
V.1 Haemodialysis and prevention of system
clotting

Guideline V.1.1

A. To prevent clotting in the extracorporeal circuit
during haemodialysis, anticoagulantuantithrombotic
treatment is mandatory.

Guideline V.1.2

A. Differences in thrombogenicity should be considered
in the choice of the dialyzer.
(Evidence level: B)

Commentary on Guidelines V.1.1 and V.1.2

It has been demonstrated in several studies that pre-
dialysis concentrations of coagulation proteins such as
thrombomodulin and thrombin–antithrombin (TAT)
complex can be elevated suggesting hypercoagulability

[3,4]. In most studies on the effect of haemodialysis
with different membranes on activation of the coagu-
lation cascade, it was demonstrated that haemodialysis
with regenerated cellulose membranes (cuprophane)
resulted in more activation of coagulation than haemo-
dialysis with membranes of more recently developed
material [4–7]. Sultan et al. [8] demonstrated that
polyacrylonitrile activated the coagulation pathway
to the same extent as cuprophane, whereas Seyfert
et al. [5] did not. Two other studies found that the
polyacrylonitrile membrane induced more coagulation
than a cellulose acetate membrane [9] and a polyamide
membrane [10]. In at least two studies, it was reported
that TAT did not increase during haemodialysis with
a polysulfone membrane [4,11]. Greiber et al. [12]
compared haemodialysis with haemophan filters with
polysulphone filters during anticoagulation with low-
molecular weight heparin (LMWH). In this study, no
clinically relevant clotting was observed, but slightly
more fibrin deposition was found in the haemophan
filters. For details on membranes and biocompatibility
see Section III.

In addition to activation of the clotting cascade,
platelets become activated after contact with the extra-
corporal circuit. This results in exposure of procoagu-
lant anionic lipids on the platelet surface creating a
surface strongly favouring the activation of the factors
of the intrinsic coagulation cascade. Furthermore,
factor V and trace amounts of prothrombin are relea-
sed from the platelet granules resulting in a further
enhancement of coagulation. In at least two studies
it could be demonstrated that cuprophane dialyzers
resulted in more platelet activation than other
dialyzers [2,5] although this was not confirmed in
one [8]. Whereas in one study platelet activation was
observed after haemodialysis with a polyacrylonitrile
membrane [8], in three other studies this membrane
had no significant effect on platelet activation [13,14].
Likewise, in the studies investigating polysulfone
membranes either no [11,13,14] or only modest [2]
platelet activation was observed.

Summarizing, it can be concluded that blood contact
with dialyzers can cause activation of the coagulation
cascade and platelet activation. This is especially
seen with cuprophane dialyzers and to a lesser extent
with other membranes. Thus, to prevent clotting
in the extracorporal circuit during haemodialysis,
anticoagulantuantithrombotic treatment is mandatory.

Nephrol Dial Transplant (2002) 17 [Suppl 7]: 63–71

# 2002 European Renal Association–European Dialysis and Transplant Association



V.2 Prevention of clotting in the HD patient with
normal bleeding risk

Guideline V.2.1

A. In patients without elevated bleeding risk low-dose
unfractionated heparin or LMWH can be used to
prevent clotting of the extracorporal system during
haemodialysis.
(Evidence level: A )

Guideline V.2.2

A. Because of proven safety (evidence level: A), equal
efficacy (evidence level: A), and easy handling (evidence
level: C) the use of LMWHs is to be preferred over
unfractionated heparin. Other benefits of LMWH
are an improved lipid profile (evidence level B), less
hyperkalaemia (evidence level: B) and less blood loss
(Evidence level: C ).

Commentary on Guideline V.2.1

Unfractionated heparin

Unfractionated heparin binds to the heparin-binding
site of antithrombin-III (AT-III). This induces

conformational changes of AT-III resulting in the
transition of AT-III from a slow into a rapid
inactivator of clotting factors such as factor Xa and
to a lesser extent XIIa, Xia, and IXa. In addition,
heparin is an indirect inhibitor of thrombin, for which
simultaneous binding of AT-III and thrombin is
mandatory. This requires lengths of heparin molecules
exceeding 18 monosaccharide units.

