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Background: Enoxaparin sodium has predictable phar-
macokinetics that allow for simplified dosing without labo-
ratory monitoring. Reliance on renal function for excre-
tion may lead to accumulation of enoxaparin in patients
with moderate renal impairment. However, there is no
dose adjustment recommended for these patients. We con-
ducted a review to compare bleeding events in patients
with moderate renal impairment compared with those
with normal renal function.

Methods: Patients received enoxaparin sodium, 1 mg/
kg, every 12 hours or 1.5 mg/kg once daily between June
1 and November 30, 2009. Moderate renal impairment
was defined as creatinine clearance (CrCl) of 30 to 50
mL/min. Normal renal function was defined as CrCl
greater than 80 mL/min. The primary outcome was ma-
jor bleeding, defined as any bleeding resulting in death,
hospital admission, lengthened hospital stay, or an emer-
gency department visit. The secondary outcome was
thromboembolism.

Results: A total of 164 patients met the inclusion cri-
teria: 105 with normal renal function and 59 with mod-
erate renal impairment. The primary outcome occurred
in 6 of 105 patients (5.7%) with normal renal function
vs 13 of 59 patients (22.0%) with moderate renal im-
pairment, representing an unadjusted odds ratio of 4.7
(95% CI, 1.7-13.0; P=.002). The odds ratio using mul-
tivariable logistic regression adjusting for differences in
risk was 3.9 (95% CI, 0.97-15.6; P=.055). There was no
recurrent thromboembolism in either group.

Conclusions: Our results suggest an increased risk of
major bleeding in patients with moderate renal impair-
ment who receive enoxaparin. Because enoxaparin is fre-
quently used and outcomes can be life saving or life threat-
ening, we encourage further study of the appropriate dose
in patients with moderate renal impairment.
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E NOXAPARIN SODIUM, A LOW-
molecular-weight heparin,
has a predictable pharma-
cokinetic profile and dose-
response curve, allowing

simplified dosing without the need for vigi-
lant monitoring through laboratory tests.1

A disadvantage of enoxaparin is reliance
on kidney function for excretion and po-
tential accumulation of its anticoagulant
effect in patients with declining renal func-
tion. The Food and Drug Administration–
approved dosing recommends decreas-
ing the daily dose by one-half in patients

with severe renal impairment, defined as
creatinine clearance (CrCl) of less than 30
mL/min (to convert to milliliters per sec-
ond, multiply by 0.0167).2 The manufac-
turer’s package insert2 and pharmacoki-
netic studies3-8 have consistently described

a linear relationship between enoxaparin
clearance measured by antifactor Xa ac-
tivity and renal function measured by CrCl.
Despite this linear relationship, there is no
recommendation for dose adjustment for
patients with moderate renal impairment
(CrCl 30-50 mL/min). The package in-
sert2 recommends that these patients be ob-
served carefully for signs and symptoms
of bleeding but otherwise provides no
guidance regarding dose adjustment or
laboratory monitoring. In support of these
concerns are reports9-14 of increased bleed-
ing in patients with moderate renal im-
pairment who receive the recommended
enoxaparin dose.

Enoxaparin’s risk-benefit profile bal-
ances treatment of thrombosis with risk
of bleeding, both of which can be of ma-
jor significance. Enoxaparin use in pa-
tients with moderate renal impairment re-
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sults in a higher concentration of the anticoagulant;
however, the recommended dose remains the same as with
normal renal function. Ensuring an accurate dose may have
significant influence on relevant outcomes. Therefore, ap-
propriate dose modification would appear necessary to
maintain a proper balance of efficacy and safety in pa-
tients with reduced renal function. The large-scale clini-
cal studies instrumental in the approval of current dosing
enrolled healthier patient populations than those seen in
everyday clinical practice and often excluded patients with
renal dysfunction. Smaller studies7,15-17 have made dose
modifications to target an antifactor Xa activity therapeu-
tic range, despite a lack of strong evidence correlating an-
tifactor Xa activity target range to outcomes.18,19 Thus, we
conducted a review of medical records to compare the out-
comes of bleeding and recurrent thrombotic events in pa-
tients with normal renal function vs those with moderate
renal impairment who were receiving the manufacturer’s
recommended therapeutic dose of enoxaparin.

