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4 Abstract in German 

4.1 Einleitung 

Die beste Option zur Durchführung einer Hämodialyse ist die Anlage eines 

autologen Shunts. Bei Fehlen einer geeigneten Vene ist die Verwendung eines 

Kunststoffes eine akzeptable Alternative, wenn auch mit höheren Verschlussraten. 

Der am häufigsten verwendete Kunststoff ist PTFE (Polytetrafluorethylen).  

Nach derzeitigem Wissen ist es nicht erforderlich asymptomatische Träger einer 

heterozygoten MTHFR (Methylentetrahydrofolat Reduktase) Mutation 

medikamentös vor einer Thromboembolie zu schützen. Es ist nicht untersucht, ob 

Patientinnen mit PTFE-Shunts und einer MTHFR-Mutation höhere 

Verschlussraten haben und einen medikamentösen Thromboseschutz benötigen. 

Ziel dieser Studie ist zu untersuchen, ob der MTHFR Gentypus die primäre 

Shuntoffenheit (PP) beeinflusst. Diese ist definiert als Zeit zwischen Implantation 

der Shuntprothese und der ersten Shuntthrombose. 

 

4.2 Material und Methoden 

Zwischen 2009 und 2014 wurden 135 PTFE Shunts an der Medizinischen 

Universität in Graz implantiert. Für diese Studie konnten 43 Patienten mit 

59 Shunts gewonnen werden. Eine Blutabnahme zur Bestimmung von zahlreichen 

Gerinnungsfaktoren wurde durchgeführt und klinische Daten wurden retrospektiv 

erhoben.  

Eine genetische Untersuchung auf MTHFR Mutation, Faktor V Leiden Mutation 

und Prothrombin G20210A Mutation wurde gemacht. Außerdem wurde ein 

Thrombophiliescreening mit folgenden Werten durchgeführt: Homozystein, 

Lipoprotein a, APCR, Protein C Aktivität, Protein S Aktivität, aPTT, Lupus 

Antikoagulant (LA), Cardiolipin Antikörper und ß2-Glykoprotein Antikörper.  

Die PP wurde bezogen auf die Ergebnisse des Thrombophiliescreenings und der 

genetischen Untersuchungen statistisch ausgewertet. Entsprechende p-Werte 

wurden bestimmt. 
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Die statistische Analyse wurde mittels SPSS 23.0.0.0 durchgeführt und die 

primäre Shuntoffenheit mittels Kaplan Meier berechnet. Unterschiede zwischen 

Subgruppen wurden mittels Cox Regression analysiert und ein p-Wert unter 0,05 

wurde als signifikant angesehen.  

 

4.3 Ergebnisse 

Die durchschnittliche primäre Shuntoffenheit der 43 Patienten betrug 

18,44 Monate (± 3,16 SE).  

Die Studienteilnehmer waren im Mittel zum Zeitpunkt der Shuntimplantation 

63,71 (± 1,62 SE, Spannweite 40,03 - 82,10) Jahre alt. 

Die primäre Zielgröße, heterozygote MTHFR Mutation, war mit einem p-Wert von 

0,370 nicht signifikant. APCR war mit einem p-Wert von 0,005 signifikant. Die 

Faktor V Leiden Mutation hatte einen p-Wert von 0,141 und war somit nicht 

signifikant. Homozystein (p = 0,485), Lipoprotein a (p = 0,893), Protein C Aktivität 

(p = 0,257) und das fraktionierte Protein S Antigen (p = 0,149) waren ebenfalls 

nicht signifikant. Die Lupus aPTT hatte einen nicht signifikanten p-Wert von 0,226 

und auch das Lupus Antikoagulant war mit 0,565 nicht signifikant. Die 

Anticardiolipin Antikörper (p = 0,075) und die ß2-Glykoprotein Antikörper 

(p = 0,153) hatten keine signifikanten p-Werte.  

32,6 % der 43 Patienten hatten eine MTHFR Mutation und eine primäre 

Shuntoffenheit von 19,6 Monaten (± 4,7 SE). 55,8 % waren heterozygot mit einer 

primären Shuntoffenheit von 15,6 Monaten (± 4,0 SE) und 11,6 % hatten eine 

homozygote MTHFR Mutation mit einer primären Shuntoffenheit von 

21,8 Monaten (± 7,2 SE). 

Der Hauptteil (90,7 %) der 43 Patienten hatte keine Faktor V Leiden Mutation. 

7,0 % waren heterozygot und 2,3 % homozygot für diese Mutation. Das bedeutet, 

dass 9,3 % der Patienten eine Faktor V Leiden Mutation (heterozygot + 

homozygot) hatten. Alle von ihnen hatten einen pathologischen APCR-Wert. 

Keiner der untersuchten Patienten hatte eine Prothrombin Mutation G20210A.  
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4.4 Diskussion 

Es ist allgemeine Lehrmeinung, dass Patienten mit einer Faktor V Leiden Mutation 

(heterozygot oder homozygot) pathologische APCR-Werte haben und einen 

medikamentösen thromboembolischen Schutz benötigen, wenn sie sich in einer 

Risikosituation (Schwangerschaft, Immobilisation) befinden. Unsere Daten zeigen, 

dass die Verwendung eines PTFE Shunts die Patienten in eine Risikosituation 

bringt und diese daher ebenfalls oral antikoaguliert werden sollten.  

Um unnötige Thrombektomien zu vermeiden und eine längere Shuntoffenheit zu 

erreichen, sollten Patienten ein Thrombophiliescreening bekommen bevor ein 

PTFE Shunt implantiert wird. 

Eine Auswirkung auf die primäre Shuntoffenheit der heterozygote MTHFR 

Mutation konnte in dieser Studie nicht nachgewiesen werden.  
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5 Abstract 

5.1 Objectives 

For performing haemodialysis patients often get an arteriovenous shunt. Ideally, 

this is made of a body's own vein (autologous vein). If there is no such vein 

available, a plastic shunt may also be implanted, although the rate of thromboses 

is much higher. The most frequently used plastic is 

PTFE (Polytetrafluoroethylene). 

According to current doctrine people with an asymptomatic heterozygous 

MTHFR (methylenetetrahydrofolate reductase) mutation need no medical 

protection against thromboembolic events. Currently it is unknown, whether 

patients with PTFE grafts and heterozygous MTHFR mutations have a higher 

thrombosis rate and therefore need medical protection from thrombosis. The aim 

of this study is to examine whether MTHFR mutation has an impact on the primary 

patency (PP). PP is defined as the time between graft implantation and the first 

shunt thrombosis. 

 

5.2 Material and Methods 

From 2009 to 2014 135 PTFE grafts were implanted at the Medical University of 

Graz. For this study 43 patients with 59 shunts could be included. Blood was taken 

for determination of various thrombophilic factors, clinical data was drawn 

retrospectively.  

Genetic typing, including MTHFR mutation, Factor V Leiden thrombophilia and 

prothrombin G20210A mutation, was performed. Additionally a thrombophilia 

screening including homocysteine, lipoprotein a, activated protein C 

resistance (APCR), protein C activity, fractionated protein S antigen, lupus 

sensitive activated partial thromboplastin time (aPTT), lupus anticoagulant (LA), 

anti-cardiolipin antibodies and ß2-glycoprotein antibodies was executed.  

The PP was statistically evaluated in relation to the results of the thrombophilia 

screening and the genetic typing. Corresponding p-values were determined. 
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Statistical analysis was performed with SPSS 23.0.0.0. Primary patency (PP) was 

calculated using the Kaplan Meier method whereas differences between 

subgroups were identified with Cox regression analysis. A p-value below 0.05 was 

considered significant.  

