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1. BACKGROUND

Chronic kidney disease is an important public health problem worldwide. The prevalence of 
chronic kidney disease has been estimated around 13% in the United States and around 
10% in the Netherlands.1,2 A progressive loss in over a period of months or years leading to 
inadequate removal of fluid and waste products is characteristic for chronic kidney disease. 
The diagnosis of chronic kidney disease is often made in patients who are known to be at risk 
of kidney problems, such as those with hypertension or diabetes mellitus.3 

Chronic kidney disease is defined as persistent renal damage (detected by a renal biopsy or 
albuminuria) or a glomerular filtration rate below the 60 ml/min for three months or longer.4 The 
diagnosis of chronic kidney disease is irrespective of the underlying type of kidney disease 
and can be classified into five clinical stages according to the guidelines of the National Kidney 
Foundation Kidney Disease Outcomes Quality Initiative (NKF KDOQI) (Table 1).4 Patients 
with stage 5 chronic kidney disease are often considered for renal replacement therapy in 
the form of dialysis (hemodialysis or peritoneal dialysis) or transplantation. For hemodialysis, 
vascular access, i.e., a catheter, fistula or graft, is needed for dialysis. For peritoneal dialysis, 
a catheter is implanted in the abdominal cavity of the patient.

Table	1.	Classification	of	chronic	kidney	disease		
Stage Glomerular filtration rate

(ml/min)
Kidney damage
Albuminuria (>30 mg/24h)

1 >90 Yes
2 60-90 Yes
3 30-60 Not necessary for diagnosis
4 15-30 Not necessary for diagnosis
5 <15 Not necessary for diagnosis

1.1 Vascular complications in patients with kidney disease
Vascular complications such as arterial thrombosis (myocardial infarction or ischemic stroke), 
venous thrombosis (deep vein thrombosis or pulmonary embolism) and vascular access 
(fistula, graft or catheter) related complications in patients on hemodialysis are important 
threats for chronic kidney disease patients. Many hospitalizations and deaths in chronic 
kidney disease patients, especially in dialysis patients, are consequences of vascular related 
problems.5-11   

1.1.1 Venous and arterial thrombosis
Venous thrombosis is a collective term for deep vein thrombosis and pulmonary embolism, 
and several more rare forms of obstructive clots in veins. Established risk factors for venous 



R1
R2
R3
R4
R5
R6
R7
R8
R9

R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39

Chapter 1

12

thrombosis include immobilization, surgery, pregnancy, malignancy, hormone replacement 
therapy, oral contraceptive use and genetic risk factors (including factor V Leiden).12 Arterial 
thrombosis, including coronary heart disease and ischemic stroke, is mostly secondary to 
atherosclerosis due to hypertension, hyperlipidemia, diabetes, smoking and obesity.13 Chronic 
kidney disease is an established risk factor for arterial thrombosis.14-16 Until recently, it has 
been unclear whether chronic kidney disease also increases the risk of venous thrombosis. 
The Longitudinal Investigation of Thromboembolism Etiology (LITE) study was the first study 
that showed an increased risk of venous thrombosis for patients with a chronic kidney disease 
in individuals older than 45 years of age.17 

The LITE study focused on patients with stage 3 chronic kidney. However, studies that 
investigated the risk of venous thrombosis in the early stages of chronic kidney disease were 
lacking as well as studies that investigate the risk of venous and arterial thrombosis in dialysis 
patients. Furthermore, the association between kidney disease and venous thrombosis was 
not explained and no studies were available that investigated high-risk groups of patients with 
chronic kidney disease that may benefit from thromboprophylaxis.

1.1.2 Vascular accesses in patient on hemodialysis
Hemodialysis patients require vascular accesses for hemodialysis therapy. The options to gain 
vascular access are fistulas, grafts or catheters. While evidence from randomized-controlled 
trials is lacking, there is a broad consensus that fistulas and grafts are superior to central 
venous catheters. Catheter use for hemodialysis has been associated with increased risk of 
thrombotic complications,18,19 short access survival,19,20 and increased risk of infections.21-24 
Therefore, the National Kidney Foundation Kidney Disease Outcome Quality Initiative (NKF 
K/DOQI) guidelines25 recommend the use of fistulas or grafts instead of catheters for vascular 
access in hemodialysis patients. 

