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a B s t r a C t 

Background: In Klippel-Trenaunay syndrome (KTS), a 
congenital combined vascular (capillary, venous and 
lymphatic) malformation with localised disturbed growth, 
venous thromboembolisms (VTEs) are frequently reported 
in small cohorts. 
Design and methods: We quantified the frequency of 
VTE by screening a large KTS-patient cohort with duplex 
compression ultrasonography. Additionally, we performed 
a case-control study to evaluate whether coagulation 
alterations were related to VTE and magnitude of vascular 
malformations as quantified by magnetic resonance 
imaging (MRI). 
Results: Twenty-nine (39%) of 75 patients had signs of 
current or previous VTE, including superficial venous 
thrombosis, six (8%) of whom had a deep venous 
thrombosis or a pulmonary embolism. Compared with 
105 controls, 54 adult patients (both: median age 33 years) 
had higher plasma levels of D-dimer, medians 266 (IQR 
195-366) versus 457 (IQR 270-3840) mg/l (p<0.001), 
respectively. They tended to have lower protein C (p=0.10) 
and free protein S (p=0.07) levels compared with controls. 
Compared with young-adult controls (n=62), KTS children 
(n=21) also had higher median D-dimer levels (p<0.001), 
and lower protein C (p=0.003) and protein S (p=0.01) 
levels. The extent of the vascular malformations on MRI 
was positively correlated with D-dimer plasma levels 
(r-spearman=0.329; p<0.05). 
Conclusions: Otherwise healthy KTS patients had a very 
high rate of current or previous VTE. Very high D-dimer 

levels were observed and these were related to the extent 
of the vascular malformation. Based on these findings 
we advise appropriate patient education on the signs and 
symptoms of thromboembolic complications in these 
patients, and screening for VTE in case of complaints.
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i n t r o d U C t i o n 

Klippel-Trenaunay syndrome (KTS) is a congenital 
malformation syndrome characterised by a combination 
of capillary, venous and lymphatic malformations with 
a localised disturbed growth of bone and/or soft tissue 
(figure 1).1 Clinical presentation may vary from being 
asymptomatic to developing potentially life-threatening 
complications, such as deep vein thrombosis (DVT), 
pulmonary embolism (PE), and recurrent bleeding.2-5

Although not investigated systematically, venous 
thromboembolism (VTE) has been reported to occur in 
8-22% of KTS patients.2 Despite the fact that over 30 case 
reports on KTS-associated pulmonary embolism have 
been published,2,3,5-17 including alarming cases of belated 
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diagnosed recurrent pulmonary embolism or pulmonary 
hypertension,3,5,8-12 the exact mechanism underlying the 
hypercoagulability in vascular malformations remains 
unclear. However, blood stagnation within the distorted, 
enlarged venous blood vessels may lead to coagulation 
activation,18 though this has never been studied in a large 
KTS group.1 

Therefore, the aims of the present study were to investigate 
the prevalence of present or previous thrombotic 
complications in KTS patients, to identify coagulation 
alterations compared with matched controls and to determine 
whether these changes were present at a young age.

d e s i G n  a n d  M e t H o d s

Patients and procedures
All patients from a well-characterised Dutch cohort of KTS 
patients were asked to participate in the study and, if so, 
gave written informed consent. The patients were acquired 
from the Dutch KTS support group, and the multidis-
ciplinary teams dedicated to vascular malformations in 
two Academic Medical Centres, between May 2006 and 
May 2007. Diagnosis of KTS was based on a combination 
of capillary, venous, and lymphatic malformations plus 
disturbed growth regulation, as previously described.19 
Results on the prevalence of chronic thromboembolic 
pulmonary hypertension in a subset of this group were 
published previously.20 Plasma samples from two matched 
controls (on age, gender and use of oral anticontra-
ceptives) were recruited from healthy volunteers in the 
AMC. Because the Medical Ethics Committee deemed it 
unethical to involve healthy children in this study, young 

adults were used as controls for the paediatric patients. The 
protocol was approved by the Medical Ethics Committee of 
the AMC, and carried out in accordance with the principles 
of the Declaration of Helsinki.

