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ABSTRACT
The aim: To study the status of pro- and anticoagulant components of hemostasis in patients with stage VD CKD depending on residual renal function.
Materials and methods: 88 patients with stage VD CKD were studied, 16 of them had preserved residual renal function (RRF). Hemostatic parameters – soluble fibrin, D-dimer
and protein C – were determined in the patients.
Results: Significant increase in soluble fibrin and fibrinogen levels along with depressive reaction of D-dimer and protein C were found in patients with stage VD CKD having
lost RRF. Preserved RRF in those patients had positive influence on hemostatic profile, decreasing the degree of hypercoagulation.
Conclusions: 1. In long term dialysis patients with stage VD CKD and lost RRF, significantly increased levels in soluble fibrin and fibrinogen along with decreased D-dimer
concentration were found, being a key factor in the development of thrombotic complications. 2. There was significant decrease in protein C activity in patients with lost RRF.
3. Preserved RRF in patients with stage VD CKD had positive influence on hemostatic profile.
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INTRODUCTION

The terminal stage of CKD in general, and in cases of long
term hemodialysis in particular, can adversely affect the
status of various components of hemostasis and induce
thrombogenesis. This is because kidneys are involved in
production of anticoagulant factors (heparin), fibrinolytic factors (urokinase, tissue plasminogen activator),
and procoagulant factors (thromboplastin, coagulation
factors VII,VIII, ІХ, Х), as well as in catabolism of coagulation factors (coagulation factor ХII, fibrinogen) [1]. The
process of secondary hemostatic system disturbances are
greatly influenced by causes of CKD development, e.g.
glomerulonephritis, hemodialysis procedure itself, as well
as preserved or lost residual renal function [1, 2].
Thrombosis development is known to be the major
complication in patients with stage V CKD, undergoing
long term hemodialysis [1], although the relationship
between hemostatic profile and RRF in such patients is
underestimated. At the same time, RRF is an important
factor influencing morbidity and mortality in hemodialysis
patients [3, 4]. Preserved residual renal function proved
to be associated with decreased risk of complications and
better survival [5].
Fibrinogen is well known to be the major enzyme of
coagulation system, and activation of coagulation system

leads to conversion of fibrinogen to fibrin with its subsequent degradation by plasmin. Soluble fibrin and D-dimer
are molecular markers of those processes [6, 7], while
protein C is a natural coagulation inhibitor [8]. Hence,
determination of those biochemical parameters of hemostasis is supposed to be helpful in providing comprehensive
characteristics of hemostatic changes in such patients.

THE AIM

To study the status of pro- and anticoagulant components
of hemostasis in patients with stage VD CKD, undergoing long term hemodialysis, depending on residual renal
function.

MATERIALS AND METHODS

88 patients with stage VD CKD were studied (52 males
and 36 females), 16 subjects (18.2%) having preserved RRF
(diurnal diuresis 500-1300 ml).
To estimate the marker of coagulation system activation – soluble fibrin in blood plasma, – we used two-site
enzyme-linked immune-sorbent assay for quantitation of
products formed after degradation of fibrin by plasmin.
Monoclonal antibodies III-3b were used as “catch”-an1723
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Table I. Hemostatic profile in patients with stage VD CKD having preserved and lost RRF.
No

Hemostasis
parameters

Control group
(n = 20)
(donors)

Patients with
preserved RRF
(n = 16)

Patients with lost RRF
(n = 72)

І

ІІ

ІІІ

Р

1

Soluble fibrin
(µg/ml)

2.60 ± 0.37

2.96 ± 0.19

3.54 ± 0.14

РІ-ІІ >0.05
РІ-ІІІ <0.02
РІІ-ІІІ <0.02

2

D-dimer
(pg/ml)

95.0 ± 32.0

50.63 ± 7.01

75.95 ± 10.35

РІ-ІІ >0.05
РІ-ІІІ >0.05
РІІ-ІІІ <0.05

3

Fibrinogen
(mg/ml)

