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Considerations for Systemic Anticoagulation in ESRD
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*Department of Clinical Pharmacy, University of California, San Francisco, San Francisco, California,
†Departments of Medicine and Pharmaceutical Services, Davis Medical Center, University of California
Davis School of Medicine, Sacramento, California, ‡Department of Pharmacy, Touro Vallejo School of
Pharmacy, Vallejo, California, §Department of Pharmacy Practice, Midwestern College of Pharmacy,
Glendale, Arizona, and ¶Department of Clinical Pharmacy, School of Pharmacy, University of California San
Francisco, San Francisco, California,

ABSTRACT

In the setting of end-stage kidney disease, the incidence
and risk for thrombotic events are increased and use of
anticoagulants is common. The incidence of bleeding,
however, is also a frequent issue and creates additional
challenges in the management of anticoagulation therapy.
Patients with end-stage renal disease are typically
excluded from large clinical trials exploring the use of an-
ticoagulants, which limits our knowledge of optimal man-
agement approaches. Furthermore, varying degrees of
renal failure in addition to conditions that alter the phar-

macokinetics of various anticoagulants or pharmacody-
namic response may warrant alternative approaches to
dosing. This review will explore systemic chronic antico-
agulation therapy in the setting of chronic kidney disease
where hemodialysis is required. Agents discussed include
vitamin K antagonists, low-molecular-weight heparins,
fondaparinux, oral factor Xa antagonists, and direct
thrombin inhibitors. Clinical challenges, approaches to
dosing regimens, and tools for measuring responses and
reversal will be explored.

Stroke, in the setting of atrial fibrillation (AF) or
venous thromboembolism (VTE), can occur more
commonly in the setting of end-stage renal disease
(ESRD) (1–4). There are several drivers for throm-
bosis in chronic kidney disease (CKD): higher levels
of procoagulant factors, concomitant use of eryth-
ropoietin stimulating agents, decline in fibrinolytic
activity, and decreased endogenous anticoagulants
(5–7). Thus, systemic anticoagulation therapy is
commonly indicated in hemodialysis (HD) patients
(2). In addition, anticoagulants may also be used to
prevent recurrent clotting of access grafts or throm-
bosis in the extracorporeal dialysis circuit.

In contrast, the risk and incidence of bleeding
events can also be greater in advanced CKD. Bleed-
ing rates of 40–50% have been reported in patients
with CKD or on HD (5). Maintaining adequate
hemoglobin levels is critical in ESRD, and acute or
chronic blood loss can create challenges in achieving
and sustaining goals. Factors driving bleeding
include platelet dysfunction from uremia or shear
wall stress via the dialysis circuit (8,9). In addition,

platelet-mediated functions that influence hemosta-
sis may be impaired (5).

Initiating and Maintaining Anticoagulation
Therapy

In the setting of HD, little is known about how
to adjust initial or maintenance doses for anticoagu-
lation. Dialyzable agents, such as dabigatran, may
not be optimal choices as maintenance therapy
would have to account for dialysis removal, and
elimination may vary between patients. Anticoagu-
lation regimens may be more conservative for pro-
phylaxis or more aggressive for thromboembolism.
For thrombosis prophylaxis, some agents may
require reduced dosing strategies. However, in
ESRD treatment dosing regimens may be closer to
prophylactic regimens for some agents. In selected
situations such as the presence of mechanical heart
valves or AF with a high risk for stroke, more
aggressive “treatment” levels of anticoagulation
may be preferred due to the thromboembolic risks
involved. In others, the presence of ESRD may be
associated with decreased benefits of anticoagula-
tion therapy. A recent report and review of the
literature suggested that the use of warfarin in the
setting of AF may not be beneficial in reducing
stroke, but may be associated with increased
bleeding (10). Decisions to withhold anticoagulation
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therapy should weigh the risk of both bleeding and
thrombosis, especially if the stroke risk in this case
is very high.

Maintaining anticoagulation therapy also
requires appropriate monitoring. Measuring the
level of anticoagulation in ESRD patients is often
recommended; however, several assumptions may
not be accurate. A single laboratory observation
may not alone describe the risks for thrombosis
and bleeding in ESRD because other drivers (e.g.,
plasminogen activator 1, uremic platelets), not typ-
ically expressed in normal kidney function, may
now influence observed outcomes. Commonly used
assays and their associated target ranges may not
have been validated in ESRD; they can vary
between different laboratories and with the
reagents used which can further reduce confidence
in applying results to clinical decisions. Some
assays such as the antifactor Xa activity have not
been validated as a predictor for bleeding or
thrombosis, let alone for making dosing adjust-
ments in the setting of ESRD. In addition, mea-
sured values in the first days of therapy may be
reduced in ESRD when drug accumulation occurs
over time (e.g., enoxaparin). Since patients with
severe renal disease and HD have been excluded
from comparative clinical trials, most of the avail-
able insights have been based on smaller postmar-
keting and single center experiences. Thus,
clinicians should consider these limitations as well
as the altered balance between bleeding and
thrombosis when deciding on which anticoagulant
to use, the dose, and monitoring procedures.

Anticoagulant Agents

Unfractionated Heparin

Unfractionated heparin (UFH) is a hepatically
eliminated anticoagulant administered subcutaneously
for VTE prophylaxis and as a continuous infusion for
the management of systemic thrombosis or dialysis
circuit patency. UFH is typically preferred in ESRD
as there is no need to adjust dosing for renal function.
However, antithrombin concentrations may be
reduced in ESRD, potentially decreasing the patient’s
response to UFH (11). In the setting of acute
thrombosis, a loading dose may be given followed by
a continuous infusion and a delay in measuring the
activated partial thromboplastin time (aPTT)
considered to allow the bolus effect to dissipate (e.g.,
6–8 hours post any bolus and rate change). In situa-
tions where there is no need for immediate anticoagu-
lant effect, such as acute stroke, stroke prevention for
AF, or history of a VTE, a bolus dose may not be
necessary and the aPTT can be measured sooner
(e.g., 4 hour post rate changes). The anticoagulation
effects may be measured via aPTT or antifactor Xa
activity. For higher doses and level of anticoagulation
during selected procedures, one of the 2 heparin
intensity ranges measured by activated clotting time
(low range and high range) may be used.