Despite this preference and recommendation for graft or fistula use instead of catheters, 
only few studies have investigated the association between catheter use and mortality in 
hemodialysis patients.27-29 Furthermore, a limited number of studies have investigated the 
association between fistula use versus graft use and mortality.29,30 

1.2 Objective and outline of this thesis
The main objective of this thesis was to investigate vascular complications in patients with 
kidney disease. Specifically, our aims were to:
•	 investigate the association between kidney disease and venous and arterial thrombosis
•	 provide insight in the mechanism of the association between kidney disease and 

thrombosis
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•	 investigate the mortality risks for hemodialysis patients with catheter, fistula  or graft 

vascular accesses
•	 investigate the association between genetic risk factors for arterial and venous thrombosis 

and mortality in dialysis patients

These results may help to define new treatment strategies in the prevention of venous 
thrombosis and in the treatment of hemodialysis patients.

1.3 Clinical data used in this thesis
In this thesis, data from the MEGA (Multiple Environmental and Genetic Assessment of risk 
factors for venous thrombosis) study, the PREVEND (Prevention of Renal and Vascular 
Disease) study, the NECOSAD (Netherlands Cooperative Study on the Adequacy of Dialysis) 
study, the ERA-EDTA (European Renal Association-European Dialysis and Transplant 
Association) Registry, and the 4D (German Diabetes Dialysis) study were used.

1.3.1 MEGA study
The studies described in chapter 2, 4, and 5 are based on data collected from the MEGA 
study. The MEGA study is a large, population-based case-control study on risk factors for 
venous thrombosis. Between March 1999 and September 2004, consecutive patients aged 18 
to 70 years with a first objectively confirmed episode of deep venous thrombosis or pulmonary 
embolism were included from six participating anticoagulation clinics in the Netherlands. As 
control persons, initially partners of patients aged <70 years without venous thrombosis were 
included. Later on persons without venous thrombosis were approached via a random-digit-
dialing method.

In chapter 2, we investigated the risk of venous thrombosis for several self-reported major 
illnesses, including kidney disease, liver disease, rheumatoid arthritis, multiple sclerosis, heart 
failure, hemorrhagic stroke, and arterial thrombosis. In chapter 4, we investigated whether 
the association between kidney disease and venous thrombosis could be explained by body 
mass index, immobilization, surgery, corticosteroid use, diabetes mellitus, malignancy, arterial 
disorders, factor V Leiden, prothrombin G20210A, and coagulation factor levels. Based on 
our studies in chapter 2 and 3 in which we found an increased risk of venous thrombosis in 
kidney disease patients, we set out to identify kidney disease patients who were at high risk of 
venous thrombosis. Therefore, in chapter 5, we investigated joint effects of decreased kidney 
function with one or more other risk factors for thrombosis to identify high-risk groups that may 
benefit from thromboprophylaxis. 
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1.3.2 PREVEND study
For the study described in chapter 3, we collaborated with the Prevention of Renal and 
Vascular Disease (PREVEND) study group from the University Medical Center Groningen. The 
PREVEND study is a prospective cohort study in which all inhabitants of the city of Groningen, 
The Netherlands, aged 28–75 years (n = 85 421) were invited to send a morning urine sample 
to be screened for albuminuria. Of the responders, the PREVEND cohort was selected and 
tested for renal function and proteinuria in 24-hours urine samples. The study participants (n 
= 8 495) were followed for the occurrence of several outcomes, including venous thrombosis. 
In the PREVEND cohort, we determined the absolute and relative risks of venous thrombosis 
for patients with chronic kidney disease stages 1, 2, and 3.

1.3.3 NECOSAD study
For the studies described in chapters 6, 8, 9 and 10, we used data from the NECOSAD study. 
The NECOSAD is a prospective multicenter cohort study in which incident adult end-stage 
renal disease patients in the Netherlands were included from 38 dialysis centers. Outcome 
measures used in our study were patency loss, venous and arterial thrombosis, and death.  

Chapters 2, 3 and 5 focused on the risk of venous thrombosis in kidney disease patients in 
earlier stages. In chapter 6, we explored the risk of venous and arterial thrombosis associated 
with dialysis. To that end, we assessed the absolute risk of deep vein thrombosis, pulmonary 
embolism, myocardial infarction and ischemic stroke in a cohort of end-stage renal disease 
patients receiving dialysis treatment. 

In chapter 8, we investigated death risks in hemodialysis patients comparing catheter use with 
arteriovenous access use. In chapter 9, we compared patency loss and mortality between 
graft users and fistula users.

In the previous studies, we showed that dialysis patients were at increased risk of vascular 
access complications, and of venous and arterial thrombosis. Therefore, in chapter 10, we 
investigated whether polymorphisms in genes within the protein C pathway, which plays an 
important role in endothelial barrier function, anticoagulant processes and thrombosis, were 
associated with mortality in dialysis patients.