At present, routine anticoagulation with heparin
is performed with low-dose heparin. Heparin (half-life
of"1.5 h) can be best given by administration of a
loading dose (approximately 50 IUukg), followed by
continuous infusion (800–1500 IUuh) [15–20].

The efficacy of heparin treatment can be evaluated
by measurement of the activated partial thromboplas-
tin time or the whole-blood clotting time. A prolonga-
tion of the APTT or whole-blood clotting time to
150% of their pre-dialysis values is recommended
[20]. Individual dosing schedules can reduce bleeding
complications [21–23], but this usually requires mathe-
matic modelling which is inconvenient. Opatrny et al.
[24] performed a randomly prospective study in which
they investigated the effect of rinsing the dialyzer with
saline with or without heparin, and comparing low-
flux and high-flux polysulfone dialyzers. Blood was
sampled at the haemodiayzer inlet before haemo-
dialysis and at 15, 60, and 240 min of haemodialysis.
No difference in activation of the coagulation cascade

Fig. 1. Overview of the coagulation cascade (PLsphospholipid).
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or platelets could be found between dialysis with or
without pre-rinsing with heparin and irrespective of the
type of dialyzer used [24]. In addition, no differences
in the amount of residual blood volume were
found after the respective dialysis sessions. Likewise,
in another study no beneficial effect of pre-rinsing with
albumin could be found on coagulation or platelet
activation using cellulose acetate membranes [25].

In several reports, it has been demonstrated that
the use of erythropoietin, with its consequent increase
in haemoglobin and haematocrit, results in a greater
heparin dose to avoid clotting in the dialyzer [26–30].
Thus, when patients are initiated on haemodialysis
with low haematocrits, care should be given to adjust
heparin dosage (up to 25%) to achieve appropriate
anticoagulation. The few studies that have investigated
the effects of different dialyzers on the anticoagulatory
efficacy of heparin demonstrated no [15,31] or a limited
effect of the dialyzer on heparin dosing [6].

In case of overdosing or active bleeding after
heparin administration, the effect of unfractionated
heparin can be counteracted by the i.v. administration
of protamine (1 mg protamine neutralizes 90–115 USP
U heparin; for dosing details see package insert).

At present it can be advised for patients already
using agents that affect clotting (i.e. acetylsalicylic acid
or coumarins) that the dose of heparin be reduced on
an individual basis, e.g. to a dose that results in
minimal clotting in the bubble trap.

LMWHs

LMWHs are depolymerized fractions of heparin,
and consequently consist of smaller units. LMWHs
are effective inhibitors of factor Xa. Because their size
is smaller than unfractionated heparin, LMWHs
are not able to form a complex with AT-III.
Therefore, their effect on thrombin is markedly less
pronounced than that of unfractionated heparin.
LMWHs not only are smaller but also less negatively
charged. This results in reduced non-specific binding to
plasma proteins and improved bioavailability.

A number of LMWHs are at present available.
Several studies have revealed that the efficacy of
LMWHs is at least as good as that of unfractionated
heparin [32,33]. Initially dosing schedules included
bolus injections followed by continuous infusion as
with unfractionated heparin [34–39]. Subsequent
studies have demonstrated that a single bolus injection
is usually suffice to avoid clotting of the extracorporal
system [32,40–51]. In some papers it is advocated,
however, to give additional LMWH (as a bolus or
continuous infusion) when the length of the dialysis
sessions exceeds 4 h [48,52]. At doses sufficient to
prevent anticoagulation of the extracorporal circuit,
LMWHs may not prevent increases of activation
markers of platelets and the coagulation system
during haemodialysis [53].

For dose examples of the various LMWHs, the
reader is referred to the prescriptions suggested by the
manufacturer, commonly reported in the pocket insert.

Although no data are available at present, it can be
advised for patients already using agents that affect
clotting (i.e. anti-platelet agents or anti-vitamin K) to
reduce the dose of LMWH on an individual base,
e.g. to a dose that results in minimal clotting in the
bubble trap. In one study, it was demonstrated that
the dose of LMWH was not affected by the use of
low- or high-permeable membranes [44].

