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Coagulation factors as biological risk markers of endothelial dysfunction. 
Association with the thrombotic episodes of chronic hemodialysis patients
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Abstract
Background and aim: The aim of our study was to assess the coagulation factors as endothelial dysfunction markers 
and prospectively their association with thrombotic episodes in chronic hemodialysis patients.
Patients and Methods: Fifty-four randomly selected patients on chronic hemodialysis (HD), 34 men and 20 women 
were included in this study. Their mean age was 56 years and the mean hemodialysis duration was 53.08±61.92 months. 
The variations of tissue factor pathway inhibitor (TFPI), thrombomodulin (TM) and von Willebrand factor (vWF) were 
studied. The above-mentioned parameters were measured before and after HD session. Low molecular weight heparin 
(tinzaparin) was administered to all patients during hemodialysis. The results were compared with those obtained from 
20 healthy volunteer-controls, age and sex matched. After the initial assessment, all patients were followed for a period 
of 15 months.
Results: Two patients experienced one hemorrhagic event each, regarding the upper and/or the lower gastrointestinal 
tract. Twenty patients showed at least one thrombotic episode. Eleven patients presented fistula thrombosis, four angina 
pectoris incidents and five thrombosis of the lower limbs. The rest of the patients did not experience any clinical symp-
tomatology that could be attributed to coagulation disorders. Parameter differences between patients and controls were 
statistically significant (p<0.005 for TFPI and p<0.001 for TM and vWF) and were improved after hemodialysis session. 
The age and the elevated levels of the vWF were found to be significantly different (p<0.03 and p<0.02 respectively) 
between the groups of patients who experienced or not thrombotic episodes.
Conclusions: Coagulation factors TFPI, TM, and vWF are increased in hemodialysis patients and the clinical disorders 
are mainly thrombotic episodes. The age of patients and the elevated levels of vWF are associated with the thrombotic 
incidents. Hemodialysis contributes in the improvement of these coagulation factors, which could be considered as bio-
logical risk markers of endothelial dysfunction in chronic HD patients. Hippokratia 2009; 13 (4): 237-241
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Morbidity due to cardiovascular events is very com-
mon among hemodialysis (HD) patients, being respon-
sible for up to 50% of the all cause mortality1. Incidents 
attributed purely to cardiovascular problems possess a 
very distinct place; on the other hand cerebral vascular 
accidents, mainly ischemic, are also common2. While 
pathology of hemorrhagic disorders in end stage renal 
disease (ESRD) patients under hemodialysis treatment is 
well known, in clinical practice thromboembolic events 
are more common.

The pathogenesis of bleeding and thrombotic disor-
ders in uremic patients is multifactorial3. Disturbances 
are caused by counteraction between platelets and vascu-
lar wall4. Reduced platelets’ functional activity, resulting 
in reduced adhesion, aggregation5-7 and reduced capacity 
to form clot, despite their normal count is frequently ob-
served8 as well as quantitative and functional disorders 
of von Willebrand Factor (vWF), which promote platelet 
concentration and adhesion in subendothelial collagen9. 
Various studies have shown increased levels of vWF 
antigen with decreased activity, expressed as co-factor 

ristocetin10, while other studies have reported increased 
functional activity of vWF11-15. Reduced number of red 
blood cells, having as a consequence anemia, which fa-
vors bleeding tendency in uremic patients16. Correction of 
anemia promotes contact between platelets and vascular 
wall. This observation was obtained from studies using 
erythropoietin as treatment of renal anemia17. Prolonga-
tion of bleeding time may be noticed in uremic patients 
who experience hemorrhagic episodes, due to frequent 
administration of antiplatelet agents (acetylsalicylic acid, 
dipyridamole, ticlopidine, clopidogrel), administered ei-
ther for thrombosis prevention, or other therapeutic indi-
cations. Frequent use of heparin alone, or in combination 
with antiplatelet agents can also reduce platelet count, as 
well as platelet adhesion7,18.