History taking, physical examination and duplex 
ultrasonography
Data regarding history of clinically manifest 
haemorrhages, and venous thromboembolism were 
collected. When deep venous thrombosis or pulmonary 
embolism was reported, we confirmed whether the 
diagnosis was established using an objective test (either 
compression ultrasonography, venography, ventilation 
perfusion scan or multi-slice CT). All patients were 
physically examined, looking for signs of haemorrhages 
or venous thromboembolism. 
Flow characteristics, sub and clinically manifest superficial 
or deep venous thrombosis were obtained by duplex 
ultrasonography of the affected limb, performed by two 
experienced sonographers. With this procedure, the 
entire deep venous system was imaged from the groin or 
shoulder down to the distal system in the calf or arm. The 
only criterion accepted for a diagnosis of superficial or 
deep venous thrombosis was the finding of one or more 
non-compressible superficial or deep venous segments. 

Magnetic resonance imaging 
Magnetic resonance imaging (MRI) studies were performed 
to delineate the extent of the vascular malformation 
in case of suspicion of multiple muscle and/or bone 
involvement, when disabling pain existed, before 
therapeutic intervention, or for other reasons. Because of 
the need for general anaesthesia, children (≤12 years) were 
only investigated by MRI when therapeutic intervention 
was considered. We recorded the anatomic location of the 
vascular malformation, and the extent was categorised in 
groups of increasing severity. The least affected group of 
patients had slight evidence of vascular malformations 
on MRI scanning (muscle atrophy, alterations in fat 
tissue, varicose veins). The second group had only (sub)
cutaneous vascular lesions. The third group had (sub)
cutaneous lesions combined with lesions in another 
tissue compartment (muscle or osseous involvement). 
The patients with extensive (three or more affected 
muscles) disease or a combination of muscle and osseous 
involvement on MRI scans were included in the last group. 

reagents and assays 
Blood samples were collected into citrated tubes (Becton 
Dickinson, San Jose, CA), and centrifuged within 30 
minutes for 20 minutes at 1700x g and 15°C, repeated for 15 
minutes at 3000x g and 15°C. Plasma was stored at -80°C.
Activated partial thromboplastin time (APTT) and 
prothrombin time were performed on a Behring 

figure 1. A patient with Klippel-Trenaunay syndrome 
affecting the left leg 

Combined capillary, venous, and lymphatic malformation, with hypo-
trophy in the length and hypertrophy in the girth. 
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Coagulation System with reagents from the manufacturer 
(Siemens Healthcare Diagnostics). The fibrinogen 
concentration was derived from the change in optical 
signal during the prothrombin time determination. The 
plasma concentrations of prothrombin fragment 1+2 
(F1+2) were measured by ELISA (Siemens Healthcare 
Diagnostics). D-dimer levels were determined by a 
quantitative ELISA method (Asserachrom® D-dimer, 
Diagnostica Stago, Asnières, France).
Plasmin-antiplasmin (PAP) complexes were determined 
with an ELISA from DRG (Marburg, Germany). The 
endogenous thrombin potential (ETP) was determined 
with a Calibrated Automated Thrombogram®. As this 
assay was employed to further explore the aetiology of 
the D-dimer elevation, it was only performed on the 
two subgroups of patients in the highest and lowest 
D-dimer tertile. The Calibrated Automated Thrombogram® 
assays the generation of thrombin in clotting plasma 
using a microtiter plate reading fluorometer (Fluoroskan 
Ascent, ThermoLab systems, Helsinki, Finland) and 
Thrombinoscope® software (Thrombinoscope BV, 
Maastricht, the Netherlands). The assay was carried out 
as described by Hemker et al.21 and the Thrombinoscope 
manual. Coagulation was triggered by recalcification 
in the presence of 5 pM recombinant human tissue 
factor (Innovin®, Siemens Healthcare Diagnostics), 4 
mM phospholipids, and 417 mM fluorogenic substrate 
Z-Gly-Gly-Arg-AMC (Bachem, Bubendorf, Switzerland). 
The endogenous thrombin potential (ETP) and related 
parameters were calculated using the Thrombinoscope 
software. Four parameters were derived from the thrombin 
generation curve: lag time, peak height, peak time and ETP 
(area under the curve). 

statistical analysis
Statistical analysis was performed by using SPSS 16.0.2 
(SPSS, UK). All numbers are medians with corresponding 
ranges, unless stated otherwise. The Mann-Whitney U-test 
was used for non-parametric numerical data. Differences 
between groups of categorical data were tested with the 
Chi-square (χ2) test. To investigate whether high or low 
levels of coagulation parameters were more prevalent 
among KTS patients we calculated odds ratios (OR) for 
values above the 75th and 90th percentile of the control 
group, or 25th and 10th percentile of the control group, with 
their corresponding 95% confidence intervals (95% CI). 

