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Abstract
There is an increasing awareness about the risks of arterial and venous thromboembolism (TE) in
hospital patients and general public which has led to consideration of thrombosis prevention mea-
sures in earnest. Early recognition of the symptoms of TE disease has led to timely administration of
antiplatelet and anticoagulant drugs, translating to better outcome in many of these patients. In
this respect, patients with chronic kidney disease (CKD) represent a special group. They indeed re-
present a high-risk group for thrombosis both in the cardiovascular territory and also in the venous
circulation. At the same time, abnormalities in the platelet membranes put them at risk of bleeding
which is significantly more than other patients with chronic diseases. Anticoagulation may be ideal
to prevent the former, but the co-existing bleeding risk and also that the commonly used drugs for
inhibiting coagulation are eliminated by renal pathways pose additional problems. In this review, we
try to explain the complex thrombotic-haemorrhagic state of chronic kidney disease patients, and
practical considerations for the management of anticoagulation in themwith a focus on heparins.
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Introduction

Patients with chronic kidney disease (CKD) present a
dilemma in that they are simultaneously prothrombotic
and haemorrhagic [1]. In this respect, anticoagulant
drugs, unlike the general population with normal renal
function, can have both beneficial and harmful effects. It
is well established now that these patients are at risk of
thrombotic events reflected in increased incidence of
cardiovascular disease and also, venous thromboembol-
ism (TE) [2, 3]. Arterial TE events include cerebrovascular
disease, myocardial infarction and peripheral artery
disease, while venous TE can involve in addition to deep
vein thrombosis and pulmonary embolism, thrombosis of
venous access sites and central lines [1–4]. Interestingly,
there have been reports of venous TE being not just
limited to severe CKD, but also CKD Stages 1 and 2, and
CKD Stage 3 in the presence of albuminuria [5]. There is a
suggestion that the risk of venous TE is more related to al-
buminuria than to impaired glomerular filtration rate
(GFR), reflecting the predominance of this complication in
nephrotic syndrome patients [5, 6].

The prothrombotic nature of CKD may be explained
by several factors including (i) prothrombotic changes
which develop in the vascular endothelium, (ii) increase
in coagulation factors like fibrinogen, factor VIII and
von Willebrand factor as part of the chronic inflammatory
process, (iii) increase in antifibrinolytic proteins like
plasminogen activator inhibitor, which inhibit the clot

breakdown, (iv) hyperlipidaemia which predisposes the
patients to cardiovascular thrombosis, (v) haemoconcen-
tration with consequent effects on rheology and (vi) also
changes in the platelet membrane which make it proag-
gregatory [1, 4, 7]. Interestingly, simultaneously, the
same patients are at risk of bleeding. The predominant
pathophysiological factor attributable to the bleeding risk
is platelet dysfunction although anaemia, which can
impact on the interaction of platelets with the vessel wall
and comorbidities like stress ulcers and need for frequent
interventions, can contribute in addition to drugs (antipla-
telets) [1, 4, 8]. For the latter, a recent Cochrane systemat-
ic review showed that risks may outweigh benefits among
people with low annual risks of cardiovascular events,
including those with early stages of CKD who do not have
clinically evident occlusive cardiovascular disease [9].

The anticoagulation options in CKD

As discussed before, patients with CKD are at increased
risk of thrombosis and as such, prophylaxis with anti-
coagulant agents may be beneficial in high-risk thrombot-
ic situations. The currently available options in this respect
are (i) parenteral forms which include unfractionated
heparin, low-molecular weight heparins (including fonda-
parinux) and direct thrombin inhibitors and (ii) oral formu-
lations, the newer oral anticoagulants. For the treatment
of TE, these drugs are used at higher doses and in addition
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to newer oral anticoagulants, warfarin may also be con-
sidered. In the following sections, we discuss these agents
in their special relation to CKD patients. We will not cover
anticoagulation in dialysis which has been the subject of
several brilliant reviews recently [10, 11].