Coagulation tests represent part of the everyday 
practice. However, the estimation of specific coagula-
tion factors, which are mainly released from the vas-
cular endothelium, as vWF, TM and TFPI, could give 
some information about the possible endothelial dys-
function and help to differentiate candidates with al-
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tered thrombotic state. vWF is a high molecular weight 
glycoprotein and has been proposed as a marker of en-
dothelial dysfunction since many years19,20. It is mainly 
responsible for platelet adhesion in subendothelial space 
and for the initiation of thrombotic procedure. Throm-
bomodulin is also a high molecular glycoprotein and is 
produced by the endothelial cells. Its role in hemostasis 
is very important and is expressed through the activa-
tion and transformation of thrombin from prethrombotic 
to antithrombotic agent. Tissue factor pathway inhibitor 
is a protein produced mainly by the endothelium and 
is used as a marker of endothelial function. Tissue fac-
tor (TF) activates clot formation by forming a complex 
with factor VIIa (TF/FVIIa), thus activating factor X. 
Tissue factor pathway inhibitor inhibits directly factor 
Xa and indirectly its complex TF/FVIIa, preventing the 
clot formation.

The above mentioned factors have not been studied 
sufficiently in patients with ESRD undergoing hemodi-
alysis treatment, especially regarding their contribution 
to coagulation disorders and endothelial dysfunction.

Patients and Methods
Fifty-four randomly selected HD patients were in-

cluded in the study. Thirty-four were men and twenty 
women, with a mean age of 55.94±14.58 and 56.22±14.59 
years respectively. They had been on HD treatment for 
a mean period of 53.08±61.92 months. Primary disease 
was glomerulonephritis in 16(29.6%) of the patients, dia-
betic nephropathy in 7(13%), cystic disease in 8(14.8%), 
chronic interstitial nephritis in 8(14.8%), nephrosclerosis 
in 3(5.5%) and unknown in 12(22.3%) (Table 1).

Regarding the treatment with antiplatelet agents, 32 
patients (59.2%) were given ticlopidine, 3 patients (5.6%) 
salicylates, 2 patients (3.7%) dipyridamole, and 4 patients 

(7.4%) a combination of salicylates and ticlopidine. The 
rest of the patients were not receiving any antithrombotic 
agent. None of the participants experienced any clinical 
disorder due to thrombosis or bleeding for at least one 
week before the initiation of the study.

All patients were on HD or hemodiafiltration treat-
ment for 3 times a week, for a duration of 3 to 4 hours 
with biocompatible high flux or low flux membranes. 
During HD session, all participants were administered 
low molecular weight heparin.

Incidences of fistula thrombosis, ischemic stroke, 
coronary ischemic and thrombotic episodes of the low-
er limbs were recorded during the 15-month follow-up. 
The estimation of coagulation factors was performed in 
whole blood samples taken from all patients before and 
after HD session. Tubes used, contained sodium citrate, 
as anticoagulant, diluted in buffer solution (3.8%, Ow-
ren Koller Buffer). The first sample was drawn prior to 
heparin administration. Measurements were performed 
within the next five minutes after centrifugation at 4000 
rpm for 20 minutes. For the assessment of TM and TFPI, 
imunoenzymatic method (ELISA) was used, while for 
vWF a functional method using ristocetin as a co-factor 
of platelet aggregation. Titration was made using plasma 
samples with known concentrations of vWF.

The results were compared to those of 20 healthy con-
trols matched for age and sex. Comparisons were made 
using the paired samples t-test method, while x-square 
test was used to assess differences regarding co-morbid 
conditions between groups.

Results
Two patients presented hemorrhagic episodes during 

the 15-month follow-up period. Twenty patients (37%) 
experienceed one or more thrombotic episodes, while 

in the remaining 32 patients (59.3%) no 
thrombotic or bleeding event was re-
corded. Thrombotic incidents regarded: 
fistula thrombosis in ten patients, myo-
cardial infarction in six, deep vein throm-
bosis in two and lower limb ischemia 
in two. Fourteen of the 22 patients who 
presented coagulation disorders, were on 
antiplatelet agents. The patient who ex-
perienced bleeding of the upper digestive 
tract was receiving combination of sa-
licylate and ticlopidine, while the patient 
with bleeding of the lower digestive tract 
was on ticlopidine. vWF levels and age 
were found to be significantly higher in 
the patients who experienced thrombotic 
events in comparison to the patients who 
did not (Table 2). Other factors that might 
have influenced the incidence of throm-
botic events were taken into account. 
None of the patients suffered from severe 
anemia or active infection during the 
study period. HD practice and efficiency 

Table 1: Patient characteristics (mean±SD).

