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Coagulation, thrombophilia an
d patency of arteriovenous
fistula in children undergoing haemodialysis compared with
healthy volunteers: a prospective analysis
Fatina I. Fadela, Manal F. Elshamaab, Safaa M. Abdel-Rahmana,
Eman H. Thabetc, Solaf Kamelc, Dina Kandilc, Mona H. Ibrahimc

and Mostafa El-Ahmadyb
This study aimed to assess whether markers of coagulation,

fibrinolysis or thrombophilia are increased in children on

haemodialysis compared with controls and whether

measurement of any of these factors could help to identify

patients at an increased risk of arteriovenous fistula (AVF)

occlusion. Blood samples were taken from 55 children

immediately before a session of haemodialysis and from 20

healthy volunteers. Thrombin–antithrombin (TAT), D-dimer,

plasmin–antiplasmin (PAP) and anticardiolipin

immunoglobulin G (ACA-Ig G) were measured by ELISA.

Factor V Leiden mutation (G1691A) was determined by

gene polymorphism [restriction fragment length

polymorphism (RFLP)]. Determination of the patency of the

AVF was prospectively followed up for a minimum of 4 years

or until the AVF was nonfunctioning. Fifty-five patients were

studied with a median follow-up of 659 days (range 30–

1670 days). A significant increase was found in the levels of

D-dimer, PAP and ACA-Ig G in haemodialysis patients with

thrombosed and nonthrombosed native AVFs vs. controls.

There was a significant difference between both chronic

haemodialysis patients with thrombosed and

nonthrombosed native AVF with regard to ACA-IgG

levels. At 1 year follow-up, primary patency was 61.4%
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(27 patients). In multivariate analysis, D-dimer was inversely

associated with secondary patency.

Thrombophilia may predispose children with end stage

renal disease to access failure. The promising finding is that

in children on haemodialysis, D-dimer levels were increased

and inversely correlated with secondary patency. Further

evaluation is required into the possible role of D-dimer as a

biomarker of AVF occlusion. Blood Coagul Fibrinolysis
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Introduction
The maintenance of adequate vascular access is crucial to

the patient survival on haemodialysis [1,2]. Acute throm-

bosis of vascular access accounts for 20–25% of all hos-

pitalizations of haemodialysis patients [3,4], which leads

to considerable morbidity and cost to healthcare provi-

ders [5,6]. The cause of thrombosis is considered to be of

a multifactorial nature, including technical errors of con-

struction, stenosis of the venous or arterial connection

and premature cannulation [7]. Coagulation activation

has been implicated in the increased incidence of acute

thrombotic events observed in patients on haemodialysis.

Despite the use of heparin, or low-molecular-weight

heparins, a steady increase in thrombin generation has

been shown to occur during haemodialysis [8–10]. In

addition, increased levels of fibrinogen and prothrombin

fragment F1 þ 2 (which reflects thrombin generation)

have been found in patients on haemodialysis compared

with controls [11,12]. Thrombin–antithrombin complex

(TAT) is a sensitive marker of intravascular thrombin

generation indicating activation of coagulation. Plasma
levels in samples from both the haemodialysis and the

systemic venous circulation are increased during dialysis

and remain elevated up to 48 h postdialysis in patients

[9,13]. In a small study, TAT levels were found to be

increased in patients on haemodialysis [14].

D-dimer is a degradation product formed when plasmin

acts on cross-linked fibrin and may reflect increased depo-

sition of intravascular cross-linked fibrin, and/or upregula-

tion of the fibrinolytic pathway. Increases in baseline D-

dimer levels in patients on haemodialysis compared with

healthy controls have been demonstrated and these levels

have been shown to increase further immediately follow-

ing dialysis [13,15]. Furthermore, D-dimer levels are inde-

pendently associated with the presence of ischemic heart

disease in haemodialysis patients [15,16].

Although markers of the coagulation pathway have been

shown to be increased both at the vascular access site and

also in the systemic circulation [17], it is unclear whether

there is an accompanying upregulation of the fibrinolytic

pathway.
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Plasmin–antiplasmin complexes (PAP) and plasminogen

activator inhibitor 1 (PAI-1) have been shown to be either

increased or unchanged in patients on haemodialysis

compared with controls [14,15,18–21]. Relatively few

large studies have analysed both markers of the coagu-

lation and fibrinolytic pathway, together in patients on

haemodialysis compared with healthy controls and this

area merits further investigation.

