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Anticoagulation therapy is commonly required in patients with chronic kidney disease for treatment or

prevention of thromboembolic disorders. Anticoagulant management plans can involve use of a single

agent, or in some cases, a combination of agents to meet both short- and long-term goals. Systemic

anticoagulation in the setting of renal insufficiency poses unique challenges secondary to renal

failure-associated hypercoagulable conditions and increased risks for bleeding. Evidence supporting

dosing regimens and monitoring approaches in the setting of severe renal impairment or hemodialysis

is limited because this population is typically excluded in clinical trials. This review explores concepts of

systemic anticoagulation in the chronic kidney disease setting with warfarin, unfractionated heparin,

low-molecular-weight heparin, fondaparinux, direct thrombin inhibitors, and anticoagulants in ad-

vanced stages of development. Potential strategies for anticoagulant reversal are also briefly

described.
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Patients with chronic kidney disease (CKD)
are at high risk for venous thromboembo-

lism (VTE) and hospitalization.1,2 The increased
risk of VTE frequently necessitates anti-
coagulation therapy for prophylaxis or treat-
ment. Anticoagulants may also be used for
challenges unique to CKD such as prevention of
recurrent clotting of grafts or maintaining the
extracorporeal dialysis circuit. Using anti-
coagulation therapy in the setting of CKD cre-
ates several challenges for the clinician and
patient. The implementation of anticoagulation
therapy can result in several barriers such as
frequent blood draws required for anticoagu-
lant monitoring, uncertain safety and efficacy
of renally eliminated anticoagulants, influences
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of hemodialysis on coagulation and anticoagu-
lant pharmacokinetics, and increased risk of
bleeding or thromboembolism. Decisions for
anticoagulation therapy, including the agent
selected, duration, dose, and approaches to
monitoring, should balance the risks of bleeding
to thromboembolic-related outcomes. How-
ever, presence of CKD is frequently an exclusion
criteria in clinical trials, with dosing insights
gained through postmarketing experiences.
This review will explore selected anticoagulant
agents and considerations with their use in
CKD, independent of maintaining the dialysis
circuit.
Influences of CKD on Coagulation

The patient with CKD is at risk for clot forma-
tion, with VTE and stroke occurring more fre-
quently as compared with their age-matched
counterparts.1,3 In the presence of CKD, sev-
eral conditions unique to this population influ-
ence the risk for thrombosis. The mechanisms
for increased coagulation are multifactorial.
Patients with CKD are known to have
increased levels of procoagulant factors.4

Simultaneously, decreases in endogenous anti-
coagulants and fibrinolytic activity might
occur.5 Commonly used medications, such as
erythropoietin stimulating agents, can also
increase the risk of thromboembolism.6
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Thrombosis of vascular access can be increased
depending on the location, graft material, sur-
gical technique, and the patients’ own coagula-
ble state. The degree of hypercoagulability can
increase as renal function declines, and con-
tinues to increase during concurrent anticoa-
gulation therapy.7,8

In contrast, patients with CKD are also at
increased risk of bleeding.1,3 Platelets can
become dysfunctional secondary to uremic-
related toxin exposure and can have further ad-
hesion defects as a result of shear wall stress
alterations during hemodialysis.9,10 Blood loss
and lower hemoglobin values can be a concern
for dialysis efficiency in addition to providing
adequate tissue oxygenation in a population
prone to anemia. This may be most critical
in comorbid conditions such as asthma
or coronary artery disease. Concurrent coagul-
opathy, secondary to hepatic dysfunction, can
also alter elimination of selected anticoagulants,
with dosing strategies in hepatorenal failure
individualized to the patient’s clinical
presentation.
Treatment Versus Prophylaxis Dosing

In general, risk of drug accumulation and
bleeding for renally eliminated anticoagulants
in patients with CKD is higher with treatment
doses compared with prophylactic doses, ne-
cessitating appropriate dosage adjustment
and close monitoring when treating VTE. Pro-
phylaxis using low-dose unfractionated hepa-
rin (UFH) at 5,000 units subcutaneously
3 times daily does not require any dose modi-
fications in CKD; moreover, the presence of
CKD is not a reason to avoid pharmacological
thromboprophylaxis when indicated. Dosing
of other agents becomes less clear, with con-
sideration given sometimes to the reduction
in the dose (Table 1). Data supporting the op-
timal prophylactic dose of low-molecular-
weight heparins (LMWH), direct thrombin
inhibitors, and fondaparinux in CKD are
unclear, but potentially lower than that used
in patients with a creatinine clearance (CrCl)
over 30 mL/min. International normalized ra-
tio (INR) target ranges with warfarin therapy
do not require any adjustment solely because
of the presence of CKD.
Selected Agents