Unfractionated heparin

Pharmacological properties. Unfractionated heparin (UFH)
is a sulphated polysaccharide with a molecular weight of
3000–30 000 Da (mean, 15 000 Da, ∼45 monosaccharide
chains). About one-third of UFH binds to antithrombin (AT)
with high affinity, resulting in the inhibition of thrombin
(IIa) and factor Xa in an equal ratio (1:1) (see Figure 1)
[12]. UFH has a propensity to bind to positively charged
surfaces, which can reduce its bioavailability and also lead to
an unpredictable anticoagulant response. Although largely
replaced in practice by the low-molecular weight heparins
for the prophylaxis and treatment anticoagulation, UFH use
in clinical practice is unlikely to become obsolete [13]. Their
main limitations in practice are well documented, including
(i) the unpredictable bioavailability and the subsequent need
to stringently monitor activated partial thromboplastin time
(APTT) levels to avoid sub- and supra-therapeutic anticoagu-
lation, (ii) the immune mediated platelet activation and
potentiating heparin-induced thrombocytopenia (HIT) and
(iii) the adverse effects of long-term therapy such as osteo-
penia [14]. However, it is used as a first line treatment for an-
ticoagulation in patients with high bleeding risks as they can
be rapidly and completely neutralized by protamine. The
short half-life of UFH [∼30 min at low doses (25 units/kg) in-
creasing to 150 min at higher doses (400 units/kg) and in
patients with severe renal dysfunction], allows anticoagu-
lation effects to be removed promptly (1–4 h) [15–17].

Clearance. UFH is primarily excreted by reticuloendothe-
lial systems in a rapid dose-dependent saturable mechan-
ism [15–17]. Clear guidance in this respect for the extent
of reticuloendothelial saturation from a practical point of
view is difficult to ascertain. A secondary slower first-order
clearance of UFH by renal excretion, results in non-linear
UFH pharmacokinetics with anticoagulation increasing
disproportionally at high therapeutic doses. Over-
anticoagulation can occur in patients with moderate (CrCl

30–50 mL/min) to severe renal dysfunction (CrCl <30 mL/
min), due to the impaired clearance at high therapeutic
doses once saturation of reticuloendothelial clearance
occurs. Inter-patient variability of accumulation is ex-
pected and the anticoagulant response is therefore unpre-
dictable. Therefore, a conservative dosing of UFH is
recommended in patients with severe renal impairment
to avoid supra-therapeutic anticoagulation [18, 19].

Dosing. In our practice, the traditional 75–80 units/kg
loading dose and 18 units/kg/h maintenance dose for
treatment of a venous TE for patients with severe kidney
dysfunction is associated with supra-therapeutic levels. A
more conservative dose of 60 units/kg loading dose and
12 units/kg/h maintenance dose is thus chosen for pa-
tients with severe kidney dysfunction. This dosing regimen
is borrowed from the recommended acute coronary syn-
drome (ACS) treatment guide where a lower target APTT
range of 1.5–2 is desired [20]. This dose minimization is
still expected to achieve minimum therapeutic anticoagu-
lation [APTT >1.5] for patients treated for a venous TE,
albeit at the lower end of the range, despite the 33% dose
reduction. Subsequent doses should be adjusted to main-
tain a therapeutic level (APTT 1.5–2.5).

Renal perspectives. Despite the extensive experience
with UFH in daily practice, little evidence is available to
confirm the safety of UFH in this high-risk group. A post-
hoc analysis of the large randomized controlled trials,
ESSENCE and TIMI 11b, investigated the safety of enoxa-
parin and UFH treatment of ACS in patients with a CrCl
< 30 mL/min [21]. A total of 143 patients previously rando-
mized to UFH or low molecular weight heparin (LMWH),
enoxaparin 1 mg/kg, were retrospectively analysed. The
rates of major bleeding was 1.1 and 6.6% (P < 0.0001)
in patients with CrCl >30 mL/min and <30 mL/min, res-
pectively, with no difference in bleeding risks with UFH or
unadjusted enoxaparin groups. The analysis demonstrates
that the bleeding risk in patients with CKD (CrCl < 30 mL/
min) is greater than in patients with CrCl >30 mL/min re-
gardless of the anticoagulant used. All-cause mortality at
43 days was significantly increased in the severe renal
disease subgroup compared with the control group (18.2
versus 3.2%, P < 0.001) despite no significant difference in
recurrent myocardial infarction or urgent revascularisation
within this time. The exact cause of increased mortality is
not clearly defined within the study. Few patients from
this renally impaired group were defined as severe CKD (or
CKD 5). Additionally, no dose adjustment of enoxaparin
was performed in concordance to the licencing, and a
lower intensity UFH regimen was used (target APTT ratio
1.5–2), therefore lower bleeding rates are postulated if ap-
propriate dose adjustments of the LMWH are performed,
and conversely, UFH dosing for venous TE treatment (APTT
range 1.5–2.5 and higher initial dosing) may correspond to
higher bleeding rates.