Factor V Leiden mutation (G1691A) has been recognized

to be the most prevalent genetic risk factor for venous

thrombosis [22]. Factor V plays a major role in homeo-

stasis by converting prothrombin to thrombin. The

mutation at the nucleotide 1691 of factor V gene results

in an amino acid substitution of arginine to glutamine

[23]. Factor V Leiden is highly prevalent in eastern

Mediterranean countries including Turkey [24]. An intri-

guing finding emerges from studies on anticardiolipin

antibodies (ACAs), which block the protein C system and

induce expression of procoagulant factors. ACA–immu-

noglobulin M (IgM) levels have been found to be

increased in dialyzed patients, independently from

thrombotic events [25–27].

In this prospective study, we aim to compare markers of

coagulation, fibrinolysis and evaluated some thrombo-

philic disorders in children on haemodialysis compared

with healthy controls and determine their relationship

to arteriovenous fistula (AVF) thrombosis and AVF

survival.

Materials and methods
Fifty-five end stage renal disease (ESRD) children (mean

age 9.69� 3.91years, 25 boys and 30 girls) on mainten-

ance haemodialysis were enrolled in this study. Children

on haemodialysis were selected from the Hemodialysis

Unit of the Center of Pediatric Nephrology and Trans-

plantation (CPNT), Children Hospital, Cairo University,

Cairo, Egypt. The patients were routinely hemodialyzed

three times per week in sessions lasting 4 h using poly-

sulfone dialyzer membrane. The dialysate flow rate was

500 ml/min, and blood flow rates ranged from 80 to

200 ml/min. Each patient was treated with heparin just

prior to the start of haemodialysis. Patients were excluded

if they had a history of haematological malignancy, a

known bleeding diathesis or coagulopathy or concomitant

warfarin therapy. The causes of renal failure were her-

editary nephropathies (n¼ 17), obstructive uropathies

(n¼ 13), glomerulopathy (n¼ 9), renal hypoplasia or dys-

plasia (n¼ 5), metabolic (n¼ 3) and unknown causes

(n¼ 8). Forty-four patients had native AVFs and 11

patients had tunnelled permanent catheter (TPC).

Vascular access failure was defined as the need for any

angioplastic or surgical intervention to correct poorly or

nonfunctioning fistulas as well as the occurrence of

repeated thromboses or infections [28]. AVF thrombosis

was defined as the lack of blood flow by palpation and
 Copyright © 2016 Wolters Kluwe
auscultation. The presence of thrombus was confirmed

by duplex ultrasound.

Definitions of patency are those recommended by the

Society of Vascular Surgery and American Association for

Vascular Surgery [29]. Primary patency is defined as

uninterrupted patency without endovascular or surgical

intervention being performed on the fistula. It is the

interval from the time of access placement until any

intervention designed to maintain or re-establish

patency. Primary-assisted patency is defined as patency

that is maintained by endovascular or surgical interven-

tion. It is the interval from the time of access placement

until measurement of patency. The secondary patency

rate is defined as the time from formation of the fistula

until the fistula is occluded or abandoned. Patients were

followed up for a minimum of 4 years if their AVF

remained patent or until the end of the secondary

patency of the AVF.

Healthy control individuals who had no history or clinical

signs of renal, cardiac, cerebrovascular or vascular disease

were recruited from the Pediatric Clinic of the National

Research Centre (NRC).

Ethics statement
Full ethical approval for the study was granted by the

Ethics Committee of NRC in Egypt. Each individual

study participant gave full informed written consent prior

to enrolment.