 

5.3 Results 

The overall primary patency for the 43 patients was 18.44 months (± 3.16 SE). 

The mean age of the 43 patients at the time of shunt implantation was 

63.71 (± 1.62 SE, range 40.03 - 82.10) years. 

The primary aim was the heterozygous MTHFR mutation. With a p-value of 0.370, 

it was not significant. APCR was significant with a p-value of 0.005. The Factor V 

Leiden mutation had a p-value of 0.141 and was not significant. Homocystein 

(p = 0.485), lipoprotein a (p = 0.893), protein C activity (p = 0.257) and the 

fractionated protein S antigen (p = 0.149) were not significant as well. Neither the 

lupus aPTT had a significant p-value (p = 0.226) nor the lupus anticoagulant was 

significant (0.565). Also the anti-cardiolipin antibodies (p = 0.075) and the ß2-

glycoprotein antibodies (p = 0.153) had no significant p-values. 

32.6 % of the 43 patients with a primary patency of 19.6 months (± 4.7 SE) did not 

have a MTHFR mutation. 55.8 % were heterozygous with a primary patency of 

15.6 months (± 4.0 SE) and 11.6 % were homozygous for MTHFR with a primary 

patency of 21.8 months (± 7.2 SE). 

The main part (90.7 %) of the 43 patients had no Factor V Leiden thrombophilia. 

7.0 % were heterozygous and 2.3 % were homozygous for this mutation. This 

means that 9.3 % of the patients with prostheses had a Factor V Leiden mutation 

(heterozygous or homozygous). All of them had pathologic activated protein C 

resistance (APCR) values.  

There was no prothrombin G20210A mutation found in any of the 43 patients. 
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5.4 Conclusions 

An impact on the primary patency of the heterozygous MTHFR mutation could not 

be proven in this study.  

It is a common doctrine, that patients with Factor V Leiden mutations 

(heterozygous or homozygous) have pathologic activated protein C 

resistance (APCR) values and in general only need protection against 

thromboembolic events in high risk situations (pregnancy, immobilization). Our 

data revealed that the use of PTFE shunt grafts puts the patients at risk for 

thromboembolic events. Those particular patients should also be treated with oral 

anticoagulation.  

To reduce the frequency of unnecessary thrombectomies and to prolong primary 

patency, we advice that patients undergo thrombophilia screening before a PTFE 

shunt graft is implanted.  

An impact of the heterozygous MTHFR mutation on the primary patency could not 

be proven in this study. 
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6 Introduction 

For performing haemodialysis patients with chronic renal failure often get an 

arteriovenous shunt. Ideally, this is made of a body's own vein (autologous vein). If 

there is no such vein available, a plastic shunt (in Graz for years exclusively 

PTFE) may also be implanted. According to current doctrine people with 

heterozygous MTHFR mutation need no medical protection against 

thromboembolic events.  

Methylenetetrahydrofolate reductase is an enzyme which converts homocysteine 

into Methionin. If there is a mutation in the MTHFR gene (heterozygous or 

homozygous), homocysteine cannot be transformed into Methionin with the same 

power. Consecutively the blood level of homocysteine rises, which is called 

homocystinuria. This might trigger a lot of illnesses such as abnormal blood 

clotting, thrombosis, coronary heart disease, skeletal abnormalities, eye problems 

and cognitive problems. Researchers have not yet found out, how increased levels 

of homocysteine lead to the various health problems (1,2,3,4,5,6).  

Primary patency is defined as the time between shunt implantation and the first 

shunt thrombosis. The issue of the proposed study is to determine whether 

heterozygous MTHFR mutations have an impact on the primary patency of PTFE 

shunt prostheses or not. This is an important topic, because patients with a 

heterozygous MTHFR mutation maybe will require a specific anticoagulation 

regime to prevent shunt thrombosis. Up to now no such correlation has been 

reported.  

This study is a combination of a pro- and retrospective observation study. Blood 

was taken from patients with PTFE-shunts and analyzed (MTHFR mutation, Factor 

V Leiden thrombophilia, prothrombin mutation G20210A, homocysteine, 

lipoprotein a, APCR, protein C activity, fractionated protein S antibodies, lupus 

anticoagulant, anti-cardiolipin antibodies, ß2-glycoprotein antibodies) and clinical 

data were drawn retrospectively. 
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Factor V Leiden thrombophilia is a genetic disorder of blood clotting which results 

in thrombophilia. Thrombophilia is an increased tendency to form abnormal blood 

clots that can block blood vessels. A mutation in the F5 gene causes the Factor V 

Leiden thrombophilia. This gene codes for the coagulation Factor V protein which 

plays a big role in the formation of blood clots in response to injuries (7).  

Prothrombin mutation G20210A is an inherited disorder of blood clotting which 

causes thrombophilia. It is caused by a genetic mutation in the F2 gene and plays 

a critical role in the coagulation system. The F2 gen produces the protein 

prothrombin which is the precursor of thrombin and starts a series of reactions in 

order to form a blood clot (8).  

Lipoprotein a is a lipoprotein which can increase the risk of blood clots, 

thrombosis, stroke or heart attack if its blood level is too high (9).  

Protein C is an anti-inflammatory and anti-coagulant enzyme which requires 

protein S, a coenzyme, and vitamin K to function. Protein C has a “blood-thinning” 

effect. It is produced in the liver and circulates in the bloodstream. Protein C is a 

major impact factor for blood clotting which is very important to keep the blood loss 

under control, but has to be regulated strictly, because otherwise thrombotic 

events such as heart attack or strokes can be the consequences. Protein S is 

produced in the inner lining of the blood vessels and circulates in the bloodstream. 

A low protein C or protein S level can lead to excessive blood clotting (10).  

On the other hand, an activated protein C has an anticoagulatory effect. It 

removes clotting factors and stimulates plasmin. An activated protein C is not able 

to recognize the clotting factors in the blood. This leads to oversensitive blood with 

an increased tendency to clot. This disorder is called activated protein C 

resistance (APCR). 90 % of the APCR cases are genetically induced by a 

mutation in the DNA, which codes for Factor V (10).  

The immunoglobulin lupus anticoagulant binds to phospholipids and proteins 

which are located on the cell membrane. It is a prothrombotic agent which means 

that a high blood level of it causes inappropriate blood clotting (11).  

Anti-cardiolipin antibodies are a subgroup of anti-mitochondrial antibodies and 

often directed against cardiolipin. Patients with a high blood level of anti-cardiolipin 



 Introduction 

© Stefanie Christine Santler  14/64 

antibodies can suffer from recurrent thrombotic events. The according disease is 

called antiphospholipid syndrome (12,13).  

ß2-glycoprotein antibodies are a subset of anti-cardiolipin antibodies and lupus 

anticoagulants.  
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7 Material and Methods 

7.1 Design 

This work is a combination of a pro- and retrospective observation study. 

Blood was taken from patients with PTFE-shunts. The patients' clinical data were 

acquired by history taking and from medical reports (MEDOCS). The primary 

patencies of patients were calculated and the impact of genetic factors (MTHFR 

mutation, Factor V Leiden thrombophilia and prothrombin mutation G20210A) as 

well as distinct blood levels (homocysteine, lipoprotein a, APCR, protein C activity, 

fractionated protein S antibodies, lupus anticoagulant, anti-cardiolipin antibodies 

and ß2-glycoprotein antibodies) were determined statistically. 

 

7.2 Trial procedure 

Patients were called and asked for participation. After giving informed consent, 

blood was taken for analysis (MTHFR mutation, Factor V Leiden thrombophilia, 

prothrombin mutation G20210A, homocysteine, lipoprotein a, APCR, protein C 

activity, fractionated protein S antibodies, lupus anticoagulant, anti-cardiolipin 

antibodies, ß2-glycoprotein antibodies) and clinical data were retrieved from the 

patient by taking history and from written medical reports (MEDOCS). 