METHODS

This study was performed at the Minneapolis Veterans Affairs
Health Care System (MVAHCS), a tertiary care teaching facil-
ity that provides inpatient and primary and subspecialty am-
bulatory care. An electronic medical record documents dis-
pensing of outpatient medications, administration of inpatient
medications, laboratory test results, and clinical progress notes.
The electronic medical record provides access to data from other
VA medical facilities, allowing follow-up of clinical status when
primary care is transferred. Because the VA serves as the pri-
mary care provider of most patients, admissions to other hos-
pitals or emergency department visits are documented in the
electronic medical record when this information is made avail-
able or telephone contact is made. The MVAHCS uses an enox-

aparin protocol that requires baseline laboratory data and body
weight to be documented before treatment. These data permit
clinical pharmacists to calculate the dose on the basis of cur-
rent product labeling and evidence-based guidelines.1,2 Devia-
tion from this dose requires approval via the hematology con-
sult service.

Patients who received enoxaparin between June 1 and No-
vember 30, 2009, during a hospital inpatient stay or as an out-
patient prescription were identified via dispensing records. Pa-
tients were excluded if they received enoxaparin for venous
thromboembolism prophylaxis, dosing differed from that in the
manufacturer’s package insert, or long-term enoxaparin therapy
was prescribed. Long-term therapy was defined as a regimen
in which enoxaparin is the anticoagulant to be used for the full
duration of treatment. Thus, our study concentrated on the use
of enoxaparin for initiation of parenteral anticoagulation as well
as for bridge therapy, both with planned transition to oral an-
ticoagulation therapy (warfarin sodium). Initiation of antico-
agulation was defined as treatment for a new thrombotic indi-
cation with eventual transitioning to oral anticoagulation. Bridge
therapy was defined as transitioning from a therapeutic level
of oral anticoagulation followed by interruption and replace-
ment with therapeutic doses of enoxaparin, with a planned tran-
sition back to oral anticoagulation. For patients who received
more than 1 course of enoxaparin during this period, only the
first course was included in the analysis.

The main objective of our study was to compare major bleed-
ing outcomes in patients with normal renal function vs those
with moderate renal impairment receiving the product-
labeled enoxaparin dose. Normal renal function was defined
as CrCl greater than 80 mL/min, and moderate renal impair-
ment was defined as CrCl OF 30 to 50 mL/min.2 Our final study
population consisted of patients who received enoxaparin so-
dium at a therapeutic dosage of 1 mg/kg of body weight every
12 hours or 1.5 mg/kg every 24 hours and estimated CrCl as
specified. Creatinine clearance was calculated using the Cock-
croft-Gault formula with lean body weight.20,21 The actual body
weight was used to calculate the enoxaparin dose.

The following data were extracted from the electronic medi-
cal record: enoxaparin indication, dose, and duration of therapy;
age; sex; race; weight; levels of serum creatinine, alanine ami-
notransferase, aspartate aminotransferase, and hemoglobin;
platelet count; baseline international normalized ratio; and high-
est international normalized ratio during enoxaparin therapy.
Baseline risk factors for bleeding were collected, including his-
tory of uncontrolled hypertension, cancer, cerebrovascular ac-
cidents, bleeding, falls, or recent trauma or surgery and the World
Health Organization performance score.22,23 Concurrent medi-
cations 7 days before or during enoxaparin therapy, including
antiplatelet agents, nonsteroidal anti-inflammatory drugs, fish
oil, vitamin E, and warfarin, were recorded as risk factors.22

An extensive medical record review was conducted to as-
sess outcome data that included the 14 days following comple-
tion of enoxaparin therapy. The primary outcome of the study
was major bleeding, defined as any bleeding resulting in hos-
pital admission or death, lengthened hospital stay, or an emer-
gency department visit. The secondary outcome was any evi-
dence of new, progressing, or recurring thromboembolism
during the same period. The protocol was approved by the
MVAHCS institutional review board.

Characteristics of the patients categorized according to CrCl
were described using means (SDs) or proportions (percen-
tiles). An odds ratio for a bleeding episode was estimated with
95% CIs, using logistic regression to adjust for differences at
baseline other than renal function that might have repre-
sented a substantial difference in the risk of bleeding. Com-
mercial software (Stata, version 10.1; StataCorp) was used for
all analyses.