Sample collection
It has previously been shown that there are differences in

coagulation, fibrinolysis and platelet biomarkers between

simultaneous samples in a single patient taken from the

vascular access and peripheral veins [30,31]. In this case–

control study, similar sites of blood sampling were com-

pared, namely the antecubital vein of fully rested patients

in the haemodialysis and control group. A 21-gauge

needle was used with a tourniquet applied to the upper

arm. The cuff was removed once the first trickle of blood

appeared in the first sample tube to prevent activation by

stasis and the first 5 ml was discarded. Samples from the

haemodialysis children were taken immediately before

the start of a single dialysis session and prior to admin-

istration of heparin. Citrate was used as an anticoagulant

was used in all patients. The samples were centrifuged at

2500g for 15 min, plasma was then transferred to a fresh

tube and the centrifugation step repeated. The resulting

platelet-poor plasma was aliquoted and stored at below

�708C. One millilitre of venous blood sample was col-

lected in EDTA vials for the extraction of genomic DNA.

Assays
Thrombin–antithrombin

TAT complexes were measured using the assay Max

TAT complexes ELISA kit supplied by ASSAYPRO

(Saint Charles, Missouri, USA). This assay employs a
r Health, Inc. All rights reserved.
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quantitative sandwich enzyme immunoassay technique

[32].

D-dimer

A two-site enzyme Immune-assay ELISA kit (ZYMUT-

EST) was used to determine plasma D-dimer levels

(HYPHEN-BioMed, ZAC Neurille Universite-France)

[33].

PAP was quantified using an in-house ELISA, as pre-

viously described [34], using the kit supplied by Bio

Source (San Diego, California, USA), according to the

manufacturer’s protocol

Thrombophilia screening included laboratory assessment

of congenital and acquired coagulation abnormalities:

(1) Anticardiolipin antibodies immunoglobulin Gs (ACA-

IgG): Anticardiolipin antibody was measured by ELISA

using the kit supplied by Bio Source, according to the

manufacturer’s protocol [35].

(2) Factor V Leiden mutation.

PCR analysis
Genomic DNA used was extracted from lymphocytes

using the QIAamp DNA Mini isolation kit (QIAGEN,

ThermoFischer, Germany; #51304) and was stored at 48C
until the analysis. PCR was performed using primers as

previously described [36]. In case of heterozygous G to A

mutation at nucleotide position 1961 in codon ARG 506

of factor V, one cleavage site is lost resulting in the

production of an additional larger fragment of 200 bp [36].

Prothrombin-20210 mutation is not performed because

factor V Leiden mutation is the most common mutation

defect in patients with coagulation abnormalities and the

financial conditions interfere with performing both gene

mutations. Heterozygous prothrombin mutations is

uncommon in African-Americans (approximately 0.5%)

and is rare in Asians, Africans and Native Americans. The

homozygous form is considered uncommon, with an

expected occurrence of approximately 1 in 10 000 indi-

viduals [36].

Statistical analysis
Statistical package for social science (SPSS) program

version 16.0 (SPSS Inc., Chicago, Illinois, USA) was used

for analysis of data. Data were summarized as mean�SD,

range or percentage. Histograms and normality plots were

used for evaluating the normality of data. For those data

with skewed distribution, log transformation was per-

formed before a t-test. Data were valuated between

the experimental groups by one-way analysis of variance

(ANOVA) or by an independent t-test. Pearson chi-

square (x2) test with A 2� 2 contingency table were

used to compare the distributions of factor V Leiden

genotypes and allele frequencies between the patients

groups. The results were expressed as odds ratio (OR)
 Copyright © 2016 Wolters Kluwer
and 95% confidence intervals (95% CIs). OR and 95% CI

were calculated in terms of the relative high-risk alleles.

Patency rates were calculated using life table analysis, log

rank testing and Kaplan–Meier techniques. Pearson’s

analysis and multivariate linear regression analysis were

performed to correlate between adhesion molecules and

different variables. A P value of less than 0.05 was

considered statistically significant.

Results
Baseline characteristics of chronic haemodialysis patients

with access failure and good access are described in Table

1. There was no significant difference between haemo-

dialysis patients with good access and access failure

regarding age, sex, haemodialysis duration, vascular

access duration, haemoglobin, albumin, blood pressure

and type of vascular access. There was a significant

difference between the two groups with regard to ery-

thropoietin therapy (4828.1� 1687.76 vs. 3857.1�
1133.89 IU/W, P¼ 0.02).