 

7.3 Power calculation 

Since there were no pre-existing data of the impact of heterozygous MTHFR 

status on the primary patency of PTFE shunt prostheses, we were not able to 

perform a proper power calculation.  

 

7.4 Selection of trial subjects 

7.4.1 Inclusion criteria 

 dialysis and implanted PTFE shunt prostheses 

 informed consent 

 age 20 -100 
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 implantation between 2009 and 2014 

 preexisting data in the database (even if not in the time period) 

 

7.4.2 Exclusion criteria 

 pregnancy (due to the atypical thromboembolic nature during that period) 

 interpositions 

 

7.4.3 Criteria to censor 

 kidney transplantation 

 death 

 address unknown 

 

In case of missing shunt use (criteria to censor), the observation of the graft was 

cut and the shunt was counted open at this point of time. 

 

7.5 Subject enrolment 

Patients selected for the study were called and asked to participate. The patients 

were informed by the principal investigator, or an authorized team member who is 

a medical doctor, about the character, objectives, expected benefits, possible risks 

and duration of the trial. Information was given in oral and written form. After giving 

informed consent (Appendix, 12.1. Informed consent, page 56) a singular blood 

collection followed and history (Appendix, 12.2. CRF, page 61) was taken from the 

patient (Table 1). 

 

Flow Chart 

Table 1: Flow Chart valid for each patient 

Visit 1 

Informed consent x 

blood collection x 

acquisition of clinical 

data 

x 
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Duration of the study visit: 15 minutes 

 

7.6 Data handling and record keeping 

Source data in the sense of the ICH GCP guideline are as follows:  

 for clinical data or demographic data: the patient file and actual patients 

history 

o gender 

o age 

o number and dates of shunt thromboses 

o absence or presence of diabetes and the type 

o hypertonia 

o coronary heart disease 

o strokes 

o cardio vascular events 

o current medication 

o smoking habits and pack years 

o malignant tumors 

o mobility impairments 

 

 

 the blood analysis of the patients' blood (special blood tube for the 

homocysteine) 

o MTHFR status 

o current coagulation management 

o presence of other coagulation defects such as Factor V Leiden 

thrombophilia, prothrombin mutation G20210A, homocysteine, 

lipoprotein a, APCR, protein C activity, fractionated protein S 

antibodies, lupus anticoagulant, anti-cardiolipin antibodies and ß2-

glycoprotein antibodies 

 

The obtained clinical and demographic findings were documented on case report 

forms in accordance with the study protocol. The trial team handled individual-

related data strictly confidential.  

 

7.7 Used titles 

During this study different titles have been used. There is the original and official 

title and its short version. A German title was used for communicating with 
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colleagues. For the communication with patients the title was simplified for better 

understanding (11. Titles, page 55).  

 

7.8 Biometry 

The primary patency during follow-up was determined according to the Kaplan-

Meier method. The impact of MTHFR-status (primary endpoint) and other factors 

(secondary endpoints) like Factor V Leiden thrombophilia, prothrombin mutation 

G20210A, homocysteine, lipoprotein a, APCR, protein C activity, fractionated 

protein S antibodies, lupus anticoagulant, anti-cardiolipin antibodies and ß2-

glycoprotein antibodies were evaluated with Cox-regression. 

 

7.9 Statistical evaluation 

Statistical analysis was performed with Statistical Package for the Social Sciences 

(SPSS) 23.0.0.0. For every analyzed value all of the following statistical measures 

were evaluated. A p-value under 0.05 was considered significant. The p-value is 

the probability of getting the results given that the null hypothesis is true (14). 

The mean (Eq.1) is the sum of all elements of a sample divided by the sample size 

(15).  

 

    
          

 
  Eq.1 

x̄ ...mean, x1...1
st
 element of sample, x2...2

nd
 element of sample, xn...n

th
 element of sample, n...sample size 

 

The 95 % confidence interval for mean has a lower and a upper bound. There is a 

95 % certainty that the mean is between these two bounds. The formula for the 

lower bound (-) and the upper bound (+) is shown in Eq. 2. The confidence level 

used for our evaluations was always a = 0.95 (16,17). 
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  Eq.2 

x̄ ...mean, Z...confidence coefficient (tabulated value), a...confidence level, Ϭ...standard error, n...sample size 

 

The 5 % trimmed mean is calculated like an ordinary mean except that the lowest 

5 % and the highest 5 % of the data are excluded (18).  

The median is the value associated to the element in the center of the sample, if 

the sample has an odd number of elements. If the sample has an even number of 

elements, the mean of the two central elements is calculated (19). 

The variance is a measure of the spread between the elements in a sample. It 

gives an estimation of the average distance of each element of the sample to the 

mean (Eq.3) (20). 

 

    
        

  
   

 
  Eq.3 

Ϭ
2
...variance, xi...element i of the sample, x̄ ....mean, n...sample size 

 

The standard error (SE) is square root of the variance (Eq.4) (21). 

 

       Eq.4 

Ϭ...standard error, Ϭ
2
...variance 

 

The minimum is the lowest of all elements in the sample. The maximum is the 

highest of all elements in the sample. The range is the subtraction of the minimum 

from the maximum. It measures the spread of the sample.  

The interquartile range is a measure of the position of the sample's bulk. For its 

calculation the first quartile is subtracted from the third one (Eq.5) (22).  
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           Eq.5 

IQR...interquartile range, Q3...3
rd

 quartile of sample, Q1...1
st
 quartile of sample 

 

The skewness is a measure for the asymmetry of the distribution of a variable 

about its mean (Eq.6). Because of the cubic function the result can be negative or 

positive (23). 

 

   
 

 
  

     

 
 
 

 
    Eq.6 

S...skewness, n...sample size, xi...element i of the sample, x̄ ....mean, Ϭ...standard error 

 

Kurtosis is a measure of the concentration of a distribution around its mean. It is 

calculated with the following formula (Eq.7) (24). 

 

   
 

 
  

     

 
 
 

 
    Eq.7 

K..kurtosis, n...sample size, xi...element i of the sample, x̄ ....mean, Ϭ...standard error 

 

7.10 Legal and ethical assessment 

The study was performed in accordance with ethical principles that have their 

origins in the Declaration of Helsinki and are consistent with the Conference of 

Harmonisation (ICH)/ Good Clinical Practice (GCP).  

Data handling was performed according to the Austrian laws and ordinances on 

data protection and privacy law (Datenschutzgesetz 2000) in its current version.  

The clinical trial was started after the competent ethics committee had issued its 

statement of approval (Appendix, 12.3. Ethic approval, page 63).  
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7.11 Storage and data protection 

7.11.1 Responsibilities 

At all times the principal investigator had the final responsibility for the accuracy 

and authenticity of all clinical data.  

 

7.11.2 Adverse events - Serious adverse events 

All adverse events (is defined as any harmful incident experienced by a study 

participant, not necessarily causally related to the clinical trial) and serious 

adverse events (is an adverse event that is fatal or life-threatening, necessitates 

in-hospital treatment or its prolongation, leads to permanent or serious disability or 

incapacity or a congenital abnormality or birth defect) which occur during the study 

visit, are documented in the patient file and the CRF. Serious adverse events are 

reported to the ethical committee of the MUG.  

During the study for this thesis work no adverse events of any kind occurred. 

 

7.11.3 CRF-safety 

All CRF’s are stored in a lockable cupboard on the vascular surgical unit and are 

not accessible for unauthorized personal.   

 

7.11.4 Database input 

ID of the patients within the trial, clinical data, data from history taking and 

laboratory data are put into a database. This database contains no direct link to 

the patients identities like names, addresses or phone numbers.  