2.20 ± 0.36

3.41 ± 0.14

4.15 ± 0.12

РІ-ІІ <0.002
РІ-ІІІ <0.001
РІІ-ІІІ <0.001

4

Protein C
(%)

100 ± 10.0

86.13 ± 3.05

80.05 ± 1.47

РІ-ІІ >0.10
РІ-ІІІ <0.05
РІІ-ІІІ >0.05

tibodies, and monoclonal antibodies II-4d – as “tag”
antibodies [6]. D-dimer was estimated by enzyme immunoassay using monoclonal antibodies to D-dimer
epitopes, which are formed after degradation of unsoluble
fibrin by plasmin [7]. Protein C level was estimated using
spectrophotometry (%) by its activity in blood plasma,
the activation being performed with copperhead snake
venom (Agkistrodon halys halys) [8]. Fibrinogen level in
blood plasma was estimated using thrombin-like enzyme
Antsistron-H by spectrophotometry [9].
Statistical analysis of study findings was performed by
the methods of variation statistics.

RESULTS AND DISCUSSION

According to study results, patients with stage VD CKD
and lost RRF demonstrated significant (р <0.02) increase
of soluble fibrin level compared to the control group
and subjects with preserved RRF, being 3.54±0.14 µg/ml
(Table I). By contrast, those with preserved RRF showed
the increasing tendency in soluble fibrin level values as
compared to the control group, being 2.96±0.19 µg/ml
(р >0.05). It should be noted, that decreasing tendency in
D-dimer concentration was noted in both study groups
as compared to controls, but patients with preserved RRF
had significantly decreased D-dimer level as compared to
those with lost RRF (р >0.05).
Low D-dimer levels along with increasing concentration of soluble fibrin, especially in subjects with
lost RRF, was suggested to be due to depressive state of
fibrinolysis, D-dimer being its product as post-thrombosis indicator. It is noteworthy that concentration of
fibrinogen appeared to be considerably increased in both
groups of patients – 1.5 times and twice, respectively,
as compared to controls (р <0.02 ÷ 0.001). At the same
time, fibrinogen level in patients with lost RRF was
significantly higher than that in subjects with preserved
RRF (р <0.001). The values of anticoagulant protein C
activity in patients with preserved RRF tended to de1724

cline, while they were significantly decreased in those
with lost RRF (р<0.05).
Assessment of correlation relationships between soluble
fibrin and D-dimer, fibrinogen and C protein in patients
with lost RRF revealed direct relationship between soluble
fibrin and D-dimer, (r = 0.56) and absence of correlation
with fibrinogen (r = 0.04) and protein C (r = -0.08). In
subjects with preserved RRF, correlation relationships
between soluble fibrin and D-dimer appeared to be weak
(r = 0.29), it was moderate with fibrinogen (r = 0.34) and
practically absent with protein C (r = 0.16). Those findings
are indicative of inadequacy of fibrinolytic and anticoagulant components of hemostasis to increasing concentration
of soluble fibrin in patients with stage VD CKD.
Due to considerable increase in blood plasma level of
pre-thrombosis marker – soluble fibrin, high fibrinogen
concentration with no corresponding adequate reaction
of fibrinolytic component of hemostasis as well as low
anticoagulant activity in patients with lost RRF, they are
considered to have higher risk of thrombogenesis as compared to patients with preserved RRF.
Thus, preserved RRF have positive effect on hemostasis
parameters, the latter may be partially explained by less
negative effect of renin-angiotensin-aldosterone system
on hypercoagulation processes in case of preserved RRF.
Preservation of RRF is considered to be one of the primary
goals in managing patients on long term hemodialysis to
maximize their survival.

CONCLUSIONS

1. Long term dialysis patients with stage VD CKD and lost
RRF, had significant decrease in levels of soluble fibrin
and fibrinogen along with decreased D-dimer concentration, leading to thrombotic complications.
2. Protein C activity in patients with lost RRF was significantly decreased.
3. Preserved RRF in patients with stage VD CKD had
positive effect on hemostasis parameters.
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