	 Nr of patients	 Frequency (%)

Total Nr of patients	 54 (male/female= 34/20)	 62.96 / 37.04
Age: male	 55.94 ± 14.58
         female	 65.22 ± 14.59			
		
HD duration (months)	 53.08±62.92			
			 
Antithrombotic treatment	 32	    59.2	
	
Primary disease:
Glomerulonephritis	 16	    29.6	
	
Diabetic nephropathy	   7	 13	
	
Interstitial nephritis	   8	   14.8
Cystic disease	   8	   14.8
Nephrosclerosis	   3	     5.5
Uknown	 12	   22.3	
	

Nr: number
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was similar between patients whe experienced (Group 1) 
or did not (Group 2) thromboembolic episodes. Addition-
ally the incidence of cardiovascular disease and diabetes 
mellitus was not found to differ significantly between 
groups during the 15-month follow up. 

Coagulation factor levels are shown in Table 3 and 
Figure 1. vWF was not found different after HD, but 
it was significantly increased, compared to controls 
(p<0.005). TM was found to be significantly reduced 
after HD (p<0.05), but it was significantly higher than 
in controls (p<0.01). TFPI was found to be significantly 

increased (p<0.01) after HD session as well as in com-
parison to controls (p<0.005).

TFPI levels in diabetic patients before HD 
(57.55±18.46 ng/ml) did not differ significantly from those 
in non-diabetic patients (54.05±14.97 ng/ml). After HD 
session, values of TFPI were both elevated (72.66±9.974 
ng/ml vs 66.90 ±12.17ng/ml respectively), but also the 
difference between those was not significant.

Coagulation parameters were not found to be corre-
lated with other risk factors such as hypertension, age, 
smoking and HD duration. No significant differences 
were observed among patients who received antiplate-
let treatment (n=32) and those who did not (n=22): 
vWF 208.37±85.277 IU/ml vs. 265.27±129.592 UI/ml, 
TM 33.36±19.979 ng/ml vs. 33.27±26.929 ng/ml, TFPI 
51.95±15.397 ng/ml vs 59.50 ±14.448ng/ml. 

Discussion
ESRD is accompanied by thrombotic and hemorrhag-

ic disorders. Additionally elevated levels of prethrombot-
ic and antithrombotic factors as, vWF, TM, TF and TFPI 
have been observed in ESRD patients receiving HD treat-
ment. In the present study, both vWF and TM levels were 

Table 3: The effect of age, HD duration and coagulation factors level in HD patients who experienced (Group 1) or did not 
(Group 2) thromboembolic episodes during the 15-month follow-up.

Parameter Group Mean Standard deviation T-test significance

Age
Group 1   62.68    ± 10.55

p<0.037
Group 2   54.14    ± 15.54

Hemodialysis duration 
(months)

Group 1   65.68    ± 5706
NS

Group 2   61.20    ± 59.33

TFPI(ng/ml)
Group 1   59.82    ± 14.37

p<0.08
Group 2   52,63    ± 15.04

TM(ng/ml)
Group 1   33.45    ± 26.94

NS
Group 2   36.09   ± 20.47

vWF(IU/ml)
Group 1 280.82 ± 127.94

p<0.024
Group 2 207.86  ± 85.95

vWF: Von Willebrand Factor; TM: Thrombomodulin; TFPI: Tissue factor pathway inhibitor.

Figure 1: Histogram showing the levels vWF, TM and TFPI 
before and after HD in comparison to control group.

Table 2: Parameter levels before and after HD session, compared with control group.

	 vWF (IU/ml)	 TM (ng/ml)	 TFPI (ng/ml)

before:  228.23 ± 105.48  ns	 33.83 ± 22.39 p<0.05	 54.54 ± 15.39 p<0.01
after:     225.11 ± 119.44	 24.25 ± 10.62	 67.33 ± 11.99
control: 119.55 ±   20.85 p<0.001	   3.72 ±   0.89 p<0.01	   9.99 ±   3.53 p<0.005

vWF: Von Willebrand Factor; TM: Thrombomodulin; TFPI: Tissue factor pathway inhibitor.
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significantly higher in hemodialysis patients compared 
to control group. Of equal importance is the observation 
that patients presenting thrombotic complications during 
the period of follow-up, had significantly elevated vWF 
levels compared to hemodialysis patients who did not 
present any thrombotic complication.