r e s U l t s

Patients 
In total 105 (61 women, 58%) patients were eligible for 
inclusion, of which 30 patients did not participate. The 
reasons for exclusion are depicted in figure 2. The mean 

age of the non-participants was 30 years (range 5-68 years), 
57% were female. Four of these patients had a history of 
venous thromboembolism (two had proven deep vein 
thrombosis, one had recurrent pulmonary embolism, and 
one had both), and another suffered from an ischemic 
stroke. Two patients, reported earlier,5 died due to chronic 
thromboembolic pulmonary hypertension, and were 
therefore not amongst these 105 patients. 
Data of 75 cases were available for the coagulation analyses. 
Characteristics of patients are listed in table 1. The cases 
were compared with 105 healthy adult controls: 63% 
women, with a median age of 33 (range 22-66) years. 

Venous thromboembolism: medical history and duplex 
ultrasonography
Medical history regarding proven venous 
thromboembolism revealed three patients (4%) with a 
previously documented deep venous thrombosis, one 
patient with a previous pulmonary embolism (1.3%) and 
24 (32%) with previous superficial venous thrombosis. The 
pulmonary embolism was diagnosed in a patient who had 
just given birth to a child and imaging also showed a deep 
venous thrombosis.
A total of 70 patients underwent duplex ultrasonography. 
Of the five patients without ultrasonography, one was too 
young (<1 year), three refused and one had his affected 
leg amputated because of painful chronic infections. 
Thirty-five patients had venous anomalies: absent or 
hypoplastic deep venous system (n=6), hyperplastic deep 

figure 2. Flowchart of inclusion of KTS patients

21 children
3 SVT

21 children
3 SVT

Medical chart review on thrombotic  
complications (n= 105)

Duplex screening study and coagulation 
assays (n = 75)

Inclusion criterion:  
Diagnosis of Klippel-Trenaunay syndrome

84 adults
17 SVT, 5 DVT, 3 PE, 

1 stroke

54 adults
5 SVT, 2 DVT

Excluded (n = 30):
14 long distance
10 co-morbidity
6 recruited after 

inclusion of  
screening study

in total 105 (61 women, 58%) patients were included in the medical 
history part of the study. thirty patients did not participate in the 
subsequent duplex ultrasonography screening and blood withdrawal 
part of the study. reasons for their exclusions are listed in the graph. 
ten patients were excluded because of invalidating comorbidity or 
symptoms. these symptoms were extensive pain (n=5), immobility (n=3) 
and shortness of breath due to recurrent pulmonary embolism (n=2). 
sVt = superficial venous thrombosis; dVt = deep venous thrombosis; 
Pe = pulmonary embolism.



249

j u n e  2 0 1 3 ,  v o l .  7 1 ,  n o  5

Oduber, et al. Venous thromboembolism in KTS.

venous system (n=2), double inferior caval vein (n=5), 
marginal lateral vein (n=12), abnormalities in great or 
small saphenous veins (n=16), and a double deep femoral 
artery (n=1). 

Superficial venous thrombosis was observed in nine 
(12.7%) cases, while one case (1.4%) had evidence for a 
previously unknown superficial venous thrombosis. One 
patient appeared to have a current deep venous thrombosis 
and another patient showed an older previously unknown 
thrombosis in the common femoral vein, external iliac and 
common iliac vein. 
When combining the results of duplex ultrasonography 
and medical history, 29 out of 75 patients with KTS (39%) 
had ever experienced a thromboembolic complication, six 
(8%) of whom had either a deep venous thrombosis or 
pulmonary embolism.

