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Background: A recent randomized, controlled trial, the Fifth Orga-
nization to Assess Strategies in Acute Ischemic Syndromes (OASIS
5) trial, reported that major bleeding was 2-fold less frequent with
fondaparinux than with enoxaparin in acute coronary syndromes
(ACS). Renal dysfunction increases the risk for major bleeding.

Objective: To compare the efficacy and safety of fondaparinux and
enoxaparin over the spectrum of renal dysfunction observed in the
OASIS 5 trial.

Design: Subgroup analysis of a randomized, controlled trial.

Setting: Patients presenting to the hospital with non–ST-segment
elevation ACS.

Patients: 19 979 of the 20 078 patients in the OASIS 5 trial in
whom creatinine was measured at baseline.

Measurements: Death, myocardial infarction, refractory ischemia,
and major bleeding were evaluated separately and as a composite
end point at 9, 30, and 180 days. Glomerular filtration rate (GFR)
was calculated by using the Modification of Diet in Renal Disease
formula.

Results: The absolute differences in favor of fondaparinux (efficacy
and safety) were most marked in patients with a GFR less than 58

mL/min per 1.73 m2; the largest differences occurred in major
bleeding events. At 9 days, death, myocardial infarction, or refrac-
tory ischemia occurred in 6.7% of patients receiving fondaparinux
and 7.4% of those receiving enoxaparin (hazard ratio, 0.90 [95%
CI, 0.73 to 1.11]); major bleeding occurred in 2.8% and 6.4%,
respectively (hazard ratio, 0.42 [CI, 0.32 to 0.56]). Statistically sig-
nificant differences in major bleeding persisted at 30 and 180 days.
The rates of the composite end point were lower with fondaparinux
than with enoxaparin in all quartiles of GFR, but the differences
were statistically significant only among patients with a GFR less
than 58 mL/min per 1.73 m2.

Limitations: Subgroup analyses warrant caution; the study was
powered to detect noninferiority at 9 days. Fondaparinux is not
approved for use in patients with ACS in the United States.

Conclusions: The benefits of fondaparinux over enoxaparin when
administered for non–ST-segment elevation ACS are most marked
among patients with renal dysfunction and are largely explained by
lower rates of major bleeding with fondaparinux.
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The development of more effective antithrombotic ther-
apies for acute coronary syndromes (ACS) has focused

primarily on reducing ischemic and thrombotic complica-
tions. However, the balance between efficacy and safety is
critical in determining optimal antithrombotic treatment
for non–ST-segment elevation ACS. Such patients exhibit
a spectrum of renal dysfunction severity (1–3). Renal dys-
function not only amplifies risks for death, stroke, and
other cardiac complications but also increases the risk for
bleeding (3–5). The presence and degree of renal dysfunc-
tion may therefore influence the balance between safety
and efficacy of antithrombotic agents. Evidence-based

guidelines support the use of antiplatelet and antithrom-
botic therapies, but currently available agents also increase
the risk for bleeding.

Studies in patients with renal dysfunction have dem-
onstrated increased cardiovascular risk (6–10). In registry
studies, renal insufficiency is a powerful predictor of risk
among patients admitted for acute myocardial infarction
(MI) (3–5) or non–ST-segment elevation ACS (11). As
creatinine clearance declines, the rate of major bleeding
events increases, even among patients not dependent on
dialysis (5).

The most widely used antithrombotics in non–ST-
segment elevation ACS are unfractionated heparin and
low-molecular-weight heparin. A meta-analysis suggests
that in the context of thrombolysis for ST-segment eleva-
tion MI, enoxaparin may be modestly superior to unfrac-
tionated heparin in reducing death or MI and cause similar
rates of bleeding (12). In the context of interventional ther-
apy, similar efficacy but a higher rate of bleeding was ob-
served in the Superior Yield of the New Strategy of Enox-
aparin Revascularization and Glycoprotein IIb/IIa trial
(13). At lower doses, enoxaparin had efficacy similar to
that of heparin without an increase in bleeding in the
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Safety and Efficacy of Enoxaparin in Percutaneous Coro-
nary Intervention trial (14). The use of glycoprotein IIb/
IIIa antagonists may also increase the risk for bleeding (4,
13, 14).

The Fifth Organization to Assess Strategies in Acute
Ischemic Syndromes (OASIS 5) trial compared fondapa-
rinux (a selective factor Xa inhibitor) with enoxaparin for
short- and long-term efficacy and safety in 20 078 patients
with non–ST-segment elevation ACS (15). The trial met
the predefined noninferiority criteria. It established that
fondaparinux was noninferior to enoxaparin for the pri-
mary end point of death, MI, or refractory ischemia at 9
days (15). With fondaparinux, major bleeding was substan-
tially reduced, and there were statistically significantly
fewer deaths and strokes during long-term follow-up (15).

The OASIS 5 investigation provides the opportunity
to test the safety (major bleeding) and efficacy (death, MI,
and refractory ischemia) of fondaparinux versus enoxaparin
in a large sample of patients with a spectrum of renal func-
tion. Enoxaparin is primarily metabolized by the liver
through desulfation or depolymerization into lower-molec-
ular-weight species, but renal clearance of active and non-
active fragments represents about 40% of the administered
dose. The data sheet recommends adjustment in patients
with severe renal impairment (creatinine clearance �0.5
mL/s [�30 mL/min]). Fondaparinux is excreted by the
kidney without previous metabolism.