Warfarin

Vitamin K antagonists including warfarin are
typically used for long-term anticoagulation,
and are hepatically eliminated, suggesting lim-
ited need to adjust dosage in renal failure. This
class of anticoagulants reduces the hepatic-
mediated vitamin K-related carboxylation to
form activated clotting factors II, VII, IX, and
X. In general, warfarin is eliminated hepati-
cally using cytochrome P450 2C9. Renal dys-
function and uremia have the potential to
modify the minor 2C19-mediated elimination,
prolonging some of the effects of warfarin.11

The risk of bleeding and thromboembolic com-
plications is increased when using warfarin in
the CKD population, and depends on the INR
target, incidence of values outside of the target,
or other comorbid conditions.12 Therefore,
warfarin dosing requirements tend to be lower
as renal function declines.12 Multiple factors
including concurrent drug interactions and
acute medical problems such as heart failure
or infections warranting more frequent moni-
toring can influence the dose response initia-
tion of warfarin.13 INR should be measured
by venipuncture before dialysis. However,
other approaches may be considered to pre-
serve venous access for patients in whom
venipuncture is difficult or when venous pres-
ervation is desired. One comparative analysis
of patients receiving warfarin noted that sam-
pling from the arterial port 1 hour after initia-
tion of dialysis yielded only slightly higher
INR values (0.2 6 0.2) compared with veni-
puncture.14 Samples drawn from catheter lines
locked with heparin, saline, or citrate can
sometimes be hemodiluted resulting in spuri-
ous elevations in the INR. Because of the com-
plexity of managing warfarin, and increased
risk of adverse outcomes in the CKD setting,
warfarin management should be deferred
when possible to dedicated anticoagulation
services.15

Heparin

UFH is a large, heterogeneous compound of
approximately 45 saccharide units that indi-
rectly binds to and increases the enzymatic ac-
tivity of antithrombin (AT) against activated



Table 1. Suggested Dosing Adjustments of Parenteral Anticoagulants in CKD for VTE Treatment

Agent Dosing in CKD Comment

Unfractionated

heparin

No adjustment necessary Low antithrombin activity may

affect dosing requirements.

Dalteparin No adjustment for CrCl $20 mL/min Dosing adjustment for CrCl

,20 mL/min unclear.

Enoxaparin CrCl .60 mL/min: no dose modification

CrCl 30-60 mL/min: 25% dose reduction

CrCl 20-30 mL/min: 50% dose reduction

Dosing adjustment for CrCl

,20 mL/min unclear.

Tinzaparin No adjustment for CrCl $20 mL/min Adjustment for CrCl

,20 mL/min unclear.

Fondaparinux Contraindicated in CrCl ,30 mL/min. Dosing adjustments for renal

function are unclear.

Argatroban Renal dysfunction dose adjustment unclear.

Fraction of extracorporeal clearance not clinically

significant.

Dose reduction of 0.1-0.6 mg/kg/

min per 30 mL/min decrease

in CrCl has been suggested.

Bivalirudin Eliminated enzymatically and renally; however,

clearance relationship exists between CrCl and

dose requirements.

HIT and VTE dosing:

CrCl .60 mL/min: 0.15 mg/kg/h

CrCl 30-60 mL/min: 0.08-0.1 mg/kg/h

CrCl ,30 mL/min or hemodialysis: 0.03-0.05 mg/kg/h

Substantially removed during

HD. Higher doses are used

during cardiac interventional

procedures with adjustment

for renal dysfunction

necessary.

Lepirudin CrCl (mL/min) Dose (mg/kg/h) Doses as low as 0.005 mg/kg/h

have been used in renal

failure requiring

hemodialysis.

.60 0.1-0.15

45-60 0.075

30-44 0.045

15-29 0.0225

,15 0.02 or less
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factors II and Xa through the active pentasac-
charide unit. Because UFH is primarily metab-
olized in the liver and endothelium, little
adjustment in the dose is necessary in the set-
ting of CKD. In acute thromboembolic events,
an intravenous (i.v.) bolus dose of up to 80
units/kg may be administered to rapidly re-
duce the activity of clotting factors that may
in theory encourage expansion of an acute
thrombosis. In the setting of acute coronary
syndromes (ACSs), a lower bolus dose of 60
units/kg i.v. is typically used. In the absence
of an emergent need for anticoagulation or
high bleeding risk situations, such as in em-
bolic strokes, the bolus dose may be omitted
and just a continuous infusion may be initi-
ated. This has the advantage of establishing
anticoagulation more gradually, thereby limit-
ing the risk of bleeding and removing the in-
fluences of the bolus on early (,6 hours)
measures of intensity (ie, activated partial
thromboplastin time, or aPTT) used to adjust
the infusion rate. Initial UFH continuous infu-
sion rates do not require special adjustment
because of CKD alone and goal aPTT ranges
should be targeted to the indication for antico-
agulant therapy. If i.v. access is not available,
weight adjusted subcutaneous (SC) UFH
may be a suitable option.16
Low-Molecular Weight Heparin