Enoxaparin prescriptions
from June 1 through
November 30, 2009

605

Selected388

Excluded: prophylaxis 217

Excluded: CrCl < 30
mL/min

22

Excluded: CrCl 51-79
mL/min

157

Excluded: ≥ 2 courses19

Excluded: long-term use5
Excluded: non-Pl dose6

Excluded: ≥ 2 courses6

Excluded: long-term use1
Excluded: non-Pl dose8

Selected209

Included59 Included105

With: CrCl 30-50 mL/min74 With: CrCl ≥ 80 mL/min135

Figure. Inclusion and exclusion criteria of patients. CrCl indicates creatinine
clearance; PI, package insert. To convert CrCl to milliliters per second,
multiply by 0.0167.
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RESULTS

A total of 605 enoxaparin courses were identified dur-
ing the 6-month study period. Inclusion and exclusion
data are illustrated in the Figure. The final sample con-
sisted of 164 patients: 105 with normal renal function
and 59 with moderate renal impairment.

Baseline characteristics are summarized in Table 1.
In addition to the selected differences in renal function,

the group with moderate renal impairment was older and
had a greater percentage with platelet counts less than
100 � 103/�L (1:1 conversion to � 109/L). The normal
renal function group had a greater percentage with el-
evated liver enzyme levels. The mean baseline interna-
tional normalized ratio was similar between the groups,
as were baseline risk factors and use of bridge therapy.
The mean duration of enoxaparin treatment was slightly
longer in the normal renal function group (12.8 days vs
11.9 days). A greater percentage of patients with nor-
mal renal function were taking a nonsteroidal anti-
inflammatory drug.

The primary outcome of major bleeding occurred in 6
of 105 patients (5.7%) with normal renal function vs 13 of
59patients(22.0%)withmoderaterenal impairment.There
werenodeaths.Theunadjustedodds ratio formajorbleed-
ing was 4.7 (95% CI, 1.7-13.0; P = .002). With adjustment
for differences in risk factors using multivariable logistic
regression, the odds ratio was 3.9 (95% CI, 0.97-15.6;
P = .055). There was no recurrent thromboembolism.

Indications for enoxaparin anticoagulation therapy are
presented in Table 2. More bleeding occurred in pa-

Table 1. Baseline Characteristics of Patients
Grouped by CrCl

Characteristic

No. (%)

CrCl �80
mL/min

(n = 105)

CrCl 30-50
mL/min
(n = 59)

Age, mean (SD), y 61 (9.9) 76 (9.8)
Men 101 (96) 58 (98)
ABW, mean (SD), kg 94.8 (21.4) 91.9 (21.6)
SCr, mean (SD), mg/dL 0.82 (0.16) 1.46 (0.41)
CrCl, mean (SD), mL/min 104.1 (26.0) 42.8 (6.0)
New diagnosis vs bridge therapy

New anticoagulation therapy 40 (38.1) 22 (37.3)
Bridge therapya 65 (61.9) 37 (62.7)

Bleeding risk factors
SBP �200 mm Hg 1 (1.0) 3 (5.1)
Active cancer 19 (18.1) 8 (13.6)
History of CVA 11 (10.5) 9 (15.3)
Diabetes mellitus 33 (31.4) 21 (35.6)
History of major bleeding 11 (10.5) 7 (11.9)
Recent surgery or trauma 26 (24.8) 11 (18.6)
AST or ALT �3 � ULN 9 (8.6) 0
Platelet count �100 � 103/�L 3 (2.9) 4 (6.8)
Hemoglobin level �10 mg/dL 14 (13.3) 7 (11.9)
Baseline INR, mean (SD) 1.66 (0.82) 1.73 (0.89)
Baseline INR �2.0 31 (29.5) 16 (27.1)
Length of therapy, mean

(SD), d
12.8 (11.9) 11.9 (11.2)

Highest INR during enoxaparin
sodium therapy, mean (SD)

2.84 (1.23) 2.52 (1.28)

Enoxaparin sodium dosage
1 mg/kg every 12 h 103 (98.1) 59 (100)
1.5 mg/kg every 24 h 2 (1.9) 0