 

7.11.5 Database safety 

The database is located on a server space of the MUG. Only members of the trial 

team do have the rights to access this certain server space.  
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8 Results 

8.1 Patient recruitment 

From 2009 to 2014 135 PTFE shunt grafts within 112 patients were implanted. 47 

of the patients had died before the start of the study. Eight of the considered 

people declined their participation. Five of them had moved since the implantation 

and 12 weren't contactable. Another four of them had undergone successful 

kidney transplantation, thus their shunts were not used any more. Data of 

25 patients already existed in the database of the Division of Vascular Surgery and 

could be used for this study. Seven of these data were collected before 2009 but 

never the less taken for this study. Another 18 of the interviewed patients agreed 

to participate. This adds up to 43 participants.  

14 of these 43 patients had two shunts and one had three. The other 28 patients 

had one shunt (Table 2). Therefore a total of 59 shunt prostheses were included in 

our research. 

 

Table 2: Distribution of the 59 shunts on the 43 patients 

patients with one 

shunt 

patients with two 

shunts 

patients with 

three shunts 

Total 

28 

(65.1 %) 

14 

(32.6 %) 

1 

(2.3 %) 

43 

(100 %) 

 

8.2 Age and gender 

43 patients with 59 shunts were evaluable. For patients with more than one shunt, 

only one of those shunts was taken into account for the statistical evaluation. The 

selection process was randomized to avoid biasing of the data.  

The mean age of the 43 patients at the time of shunt implantation was 

63.71 (± 1.62 SE) years, the 95 % confidence interval for mean had a lower bound 

of 60.44 years and an upper bound of 66.98 years. The 5 % trimmed mean was 

64.03 years and the median 65.08 years. The variance was 112.98 years and the 

standard deviation 10.63 years. The participants were between 40.03 years and 
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82.10 years old and there was a range of 42.07 years. The interquartile range was 

15.63 years, the skewness was -0.47 (± 0.36 SE) and the kurtosis -

0.43 (± 0.71 SE) (Table 3). 58.1 % were female and 41.9% male (Table 4). 

 

Table 3: Statistic evaluation of the age of the patients [Y] 

Descriptives - Age 
 Statistic 

[Y] 

Std. Error 

[Y] 

Mean 63.71 1.62 

95% Confidence Interval 

for Mean 

Lower Bound 

Upper Bound 

60.44 

66.98 

 

5% Trimmed Mean 64.03  

Median 65.08  

Variance 112.98  

Std. Deviation 10.63  

Minimum 40.03  

Maximum 82.10  

Range 42.07  

Interquartile Range 15.63  

Skewness -0.47 0.36 

Kurtosis -0.43 0.71 

 

Table 4: Summary of the gender in % of the evaluated patients 

patients Female male 

43 58.1 % 

(25/43) 

41.9 % 

(18/43) 

 

8.3 p-values - Overview 

APCR had a significant impact on the PP (p-value = 0.005), but none of the other 

investigated factors (Table 5). 
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Table 5: Summary of the laboratory values and their p-values 

Laboratory values  p-value 

MTHFR heterozygous vs. wild type 0.370 

Factor V Leiden mutation  0.141 

Prothrombin mutation G20210A  not found 

Homocysteine  0.485 

Lipoprotein a  0.893 

Protein C activity  0.257 

Fractionated protein S antigen  0.149 

APCR  0.005 

Lupus aPTT 0.226 

Lupus anticoagulant  0.565 

anti-cardiolipin antibodies  0.075 

ß2-glycoprotein antibodies  0.153 

 

8.4 Overall primary patency 

Statistics about the primary patency was evaluated with the Kaplan Meier method.  

The mean value for the PP was 18.44 months (± 3.16 SE). 

The main period for this study was 2009 to 2014, but also patients with a shunt 

implanted before 2009 were evaluated (retrospective part of the study). In the 

1st year of observation 22 events (shunt thrombosis) happened. Three patients 

were censored, two because of death and one because of a kidney 

transplantation. After the 1st year 18 patients had an open shunt. During the 

2nd year 7 events happened and one patient died (censored). That left 10 patients 

to be at risk. In the 3rd year 5 events happened and no patient had to be censored. 

So 5 patients remained having an open shunt. During the 4th and 5th year no event 

happened but 3 patients had to be censored during the 4th and one in the 5th year 
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due to the death of the patients. That left a total of 4 patients at risk after the 4th 

and 1 after the 5th year (Table 6).  

 

Table 6: Patients at risk and events during the 5 years of observation with censored patients (due to 
death and kidney transplantation). 

Beginning of the 

time interval 

[Y] 

patients at 

risk 

events censored patients 

0 43 22 3 

1 18 7 1 

2 10 5 0 

3 5 0 1 

4 4 0 3 

5 1 0 1 

 

The following Figure 1 shows the relative number of open shunts as a function of 

time (equals PP) and patients at risk for a time interval of 5 years.  
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Figure 1: Relative number of open shunts over PP [months] and the patients at risk.  

 

8.5 MTHFR 

8.5.1 Frequencies - MTHFR 

32.6 % of the 43 patients did not have a MTHFR mutation. 55.8 % were 

heterozygous and 11.6 % were homozygous for MTHFR (Table 7). 

 

Table 7: Distribution of MTHFR; CC: no mutation, CT: heterozygous, TT: homozygous, n: number of 
evaluable values 

n CC  CT  TT  

43 14 

(32.6 %) 

24 

(55.8 %) 

5 

(11.6 %) 
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8.5.2 PP - MTHFR - correlation 

The evaluated values did not show a significant correlation (p = 0.370. 32.6 % of 

the 43 patients did not have a MTHFR mutation and showed a mean primary 

patency of 19.6 months (± 4.7 SE). 55.8 % were heterozygous with 

15.6 months (± 4.0 SE) and 11.6 % were homozygous with 

21.8 months (± 7.2 SE) (Table 8). 

 

Table 8: Primary patency correlation to MTHFR; CC: no mutation, CT: heterozygous, TT: homozygous, 
PP: mean value of primary patency [M] 

Genetic code PP 

[M] 

CC 19.6 

(± 4.7 SE) 

CT 15.6 

(± 4.0 SE) 

TT 21.8 

(± 7.2 SE) 

 

8.6 Factor V Leiden thrombophilia 

8.6.1 Frequencies - Factor V Leiden thrombophilia 

All 43 patients could be evaluated for the Factor V Leiden thrombophilia. The main 

part (90.7 %) of the 43 patients had no Factor V Leiden thrombophilia. 7.0 % were 

heterozygous and 2.3 % were homozygous for this mutation, thus 9.3 % of the 

patients with prostheses had a Factor V Leiden mutation (heterozygous or 

homozygous) (Table 9).  

 

Table 9: Distribution of Factor V Leiden thrombophilia; RR: no mutation, RQ: heterozygous, QQ: 
homozygous, RQ + QQ: summation of both forms, n: number of evaluable values 

n RR RQ QQ RR RQ+QQ 

43 39 

(90.7 %) 

3 

(7.0 %) 

1 

(2.3 %) 

39 

(90.7 %) 

4 

(9.3 %) 
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8.6.2 PP - Factor V Leiden thrombophilia - correlation 

Factor V Leiden thrombophilia had a p-value of 0.141. The main part (90.7 %) of 

the 43 patients had no Factor V Leiden thrombophilia and showed a mean primary 

patency of 19.6 months (± 3.4 SE). 7.0 % were heterozygous with a mean primary 

patency of 10.2 months (± 4.3 SE) and 2.3 % were homozygous with 0.8 months 

(± 0.0 SE). 