Generally, UFH is the preferred option for ini-
tial parenteral anticoagulation in patients with
CKD and VTE. However, an LMWH may be
considered in selected situations such as no
i.v. access, inability to monitor the aPTT, or de-
sire to treat in the ambulatory setting. The
LMWHs more specifically inhibit the activity
of Xa, with lower affinity and effect on factor
IIa. These agents are primarily eliminated re-
nally and dosing adjustments are needed as
renal function declines. The incidence of
bleeding with LMWH varies, with higher
rates observed in renal failure, especially
when the dose was not adjusted for renal dys-
function.17 For the LMWHs, most of the stud-
ies evaluating VTE treatment do not include
the severe renal disease or hemodialysis
populations. For dalteparin and tinzaparin,
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dosing adjustments are not necessary when
the estimated CrCl is .20 mL/min.18 How-
ever, enoxaparin is more sensitive to renal
dysfunction, requiring a dosing adjustment
when the CrCl drops below 30 mL/min.
Some authors have suggested a 25% reduction
in the enoxaparin dose when used with CrCl
levels of 30 to 60 mL/min, and a 50% reduc-
tion in dose in patients with severe renal insuf-
ficiency (CrCl ,30 mL/min).19 This would
combine CKD stages IV and V into 1 dosing
category. The data used to determine this are
primarily driven by ACS trials involving
short-term therapy with patients having se-
rum creatinine measurements ,2.5 mg/dL,
but calculated CrCl ,30 mL/min. The CKD
stage V population was excluded from clinical
trials. During hemodialysis, elimination may
increase, and observed anti-Xa activity may
drop when using high-flux membranes com-
pared with low-flux.20 Since discordance be-
tween anti-Xa activity and thrombin
generation time has been reported,21 ques-
tions have arisen as to the correlation between
LMWH pharmacokinetics and pharmacody-
namic response in patients receiving dialysis
therapies As such, the dosing of enoxaparin
when the CrCl is ,20 mL/min, along with
the other LMWHs, remains unclear.

Most of the data exploring the use of
LMWH in the setting of CKD requiring hemo-
dialysis focus on maintaining the dialysis cir-
cuit, with the LMWH being administered i.v.
predialysis. Observations in this setting sug-
gest that dalteparin doses of 39 units/kg in
intermittent hemodialysis and 20 to 40 units/
kg/h plus an initial load in continuous renal
replacement therapy and enoxaparin (0.7
mg/kg and 3.5-4.2 mg/h for intermittent he-
modialysis and continuous renal replacement
therapy, respectively) may be effective in pre-
venting thrombosis of the dialysis circuit.22-24

Prolonged filter survival with the use of
LMWH was observed in some reports, but
not in other assessments.22,23
Fondaparinux

Fondaparinux is an anti-Xa-specific agent that
is renally eliminated with a long elimination
half-life requiring only once daily dosing.
Fondaparinux is currently contraindicated in
patients with a CrCl ,30 mL/min.25 Because
of its small size, it does not have the same
potential to cause heparin induced-
thrombocytopenia (HIT) as UFH or LMWHs,
and has actually been considered as an op-
tional anticoagulant.26 In the setting of HIT,
fondaparinux may be considered in patients
with CKD when direct thrombin inhibitors
(DTIs) or warfarin therapy are not feasible op-
tions. The appropriate fondaparinux dose and
frequency in such situations are unclear, and
could range from once daily in mild renal im-
pairment to every other day or longer dosing
intervals in more severe renal dysfunction.
No clear dose-response relationship between
2.5 to 10 mg has been observed in phase II tri-
als for VTE or ACS, suggesting a lower dose
may be an option.27,28 A recent study in pa-
tients with a CrCl of 20 to 50 mL/min demon-
strated that fondaparinux 1.5 mg once daily
was effective and safe for prevention of
VTE.29 Another strategy is 2.5 mg every other
day.30 In hemodialysis patients, fondaparinux
0.05 mg/kg administered before each dialysis
session provided adequate anticoagulation,
but a significant increase in predialysis anti-
Xa activity was demonstrated after only 9 con-
secutive hemodialysis sessions, indicating
fondaparinux accumulation.31