Concomitant medicationsb

Aspirin 54 (51.4) 36 (61.0)
Clopidogrel bisulfate 11 (10.5) 4 (6.8)
Aspirin and clopidogrel 9 (8.6) 2 (3.4)
Warfarin sodium 92 (87.6) 55 (93.2)
Aspirin, clopidogrel, and

warfarin
4 (3.8) 1 (1.7)

NSAID 17 (16.2) 2 (3.4)
Fish oil, �2 g/d 13 (12.4) 7 (11.9)

Abbreviations: ABW, actual body weight; ALT, alanine transaminase;
AST, aspartate transaminase; CrCl, creatinine clearance (calculated using the
Cockcroft-Gault equation); CVA, cerebrovascular accident; INR, international
normalized ratio; NSAID, nonsteroidal anti-inflammatory drug; SBP, systolic
blood pressure; SCr, serum creatinine; ULN, upper limit of normal.

SI conversion factors: To convert SCr to micromoles per liter, multiply by
88.4; CrCl to milliliters per second, multiply by 0.0167; platelet count to �
109/L, multiply by 1; and hemoglobin to grams per liter, multiply by 10.

aBridge therapy was defined as transitioning from a therapeutic level of
oral anticoagulation followed by interruption of oral anticoagulation and
replacement with therapeutic doses of enoxaparin, with a planned transition
back to oral anticoagulation.

bNo patients received more than 400 IU of vitamin E 7 days before or
during enoxaparin therapy.

Table 2. Indications for Enoxaparin Sodium Therapy

Indication

New Anticoagulation
Therapy Started

(n = 62)
Bridge Therapy

(n = 102)

Venous
thromboembolism

45 37

Atrial fibrillation 7 32
Mechanical heart

valve
0 30

Acute coronary
syndrome

6 0

Arterial thrombosis,
PAD

4 3

Abbreviation: PAD, peripheral artery disease.

Table 3. Major Bleeding per Indication for Bridge Therapya

Indication

No./No. (%)

Major
Bleeding

CrCl �80
mL/min

CrCl 30-50
mL/min

Invasive procedure
for diagnosis or
treatmentb

5/31 (16.1) 1/15 (6.7) 4/16 (25.0)

Surgical procedure 3/28 (10.7) 1/20 (5.0) 2/8 (25.0)
Anticoagulation during

unplanned,
subtherapeutic oral
anticoagulation therapy

1/26 (3.8) 1/19 (5.3) 0/7 (0)

Cardiac ablation
procedure

5/17 (29.4) 2/11 (18.2) 3/6 (50.0)

Abbreviation: CrCl, creatinine clearance.
SI conversion factor: To convert CrCl to milliliters per second, multiply

by 0.0167.
aMajor bleeding was defined as any bleeding resulting in hospital

admission or death, lengthened hospital stay, or an emergency department
visit directly attributed to the bleeding.

bAngiography, automatic insertable cardioverter-defibrillator placement,
endoscopic retrograde cholangiopancreatography,
esophagogastroduodenoscopy, colonoscopy, and biopsy.
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tients undergoing bridge therapy vs new anticoagulation
(13.7% vs 8.1%). This trend was similar in both renal func-
tion groups. Reasons for bridging therapy and bleeding out-
comes are reported in Table 3. A high frequency of ma-
jor bleeding (5 of 17 patients [29.4%]) was noted in patients
undergoing cardiac ablation procedures receiving bridge
therapy with standard doses of enoxaparin. When these pro-
cedures were excluded, the overall incidence of major bleed-
ing remained substantial (18.9%) in the group with mod-
erate renal impairment.

COMMENT

This study evaluated the safety of enoxaparin adminis-
tered in recommended doses to patients with moderate re-
nal impairment. The results reveal a disturbing rate of ma-
jor bleeding in 1 of 4.5 patients with moderate renal
impairment, constituting an odds ratio of 4.7, compared
with patients with normal renal function. Bleeding severe
enough to require hospital admission occurred in 1 of 7.5
patients in the group with moderate renal impairment. This
rate of major bleeding is substantially higher than that in
the large trials24-31 of enoxaparin. Of note, these large trials
included homogeneous patient groups (ie, 1 indication),
multiple exclusions, and short durations of enoxaparin
therapy. In contrast, our study was longer and is more rep-
resentative of everyday, real-world practice of using enox-
aparin for mixed indications and longer duration, with con-
comitant antiplatelet or anticoagulant agents, varied renal
function, and bridging therapy.