Coagulation parameters
The levels of D-dimer and PAP complexes in the adult 
KTS group were higher compared with those in the 
control group; very high D-dimer levels were observed 
in a number of patients (table 2). The D-dimer levels 
were also high in patients without signs of current 
superficial or deep venous thrombosis, median 407 
(IQR 236-884). The odds ratio for a D-dimer value above 
the 75th percentile of the control group was 4.8 (95% 
CI 2.3-10.1) and above the 90th percentile 4.4 (95% CI 
1.6-11.9). There was also a trend to lower median levels 
of the natural anticoagulants protein C (p=0.10) and 
free protein S (p=0.07) in cases compared with controls. 
There were significantly more cases with a protein C 
value below the 25th percentile of the control group (odds 
ratio 2.5, 95% CI 1.2-5.2), and below the 10th percentile 
(odds ratio 3.3, 95% CI 1.1-9.8). Comparing the children 
with KTS to young-adults we generally observed the same 
trend (table 2). The D-dimer levels were higher (p<0.001) 
and the median levels of protein C (p=0.003) and protein 

table 1. Baseline clinical characteristics of all the patients

Characteristic n=75

Age (years (range)) 24 (1-77)

Female sex 44 (58.7)

Localisation

- One upper limb 7 (9.3)

- One lower limb 51 (68)

- Both lower limbs 7 (9.3)

- All limbs, thorax and face 7 (9.3)

- Trunk 2 (2.7)

- Gluteus 1 (1.3)

Risk factors for venous thrombosis

- Previous VTE 25 (33.3)

Superficial vein thrombosis 24 (32)

Deep vein thrombosis 3 (4)

Pulmonary embolism 1 (1.3)

- Immobilisation (walking aids) 1 (1.3)

- Recent surgery (<3 months) 0 (0)

- Oral contraceptives (women ≥18 only) 8 (17.6)

- Pregnancy 0 (0)

- Known cancer 0 (0)

Protective measures

- Using anticoagulant medication

Vitamin K antagonists 0 (0)

NSAIDs 7 (3.8)

Acetylic acid 4 (5.3)

- Use of therapeutic elastic stockings 42 (56)

numbers are followed by the percentage of patients. nsaids, non- 
steroidal anti-inflammatory drugs.

table 2. Results on markers of coagulation activation: adult cases versus adult controls and children with KTS versus 
young-adult controls

adult cases 
(n=54)

adult controls 
(n=105)

P-value* Child cases 
(n=21)

Young-adult 
controls (n=62)

P-value*

Age 33 (23-45) 33 (28-44) 0.32 9 (4-12) 28 (26-31) <0.001

Sex (M:F) 20:34 39:66 0.99 11:10 26:36 0.41

Prothrombin time (sec) 12.5 (11.9-13.0) 12.4 (12.0-12.8) 0.76 12.6 (12.3-12.9) 12.5 (12.2-12.9) 0.55

Activated partial thromboplastin time (sec) 31.9 (29-34.6) 32.0 (30.1-35) 0.25 33.0 (31.4-35.6) 32.8 (30.1-35.5) 0.39

Markers of coagulation activation

- Fibrinogen (g/l) 3.1 (2.3-3.7) 2.9 (2.4-3.4) 0.29 3.0 (2.7-3.4) 2.9 (2.4-3.3) 0.20

- Prothrombin fragment 1+2 (pmol/l) 203 (127-304) 209 (163-268) 0.76 166 (118-220) 184 (149-218) 0.38

- Von Willebrand factor (%) 97 (84-134) 100 (76-118) 0.41 87 (69-117) 97 (77-115) 0.48

- D-dimer (mg/l) 457 (270-3840) 266 (195-366) <0.001 346 (298-771) 235 (168-338) <0.001

- Plasmin-antiplasmin complexes (mg/l) 514 (373-758) 382 (300-476) <0.001 405 (306-480) 384 (299-479) 0.70

Anticoagulant assays (% of normal)

- Protein C 104 (90-123) 110 (99-130) 0.10 95 (84-107) 108 (96-124) 0.003

- Total Protein S 105 (91-122) 103 (93-123) 0.63 104 (95-118) 99 (88-118) 0.39

- Free Protein S 94 (83-105) 101 (87-111) 0.07 89 (78-96) 101 (84-110) 0.01

- Antithrombin 102 (96-108) 102 (96-108) 0.80 106 (99-110) 101 (96-107) 0.06

numbers are medians (interquartile range). *Mann-Whitney test or Chi-square-test when applicable.
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S (p=0.01) were lower in this group of young patients 
compared with young-adult controls.

extent of malformations and d-dimer levels 
Lesions of 40 KTS patients were examined by MRI. Of 
the 35 patients without an MRI scan, 20 did not have any 
symptoms, one had his leg amputated, 14 were too young 
and without a medical indication. Thirty-seven MRI scans 
could be evaluated. Three patients were in the least affected 
group on MRI. Ten patients had only (sub)cutaneous 
involvement on MRI. Ten patients had (sub)cutaneous 
involvement combined with another tissue compartment 
(muscles or osseous involvement). Fourteen patients had 
extensive disease with at least three affected muscles or a 
combination of muscle and osseous involvement on MRI. 
The median D-dimer levels in these four groups were 315 
mg/l, 364 mg/l, 424 mg/l, and 975 mg/l respectively. The 
extent of the vascular malformations as quantified by MRI 
was significantly positively correlated with the D-dimer 
plasma levels (r-spearman=0.329; p<0.05). 