Baseline characteristics of chronic haemodialysis patients

with thrombosed and nonthrombosed native AVFs are

described in Table 2. There was no significant difference

between haemodialysis patients with thrombosed and

nonthrombosed native AVFs regarding age, sex, haemo-

dialysis duration, vascular access duration, hemoglobin,

albumin, blood pressure, type of vascular access and

erythropoietin therapy.

Coagulation and thrombophilic markers
TAT complex levels were statistically significantly

higher in all haemodialysis patients, haemodialysis

patients with access failure and haemodialysis patients

with good access versus controls (5.05� 5.85, 4.53� 6.86

and 5.32� 5.86 vs. 0.31� 0.36 ng/ml, P¼ 0.03).

Similarly, D-dimer levels were statistically significantly

higher in all haemodialysis patients, haemodialysis

patients with access failure and haemodialysis patients

with good access versus controls (1409.5� 1002.87,

1545.00� 989.41 and 1494.30� 1082.59 vs. 451.67�
437.01 ng/ml, P¼ 0.02, respectively). Anticardiolipin IgG

levels as a thrombophilic marker were statistically signifi-

cantly higher in all haemodialysis patients, haemodialysis

patients with access failure and haemodialysis patients

with good access vs. controls (5.90� 1.83, 6.24� 1.90

and 5.29� 1.50 vs. 3.42� 0.93 U/ml, P¼ 0.002, respect-

ively) (Table 3).

As summarized in Table 4, a significant increase was found

in the levels of D-dimer (451.67� 437.01 vs.

1944.40� 1557.04 and 1325.2� 946.4 ng/ml, P¼ 0.04,

respectively) and ACA-IgG (3.42� 0.93 vs. 6.27� 1.95

and 5.08� 1.84 U/ml, P¼ 0.004, respectively) vs. controls

and both chronic haemodialysis patients with thrombosed

and nonthrombosed native AVFs. There was a significant

difference between both chronic haemodialysis patients
 Health, Inc. All rights reserved.
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Table 1 Baseline characteristics of healthy individuals and chronic haemodialysis children with access failure and good access

HD children (n¼55)

Controls (n¼20) PGood access (n¼36) Access failure (n¼19)

Age (years) 10.09�3.59 8.80�4.63 10.00�8.80 0.35
Sex (M/F) 17 (47%)/19 (53%) 8 (42%)/11 (58%) 12 (60%)/8(40%) 0.37
HD duration (years) 3.28�2.33 4.29�3.68 0.34
Type of vascular access
AV fistula 33 (92%) 11 (58%) 0.74
TPC 3 (8%) 8 (42%) 0.63
Vascular access duration (years) 3.25�2.57 1.79�2.24 0.07
Peripheral vascular (%) 3 (8%) 6 (32%) 0.18
Any CV disease (%) 7 (19%) 4 (21%)
Erythropoietin requirement (IU/W) 4828.1�1687.76 3857.1�1133.89 0.02M

Blood pressure
Hypertensive (%) 30 (83%) 13 (68%) 0.47
Normotensive (%) 6 (17%) 6 (32%) 20 (100%) 0.01
Haemoglobin (g/dl) 10.31�1.69 10.31�2.49 14.20�1.50 0.99
Albumin (g/dl) 3.61�0.49 3.39�0.71 4.92�0.39 0.29

Data were evaluated by ANOVA test or by an independent t-test and reported as means�SD. CV, cardiovascular; TPC, tunnelled permanent catheter.
MP was significant if <0.05.
with thrombosed and nonthrombosed native AVFs with

regard to ACA-IgG levels (6.27� 1.95 vs. 5.08� 0.84 U/ml,

P¼ 0.04, respectively).

There were no significant differences between haemo-

dialysis patients access failure and patients with good

access in terms of the distribution of Factor V G1691A

mutation and G and A allele frequencies [G1691G, 12

(63%) vs. 19 (53%), P¼ 0.50, G1691A, 7 (37%) vs.

17(47%), P¼ 0.50. G allele, 31 (82%) vs. 55 (76%),

P¼ 0.31 and A allele 7 (18%) vs. 17 (24%), P¼ 0.31].