In the setting of CKD, UFH or potentially
LWMH are still preferred over fondaparinux
for systemic anticoagulation, and DTIs are
preferred in the presence of acute HIT. The de-
cision to use fondaparinux in CKD will de-
pend on an assessment of the risk of
thrombosis and bleeding, and the ability to
provide close monitoring and follow-up.
Direct Thrombin Inhibitors

In the setting of HIT or AT deficiency, DTIs
may be options for anticoagulation. Currently,
DTIs are only available in i.v. form and are ad-
ministered either by continuous infusion or
subcutaneous injection. The 3 DTIs commonly
used are argatroban, bivalirudin, and lepiru-
din. Recognition of HIT in patients with
CKD can sometimes be difficult secondary to
lower baseline platelet counts. When a 50%
drop in platelet count with current or recent
heparin or LMWH therapy occurs, especially
if unexpected clotting of the dialysis
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apparatus occurs (which can occur before the
50% drop), HIT may be one of the consider-
ations. Tools to diagnosis HIT have been pre-
viously reviewed, and this article will focus
on anticoagulation management in the setting
of CKD. The first goal in HIT management is
to eliminate all exposure to heparin including
heparin flushes and bathing the dialysis filter
in heparin. Clinical trials for the DTIs did
not recognize the effect of renal insufficiency,
with current dosing recommendations influ-
enced by postmarketing observations.26

Argatroban is hepatically eliminated, and it
has been suggested that no adjustment in dos-
ing is required for renal insufficiency or hemo-
dialysis. In clinical trials, the mean doses in
HIT was 1.6 mg/kg/min, targeting aPTT
values 1.5 to 3 times control. Postmarketing
observations of acutely ill patients with renal
failure have suggested lower dosing require-
ments, with dose reductions of approximately
0.1 to 0.6 mg/kg/min noted for each 30
mL/min decrease in the CrCl.32,33 In at least
one observation, the mean argatroban dose
to reach target ranges was 0.8 mg/kg/min with
a CrCl ,30 mL/min, 1.2 mg/kg/min if CrCl
was 31 to 60 mL/min, and 2.2 mg/kg/min if
the CrCl was above 60 mL/min.33

In comparison with argatroban and bivalir-
udin, lepirudin is the agent most dependent
on renal elimination and requires significant
dosing reductions as renal function declines.
In the setting of hemodialysis, doses as low
as 0.0025 mg/kg/h have been observed. Biva-
lirudin is primarily eliminated independent of
renal function, with 80% removed enzymati-
cally. It has also been observed to be removed
through ultrafiltration.34 Although not indi-
cated in HIT, bivalirudin has been used sec-
ondary to the short elimination half-life, and
rapid off set of activity. It is also commonly
used in the setting of ACSs, and may require
dosing reductions when used during inter-
ventional procedures and concurrent renal
failure.35 For patients with renal dysfunction
and HIT, dose reductions have been
suggested.36 The extent depends on degree
of renal insufficiency and form of renal re-
placement therapy. Because bivalirudin has
the potential for enzymatic degradation
through thrombin, it may not be an ideal agent
to flush lines. Citrate, saline, or lepirudin may
be used to maintain catheters.34 The target
aPTT for both lepirudin and bivalirudin is
1.5 to 2.5 times baseline, and argatroban is
1.5 to 3 times baseline, which may be different
from the range specified for UFH.

In the setting of CKD, dosing adjustments
during dialysis that lasts 3 to 4 hours are prob-
ably not necessary as any small reduction in
DTI activity most likely will not create a sud-
den systemic thromboembolic event. In the
setting of isolated HIT, where no thrombosis
is present, the lower end of the aPTT range
(1.5-2 times baseline aPTT) may be targeted
to minimize bleeding risks. If there are prob-
lems with the dialysis circuit thrombosis dur-
ing this time, the rate and potentially the
target range may need to be increased. Other-
wise, no dosing adjustments or aPTT mea-
surements before dialysis are necessary.

Pipeline Anticoagulants

Several new anticoagulant agents could reach
the market in the near future. The closest
agents include the oral direct anti-Xa inhibitor
rivaroxaban and the DTIs desirudin (which is
administered subcutaneously) and oral dabi-
gatran. All 3 agents are completely or partially
eliminated through the kidneys and will re-
quire dosing modifications in renal insuffi-
ciency. The dose of these agents may
additionally depend on the indication for anti-
coagulation and any modifications for CKD.
All 3 agents have the potential to elevate the
INR and aPTT, which may determine the pres-
ence of pharmacologic activity; however, their
use to modify dosing, especially in CKD, is at
present unknown.