1.3.4 4D-study
For independent replication of the results of the NECOSAD study in chapter 10, we 
collaborated with the 4D-study group. The 4D-study was a double-blind, randomized trial 
on the effect of atorvastatin in hemodialysis patients with type 2 diabetes mellitus who had 
received less than two years of previous hemodialysis treatment. The primary endpoint was 
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1
a composite of cardiac death, non-fatal myocardial infarction and stroke, whichever occurred 
first. Patients were randomly assigned to either 20 mg of atorvastatin or placebo once daily 
until the date of death, censoring, or the end of study in March 2004.

1.3.5 ERA-EDTA Registry
For the study described in chapter 7, we collaborated with the ERA-EDTA Registry. The ERA-
EDTA Registry collects data on renal replacement therapy, including date of birth, sex, primary 
kidney disease, date of start of renal replacement therapy, dialysis modality at baseline and 
during follow-up, and date and cause of death. We used a cohort of dialysis patients from 11 
European countries: Austria, Belgium, Denmark, Finland, Greece, Iceland, Calabria (Italy), 
the Netherlands, Norway, Sweden and the autonomous communities of Andalusia, Asturias, 
Basque country, Catalonia, Castile-La Mancha, Castile and Leon, Extremadura, and Valencian 
region in Spain.

In chapter 7, we assessed the rates of death from myocardial infarction, stroke, and pulmonary 
embolism in an ERA EDTA cohort of incident dialysis patients and compared them with those 
in the general population.



R1
R2
R3
R4
R5
R6
R7
R8
R9

R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39

Chapter 1

16

REFERENCES

 1.  Coresh J, Selvin E, Stevens LA, Manzi J, Kusek JW, Eggers P, van Lente F, Levey AS. 
Prevalence of chronic kidney disease in the United States. JAMA. 2007;298:2038-2047.

 2.  de Zeeuw D, Hillege HL, de Jong PE. The kidney, a cardiovascular risk marker, and a new 
target for therapy. Kidney Int Suppl. 2005;S25-S29.

 3.  Hallan SI, Dahl K, Oien CM, Grootendorst DC, Aasberg A, Holmen J, Dekker FW. Screening 
strategies for chronic kidney disease in the general population: follow-up of cross sectional 
health survey. BMJ. 2006;333:1047.

 4.  K/DOQI clinical practice guidelines for chronic kidney disease: evaluation, classification, and 
stratification. Am J Kidney Dis. 2002;39:S1-266.

 5.  Carlson DM, Duncan DA, Naessens JM, Johnson WJ. Hospitalization in dialysis patients. Mayo 
Clin Proc. 1984;59:769-775.

 6.  Fan PY, Schwab SJ. Vascular access: concepts for the 1990s. J Am Soc Nephrol. 1992;3:1-11.
 7.  Mayers JD, Markell MS, Cohen LS, Hong J, Lundin P, Friedman EA. Vascular access surgery 

for maintenance hemodialysis. Variables in hospital stay. ASAIO J. 1992;38:113-115.
 8.  Feldman HI, Held PJ, Hutchinson JT, Stoiber E, Hartigan MF, Berlin JA. Hemodialysis vascular 

access morbidity in the United States. Kidney Int. 1993;43:1091-1096.
 9.  Feldman HI, Kobrin S, Wasserstein A. Hemodialysis vascular access morbidity. J Am Soc 

Nephrol. 1996;7:523-535.
 10.  Ifudu O, Mayers JD, Cohen LS, Paul H, Brezsnyak WF, Avram MM, Herman AI, Friedman EA. 

Correlates of vascular access and nonvascular access-related hospitalizations in hemodialysis 
patients. Am J Nephrol. 1996;16:118-123.

 11.  de Jager DJ, Grootendorst DC, Jager KJ, van Dijk PC, Tomas LM, Ansell D, Collart F, Finne 
P, Heaf JG, De Meester J, Wetzels JF, Rosendaal FR, Dekker FW. Cardiovascular and 
noncardiovascular mortality among patients starting dialysis. JAMA. 2009;302:1782-1789.

 12.  Rosendaal FR. Venous thrombosis: the role of genes, environment, and behavior. Hematology 
Am Soc Hematol Educ Program. 2005;1-12.