A retrospective cohort study in a single teaching hos-
pital reviewed the outcomes of UFH and LWMH treatment
in 620 patients with mild-to-severe CKD [22]. Standard
UFH protocol treatment was compared with enoxaparin
1 mg/kg BD (unadjusted dose) treatment and demonstrated

Fig. 1. Heparin binds to AT which potentiates its anti-Xa and AT effects.
The AT-thrombin effect does require the long-chain, while the anti-XA
effect requires only the pentasaccharide sequence.
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a risk of major bleeding was higher in UFH group (22.3
versus 20.7 bleeds per 1000 treatment days; non-signifi-
cant). Fifteen percent (n = 98) of the study had a CrCl <20
mL/min, and although the major bleeding risk was higher
there was no significant difference between the two treat-
ments (30.7 versus 36.6 bleeds per 1000 treatment days
for UFH and enoxaparin respectively; non-significant). Minor
bleeding, defined as non-retroperitoneal or intracranial
bleeding or bleeding with the loss of <3 g/dL of haemoglo-
bin, was higher in the enoxaparin group. This study was
the first of many to suggest that higher risk of bleeding in
severe CKD is not related to choice of anticoagulant used
but due to baseline risk factors such as uraemia, increased
age, concurrent treatment and comorbidities. Additionally,
diagnosis of a major bleed after a patient receives >2 units
of blood are likely to cause bias results. Due to renal
anaemia and the lower baseline Hb in the severe CKD
group, it is likely that the threshold for transfusion is much
lower in this group.

In summary, the advantage of using UFH in patients with
severe kidney disease is unlikely to be due to a lower bleeding
risk, but rather due to the ease in which any episode of bleed-
ing can be corrected with UFH’s advantageous short thera-
peutic half-life and its complete reversal with protamine.

Low-molecular weight heparins

Pharmacological properties. LMWH are used routinely in
practice for anticoagulation of patients and have largely
replaced the use of UFH [23]. LWMHs are synthesized
through chemical or enzymatic depolymerization of UFH,
resulting in shorter heparin chains that show a stronger
affinity for inhibiting factor Xa and lower specificity
towards thrombin (see Figure 1). The proportional inter-
action with factor Xa and thrombin differs among differ-
ent LMWH. The shorter heparin chains of LMWH also
reduce the interaction with platelets and endothelial cells,
reducing the incidence of HIT and osteopenia and other
side effects, like alopecia, seen with UFH [24]. Due to the
homogeneity of the polysaccharide chains, LMWHs have
preferable pharmacodynamic and pharmacokinetic prop-
erties in comparison to UFHs. The advantages of LMWH
include predictable pharmacokinetics and anticoagulation
response, the convenience of once and twice daily dosing
regimens (versus UFHs twice or thrice daily dosing or con-
tinuous infusion), lack of routine monitoring required and
good track-record of safety and efficacy in practice. Due to
their ease of use, LMWHs are more versatile and can be
used by patients at home [25].

Not all LMWH are created equal? The LMWH routinely
used in the UK are enoxaparin, dalteparin and tinzaparin,
with each having different dosing schedules and licenced
indications for the treatment of ACS and venous TE. The
individual LMWH’s molecular weight affects the specificity
each drug has to binding to factor II and factor Xa with
smaller LWMH selectively targeting factor Xa in compari-
son to factor II (see Table 1). Additionally, renal clearance
is indirectly proportional to the molecular weight of the
drug (see Table 1). Thus, an LMWH with a lower molecular
weight are is more dependent on renal clearance and
therefore may accumulate in patients with renal dysfunc-
tion and may be more pronounced with the smaller
LMWH [29].