Despite any observed improvement in platelet function 
after the initiation of chronic HD treatment in uremic pa-
tients, the problem persists and will only show full remis-
sion three months after a successful renal transplantation21. 
Even though dialysis treatment (HD, CAPD) improves he-
mostatic disorders observed in uremic patients, thrombotic 
episodes regarding fistula, coronary or central nervous sys-
tem vessels, are common. It is suggested that HD patients 
might undergo intermittent platelet activation22, related to 
dialysis membrane bio-incompatibility23-25. 

Numerous coagulation and fibrinolytic disorders can 
appear in HD patients. Antithrombin III low levels26,27, in 
combination with reduced anticoagulant activity of pro-
tein S, contribute to the developement of a hypercoagula-
ble state in uremic patients28,29. On the other hand, endo-
thelial dysfunction, usually shown in ESRD, can alter the 
production of molecules with prethrombotic properties, 
as vWF, or molecules with anticoagulant-antithrombotic 
properties, as TM and TFPI. In our study we showed that 
all the above mentioned factors associated with func-
tional endothelial integrity, were increased in the uremic 
patients in comparison to controls.

The results of a recent study concerning the concen-
trations of TFPI, vWF and TM in CAPD and Chronic 
Renal Failure (CRF) patients showed also that these fac-
tors were significantly higher in the above mentioned 
patients when compared to the healthy volunteers30. It is 
known that inflammation is common among Chronic Re-
nal Disease (CRD) patients and accumulating evidence 
indicates that chronic inflammation is a major contributor 
to morbidity and mortality in this population31-33. Plasma 
levels of vWF and TM were both found to be signifi-
cantly increased in patients with sepsis34. In the present 
study inflammatory markers were not measured. How-
ever the increased plasma levels of vWF and TM on the 
background of end stage of CRD shows that probably the 
chronic inflammation of HD patients is associated with 
the development of endothelial dysfunction and conse-
quently coagulation disorders.    

During the 15-month follow-up period of our patients, 
only two bleeding events were recorded, while the throm-
botic episodes were more than twenty. From this study, it 
seems that in uremic patients, the thrombotic episodes are 
more clinically relevant than the bleeding complications. 

Elevated levels of vWF found in our HD patients, 
are in agreement with the results reported by other in-
vestigators, who correlated the endothelial dysfunction 
markers with atherogenesis35. Borawski et al36 studied 
clotting factors in sixty three HD patients and found that 
TM and TF levels were higher than in healthy volunteers. 
Additionally, they found that the two molecules were 
significantly related, while the elevated vWF antigen 

plasma levels were only related to TF. The above-men-
tioned clotting factors, which are elevated in HD patients, 
might represent risk factors associated to vascular endo-
thelial dysfunction. Elevated levels of vWF, in combina-
tion with other independent risk factors, as hypertension, 
diabetes, age, smoking, HD duration and type of heparin 
used, seem to contribute in the appearance of thrombotic 
events37. The age and the elevated levels of vWF were 
found to be the only factors related to the thrombotic epi-
sodes, shown in 20 patients of this study. 

Elevated levels of TM before HD could possibly be 
attributed to the counterbalance effort of the clotting 
mechanism, in order to avoid thrombosis. Reduction of 
the levels of TM after the end of HD session is probably 
related to the delayed activation of fibrinolysis through the 
TAFI/TAFIa pathway. Inoue et al38 in a recent study con-
cerning clotting disorders in HD patients, found TM and 
TFPI values to be significantly elevated both before and 
after HD session, in comparison with the healthy group. 
An important finding of the above mentioned study was 
that TF plasma levels were higher in HD patients who 
experienced thrombotic complications, than in those who 
did not. Continuous extracorporeal circulation seems to 
lead to an increased need for TFPI production due to 
platelet contact with filter membrane, while it is known 
that heparin administration leads to increased TFPI pro-
duction5. Elevated levels of TFPI before and after HD are 
possibly related to other factors, as the continuous endo-
thelial injury from frequent fistula paracentesis, the pres-
ence of temporary or permanent central venous catheters, 
the use of grafts, or atherosclerosis itself. Elevated TFPI 
levels found in diabetic patients of our study are in agree-
ment with the findings of Lurs et al39.

Coagulation factors TFPI, TM, and vWF are in-
creased in HD patients and clinical disorders are mainly 
the thrombotic episodes. The age of patients and the ele-
vated levels of vWF are associated to the thrombotic inci-
dents.  HD contributes substantially in the improvement 
of these coagulation factors, which could be considered 
as biological risk factors for endothelial dysfunction in 
chronic HD pts.
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