High d-dimer versus low d-dimer 
To further explore the striking high D-dimer results, 
we determined the endogenous thrombin potential. We 
divided KTS patients in tertiles according to plasma levels 
of D-dimer, and compared the highest with the lowest 
tertile (table 3).
PAP complexes were clearly higher in the highest tertile, 
while prothrombin fragment F1+2 and Von Willebrand 
factor were somewhat higher. Only subtle alterations in 

components of the endogenous thrombin potential and in 
protein C levels were observed (table 3). 

d i s C U s s i o n

The primary aim of this study was to estimate the 
prevalence of venous thromboembolism in the Dutch KTS 
group. In total, 39% of the patients had ever experienced 
thromboembolic complications, including superficial 
thrombosis. Of all patients, 8% had either a deep venous 
thrombosis or a pulmonary embolism. This is extremely 
high compared with the incidence rate of 1.9 per 10,000 
person-years in adults aged 30-34 years in the general 
population.22 Furthermore, a considerable number of 
patients had clinically silent thrombosis detected by 
ultrasonography.
Our second aim was to identify coagulation alterations 
in patients with KTS compared with matched, healthy 
controls. We observed high, sometimes extremely high, 
D-dimer levels, higher PAP complexes and somewhat 
lower protein C levels among the adult patients compared 
with controls. Among the children with KTS also the free 
protein S was lower. The variables, fibrinogen, F1+2, Von 
Willebrand factor, antithrombin and total protein S, did not 
differ between patients and controls. 
D-dimer, which is a reflection of fibrin degradation, 
has gained a prominent role in the diagnostic work-up 
of patients with suspected thromboembolism. The 
prothrombin fragment F1+2 directly reflects thrombin 

table 3. Endogenous thrombin potential and natural anticoagulants: cases in the highest D-dimer tertile versus lowest 
D-dimer tertile 

Highest
(n=25)*

lowest
(n=25)

P- 
value**

D-dimer (mg/l) 4417 (1041-7916) 234 (210-273) n.a.

Thrombin generation 

- ETP (nM.min) 1530 (1355-1708) 1527 (1358-1656) 0.070

- Lag time (min) 2.67 (2.33-2.95) 2.29 (2.04-2.67) 0.023

- Peak (nM) 276 (260-313) 315 (282-336) 0.016

- Peak time (min) 5.17 (4.85-5.62) 4.67 (4.22-5.33) 0.018

Anticoagulant activity assays (% of normal)

- Protein C 100 (86-114) 104 (93-122) 0.022

- Free Protein S 94 (83-101) 85 (78-104) 0.91

- Antithrombin 101 (96-105) 106 (100-112) 0.013

Prothrombin time (sec) 12.8 (12.1-13.4) 12.3 (12-12.9) 0.24

Activated partial thromboplastin time (sec) 34.0 (31.2-35.3) 31.4 (29-33.5) 0.065

Markers of coagulation activation

- Fibrinogen (g/l) 2.9 (2.2-3.5) 2.8 (2.5-3.4) 0.52

- Prothrombin fragment 1+2 (pmol/l) 277 (182-473) 168 (106-213) 0.001

- Von Willebrand factor (%) 105 (93-141) 84 (63-106) 0.006

- Plasmin-antiplasmin complexes (mg/l) 730 (438-1174) 397 (287-501) <0.001

numbers are medians (interquartile range). *Cases were selected upon d-dimer level. in this table cases in the tertile with the highest plasma level 
of d-dimer are shown and compared to the healthy controls. **Mann-Whitney test.
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generation, since this fragment is generated during the 
conversion of prothrombin to thrombin. Consequently, 
F1+2 may be a more specific test for coagulation activation 
than D-dimer. However, large observational studies have 
shown that in clinical practice D-dimer is a much better 
predictor of thromboembolism in patients than other 
assays reflecting coagulation activation or fibrinolysis.23 
Based on the significant difference in D-dimer, PAP 
complexes, and protein C, our results indicate that patients 
with KTS have a prothrombotic state. 