The difference between the mean value of primary patency of no Factor V Leiden 

thrombophilia and heterozygous or homozygous mutation was 9.4 M and 18.8 M 

(Table 10).  

 

Table 10: Primary patency correlation to Factor V Leiden thrombophilia; RR: no mutation, RQ: 
heterozygous, QQ: homozygous and the difference [M], PP: mean value of primary patency [M] 

Genetic code 
PP 

[M] 

Difference [M] 

RR - RQ          RR - QQ 

RR 19.6 

(± 3.4 SE) 
9.4 

18.8 
RQ 10.2 

(± 4.3 SE) 

QQ 0.8 

(± 0.0 SE) 

 

 

Since there was only one patient detected with homozygous Factor V Leiden 

mutation, the according PP value is questionable due to lack of statistics. Because 

of that it was decided to merge the results for heterozygous and homozygous 

Factor V Leiden mutation. Therefore the patients with a mutation (heterozygous or 

homozygous) had a mean value of primary patency of 7.9 months (± 3.9 SE). The 

mean value of primary patency difference between no mutation and a 

heterozygous or homozygous mutation was 11.7 months (Table 11). 

Figure 2 shows the relative number of working shunts for both patient groups, with 

and without mutation. 
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Table 11: Difference between the PP value of no Factor V Leiden thrombophilia and heterozygous + 
homozygous mutation; RR: no mutation, RQ: heterozygous, QQ: homozygous and the difference [M], 
PP: mean value of primary patency [M] 

Genetic code PP 

[M] 

Difference 

[M] 

RR 19.6 

(± 3.4 SE) 
11.7 

RQ + QQ 7.9 

(± 3.9 SE) 

 

 

Figure 2: Relative number of working shunts plotted over PP [months] for patients with and without 
Factor V Leiden mutation. Time: primary patency [M]. Evaluated with Kaplan Meier method 
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8.7 Prothrombin G20210A mutation 

8.7.1 Frequencies - Prothrombin G20210A mutation 

No one of the 43 patients had a prothrombin G20210A mutation (Table 12). 

 

Table 12: Distribution of prothrombin G20210A mutation; GG: no mutation, GA: heterozygous, AA: 
homozygous, n: number of evaluable values 

n GG GA AA 

43 43 

(100.0 %) 

0.0 0.0 

 

8.7.2  PP - Prothrombin G20210A mutation - correlation 

Since there were no cases with a prothrombin G2021A mutation, an evaluation for 

this subgroup was not possible. 

 

8.8 Homocysteine 

8.8.1 Blood level - Homocysteine 

41 patients could be evaluated for homocysteine. For the rest of the patients the 

according analysis results were not available in the preexisting data. The mean 

homocysteine blood level of the 41 patients was 21.91 (± 1.30 SE) µmol/dL, the 

95 % confidence interval for mean had a lower bound of 19.27 µmol/dL and an 

upper bound of 24.54 µmol/dL. The 5 % trimmed mean was 21.79 µmol/dL and 

the median 21.60 µmol/dL. The variance was 69.77 µmol/dL and the standard 

deviation 8.35 µmol/dL. The values had a minimum of 6.50 µmol/dL and a 

maximum of 39.00 µmol/dL and there was a range of 32.50 µmol/dL. The 

interquartile range was 12.60 µmol/dL, the skewness was 0.17 (± 0.37 SE) and the 

kurtosis -0.62 (± 0.73 SE) (Table 13).  
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Table 13: Statistic evaluation of homocysteine [µmol/dL] 

Descriptives - Homocysteine 
 Statistic 

[µmol/dL] 

Std. Error 

[µmol/dL] 

Mean 21.91 1.30 

95% Confidence Interval for 

Mean 

Lower Bound 

Upper Bound 

19.27 

24.54 

 

5% Trimmed Mean 21.79  

Median 21.60  

Variance 69.77  

Std. Deviation 8.35  

Minimum 6.50  

Maximum 39.00  

Range 32.50  

Interquartile Range 12.60  

Skewness 0.17 0.37 

Kurtosis -0.62 0.73 

 

8.8.2 PP – Homocysteine - correlation 

The homocysteine level did not show significant correlation with the PP 

(p = 0.485). 

 

8.9 Lipoprotein a 

8.9.1 Blood level - Lipoprotein a 

All 43 patients had evaluable lipoprotein a values. The mean was 

30.51 (± 4.67 SE) mg/dL, the 95 % confidence interval for mean had a lower 

bound of 21.08 mg/dL and an upper bound of 39.93 mg/dL. The 5 % trimmed 

mean was 27.35 mg/dL and the median 12.60 mg/dL. The variance was 

937.76 mg/dL and the standard deviation 30.62 mg/dL. The values had a minimum 

of 9.30 mg/dL and a maximum of 115.00 mg/dL and there was a range of 

105.70 mg/dL. The interquartile range was 42.90 mg/dL, the skewness was 

1.41 (± 0.36 SE) and the kurtosis 0.76 (± 0.71 SE) (Table 14).  
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Table 14: Statistic evaluation of lipoprotein a [mg/dL] 

Descriptives - Lipoprotein a 
 Statistic 

[mg/dL] 

Std. Error 

[mg/dL] 

Mean 30.51 4.67 

95% Confidence Interval for 

Mean 

Lower Bound 

Upper Bound 

21.08 

39.93 

 

5% Trimmed Mean 27.35  

Median 12.60  

Variance 937.76  

Std. Deviation 30.62  

Minimum 9.30  

Maximum 115.00  

Range 105.70  

Interquartile Range 42.90  

Skewness 1.41 0.36 

Kurtosis 0.76 0.71 

 

8.9.2 PP – Lipoprotein a - correlation 

The lipoprotein a level did not show significant correlation with the PP (p = 0.893). 

 

8.10 Protein C activity 

8.10.1 Blood level - Protein C activity 

38 of 43 patients had an evaluable protein C activity value. For the rest of the 

patients the according analysis results were not available in the preexisting data. 

Protein C activity is commonly tested by comparison of the sample to a 

standardized normal plasma. Therefore values over 100 % are possible. For this 

study the mean was 111.42 (± 1.86 SE) %, the 95 % confidence interval for mean 

had a lower bound of 107.65 % and an upper bound of 115.20 %. The 5 % 

trimmed mean was 112.73 % and the median 116.50 %. The variance was 

131.82 % and the standard deviation 11.48 %. The values had a minimum of 

67.00 % and a maximum of 120.00 % and there was a range of 53.00 %. The 
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interquartile range was 16.30 %, the skewness was -1.88 (± 0.38 SE) and the 

kurtosis 4.66 (± 0.75 SE) (Table 15).  

 

Table 15: Statistic evaluation of the protein C activity [%] 

Descriptives - Protein C activity 
 Statistic 

[%] 

Std. Error 

[%] 

Mean 111.42 1.86 

95% Confidence Interval for 

Mean 

Lower Bound 

Upper Bound 

107.65 

115.20 

 

5% Trimmed Mean 112.73  

Median 116.50  

Variance 131.82  

Std. Deviation 11.48  

Minimum 67.00  

Maximum 120.00  

Range 53.00  

Interquartile Range 16.30  

Skewness -1.88 0.38 

Kurtosis 4.66 0.75 

 

The results show that 7 patients (16.3 %) had a value below 100 % and 

31 patients had a value above or equal 100 %. For a better overview, the group 

above or equal 100 % was divided into 3 subgroups with the defined intervals of 

100 % - 109 %, 110 % - 119 % and above or equal 120 %. 5 patients (11.6 %) 

showed to have a volume between 100 % and 109 %. 11 patients (25.6 %) were 

between 110 % and 119 % and over 120 % were 15 patients (34.9 %) (Table 16). 
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Table 16: Classification of the protein C activity values in groups < 100 and ≥ 100 [%]; < 100, 100 - 109, 
110 - 119, and ≥ 120 [%];n: number of evaluable values 

n < 100 % ≥ 100 % < 100 % 100 - 109 % 110 - 119 % ≥ 120 % 

38 7 

(16.3 %) 

31 

(72.1 %) 

7 

(16.3 %) 

5 

(11.6 %) 

11 

(25.6 %) 

15 

(34.9 %) 

 

8.10.2 PP - Protein C activity - correlation 

The protein C activity did not show significant correlation with the PP (p = 0.257).  