Renal perspectives. Due to the expected accumulation of
all LMWH in severe renal dysfunction, patients with renal
dysfunction have been excluded from the majority of the
large randomized control trials performed with LMWHs.
Without these results and the subsequent lack of safety
and efficacy data, caution is required when dosing the
LWMHs in patients with renal impairment. A dose reduction
andmonitoring of anti-factor Xa levels is generally advised.
The majority of the evidence for treatment dose LMWH

in severe renal impairment is based on smaller open label
studies where outcomes such as anti-Xa levels are re-
viewed and not the patient orientated outcomes such as
mortality, disease progression and major bleeding rates.
Some analysis of subgroups of CKD patients in larger ran-
domised controlled trials has been performed and has
proved valuable. Due to the latter analysis exclusion cri-
teria, the majority of patients defined as having severe
CKD will have a renal function just below CrCl 30 mL/min
and are not representative of patients with end-stage
renal disease. The pharmacokinetic properties of the three
licenced LMWH vary as does the evidence base for treat-
ment of ACS and venous TE in severe CKD (Table 2).

Enoxaparin. Enoxaparin is the most studied LMWH in pa-
tients with renal dysfunction, primarily due to its licenced
dose reduction (1 mg/kg once daily) for patients with
severe renal disease (CrCl < 30 mL/min). The reduced dose
enoxaparin is the most robustly studied LMWH regime in
patients with renal dysfunction (see table). Care must be
taken however to avoid sub-therapeutic treatment in the
renal patients. Bleeding risks should be minimized but not
at the risk of increasing further ACS or Venous Thrombo-
Embolism (VTE) events. Under-dosing, defined as peak

Table 1. Dosing and pharmacological characteristics of three low-molecular weight heparins in chronic kidney disease

Dalteparin [26] Enoxaparin [27] Tinzaparin [28]

Treatment indications
(dose)

ACS (120 IU/kg BD), VTE (200 IU/kg OD) ACS (1 mg/kg BD), VTE
(1.5 mg/kg OD)

VTE (175 IU/kg OD)

Dosing advice in CKD 4/5 No dose adjustment advised except with
anti-Xa level for eGFR <30 mL/min

Dose reduction to 1 mg/kg once
daily if eGFR <30 mL/min

No dose reduction needed if
eGFR >20 mL/min.
Dose adjust as per anti-Xa
level if <20 mL/min

Anti-Xa:IIa ratio 2.2 3.9 2.8
Average molecular weight
(Da)

5000 4500 5500–7500

OD, once daily; BD, twice daily; VTE, venous thromboembolism.
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Table 2. Published pharmacokinetic data on lowmolecular weight heparin use in CKD 4/5

Authors Dose Population Results Comment

Enoxaparin
Spinler et al. [10] 1 mg/kg BD (versus UFH) Randomized control trial

subgroup
Endpoints (mortality, MI and urgent revascularization) 18.8 versus 32.4% in
enoxaparin and UFH arms (ns)

Bleeding rates increased in severe RI group
regardless of anticoagulant used

Thorevska et al. [11] 1 mg/kg BD (versus UFH) Retrospective cohort study
(n = 620), <60 mL/min

Major bleed rate per 1000 person days 30.7 versus 36.6 in UFH and
enoxaparin groups (ns)

Collet et al. 2003 [30] 0.65 mg/kg BD (in CrCl
<30 mL/min)

Registry data (n = 62),
<30 mL/min

Adjusted anti-Xa levels similar in severe RI group and normal function
group (0.85 ± 0.05 versus 0.95 ± 0.02, ns). Bleeding rates similar in two
groups

One-third dose reduction of enoxaparin safe in
severe RI patients

Fox et al. 2006 [31] 1 mg/kg OD (in CrCl <30
mL/min)

Randomized control trial
subgroup (n = 212 with
<30 mL/min)

Similar results with adjusted enoxaparin versus UFH therapy in CrCl <30
mL/min. Non-significant difference is mortality or recurrent MI (33 versus
37.7%) and in bleeding risk (5.7 versus 2.8%) in enoxaparin and UFH
respectively

Kidney function, regardless of anticoagulation
used, is the main risk for increased mortality,
recurrent disease and bleeding.