To further analyse the finding that a considerable amount 
of patients had very high D-dimer levels, we determined 
the capacity of their plasma to form thrombin with the 
so-called endogenous thrombin potential. We found only 
subtle alterations in components of the endogenous 
thrombin potential in the high D-dimer tertile. This is 
accompanied by a strong increase in PAP complexes and 
F1+2, lower protein C and a trend towards a higher APTT. 
This indicates that the observed changes in D-dimers 
and higher rate of thrombotic complications is probably 
not caused by an inherent increased potential to generate 
thrombin of patient plasma. In contrast, we suggest that 
the venous malformations cause disruption of blood flow 
thereby initiating continuous generation of thrombin with 
concomitant consumption of coagulation factors activation 
of the fibrinolytic system.24 The minor increase of Von 
Willebrand in the highest D-dimer tertile indicates that 
endothelial cell activation is probably not the explanation 
for the high D-dimer levels. 

Though the exact mechanism behind hypercoagulability 

in vascular malformations remains to be elucidated, 
blood stagnation or altered flow within the distorted, 
enlarged venous blood vessels may be responsible.18 
Insufficient calf function has been suggested as a cause, 
but foot volumetry in KTS compared with controls 
showed no significant decrease in calf function in KTS 
patients.2 Another explanation for the higher incidence 
of deep venous thrombosis can be abnormalities in 
the venous vessel walls, although plethysmography was 
unable to demonstrate this.25 A disturbed coagulation 
system has been proposed as explanation for venous 
thromboembolism in KTS.25 Patients with other large 
venous malformations showed serological evidence of 
coagulopathy, defined by decreased fibrinogen levels, 
elevated D-dimer, and prolonged prothrombin times, 

with normal to moderately low platelet counts.26-28 The 
results in these studies are in line with the increase in 
lag time, time to peak, low peak thrombin, low protein 
C, and strongly elevated D-dimer in our patients. The 
severity of the coagulopathy reported in other venous 
malformations seemed to be correlated with the extent 
of the malformation.26,28,29 We also showed a correlation 

between the extent of the malformation and the level of 
D-dimer. Mazoyer26,28 proposed ‘localised intravascular 
coagulation’, or LIC, to be the cause of the coagulopathy 
in venous malformations. In our patients there are 
indications for some consumption of coagulation factors, 
but there is no clear consumptive coagulopathy.

This study has some limitations. First, ten patients did not 
participate in this study because they had high morbidity, 
e.g. extensive pain, recurrent pulmonary embolism, or 
were less ambulant because of great discrepancy in leg 
length and distal femur amputation due to KTS. Since 
most severe cases were not included, and two patients with 
known chronic thromboembolic pulmonary hypertension 
died before this study, we are certain that the incidence of 
deep vein thrombosis and pulmonary embolism presented 
in this study is not an overestimation of the prevalence of 
venous thromboembolism in this patient group.

Secondly, we were not allowed to recruit a matched 
control group for children younger than 18 years and had 
to compare them with young adults. However, the most 
important changes in plasma levels of proteins involved 
in coagulation cascade, i.e. D-dimer, protein C and free 
protein S, were not different between adults and children 
with KTS. 

In conclusion, in this large cross-sectional cohort study 
of apparently healthy and young KTS patients, deep and 
superficial venous thrombosis is very common and a high 
proportion of these patients have high or extremely high 
D-dimer levels while there is only limited consumption of 
coagulation factors. Hence the presumed prothrombotic 
local effects in KTS are most likely down-regulated by a 
highly active fibrinolytic system. 

Based on these findings we advise appropriate patient 
education on the signs and symptoms of thromboembolic 
complications in these patients. In case of symptoms, 
a low threshold for diagnostic testing for venous 
thromboembolism is necessary. Lifelong anticoagulation 
therapy should be considered in the case of a first deep 
venous thrombosis or pulmonary embolism, and venous 
thromboembolism prophylaxis should be directed 
to those KTS patients with hypercoagulability when 
they are exposed to one of the risk factors for venous 
thromboembolism, such as surgery, trauma or pregnancy.
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