 

8.11 Fractionated protein S antigen  

8.11.1 Blood level - Fractionated protein S antigen  

34 of 43 patients had an evaluable fractionated protein S antigen value. For the 

remaining patients the according analysis results were not available in the 

preexisting data. Fractionated protein S antigen is commonly tested by 

comparison of the sample to a standardized normal plasma. Therefore values over 

100 % are possible. In this study the mean was 92.56 (± 2.92 SE) %, the 95 % 

confidence interval for mean had a lower bound of 86.62 % and an upper bound of 

98.50 %. The 5 % trimmed mean was 92.39 % and the median 89.00 %. The 

variance was 290.01 % and the standard deviation 17.03 %. The values had a 

minimum of 67.00 % and a maximum of 120.00 % and there was a range of 

53.00 %. The interquartile range was 30.50 %, the skewness was 0.38 (± 0.40 SE) 

and the kurtosis -1.22 (± 0.79 SE) (Table 17).  
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Table 17: Statistic evaluation of the fractionated protein S antigen [%] 

Descriptives - Fractionated protein S antigen 
 Statistic 

[%] 

Std. Error 

[%] 

Mean 92.56 2.92 

95% Confidence Interval for 

Mean 

Lower Bound 

Upper Bound 

86.62 

98.50 

 

5% Trimmed Mean 92.39  

Median 89.00  

Variance 290.01  

Std. Deviation 17.03  

Minimum 67.00  

Maximum 120.00  

Range 53.00  

Interquartile Range 30.50  

Skewness 0.38 0.40 

Kurtosis -1.22 0.79 

 

To show their distribution the values were divided into two groups. A threshold at 

100 % has been chosen. The evaluation showed that 70.6 % of the patients had a 

value below 100% and 29.4 % were above or equal 100 % (Table 18). 

 

Table 18: Classification of the fractionated protein S antigen values in groups < 100 and ≥ 100;n: 
number of evaluable values 

n < 100 % ≥ 100 % 

34 24 

(70.6 %) 

10 

(29.4 %) 

 

8.11.2 PP - Fractionated protein S antigen - correlation 

The fractionated protein S antigen did not show significant correlation with the 

PP (p = 0.149). 
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8.12 Activated protein C resistance 

8.12.1 Response time - Activated protein C resistance 

The activated protein C resistance level in the blood could be gathered from 42 

patients. For the one missing value the according analysis results were not 

available in the preexisting data. This dimensionless value shows the ratio of the 

aPTT with and without added activated protein C. The mean activated protein C 

resistance level was 4.04 (± 0.16 SE), the 95 % confidence interval for mean had 

a lower bound of 3.71 and an upper bound of 4.37. The 5 % trimmed mean was 

4.11 and the median 4.10. The variance was 1.13 and the standard deviation 1.06. 

The values had a minimum of 1.00 and a maximum of 5.60 and there was a range 

of 4.60. The interquartile range was 1.10, the skewness was -1.21 (± 0.37 SE) and 

the kurtosis 1.61 (± 0.72 SE) (Table 19). 

 

Table 19: Statistic evaluation of the activated protein C resistance 

Descriptives - Activated protein C resistance 
 Statistic 

 

Std. Error 

 

Mean 4.04 0.16 

95% Confidence Interval for 

Mean 

Lower Bound 

Upper Bound 

3.71 

4.37 

 

5% Trimmed Mean 4.11  

Median 4.10  

Variance 1.13  

Std. Deviation 1.06  

Minimum 1.00  

Maximum 5.60  

Range 4.60  

Interquartile Range 1.10  

Skewness -1.21 0.37 

Kurtosis 1.61 0.72 
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To show their distribution the values were divided into two groups. A value of 4.0 

was chosen as threshold. 45.2 % of the patients had a value below 4.0 and 54.8 % 

above or equal 4.0 (Table 20). 

 

Table 20: Classification of the activated protein C resistance values in groups < 4.0 and ≥ 4.0 ;n: 
number of evaluable values 

n < 4.0 ≥ 4.0 

42 19 

(45.2 %) 

23 

(54.8 %) 

 

The diagnostic laboratory chose a cutoff at a value of 2.9 to differentiate between 

healthy and pathologic. 9.5 % of the 42 patients had a pathologic activated protein 

C resistance level below 2.9 in the blood and 90.5 % had a healthy one above 2.9 

(Table 21). 

 

Table 21: Classification of the activated protein C resistance values in groups < 2.9 and ≥ 2.9 ;n: 
number of evaluable values 

n < 2.9 ≥ 2.9 

42 4 

(9.5 %) 

38 

(90.5 %) 

 

To compare the activated protein C resistance level in the blood with the Factor V 

Leiden thrombophilia a contingency table has been made. It showed that all 

patients with a pathologic activated protein C resistance level in the blood also had 

a heterozygous or homozygous Factor V Leiden thrombophilia (Table 22).  
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Table 22: Contingency table between activated protein C resistance and Factor V Leiden 
thrombophilia; RR: no mutation, RQ: heterozygous, QQ: homozygous 

Distribution of Factor V 

Leiden thrombophilia 

Activated protein C resistance Total 

< 2.9 ≥ 2.9  
    

RR 0 38 38 

RQ 3 0 3 

QQ 1 0 1 

Total 4 38 42 

 

8.12.2 PP - Activated protein C resistance - correlation 

Activated protein C resistance (APCR) had a significant p-value of 0.005. To 

display the effect of the APCR on the PP, APCR values were divided into two 

groups with a threshold of 4.0. The evaluation showed that the mean value of the 

primary patency of the patients with APCR values below 4.0 was 9.3 (± 2.0 SE) 

months and that the patients with APCR values above or equal 4.0 was 

24.8 (± 4.9 SE). Therefore the difference between the means of these two groups 

was 15.5 months (Table 23).  

 

Table 23: Classification of the activated protein C resistance values in groups < 4.0 and ≥ 4.0 with the 
primary patency and the difference [M]; PP: mean value of primary patency [M] 

Group range PP 

[M] 

Difference 

[M] 

< 4.0 9.3 

(± 2.0 SE) 
15.5 

≥ 4.0 24.8 

(± 4.9 SE) 

 

Figure 3 shows the relative number of working shunts for both patient 

groups (below 4.0 and above or equal 4.0) over time.  
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Figure 3: Relative number of working shunts plotted over PP [months] for the activated protein C 
resistance values divided in groups < 4.0 and ≥ 4.0. Time: primary patency [M]. Evaluated with Kaplan 
Meier method 

 

8.13 Lupus sensitive activated partial thromboplastin time 

8.13.1 Response time - Lupus sensitive activated partial thromboplastin time 

The lupus sensitive activated partial thromboplastin time (aPTT) level in the blood 

could be gathered from 39 patients. For the rest of the patients the according 

analysis results were not available in the preexisting data. Its dimension 

is seconds and the mean level was 38.65 (± 1.21 SE) s, the 95 % confidence 

interval for mean had a lower bound of 36.20 s and an upper bound of 41.09 s. 
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The 5 % trimmed mean was 38.24 s and the median 37.00 s. The variance was 

57.02 s and the standard deviation 7.55 s. The values had a minimum of 25.00 s 

and a maximum of 61.10 s and there was a range of 36.10 s. The interquartile 

range was 7.00 s, the skewness was 1.05 (± 0.38 SE) and the kurtosis 

1.06 (± 0.74 SE) (Table 24).  