 13.  Section 34: some risk factors related to the annual incidence of cardiovascular disease and 
death in pooled repeated biennial measurements. In: Kannel WB, Wolf PA, Garrison RJ, eds. 
Framingham Heart Study: 30 Year Follow-Up. Bethesda, Md: US Department of Health and 
Human Services. 1987.

 14.  Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kidney disease and the risks of 
death, cardiovascular events, and hospitalization. N Engl J Med. 2004;351:1296-1305.

 15.  Hemmelgarn BR, Manns BJ, Lloyd A, James MT, Klarenbach S, Quinn RR, Wiebe N, Tonelli M. 
Relation between kidney function, proteinuria, and adverse outcomes. JAMA. 2010;303:423-
429.

 16.  Sarnak MJ, Levey AS, Schoolwerth AC, Coresh J, Culleton B, Hamm LL, McCullough PA, 
Kasiske BL, Kelepouris E, Klag MJ, Parfrey P, Pfeffer M, Raij L, Spinosa DJ, Wilson PW. 
Kidney disease as a risk factor for development of cardiovascular disease: a statement from 
the American Heart Association Councils on Kidney in Cardiovascular Disease, High Blood 
Pressure Research, Clinical Cardiology, and Epidemiology and Prevention. Circulation. 
2003;108:2154-2169.

 17.  Wattanakit K, Cushman M, Stehman-Breen C, Heckbert SR, Folsom AR. Chronic kidney 
disease increases risk for venous thromboembolism. J Am Soc Nephrol. 2008;19:135-140.

 18.  Schwab SJ, Buller GL, McCann RL, Bollinger RR, Stickel DL. Prospective evaluation of a 
Dacron cuffed hemodialysis catheter for prolonged use. Am J Kidney Dis. 1988;11:166-169.



R1
R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39

General introduction

17

1
 19.  Suhocki PV, Conlon PJ, Jr., Knelson MH, Harland R, Schwab SJ. Silastic cuffed catheters for 

hemodialysis vascular access: thrombolytic and mechanical correction of malfunction. Am J 
Kidney Dis. 1996;28:379-386.

 20.  Schwab SJ. Assessing the adequacy of vascular access and its relationship to patient outcome. 
Am J Kidney Dis. 1994;24:316-320.

 21.  Taylor GD, McKenzie M, Buchanan-Chell M, Caballo L, Chui L, Kowalewska-Grochowska K. 
Central venous catheters as a source of hemodialysis-related bacteremia. Infect Control Hosp 
Epidemiol. 1998;19:643-646.

 22.  Kairaitis LK, Gottlieb T. Outcome and complications of temporary haemodialysis catheters. 
Nephrol Dial Transplant. 1999;14:1710-1714.

 23.  Powe NR, Jaar B, Furth SL, Hermann J, Briggs W. Septicemia in dialysis patients: incidence, 
risk factors, and prognosis. Kidney Int. 1999;55:1081-1090.

 24.  Oliver MJ, Rothwell DM, Fung K, Hux JE, Lok CE. Late creation of vascular access for 
hemodialysis and increased risk of sepsis. J Am Soc Nephrol. 2004;15:1936-1942.

 25.  Clinical practice guidelines for hemodialysis adequacy, update 2006. Am J Kidney Dis. 2006;48 
Suppl 1:S2-90.

 26.  Tordoir J, Canaud B, Haage P, Konner K, Basci A, Fouque D, Kooman J, Martin-Malo A, Pedrini 
L, Pizzarelli F, Tattersall J, Vennegoor M, Wanner C, ter Wee P, Vanholder R. EBPG on Vascular 
Access. Nephrol Dial Transplant. 2007;22 Suppl 2:ii88-117.

 27.  Foley RN, Parfrey PS, Sarnak MJ. Epidemiology of cardiovascular disease in chronic renal 
disease. J Am Soc Nephrol. 1998;9:S16-S23.

 28.  Xue JL, Dahl D, Ebben JP, Collins AJ. The association of initial hemodialysis access type with 
mortality outcomes in elderly Medicare ESRD patients. Am J Kidney Dis. 2003;42:1013-1019.

 29.  Astor BC, Eustace JA, Powe NR, Klag MJ, Fink NE, Coresh J. Type of vascular access and 
survival among incident hemodialysis patients: the Choices for Healthy Outcomes in Caring for 
ESRD (CHOICE) Study. J Am Soc Nephrol. 2005;16:1449-1455.

 30.  Dhingra RK, Young EW, Hulbert-Shearon TE, Leavey SF, Port FK. Type of vascular access and 
mortality in U.S. hemodialysis patients. Kidney Int. 2001;60:1443-1451.