Also, no significant differences between haemodialysis

patients with and without AVF thrombosis [G1691G, 4

(36%) vs. 18 (55%), P¼ 0.23, G1691A, 7 (64%) vs. 15

(45%), P¼ 0.23. G allele, 15 (68%) vs. 51 (77%), P¼ 0.39

and A allele 7 (32%) vs. 15 (23%), P¼ 0.39]. Factor V

G1691A mutation with homozygous genotype was not

detected in all groups.

Fibrinolysis
PAP levels were statistically significantly higher in all

haemodialysis patients, haemodialysis patients with

access failure and haemodialysis patients with good

access vs. controls (883.17� 630.21, 819.58� 447.76

and 924.35� 748.52 vs. 163.89� 43.23 ng/ml, P¼ 0.007,
 Copyright © 2016 Wolters Kluwe

Table 2 Baseline characteristics of chronic haemodialysis patients wit

HD children with thrombosed AV fistulas (n

Age (years) 9.38�3.92
Sex (M/F) 4 (36%)/7 (64%)
HD duration (years) 4.91�4.33
Vascular access duration (years) 2.87�2.71
Peripheral vascular (%) 4 (36%)
Any CV disease (%) 3 (27%)
Erythropoietin requirement (IU/W) 4428.6�1096.53
Blood pressure
Hypertensive (%) 9 (82%)
Normotensive (%) 2 (18%)
Haemoglobin (g/dl) 9.61�2.36
Albumin (g/dl) 3.60�0.81

Data were evaluated by an independent t-test and reported as means�SD. CV, card
respectively) (Table 3). PAP levels were also statistically

significantly higher in both chronic haemodialysis

patients with thrombosed and nonthrombosed native

AVFs vs. controls (827.57� 577.44 and 883.44� 778.71

vs. 163.89� 43.23 ng/ml, P¼ 0.04, respectively) (Table

4).

Table 5 shows the positive correlations between PAP and

both of D-dimer and anticardiolipin IgG in haemodialysis

children (r¼ 0.35, P¼ 0.01 and r¼ 0.33, P¼ 0.02,

respectively). There was a reverse correlation between

D-dimer and haemoglobin in haemodialysis children

(r¼�0.49, P¼ 0.001). ACA-IgG was positively corre-

lated with the EPO dose in haemodialysis children

(r¼ 0.31, P¼ 0.03).

The present study revealed a significant positive associ-

ation between PAP and D-dimer in haemodialysis chil-

dren with thrombosed AVFs (r¼ 0.91, P¼ 0.01).

Patency rates

Follow-up

Median follow-up was 659 days (range 30–1670). At

1-year follow-up, primary patency was 61.4% (27 patients),

primary-assisted patency 9.1% (four) and secondary

patency 29.5% (13). At a median follow-up of 659 days,
r Health, Inc. All rights reserved.

h thrombosed and nonthrombosed native arteriovenous fistulas

¼11) HD children with nonthrombosed AV fistulas (n¼33) P

10.28�3.43 0.56
14 (42%)/19 (58%) 0.78

3.54�2.31 0.41
3.51�2.55 0.56

2 (6%)
5 (15%) 0.59

4776.9�1776.81 0.53

25 (76%) 0.78
8 (24%)

10.62�1.45 0.27
3.67�0.44 0.82

iovascular; TPC, tunnelled permanent catheter. MP was significant if <0.05.
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Table 3 Thrombosis markers in healthy individuals and chronic haemodialysis children with access failure and good access

Controls (n¼20)
All HD children

(n¼55)
HD children with access

failure (n¼19)
HD children with good

access (n¼36) P

TAT (ng/ml) 0.31�0.36 5.05�5.85 4.53�6.86 5.32�5.86 0.03M

D-dimer (ng/ml) 451.67�437.01 1409.5�1002.87 1545.00�989.41 1494.30�1082.59 0.02M

PAP (ng/ml) 163.89�43.23 883.17�630.21 819.58�447.76 924.35�748.52 0.007MM

Anticardiolipin IgG (U/ml) 3.42�0.93 5.90�1.83 6.24�1.90 5.29�1.50 0.002MM

Data were evaluated by ANOVA test and reported as means�SD. PAP, plasmin–antiplasmin; TAT, thrombin–antithrombin. MP was significant if <0.05 or
MMP was significant if <0.01.
56.8% (25 patients) maintained primary patency, 4.5% (2)

maintained primary assisted patency and 11.4% (5)

maintained secondary patency. AVF survival is shown

for primary, primary-assisted and secondary patency

(Fig. 1).