 

Table 24: Statistic evaluation of the lupus sensitive activated partial thromboplastin time [s] 

Descriptives - Lupus sensitive activated partial thromboplastin time 
 Statistic 

[s] 

Std. Error 

[s] 

Mean 38.65 1.21 

95% Confidence Interval for 

Mean 

Lower Bound 

Upper Bound 

36.20 

41.09 

 

5% Trimmed Mean 38.24  

Median 37.00  

Variance 57.02  

Std. Deviation 7.55  

Minimum 25.00  

Maximum 61.10  

Range 36.10  

Interquartile Range 7.00  

Skewness 1.05 0.38 

Kurtosis 1.06 0.74 

 

To show their distribution the values were divided into four groups. There is one 

group for values below or equal 30 s, one for values between 30 s and 40 s, one 

for values between 40 s and 50 s and one for values above 50 s. The greater part 

of the values, with 71.8 %, was in the group between 30 s and 40 s. 5.1 % were 

below 30 s. 12.8 % were between 40 s and 50 s and the rest of 10.3 % were 

above 50 s (Table 25). 
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Table 25: Classification of the lupus sensitive activated partial thromboplastin time values in groups 
≤ 30, > 30 - ≤ 40, > 40 - ≤ 50 and > 50; n: number of evaluable values 

n ≤ 30 s >30 - ≤40 s >40 - ≤50 s >50 s 

39 2 

(5.1 %) 

28 

(71.8 %) 

5 

(12.8 %) 

4 

(10.3 %) 

 

8.13.2 PP - Lupus sensitive activated partial thromboplastin time - 

correlation 

The lupus sensitive activated partial thromboplastin time did not show significant 

correlation with the PP (p = 0.226). 

 

8.14 Lupus anticoagulant 

8.14.1 Response time - Lupus anticoagulant 

36 of 43 patients had an evaluable lupus anticoagulant value. For the rest of the 

patients the according analysis results were not available in the preexisting data. 

The mean was 44.77 (± 1.11 SE) s, the 95 % confidence interval for mean had a 

lower bound of 42.52 s and an upper bound of 47.02 s. The 5 % trimmed mean 

was 44.47 s and the median 43.60 s. The variance was 44.31 s and the standard 

deviation 6.66 s. The values had a minimum of 29.60 s and a maximum of 66.30 s 

and there was a range of 36.70 s. The interquartile range was 7.30 s, the 

skewness was 0.93 (± 0.39 SE) and the kurtosis 2.54 (± 0.77 SE) (Table 26). 

 



 Results 

© Stefanie Christine Santler  42/64 

Table 26: Statistic evaluation of the lupus anticoagulant [s] 

Descriptives - Lupus anticoagulant 
 Statistic 

[s] 

Std. Error 

[s] 

Mean 44.77 1.11 

95% Confidence Interval for 

Mean 

Lower Bound 

Upper Bound 

42.52 

47.02 

 

5% Trimmed Mean 44.47  

Median 43.60  

Variance 44.31  

Std. Deviation 6.66  

Minimum 29.60  

Maximum 66.30  

Range 36.70  

Interquartile Range 7.30  

Skewness 0.93 0.39 

Kurtosis 2.54 0.77 

 

8.14.2 PP - Lupus anticoagulant - correlation 

The lupus anticoagulant did not show significant correlation with the 

PP (p = 0.565). 

 

8.15 Anti-cardiolipin antibodies 

8.15.1 Blood level - Anti-cardiolipin antibodies 

21 of 43 patients had an evaluable anti-cardiolipin antibodies value. For the rest of 

the patients the according analysis results were not available in the preexisting 

data. The mean was 2.59 (± 0.27 SE) U/mL, the 95 % confidence interval for 

mean had a lower bound of 2.04 U/mL and an upper bound of 3.15 U/mL. The 5 % 

trimmed mean was 2.51 U/mL and the median 2.30 U/mL. The variance was 

1.49 U/mL and the standard deviation 1.22 U/mL. The values had a minimum of 

0.50 U/mL and a maximum of 6.10 U/mL and there was a range of 5.60 U/mL. The 

interquartile range was 1.30 U/mL, the skewness was 1.25 (± 0.50 SE) and the 

kurtosis 2.56 (± 0.97 SE) (Table 27). 
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Table 27: Statistic evaluation of the anti-cardiolipin antibodies [U/mL] 

Descriptives - Anti-cardiolipin antibodies 
 Statistic 

[U/mL] 

Std. Error 

[U/mL] 

Mean 2.59 0.27 

95% Confidence Interval for 

Mean 

Lower Bound 

Upper Bound 

2.04 

3.15 

 

5% Trimmed Mean 2.51  

Median 2.30  

Variance 1.49  

Std. Deviation 1.22  

Minimum 0.50  

Maximum 6.10  

Range 5.60  

Interquartile Range 1.30  

Skewness 1.25 0.50 

Kurtosis 2.56 0.97 

 

To show their distribution the values were divided into two groups. The threshold 

was chosen to be 2.5 U/mL. 57.1 % of the patients had a volume below or equal 

2.5 U/mL and 42.9 % were above 2.5 U/mL (Table 28). 

 

Table 28: Classification of the anti-cardiolipin antibodies values in groups ≤ 2.5 and > 2.5;n: number of 
evaluable values 

n ≤ 2.5 U/mL >2.5 U/mL 

21 12 

(57.1 %) 

9 

(42.9 %) 

 

8.15.2 PP - Anti-cardiolipin antibodies - correlation 

The anti-cardiolipin antibodies had a p-value of 0.075. The values were divided 

into two groups with a threshold at 2.5 U/mL. The mean of the primary patency for 

the anti-cardiolipin antibodies values below or equal 2.5 U/mL was 24.9 

M (± 6.0 SE) and for above 2.5 U/mL it was 9.4 (± 2.5 SE). Therefore the 

difference between those means was 15.5 M (Table 29). 
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Table 29: Classification of the anti-cardiolipin antibodies values in groups ≤ 2.5 and > 2.5 [U/mL] and 
the difference [M]; PP: mean value of primary patency [M] 

Group range 

[U/mL] 

PP 

[M] 

Difference 

[M] 

≤ 2.5 24.9 

(± 6.0 SE) 
15.5 

> 2.5 9.4 

(± 2.5 SE) 

 

Figure 4 shows the relative number of working shunts for both patient 

groups (below or equal 2.5 and above 2.5) over time.  
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Figure 4: Relative number of working shunts plotted over PP [months] for the anti-cardiolipin antibody 
values divided in groups ≤ 2.5 and > 2.5 [U/mL]; Time: primary patency [M]. Evaluated with Kaplan 
Meier method 

 

8.16 ß2-glycoprotein antibodies 

8.16.1 Blood level - ß2-glycoprotein antibodies 

21 of 43 patients had an evaluable ß2-glycoprotein antibodies value. For the rest 

of the patients the according analysis results were not available in the preexisting 

data. The mean was 2.65 (± 0.28 SE) U/mL, the 95 % confidence interval for 

mean had a lower bound of 2.01 U/mL and an upper bound of 3.24 U/mL. The 5 % 

trimmed mean was 2.60 and the median 2.60 U/mL. The variance was 1.66 U/mL 
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and the standard deviation 1.29 U/mL. The values had a minimum of 0.50 U/mL 

and a maximum of 5.70 U/mL and there was a range of 5.20 U/mL µmol/dL. The 

interquartile range was 1.90 U/mL, the skewness was 0.50 (± 0.50 SE) and the 

kurtosis -0.05 (± 0.97 SE) (Table 30). 