Our results are consistent with those of other studies
that showed increased bleeding in patients with moderate
renal impairment. A pharmacokinetic-pharmacodynamic
analysis of the Thrombolysis in Myocardial Infarction
(TIMI) 11A trial9 revealed the risk of hemorrhage to be
strongly associated with moderate renal impairment. Enox-
aparin clearance was reduced by 21% in this subgroup and
the risk of a major hemorrhagic event was increased 1.4
to 2.8 times. Thorevska et al10 reported an 11% incidence
of major bleeding with use of manufacturer-recom-
mended doses in patients with moderate renal impair-
ment. Barras et al12 demonstrated that 23% of patients with
moderate renal impairment receiving the manufacturer-
recommended therapeutic dose of enoxaparin experi-
enced major bleeding, a result strikingly similar to ours.
The Fifth Organization to Assess Strategies in Ischemic Syn-
dromes (OASIS-5) trial32 documented increased bleeding
events as renal function progressively declined below an
estimated glomerular filtration rate of 58 mL/min/1.73 m2

and revealed renal function to be an important indepen-
dent determinant of major bleeding. Each 10-mL/min dec-
rement of CrCl was associated with increased bleeding risk
when enoxaparin was used with thrombolytics for the treat-
ment of ST-segment elevation myocardial infarction.14 In
a multivariate regression model, CrCl remained an inde-
pendent risk factor for intracranial and major bleeding, lead-
ing these authors to suggest an empirical dose adjustment
to maintain the best risk-benefit ratio.14

The mechanism responsible for increased bleeding in
patients with reduced renal function appears to be in-
creased anticoagulant effect secondary to drug accumula-

tion. Studies5-7,9,15,17,33 evaluating enoxaparin pharmacoki-
netics via antifactor Xa activity have consistently shown
increased drug half-life and accumulation of antifactor Xa
activity in patients with moderate renal impairment. The
consensus of these studies is that dose adjustment is nec-
essary to avoid drug accumulation. However, a limitation
of pharmacokinetic studies is the unclear relationship of
antifactor Xa activity to thrombosis resolution or bleed-
ing.18,19,34-37 Thus, the practice of monitoring antifactor Xa
activity to adjust doses has not been widely adopted. The
results of our study combined with those cited in the first
section of this paragraph suggest the potential usefulness
of measuring antifactor Xa activity in patients with mod-
erate renal function to assess anticoagulant accumulation
and further stratify bleeding risk.

In an effort to bridge the gap between pharmacoki-
netic data and pharmacodynamic outcomes (bleeding),
Barras et al38 studied a model to quantify the probability
of bleeding based on enoxaparin “exposure.” They de-
termined that bleeding as a function of total enoxaparin
exposure was best described as the cumulative area un-
der the concentration-time curve of antifactor Xa activ-
ity. Consequently, this analysis entails not only antifac-
tor Xa activity at one point but also duration of therapy.
Notably, the early major trials studied durations of therapy
on average of only 4 days, which is markedly less expo-
sure than in our study. The findings of Barras et al are
important because they determined that cumulative ex-
posure to anticoagulant levels over time was more di-
rectly related to bleeding than were antifactor Xa levels.
Thorevska et al10 also showed duration of therapy of sig-
nificance for occurrence of bleeding. We did not mea-
sure antifactor Xa; however, our study used recom-
mended therapeutic doses in patients with moderate renal
impairment that pharmacokinetic studies have consis-
tently shown to provide elevated antifactor Xa activity.
Our results support the concept that increased expo-
sure to enoxaparin via duration of therapy and possibly
antifactor Xa accumulation is correlated with increased
bleeding (Table 4). Studies of shorter duration would
be less apt to discover bleeding or correlation of an an-
tifactor Xa level determined early in therapy to predict
bleeding.

When our results are added to previous evidence and
the pharmacokinetics of enoxaparin, we believe that there
are ample data confirming enoxaparin accumulation and
an increased risk of major bleeding in patients with mod-
erate renal impairment. Considering the impact of ma-
jor bleeding as an adverse drug event that may include
life-threatening or fatal hemorrhage, we suggest that regu-
latory agencies, the manufacturer, and/or guideline-
writing organizations explore all available data, pub-
lished and unpublished, and consider revising dosing
and/or monitoring guidelines in patients with moderate
renal impairment. Others7,15,17 have offered alternative dos-
ing strategies and, although use has been investigated in
a limited number of patients, these regimens merit con-
sideration (Table 5).