We hypothesize that bleeding risk is influenced by the
degree of renal dysfunction and that the excess bleeding
risk and mortality observed with enoxaparin are related to
the severity of renal dysfunction.

METHODS

Details of the design and methods of the OASIS 5
study are reported elsewhere (16). In brief, OASIS 5 was a
randomized, double-blind, placebo-controlled, parallel-
group trial of fondaparinux versus enoxaparin in patients
with unstable angina or non–ST-segment elevation MI
(Appendix Figure, available at www.annals.org). Patients
were eligible if they presented to the hospital with symp-
toms of ACS without persistent ST-segment elevation but
with at least 2 of the following criteria: age 60 years or
older, troponin T or I or creatine kinase–MB levels above
the upper limit of normal, or electrocardiographic changes
indicating ischemia (ST-segment depression �1 mm in 2
contiguous leads, T-wave inversion �3 mm, or a dynamic
shift in ST-segment or transient ST-segment elevation)
(16). Patients were excluded if they had a contraindication
to low-molecular-weight heparin, including a history of
hemorrhagic stroke within the previous 12 months or se-
vere renal insufficiency (serum creatinine level �3 mg/dL
[�265 �mol/L]).

The study was powered to demonstrate noninferiority
of fondaparinux compared with enoxaparin at 9 days (16).
The noninferiority margin excluded a loss of benefit of
18.5% (half of the lower boundary of the 95% CI for any

heparin vs. control) (12). Patients were followed for a min-
imum of 90 days and a maximum of 180 days, and pre-
specified secondary outcomes included death, MI, and re-
fractory ischemia (individually and their composite).
Prespecified safety outcomes included major bleeding
events (defined as clinically overt bleeding that is fatal,
symptomatic and intracranial, retroperitoneal, or intraocu-
lar; results in a decrease in hemoglobin level of �30 g/L; or
that requires transfusion of �2 units of red blood cells)
(16). The balance of efficacy and safety was analyzed by
combining primary safety and efficacy outcomes. All events
were adjudicated by a committee blinded to treatment
allocation.

The study drugs (fondaparinux, 2.5 mg once daily, or
enoxaparin, 1 mg/kg of body weight twice daily) were ad-
ministered during hospitalization for a minimum of 2 days
and for up to 8 days or hospital discharge. Fondaparinux is
not currently approved by the U.S. Food and Drug Ad-
ministration for use in patients with ACS. For patients
with creatinine clearance less than 0.5 mL/s (�30 mL/
min), the enoxaparin dosage was reduced to 1 mg/kg once
daily. The median duration of therapy was 5.2 days.

This subsidiary analysis was undertaken to examine
the effect of renal dysfunction. The study sample was strat-
ified according to quartiles of GFR, consistent with the
Second National Health and Nutrition Examination Sur-
vey on Mortality (6), as estimated by using the Modifica-
tion of Diet in Renal Disease formula (17, 18).

Context

These researchers hypothesized that the benefit of
fondaparinux versus enoxaparin for patients with non–
ST-segment acute coronary syndromes would be greatest
among patients whose risk for bleeding was greater be-
cause of renal dysfunction.

Contribution

Among patients with a glomerular filtration rate (GFR) less
than 58 mL/min per 1.73 m2, fondaparinux had lower
rates of combined death, major bleeding, myocardial in-
farction, or refractory angina compared with enoxaparin:
8.8% vs. 12.5% (hazard ratio, 0.69 [95% CI, 0.58 to
0.82]) at 9 days, 12.9% vs 17.6% (hazard ratio, 0.71
95% [CI, 0.62 to 0.82]) at 30 days, and 21.3% vs 24.7%
(hazard ratio, 0.83 [CI, 0.74 to 0.93]) at 180 days. The
differences were not statistically significant among patients
with a GFR greater than 58 mL/min per 1.73 m2.

Implication

In non–ST-segment elevation acute coronary syndromes,
the net benefits of fondaparinux compared with enoxapa-
rin are most marked among patients with a GFR less than
58 mL/min per 1.73 m2.

—The Editors
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Statistical Analysis
Of the 20 078 patients randomly assigned in the

OASIS 5 trial, the current analysis includes 19 979 pa-
tients in whom creatinine was measured at baseline. The
event rates presented were calculated by using the Kaplan–
Meier method. The treatment effect was assessed in each
quartile of creatinine clearance by using a Cox propor-
tional hazards model. Tests for interaction were applied to
examine whether the treatment differed by GFR. The ef-
fect of creatinine clearance was explored by comparing
event rates in the highest quartile of GFR with that of the
lowest.

Role of the Funding Source
The study was conducted independently by the Steer-

ing Committee and the Population Health Research Insti-
tute, McMaster University, and Hamilton Health Sciences,
Hamilton, Ontario, Canada. The conduct of the trial,
analysis of the data, and writing of the manuscript were
done independently of the study sponsor.

