of the lower extremities based on signs and symptoms of 
ST (i.e. pain, tenderness, induration (hardening of the tissue), or erythema (reddening 
of the skin) in a superficial vein)) and clinical (palpation) and objective diagnosis of 
the thrombus in the superficial vein. 

Types of interventions

Interventions included any treatment to relieve the symptoms and signs, or to prevent 
complications of ST such as topical treatments, compression stockings, compression 
bandages, leg elevation, medical treatments (for example, NSAIDs or anticoagulants 
such as low-molecular-weight heparin (LMWH), surgical intervention (for example, 
ligation, vein stripping, crossectomy). Each treatment could be compared with another, 
with placebo or no intervention. Combinations of therapies could be used. 

Types of outcome measures

We included RCTs assessing any of the following outcome measures for any of the 
reviewed interventions. 
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Primary outcomes
(1) Incidence of complications:

•	 PE; 
•	 associated DVT or progression of ST into DVT. 

(The presence of PE or DVT had to be confirmed by an objective test, namely pulmonary 
angiography, ventilation/perfusion lung scan, or spiral computed tomography for PE, 
and ultrasonography, venography, or plethysmography for DVT.) 
(2) Symptoms (pain). 
(3) Signs (for example induration and erythema). 
(4) Quality of life (assessed by means of disease-specific and unspecific questionnaires). 

Secondary outcomes 
(1) Side effects of treatment (for example, bleeding, thrombocytopenia (reduced 
platelet count), allergic reactions or surgery complications). 

Search strategy for identification of studies

This review drew on the search strategy developed for the Cochrane Peripheral 
Vascular Diseases Group (PVD). The Cochrane PVD Group’s Specialized Register 
has been constructed from regular electronic searches searches of MEDLINE (1966 
onwards), EMBASE (1980 onwards), the Cochrane Central Register of Controlled 
Trials (CENTRAL), and through handsearching relevant journals. The full list of 
journals that have been handsearched, as well as the search strategies for the electronic 
databases, are described in the editorial information about the Cochrane PVD Group 
in The Cochrane Library http:// www.mrw.intersience.wiley.com/ cochrane/ clabout/ 
articles/ PVD/ frame.html.

We searched for RCTs comparing any treatment versus placebo or another treatment, 
in patients with ST of the legs. 
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Electronic searches

The Cochrane Peripheral Vascular Diseases Group searched their Specialized Register 
(last searched 16 February 2007) and the Cochrane Central Register of Controlled 
Trials (CENTRAL) in The Cochrane Library (last searched Issue 1, 2007). For details of 
the search strategy used to search CENTRAL see Table 1. 
The authors searched other electronic databases (CINAHL and IDIS) (up to and 
including January 2006) and also undertook additional searches of MEDLINE 
(January 1966 to January 2006) and of EMBASE (January 1980 to January 2006). For 
details of the search strategy used see Table 2 (MEDLINE) and Table 3 (EMBASE). 

Searching other resources

We searched reference lists of relevant papers and conference proceedings and we 
attempted to contact known experts in the field. There was no restriction on language. 

Data collection and analysis

Locating and selecting studies
 
The authores (MDN and IMW) independently reviewed titles and abstracts from the 
database searches to determine whether the inclusion criteria were satisfied. Decisions 
regarding inclusion were made separately and results compared. We resolved any 
disagreement through discussion. We independently reviewed the full text of 
identified articles, including those where there was disagreement in the initial title/
abstract scanning, to ensure that the inclusion criteria were met. We obtained hard 
copies of the full text of possible trials for studies that fulfilled the selection criteria. We 
were not blinded to the journal, institution or results of the study. Titles and abstracts 
of non-English articles were translated into English and assessed for inclusion. We 
documented reasons for excluding studies and resolved differences by consensus on 
whether trials met the inclusion criteria. One author (MDN) scanned conference 
proceedings and identified articles from other sources (experts or reference lists) and 
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contracted trialists for further information if required. Two authors (MDN and IMW) 
independently assessed trials for inclusion in the review. 

Critical appraisal of studies 

We assessed the quality of the trials using the standard scoring sheet developed 
by the Cochrane Peripheral Vascular Disease Group, specifically examining the 
randomization method (including allocation concealment), whether the outcome was 
a blinded assessment and whether it included an intention-to-treat analysis. We also 
determined whether the number of post-randomization losses and exclusions were 
explicit. Once this information had been gathered, we classified each study into one 
of the three quality levels: A, B, or C, following the criteria specified in the Cochrane 
Handbook (Clarke 2003). We used the Jadad scale (Jadad 1996), and the study-quality 
criteria developed by Schulz and colleagues (Schulz 1995) to assess the quality of the 
trials, although these scores were not part of the inclusion/exclusion criteria. External 
validity was defined by characteristics of the participants (inclusion/exclusion criteria; 
clinical diagnostic criteria; number of participants; age; sex); the interventions (type 
and modalities of surgical, medical, and topical treatment); and the outcomes. 

Data extraction 

We (MDN and IMW) independently extracted the data from the included studies 
using an agreed format. We resolved any disagreements by consensus and, if 
necessary, by involvement of the third reviewer (SM). For any study published 
twice, we extracted the data from the more complete study. Collected information 
included methodological quality, characteristics of patients participating in the study, 
characteristics of the intervention and control groups, and outcome characteristics of 
every group of participants. 
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Statistical Analysis 

Prior to obtaining the global effect estimators (a balanced mean of the effect in 
different trials), we carried out where possible a chi square test of homogeneity to 
establish the presence of statistically significant heterogeneity between trials (P < 0.1). 
In the presence of homogeneity, we planned to use the fixed effect (Mantel-Haenszel 
method) and random-effects models to pool and analyze summary effect sizes. Where 
possible, we presented results as summary relative risk (RR) for dichotomous variables 
and standardized mean differences (SMD) for all continuous variables. We determined 
95% confidence interval (CI) for each estimate. 
We carried out statistical analyses using the Review Manager software (RevMan 4.2). 
Where possible, we analysed by intention-to-treat, including every individual in the 
randomly assigned group of treatment regardless of whether they completed the 
treatment or withdrew from the trial. 

Sensitivity analyses 

We planned to perform a sensitivity analysis to explore further the robustness of our 
results. We aimed to examine the effect of excluding lower quality studies (open-
label studies and studies with incomplete follow up) from the analysis. If possible, we 
repeated the analysis, taking into account factors that could have introduced bias, such 
as high levels of exclusions which were unbalanced between the groups, or insecure 
allocation concealment. Any differences were interpreted cautiously and used to 
generate hypotheses only. Despite this quality assessment, no study was excluded on 
the basis of quality. 
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Results

Description of studies

See*: Characteristics of included studies; Characteristics of excluded studies*. 
The details for each trial are reported in the ‘Characteristics of included studies’ table*. 
Twenty-four trials involving 2469 patients were included in the review. In eight studies 
data were reported for less than 50 patients, in 10 trials for 50 to 100 patients, and in 
six studies data were available for more than 100 patients. 
Interventions and comparisons varied largely among the studies. Seven trials included 
a topical treatment group, three studies a surgical treatment group, ten LMWH, five 
NSAIDs, eight reported on oral, intramuscular, or intravenous treatment. 
Most studies reported on the reduction or disappearance of signs and symptoms 
reduction or disappearance, nine reported on the incidence of VTE, six on ST 
recurrence or extension, nine on adverse reactions or side effects. 
Overall 32 studies were excluded from the review. The reasons for exclusion are listed 
in the ‘Characteristics of excluded studies’ table.* 

Risk of bias in included studies

Details of the methodological quality for each trial are reported in the ‘Characteristics 
of included studies’ table. 
The study quality varied to a great extent. Four studies were classified as at low risk of 
bias (quality level A), eight as at moderate risk of bias (quality level B), and thirteen 
at high risk of bias (quality level C). Allocation concealment was unclear in nineteen 
studies, adequate in six. Ten studies did not attempt to blind the assessment of the 
outcomes or did not report whether blinding was used or not, thirteen had a double-
blinded, and two a single-blinded outcome evaluation. 

*see http://www.mrw.interscience.wiley.com/cochrane/clsysrev/articles/CD004982/frame.html
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Effects of interventions

Overall we included 24 trials involving 2469 people with ST of the legs were included 
in this review. 
Despite the relatively large number of comparisons found, no chi-square test of 
heterogeneity was performed since none of the studies evaluated the same treatment 
comparisons on the same study outcomes. For the same reason, subgroup analysis and 
sensitivity analysis were not possible. For most of the treatment comparisons, SMD 
could not be calculated for continuous variables since the standard deviation (SD) of 
the means were not provided by the studies. 

Low-molecular-weight heparin (LMWH)  
Ten studies included a LMWH group. (Belcaro 1989; Belcaro 1990; Belcaro 1999; 
Gorski 2005; Katzenschlager 2003; Lozano 2003; Marchiori 2002; Stenox Group 2003; 
Titon 1994; Vesalio Group 2005). 
Both prophylactic and therapeutic LMWH given for 8 to 12 days were associated 
with a significantly lower incidence of ST extension or recurrence, as compared with 
placebo (odds ratio (OR) 0.32; 95% CI, 0.16 to 0.65, and OR 0.33; 95% CI, 0.16 to 
0.68, respectively) (Stenox Group 2003). Although the differences were not statistically 
significant, the incidence of VTE may haven been lower both with prophylactic and 
therapeutic LMWH shortly after treatment (OR 0.25; 95% CI, 0.03 to 2.25, and OR 
0.26; 95% CI, 0.03 to 2.34), but not at the end of the 3-month follow-up period (OR 
1.23; 95% CI, 0.37 to 4.17, and OR 0.84; 95% CI, 0.22 to 3.21, respectively) suggesting 
a catch-up phenomenon. No episodes of major bleeding or heparin-induced 
thrombocytopenia were observed in any treatment group (Stenox Group 2003). 
Combined therapy of LMWH plus elastic compression stockings seemed to reduce 
the incidence of VTE and ST extension or recurrence, compared to elastic stockings 
alone (OR 0.07; 95% CI, 0.00 to 1.32, and OR 0.07; 95% CI, 0.01 to 0.52), although the 
former was not statistically significant. In this study, no data were provided on safety 
outcomes (Belcaro 1999). 
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Two studies (Gorski 2005; Katzenschlager 2003) randomized patients to topical 
treatment with heparin-spray gel or LMWH. A non-significant decrease in DVT 
was found with LMWH (OR 0.27; 95% CI, 0.03 to 2.85), while local symptoms were 
similarly relieved by both treatments at 21 days (Gorski 2005). 
LMWH versus surgical treatment (saphenophemoral disconnection) in one study 
(Lozano 2003). A comparable reduction of VTE events and a similar safety profile were 
observed in the two study groups. Surgery seemed to be associated with a lower risk 
of ST extension or recurrence (OR 0.31, 95%CI, 0.03 to 3.17), although the differences 
were not statistically significant. 
Therapeutic-dose LMWH was evaluated versus NSAIDs in two investigations (Stenox 
Group 2003; Titon 1994). Fixed-dose LMWH and dose-adjusted LMWH seemed to 
produce a similar reduction in VTE and ST recurrence relative to NSAIDs. Both these 
studies were, however, not properly sized for a direct comparison between LMWH and 
NSAIDs. No major bleeding episodes or cases of heparin-induced thrombocytopenia 
occurred within either study group. In one of these studies which used placebo as 
a control group, an indirect comparison between prophylactic LMWH and NSAIDs 
suggested a non statistically significant reduction in VTE at the end of treatment (OR 
0.44; 95% CI, 0.04 to 4.98) (Stenox Group 2003). 
A recent study has compared two regimes of LMWH with each other (Vesalio Group 
2005). In a head-to-head comparison with 1-month therapeutic-doses, prophylactic-
dose LMWH, administered for the same period, lead to a similar reduction in ST 
extension or recurrence and VTE events (OR 1.21; 95% CI, 0.39 to 3.78) over a 
3-month follow-up. In the prophylactic LMWH group most of VTE events (77%) 
occurred while patients were still on treatment, whereas only 33% of patients on 
therapeutic-dose LMWH developed VTE during LMWH. This advantage was lost, 
however, after drug discontinuation with no difference at the end of the study period. 
No major bleeding or heparin-induced thrombocytopenia events were observed 
during the study. Local symptoms and signs regressed faster with therapeutic-dose 
LMWH although the difference was not significant. 
Prophylactic-dose intravenous (iv) unfractionated heparin (UFH) was used as 
comparator treatment in two studies (Belcaro 1999; Marchiori 2002). Relative to elastic 
stockings alone, prophylactic iv UFH plus elastic stockings was associated with a 86% 
reduction in ST extension or recurrence (OR 0.14; 95% CI, 0.03 to 0.67), and with a 
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non statistically significant lower VTE rate (OR 0.08; 95% CI, 0.00 to 1.41) (Belcaro 
1999). One study compared high- versus low-dose iv UFH. A non significant 86% 
reduction in VTE (OR 0.14; 95% CI, 0.02 to 1.23) and a 37% (OR 0.63; 95% CI, 0.21 to 
1.88) lower rate of ST extension or recurrence were observed among patients treated 
with high-dose UFH (Marchiori 2002). There were no episodes of major bleeding and 
heparin-induced thrombocytopenia in either study group. 
Subcutaneous calcium heparin was evaluated in two studies (Belcaro 1989; Belcaro 
1990). The combination of elastic stockings plus calcium heparin did not significantly 
improve the local symptoms and signs as compared to elastic stockings alone. Treatment 
with calcium heparin was correlated with a faster reduction of the analogue score and 
the area at maximum temperature than with defibrotide, although the difference was 
not significant. There were no side effects. 