Chow et al. 2003 [32] 1 mg/kg BD Prospective cohort study
n = 18
A: >30 mL/min
B: ≤30 mL/min

Adjusted anti-Xa levels after at least 3 doses
A: 0.91
B: 1.34 (P < 0.05)

Author recommends dose reduction in 30 mL/min

Bazinet et al. 2005 [33] 1.5 mg/kg OD, 1 mg/kg
BD and 75% dose in
dialysis patients

Prospective non-
randomized trial
A: >50 mL/min n = 106
B: 30–50 mL/min n = 54
C: 11–30 mL/min n = 36
D: HDx n = 18

Peak anti-Xa on Day 2 or 3, mean (95% CI)
A: OD, 1.10 (1.0–1.2); BD, 1.06 (0.99–1.14)
B: OD, 1.21 (1.09–1.33); BD, 1.25 (1.12–1.39)
C: OD, 1.18 (0.92–1.44); BD, 1.27 (1.15–1.4)
D: OD 1.04 (0.79–1.3); BD, 1.03 (0.45–1.61)

Dose adjustments recommended in RI with the
BD dosing

Dalteparin
Shprecher et al. 2005 [34] 100 IU/kg BD Prospective cohort study

A:<80 mL/min (n = 11)
B: >40 mL/min (n = 7)

No significant differences in anti-Xa values
A: 0.55 ± 0.20
B: 0.47 ± 0.25

Schmid et al. 2009 [35] 100 IU/kg BD Prospective cohort study
A: >60 mL/min (n = 18)
B: 30–59 mL/min (n = 9)
C: 10–29 mL/min (n = 5)

Adjusted anti-Xa values on Day 6 (median)
A: 0.57 (0.30–0.69)
B: 0.66 (0.47–0.69)
C: 1.21 (0.99–1.41)

Non-significant trend (P = 0.22) suggestive of
accumulation of anti-Xa in CKD4/5

Tinzaparin
Siguret et al. 2000 [36] 175 IU/kg OD for

minimum of 10 days
Prospective cohort
N = 30
Mean (40.6 ± 15.3 mL/min);
range 20–72 mL/min

Adjusted anti-Xa values (mean)
No toxicity (anti-Xa >1.5 IU/mL)
No accumulation seen (mean anti-Xa 0.66 ± 0.2 IU/mL)

Authors recommend no dose adjustment for
CrCl >20 mL/min

Pautus et al. 2002 [37] 175 IU/kg OD up to
30 days

Prospective cohort
N = 200
Mean (51.2 ± 22.9 mL/min)

No correlation was found between anti-Xa activity and creatinine clearance
or age. Rate of major bleeding was low (1.5%) and treatment was generally
well tolerated

No dose adjustment recommended for CrCl
>20 mL/min

OD, once daily; BD, twice daily.
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anti-Xa levels <0.5 IU/mL have been shown to occur in
approximately one-fourth of patients on the dose adjusted
enoxaparin treatment (1 mg/kg ONCE daily) [38]. Anti-Xa
monitoring is therefore essential for enoxaparin and any
other LMWH treatment in this high-risk population.

Dalteparin. The current practice of dalteparin treatment
of ACS and VTE in severe CKD is very limited, with pharma-
cokinetic investigations completed on only 12 patients
across two studies to date (see Table 2). Data on treat-
ment outcomes, such as mortality and bleeding complica-
tions, is not detailed in this high-risk population. This
highlights the risks of full dose dalteparin treatment in
this group but further studies are required before daltepar-
in can be recommended.

Tinzaparin. The current licence for tinzaparin recommend
a dose of 175 IU/kg once daily for patients with a CrCl >30
mL/min, however, available evidence does indicate that no
dose reductions are required down to a CrCl 20 mL/min
(see Table 2). Tinzaparin is the largest molecular weight
licenced LMWH and clearance is less dependent on the
kidney function. Despite the expected benefits of tinzaparin
in patients with renal dysfunction, little evidence is avail-
able to confirm the safety of VTE treatment in this popula-
tion, particularly in patients with CrCl <20 mL/min.