Bivariate analysis

D-dimer showed a reverse correlation with secondary

patency (r¼�0.94, P¼ 0.02). PAP showed a reverse cor-

relation with secondary patency (r¼�0.98, P¼ 0.02).

There were no other significant correlations with patency.

Multivariate analysis

The correlations between D-dimer and patency

remained significant after adjustment for other variables.

There was a trend towards a reverse relationship between

D-dimer and secondary patency (beta¼�0.95, P¼ 0.04).

PAP no longer remained significantly associated with

patency rates after adjustment.

Discussion
This study has shown the existence of a procoagulant

state in children with established chronic kidney disease

receiving haemodialysis, with increased levels of some

markers of coagulation, thrombophilia and fibrinolysis

compared with healthy controls. The significant increase

in plasma D-dimer associated with children on haemo-

dialysis with access failure and with good access com-

pared with control individuals suggests ongoing

activation of both the coagulation and fibrinolytic sys-

tems. D-dimer is excreted by the kidney and thus a rise in

levels in patients with ESRD compared with healthy

controls would be expected. Increased levels have also

been shown to occur with advancing age, in patients with

heart disease, infection, trauma, some cancers and in

patients with a high rheumatoid factor [37]. Although

this suggests that a rise in D-dimer should be interpreted
 Copyright © 2016 Wolters Kluwer

Table 4 Thrombosis markers in healthy individuals and chronic haem
arteriovenous fistulas

Controls (n¼20) HD children with thrombosed AV fistulas

TAT (ng/ml) 0.31�0.36 7.16�8.12
D-dimer (ng/ml) 451.67�437.01 1944.40�1557.04
PAP (ng/ml) 163.89�43.23 827.57�577.44
Anticardiolipin IgG (U/ml) 3.42�0.93 6.27�1.95

Data were evaluated by ANOVA test and reported as means�SD. PAP, plasmin–a
significant if <0.01.
with caution, in this study, the notable feature is that it

occurred in association with a rise in the levels of TAT.

The hypercoagulabe state in patients with ESRD is

aggravated by the haemodialysis procedure [38] and

remains uncontrollable despite current anticoagulation

used during haemodialysis. Furthermore, patients’ own

predisposing factors such as obesity [39], smoking,

genetic abnormalities [40] and the type of dialyzer used

may also contribute to haemostatic activation processes.

All patients in this study were on high-flux polysulfone

hollow fibre dialyzers. Our study clearly demonstrated

that thrombin generation markers such as TAT and D-

dimer are upregulated in children with ESRD.

In the present study, we also examined the fibrinolytic

system activity. Some studies have reported decreased

fibrinolytic activity in uremia, whether absolute or

relative to the extent of coagulation activation [41]. Other

authors have documented hyperfibrinolysis [42,43],

which seems to be secondary to fibrin deposition. Our

results show activation of the fibrinolytic system in ESRD

children, as evidenced by raised levels of PAP complexes

and of D-dimer. Hyperfibrinolysis in our patients might

be unrelated to the effect of plasmin and attributable to

white-cell proteolytic activity seems to be excluded by

the correlation observed between D-dimer and PAP

complex levels, suggesting that fibrinolysis occurs of

plasmin generation. D-dimer was associated negatively

with PAI-1 activity, which is concordant with a certain

degree of hypofibrinolysis that was evident even in the

absence of clinical manifestations of intravascular throm-

bosis [44].