Non-steroidal anti-inflammatory drugs (NSAIDs)
Five studies included a NSAIDs group (Anonymous 1970; Ferrari 1991; Nusser 1991; 
Stenox Group 2003; Titon 1994). Of these, two compared NSAIDs with placebo 
(Anonymous 1970; Stenox Group 2003), two with LMWH (Stenox Group 2003; 
Titon 1994), and two randomized patients to two different NSAIDs (Ferrari 1991; 
Nusser 1991). The trials that evaluated a NSAID compound versus LMWH have been 
previously presented (Stenox Group 2003; Titon 1994). 
NSAIDs significantly reduced the risk of ST extension or recurrence by 67% (OR 0.33; 
95% CI, 0.16 to 0.68), as compared to placebo (Stenox Group 2003). However, there 
were no differences in the incidence of VTE or in the resolution of local symptoms 
and signs. While no major bleeding episodes were recorded in any NSAIDs or placebo 
groups, indomethacin carried a significantly higher rate of side-effects as compared to 
placebo (OR 3.67; 95%CI, 1.01 to 13.34) (Anonymous 1970). 
In one study, oral acemetacin lead a better resolution of the local clinical picture than 
diclofenac (Nusser 1991). Another trial compared nimesulide to diclofenac sodium 
(Ferrari 1992). Local symptoms were similarly improved by both treatments. In the 
group of patients randomised to nimesulide a lower incidence of gastric pain episodes 
was evident (OR 0.22; 95% CI, 0.02-2.11) (Ferrari 1992), although the difference was 
not statistically significant. 
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Topical Treatment 
Seven studies included a topical treatment group (De Sanctis 2001; Gorski 2005; 
Holzgreve 1989; Incandela 2001; Katzenschlager 2003; Nocker 1991; Pinto 1992). 
The comparison of heparin-spray gel versus LMWH has been described previously 
(Gorski 2005; Katzenschlager 2003). 
One study randomized patients to receive topical Methylthioadenosine or placebo 
(Pinto 1992). Methylthioadenosine was associated with a non significant reduction in 
local signs and symptoms relative to placebo. 
In a similar way, a significant improvement in the local symptomatology was observed 
with diclofenac gel (Holzgreve 1989; Nocker 1991), essaven gel (De Sanctis 2001; 
Incandela 2001), or exhirud oitment (Nocker 1991), as compared to placebo. 
Only one study evaluated two different gels, diclofenac gel and etofenak gel (Holzgreve 
1989), and showed a comparable efficacy profile of the two topical medications. None 
of these studies evaluating a topical treatment reported data on VTE or ST extension 
or recurrence . 

Surgery 
Three studies included a surgical treatment (Belcaro 1989; Belcaro 1999; Lozano 2003). 
As described above, one study compared surgery (saphenofemoral disconnection) 
with LMWH (Lozano 2003). In the remaining two, surgery combined with elastic 
stockings was compared with elastic stockings alone (Belcaro 1989; Belcaro 1999). 
In the first trial, thrombectomy plus elastic stockings with or without venoruton lead 
to an improvement of the local clinical signs and a greater reduction in the number of 
veins with ST, as compared to elastic compression bandage alone (Belcaro 1989). There 
were no cases of DVT in either study-group. In the second trial, ligation of the vein 
plus elastic stockings was associated with a non significant reduction in VTE events 
(OR 0.32; 95% CI, 0.06 to 1.62), and ST recurrence or extension (OR 0.42; 95% CI, 0.15 
to 1.16), relative to control treatment (Belcaro 1999). 



Chapter 8

124

Compared with elastic stockings alone, venous stripping plus elastic stockings 
decreased the risk of ST extension or recurrence rate (OR 0.07; 95% CI, 0.01 to 0.57), 
and seemed to be associated with a lower non-significant incidence of VTE (OR 0.35; 
95% CI, 0.07 to 1.81) (Belcaro 1999). 

Other 
Nine studies evaluated an oral (n=6), intramuscular (n=1), or intravenous (n=2) 
treatment. 
Compared with placebo, oral vasotonin was associated with a higher proportions of 
patients cured or improved (Kuhlwein 1985). The criteria to determine the response 
to study treatment were not described. Vasotonin seemed to be well tolerated with one 
case of poor tolerability among patients treated with vasotonin (3%) versus 5 cases 
(13%) in the placebo arm (OR 0.18; 95% CI, 0.02 to 1.61). 
The combination of venoruton, thrombectomy, and elastic stockings versus elastic 
stockings alone has been discussed above (Belcaro 1989). In the same trial, venoruton 
combined with elastic stockings lead to an improvement of local symptoms as 
compared with elastic stockings alone. 
One study evaluating oral heparansulphate versus oral sulodexide, suggested a greater 
decrease in local pain, hitching, and redness in patients receiving oral heparansulphate, 
than in the group of sulodexide (Messa 1997). 
Compared with placebo, oxyphenbutazone reduced by four folds the local tenderness 
and halved the intensity of pain and erythema (Archer 1977). 
Oral vitamin-K antagonist in combination with elastic stockings have been evaluated 
in one study which suggested a reduction in VTE events (OR 0.08; 95% CI, 0.00 to 
1.41), and ST extension or recurrence (OR 0.38; 95% CI, 0.13 to 1.12) with the use 
of vitamin-K antagonists, relative to the control group treated with elastic stockings 
alone (Belcaro 1999). 
Two studies addressed the use of enzyme therapy versus placebo (Koshkin 2001; 
Marshall 2001). Enzyme treatment seemed to improve local symptoms although the 
criteria to evaluate response to study-treatment were not reported. 
The efficacy of three doses of desmin has been assessed in one trial (Andreozzi 1996). 
A better control of local symptoms was obtained with higher doses of desmin without 
increase in the risk of adverse events. 
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Discussion

A lot of controversy still exists around the optimal treatment of ST of the legs. The 
therapeutic approach of ST should aim at the resolution or improvement of the local 
symptoms, but also, and even more, at preventing the possible extension of superficial 
vein thrombosis into the deep-venous system (Wichers 2005). 

This review summarized data from over 2400 patients with ST of the legs. Most of the 
studies comparing oral treatment, topical treatment, or surgery did not report about 
VTE or ST progression or adverse events or treatment side effects. In addition, the 
methodological quality of these studies was often poor with major study design flaws 
such as an unclear method of allocation or randomization, the lack of a placebo as 
control group, or an unacceptably high drop-out rate. All these limitations weaken the 
clinical applicability of the results and cast doubts over the actual efficacy and safety of 
these treatment strategies. Compared with placebo or topical treatments, both NSAIDs 
and LMWH could help in preventing VTE events and ST extension while effectively 
controlling for local symptoms. When compared to each other, LMWH and NSAIDs 
seemed associated with a similar reduction in the incidence of VTE and worsening 
of ST. However, the conclusions of one of the two studies which evaluated LMWH 
and NSAIDs are hampered by the several methodological drawbacks and the low 
incidence of VTE relatively to the small sample size. The second study used placebo 
as control and was not primarily designed nor properly sized for a direct comparison 
between LMWH and NSAIDs. Thus, these data remain preliminary and further 
research is required to determine which treatment works better in terms of VTE 
prevention, and whether a combination may be more effective. Moreover, the benefits 
of LMWH and NSAIDs have to be balanced against the associated risk of bleeding and 
gastric complications. None of the studies evaluating LMWH reported major bleeding 
episodes in patients randomised to LMWH. Non-steroidal anti-inflammatory drug 
treatment increased by three fold the risk of gastric pain compared with placebo. 
To date, no study has evaluated NSAIDs versus surgery, whereas one trial directly 
compared LMWH with surgical treatment showing a comparable efficacy and safety 
of the two study treatments. Despite the methodological limitations of this study its 
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results would suggest that a medical approach with LMWH would be as effective and 
safe as an invasive surgical treatment. 

The optimal duration of treatment for ST as well as the best LMWH or NSAIDs 
regimen to use remain unclear. In the only available head-to-head comparison of two 
LMWH doses,  one month prophylactic LMWH seemed as effective and safe as higher 
doses over a three month follow-up period. Most of the events in the prophylactic 
LMWH group occurred while patients were receiving the drug whereas almost two 
thirds of the events in the therapeutic LMWH arm occurred at drug discontinuation. 
These data would suggest that a longer therapeutic-dose LMWH would carry a 
more effective protection against VTE or ST recurrences. This hypothesis is further 
supported by the data of another study in which LMWH or NSAIDs given for 10 days 
tended to reduce the incidence of VTE shortly after treatment compared to placebo, 
although this advantage was not longer evident at the three month follow-up period. 

Preliminary data suggest that high-dose UFH can be effective in the treatment of 
ST. No direct comparison of UFH versus LMWH or NSAIDs has been evaluated. 
In principle, the use of LMWH may be preferable due to for example to the more 
predictable response of LMWH which do not require laboratory monitoring as UFH. 

Authors’ conclusions

Implications for practice

The treatment of ST should improve local symptoms while preventing the 
development of complications such as VTE. Thus, topical treatment does not seem 
a reasonable options to treat these patients. The most effective approach to ST seem 
to be represented by LMWH which has been shown to prevent VTE events and the 
extension or recurrence of ST. In addition, the administration of LMWH does not seem 
to carry a high risk of bleeding. Although the data are still too preliminary to make 
any recommendation, an intermediate dose of LMWH for at least a month might be 
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appropraite. Non-steroidal anti-inflammatory drugs may be an alternative to LMWH, 
whereas there are not enough data to support surgery or topical treatment as options. 
Similarly, none of the other oral, intramuscular, or intravenous treatment possibilities 
evaluated in the clinical studies so far can be recommended for ST management. 
Although the amount of data regarding surgery is less than for anticoagulation, 
existing data suggest that surgery may be beneficial regarding local recurrence and 
extension of thrombosis, allowing for superior symptomatic relief from pain. 