Low-Molecular-Weight Heparin

While UFH may be preferred in ESRD, low-
molecular-weight heparins (LMWH) have been
administered intravenously prior to HD to sustain
circuit patency (12–14). Since LMWH are primarily
eliminated renally, dosing reductions are necessary
as renal function declines in order to avoid excessive
anticoagulation and bleeding complications (15).
For dalteparin and tinzaparin, the dose is not
adjusted if the creatinine clearance (CrCl) is ≥20 ml/
minute (16). However, enoxaparin dosing is reduced
by 50% if the CrCl <30 ml/minute (17). Although
not part of the prescribing information, it has been
suggested to reduce the enoxaparin dose by 25%, or
the next lower syringe size, if CrCl is between 30
and 60 ml/minute (17). Individuals with a serum
creatinine >2.5 mg/dl were typically excluded from
the clinical trials, and therefore the dosing recom-
mendations do not reflect patients with CrCl values
<20 ml/minute or those who are dialysis dependent.
The approach to HD also influences the elimination
of LMWH as high-flux membrane dialyzers can
remove more LMWH compared with low-flux dia-
lyzers (18).
There is limited evidence regarding adjusted dose

LMWH for systemic anticoagulation in HD. In an
analysis of tinzaparin 175 units/kg/day and daltepa-
rin 200 units/kg/day for periprocedural bridging in
HD, accumulation of measured antifactor Xa activity
was observed (19). This suggests that even short peri-
ods of LMWH therapy may lead to higher than
desired effects. Previous analyses have also noted
higher bleeding rates with enoxaparin as renal func-
tion declines (20). Using observations that suggested
a reduction in bleeding without changing thrombosis
rates by lowering doses of 31–60 mg enoxaparin to
30 mg enoxaparin, one single center retrospective
study explored a revised dosing strategy with the tem-
porary use of enoxaparin for systemic treatment lev-
els of anticoagulation and subsequent bridge
to warfarin (21). Subcutaneous enoxaparin 0.7 �
0.2 mg/kg/day (range 0.4–1) was given in 82 HD
patients for a mean of 3.3 � 4.2 days. Antifactor Xa
activity was not measured. Using a matched cohort
of 82 patients receiving UFH, patients receiving en-
oxaparin had a shorter length of hospital stay, a
slight but not statistically lower incidence in bleeding,
and no episodes of thromboembolism (21).

Fondaparinux

Fondaparinux is a renally eliminated factor Xa
antagonist that carries a contraindication when the
CrCl is <30 ml/minute (22). One potential advantage
of fondaparinux is as an alternative anticoagulant in
the setting of heparin-induced thrombocytopenia
(HIT) because of lower reactivity with platelets (23).
Experience with fondaparinux in ESRD is limited. In
HD with measured antifactor Xa activity, doses of
0.05 mg/kg or 2.5 mg provided adequate
anticoagulation but with drug accumulation observed
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(24–26). Concurrent use of high-flux polysulfone
membranes has been associated with increased clot
formation compared with low-flux dialyzers (27). In
the setting of HIT and ESRD, doses of 1.5 mg daily
or 2.5 mg every other day have been proposed based
on case reports (26,28–30).

Measuring Anti-Xa Activity

Measuring antifactor Xa levels in ESRD has been
used in hopes of maximizing thrombosis prevention
while minimizing bleeding. An anti-Xa level of
1.05 IU/ml for dalteparin and 0.85 IU/ml for tinzapa-
rin has been suggested 4 hours post administration
(31). For enoxaparin administered twice daily, ranges
of 0.6–1.0 IU/ml measured 4 hours after a dose for
treatment levels have been proposed (31). This can
help detect potential accumulation, especially given
that the elimination half-life of enoxaparin measured
on day 1 and then day 4 increased from 7.3 to
15.9 hours (32). Dalteparin and tinzaparin appear to
have different responses with less accumulation
observed and more rapid elimination in ESRD com-
pared with enoxaparin (33–37). Other observations
have suggested that accumulation of dalteparin and
tinzaparin can occur in ESRD (38,39). For fondapari-
nux, correlation with dose and antifactor Xa activity
has been observed, but phase II trials in the setting of
VTE or ACS have not shown a dose–response rela-
tionship between serum concentrations and bleeding
or thrombosis (40,41).

Clinicians should exercise caution in measuring
anti-Xa activity and adjusting dosing in the setting
of ESRD as improved outcomes have not been
demonstrated. Furthermore, discordance between
observed anti-Xa activity and thrombin generation
in HD has been reported (42). Considerable vari-
ability may also occur between laboratories due to
differences in assay reagents and equipment (43).
Poor correlation is seen between anti-Xa activity
and estimated renal function for LMWH (44). Clini-
cians should keep in mind that ordered tests may
create additional challenges, especially if results sug-
gest adjustments that may not be desired.

Vitamin K Antagonists

Vitamin K antagonists such as warfarin are pri-
marily eliminated via the liver and are commonly
used for long-term anticoagulant therapy. Recent
observations suggest that renal failure and uremia
influence select cytochrome P450 enzymes including
2C19, a minor pathway for warfarin metabolism
(45). Evaluations of warfarin use in ESRD have
suggested that effective doses to achieve target goals
may be 10–24% lower (46–48). In one comparative
analysis of warfarin requirements in various levels
of renal function, mean doses were approximately
20% lower (mean 4.3–4.8 mg/day) in CKD com-
pared with normal renal function (mean 5.6 mg/
day), but similar between stages of CKD including

ESRD (mean 4.8 � 1.9 mg) (48). Multiple factors
should be considered when initiating warfarin ther-
apy including age, function of organ systems, drug
interactions, ethnic background, thrombosis risk, or
bleeding risks (49). Certain drug interactions, heart
failure or infections that drive a lowering in the
dose may be more common in ESRD. In addition,
observations suggested higher risks of bleeding and
thromboembolism including stroke in AF in CKD
patients requiring warfarin therapy (50–53).
Therapy is adjusted by measuring the international

normalized ratio (INR), with typical targets of 2–3,
but may be higher in selected indications such as
mechanical mitral valve replacements. In general,
INR values during chronic therapy just below (e.g.,
down to 1.8) or above the target (e.g., up to 3.2) may
be re-assessed with a subsequent result prior to mak-
ing dosing adjustments. ESRD patients have been
reported to have lower overall measured time in the
therapeutic INR range in addition to increased mor-
tality, underscoring the importance of arranging
close follow-up by clinicians familiar with both renal
failure and anticoagulation (50,54,55). In situations
where the risk for major bleeding is very high,
slightly lower INR targets may be considered, but
should be weighed against the consequences of a
thrombotic event; however, no evidence currently
supports this approach. Warfarin may also be used
for thrombosis in dialysis access, where INR targets
of 2–3 are typically used without much supporting
data (56,57). Utilizing warfarin to preserve access
function using conservative INR targets (e.g., INR
1.4–1.9) did not show any benefit (54,58).
International normalized ratio measures are

drawn is by a point of care device or venipuncture.
To avoid additional venipunctures INRs can be
measured prior to HD on dialysis days. In one
analysis, measuring the INR through the arterial
port 1 hour after initiation of dialysis yielded only
slightly higher values (0.2 � 0.2) than that from
venipuncture (59). Measuring INR values through
catheters should carefully avoid any hemodilution,
which can yield falsely elevated values. Unexpected
critical INR values should be rechecked if possible
or further assessment should be completed prior to
making changes or reversing (if no acute bleeding)
therapy, especially in patients who are at high risk
for thrombosis (60).