Limitations of this study include the retrospective data
collection, therefore relying only on evaluation of clinical
progress notes, laboratory test results, and other documen-
tation. Our patient population consisted predominately of
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men and reflects patient selection from a population rep-
resentative of a VA medical center. The decision to use enox-
aparin vs other anticoagulants was not controlled, and bias
may have been introduced without the proper randomiza-
tion associated with prospective clinical trials. There also
may be some residual confounding despite our efforts to
control for differences in risk factors via multivariable re-
gression. Several bleeding episodes followed cardiac abla-
tion procedures (Table 3). It is possible that these bleed-
ing events could have been avoided by using reduced doses
of enoxaparin as recommended by some39 or continua-
tion of warfarin without bridging therapy as suggested by
others.40,41 The frequency of bleeding remained high even
if these procedures were excluded. Despite these limita-
tions, the comparative groups were similar in many demo-
graphics, including concurrent risk factors for bleeding. The
demographics associated with reduced renal function (age,
serum creatinine) differed as expected. It has been shown10

that patients with reduced renal function may be at higher
risk for bleeding with unfractionated heparin therapy as
well as enoxaparin therapy; therefore, renal impairment it-
self and/or comorbidities associated with chronic kidney
disease may contribute to increased bleeding. Even if this
has an effect on risk separate from our concerns of drug
accumulation, a dose adjustment to offset this risk should
be investigated.

In conclusion, our results indicate a significantly in-
creased risk of major bleeding in patients with moder-
ate renal impairment who receive the recommended thera-
peutic dose of enoxaparin. This caution includes using

these doses for bridge therapy. Further investigation of
alternative dosing regimens in patients with moderate re-
nal impairment to maintain efficacy with reduced risks
in this patient population is warranted, as are studies of
the role of monitoring antifactor Xa activity to guide dos-
ing of enoxaparin.
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37. Hemker HC, Al Dieri R, Béguin S. Laboratory monitoring of low-molecular-
weight heparin therapy—part II: monitoring LMWH therapy? for the moment a
non-question. J Thromb Haemost. 2005;3:571-573.

38. Barras MA, Duffull SB, Atherton JJ, Green B. Modelling the occurrence and se-
verity of enoxaparin-induced bleeding and bruising events. Br J Clin Pharmacol.
2009;68(5):700-711.

39. European Heart Rhythm Association (EHRA); European Cardiac Arrhythmia So-
ciety (ECAS); American College of Cardiology (ACC); American Heart Associa-
tion (AHA); Society of Thoracic Surgeons (STS), Calkins H, Brugada J, Packer
DL, et al. HRS/EHRA/ECAS expert consensus statement on catheter and surgi-
cal ablation of atrial fibrillation: recommendations for personnel, policy, proce-
dures and follow-up: a report of the Heart Rhythm Society (HRS) Task Force on
Catheter and Surgical Ablation of Atrial Fibrillation [published correction ap-
pears in Heart Rhythm. 2009;6(1):148]. Heart Rhythm. 2007;4(6):816-861.

40. Ahmed I, Gertner E, Nelson WB, et al. Continuing warfarin therapy is superior to
interrupting warfarin with or without bridging anticoagulation therapy in pa-
tients undergoing pacemaker and defibrillator implantation. Heart Rhythm. 2010;
7(6):745-749.

41. Di Biase L, Burkhardt JD, Mohanty P, et al. Periprocedural stroke and manage-
ment of major bleeding complications in patients undergoing catheter ablation
of atrial fibrillation: the impact of periprocedural therapeutic international nor-
malized ratio. Circulation. 2010;121(23):2550-2556.

INVITED COMMENTARY

Moderate Renal Impairment and Risk of Bleeding
With Anticoagulation

B leeding is the most feared complication of anti-
coagulant therapy and, unfortunately, it is not un-
common. The 2011-2012 National Patient Safety

Goals mandate efforts to “reduce the likelihood of pa-

tient harm associated with the use of anticoagulant
therapy.”1 This is a call for coordinated efforts to de-
crease adverse events related to anticoagulant therapy,
with recommendations for improved oversight and evi-
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