Implications for research

Several questions about the treatment of ST remain unsolved. Large and adequately 
designed RCT are needed to assess the actual role of NSAIDs and LMWH, whether 
these drugs are actually comparable and  whether used in combination they may be 
more effective and as safe compared with a single treatment. Another important issue to 
clarify is the duration of ST treatment. The current available data suggest that LMWH 
for a week is probably too short to prevent VTE in the long term. A prolongation 
of LMWH or NSAIDs for at least a month might be considered. Whether topical 
treatment might add some benefit if given in combination with LMWH or NSAIDs 
remains unclear. Finally, whether treatment needs to be adapted based on the location 
and the etiology of superficial thrombophlebitis warrants further investigation. 
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Abstract

Objectives. To determine the risk of arterial and venous complications after a 
spontaneous superficial venous thrombophlebitis (SVTP) in the leg in a general 
practice population. Study design. Retrospective cohort study (LOE: 2b [CEBM]). 
Exposure consisted of the diagnosis of SVTP of the lower limbs on an index date. 
The exposed cohort was compared with an (unexposed) cohort of practice, age, and 
sex-matched controls without SVTP. Population. Patients with spontaneous SVTP in 
the leg were identified through diagnostic coding in the medical registers of 40,013 
patients, enlisted with 5 health centers in Amsterdam, the Netherlands. Outcomes. 
Primary outcomes were deep venous thrombosis (DVT), pulmonary embolism (PE), 
acute coronary events, or ischemic stroke over a 6-month follow-up period. Odds 
ratios (OR) were used to quantify the associations between SVTP and outcome events. 
Results. No statistically significant odds ratios were found for PE, coronary events or 
stroke. DVT was the only primary outcome to show a significant relationship. DVT 
occurred in 2.7% of all SVTP patients as compared with 0.2% in the controls (OR=10.2; 
95% confidence interval [CI], 2.0–51.6). When controlling for prior history of DVT, 
the OR decreased to 7.1 and the confidence interval crossed 1.0 (95% CI, 0.9–65.6). 
Discussion. Spontaneous SVTP in the leg is a risk factor for DVT, but is less predictive 
in patients with prior DVT. Although effective treatments for the prevention of DVT 
are available, the absolute risk is too low to advocate prophylaxis in a general practice 
population. More research is needed to stratify these patients at risk. 
The association between spontaneous venous superficial thrombophlebitis (SVTP) 
and subsequent venous or arterial thromboembolic events has been studied among 
referred populations, but not in the primary care setting. The aim of our study was to 
determine this association when primary care patients experience SVTP of the leg.
We found that, although the risk of developing a deep venous thrombosis (DVT) 
following SVTP is real, the absolute risk is quite low. Prospective studies are needed 
to identify those who are at greater risk. Until they can be identified, watchful waiting 
with SVTP seems the best strategy in general practice, because of the sequelae of the 
various treatment regimens and the relative lack of benefit for primary care patients 
in preventing DVT.
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Background

Spontaneous venous superficial thrombophlebitis of the leg veins is generally 
considered to be a benign condition. Not much is known about its natural course and 
prognosis,1 except that it is usually expected to resolve spontaneously with 2 weeks.
The practice guideline of the Dutch College of General Practitioners does not 
recommend any specific treatment, but a recently published guideline of the American 
College of Chest Physicians advocates the use of an intermediate dosage of unfractioned 
heparin or low molecular-weight heparin for at least four weeks, based however on an 
unclear risk/benefit ratio.2 3 Consequently, family physicians treat thrombophlebitis 
with any number of means ranging from watchful waiting, analgesics, ambulant 
compression stockings, anticoagulants, and referral for surgical intervention.
Until the early 1990s, no relationship had been established between SVTP and either 
DVT or pulmonary embolism (PE). Subsequently, no standard preventive measures 
were recommended.2

In the late 1990s, several reports were published about concomitant or subsequent 
DVT or pulmonary embolism PE.4-7 In a prospective hospital based study, DVT 
occurred in approximately 2% of the patients with SVTP during 3 months of follow-
up.8 This perceived increased risk led to trials that showed a significant reduction 
within 12 days in the incidence of recurrent or extended SVTP among patients treated 
with non-steroidal anti-inflammatory drugs (NSAID) or low-molecular-weight 
heparins, compared with those receiving placebo. Furthermore, the incidence of 
venous thromboembolism (VTE) after 10 days tended to be lower in the treatment 
groups compared with placebo, but this treatment effect tended to disappear after 
discontinuation of treatment.9

All studies published so far, however, have been conducted in a referred population 
of patients, which could lead to an unknown selection of patients with relatively 
cumbersome symptoms or diagnostic uncertainty.10 The primary objective of the 
present study was to determine the association between a history of SVTP and 
subsequent venous or arterial thromboembolic events in patients, presenting in 
a primary care setting with a spontaneous episode of SVTP of the leg. Given the 
emphasis of recent publications on pharmacotherapy with low-molecular-weight 
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heparin and NSAIDs to prevent DVT after SVTP, we analyzed the prescription policy 
of family physicians, as this could influence the primary outcome: the occurrence of 
venous or arterial thromboembolic events. 

Methods

In the Dutch health care system, all citizens are enlisted with a family physician of their 
choice. This family physician functions as a gate-keeper to secondary care, evaluating 
all health related complaints and answering questions before referral is considered. 
We carried out a historic 6-month follow-up study. The exposed cohort consisted 
of patients who had presented to their family physician with an uncomplicated and 
spontaneous SVTP. Nonexposed patients had no history of SVTP, but were matched 
for practice, age (within 1 year), and sex. For exposed and unexposed patients alike, 
the occurrence of all venous and arterial thromboembolic events were tallied over 
a follow-up period of 6 months using the electronic patient records of 5 health care 
centers. All centers participate in the registration network of the Academic Medical 
Centre–University of Amsterdam in Amsterdam, the Netherlands. 

The database
Family physicians electronically register all their enlisted patients and their medical 
problems. Medical problems are coded using the International Classification of 
Primary Care (ICPC). Furthermore, at each health care center all physician-patient 
contacts (including reason for encounter, diagnosis, and treatment/prescription) are 
recorded in an electronic medical database and available for further analysis.  
The anonymous data are stored centrally at the Department of General Practice. The 
system has been in use since 1995 and gradually extended to include more health care 
centers in the hospital’s catchment area. For this study, the data of all 40,013 enlisted 
patients of 34 family physicians in the period 1995 to 2002 were used.
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Identifying exposure
In the central electronic medical database, possible consultations concerning SVTP 
were identified using truncated keywords. After testing in another time period in 
the same database, successful truncated keywords were t(h)romb*, phleb* and fleb*. 
Afterwards, full consultations were assessed to identify patients with SVTP from the 
initial potential cases. SVTP was diagnosed clinically according to the rules of the 
ICPC: “signs of inflammation along a superficial vein.”11

As SVTP could be misdiagnosed, we scrutinized all consultations occurring within 
a month after the event for misclassified cases and excluded them. For each patient 
with thrombophlebitis, 2 nonexposed patients, matched for center, age and sex were 
randomly selected from the entire (nonexposed) enlisted population. The date of 
diagnosis of the thrombophlebitis was taken as index date. The medical records of 
patients and controls were prospectively searched electronically and manually by the 
same investigator for new thromboembolic events (DVT, PE, stroke, and myocardial 
infarction [MI]) during the 6 months following the index date. As all patients with any 
of these events were hospitalized, none of these diagnoses was made without adequate 
diagnostic procedures. DVT was diagnosed when noncompressibility of the vein in 
the groin or fossa poplitea was observed with serial compression ultrasound (on day 
1 or day 7). Problem lists contained information about the previous medical history.

Statistics
We calculated the 6-month cumulative incidences of thromboembolic events and 
their 95% confidence intervals (CIs). Logistic regression was used to quantify the 
associations between SVTP and the 6-month cumulative incidences of DVT, PE, 
stroke, and MI, respectively. Odds ratios are adjusted for age and sex (matched design) 
and for a history of the particular outcome event at issue. Clustering by health center 
was accounted for by using robust variance estimation commands in Stata (version 
8.2)
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Results

Initially 206 patients with thrombophlebitis of the leg were identified. Twenty patients 
were excluded as the thrombophlebitis was induced by an intravenous catheter. One 
97-year-old male patient was excluded as 2 matched controls could not be found. Thus, 
for this analysis, data were available for 185 patients with a spontaneous episode of 
thrombophlebitis of the lower limb and 370 age and sex-matched nonexposed patients. 
The mean age of the patients was 63.2 years (range, 20–96; standard deviation, 15.7), 
and 77% were female.
Tables 1 and 2 show the distribution of the types of venous and arterial sequelae during 
the 6 months follow-up period in the 2 cohorts as well as the odds ratios (OR). DVT 
occurred in 2.7% of the SVTP patients as compared to 0.2% in the controls (OR=10.2; 
95% CI, 2.0–51.6). Correction for DVT in the past decreased the OR to 7.1. ORs for 
PE (1.0), stroke (0.7), and MI (2.0) were smaller and had wider confidence intervals. 
As expected, few patients received specific treatment (Table 3). If treatment was given, 
NSAIDs were most commonly prescribed. Occasionally compression stockings were 
advised.



Spontaneous superficial vein thrombophlebitis

147

Table 1: 6-month incidence of thromboembolic events in patients with and without superficial 

venous thrombophlebitis
Outcome SVTP (N=185) No SVTP (N=370)
Deep venous thrombosis 5 (2.7%) 1 (0.2%)
Pulmonary embolism 1 (0.5%) 2 (0.5%)
Stroke 2 (0.5%) 2 (0.2%)
Myocardial infarction 1 (0.5%) 1 (0.2%)

SVTP, superficial venous thrombophlebitis

Table 2: The association between SVTP and the cumulative 6-month occurrence of major 

thromboembolic events
Outcome OR 95% CI Adjusted OR* 95% CI
Deep venous thrombosis 10.3 2.0–51.6 7.1 0.9–65.6
Pulmonary embolism 1.0 0.07–15.0 NE
Stroke 0.7 0.04–10.3 NE
Acute myocardial infarction 2.0 0.1–45.0 NE

SVTP, superficial venous thrombophlebitis; OR, odds ratio; CI, confidence interval; NE, not estimable.
*ORs were adjusted for age and sex (matched design). The adjusted OR is also adjusted for a history of the 
particular outcome event at issue. Within practice clustering was accounted for by using robust variance 
estimation commands in Stata (version 8.2).