Parenteral Direct Thrombin Inhibitors

In selected situations such as HIT or antithrombin
deficiency, parenteral direct thrombin inhibitors
(DTI) may be used in place of UFH when long term
anticoagulation is either being held or initiated. Arg-
atroban and bivalirudin are the most common agents
used in this setting. Argatroban is primarily elimi-
nated in the liver; however, recent observations have
suggested dosing reductions in the setting of renal
failure (61) (Table 2). Argatroban does not appear to
be significantly removed by HD (62). Bivalirudin is
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primarily removed enzymatically but is also partly
removed by the kidney and during HD. Therefore,
dosing reductions may be necessary for decreased
renal function, but increased in continuous renal
replacement therapy as bivalirudin can be removed
thru HD (63). Parenteral DTI therapy outside of use
during invasive cardiac procedures is typically
adjusted using aPTT, with targets of 1.5–2.5 times
baseline aPTT (1.5–3 for argatroban).

Non-Vitamin K Dependent Oral
Anticoagulants

Dabigatran

Dabigatran is an oral DTI primarily eliminated
by the kidney, and dosing reductions are necessary
as renal function declines; it is not recommended in
ESRD. Dabigatran is removed by HD (64), which
can serve as a reversal strategy; however, a rebound
effect can occur after stopping HD. Longer sessions
may therefore be required depending on how much
dabigatran is in the system (65,66).

Rivaroxaban

Rivaoxaban is an oral factor Xa antagonist that
works independent of antithrombin for activity. It is
partially eliminated by the kidney, and dosing reduc-
tions are recommended based on CrCl and indica-
tion (Table 1). Rivaroxaban is highly protein bound
and not removed during HD (67). Its use in ESRD is
limited and there are no reliable approaches to mea-
suring its effects. Antifactor Xa activity has been
explored, but the reliability of this test in ESRD lim-
its its application. Rivaroxaban can also increase the
INR depending on the assay reagent used. If ele-
vated INR values are noted in patients with renal
failure receiving rivaroxaban, the risk of bleeding
compared with thrombosis should be re-assessed.

Apixaban

Apixaban is an oral factor Xa inhibitor that is
typically administered twice daily. Patients who

have any two of the following: a serum creatinine
≥1.5 mg/dl, age >80 years or weight <60 kg should
have the dose reduced (68) (Table 2). The basis for
ESRD dosing is a pharmacokinetic assessment of
maximum plasma concentration and area under the
curve in various degrees of renal impairment. In the
ESRD group, HD was initiated 2 hours after a sin-
gle 5 mg oral dose with a 4 hours dialysis session
including a dialysis flow rate of 500 ml/minute and
blood flow rate of 350–500 ml/minute. The mea-
sured dialysis clearance was approximately 18 ml/
minute and a 14% decrease in exposure compared
with the off dialysis period. Combined with a 17%
increase in the area under the curve, no dosing
modifications were recommended (69). However,
this analysis is based on a single dose and did not
consider tissue uptake and accumulation. In addi-
tion, apixaban is eliminated via cytochrome P450
enzymes that could be impaired in renal failure
leading to higher serum concentrations over time.
Thus, resulting serum levels and safety of use long
term in the setting of hemodialysis is unknown.

Edoxaban

Edoxaban was recently approved in the United
States for stroke prevention in AF and treatment of
VTE. For stroke prevention in AF, the approved
dose is 60 mg once daily with a reduction to 30 mg if
the estimated CrCl is 15–50 ml/minute and avoided
if lower. For treatment of VTE, endoxaban started
after an initial course of 5 to 10 day course of hepa-
rin or LMWH is 60 mg once daily, reduced to
30 mg once daily if the CrCl was between 15 and
50 ml/minute or weight 60 kg or less, or concurrent
use of a potent P-glycoprotein inhibitor (70).
A handful of studies suggest a 50% reduction in
dose may be appropriate for patients with moder-
ate-severe renal impairment (CrCl 15–50 ml/minute)
with a 15 mg daily dose being suitable for thrombo-
prophylaxis in both AF and orthopedic surgical
patients (71,72). This 15 mg dose was also evaluated
in a cross-over study of 10 HD subjects who
received a dose 2 hours prior to dialysis on a dialy-
sis day and a dose on a nondialysis day (73).

TABLE 1. Pharmacokinetic properties of anticoagulants in renal failure

Normal
half-life

Half-life in
renal dysfunction*

Plasma protein
binding (%)

Renal
excretion (%)

Heparin 1–2 hours 1–2 hours High 10
Enoxaparin 5–7 hours 6–9 hours High 40
Dalteparin 2–5 hours 4–8 hours High
Tinzaparin 1–2 hours 5 hours High
Fondaparinux 17–21 hours >21 hours 94 77
Argatroban 39–51 minutes 0.5–1 hour 54 16
Bivalirudin 25 minutes 3.5 hours None 20
Warfarin 1 week 1 week 99 92
Dabigatran 12–17 hours 28 hours 35 80
Rivaroxaban 5–9 hours 10 hours 92–95 36
Apixaban 12 hours 17 hours 87 27
Edoxaban 9–11 hours 10–14 hours 60 35

*half-life values will vary depending on the degree of renal dysfunction
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TABLE 2. Dosing adjustments of anticoagulants in chronic kidney disease

Agent Dosing in CKD Comment

Parenteral agents
Unfractionated
heparin

No adjustment necessary Low antithrombin activity may affect
dosing requirements

Dalteparin No adjustment for CrCl ≥ 20 ml/minute Dosing adjustment for CrCl
<20 ml/minute unclear

Enoxaparin CrCl >60 ml/minute: no dose modification Dosing adjustment for CrCl
<20 ml/minute unclearCrCl 30–60 ml/minute: 25% dose reduction

Crcl 20–30 ml/minute: 50% dose reduction
Tinzaparin No adjustment for CrCl ≥20 ml/minute Adjustment for CrCl <20 ml/minute

unclear
Fondaparinux Contraindicated in CrCl <30 ml/minute Dosing adjustments for renal function

are unclear
Argatroban Renal dysfunction dose adjustment unclear Dose reduction of 0.1–0.6 lg/kg/minute

per 30 ml/minute CrCl decrease has
been suggested

Fraction of extracorporeal clearance
not clinically significant

Bivalirudin Eliminated enzymatically and renally;
however, clearance relationship exists
between CrCl and dose requirements

Substantially removed during HD.
Higher doses are used during cardiac
interventional procedures with
adjustment for renal dysfunction
necessary.