Measuring Anti-Xa Activity

Monitoring the LMWH anti-Xa activity has
been proposed for patients with CKD. The tar-
get therapeutic ranges may vary, depending on
drug, indication, dosing strategies, and assay
techniques. In general, the peak anti-Xa activity
(4 hours after subcutaneous LMWH dose)
should be approximately 0.5 to 1.1 IU/mL for
treatment doses and 0.2 to 0.4 IU/mL for pro-
phylactic dosing.37 If there is a decision to mea-
sure anti-Xa activity to determine any potential
drug accumulation, it should be noted that
analysis with initial dose may not provide
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accurate prediction of future results. In one as-
sessment, the estimated half-life of enoxaparin
on day 1 was 7.3 hours compared with 15.9
hours on day 4.38 This does not appear to be
the case with dalteparin.39 In the hemodialysis
(HD)-dependent patient, elimination of dalte-
parin appears to be faster than enoxaparin.40

Only minimal difference in anti-Xa activity be-
tween the first and subsequent dalteparin doses
was observed with dalteparin in CKD.40-42

The anti-Xa activity assay has been sug-
gested as a means to adjust the indirect paren-
teral anticoagulants. Fondaparinux levels of
0.5 to 1.5 mg/mL for treatment and 0.2 to 0.4
mg/mL for prophylactic dosing have been
demonstrated in clinical studies using anti-
Xa activity assay, but the target therapeutic
ranges are still to be determined.37 Outcome
data with the use of anti-Xa activity monitor-
ing, especially in the CKD population, have
not been reported. When interpreting results,
it is important to know the method used, spe-
cifically if the addition of AT occurs in the test,
which may influence results (higher anti-Xa
activity values if AT is added as part of the
test in patients with low AT levels).43

In patients with CKD receiving UFH, cur-
rent information does not demonstrate im-
proved patient outcomes when using the
anti-Xa assay over the aPTT. When monitor-
ing LMWHs, the anti-Xa assay has been sug-
gested in the setting of renal failure to
identify potential drug accumulation; how-
ever, benefits of this approach remain
unknown. Although a linear relationship oc-
curs for fondaparinux with anti-Xa, it is still
unclear whether anti-Xa is an effective predic-
tor of efficacy and safety. The other potential
drawback of using anti-Xa analysis in the set-
ting of renal failure is the omission of other
factors affecting hemostasis that may become
more dominant in CKD, such a plasminogen
activator inhibitor, and clinician response to
unexpectedly low or high values, especially
given previous observations of large variabil-
ity and limited correlation in renal insuffi-
ciency.44,45
Reversal of Anticoagulation

Patients with elevated INR values or concur-
rent bleeding when receiving an anticoagulant
require assessment to determine what, if any,
pharmacological reversal is indicated. If a
single ‘‘very high’’ INR or aPTT is observed
in the absence of any bleeding, a repeat value,
preferably by phlebotomy, should be consid-
ered. Recent observations have suggested no
benefit to reverse warfarin with INR values
up to 10 in the absence of bleeding.46,47 The re-
sults are unclear on equating their observa-
tions to the renal failure population where
bleeding risks are higher. When there is bleed-
ing, or an interventional procedure is planned,
holding the anticoagulant would be the pre-
ferred choice. Warfarin can be reversed by vita-
min K, but this can take a considerable amount
of time.46,48 Administration of low dose (0.25-2
mg) of vitamin K by slow i.v. infusion over
30 minutes will work a little faster than
a slightly higher oral dose to reverse a supra-
therapeutic INR back into the target range.48

The intramuscular (IM) or SC routes are
not recommended and work slower as com-
pared with the oral route.49 Higher doses
may be considered in the presence of a life-
threatening bleed or the need to reverse INR
values below 2. If more emergent hemostasis
is necessary, additional agents including fresh
frozen plasma (FFP), prothrombin complex
concentrates (PCC), or activated recombinant
factor VII (rFVIIa) may also be considered.50,51

Use of FFP can be a challenge in CKD second-
ary to the fluid load because doses of 15 mL/
kg or more may be necessary. PCC and rFVIIa
even in very small volumes potentially have
a higher risk of precipitating thromboembolic
events.52,53 The half-life of these coagulation
factors is shorter than warfarin, so administra-
tion of vitamin K in addition to coagulation
factors in patients with hemorrhagic compli-
cations is warranted to prevent a rebound in-
crease in the INR 12 to 24 hours after
coagulation factor administration.54

UFH activity can be reversed by administer-
ing protamine (1 mg per 100 units of UFH). For
patients receiving a continuous infusion, the
dose of protamine should consider the UFH
dose over at least the previous 2 hours. The
benefit of using protamine to reverse LMWH
is controversial, but administering 1 mg of
protamine per 100 anti-Xa units of LMWH par-
tially reverses their effects. Fondaparinux and
DTIs lack a specific antidote; however, FFP,
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PCCs, or rFVIIa may be considered for emer-
gent hemostasis in life-threatening situations.