Table 3: Treatment of thrombophlebitis
Treatment N (%)
NSAIDs 15 (8)
Compression stockings 7 (4)
Heparinoid cream 4 (2)
Acenocoumarol 2 (1)
NSAIDs and compression stockings 3 (2)
No treatment registered 154 (83)

NSAIDs, nonsteroidal anti-inflammatory drugs
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Discussion

This study reveals that in the absence of prior DVT, primary care patients with 
spontaneous SVTP of the leg have a 10-fold increased risk of developing DVT during 
the subsequent 6 months when compared with an age- and sex-matched group without 
SVTP. The absolute risk of DVT, however, is just 2.7%. The associations between 
SVTP and other primary outcomes (coronary syndromes, stroke, and PE) were not 
statistically significant.
The strengths of this study are that, as far as we know, this is the first study in general 
practice on arterial and venous events after a SVTP. With our search strategy within 
our patient registry, the identification of cases (patients with SVTP) is quite complete. 
The incidence of DVT in our patients is comparable with the incidence observed in 
previous studies in a referred population.8 We were able to identify an almost perfectly 
matching control group.  
Weaknesses are that we identified SVTP retrospectively, so no objective assessment 
of the diagnosis was undertaken. Family physicians diagnose this condition clinically. 
It is possible that we had some misclassifications, but we scrutinized the files for 
alternative diagnoses. It cannot be excluded, however, that family physicians changed 
their diagnosis when it proved wrong without writing that down. In that case 
misclassification would lead to underestimation of the associations found.
A small proportion (13%) of the patients received an active pharmacological treatment. 
As NSAIDs could prevent DVT following SVTP, the finding of a 7- to 10-fold increased 
risk probably is a slight underestimation of the risk without active treatment.
Our study was not meant to detect concomitant DVT. Although DVT occurs 
simultaneously with SVTP quite frequently, patients with a concomitant DVT were 
excluded as they all will be referred for objective testing and consecutive treatment.12 
 Factors known to predict complications in patients with SVTP are severe venous 
insufficiency, varicose veins, male gender, older age, hypercoagulable state, and 
a history of DVT.10, 13 We controlled for age and gender and adjusted for a history 
of DVT, but were not able to identify the other predictive factors because of the 
retrospective identification of cases in our study. Especially venous insufficiency and 
varicose veins will not be recorded by family physicians, unless it causes medical 
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problems. Inclusion of these risk factors would probably have led to information bias, 
as general practitioners would be inclined to register these conditions when SVTP or 
DVT occurs.

Treatment with low-molecular-weight heparin or NSAIDs during the 10 days following 
SVTP decreases the risk of developing a DVT with about 15% and 9% respectively.9 
To prevent one case of DVT in this group of patients, a family physician would have 
to treat 247 patients with low-molecular-weight heparin (absolute risk = 2.7%) or 412 
patients with a NSAID. Although low-molecular-weight heparin therapy does have 
a low risk of major bleeding complications, treatment with NSAIDs has clear risks. 
The frequency of both gastro-intestinal bleeding as well as renal failure increases 
with about 30% by the use of NSAID’s. 14–16 Moreover, this strategy appears not to be 
cost effective in preventing DVT.  At this time, watchful waiting is probably the best 
strategy. Swelling of a leg following SVTP must raise the suspicion of a DVT and needs 
prompt further investigation. 
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Abstract

Introduction. The absolute risk of deep venous thrombosis and pulmonary embolism 
as well as extension or recurrence in superficial vein thrombosis (SVT) of the leg 
is considerable and underestimated. We retrospectively evaluated therapeutic 
management, thrombophilic risk factors and clinical outcome of SVT. 
Methods. A database search was performed for consecutive patients with a suspected 
SVT of the lower extremities referred to our institution between 1 January 1999 and 
31 December 2004. The primary outcome measure was pain reduction at follow-up. 
Secondary outcome measures were progression or recurrence of SVT in the leg and 
the occurrence of (a)symptomatic DVT or symptomatic PE at follow-up. 
Results. In 73 patients follow-up information was present (3/76 non-evaluable 
patients). In 9/32 (28%) of the patients treated with carbasalate calcium there was 
progression of SVT as assessed by ultrasonographic evaluation, compared to 3/11 
(27%) in the low-molecular-weight (LMWH) group and 3/6 (50%) in the no treatment 
group. DVT was diagnosed in 5/36 (14%) of the patients treated with carbasalate 
calcium compared to 1/13 (1%) in the LMWH and other treatment groups at follow-
up. Furthermore, 34 patients were tested for thrombophilic defects, 27 of whom had 
one or more thrombophilic defect.
Conclusion. The results of our study show that SVT may be prone to venous 
thromboembolism and therefore need to be treated or carefully followed. 
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Introduction

The incidence of superficial vein thrombosis (SVT) of the leg has never been adequately 
assessed, but is estimated to be higher than that of deep vein thrombosis (DVT), which 
has an incidence of 1 per 1000 inhabitants per year. 1-3 The fact that the incidence is not 
known can be partially explained by the different terms used for this disease: superficial 
phlebitis, superficial thrombophlebitis or superficial vein thrombosis. In general 
“superficial phlebitis” refers to the clinical findings of inflammation such as pain, 
tenderness or erythema along the affected superficial vein, often palpable as a cord. 
The term ‘superficial vein thrombosis’ is used when a thrombus is found by diagnostic 
testing such as compression ultrasonography (CUS) or phlebography. 4;5 The absolute 
risk of DVT or pulmonary embolism (PE) (called venous thromboembolism, VTE) 
and extension or recurrence in SVT is not well known and likely underestimated. 6 
Until recently SVT was considered a benign disease, but several studies have suggested 
otherwise 7-11, although the association between SVT and VTE has been debated. 12 
Because of its location, SVT of the vena saphena magna or the saphenous-femoral 
junction is thought to have the highest risk of progressing to a deep venous thrombosis 
or embolisation to the pulmonary arteries. 13;14

Predisposing risk factors for SVT are very similar to those for VTE. These include 
postoperative states, pregnancy, active malignancies, autoimmune diseases, use of 
oral contraceptives, previous venous thromboembolism and varicose veins. 15-19 In 
addition, the factor V Leiden (G1691A) and prothrombin mutation (20210A) as well 
as deficiencies of the natural anticoagulant proteins C and S are also diagnosed more 
often in patients with SVT than in healthy individuals which further strengthens the 
hypothesis that SVT and VTE have a comparable etiology. 20-23

To date patients are often either not treated or receive creams, elastic stockings or 
non-steroidal anti-inflammatory agents (NSAIDs). The association of VTE with SVT 
has raised the question whether this conservative management, mainly aimed to 
improve the painful symptoms, is sufficient. Therefore, several other therapies have 
been proposed, ranging from surgical ligation or stripping of the affected veins to full-
dose anticoagulant therapy. 24-28 After reviewing the available literature on treatment 
of SVT active treatment with NSAIDs or (prophylactic or therapeutic doses of) low-



Chapter 10

156

molecular-weight heparin (LMWH) appears to reduce the incidence of SVT extension 
or recurrence compared to placebo. 6 However, during a longer follow-up this benefit 
was lost. There is not enough evidence to support surgical intervention or topical 
treatment based on literature currently available.29

This retrospective follow-up study was performed to evaluate therapeutic management, 
thrombophilic risk factors and clinical outcome of SVT in our clinic over the past six 
years. Furthermore, we were interested in the trend of therapeutic management over 
time in our clinic, since the publication of several therapeutic management studies 
of SVT. We assessed pain reduction, extension or recurrence of SVT in the lower 
extremities and progression to DVT/PE after treatment. 

Methods

Data collection 
The department of Vascular Medicine in the Academic Medical Center in Amsterdam, 
The Netherlands, offers a daily diagnostic service for patients who are suspected of 
having DVT. The ultrasound technicians are specialized in the diagnosis of venous 
thrombotic disease. Patients visiting this diagnostic service are referred by their general 
practitioner or are hospitalized for other conditions. Diagnoses of all patients visiting 
the clinic have been prospectively collected since 1997. In this electronic database 
a search was performed for patients diagnosed with a SVT of the lower extremities 
between 1 January 1999, and 31 December 2004. The medical files of all patients were 
checked for date of onset of complaints, treatment taken before presentation, date of 
diagnosis, risk factors for VTE, diagnostic tests used, localization of the SVT, type of 
treatment and follow-up information (both history and ultrasound data). Pain and 
ultrasonographic evaluations were interpreted and scored by two investigators (IW, 
MH) independently. Extension of a SVT was considered present if the thrombus had 
extended in length or diameter. 
Furthermore, medical files were checked for findings of thrombophilic risk factors 
(factor V Leiden, prothrombin mutation, deficiency of protein C/S/antithrombin, lupus 
anticoagulans, anticardiolipin antibodies and elevated levels of factor VIII) and DVT 
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or PE at follow-up. An effort was made to contact patients if follow-up information 
was missing. Patients identified as having concomitant DVT at the time of diagnosis of 
SVT were not included. Other exclusion criteria were anticoagulant treatment (except 
when initiated for the present episode of SVT by their general practitioner), surgical 
intervention (stripping, ligation or crossectomy) or SVT at another location than the 
legs. 

Outcome measures
The primary outcome measure was pain reduction at follow-up after a minimum of 
six days to six months. Secondary outcome measures were progression or recurrence 
of SVT in the leg and the occurrence of (a)symptomatic DVT or symptomatic PE at 
follow-up after a minimum of six days to six months. 

Results

Database search results
The database search for patients with SVT resulted in 131 hits. Of these 55 patients were 
excluded from the study, because no SVT was diagnosed (40), SVT was localized in the 
arm (1), co-existent PE (3) or DVT (4), patients were using anticoagulant treatment for 
other indications (2), had undergone stripping of the vena saphena magna or parva (4) 
and the medical file could not be retrieved (1). Follow-up information for symptoms 
and ultrasonographic evaluation was missing in three patients; two women (48 years 
of age, oral anticonceptive use, history of SVT and factor V Leiden and 61 years, no 
information) and a man (25 years, sickle cell anaemia, a history of venous thrombosis, 
recent surgery and the prothrombin mutation). 

Diagnosis of SVT
The baseline characteristics of the 73 patients are detailed in Table 1. Patients in whom 
SVT was diagnosed were relatively young (median 54 yrs) and there was no difference in 
sex (47% male). The diagnosis of SVT was confirmed by compression ultrasonography 
on the day of presentation in 72 of the cases. In one patient the diagnosis of SVT was 



Chapter 10

158

made by clinical symptoms only at the first visit, but SVT was objectively documented 
at follow-up. Of the 73 patients SVT was located in the vena saphena magna, the vena 
saphena parva and in both veins in 38, 20 and 12, respectively. Two of the 73 patients 
had SVT in a superficial calf vein, in one the location was not described. 

Risk factors for SVT; inherited and acquired thrombophilic defects  

Table 1 details the risk factors for SVT. In this population, 14 of a total of 57 (25%) 
patients had a history of VTE. Immobilisation, trauma and surgery preceded a 
relatively low number of SVT, i.e. in 5/50 (10%), 6/51 (11%) and 4/53 (8%) patients, 
respectively. Hormone replacement therapy or oral contraceptives were taken by 9/26 
(35%) women with SVT, 4/26 (15%) women were pregnant and 4/26 (15%) were in 
their puerperium period at the time of diagnosis. 
 