HIT and VTE dosing:
CrCl >60 ml/minute: 0.15 mg/kg/hour
CrCl 30–60 ml/minute: 0.08–0.1 mg/kg/hour
CrCl <30 ml/minute or RRT:
0.03–0.05 mg/kg/hour

Lepirudin CrCl (ml/minute) Dose (mg/kg/hour) Doses as low as 0.005 mg/kg/hour
have been used in renal failure
requiring HD

>60 0.1–0.15
45–60 0.075
30–44 0.045
15–29 0.0225
<15 0.02 or less

Oral agents
Warfarin No adjustment necessary
Dabigatran Non-valvular AF CrCl (mL/minute) Dose

>50 150 mg BID Do not open capsule
30–50 Consider 75 mg BID if also

receiving P-gp inhibitor
<30 Avoid use (per American

College of Chest
Physicians)

The AHA/ACC/HRS does not
recommend dabigatran for non-valvular
AF in end stage chronic kidney disease

VTE treatment CrCl (ml/minute) Dose
>30 150 mg BID For treatment of DVT: patients initially

received either UFH or LMWH
initially. Avoid coadministration with
P-gp inhibitor if CrCl <50 ml/minute

<30 No recommendations

Rivaroxaban Nonvalvular AF CrCl (ml/minute) Dose Dose adjustment depends on indication
>50 20 mg daily
15–50 15 mg daily
<15 or on HD Avoid use
VTE treatment CrCl (mL/minute)
≥30 15 mg BID for 21 days,

then 20 mg daily
<30 Avoid use
VTE prophylaxis post orthopediac procedures Dose 10 mg/day
CrCl <30 Avoid use

Apixaban Nonvalvular AF Dose
5 mg BID

If patient meets two of the following:
SCr ≥1.5 mg/dl, age ≥80 years,
body weight ≤60 kg

2.5 mg BID

ESRD on HD 5 mg BID (reduce to
2.5 mg BID for age ≥80
or body weight ≤60 kg)

Hemodialysis dose is based off study of
single dose administration and does not
account for tissue accumulation of drug

VTE treatment Dose
CrCl >25 ml/minute or Scr <2.5 10 mg BID for 7 days,

then 5 mg BID
Patients with CrCl below 25 ml/min or
Scr above 2.5 were excluded in the VTE
trials and no dosing recommendations
are provided. After 6 months of therapy,
the dose can be reduced to 2.5mg BID
if continued

VTE prophylaxis post
hip and knee surgery

Dose 2.5 mg BID Patients with CrCl <30 ml/minute
were excluded
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Measured area under the curve was similar without
and with HD, and negligible amounts of drug were
removed by HD. Despite studies suggesting reduced
dose edoxaban to 15 mg daily in severe renal
impairment, more robust studies are needed to
determine safety and efficacy compared with more
established therapies.

Routine Monitoring

Routine monitoring for bleeding or thrombosis
should be a component of any anticoagulant
management plan. In ESRD populations where
experience and clinical trials are limited, frequent
follow-up assessments may be necessary. Educating
the patient on their anticoagulation therapy and
when to contact their health care provider is an
important part of their management. This includes
indication for use, assessment of any notable
bleeding, symptoms of thrombosis, new mediations
that may interact and the importance of adherence.
For some agents such as warfarin, routine labora-
tory test (INR) may be included. For dabigatran
and rivaroxaban, new methods to quantify serum
concentrations that are becoming available should
be considered in selected situations but with nota-
ble caution. At times an unexpected laboratory
result may be reported and not easy to explain. In
such cases, consider a repeat test or confirm with a
different test before altering the management plan.
For INR’s on warfarin or the aPTT on heparin,
lab draws through the dialysis access port just
prior to initiating HD may be considered to limit
peripheral blood draws.

Planning for Procedures

The decision to continue anticoagulation therapy
during invasive procedures should be influenced by
various factors, including the patient’s thromboem-
bolic risk and the severity of bleeding associated
with the procedure or surgery. However, despite the
increased risk for stroke in ESRD and AF, renal

failure is not part of the CHADS2 or CHA2DS2-
VASC stroke risk assessment score (74,75).
If anticoagulation is discontinued prior to an elec-

tive procedure, the duration of time to withhold
therapy prior to the procedure should be based on
the medication’s pharmacokinetic profile. Warfarin
should be stopped 5–7 days (longer hold in patients
on lower doses) prior to the procedure due to its
prolonged duration of action (76). The use of thera-
peutic bridging therapy prior to and after the proce-
dure should be evaluated on a case-by-case basis,
but is recommended for patients who have a high
risk of perioperative thromboembolism. While most
studies evaluating bridging therapy utilized thera-
peutic LMWH, IV UFH is commonly used for
patients with severe renal insufficiency or on HD. It
should be administered to obtain an aPTT of 1.5–
2.0 times the baseline aPTT, stopped 4–6 hours
prior to the procedure, then resumed without a
bolus dose at the same infusion rate if no severe
changes in organ function have occurred once ade-
quate hemostasis has been achieved (76).
Low-molecular-weight heparins should be with-

held at least 24 hours prior to the procedure, and
potentially longer if there is concern with renal
accumulation and a procedure associated with a
high risk for bleeding. The duration for holding da-
bigatran is dependent on renal function, where
doses should be held 1–2 days if CrCL ≥50 ml/min-
ute or 3–5 days if CrCl <50 ml/minute (77). Riva-
roxaban should be discontinued at least 24 hours
prior (67) and apixaban should be discontinued at
least 48 hours prior to an invasive procedure with a
moderate to high risk of bleeding and at least
24 hours prior to a procedures with a low bleeding
risk (68). Holding periods of up to 4 days may be
necessary for either agent in high risk bleeding pro-
cedures including neuraxial anesthesia (78).