Conclusion

UFH remains the parenteral anticoagulant of
choice for patients with CKD because of its
short half-life, reliable monitoring, reversibil-
ity, and independence of renal elimination.
Warfarin provides a safe oral alternative to
UFH and does not require any significant dos-
ing alteration because of CKD alone. LMWHs,
fondaparinux, and DTIs may offer alternatives
to UFH in patients with CKD; however, more
studies are needed to determine safe and effi-
cacious dosing and appropriate monitoring
strategies before these agents can be routinely
recommended. Newer anticoagulants may
soon become available, but their role in pa-
tients with CKD will have to be determined
through postmarketing studies.

References

1. Tveit DP, Hypolite IO, Hshieh P, et al: Chronic dialy-
sis patients have high risk for pulmonary embolism.
Am J Kidney Dis 39:1011-1017, 2002

2. Wattanakit K, Cushman M, Stehman-Breen C, et al:
Chronic kidney disease increases risk for venous
thromboembolism. J Am Soc Nephrol 19:135-140, 2008

3. Sood MM, Komenda P, Sood AR, et al: The intersec-
tion of risk and benefit: Is warfarin anticoagulation
suitable for atrial fibrillation in patients on hemodial-
ysis? Chest 136:1128-1133, 2009

4. Shlipak MG, Fried LF, Crump C, et al: Elevations of
inflammatory and procoagulant biomarkers in elderly
persons with renal insufficiency. Circulation 107:
87-92, 2003

5. Adams MJ, Irish AB, Watts GF, et al: Hypercoagula-
bility in chronic kidney disease is associated with
coagulation activation but not endothelial function.
Thromb Res 123:374-380, 2008

6. Singh AK, Szczech L, Tang KL, et al: Correction of
anemia with epoetin alfa in chronic kidney disease.
N Engl J Med 355:2085-2098, 2006

7. Naumnik B, Borawski J, Mysliwiec M: Different
effects of enoxaparin and unfractionated heparin on
extrinsic blood coagulation during haemodialysis: A
prospective study. Nephrol Dial Transplant 18:
1376-1382, 2003

8. Ambuhl PM, Wuthrich RP, Korte W, et al: Plasma hy-
percoagulability in haemodialysis patients: Impact of
dialysis and anticoagulation. Nephrol Dial Transplant
12:2355-2364, 1997

9. Remuzzi G, Marchesi D, Livio M, et al: Altered plate-
let and vascular prostaglandin-generation in patients
with renal failure and prolonged bleeding times.
Thromb Res 13:1007-1015, 1978
10. Yoshida E, Fujimura Y, Ikeda Y, et al: Impaired high-
shear-stress-induced platelet aggregation in patients
with chronic renal failure undergoing haemodialysis.
Br J Haematol 89:861-867, 1995

11. Matzke GR, Frye RF: Drug administration in patients
with renal insufficiency. Minimising renal and extra-
renal toxicity. Drug Saf 16:205-231, 1997

12. Limdi NA, Beasley TM, Baird MF, et al: Kidney function
influences warfarin responsiveness and hemorrhagic
complications. J Am Soc Nephrol 20:912-921, 2009

13. Dager WE: Initiating warfarin therapy. Ann Pharmac-
other 37:905-908, 2003

14. Rioux JP, De Bortoli B, Querin S, et al: Measurement
of the international normalized ratio (INR) in hemo-
dialysis patients with heparin-locked central venous
catheters: Evaluation of a novel blood sampling
method. J Vasc Access 10:180-182, 2009

15. Chan KE, Lazarus JM, Thadhani R, et al: Warfarin use
associates with increased risk for stroke in hemodial-
ysis patients with atrial fibrillation. J Am Soc Nephrol
20:2223-2233, 2009

16. Kearon C, Ginsberg JS, Julian JA, et al: Comparison of
fixed-dose weight-adjusted unfractionated heparin
and low-molecular-weight heparin for acute treat-
ment of venous thromboembolism. JAMA 296:
935-942, 2006

17. Lim W, Dentali F, Eikelboom JW, et al: Meta-analysis:
Low-molecular-weight heparin and bleeding in pa-
tients with severe renal insufficiency. Ann Intern
Med 144:673-684, 2006