Thirty-four of the 73 (47%) patients were tested for one or more thrombophilic 
abnormalities. Of the 34 tested patients 27 (79%) had one or more thrombophilic 
defect. In 9/31 (29%) patients the Factor V Leiden mutation was found (1 homozygous). 
Furthermore, 3/32 (9%) patients had a prothrombin mutation: heterozygous (2) and 
homozygous (1). Two out of 31 (6%) patients had a protein C deficiency and 1/31 
(0.3%) patient a protein S deficiency. Elevated factor VIII levels were frequently found 
(based on a single measurement in the majority of the cases), i.e. 16/25 (64%) patients 
tested. 
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Table 1. Baseline characteristics
* Number of patients with risk factors described is variable,  # HRT, hormonal replacement 

therapy.
Patients
N=73 

Characteristic n (%)

Age (median (years) ± SD)                                                                                   54 ± 19
Male gender 34     (47)
Interval between symptom onset and diagnosis

Median (days) 7
Range (days) 1-160
≤14 days 60     (86)
Date of onset missing 3         (4)

Diagnosis confirmed
Complete ultrasound 72     (99)
On clinical grounds 1         (1)

Location superficial vein thrombosis (SVT)
Vena saphena magna (VSM) 38      (52)
Vena saphena parva (VSP) 20      (27)
VSM and VSP 12      (16)
Superficial calf veins 2          (3)
Unclear 1          (1)

Risk factors n/N* (%)

History of venous thromboembolism 14/43 (33)
Immobilisation in the last 3 months 5/45 (11)
Trauma in the last 3 months 6/45 (13)
Surgery in the last 3 months 4/49 (8)
Malignancy 3/46 (7)
Family history of venous thromboembolism 11/36 (31)
Female risk factors 
            Oral anticonceptive use or HRT# 9/17 (5)
            Puerperium (< 6 weeks) 4/22 (18)
            Pregnancy 4/22 (18)
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Table 2. Symptoms at follow-up after treatment with carbasalate calcium, nadroparin or other 

treatments. 
Pain

Treatment (n*)
Increase

n          %    

Same

      n          %          

Decrease

      n         %          

Unknown

n        

Carbasalate calcium (36) 5         14 8         22 23       64 4
Nadroparin (12) 0         - 0         - 12       100 3
No treatment (4) 1         25 2         50 1         25 2

Vitamin K antagonists (3) 0         - 0         - 3         100 0
NSAID’s (3) 1         33 0         - 2         67 0
Nadroparin + carbasalate calcium (1) 0         - 0         - 1         100 0

Other (3) 1         33 0         - 2         67 2
* Missing follow-up information (see column “unknown”) was not included in the total number of treated 
patients. 

Treatment after the established diagnosis of SVT

Treatment prior to referral
In 12 of the 73 cases the patient had been treated before referral, with antibiotics (6), 
vitamin K antagonists (2), elastic compression stockings and carbasalate calcium (1), 
carbasalate calcium alone (1), prophylactic dose of low molecular weight heparin in a 
hospitalized patient (1) and hiroid cream (1).

Following the established diagnosis of SVT, 40 of the 73 (55%) patients received 
treatment with carbasalate calcium (500-600mg 3 times daily) for a median duration 
of 10 days (range 3 to 21; one missing value) (Table 3). Two of these patients were 
also given an elastic compression stocking. Fifteen (21%) patients were treated with 
a therapeutic dose of LMWH for a median duration of 14 days (range 7 to 64), two 
patients also got a prescription for an elastic compression stocking of whom one also 
received antibiotics. NSAIDs were prescribed to three (4%) patients as were vitamin K 
antagonists. In one (1%) patient LMWH was combined with carbasalate calcium for 
treatment of the SVT. Six (8%) patients received no medical treatment or compression 
stockings. 
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Carbasalate calcium was predominantly given as treatment for SVT between 1999 and 
2003. In 2004 however, more patients were treated with LMWH. 

Table 3. SVT# and/or DVT$ at first follow-up after treatment with carbasalate calcium, 

nadroparin or other treatments
Treatment (n*) Results compression ultrasonography

Extension and/or recurrence of 
superficial vein thrombosis

Deep vein thrombosis

Yes
   n      %   

No
   n      %   

Unknown
n       

Yes
   n       %         

No
   n       %        

Unknown
n       

Carbasalate calcium (32 vs 36) 9      28 23    72 8 5       14 31     86 4         
Nadroparin (11 vs 13) 3      27 8      73 4 1       8 12     92 2         
No treatment (6) 3      50 3      50 0 0       - 6      100 0         

NSAID’s¶ (3) 1      33 2      67 0 0       - 3      100 0         
Vitamin K antagonists (2 vs 3) 0      - 2      100 1 0       - 3      100 0         
Nadroparin + carbasalate calcium (1) 1      100 0      - 0 0       - 1      100 0         

Other (1 vs 3) 0      - 1      100 4 1†      33 2       67 2        
# SVT, superficial venous thrombosis; $ DVT, deep venous thrombosis; * Missing follow-up information (see 
column “unknown”) was not included in the total number of treated patients; ¶NSAIDs, non-steroidal anti-
inflammatory drugs; † Patient was treated with hiroid cream.

Clinical outcome

Reduction of symptoms at follow-up
Most patients (n=60, 87%) were referred within two weeks after the onset of complaints 
(median 7 days; range 1 to 160; 3 missing). Twenty-three patients out of 36 (64%) 
treated with carbasalate calcium compared to 12/12 (100%) in the LMWH and 1/4 
(25%) in the no treatment group had reduction in pain at follow-up (Table 2). Another 
two patients had a reduction in symptoms after treatment with LMWH, which was 
prescribed when pain persisted after an initial treatment with carbasalate calcium and 
no treatment. Increase in pain was observed in 5/36 (14%) of the patients treated with 
carbasalate calcium. No patient had increased pain after treatment with LMWH and 
1/4 (25%) after not being treated. Data on symptoms were missing in 11/73 (15%) of 
the patients, four of whom had a SVT progression or recurrence and two had a DVT 
at follow-up.  
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Progression or recurrence of SVT at follow-up
Ultrasonographic evaluation of SVT at follow-up was available in 56/73 patients 
(77%) (median 11 days after diagnosis of SVT; range 5 to 129). In 9/32 (28%) patients 
treated with carbasalate calcium there was progression and/or recurrence of SVT as 
assessed by ultrasonographic evaluation, compared to 3/11 (27%) in the LMWH and 
3/6 (50%) in the no treatment group (Table 4). Nine of 17 patients with missing results 
on ultrasonographic evaluation of SVT had pain reduction at follow-up, two patients 
had a DVT and six patients did not have a symptomatic VTE at follow-up. Eight of 17 
patients had no ultrasonographic evaluation of SVT and DVT at follow-up, five had 
a reduction of symptoms at follow-up and seven did not have a symptomatic VTE at 
follow-up. 

Occurrence of DVT at follow-up
Ultrasonographic evaluation of DVT at follow-up was available in 65/73 (89%) patients 
(median 10 days after diagnosis of SVT; range 3 to 129). Two patients developed a 
DVT within 1 week (day 3 and 5). DVT was diagnosed in 5/36 (14%) patients treated 
with carbasalate calcium compared to 1/13 (8%) in the LMWH and 1/3 (33%) in the 
other treatment group at follow-up (Table 3). As mentioned above, of the eight patients 
without ultrasonographic evaluation five had a reduction of symptoms at follow-up 
and seven did not have symptomatic VTE at follow-up.  
 

Discussion and conclusion

In our center, SVT was traditionally treated with carbasalate calcium, because of 
its anti-inflammatory and pain reducing properties. In 2004, an increasing number 
of  patients with SVT were treated with LMWH, which was probably due to the 
publication of randomized trials on treatment and natural history of SVT, showing 
that active treatment with NSAIDs or LMWH may reduce the incidence of progression 
or recurrence of SVT. 27;30 Another reason for abandoning treatment with carbasalate 
calcium was the lack of evidence for the efficacy of this type of treatment for SVT.  
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Our findings indicate that SVT has similar inherited and acquired risk factors as are 
known for VTE, as has been described by others. 19;20;23 
Nevertheless, SVT progressed to DVT in 7/65 (11%) of the cases, which confirms 
that SVT is not a benign disease. 6;10;31 Interestingly, pain reduction at follow-up was 
accomplished more often in patients treated with LMWH compared with treatment 
with carbasalate calcium. SVT progression or recurrence was comparable in both 
the carbasalate calcium and LMWH group, but higher in patients who were not 
treated at all. DVT occurred in one patient treated with LMWH compared with 
five patients in the carbasalate calcium group. None of the patients who had been 
managed conservatively developed DVT. These findings should be interpreted with 
caution, since the interventions were not prescribed in a randomized fashion, and the 
observations are likely to be biased by selective treatment of patients with more severe 
symptoms. 
Risk factors for VTE are also found in patients with SVT, which strengthens the 
concept that SVT and VTE share the same aetiology. The results of our study show that 
patients with SVT may be prone to VTE and therefore need to be treated or carefully 
followed. Furthermore, these results stress the need for large (multi-centre) trials for 
the treatment of SVT.



Chapter 10

164

References

 1 Anderson FA, Jr., Wheeler HB, Goldberg RJ, Hosmer DW, Patwardhan NA, Jovanovic 

B et al. A population-based perspective of the hospital incidence and case-fatality 

rates of deep vein thrombosis and pulmonary embolism. The Worcester DVT Study. 

Arch Intern Med 1991; 151(5):933-938.

 2 De Weese MS. Nonoperative treatment of acute superficial thrombophlebitis and 

deep femoral venous thrombosis. In: Ernst CB, Stanley JC, editors. Current therapy in 

vascular surgery. Philadelphia: BC Decker, 1991: 952-960.

 3 Nordstrom M, Lindblad B, Bergqvist D, Kjellstrom T. A prospective study of the 

incidence of deep-vein thrombosis within a defined urban population. J Intern Med 

1992; 232(2):155-160.

 4 Prountjos P, Bastounis E, Hadjinikolaou L, Felekuras E, Balas P. Superficial venous 

thrombosis of the lower extremities co-existing with deep venous thrombosis. A 

phlebographic study on 57 cases. Int Angiol 1991; 10(2):63-65.

 5 Pulliam CW, Barr SL, Ewing AB. Venous duplex scanning in the diagnosis and 

treatment of progressive superficial thrombophlebitis. Ann Vasc Surg 1991; 5(2):190-

195.

 6 Wichers IM, Di Nisio M, Buller HR, Middeldorp S. Treatment of superficial vein 

thrombosis to prevent deep vein thrombosis and pulmonary embolism: a systematic 

review. Haematologica 2005; 90(5):672-677.

 7 Ascer E, Lorensen E, Pollina RM, Gennaro M. Preliminary results of a nonoperative 

approach to saphenofemoral junction thrombophlebitis. J Vasc Surg 1995; 22(5):616-

621.

 8 Chengelis DL, Bendick PJ, Glover JL, Brown OW, Ranval TJ. Progression of superficial 

venous thrombosis to deep vein thrombosis. J Vasc Surg 1996; 24(5):745-749.

 9 Jorgensen JO, Hanel KC, Morgan AM, Hunt JM. The incidence of deep venous 

thrombosis in patients with superficial thrombophlebitis of the lower limbs. J Vasc 

Surg 1993; 18(1):70-73.

 10 Schonauer V, Kyrle PA, Weltermann A, Minar E, Bialonczyk C, Hirschl M et al. 

Superficial thrombophlebitis and risk for recurrent venous thromboembolism. J Vasc 

Surg 2003; 37(4):834-838.



A retrospective analysis of patients treated for superficial vein thrombosis.

165

 11 van Weert H, Dolan G, Wichers I, de Vries C, ter Riet G, Buller H. Spontaneous 

superficial venous thrombophlebitis: does it increase risk for thromboembolism? A 

historic follow-up study in primary care. J Fam Pract 2006; 55(1):52-57.

 12 Bounameaux H, Reber-Wasem MA. Superficial thrombophlebitis and deep vein 

thrombosis. A controversial association. Arch Intern Med 1997; 157(16):1822-1824.

 13 Blumenberg RM, Barton E, Gelfand ML, Skudder P, Brennan J. Occult deep venous 

thrombosis complicating superficial thrombophlebitis. J Vasc Surg 1998; 27(2):338-

343.