 

Table 30: Statistic evaluation of the ß2-glycoprotein antibodies [U/mL] 

Descriptives - ß2-glycoprotein antibodies 
 Statistic 

[U/mL] 

Std. Error 

[U/mL] 

Mean 2.65 0.28 

95% Confidence Interval for 

Mean 

Lower Bound 

Upper Bound 

2.01 

3.24 

 

5% Trimmed Mean 2.60  

Median 2.60  

Variance 1.66  

Std. Deviation 1.29  

Minimum 0.50  

Maximum 5.70  

Range 5.20  

Interquartile Range 1.90  

Skewness 0.50 0.50 

Kurtosis -0.05 0.97 

 

8.16.2 PP - ß2-glycoprotein antibodies - correlation 

The lupus ß2-glycoprotein antibodies did show significant correlation with the 

PP (p = 0.153). 
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9 Discussion 

In this study we tried to correlate various relevant genetic predispositions and 

blood parameters with the primary patency of implanted PTFE shunt prostheses. 

For that goal the available data were statistically evaluated and p-values were 

calculated. The results will be discussed in the same order as they appear above.  

An overall number of 43 patients with 59 shunts were evaluable. For patients with 

more than one shunt, only one of those shunts was taken into account for the 

statistical evaluation. The selection process was randomized to avoid biasing of 

the data which created a lack of precision in evaluating the age of the 43 patients. 

The mean age of the 43 patients was 63.71 (± 1.62 SE) years at the time of shunt 

implantation. 58.1 % were female (25/43) and 41.9 % (18/43) male. These results 

match very well with an already conducted and published study about PTFE grafts 

and their primary patency (25).  

The mean primary patency of the investigated 43 patients (59 shunts) in this study 

was 18.44 (± 3.16 SE) months. We found a published study about PTFE shunts 

and PP with which our results correlate very well (25).  

We did not succeed in our primary aim to connect the PP with the heterozygous 

MTHFR mutation. With a p-value of 0.370, it was not significant. An interesting 

observation can be deducted from Table 8. The mean values for PP for no 

MTHFR mutation as well as for heterozygous and homozygous mutations are in 

the same range, when the standard error is taken into account. These findings 

contradict other studies which indicate that MTHFR mutation is a risk factor for 

vascular access thrombosis in hemodialysis patients (26,27). In the literature 

research for this work we found no other publications that specifically combine 

PTFE shunts with heterozygous MTHFR mutations. Usually a set of various shunt 

types is evaluated at once, which prohibits a strict differentiation. To our 

knowledge this study is the first one addressing this particular issue.  

Furthermore we found that 55.8 % of the patients were heterozygous for the 

MTHFR mutation and 11.6 % homozygous (Table 7). Due to another study (28) 

approximately 50 % of the population in the Netherlands were heterozygous for 
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the MTHFR mutation and 12 % homozygous. These results match very well with 

ours. 

Also the mean primary patency difference between no Factor V Leiden 

thrombophilia and heterozygous or homozygous mutation failed statistical 

significance (p = 0.141). 9.3 % of our patients had a Factor V Leiden thrombophilia 

(heterozygous + homozygous) (Table 9). Again this is in good accordance with 

another study which shows that Factor V Leiden mutation is very common with a 

prevalence of 5% in the population (29).  

As can be seen in Table 22, all of our patients with a Factor V Leiden mutation 

(heterozygous or homozygous) showed pathologic activated protein C 

resistance (APCR) values. It is not too farfetched to conclude that a pathologic 

APCR value is highly predictive for a Factor V Leiden mutation. There have 

already been studies about that (30). But there is also another study, which shows 

that the heterozygous Factor V Leiden mutation does not appear to represent a 

risk factor for a thrombosis (31). This mutation has to be treated with oral 

anticoagulants, if there is an event or a risk factor. In our opinion the main 

conclusion from our study is that a PTFE shunt should be considered as such a 

risk factor. Therefore we suggest that patients with this mutation and a PTFE 

shunt prosthesis should be treated with oral anticoagulation.  

There were no patients with a prothrombin 20210A mutation, which made it 

impossible to conduct an evaluation. The incidence for heterozygous prothrombin 

20210A mutation in Germany is 2-3 % and for homozygous mutation 0.05 % (32). 

Due to our sample size it is not surprising that we had no patients with a 

prothrombin 20210A mutation. 

The patients' homocysteine blood level did not significantly influence the 

PP (p = 0.485). Additionally to genetic factors the homocystein level can also be 

influenced by nutrition, environmental factors and specific medications (33). To 

find a more reliable homocystein value all those factors need to be taken into 

account. Another trial with a more sophisticated design is necessary to evaluate 

the influence of homocysteine on the PP of PTFE shunt prostheses. 
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Lipoprotein a failed statistical significance (p = 0.893). Most of the evaluated 

patients exhibited a normal blood level of lipoprotein a. Literature shows that 

approximately 30 % of the patients with hypercholesterinemia also have a high 

lipoprotein a. A high lipoprotein a level can increase the risk of thrombosis, heart 

attack and stroke. Especially the combination of a hypercholesterinemia and a 

high lipoprotein a level increases the risk for thrombotic events. This combination 

wasn't reviewed in this study but might have an influence on the primary patency 

and should be taken into account in further trials (9). 

Protein C activity and fractionated protein S antigen are important components of 

the blood clotting system. A lack of these proteins can cause thrombosis. The 

mean primary patency correlation with the fractionated protein S antigen failed 

statistical significance (p = 0.149) as well as the correlation with protein C activity ( 

p = 0.257).  

As only evaluated test variable APCR (activated protein C resistance) showed a 

significant p-value of 0.005 for the correlation with PP. The values in Table 23 

indicate a strong increase of PP with a APCR value above or equal a threshold of 

4.0. The difference between the groups below 4.0 (19/42 patients) and above or 

equal 4.0 (23/42 patients) is 15.5 months.  

On the one hand the lupus anticoagulants elongate the aPTT but on the other 

hand cause thromboses. Both lupus aPTT as well as lupus anticoagulant failed 

statistical significance (p = 0.226 and p = 0.565). Lupus aPTT and lupus 

anticoagulant are values also determined to diagnose an autoimmune disease 

(34,35).  

The anti-cardiolipin antibodies can be seen in the blood of patients with a primary 

or secondary antiphospholipid syndrome (34). Anti-cardiolipin antibodies, ß2-

glycoprotein antibodies and lupus anticoagulant are antiphospholipid 

antibodies (36). It was already shown that patients, which had to undergo vascular 

surgery, exhibited a lower duration of PP, if those antibodies were found in their 

system (37). We did not find a similar correlation between the antibodies and PP. 

Neither the anti-cardiolipin antibodies (p = 0.141), the ß2-glycoprotein antibodies 

(p = 0.153), nor the lupus anticoagulant, as discussed above, showed significance. 
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Summing up we can say that the main aim, the heterozygous MTHFR mutation, 

had no significant effect on the PP. Furthermore we can say that all of our patients 

with a Factor V Leiden mutation (heterozygous or homozygous) showed 

pathologic activated protein C resistance (APCR) values. > 9 % of the investigated 

patients had a Factor V Leiden mutation. Thrombectomies are a common 

complication for a haemodialysis patient with a PTFE shunt. A thrombophilia 

screening for all shunt prostheses patients could help to decrease the complication 

rates. None of the other investigated factors showed a significant p-value under 

0.05.  
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12 Appendix 

12.1 Informed consent 
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12.2 CRF 
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