Commentary on Guideline V.2.2

Several reasons can be given to advocate LMWHs
as principal anticoagulant agents for routine haemo-
dialysis compared with unfractionated heparin. First,
the convenience of a single bolus injection, that has
been demonstrated to have an equally effective anti-
coagulant effect as a continuous infusion of low-dose
unfractionated heparin [32,40–51], make LMWH
more easy to handle. In addition to this, Hofbauer
et al. [33], utilizing scanning electron microscopy,
recently demonstrated that membrane-associated clot-
ting was less after treatment with LMWH compared
with unfractionated heparin.

Secondly, unfractionated heparin has not only
an anticoagulant effect but also stimulates plasma
lipolytic activity [54,55], which results in hydrolysis of
triglycerides and free fatty acids. It has been demon-
strated that the effects on serum lipids are diminished
when the heparin dosage is reduced [6]. In addition, a
number of papers have reported on a beneficial effect
of LMWH treatment on lipid profiles. This has been
demonstrated after switching from unfractionated
heparin to LMWH and especially so in selected patient
groups (i.e. patients with elevated total cholesterol
anduor triglycerides). LMWH treatment, for prospect-
ive follow-up periods ranging from 6 months to 4
years, significantly reduced total cholesterol [56–61]
and triglyceride levels [56,59–61]. Likewise, a reduction
in LDL [58,61] and VLDL [61] was observed during
LMWH treatment whereas a modest fall [58,60] or rise
[59] in HDL hase been observed. Elisaf et al. [62,63]
demonstrated in an unselected patient group of 76
patients that after 12 months of LMWH treatment
total cholesterol, triglyceride, and Apo B had decrea-
sed. After this 1-year period, patients were randomly
selected to either continue LMWH or switch back to
unfractionated heparin for another year. In LMWH-
treated patients, the lipid profile improved further,
whereas in the unfractionated heparin-treated patients
lipid profile did not change [63]. In contrast with the
above-mentioned observations, Kronenberg et al. [64],
however, did not find differences in serum total
cholesterol, triglycerides, LDL, and Apo B between
153 LMWH-treated and 153 unfractionated heparin-
treated haemodialysis patients. In addition, these
investigators demonstrated that in patients who were
switched from LMWH to unfractionated heparin
after 6 months of haemodialysis treatment, serum
total cholesterol, triglycerides, and LDL had declined
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significantly [65]. In summary, it can be concluded
that despite the latter two observations, in the majority
of studies the use of LMWHs did improve serum
lipid profiles. It has not been demonstrated, however,
that in dialysis patients this improvement of lipid
profiles towards a less atherogenic profile during
LMWH-treatment leads to less cardiovascular disease.
Nevertheless, given the high rate of cardiovascular
disease in these patients, treatment strategies that
possibly affect cardiovascular risk beneficially, such
as LMWH instead of unfractionated heparin, seem to
be justified.

Thirdly, in a few studies it was shown that patients
treated with LMWHs needed fewer blood transfusions
[39,66]. In addition, it is known from the treatment of
patients with thrombo-embolism that LMWHs are at
least as effective as unfractionated heparin with a trend
towards a reduced bleeding risk [67,68].

Finally, a less well-known side effect of heparin
therapy seen in patients treated with heparin, e.g.
because of thrombo-embolism, is hyperkalaemia
[69–79]. This is caused by heparin-induced inhibition of
adrenal aldosterone production [70,80,81]. Especially
patients with diabetes mellitus and chronic renal
failure seem to be at risk [69,74,76,81,82]. It has
been demonstrated that a dose-dependent suppression
of mineralocorticoid metabolism occurs during treat-
ment with unfractionated heparin and LMWH, albeit
to a lesser degree in LMWH-treatment [80]. Compared
with unfractionated heparin, LMWH-treatment
resulted in a lower plasma potassium in haemo-
dialysis patients [82,83]. If confirmed by other studies,
this could be an additional argument to prefer
LMWH over unfractionated heparin in haemodialysis
patients.