18. George-Phillips KL, Bungard TJ: Use of low-
molecular-weight heparin to bridge therapy in obese
patients and in patients with renal dysfunction.
Pharmacotherapy 26:1479-1490, 2006

19. Nutescu EA, Spinler SA, Wittkowsky A, et al: Low-
molecular-weight heparins in renal impairment and
obesity: Available evidence and clinical practice rec-
ommendations across medical and surgical settings.
Ann Pharmacother 43:1064-1083, 2009

20. McMahon LP, Chester K, Walker RG: Effects of differ-
ent dialysis membranes on serum concentrations of
epoetin alfa, darbepoetin alfa, enoxaparin, and iron
sucrose during dialysis. Am J Kidney Dis 44:
509-516, 2004

21. Brophy DF, Carr ME Jr, Martin EJ, et al: The pharma-
cokinetics of enoxaparin do not correlate with its
pharmacodynamic effect in patients receiving dialysis
therapies. J Clin Pharmacol 46:887-894, 2006

22. Joannidis M, Kountchev J, Rauchenzauner M, et al:
Enoxaparin vs. unfractionated heparin for anticoagu-
lation during continuous veno-venous hemofiltration:
A randomized controlled crossover study. Intensive
Care Med 33:1571-1579, 2007

23. Reeves JH, Cumming AR, Gallagher L, et al: A con-
trolled trial of low-molecular-weight heparin (dalte-
parin) versus unfractionated heparin as anticoagulant
during continuous venovenous hemodialysis with
filtration. Crit Care Med 27:2224-2228, 1999

24. Sagedal S, Hartmann A, Sundstrom K, et al: Anticoa-
gulation intensity sufficient for haemodialysis does
not prevent activation of coagulation and platelets.
Nephrol Dial Transplant 16:987-993, 2001



Systemic Anticoagulation Considerations in CKD 427
25. GlaxoSmithKline: Arixtra (fondaparinux) prescrib-
ing information. Research Triangle Park, NC,
GlaxoSmithKline, January 2010

26. Warkentin TE, Greinacher A, Koster A, et al: Treat-
ment and prevention of heparin-induced thrombocy-
topenia: American College of Chest Physicians
Evidence-Based Clinical Practice Guidelines, (8th Edi-
tion). Chest 133:340S-380S, 2008

27. Simoons ML, Bobbink IW, Boland J, et al: A dose-
finding study of fondaparinux in patients with non-
ST-segment elevation acute coronary syndromes:
The Pentasaccharide in Unstable Angina (PENTUA)
Study. J Am Coll Cardiol 43:2183-2190, 2004

28. Treatment of proximal deep vein thrombosis with
a novel synthetic compound (SR90107A/ORG31540)
with pure anti-factor Xa activity: A phase II evalua-
tion. The Rembrandt Investigators. Circulation 102:
2726-2731, 2000

29. Turpie AG, Lensing AW, Fuji T, et al: Pharmacokinetic
and clinical data supporting the use of fondaparinux
1.5 mg once daily in the prevention of venous throm-
boembolism in renally impaired patients. Blood
Coagul Fibrinolysis 20:114-121, 2009

30. Haase M, Bellomo R, Rocktaeschel J, et al: Use of fon-
daparinux (ARIXTRA) in a dialysis patient with
symptomatic heparin-induced thrombocytopaenia
type II. Nephrol Dial Transplant 20:444-446, 2005

31. Kalicki RM, Aregger F, Alberio L, et al: Use of the
pentasaccharide fondaparinux as an anticoagulant
during haemodialysis. Thromb Haemost 98:
1200-1207, 2007

32. Hursting MJ, Murray PT: Argatroban anticoagulation
in renal dysfunction: A literature analysis. Nephron
109:c80-c94, 2008

33. Arpino PA, Hallisey RK: Effect of renal function on
the pharmacodynamics of argatroban. Ann Pharmac-
other 38:25-29, 2004

34. Dager WE, Dougherty JA, Nguyen PH, et al: Heparin-
induced thrombocytopenia: Treatment options and spe-
cial considerations. Pharmacotherapy 27:564-587, 2007

35. The Medicines Company: Angiomax (bivalirudin)
prescribing information. Parsippany, NJ, The Medi-
cines Company, December 2005

36. Kiser TH, Burch JC, Klem PM, et al: Safety, efficacy,
and dosing requirements of bivalirudin in patients
with heparin-induced thrombocytopenia. Pharmaco-
therapy 28:1115-1124, 2008