In this study, the ACA-IgG was the only one that elevated

significantly in haemodialysis children with thrombo-

sed AVFs compared with children with nonthrombosed

AVFs. ACA-IgG is strongly associated with venous and

arterial thrombosis in patients with normal renal function
 Health, Inc. All rights reserved.

odialysis children with thrombosed and nonthrombosed native

(n¼11) HD children with nonthrombosed AV fistulas (n¼33) P

5.06�6.16 0.10
1325.2�946.41 0.04M

883.44�778.71 0.04M

5.08�0.84 0.004MM, 0.04M

ntiplasmin; TAT, thrombin–antithrombin. MP was significant if <0.05 or MMP was
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Table 5 Correlations between thrombosis markers in chronic haemodialysis children

TAT D-dimer PAP Anticardiolipin Ig G

r P r P r P r P

TAT 0.19 0.19 0.26 0.08 0.21 0.14
D-dimer 0.19 0.19 0.35 0.01M 0.21 0.10
PAP 0.26 0.08 0.35 0.01M 0.33 0.02M

Anticardiolipin IgG 0.21 0.14 0.21 0.10 0.33 0.02M

EPO dose 0.07 0.68 0.04 0.79 0.10 0.53 0.31 0.03M

Haemoglobin �0.12 0.47 �0.49 0.001MM 0.07 0.66 0.003 10.98

Correlation was performed by Pearson’s analysis. PAP, plasmin–antiplasmin; TAT, thrombin–antithrombin. MM P<0.01. MP<0.05 was considered significant.
[45]. Previous studies have reported elevated ACA- IgG

levels in patients with ERSD on haemodialysis

[43,46,47]. In one study by Prakash et al. [47], the OR

for experiencing more than two episodes of graft throm-

bosis over a 2.5-year period in patients with an elevated

ACA-IgG level was 3.7 (95% CI 1.2–11.8). This relation-

ship was only noted among patients with synthetic grafts.

Garcia-Martin et al. [48] found that patients dialyzing

with cuprophane membranes had a higher prevalence of

positive ACA assays than those dialyzed with more bio-

compatible assays. These observations suggest that pro-

duction of the ACA may be a reaction to material present

in the synthetic graft or to foreign substances to which the

patient is exposed during haemodialysis. Previous retro-

spective studies have reported an association between

elevated ACA-IgG levels and vascular access thrombosis

in patients on haemodialysis [46,49,50]. In our study, we

measured ACA-IgG levels because it is the isotype that

correlates best with thrombosis in patients with systemic

lupus erythematosus and primary antiphospholipid
 Copyright © 2016 Wolters Kluwe

Fig. 1

0.0

0.00 500.00 1000.00

Time

C
um

 s
ur

vi
va

l

0.2

0.4

0.6

0.8

1.0

Survival functions

Cumulative survival analysis of patency for vascular access.
syndrome [46]. The children in our study had an elevated

ACA-Ig G level, and hence, there was demonstrable

association found between ACA and vascular access

thrombosis. The results of our study suggest that high

titres of ACA-IgG are an important predisposing factor to

thrombosis in patients who use predominantly native

AVFs and biocompatible membranes. We had a previous

study on adhesion molecules as markers of native AVF

thrombosis in children on uremia [6], we found that

elevated concentrations of circulating soluble vascular

cell adhesion molecule-1 could be useful in the predic-

tion of native AVF thrombosis in chronic haemodialysis

children.

We found positive correlations between PAP and both of

D-dimer and ACA-IgG in haemodialysis children. These

results may suggest that coagulation and fibrinolysis are

interrelated with markers of thrombophilia. Some patients

with ESRD carry a particularly high risk for recurring

access thrombosis or stenosis [3,13]. These patients with
r Health, Inc. All rights reserved.
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hypercoagulable states or combined thrombophilia should

be preoperatively identified to tailor antithrombotic

therapy and intensify surveillance, especially during the

first, most vulnerable months after surgery.

Factor V G1691A mutation is one of the most common

mutations reported in the eastern Mediterranean popu-

lation [51]. It was revealed that factor V G1691A has a

significant effect on the development of thrombosis [51].

Gürgey et al. [52] studied factor V G1691A and prothrom-

bin G20210A mutations in thrombosis patients. They

found 45 patients with G1691A mutation. According to

their results, thrombosis was determined as an important

genetic risk factor for Turkish population. But in our

study, there was no difference for factor V G1691A

mutation between heterozygous and normal genotypes

in the groups. Also, homozygous genotype was not found.

This result contrasts with those by Gürgey et al. [52].

Also, Emirogullari et al. [53] did not find any relationship

between thrombosis and the mutation factor V Leiden in

haemodialysis patients with/without AVF thrombosis.