Disadvantages of LMWHs over unfractionated
heparin include the lack of assays that can easily
measure anti-Xa activity [12,84] and the fact that their
anticoagulant effect can be blocked only partially by
protamine [85].
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V.3 Prevention of clotting in the HD patient with
elevated bleeding risk

Guideline V.3.1

A. In patients with increased bleeding risks, strategies
that can induce systemic anticoagulation should be
avoided. Treatments strategies that avoid this include:
no use of anticoagulants with regular saline flushing or
regional citrate anticoagulation.
(Evidence level: A)

Guideline V.3.2

A. Regional heparinization should not be performed
because of increased risk of bleeding after dialysis.
(Evidence level: A)

Commentary on Guideline V.3.1

No anticoagulants

In patients with increased risk for bleeding, such as the
phase immediately before and after surgery or in case
of gastrointestinal blood loss, haemodialysis without
anticoagulation can be applied [86–98]. The risk for
severe clotting in the extracorporal system during
this procedure has been reported to range from 0
to 20% [87,89,91–93,95]. Minor clotting usually
did not affect the efficacy of the haemodialysis treat-
ment. In most series the extracorporal system was
flushed with saline 0.9% (100–300 ml every 30 min)
[90,91,93,96]. The important conditions for heparin-
free dialysis are the removal of all air from the dialyzer
during the priming operation, absolute prevention of
air introduction in the extracorporal circuit during
dialysis and a high blood flow rate from the beginning
of treatment. System clotting can also be prevented
by prophylactically changing the dialyzer and blood
lines [93].

Regional citrate anticoagulation

The administration of citrate to the arterial blood line
will result in binding of ionized calcium which causes
inhibition of the clotting cascade in the dialyzer and
can thus be used for regional anticoagulation [98–100].
This technique requires the use of a calcium (and
magnesium)-free dialysis fluid, and usually is per-
formed by using trisodium citrate (for dosing details
see [101]). Care must be taken not to sterilize trisodium
citrate in glass bottles because this will result in
accumulation of aluminium in the infusate. Citrate
should, therefore, be sterilized in polypropylene bottles
[101]. Because substitution of calcium and magnesium
in the venous line (for dosing details see [101]) is man-
datory to restore the clotting capacity of the blood, the
technique of regional citrate anticoagulation requires
two infusion pumps. Severe metabolic alkalosis has
been described when citrate anticoagulation is per-
formed in combination with bicarbonate dialysis fluid.
Thus, the use of an adjusted dialysis fluid is necessary.
Likewise, care has to be taken for appropriate sub-
stitution of calcium into the venous line as severe
hypocalcaemia with potentially life-threatening cardiac
arrhythmias may ensue. Altogether, the complexity of
the technique of regional citrate anticoagulation does
not make the technique suitable for routine dialysis.
Nevertheless, use of regional citrate anticoagulation is
especially suitable for patients with active bleeding or
a high risk for bleeding [101–105].

Miscellaneous

Several reports have demonstrated that prostacyclin
infusion (0.4–0.5 ngukgumin) can be used safely in
patients with a high bleeding risk to prevent clotting
in the extracoporal system [106–108]. Side effects such
as flushing and intradialytic hypotension may occur
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[106,107]. Usually these side effects do not prevent
continuation of treatment with prostacyclin, making
cost the only disadvantage of prostacyclin.

Commentary on Guideline V.3.2

Regional heparinization (i.e. heparin administration
into the arterial line and protamine into the venous
line) has no advantages over low-dose heparin alone.
It has been demonstrated that after such regional
heparinization a rebound anti-coagulant effect can
be observed due to the shorter half-life of protamine
compared with that of heparin [109,110]. In fact, the
bleeding complications with regional heparinization
appear to be more frequent than with low-dose heparin
[110]. Thus, the use of regional heparinization is not
recommended.
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V.4 Heparin-induced thrombocytopenia

Guideline V.4

A. In heparin-induced trombocytopenia (HIT), preven-
tion of clotting should be with heparanoids, hirudin, or
citrate anticoagulation.
(Evidence level: A)

Commentary on Guideline V.4

Type I HIT can be observed in patients treated with
heparin [111–113]. It is characterized by a reduction
in platelet count occurring within 5 days after
initiation of heparin. It is transient on continuation
of heparin and has no clinical consequences.