37. Hirsh J, Bauer KA, Donati MB, et al: Parenteral antico-
agulants: American College of Chest Physicians
Evidence-Based Clinical Practice Guidelines, (8th Edi-
tion). Chest 133:141S-159S, 2008

38. Sanderink GJ, Guimart CG, Ozoux ML, et al: Pharma-
cokinetics and pharmacodynamics of the prophylac-
tic dose of enoxaparin once daily over 4 days in
patients with renal impairment. Thromb Res 105:
225-231, 2002

39. Douketis J, Cook D, Meade M, et al: Prophylaxis
against deep vein thrombosis in critically ill patients
with severe renal insufficiency with the low-
molecular-weight heparin dalteparin: An assessment
of safety and pharmacodynamics: The DIRECT study.
Arch Intern Med 168:1805-1812, 2008
40. Polkinghorne KR, McMahon LP, Becker GJ: Pharma-
cokinetic studies of dalteparin (Fragmin), enoxaparin
(Clexane), and danaparoid sodium (Orgaran) in sta-
ble chronic hemodialysis patients. Am J Kidney Dis
40:990-995, 2002

41. Kerr PG, Mattingly S, Lo A, et al: The adequacy of
fragmin as a single bolus dose with reused dialyzers.
Artif Organs 18:416-419, 1994

42. Perry SL, O’Shea SI, Byrne S, et al: A multi-dose phar-
macokinetic study of dalteparin in haemodialysis
patients. Thromb Haemost 96:750-755, 2006

43. Klaeffling C, Piechottka G, Daemgen-von Brevern G,
et al: Development and clinical evaluation of two
chromogenic substrate methods for monitoring fon-
daparinux sodium. Ther Drug Monit 28:375-381, 2006

44. Bazinet A, Almanric K, Brunet C, et al: Dosage of
enoxaparin among obese and renal impairment
patients. Thromb Res 116:41-50, 2005

45. Naumnik B, Pawlak K, Mys’liwiec M: Unfractio-
nated heparin but not enoxaparin causes delayed
plasma PAI-1 depletion in hemodialysis patients:
A prospective study. Clin Appl Thromb Hemost
15:84-91, 2009

46. Crowther MA, Ageno W, Garcia D, et al: Oral vitamin
K versus placebo to correct excessive anticoagulation
in patients receiving warfarin: A randomized trial.
Ann Intern Med 150:293-300, 2009

47. Lousberg TR, Witt DM, Beall DG, et al: Evaluation of
excessive anticoagulation in a group model health
maintenance organization. Arch Intern Med 158:
528-534, 1998

48. Lubetsky A, Yonath H, Olchovsky D, et al: Compari-
son of oral vs intravenous phytonadione (vitamin K1)
in patients with excessive anticoagulation: A prospec-
tive randomized controlled study. Arch Intern Med
163:2469-2473, 2003

49. Crowther MA, Douketis JD, Schnurr T, et al: Oral vi-
tamin K lowers the international normalized ratio
more rapidly than subcutaneous vitamin K in the
treatment of warfarin-associated coagulopathy. A
randomized, controlled trial. Ann Intern Med 137:
251-254, 2002

50. Makris M, Greaves M, Phillips WS, et al: Emergency
oral anticoagulant reversal: The relative efficacy of in-
fusions of fresh frozen plasma and clotting factor con-
centrate on correction of the coagulopathy. Thromb
Haemost 77:477-480, 1997

51. Deveras RA, Kessler CM: Reversal of warfarin-
induced excessive anticoagulation with recombinant
human factor VIIa concentrate. Ann Intern Med 137:
884-888, 2002

52. Leissinger CA, Blatt PM, Hoots WK, et al: Role of pro-
thrombin complex concentrates in reversing warfarin
anticoagulation: A review of the literature. Am J
Hematol 83:137-143, 2008

53. O’Connell KA, Wood JJ, Wise RP, et al: Thromboem-
bolic adverse events after use of recombinant human
coagulation factor VIIa. JAMA 295:293-298, 2006

54. Yasaka M, Sakata T, Minematsu K, et al: Correction of
INR by prothrombin complex concentrate and vita-
min K in patients with warfarin related hemorrhagic
complication. Thromb Res 108:25-30, 2002


	Systemic Anticoagulation Considerations in Chronic Kidney Disease
	Influences of CKD on Coagulation
	Treatment Versus Prophylaxis Dosing
	Selected Agents
	Warfarin
	Heparin
	Low-Molecular Weight Heparin
	Fondaparinux
	Direct Thrombin Inhibitors
	Pipeline Anticoagulants

	Measuring Anti-Xa Activity
	Reversal of Anticoagulation
	Conclusion
	References