Reversing Anticoagulation Therapy

In emergent situations where bleeding must be
stopped or an invasive procedure with high bleeding
risk is required, reversal agents can be administered

Table 2. (Continued)

Agent Dosing in CKD Comment

Edoxaban Nonvalvular AF CrCl (ml/min) Dose
>95 Warfarin preferred
>50–95 60 mg daily
15–50 30 mg daily
<15 Avoid use Reduced does has not been extensively

studied in end stage renal disease
requiring hemodialysis

VTE treatment
CrCl >50 ml/minute 60 mg once daily VTE treatment:

Endoxaban started after 5 days of
UFH or LMWH

CrCl 15–50 ml/minute or wt ≤60 kg or
use with certin P-glycoprotein inhibitors

30 mg once daily

<15 Avoid use

6 Dager et al.



in addition to supportive care. When considering
various reversal agents, the benefits of anticoagula-
tion reversal must be weighed against the potential
prothrombotic risk. Warfarin therapy can be
reversed with vitamin K, prothrombin complex con-
centrates (PCC), activated PCC, and recombinant
activated factor VII (79). The anticoagulant effects
of UFH and LMWH can be reversed with prot-
amine, although the effect is only partially success-
ful in LMWH. There are no specific reversal agents
for bivalirudin and argatroban, but their effects will
decrease quickly once the infusion is discontinued
due to their short half-lives. Renal impairment will
prolong the effects of bivalirudin and argatroban;
however bivalirudin can be removed by hemofiltra-
tion.

There is limited evidence regarding reversal of
dabigatran, rivaroxaban, and apixaban. Phase III
clinical trials exploring the efficacy of the newer oral
anticoagulants did not include patients with esti-
mated CrCl values below 25-30 ml/min. Experiences
with their use in ESRD is limited. One recent analy-
sis with their use in atrial fibrillation and chronic
ESRD requiring HD noted that both dabigatran
and rivaroxaban were associated with a higher risk
of hospitalization and death, including hemorrhagic
death compared to warfarin (80). Endoxaban and
apixaban were not available when the trial was
initiated, so outcomes related to their long term use
in this population compared to warfarin remains
unclear. This however highlights a notable concern
when using these agents in ESRD, the potential
risks and bleeding complications. Dabigatran can be
removed by HD, and there are case series demon-
strating efficacy of this approach (77,81,82). Studies
of single doses before HD probably over estimate
dabigatran removal when compared with actual
drug removal after prolonged therapy, where signifi-
cant tissue distribution has occurred. It appears that
prolonged dialysis may be necessary to capture
rebound dabigatran plasma concentrations from tis-
sue redistribution.

There are also case reports of using activated
PCC to manage bleeding in dabigatran patients
(83–85). Another case report described using low
dose factor eight inhibitor bypass activity (FEIBA)
of 8 units/kg immediately prior to successful inser-
tion of the dialysis access catheter for emergent da-
bigatran removal (86). Due to its high plasma
protein binding, rivaroxaban and apixaban are not
significantly removed by dialysis. While there are
currently no reports of successful reversal of bleed-
ing in patients on rivaroxaban and apixaban, one
study found that 4-factor PCC successfully cor-
rected abnormal coagulation parameters in healthy
patients on rivaroxaban (87). Specific antidotes to
dabigatran (aDabi-Fab) and factor Xa (andexanet
a) are currently in development (88,89). Use of
these agents in ESRD has not been determined, and
prolonged effects may impair the ability to re-initi-
ate anticoagulants targeted by the antidote.

Conclusion

Patients with ESRD are at a higher risk for both
thrombosis and bleeding, and literature is limited
on describing the best approach to managing anti-
coagulant therapy in this population. Decisions on
the approach to anticoagulation therapy frequently
depend on balancing the risk of bleeding and
thrombosis, with monitoring and education neces-
sary to improve management. Experiences with the
use of anticoagulation in ESRD continues to
expand providing helpful insights on their value
and limitations.

References

1. Zimmerman D, Sood MM, Rigatto C, Holden RM, Hiremath S,
Clase CM: Systematic review and meta-analysis of incidence, preva-
lence and outcomes of atrial fibrillation in patients on dialysis. Neph-
rol Dial Transplant 27:3816–3822, 2012

2. Harmon JP, Zimmerman DL, Zimmerman DL: Anticoagulant and an-
tiplatelet therapy in patients with chronic kidney disease: risks versus
benefits review. Curr Opin Nephrol Hypertens 22:624–628, 2013

3. Pavord S, Myers B: Bleeding and thrombotic complications of kidney
disease. Blood Rev 25:271–278, 2011

4. Casserly LF, Dember LM: Thrombosis in end-stage renal disease.
Semin Dial 16:245–256, 2003

5. Lutz J, Menke J, Sollinger D, Schinzel H, Th€urmel K: Haemostasis in
chronic kidney disease. Nephrol Dial Transplant 29:29–40, 2014

6. Shlipak MG, Fried LF, Crump C, Bleyer AJ, Manolio TA, Tracy RP,
Furberg CD, Psaty BM: Elevations of inflammatory and procoagulant
biomarkers in elderly persons with renal insufficiency. Circulation
107:87–92, 2003

7. Adams MJ, Irish AB, Watts GF, Oostryck R, Dogra GK: Hypercoag-
ulability in chronic kidney disease is associated with coagulation acti-
vation but not endothelial function. Thromb Res 123:374–380, 2008

8. Remuzzi G, Marchesi D, Livio M, Cavenaghi AE, Mecca G, Donati
MB, de Gaetano G: Altered platelet and vascular prostaglandin-gener-
ation in patients with renal failure and prolonged bleeding times.
Thromb Res 13:1007–1015, 1978

9. Yoshida E, Fujimura Y, Ikeda Y, Takeda I, Yamamoto Y, Nishikawa
K, Miyataka K, Oonuki M, Kawasaki T, Katayama M: Impaired high-
shear-stress-induced platelet aggregation in patients with chronic renal
failure undergoing haemodialysis. Br J Haematol 89:861–867, 1995

10. Shah M, Avgil Tsadok M, Jackevicius CA, Essebag V, Eisenberg MJ,
Rahme E, Humphries KH, Tu JV, Behlouli H, Guo H, Pilote L: War-
farin use and the risk for stroke and bleeding in patients with atrial
fibrillation undergoing dialysis. Circulation 129:1196–1203, 2014

11. Vaziri ND, Gonzales EC, Wang J, Said S: Blood coagulation, fibrino-
lytic, and inhibitory proteins in end-stage renal disease: effect of he-
modialysis. Am J Kidney Dis 23:828–835, 1994