The interesting finding of the present study is that D-

dimer levels at baseline were inversely correlated with

secondary patency. A previous study has assessed the

relationship between D-dimer levels and patency rates

showed no association [54]. However, Stolic et al. [54]

noted that plasma levels of D-dimer increased with time

from fistula formation and at 1 year did show a similar

level of correlation with patency rates. Milburn et al. [42]

concluded that in multivariate analysis, TAT levels were

increased and inversely correlated with primary-assisted

patency and secondary patency. The utility of D-dimer

measurement to aid the identification of patients at

risk of acute cardiac events has been noted in studies

involving patients with symptomatic cardiac disease

including patients on haemodialysis [44,55]. This

further suggests that the assessment of D-dimer may

have a role in the identification of patients at risk of

acute thrombotic events. The use of novel thrombin

inhibitors, such as dabigatran, is increasing not only

among patients with venous thromboembolism but also

in patients with atrial fibrillation and cardiovascular risk

factors. In haemodialysis patients who are high-risk

patients for thrombotic events with raised D-dimer

levels, these drugs may be of potential value to prevent

vascular access thrombosis and their role should be

evaluated in future studies. We have shown that high

levels of PAP are associated with a reduced haemodia-

lysis patency rate, but this was not maintained on multi-

variate analysis. De Marchi et al. [56] prospectively

studied 30 nondiabetic haemodialysis patients for 2 years

and noted that PAI-1 and factor VII were independent

predictors of fistula survival.

Study limitations
Limitations of this study include moderate sample size.

Furthermore, the results represent a single-centre
 Copyright © 2016 Wolters Kluwer
experience of a racially homogeneous cohort and may

not be generalizable to other populations. In order to

enable a comparison with a control group, it was necessary

to study venous samples in both groups, as the physio-

logical conditions of a fistula cannot be reproduced in

controls. The AVF samples as used in some studies of

coagulation in haemodialysis patients are subject to tur-

bulent blood flow and high shear stresses, which may lead

to localized coagulation activation. Blood samples were

not taken at the time of the patients’ fistula formation and

the patients had been on haemodialysis for varying

lengths of time, although the number of days since

AVF creation was corrected for in the multivariate

analysis.

Conclusion
This study has confirmed the previous findings that

coagulation and fibrinolysis seem to be activated in

circulation of children with established chronic kidney

disease receiving haemodialysis, and additionally,

thrombophilia as detected by ACA-I gG could be useful

in the prediction of native AVF thrombosis in chronic

haemodialysis children. We suggest that the surrogate

markers of coagulation (e.g. D-dimer and TAT) may be

valuable in designing antithrombotic medication. In

particular, we have shown that levels of plasma D-dimer

were inversely correlated with patency rates. Further

large-scale studies that measure D-dimer levels

following the formation of a new fistula and serially

thereafter are required to assess the role of D-dimer as

a potential biomarker of vascular access occlusion and

establish an appropriate cut-off value for D-dimer, which

would allow the identification of high-risk patients, so

appropriate targeted therapy and surveillance could be

performed.
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55 Gyöngyösi M, Glogar D, Weidinger F, Domanovits H, Laggner A, Wojta J,
et al. Association between plasmin activation system and intravascular
ultrasound signs of plaque instability in patients with unstable angina and
non-ST-segment elevation myocardial infarction. Am Heart J 2004;
147:158–164.

56 De Marchi S, Falleti E, Giacomello R, Stel G, Cecchin E, Sepiacci G, et al.
Risk factors for vascular disease and arteriovenous fistula dysfunction in
hemodialysis patients. J Am Soc Nephrol 1996; 7:1169–1177.
 Health, Inc. All rights reserved.


	Coagulation, thrombophilia and patency of arteriovenous fistula in children undergoing haemodialysis compared with healthy volunteers: a prospective™analysis
	Introduction
	Materials and methods
	Ethics statement
	Sample collection
	Assays
	Thrombin-antithrombin
	D-dimer

	PCR analysis
	Statistical analysis

	Results
	Coagulation and thrombophilic markers
	Fibrinolysis
	Patency rates
	Follow-up
	Bivariate analysis
	Multivariate analysis


	Discussion
	Study limitations
	Conclusion

	Acknowledgements
	Conflicts of interest


	References