Dosing frequency of LMWH in CKD. The use of a twice
daily dosing regime is desirable in patients with high
bleeding risks. The splitting of the total dose into two
equal doses will reduce the peak exposure and the theor-
etically increased bleeding risks associated with these
peaks. The traditional use of once daily dosing over twice
daily dosing for treatment of VTE for all LMWH was insti-
gated primarily for patient convenience. The convenience
of once daily dosing outweighs the potential for a lower
efficacy as identified in a Cochrane review [39]. While
bleeding rates were similar between the two dosing regi-
mens, this is based on patients with normal renal function
and therefore this must not be assumed in patient with
severe renal impairment. Thus, due to the concerns of
accumulation and consequential bleeding, an initial dose
reduction of treatment dose LMWH is anticipated and
anti-Xa monitoring should influence further dosing.

Anti-Xa monitoring

The laboratory test for low-molecular weight heparin is
anti-factor Xa activity. Anti-Xa activity can differ between
different LMWH and as such, agent-specific calibrators
should be used in the laboratory to ensure accuracy. A
fondaparinux-specific anti-Xa assay is also available but
not widely used. Also, anti-Xa assays are now available for
new oral anticoagulants, rivaroxaban and apixaban, but
are not available in every laboratory. Performance of this
assay is based on the principle that endogenous factor Xa
that is not complexed with the anticoagulant can cleave a
chromophore off a substrate and produce a colour change
which can be detected by a spectrophotometer, Results
are reported as anti-factor Xa level. Currently accepted
values for prophylactic dosing are 0.1–0.3 U/mL of anti-Xa
activity, while the same for therapeutic dosing will be 0.4–
1.0 U/mL. It needs to be borne in mind that these values

can change depending on the laboratory and calibrator
used and discussion with the laboratory is important.
Our practice of monitoring LMWH in patients with CKD is

given in Table 3. A useful guide for initiating low-molecular
weight heparin for treatment of venous TE is given in
Table 4. In this context, we need to stress that the choice of
dalteparin is based on hospital choice of anticoagulation
for all non-renal patients and is not evidence-based in CKD.

Heparin-induced thrombocytopenia

HIT is a life threatening complication associated with
heparin treatment, where antibodies to heparin–platelet
complexes can lead to platelet activation and aggregation
[14]. Since the antibodies can cross-react, any form of
heparin including LMWH or heparin flushes should be
avoided in these patients. However, since it is a prothrom-
botic state, an alternative parenteral anticoagulant is
indicated.
The choice of alternative anticoagulation is influenced by

the patient’s renal function. Patients with HIT are recom-
mended to use non-heparin anticoagulants, such as lepiru-
din, argatrogan, danaparoid and fondaparinux (Table 5)
[14, 40–42]. Lepirudin is extensively metabolized and ex-
creted through the kidneys, and aggressive dose reductions
are required for therapeutic dosing in patients with renal
impairment. Due to the complex dosing adjustments, lepir-
udin is usually avoided in this population [14]. More recently,
lepirudin has been withdrawn from the market. Danaparoid
and fondaparinux (unlicensed use) can be used in patients
with mild-to-moderate renal impairment (CrCl >30 mL/min);
however, accumulation and increased risk of bleeding is
possible [41, 42]. The risk of bleeding with fondaparinux
increases with increasing renal impairment (mild 4.4%,
moderate 6.6% and severe renal impairment 14.5%) [42]. In
patients with severe renal impairment (CrCl <30 mL/min),
argatroban is the preferred choice of anticoagulant. It
is extensively cleared by the hepatobiliary system and
no dose adjustment (0.5–2 µg/kg/min) is required for
initial dosing. Regular APTT monitoring is used to direct
subsequent dosing [40].

Oral anticoagulation: warfarin

Warfarin has traditionally been the oral anticoagulant of
choice due to clinician familiarity. However, in general
population, warfarin use is complicated by a narrow thera-
peutic index and multiple drug–drug and drug–food inter-
actions. In addition, there are some unique renal specific
factors which should be borne in mind with the use of
warfarin in CKD patients.