12. Sagedal S, Hartmann A, Sundstrom K, Bjornsen S, Fauchald P,
Brosstad F: A single dose of dalteparin effectively prevents clotting
during HD. Nephrol Dial Transplant 14:1943–1947, 1992

13. Shavit L, Lifschitz M, Lee S: Use of enoxaparin to diminish the inci-
dence of vascular access stenosis/thrombosis in chronic hemodialysis
patients. Int Urol Nephrol 43:499–505, 2010

14. Sridharan S, Berdeprado J, Sivalingam M, Farrington K: Dalteparin
dosing in high-flux haemodialysis and haemofiltration. Nephron Clin
Pract 122:53–57, 2012

15. Lim W, Dentali F, Eikelboom JW, Crowther MA: Meta-analysis:
low-molecular-weight heparin and bleeding in patients with severe
renal insufficiency. Ann Intern Med 144:673–684, 2006

16. George-Phillips KL, Bungard TJ: Use of low-molecular-weight hepa-
rin to bridge therapy in obese patients and in patients with renal dys-
function. Pharmacotherapy 26:1479–1490, 2006

17. Nutescu EA, Spinler SA, Wittkowsky A, Dager WE: Low-molecular-
weight heparins in renal impairment and obesity: available evidence
and clinical practice recommendations across medical and surgical set-
tings. Ann Pharmacother 43:1064–1083, 2009

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

19. Rodger MA, Ramsay T, MacKinnon M, Westphal M, Wells PS,
McCormick B, Knoll G: Tinzaparin versus dalteparin for periproce-

SYSTEMIC ANTICOAGULATION IN ESRD 7



dure prophylaxis of thromboembolic events in hemodialysis patients: a
randomized trial. Am J Kidney Dis 60:427–434, 2012

20. Hoffmann P, Keller F: Increased major bleeding risk in patients with
kidney dysfunction receiving enoxaparin: a meta-analysis. Eur J Clin
Pharmacol 68:757–765, 2012

21. Pon TK, Dager WE, Roberts AJ, White RH: Subcutaneous enoxapa-
rin for therapeutic anticoagulation in hemodialysis patients. Thromb
Res 133:1023–1028, 2014

22. Arixtra (fondaparinux) Prescribing Information. Research Triangle
Park, NC: GlaxoSmithKline, January 2010

23. Linkins LA, Dans AL, Moores LK, Bona R, Davidson BL, Schulman
S, Crowther M, American College of Chest Physicians: Treatment and
prevention of heparin-induced thrombocytopenia: Antithrombotic
Therapy and Prevention of Thrombosis, 9th ed: American College of
Chest Physicians Evidence-Based Clinical Practice Guidelines. Chest
141:e495S–e530S, 2012

24. Kalicki RM, Aregger F, Alberio L, Lammle B, Frey FJ, Uehlinger
DE: Use of the pentasaccharide fondaparinux as an anticoagulant
during haemodialysis. Thromb Haemost 98:1200–1207, 2007

25. Speeckaert MM, Devreese KM, Vanholder RC, Dhondt A: Fondapar-
inux as an alternative to vitamin K antagonists in haemodialysis
patients. Nephrol Dial Transplant 28:3090–3095, 2013

26. Nagler M, Haslauer M, Wuillemin WA: Fondaparinux – data on effi-
cacy and safety in special situations. Thromb Res 129:407–417, 2012

27. Sombolos KI, Fragia TK, Gionanlis LC, Veneti PE, Bamichas GI,
Fragidis SK, Georgoulis IE, Natse TA: Use of fondaparinux as an
anticoagulant during hemodialysis: a preliminary study. Int J Clin
Pharmacol Ther 46:198–203, 2008

28. Solak Y, Demircioglu S, Polat I, Biyik Z, Gaipov A, Acar K, Turk S:
Heparin-induced thrombocytopenia in a hemodialysis patient treated
with fondaparinux: nephrologists between two fires. Hemodial Int
17:320–323, 2013

29. Haase M, Bellomo R, Rocktaeschel J, Ziemer S, Kiesewetter H, Mor-
gera S, Neumayer HH: Use of fondaparinux (ARIXTRA) in a dialysis
patient with symptomatic heparin-induced thrombocytopaenia type II.
Nephrol Dial Transplant 20:444–446, 2005

30. Turpie AG, Lensing AW, Fuji T, Boyle DA: Pharmacokinetic and
clinical data supporting the use of fondaparinux 1.5 mg once daily in
the prevention of venous thromboembolism in renally impaired
patients. Blood Coagul Fibrinolysis 20:114–121, 2009

31. Garcia DA, Baglin TP, Weitz JI, Samama MM, American College of
Chest Physicians: Parenteral anticoagulants: Antithrombotic Therapy
and Prevention of Thrombosis, 9th ed: American College of Chest
Physicians Evidence-Based Clinical Practice Guidelines. Chest 141:
e24S–e43S, 2012

32. Sanderink GJ, Guimart CG, Ozoux ML, Jariwala NU, Shukla UA,
Boutouyrie BX: Pharmacokinetics and pharmacodynamics of the pro-
phylactic dose of enoxaparin once daily over 4 days in patients with
renal impairment. Thromb Res 105:225–231, 2002

33. Douketis J, Cook D, Meade M, Guyatt G, Geerts W, Skrobik Y,
Albert M, Granton J, H�ebert P, Pagliarello G, Marshall J, Fowler R,
Freitag A, Rabbat C, Anderson D, Zytaruk N, Heels-Ansdell D,
Crowther M, Canadian Critical Care Trials Group: 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

34. Polkinghorne KR, McMahon LP, Becker GJ: Pharmacokinetic studies
of dalteparin (Fragmin), enoxaparin (Clexane), and danaparoid
sodium (Orgaran) in stable chronic hemodialysis patients. Am J Kid-
ney Dis 40:990–995, 2002

35. Kerr PG, Mattingly S, Lo A, Atkins RC: The adequacy of fragmin as a
single bolus dose with reused dialyzers. Artif Organs 18:416–419, 1994

36. Perry SL, O’Shea SI, Byrne S, Szczech LA, Ortel TL: A multi-dose
pharmacokinetic study of dalteparin in haemodialysis patients.
Thromb Haemost 96:750–755, 2006

37. Siguret V, Gouin-Thibault I, Pautas E, Leizorovicz A: No accumula-
tion of the peak anti-factor Xa activity of tinzaparin in elderly
patients with moderate-to-severe renal impairment: the IRIS substudy.
J Thromb Haemost 9:1966–1972, 2011