 14 Verlato F, Zucchetta P, Prandoni P, Camporese G, Marzola MC, Salmistraro G et 

al. An unexpectedly high rate of pulmonary embolism in patients with superficial 

thrombophlebitis of the thigh. J Vasc Surg 1999; 30(6):1113-1115.

 15 Aaro LA, Johnson TR, Juergens JL. Acute superficial venous thrombophlebitis 

associated with pregnancy. Am J Obstet Gynecol 1967; 97(4):514-518.

 16 James KV, Lohr JM, Deshmukh RM, Cranley JJ. Venous thrombotic complications of 

pregnancy. Cardiovasc Surg 1996; 4(6):777-782.

 17 Lutter KS, Kerr TM, Roedersheimer LR, Lohr JM, Sampson MG, Cranley JJ. Superficial 

thrombophlebitis diagnosed by duplex scanning. Surgery 1991; 110(1):42-46.

 18 McColl MD, Ramsay JE, Tait RC, Walker ID, McCall F, Conkie JA et al. Superficial vein 

thrombosis: incidence in association with pregnancy and prevalence of thrombophilic 

defects. Thromb Haemost 1998; 79(4):741-742.

 19 Quenet S, Laporte S, Decousus H, Leizorovicz A, Epinat M, Mismetti P. Factors 

predictive of venous thrombotic complications in patients with isolated superficial 

vein thrombosis. J Vasc Surg 2003; 38(5):944-949.

 20 de Moerloose P, Wutschert R, Heinzmann M, Perneger T, Reber G, Bounameaux H. 

Superficial vein thrombosis of lower limbs: influence of factor V Leiden, factor II 

G20210A and overweight. Thromb Haemost 1998; 80(2):239-241.

 21 Gillet JL, Perrin M, Cayman R. Superficial venous thrombosis of the lower limbs: 

prospective analysis in 100 patients. J Mal Vasc 2001; 26(1):16-22.

 22 Hanson JN, Ascher E, DePippo P, Lorensen E, Scheinman M, Yorkovich W et al. 

Saphenous vein thrombophlebitis (SVT): a deceptively benign disease. J Vasc Surg 

1998; 27(4):677-680.

 23 Martinelli I, Cattaneo M, Taioli E, De Stefano V, Chiusolo P, Mannucci PM. Genetic 

risk factors for superficial vein thrombosis. Thromb Haemost 1999; 82(4):1215-1217.



Chapter 10

166

 24 Lohr JM, McDevitt DT, Lutter KS, Roedersheimer LR, Sampson MG. Operative 

management of greater saphenous thrombophlebitis involving the saphenofemoral 

junction. Am J Surg 1992; 164(3):269-275.

 25 Krause U, Kock HJ, Kroger K, Albrecht K, Rudofsky G. Prevention of deep venous 

thrombosis associated with superficial thrombophlebitis of the leg by early saphenous 

vein ligation. Vasa 1998; 27(1):34-38.

 26 Hafner CD, Cranley JJ, Krause RJ, Strasser ES. A method of managing superficial 

thrombophlebitis. Surgery 1964; 55:201-206.

 27 Superficial Thrombophlebitis Treated By Enoxaparin Study Group. A pilot randomized 

double-blind comparison of a low-molecular-weight heparin, a nonsteroidal anti-

inflammatory agent, and placebo in the treatment of superficial vein thrombosis. 

Arch Intern Med 2003; 163(14):1657-1663.

 28 Prandoni P, Tormene D, Pesavento R. High vs. low doses of low-molecular-weight 

heparin for the treatment of superficial vein thrombosis of the legs: a double-blind, 

randomized trial. J Thromb Haemost 2005; 3(6):1152-1157.

 29 Di Nisio M, Wichers IM, Middeldorp S. Treatment for superficial thrombophlebitis of 

the leg. Cochrane Database Syst Rev 2007;(2):CD004982.

 30 Marchiori A, Verlato F, Sabbion P, Camporese G, Rosso F, Mosena L et al. High versus 

low doses of unfractionated heparin for the treatment of superficial thrombophlebitis 

of the leg. A prospective, controlled, randomized study. Haematologica 2002; 

87(5):523-527.

 31 Decousus H, Quéré I, Leizorovicz A. Three-month incidence of venous 

thromboembolism (VTE) in patients with isolated superficial thrombophlebitis (ST): 

preliminary results of the post study. J of Thromb and Haemost , O-S-059. 2007. 



S
Summary



Summary

168



Summary

169

This thesis aimes to address two issues of venous thrombosis. The first concerns 
the etiology of venous thromboembolism (VTE). A search was performed for 
new hereditary risk factors of this disease by studying families with unexplained 
thrombophilia: the GENES study. The second issue involves the treatment of superficial 
vein thrombosis (SVT). Treatment options for SVT were systematically reviewed and 
etiology and treatment of disease were retrospectively studied in a general practice and 
hospital setting separately. 

Part I : GENES study 

Although several inherited risk factors associated with VTE have been discovered, it 
has been argumented that more genes are involved in the pathogenesis of this disease. 
The GENES study was set up to identify new hereditary risk factors for VTE in families 
with unexplained thrombophilia. However, the lack of an intermediate phenotype in 
VTE impedes the discovery of new familial risk factors. Therefore we set out to define 
an intermediate phenotype for VTE by performing global coagulation analyses in the 
GENES study in Chapter 2. Coagulation assays were performed in 353 individuals 
(17 families) of whom 41 (12%) had a history of VTE. We found that an increased 
ETP (OR 1.03 for each % increase, 95% CI 1.01-1.05) may serve as an intermediate 
phenotype for VTE. Also, a high variance attributed to genes for the ETP was found 
in one particular family (68%). Because we were interested to know if one or more 
coagulation variables determined the ETP in this family, these were studied in Chapter 
3. In multiple linear regression analysis prothrombin time (PT), factor VII, factor VIII, 
factor IX and antithrombin were found to be minor determinants of the ETP. However, 
none of these variables were independent determinant of the ETP. Therefore, the ETP 
seems to be an independent risk factor for thrombosis. 
In Chapter 4, we report the search for proteins of biosystems outside the coagulation 
cascade that have discriminative value for venous thrombosis, using new proteomic 
techniques. Sera of 491 individuals selected from 29 families with unexplained 
trombophilia were analysed by surface enhanced laser desorption/ionisation-time of 
flight (SELDI-TOF) mass spectometry. Of the 69 peak clusters detected, three differed 
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significantly in expression between individuals with a history of VTE and those without. 
One of the peaks was found to be significantly discriminative in the multivariate 
analysis, but unfortunately specificity and sensitivity remained insufficient. 
A candidate region for genes involved in the risk of venous thrombosis on 
chromosome 18 was identified in a whole genome scan performed in a large protein 
C deficient kindred. These data were confirmed in another thrombophilic family 
study (GAIT study). We performed linkage analysis of venous thrombosis in the same 
region (chromosome 18) in the GENES study to find support for these findings in 
Chapter 5. Two-point linkage analysis was performed using venous thrombosis and 
several coagulation and fibrinolysis factors as a trait. No linkage was found for any 
of the traits (clot lysis time (CLT), ETP, thrombin generation time (TGT), activated 
protein C-sensitivity ratio (APC-sr), prothrombin fragment 1+2 (F1+2) and venous 
thrombosis) at D18S53 or D18S843 in the whole study population. In Chapter 6 a 
genome-wide (variance components) linkage analysis for symptomatic VTE and 
for several coagulation variables was performed in 22 families (304 individuals), 
including the family (128 individuals) that had a high heritability estimate for the ETP. 
Suggestive linkage peaks (LOD-score 2.0, 1.9 and 2.5) were found on 11q23, 20q13 
and 1q23 for VTE, ETP and APC-sr, respectively. Linkage analysis in the family of 128 
individuals revealed significant (LOD > 3.3) linkage peaks on 16q22, 16q23, 17q22 and 
20q11 for factor II, factor V, PT and protein C respectively. A suggestive linkage peak 
(LOD-score 2.6) was found on 20q11for ETP. For VTE, we confirmed a linkage peak 
locus at 11q23 that was previously reported. 

Future perspective
Although the families in the GENES study proved to be a valuable resource for the 
analyses as previously described, this has not led to the identification of new heritable 
defects. However, several interesting results warrant further research, e.g. the finding 
that a high protein C levels in one particular family is strongly influenced by genes and 
several quantative trait loci in the genetic linkage analysis.



Summary

171

Part II: Superficial vein thrombosis

Venous thromboemblism has been investigated extensively, but very little is known 
about superficial vein thrombosis (SVT). Traditionally, SVT has been regarded as 
strictly benign, but there is an underestimated risk of recurrence and progression, in 
several cases leading to VTE. Chapter 7 is a systematic review on the treatment of 
SVT. The aim of the review was to collect evidence from randomized clinical trials 
concerning the efficacy and safety of medical or surgical treatments of SVT for the 
prevention of DVT and PE. Five studies were included. Pooling of the data was not 
possible due to the heterogeneity among the studies. Moreover, three studies had major 
methodological drawbacks limiting the clinical applicability of the results. One of the 
remaining (pilot) studies showed a non-significant trend in favor of high- compared to 
low-dose unfractionated heparin for the prevention of VTE. The last remaining study 
showed a non-significant trend in favor of a short term treatment with low-molecular-
weight heparin (LMWH) or a non-steroidal anti-inflammatory drug (NSAID) as 
compared to placebo shortly after treatment with respect to VTE, but the apparent 
benefit disappeared after three months of follow-up. Active treatment of SVT reduced 
the incidences of extension or recurrence. Given the current lack of solid evidence we 
suggest that patients with SVT should be treated with – at least – intermediate doses 
of LMWH.
In Chapter 8 a Cochrane review to assess the efficacy and safety of topical, medical, and 
surgical treatments in patients presenting with SVT of the legs is described. Twenty-
five studies involving 2509 patients with SVT of the legs were included in this review. 
Pooling of the data and subgroup analysis were not possible given the heterogeneity 
of the included studies. Moreover, the methodological quality of most of the trials was 
poor. Treatment ranged from LMWH, to anti-inflammatory agents, topical treatment, 
surgery and a plethora of other oral, intramuscular, and intravenous treatments. 
Both LMWH and NSAIDs significantly reduced the incidence of SVT extension or 
recurrences by about 70% as compared to placebo. No major bleeding was reported in 
any of the studies evaluating LMWH and NSAIDs. Furthermore, LMWH and NSAIDs 
seemed to have a similar efficacy and safety. However, the studies that evaluated 
these treatments had a relatively small sample size, which did not allow an adequate 
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comparison between LMWH and NSAIDs. Overall, topical treatments improved 
local symptoms. However, no data were provided on the effects of these treatments on 
VTE and SVT extension. Surgical treatment combined with elastic stockings in SVT 
was associated with a lower VTE rate and progression of SVT, as compared to elastic 
stockings alone. In addition, a relatively small study suggested that surgery may have 
a comparable efficacy and safety profile to LMWH. Currently, LMWH and NSAIDs 
appear to be best therapeutic options for SVT of the legs. While the available data are 
too limited to make clear recommendations, an intermediate dose of LMWH for at 
least a month might be advised. 
A historic follow-up study to determine the risk of arterial and venous complications 
after a SVT in the leg in the general practice population is reported in Chapter 9. 
Patients with SVT were identified through a meticulous search of the medical registers 
of 40,013 patients, enlisted with five health-centers in Amsterdam, the Netherlands. 
Outcomes were DVT, PE, acute coronary events or ischemic stroke over a 6 months 
follow-up period. Odds ratios were used to quantify the associations between SVT 
and these outcome events. Exposed patients had a ten-fold (95% confidence interval 
2.0 – 51.6) increased risk of developing DVT during the follow-up time compared 
to the non-exposed individuals. No enhanced risk for PE, acute coronary events 
or ischemic stroke could be detected. SVT is a clear risk factor for DVT. Although 
effective treatments for the prevention of DVT are available the absolute risk is too low 
to advocate prophylaxis in a general practice population. 
In Chapter 10 we retrospectively evaluated therapeutic management, thrombophilic 
risk factors and clinical outcome of SVT. In 73 patients follow-up information was 
present (3/76 non-evaluable patients). In 9/32 (28%) patients treated with carbasalate 
calcium there was progression of SVT as assessed by ultrasonographic evaluation, 
compared to 3/11 (27%) in the LMWH group and 3/6 (50%) in the no treatment 
group. DVT was diagnosed in 5/36 (14%) patients treated with carbasalate calcium 
compared to 1/13 (1%) in the LMWH and other treatment group (e.g. hiroid cream) 
at follow-up. Furthermore, one or more thrombophilic defects were present in twenty 
of thirty-six patients tested. The results of our study show that patients with superficial 
vein thrombosis may be at risk for progression to venous thromboembolism and 
therefore need to be treated or carefully followed. 