(i) Lower dose requirements: Limdi et al. [43] have shown
patients with severe renal dysfunction require a

Table 3. Monitoring of anti-Xa levels with low molecular weight heparin
for anticoagulation in renal impairment

Initial anti-Xa test
• Pre-dose level (trough)
• 2–4 h post-dose (peak)

Before and after the third dose

Subsequent monitoring once in
therapeutic range

(Peak and trough) twice a week

Target anti-Xa level Pre-dose level (trough)
<0.1–0.3 IU/mLa2–4 h post-dose (peak)
0.5–1 IU/mLa

aAnti-Xa levels out of range should be discussed with haematologist.
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significantly lower daily dose of warfarin to achieve
therapeutic INR in comparison to control of normal
kidney function. Patients with a CrCl of 30–59 mL/min/
1.73 m2 tend to need a 10% lower maintenance
dose, while those with levels of <30 mL/min/1.73 m2

a 20% lower dose. This is probably related to the
down-regulation of cytochrome P450 in CKD.

(ii) Labile INRs: CKD patients spent a longer time outside
of the target INR and were at highest risk of supra-
therapeutic anticoagulation (INR >4). This in the
setting of bleeding risk put such patients at higher risk
of bleeding [44].

(iii) In a very recent study, warfarin treatment was associated
with a lower 1-year risk for the composite outcome of
death, myocardial infarction and ischaemic stroke
without a higher risk of bleeding. This association was
not related to the severity of concurrent CKD [45].

(iv) Risk of vascular calcification: renal failure is associated
with hyperphosphatemia which can stimulate vascu-
lar smooth muscles in the arterial walls to develop
osteoblastic characteristic, leading to vascular calcifi-
cation [46]. This process is normally inhibited by
matrix G1a protein, which requires vitamin K, which in
turn is blocked by warfarin.

(v) Warfarin-related nephropathy [47]: this is an unex-
plained increase in serum creatinine ≥0.3 mg/dL within
1 week of an INR reading of ≥3.0. It is thought to be
due to glomerular haemorrhage and tubular obstruc-
tion by red cell casts. Compared with 16% of non-CKD
patients, 33.0% of those with CKD developed this com-
plication and had a 1-year mortality which increased
from 18.9 to 31%.

Despite high-bleeding risks and lack of high quality evidence
in this population, warfarin is still recommended for VTE
and atrial fibrillation (AF) treatment. A start-low go-slow ap-
proach towards dosing of warfarin is advised to avoid over-
anticoagulation of patients with severe kidney dysfunction.

New oral anticoagulants

In recent years, there has been an influx in new oral antic-
oagulants to the market for the prevention and treatment
of VTE and stroke prevention in AF patients (see Figure 2).
The main advantage of the new oral anticoagulants is
their predictable therapeutic effect and the monitoring-
free therapy this provides. Differences exist with the three

new oral anticoagulants, with varying licences, different
pharmacodynamic targets and a variable pharmacoki-
netic clearance from the kidneys (Table 6). Since dabiga-
tran and to a lesser extent, rivaroxaban and apixaban are
excreted by the kidneys, drug accumulation which can
translate into accentuated anticoagulant effects [48–51].

One of the key issues in this area is the fact that eGFR and
CrCl are not interchangeable, although eGFR could provide
some guidance. The summary of product characteristics of
each new oral anticoagulant recommends that ‘Cockcroft
and Gault’ formula is used for dosing and monitoring. A
recent study showed that if the MDRD-derived eGFR was

Fig. 2. Coagulation starts by tissue factor binding to factor VII. This
activates some factor X which will cause a small, initial thrombin burst.
This thrombin will activate factors VIII and IX, which will activate further
factor X leading to huge thrombin burst. The sites of action of the newer
oral anticoagulants and direct thrombin inhibitors are shown.

Table 5. Characteristic of anticoagulants used to treat patients with HIT [14]

Lepirudin Argatroban [40] Danaparoid [41] Fondaparinux [42]

Coagulation target Thrombin Thrombin Factor Xa Factor Xa
Half-life (h) 1.2 (48 in CKD 4/5) 0.6–0.8 24 (>31 in CKD 4/5) 17 (35–85 in CKD4/5)
Kidney clearance 45% (+metabolism in kidney) 15% 40–50% 64–77%
Approved for CrCl <30 mL/min No Yes No No

Table 6. Characteristics of the new oral anticoagulants

Rivaroxaban [48] Apixiban [49] Dabigatran [50]

Coagulation target Factor Xa Factor Xa Thrombin
Bioavailability (%) 80–100 50 6.5
Protein binding (%) 92–95 87 35
Half-life (h) 5–13 12 12–14