38. Schmid P, Brodmann D, Odermatt Y, Fischer AG, Wuillemin WA:
Study of bioaccumulation of dalteparin at a therapeutic dose in
patients with renal insufficiency. J Thromb Haemost 7:1629–1632, 2009

39. Davenport A: The rationale for the use of low molecular weight hepa-
rin for hemodialysis treatments. Hemodial Int 17:S28–S32, 2013

40. Simoons ML, Bobbink IW, Boland J, Gardien M, Klootwijk P, Len-
sing AW, Ruzyllo W, Umans VA, Vahanian A, Van De Werf F,
Zeymer U: A dose-finding study of fondaparinux in patients with
non-ST-segment elevation acute coronary syndromes: the Pentasaccha-
ride in Unstable Angina (PENTUA) Study. J Am Coll Cardiol
43:2183–2190, 2004

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

42. Brophy DF, Carr ME Jr, Martin EJ, Venitz J, Gehr TW: The phar-
macokinetics of enoxaparin do not correlate with its pharmacody-
namic effect in patients receiving dialysis therapies. J Clin Pharmacol
46:887–894, 2006

43. College of American Pathologists: Coagulation Special Testing Heparin
Assay. http://www.cap.org/apps//cap.portal: CAP, 2014

44. Bazinet A, Almanric K, Brunet C, Turcotte I, Martineau J, Caron S,
Blais N, Lalonde L: Dosage of enoxaparin among obese and renal
impairment patients. Thromb Res 116:41–50, 2005

45. Dreisbach AW, Japa S, Gebrekal AB, Mowry SE, Lertora JJ, Kamath
BL, Rettie AE: Cytochrome P4502C9 activity in end-stage renal dis-
ease. Clin Pharmacol Ther 73:475–477, 2003

46. Limdi NA, Beasley TM, Baird MF, Goldstein JA, McGwin G, Arnett
DK, Acton RT, Allon M: Kidney function influences warfarin respon-
siveness and hemorrhagic complications. J Am Soc Nephrol 20:
912–921, 2009

47. Kleinow ME, Garwood CL, Clemente JL, Whittaker P: Effect of
chronic kidney disease on warfarin management in a pharmacist-man-
aged anticoagulation clinic. J Manag Care Pharm 17:523–530, 2011

48. Sakaan SA, Hudson JQ, Oliphant CS, Tolley EA, Cummings C, Alab-
dan NA, Self TH: Evaluation of warfarin dose requirements in
patients with chronic kidney disease and end-stage renal disease. Phar-
macotherapy 34:695–702, 2014

49. Dager WE: Initiating warfarin therapy. Ann Pharmacother 37:905–908,
2003

50. Limdi NA, Limdi MA, Cavallari L, Anderson AM, Crowley MR,
Baird MF, Allon M, Beasley TM: Warfarin dosing in patients with
impaired kidney function. Am J Kidney Dis 56:823–831, 2010

51. Olesen JB, Lip GY, Kamper AL, Hommel K, Køber L, Lane DA,
Lindhardsen J, Gislason GH, Torp-Pedersen C: Stroke and bleeding
in atrial fibrillation with chronic kidney disease. N Engl J Med
367:625–635, 2012

52. Elliott MJ, Zimmerman D, Holden RM: Warfarin anticoagulation in
hemodialysis patients: a systematic review of bleeding rates. Am J Kid-
ney Dis 50:433–440, 2007

53. Phelan PJ, O’Kelly P, Holian J, Walshe JJ, Delany C, Slaby J, Wind-
ers S, O’Toole D, Magee C, Conlon PJ: Warfarin use in hemodialysis
patients: what is the risk? Clin Nephrol 75:204–211, 2011

54. Crowther MA, Clase CM, Margetts PJ, Julian J, Lambert K, Sneath D,
Nagai R, Wilson S, Ingram AJ: Low-intensity warfarin is ineffective for
the prevention of PTFE graft failure in patients on hemodialysis: a ran-
domized controlled trial. J Am Soc Nephrol 13:2331–2337, 2002

55. Chan KE, Lazarus JM, Thadhani R, Hakim RM: Anticoagulant and
antiplatelet usage associated with mortality among hemodialysis
patients. J Am Soc Nephrol 20:872–881, 2009

56. Coli L, Donati G, Cianciolo G, Raimondi C, Comai G, Panicali L,
Nastasi V, Cannarile DC, Gozzetti F, Piccari M, Stefoni S: Anticoag-
ulation therapy for the prevention of hemodialysis tunneled cuffed
catheter (TCC) thrombosis. J Vasc Access 7:118–122, 2006

57. Abdul-Rahman IS, Ah-Howaish AK: Warfarin versus aspirin in pre-
venting tunneled hemodialysis catheter thrombosis: a prospective ran-
domized study. Hong Kong J Nephrol 9:23–30, 2007

58. Wilkieson TJ, Ingram AJ, Crowther MA, Soroka SD, Nagai R, Jindal
KK, Clase CM: Low-intensity adjusted warfarin for the prevention of
hemodialysis catheter failure: a randomized, controlled trial. Clin J
Am Soc Nephrol 6:1018–1024, 2011

59. Rioux JP, De Bortoli B, Qu�erin S, D�eziel C, Troyanov S, Madore F:
Measurement of the international normalized ratio (INR) in hemodi-
alysis patients with heparin-locked central venous catheters: evalua-
tion of a novel blood sampling method. J Vasc Access 10:180–182,
2009

60. Chan KE, Lazarus JM, Thadhani R, Hakim RM: Warfarin use asso-
ciates with increased risk for stroke in hemodialysis patients with
atrial fibrillation. J Am Soc Nephrol 20:2223–2233, 2009

61. Hursting MJ, Murray PT: Argatroban anticoagulation in renal dys-
function: a literature analysis. Nephron Clin Pract 109:c80–c94, 2008

62. Dager WE, Dougherty JA, Nguyen PH, Militello MA, Smythe MA:
Heparin-induced thrombocytopenia: treatment options and special
considerations. Pharmacotherapy 27:564–587, 2007

63. Tsu LV, Dager WE: Bivalirudin dosing adjustments for reduced
renal function with or without hemodialysis in the management of
heparin-induced thrombocytopenia. Ann Pharmacother 45:1185–1192,
2011

64. Stangier J, Rathgen K, St€ahle H, Mazur D: Influence of renal impair-
ment on the pharmacokinetics and pharmacodynamics of oral dabiga-
tran etexilate: an open-label, parallel-group, single-centre study. Clin
Pharmacokinet 49:259–268, 2010