In contrast, type II HIT is a more severe complica-
tion of heparin treatment that is antibody-mediated
[112,113]. The antibodies are directed against the
complex of heparin and platelet factor 4 [114–116].
Platelet counts can decline severely but usually remain
)20 000uml. Consequently, severe bleeding complica-
tions are rare. The prevalence of type II HIT is rare
(1–3% in heparin-treated patients [113]) but has been
described in haemodialysis patients [117–120]. Its main
clinical complication is the development of thrombosis,
including arterial thrombosis. Thrombosis has been
observed in up to 60% of heparin-treated patients with
serologically confirmed HIT. The initial step in the
diagnosis of HIT is to be aware of it as a cause of
thrombocytopenia in heparin-treated patients. Specific
tests for demonstrating type II HIT are the serotonin
release assays, heparin-induced platelet aggregation
assays, and solid-phase immunoassays [121,122].

Treatment of type II HIT starts with the total
avoidance of heparin. In addition, the use of LMWHs
should be discouraged because cross-reaction with
heparin-induced antibodies and heparin-dependent
IgG antibody formation has been described.
Patients with confirmed type II HIT can be routinely

haemodialysed employing low-molecular weight
heparanoid (danaparoid) [123–126] or direct thrombin
inhibitors (recombinant hirudin [127–129] or argatro-
ban [130]). For dosing of these agents, the reader is
referred to the prescriptions suggested by the man-
ufacturer, as reported in the pocket insert. When
patients with type II HIT are re-exposed to heparin,
thrombocytopenia will develop frequently [131]. Of
course, transfer to CAPD or CCPD can be considered
in patients with type II HIT.

Danaparoid consists of a mixture of dermatan
sulfate and low-sulfated heparan sulfate. It has anti-
factor Xa activity but hardly an effect on thrombin
or platelets. Danaparoid has been used successfully in
haemodialysis patients with type II HIT [132–134]. Its
major disadvantages are the need to determine anti-Xa
concentrations to monitor its anticoagulant efficacy, its
long half-life (25"100 h) in renal failure, the absence
of a useful reversing agent, and its high cost.

Recombinant hirudin is another agent that can
be used for routine haemodialysis in patients with
type II HIT [127–129]. Hirudin is a specific inhibitor of
thrombin on a 1:1 ratio. It has been used with success
in patients with type II HIT. Similarly to danaparoid,
disadvantages of hirudin are the lack of a reliable
biochemical test system for monitoring its anticoagu-
lant effect, and the pronounced and variably pro-
longed half-life in dialysis patients and especially in
anuric patients [135].
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V.5 Side effects of heparin

Guideline V.5

A. When side effects of heparin therapy during routine
haemodialysis occur, the use of unfractionated heparin
has to be avoided.
(Evidence level: B)

Commentary on Guideline V.5

Miscellaneous side effects of treatment with unfraction-
ated heparin have been described [136], including
severe skin necrosis, hypersensitivity, osteoporosis,
and hyperkalaemia. In those patients the use of
heparin should be avoided.

Hypersensitivity

A few case reports of a generalized cutaneous
hypersensitivity reaction to porcine heparin prepara-
tions have been described. Immunological studies
in these patients reveal IgE and IgG antibodies
directed to heparin or to contaminants of the
preparation [137,138].

Severe skin necrosis

In patients treated with continuous administration
of heparin, severe skin necrosis is a rare but
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well-documented complication. Likewise, this com-
plication has been described in a few patients on
chronic haemodialysis therapy without development of
thrombocytopenia [139,140]. Skin necrosis appears to
be a very severe complication of heparin treatment
with poor outcome, despite discontinuation of heparin.
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