Summary

173

Future perspective
Considering the amount of scientific attention given to VTE in the passed decade, 
it is surprising that research into the superficial counterpart of this disease has only 
recently begun. One of the possible reasons for this could be that SVT is mostly seen in 
general practice where less diagnostic investigations and research take place compared 
to specialist care. As a result, an evidence-based guideline on diagnosis and treatment 
of superficial vein thrombosis is lacking. Results from a large double-blind randomized 
trial are underway, in which a prophylactic dose of fondaparinux is compared with 
placebo (CALISTO trial). Hopefully, this will lead to an evidence-based and rational 
approach to patients with SVT. 
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In dit proefschrift worden twee uitingsvormen van veneuze trombose behandeld. Het 
eerste deel heeft betrekking op de etiologie van veneuze tromboembolie (VTE). We 
zochten naar nieuwe erfelijke risicofactoren voor VTE in families met onverklaarde 
trombofilie: de GENES studie. Het tweede deel van dit proefschrift heeft betrekking 
op de behandeling van oppervlakkige veneuze trombose. De beschikbare literatuur 
over de behandeling van oppervlakkige veneuze trombose werd op een  systematische 
manier beoordeeld en de etiologie en behandeling van de ziekte werden retrospectief 
onderzocht in zowel de eerste als de tweede lijn.  

Deel I: GENES studie

Ondanks het feit dat er meerdere erfelijke risicofactoren voor VTE bekend zijn, blijkt 
uit onderzoek dat er nog meer erfelijke risicofactoren moeten bestaan. De GENES 
studie is opgezet om nieuwe erfelijke risicofactoren voor VTE in families met 
onbegrepen trombofilie te identificeren. Echter, het ontbreken van een intermediair 
fenotype voor VTE bemoeilijkt de ontdekking van nieuwe erfelijke risicofactoren. 
Om die reden probeerden we een intermediair fenotype voor VTE  te definiëren 
door globale stollingstests uit te voeren in de GENES studie, zoals beschreven in 
Hoofdstuk 2. Stollingstests werden uitgevoerd in 353 individuen (17 families) 
waarvan 41 (12%) een VTE in de de voorgeschiedenis hadden. Een van de tests, de 
endogene trombine potenitaal (ETP), bleek geassocieerd te zijn met VTE (odds ratio 
(OR) 1.03 voor elk % verhoging, 95% CI 1.01-1.05) zodat deze mogelijk bruikbaar 
is als een intermediair fenotype voor VTE.  Daarnaast werd er een hoge erfelijkheid 
van de ETP (68%) gevonden in een specifieke familie uit de GENES. De relatie tussen 
bekende stollingsvariabelen en de hoogte van de ETP  in deze familie staat beschreven 
in Hoofdstuk 3. In de multivariate lineaire regressie analyse bleken de protrombine 
tijd (PT), factor VII, factor VIII, factor IX en antitrombine geringe determinanten 
van de ETP te zijn. Echter, geen van deze variabelen bleken grote onafhankelijke 
determinanten van de ETP. De ETP lijkt daarom een onafhankelijke risicofactor voor 
trombose. 
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In Hoofdstuk 4 wordt gebruik gemaakt van een nieuwe techniek om eiwitprofielen 
te bekijken. Wij waren benieuwd of we hiermee eiwitten van biosystemen buiten de 
stollingscascade konden vinden die een onderscheid kunnen maken tussen mensen 
met en zonder VTE. Sera van 491 individuen uit 29 families met onbegrepen 
trombofilie werden geanalyseerd met de surface enhanced laser desorption/ionisation-
time of flight (SELDI-TOF) mass spectometry. Van de 69 piek clusters die gedetecteerd 
werden, bleken er 3 significant verschillend in expressie tussen deelnemers met en 
zonder VTE. In de multivariate analyse bleef 1 van de 3 pieken significant, echter de 
sensitiviteit en specificiteit van deze piek waren onvoldoende om de bevinding als 
bruikbaar te beoordelen. 
In een grote, proteïne C deficiënte familie werd met behulp van een ‘whole 
genome scan’ een kandidaat regio van genetische defecten voor veneuze trombose 
gevonden die gelegen was op chromosoom 18. Deze data werden bevestigd in een 
andere familie studie met onbegrepen trombofilie(GAIT studie). We verrichtten in 
dezelfde chromosomale regio (chromosoom 18)een linkage analyse voor veneuze 
trombose om deze bevindingen te bevestigen, deze staan beschreven in Hoofdstuk 
5. We voerden een zogenaamde two-point linkage analyse uit naar veneuze trombose  
waarbij veneuze trombose en verschillende stollings- en fibrinolysefactoren gebruikt 
werden als karakteristieken. Er werd geen linkage gevonden voor een van deze 
kenmerken (clot lysis tijd (CLT), ETP, trombine generatie tijd (TGT), geactiveerd 
proteïne C-sensitiviteitsratio (APC-sr), protrombine fragment 1+2 (F1+2) en veneuze 
trombose). In Hoofdstuk 6 werd een genome-wide (variance component) linkage 
analyse verricht in 22 families (304 individuen), inclusief de familie (128 individuen) 
met een hoge erfelijkheid voor de ETP.  Een suggestie van  linkage (LOD-score 2.0, 1.9 
en 2.5) werd gevonden op 16q22, 16q23, 17q22 en 20q11 voor respectievelijk factor II, 
factor V, PT en proteine C. Voor ETP werd een piek op 20a11 gevonden met een LOD 
score van 2.6. Voor VTE werd een linkage piek locus bevestigd op 11q23, zoals eerder 
door anderen beschreven. 
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Toekomst
Alhoewel de families in de GENES studie een waardevolle bron zijn gebleken voor de 
analyses hierboven beschreven heeft dit niet geleid tot de ontdekking van een nieuw 
erfelijk defect. Echter, de gevonden resultaten rechtvaardigen verder onderzoek, 
bijvoorbeeld naar de bijdrage van genetische factoren bij  de hoge proteïne C waarden 
in één specifieke familie. 

Deel II: Oppervlakkige veneuze trombose

Alhoewel veneuze tromboembolie uitgebreid is onderzocht, is er over oppervlakkige 
veneuze trombose (OVT) betrekkelijk weinig bekend. Oppervlakkige veneuze 
trombose is altijd beschouwd als een onschuldige aandoening, maar het risico op 
uitbreiding naar VTE wordt onderschat. In Hoofdstuk 7 wordt een systematisch 
overzicht gegeven van de beschikbare literatuur over de behandeling van OVT. Het 
doel hiervan was  de verzameling van alle gerandomiseerde onderzoeken over de 
effectiviteit en veiligheid van medicamenteuze of chirurgische behandelingen van OVT 
om diep veneuze trombose of longembolie te voorkomen. In totaal bleken slechts vijf 
studies beschikbaar. Het poolen van de data was niet mogelijk door de heterogeniteit 
van de studies. Daarnaast hadden 3 studies grote methodologische tekortkomingen 
waardoor de klinische toepasbaarheid van de resultaten beperkt bleef. Eén van de 2 
overige (pilot) studies liet een niet-significante trend zien in het voordeel van hoge 
vergeleken met lage dosis ongefractioneerde heparine voor de preventie van VTE. 
De andere studie liet een niet-significante trend zien in het voordeel van een korte 
behandeling met laag-moleculair-gewichts heparine (LMWH) of een non-steroidal 
anti-inflammatory drug (NSAID) vergeleken met placebo kort na de behandeling met 
betrekking tot VTE, maar dit schijnbare voordeel verdween na drie maanden follow-up. 
Concluderend vermindert actieve behandeling van OVT de incidentie van uitbreiding 
en recidief. Hoofdstuk 8 is een Cochrane review. Wij beschreven de effectiviteit en 
veiligheid van oppervlakkige, medicamenteuze en chirurgische behandelingen in 
patiënten met OVT in het been. Vijfentwintig studies met 2509 patiënten met OVT 
werden beoordeeld in dit overzicht Poolen van de data en subgroep analyse was niet 
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mogelijk door de heterogene studieresultaten. Tevens bleek de methodologische 
kwaliteit van de meeste onderzoeken slecht. Behandeling varieerde van LMWH, 
ontstekingsremmers, oppervlakkige behandeling, chirurgie en een scala van andere 
orale, intramusculaire en intraveneuze behandelingen. Zowel LMWH als NSAIDs 
reduceerde de incidentie van uitbreiding of recidief van OVT significant (70%) in 
vergelijking met placebo. Grote bloedingcomplicaties werden in geen van de studies 
met LMWH en NSAIDs gerapporteerd. Verder was de effectiviteit en veiligheid van 
LMWH en NSAIDs gelijk. Echter, de studies die deze behandelingen evalueerden 
hadden een relatief kleine patiëntenpopulatie, waardoor geen adequate vergelijking 
tussen beide (LMWH en NSAIDs) mogelijk was. In het algemeen deed oppervlakkige 
behandeling locale symptomen verbeteren. Echter, geen data waren beschikbaar over 
de effecten van deze behandelingen op VTE en uitbreiding van OVT. Chirurgische 
behandeling gecombineerd met elastische kousen voor OVT bleek geassocieerd met 
een lager aantal veneuze tromboembolische complicaties en progressie van OVT in 
vergelijking met elastische kousen alleen. Daarnaast suggereerde een relatief kleine 
studie dat chirurgische behandeling net zo effectief en veilig zou zijn als LMWH. Op 
dit moment lijken LMWH en NSAIDs de beste therapeutische opties voor OVT. Uit 
hoofdstuk 7 en 8 kan worden geconcludeerd dat overtuigend bewijs met betrekking 
tot de optimale behandeling van OVT niet voorhanden is. Het lijkt raadzaam om 
patiënten met OVT te behandelen met - tenminste - een intermediaire (profylactische) 
dosis van LMWH.
In Hoofdstuk 9 beschrijven we  een historische follow-up studie om het risico van 
arteriële en veneuze complicaties na een oppervlakkige veneuze trombose in het been 
in de huisartsenpopulatie vast te stellen. Patiënten met OVT werden geïdentificeerd in 
medische registers van vijf gezondheidscentra in Amsterdam, in totaal 40.013 patiënten. 
Eindpunten waren diep veneuze trombose, longembolie, acuut coronair syndroom of 
ischemisch herseninfarct tijdens 6 maanden follow-up. Odds ratios werden bepaald 
om de relatie tussen OVT en deze eindpunten te kwantificeren. Blootgestelde 
patiënten hadden een 10 keer verhoogd risico (95% betrouwbaarheidsinterval 2.0-
51.6) om diep veneuze trombose tijdens follow-up te ontwikkelen, vergeleken met 
de niet-blootgestelde personen. Een verhoogd risico op longembolie, acuut coronair 
syndroom of ischemisch herseninfarct werd niet aangetoond.  Oppervlakkige veneuze 
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trombose is een duidelijke risicofactor voor diep veneuze trombose. Alhoewel 
effectieve behandelingen voor de preventie van diep veneuze trombose beschikbaar 
zijn is het absolute risico te laag om profylaxe te verdedigen in de huisartsenpopulatie. 
In Hoofdstuk 10 zijn de therapeutische opties, risicofactoren en klinische uitkomsten 
van patiënten met OVT retrospectief geanalyseerd. Patiënten met OVT werden 
geselecteerd uit de database van het vaatcentrum van een groot ziekenhuis, waarheen 
zij waren verwezen voor het uitsluiten van een diep veneuze trombose (zowel vanuit 
de huisartsenpraktijk als intern). Follow-up informatie was beschikbaar van 73 
patiënten (3/76 niet evalueerbaar). Van de 32 patiënten die behandeld werden met 
carbasalaatcalcium waren er 9 (28%) met een echografisch vastgestelde uitbreiding 
van de OVT in vergelijking met 3/11 (27%) van de LMWH groep en 3/6 (50%) van 
de onbehandelde groep. Diep veneuze trombose werd vastgesteld in 5/36 (14%) 
patiënten die behandeld werden met carbasalaatcalcium vergeleken met 1/13 (1%) in 
de LMWH groep en rest groep (o.a. hiroid crème) tijdens follow-up.  In 20 van de 36 
op trombofilie geteste patiënten werden één of meer defecten gevonden. De resultaten 
van dit onderzoek laten zien dat patiënten met OVT een risico lopen op uitbreiding 
naar VTE en daarom behandeld moeten worden of zorgvuldig vervolgd. 
Hoofdstuk 9 lijkt in tegenspraak met de gegevens uit hoofdstuk 7, 8 en 10, maar van 
belang is dat het hier om verschillende patiëntenpopulaties gaat. 