(27 in CKD4/5)
Renal clearance (%) 33 27 85
Approved for CrCl
<30 mL/min

Yes.
Reduce dose in
CrCl 15–29
mL/min

Yes.
Reduce dose in
CrCl 15–29
mL/min

No

Interactions Cyp 3A4 and P-gp Cyp 3A4 and P-gp P-gp

Table 4. The hospital protocol for the use of low-molecular weight heparin for use in chronic kidney disease patients

GFR >40 mL/min GFR 30–39 mL/min GFR <30 mL/min

Recommended dose 100% of licenced dose once daily 80–90% of licenced dose once daily UFH or 60% of licenced dose twice daily

Pre- and post- dose anti-Xa levels are essential for the use of low-molecular weight heparin in patients with a GFR <50 mL/min to avoid supra- or
sub-therapeutic anticoagulation.

The choice of low molecular weight heparin is not based on trials in renal patients. We advise the practitioners to alter the above according to the local
protocol of choice of anticoagulant.
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used instead of Cockcroft–Gault in prescribing these new
agents, many elderly patients with AF would either incor-
rectly become eligible for them or would receive too high a
dose [52]. There is the additional concern that the risk of
major bleeding would be increased in patients with unsus-
pected renal impairment [52]. The eGFR calculated using
the modification of diet in renal disease equation is now
considered the standard test for assessing renal function.
However, historically, CrCl estimation using the Cockcroft
and Gault equation was used to make decisions on dosing
drugs in relation to kidney function. Although the British Na-
tional Formulary recommends eGFR for monitoring kidney
function, they state that calculation with the Cockcroft and
Gault equation should be used for low therapeutic index
and high-risk drugs. In other cases, eGFR is an adequate es-
timate of the CrCl.

Since no antidote currently exists to reverse active bleed-
ing associated with these new oral anticoagulants and also
the expected prolongation of the therapeutic half-life in
CKD4/5 patients, rivaroxaban and apixiban, these agents
should be used with caution in this population.

The following practical points may be considered:

(i) Patients must have a baseline renal function test
before initiating these agents.

(ii) Renal function can decline while on treatment hence
monitor annually or more often in high-risk patients.

(iii) Acute illness often transiently affects renal function
(infections, acute heart failure, etc.), and therefore
should trigger re-evaluation. Care should be taken
when prescribing other drugs which may be nephro-
toxic in such situations.

(iv) The summary of product characteristics for dabiga-
tran recommends that this agent is contraindicated
in patients with a CrCl <30 mL/min in the UK. Pa-
tients at increased risk of haemorrhage and all pa-
tients of ≥80 years should be given a lower dose
(110 mg twice daily) and this reduced dose is recom-
mended for all [50]. US licencing advises a reduced
dose (75 mg twice daily) for patients with CrCl
15–30 mL/min but this remains an off-label indi-
cation in the UK at time of print.

(v) Rivaroxaban is contraindicated in patients with a
CrCl of <15 mL/min and the dose should be reduced
from 20 to 15 mg daily in those with a CrCl of 15–49
mL/min [48].

(vi) In patients with CrCl 15–29 mL/min, apixaban
should be given at 2.5 mg twice daily [49].

(vii) New oral anticoagulant therapy should be avoided
and VKAs may be a more suitable alternative for
now in AF patients on haemodialysis. Whilst war-
farin therapy remains unpredictable and is not
without its complications, it can be quickly and ef-
fectively reversed in this high-bleeding risk group, an
essential property of an anticoagulant for use in the
severe renal dysfunction population.

Conclusions

In summary, management of anticoagulation in CKD re-
quires special considerations to minimize complications
from bleeding from over-anticoagulation while at the
same time, adequate dosing can be problematic. Close
liaison with the haematologists may be beneficial in this
regard and setting up local hospital protocols which are
strictly adhered to and audited also helps. Further

prospective trials are necessary before this can be ad-
dressed but a recent editorial summarizes this issue as ‘It
is ironic that we are routinely treating many patients with
renal disease and atrial fibrillation every day with great
uncertainty as to benefit or harm without their consent,
and at the same time, major regulatory and ethical bar-
riers exist that prevent efficient enrolment of patients into
clinical trials that are needed to answer this (and other)
important questions’ [53].

Conflict of interest statement. None declared.
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