65. Chen BC, Sheth NR, Dadzie KA, Smith SW, Nelson LS, Hoffman
RS, Winchester JF: Hemodialysis for the treatment of pulmonary hem-
orrhage from dabigatran overdose. Am J Kidney Dis 62:591–594, 2013

66. Liesenfeld KH, Staab A, H€artter S, Formella S, Clemens A, Lehr T:
Pharmacometric characterization of dabigatran hemodialysis. Clin
Pharmacokinet 52:453–462, 2013

67. Xarelto (rivaroxaban) prescribing information. Titusville, NJ: Janssen
Pharmaceuticals, Inc, March 2014

8 Dager et al.

http://www.cap.org/apps//cap.portal


68. Eliquis (apixaban) prescribing information. Princeton, NJ: Bristol-
Myers Squibb Company, March 2014

69. Apixaban Clinical pharmacology/biopharmaceutics review labeling
supplement 2013. Available at http://www.accessdata.fda.gov/drug-
satfda_docs/nda/2014/202155Orig1s002ClinPharmR.pdf, accessed July
18, 2014

70. Savaysa prescribing information. Available at http://www.accessda-
ta.fda.gov/drugsatfda_docs/label/2015/206316lbl.pdf, accessed March
8, 2015.

71. Koretsune Y, Yamashita T, Yasaka M: Evaluation of edoxaban in
patients with atrial fibrillation and severe renal impairment. Eur Heart
J 34(Suppl. 1) (Abstract P520):95, 2013

72. Fuji T, Satoru F, Yasuyuki A, Shintaro T, Yohko K: Evaluation of E-
doxaban in Japanese Patients with Severe Renal Impairment Undergo-
ing Lower-Limb Orthopedic Surgery. Amsterdam: ISTH, 2013

73. Parasrampuria D, Matsushima N, Chen S, Wickremasingha P, Chat-
ham N, He L, Dishy V, Brown K: Safety, Tolerability and Pharmaco-
kinetics of Edoxaban in End-Stage Renal Disease Subjects Undergoing
Hemodialysis. Amsterdam: ISTH, 2013

74. Gage BF, Waterman AD, Shannon W, Boechler M, Rich MW, Rad-
ford MJ: Validation of clinical classification schemes for predicting
stroke: results from the National Registry of Atrial Fibrillation.
JAMA 285:2864–2870, 2001

75. Lip GY, Frison L, Halperin JL, Lane DA: Identifying patients at high
risk for stroke despite anticoagulation: a comparison of contemporary
stroke risk stratification schemes in an anticoagulated atrial fibrillation
cohort. Stroke 41:2731–2738, 2010

76. Douketis JD, Spyropoulos AC, Spencer FA, Mayr M, Jaffer AK,
Eckman MH, Dunn AS, Kunz R, American College of Chest Physi-
cians: Perioperative management of antithrombotic therapy: Anti-
thrombotic Therapy and Prevention of Thrombosis, 9th ed: American
College of Chest Physicians Evidence-Based Clinical Practice Guide-
lines. Chest 141:e326S–e350S, 2012

77. Pradaxa (dabigatran etexilate mesylate) prescribing information.
Ridgefield, CT: Boehringer Ingelheim Pharmaceuticals, Inc., April
2014

78. Benzon HT, Avram MJ, Green D, Bonow RO: New oral anticoagu-
lants and regional anaesthesia. Br J Anaesth 111:i96–i113, 2013

79. Ageno W, Gallus AS, Wittkowsky A, Crowther M, Hylek EM, Pala-
reti G, American College of Chest Physicians: Oral anticoagulant ther-
apy: Antithrombotic Therapy and Prevention of Thrombosis, 9th ed:
American College of Chest Physicians Evidence-Based Clinical Prac-
tice Guidelines. Chest 141:e44S–e88S, 2012

80. Chan KE, Edelman ER, Wenger JB, Thadhani RI, Maddux FW:
Dabigatran and rivaroxaban use in atrial fibrillation patients on
hemodialysis. Circulation 131:972–979, 2015

81. Singh T, Maw TT, Henry BL, Pastor-Soler NM, Unruh ML, Hallows
KR, Nolin TD: Extracorporeal therapy for dabigatran removal in the
treatment of acute bleeding: a single center experience. Clin J Am Soc
Nephrol 8:1533–1539, 2013

82. Kumar R, Smith RE, Henry BL: A review of and recommendations
for the management of patients with life-threatening dabigatran-asso-
ciated hemorrhage: a single-center university hospital experience. J
Intensive Care Med, 2014 [Epub ahead of print]

83. Dager WE, Gosselin RC, Roberts AJ: Reversing dabigatran in life-
threatening bleeding occurring during cardiac ablation with factor
eight inhibitor bypassing activity. Crit Care Med 41:e42–e46, 2013

84. Schulman S, Ritchie B, Goy JK, Nahirniak S, Almutawa M, Ghanny
S: Activated prothrombin complex concentrate for dabigatran-associ-
ated bleeding. Br J Haematol 164:308–310, 2014

85. Faust AC, Peterson EJ: Management of dabigatran-associated intrace-
rebral and intraventricular hemorrhage: a case report. J Emerg Med
46:525–529, 2014

86. Chang DN, Dager WE, Chin AI: Removal of dabigatran by hemodi-
alysis. Am J Kidney Dis 61:487–489, 2013

87. Eerenberg ES, Kamphuisen PW, Sijpkens MK, Meijers JC, Buller
HR, Levi M: Reversal of rivaroxaban and dabigatran by prothrombin
complex concentrate: a randomized, placebo-controlled, crossover
study in healthy subjects. Circulation 124:1573–1579, 2011

88. Schiele F, van Ryn J, Canada K, Newsome C, Sepulveda E, Park J,
Nar H, Litzenburger T: A specific antidote for dabigatran: functional
and structural characterization. Blood 121:3554–3562, 2013

89. Lu G, DeGuzman FR, Hollenbach SJ, Karbarz MJ, Abe K, Lee G,
Luan P, Hutchaleelaha A, Inagaki M, Conley PB, Phillips DR, Sinha
U: A specific antidote for reversal of anticoagulation by direct and
indirect inhibitors of coagulation factor Xa. Nat Med 19:446–451,2013

SYSTEMIC ANTICOAGULATION IN ESRD 9

http://www.accessdata.fda.gov/drugsatfda_docs/nda/2014/202155Orig1s002ClinPharmR.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/nda/2014/202155Orig1s002ClinPharmR.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2015/206316lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2015/206316lbl.pdf