Toekomst
Gelet op de uitgebreide wetenschappelijke aandacht voor VTE, is het eigenlijk 
verbazingwekkend dat onderzoek naar het oppervlakkige deel van deze ziekte 
eigenlijk pas net begonnen is. Een van de mogelijke verklaringen zou kunnen zijn 
dat OVT vooral wordt gezien in de huisartsenpraktijk waar minder aanvullend en 
wetenschappelijk onderzoek plaatsvindt in vergelijking met de tweedelijn. Dit heeft als 
resultaat dat er nog geen evidence-based richtlijn over diagnose en behandeling van 
OVT bestaat. De resultaten van een grote dubbelblinde gerandomiseerde studie, waarin 
een profylactische dosering fondaparinux wordt vergeleken met placebo (CALISTO 
studie), zullen waarschijnlijk op korte termijn gepubliceerd worden. Hopelijk zal dit 
leiden tot een evidence-based en rationele benadering  van patiënten met OVT. 
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Het lijkt al eindeloos geleden dat ik vertrok van de afdeling waarna ik - nogal naïef - in  
de veronderstelling verkeerde het boekje wel even af te maken tijdens mijn opleiding 
tot huisarts. Dat ik dat volledig heb onderschat, blijkt wel. Ik ben blij het dankwoord 
nu te kunnen schrijven en ben trots over het eindresultaat. Veel mensen hebben 
bijgedragen en steun gegeven aan de totstandkoming van dit boekje. In het bijzonder 
noem ik hieronder een aantal mensen. 

Het is allemaal begonnen met het oudste co-schap Interne Geneeskunde in het 
Slotervaart ziekenhuis, later uitmondend in een (toen nog) AGNIO-schap. Dees 
Brandjes. Jij en ‘jouw’ afdeling hebben mij als beginnend arts enorm gemotiveerd en 
geïnspireerd. De afdeling is een buitengewoon warme en fijne plek om te werken. Na 
een half jaar wilde ik graag onderzoek gaan doen en zoals dat al jaren bleek te gaan, 
verwees jij me naar je “broer” Harry Büller. 

Dan volgt uiteraard Saskia Middeldorp. Met jou heb ik dit boekje eigenlijk geschreven. 
Je bent de ideale co-promotor: scherp, snel en op de juiste momenten een schop. 
Terwijl ik vaak nog eindeloos door wilde graven, bleef jij altijd de hoofdzaak in de gaten 
houden. Ik bewonder je vermogen om pijlsnel to the point te komen, je schrijfstijl en 
je kennis over de stolling. 

Harry Büller, de Grote Roerganger. Hoewel je niet altijd op de voorgrond trad, bleek dat 
je altijd vrij nauwkeurig op de hoogte van de voortgang was. Met een enkele, tamelijk 
korte (brainstorm)sessie ontkiemde het tweede deel van dit boekje. Je vermogen om 
de essentie te raken en daarna ‘snel te schakelen’ zijn indrukwekkend. Daarnaast geeft 
de vrijheid die je jouw promovendi gunt ruimte voor zelfontplooiing en vertrouwen.

Michael Tanck. Ik heb enorm veel geleerd van jouw genetisch epidemiologische en 
statistische kennis en je nam ook altijd de tijd om iets uit te leggen. Daarnaast moet 
ik je ook echt bedanken voor je altijd snelle reactie op mijn ‘ik-moet-het-vanmiddag-
weten’ vragen. Altijd ‘in control’. 
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Pieter Reitsma. Dankzij jou en de daaruit voortgekomen samenwerking met Ted 
Bovill hebben we de Marshfield Genotyping Service binnengehaald en gaat het 
onderzoek binnen de GENES nog door. Je straalt een enorm plezier in onderzoek uit 
en het was daarom altijd gezellig binnenwandelen (alhoewel de aanleiding vaak mijn 
ontreddering was). 
Koos Zwinderman, je brengt het altijd simpel, maar na een bezoek aan jou had ik er 
een nieuw probleem bij. 

Claartje Koch, field worker. Jij ging onvermoeibaar op pad om gegevens en bloed te 
verzamelen van de GENES-familieleden. Je hebt enorm veel werk verricht waarbij je je 
altijd heel flexibel opstelde, met een goede dosis humor. Veel dank daarvoor, het was 
leuk samenwerken! Ook veel dank aan Koby Los voor het veldwerk aan het eind, jullie 
vormen een gezellig Baarns duo (alias de dames Groen)!

De leden van de promotiecommissie wil ik bedanken voor het kritisch beoordelen van 
mijn proefschrift: Dees Brandjes, John Kastelein, Marcel Levi, Frits Rosendaal, Henk 
van Weert en Koos Zwinderman. 

Zonder het Lab van Joep Defesche geen DNA en ook geen bepalingen van factor V 
Leiden en de protrombinemutatie of lessen in PCR. Veel dank voor het vele werk en 
dan met name Eline en Hester. 

Joost Meijers, razendsnel commentaar en laagdrempelig beschikbaar, ik heb veel van 
je geleerd. Jouw lab wil ik bedanken voor het verrichten van alle stollingsbepalingen 
en dan met name Kamran. 

Frank Baas. Dank voor het gebruik van de faciliteiten op jouw lab en de (onontbeerlijke!) 
hulp die ik daarbij kreeg van Jennifer.  

Andrea Garcia. Thanks to you en your golden fingers we completed the linkage analysis 
for chromosome 18. It was nice to work with you and to talk about Brazil that always 
has a special place in my heart.
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En dan Roderick Kraaijenhagen voor het opzetten van de GENES studie (alhoewel je 
je het mogelijk niet meer herinnert) en Dalia El Kheir voor al het voorwerk van dit 
onderdeel. 

Erik-Jan van den Dool van het Stollingslab. Het was altijd leuk om even langs te komen 
(al dan niet met een D-dimeer bedsidetest..). Je rondleiding voor nieuwe medewerkers 
en studenten is onvolprezen! 
Riet, Dominique, Marja, Dian, Karin en Johan van het Vaatcentrum, voor het prettige 
samenwerken tijdens de diensten. 
Veel dank voor de secretariële ondersteuning van Marianna (gezellig toeven), Els, 
Joyce (schaterlach, altijd behulpzaam!), Debby, Andrea en Henriette. 
En dan het trialbureau: Trees Groenveld, Liesbeth Huizen (we moeten echt ‘ns 
bijkletsen) en Belia Rekké, dank jullie wel voor de fijne samenwerking!

Alle stafleden van de afdeling: John Kastelein, Rianne Koopman (korte encounter), 
Erik Stroes (je enthousiasme is ongekend) Maud Visser (altijd leuke gesprekken), 
Mieke Trip, Pieter-Willem Kamphuizen en Victor Gerdes (heel veel kennis en nog 
aardig ook). 

Flip Sutorius, omdat je me de ruimte hebt gegeven om in de praktijk af en toe iets te 
‘klussen’ voor het boekje bij rustig spreekuur en omdat je me liet zien hoe ontzettend 
leuk het huisartsenvak is.

Collega’s maken onderzoek doen veel minder eenzaam en daarvoor wil ik iedereen 
bedanken. Als eerste Maaike (topwijf, eindeloze gesprekken met deur open en 
deur dicht), mijn kamergenoot Marcello di Nisio (ijzeren discipline, duizendpoot 
en espresso-expert), Ivan (wijze raad), Roel (gesprekken op de fiets terug), Jeroen, 
Tijmen (middel-GVR), Saskia (ll-de-lol, maar ondertussen..), Anja, Clara, Alessandro, 
Marnix (sjoef sjoef Marnix), Bert-Jan en Sabine (goudeerlijk en ‘oude’ koppelaarster..). 
En later kwamen ook Ward (danskoning), Michiel (die muziek viel wel mee hoor), 
Nadine (bikkel), Danny, Sara (door jou gaat het onderzoek van de GENES door) en 
niet te vergeten Frederiek, lieve vriendin. En dan de promovendi aan de overkant.. 
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Max (hart op de juiste plek), Kees (kom maar op), Emily, Melchior, Radjesh, Rakesh, 
Wim, Raaj, Matthijs, Fatima, Marijn, Hans, Karim, Menno, Remco en Lily. Met Jessica 
en Anouk ben ik de huisartsopleiding ingegaan. Anouk mij achtervolgend (zelfde 
opleidingspraktijk(en?)) en Jes voorop. Binnenkort samen in de intervisiegroep!  

Paranimfen Anne Molenaar en Tamara Noll. Lieve trouwe vriendinnen, samen zijn we 
begonnen aan de studie en nu alledrie huisarts (wie had dat gedacht?), vind het te gek 
dat jullie straks naast me willen staan. 

En dan mijn lief, je bent naast een grote bron van afleiding tijdens mijn onderzoek 
;-) een onvoorwaardelijke steun geweest en hebt mij tijdens de moeilijkste periodes 
enorm gemotiveerd door te zetten. Je hebt een heerlijke nuchtere blik op dingen 
die ik zelf complex kan maken. En daarnaast is je kritische blik in dit boekje niet 
onbelangrijk geweest. De periodes met intens geluk wisselden vaak af met veel stress, 
maar we hebben ons er toch maar doorheen geslagen! 