RESULTS

Patient Characteristics
Table 1 shows the baseline characteristics of study pa-

tients by quartile of GFR. The distribution of GFR was
well balanced by treatment group: In the enoxaparin and
fondaparinux groups, respectively, 12.9% and 12.8% had a
GFR less than 58 mL/min per 1.73 m2, 12.0% and 12.3%
had a GFR from 58 to less than 71 mL/min per 1.73 m2,
12.6% and 12.5% had a GFR from 71 to less than 86
mL/min per 1.73 m2, and 12.5% and 12.5% had a GFR
greater than 86 mL/min per 1.73 m2.

Renal Dysfunction and Outcome
At 9 days, the combined efficacy outcome of death,

MI, or refractory ischemia did not differ statistically signif-
icantly between the enoxaparin and fondaparinux groups
(criteria for noninferiority were satisfied). There was also
no statistically significant difference in efficacy among in-
dividual quartiles of GFR (Table 2 and Appendix Table,
available at www.annals.org). Tests for interaction were not
statistically significant.

Table 1. Key Baseline Characteristics and Management*

Characteristic Glomerular Filtration Rate

<58 mL/min
per 1.73 m2

(n � 5141)

58 to <71 mL/min
per 1.73 m2

(n � 4845)

71 to <86 mL/min
per 1.73 m2

(n � 5012)

>86 mL/min
per 1.73 m2

(n � 4996)

Mean age (SD), y 72.4 (8.9) 68.1 (9.5) 64.7 (10.4) 61.0 (11.3)
Men, n (%) 2309 (44.9) 2819 (58.2) 3465 (69.1) 3737 (74.8)
Heart rate (SD), beats/min 74.4 (13.9) 72.9 (13.5) 72.1 (13.2) 72.6 (13.3)
Mean systolic blood pressure (SD), mm Hg 137.9 (23.2) 137.1 (22.5) 136.1 (22.2) 134.7 (21.6)
Medical history, n (%)

Myocardial infarction 1652 (32.1) 1275 (26.3) 1202 (24.0) 1021 (20.4)
CABG or PCI 993 (19.3) 873 (18.0) 823 (16.4) 718 (14.4)
Stroke 441 (8.6) 320 (6.6) 265 (5.3) 211 (4.2)
Heart failure 1180 (23.0) 671 (13.8) 463 (9.2) 461 (9.2)
Hypertension 4136 (80.5) 3387 (69.9) 3072 (61.3) 2855 (57.1)
Diabetes 1769 (34.4) 1201 (24.8) 1039 (20.7) 1049 (21.0)
ECG compatible with ischemia 4115 (80.0) 3869 (79.9) 4028 (80.4) 4026 (80.6)
ST-segment depression �1 mm 2871 (55.8) 2502 (51.6) 2457 (49.0) 2374 (47.5)

Medications at random assignment, n (%)
Aspirin 4117 (80.1) 3794 (78.3) 3871 (77.2) 3818 (76.4)
Clopidogrel or ticlopidine 1573 (30.6) 1475 (30.4) 1596 (31.8) 1634 (32.7)
Unfractionated heparin 934 (18.2) 812 (16.8) 859 (17.1) 947 (19.0)
Low-molecular-weight heparin 1553 (30.2) 1489 (30.7) 1630 (32.5) 1637 (32.8)
ACE inhibitor or ARB 3202 (62.3) 2579 (53.2) 2283 (45.6) 2168 (43.4)
�-Blocker 3200 (62.2) 2884 (59.5) 2947 (58.8) 2916 (58.4)
Lipid-lowering agent 2093 (40.7) 1921 (39.6) 1888 (37.7) 1780 (35.6)

Medications in hospital after random assignment, n (%)
Aspirin 4974 (96.8) 4712 (97.3) 4904 (97.8) 4910 (98.3)
Clopidogrel or ticlopidine 3240 (63.0) 3237 (66.8) 3436 (68.6) 3571 (71.5)
Unfractionated heparin 798 (15.5) 737 (15.2) 814 (16.2) 832 (16.7)
Low-molecular-weight heparin 887 (17.3) 834 (17.2) 871 (17.4) 825 (16.5)
�-Blocker 4372 (85.0) 4252 (87.8) 4422 (88.2) 4439 (88.9)
Lipid-lowering agent 3825 (74.4) 3836 (79.2) 4067 (81.1) 4063 (81.3)

Procedures in hospital, n (%)
Coronary angiography 2743 (53.4) 3053 (63.0) 3368 (67.2) 3508 (70.2)
PCI 1371 (26.7) 1612 (33.3) 1863 (37.2) 2021 (40.5)
CABG 429 (8.3) 451 (9.3) 489 (9.8) 487 (9.7)

* ACE � angiotensin-converting enzyme; ARB � angiotensin-receptor blocker; CABG � coronary artery bypass grafting; ECG � electrocardiogram; PCI � percutaneous
coronary intervention.
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However, at 30 days among patients with a GFR less
than 58 mL/min per 1.73 m2, the composite efficacy out-
comes were statistically significantly lower with fondapa-
rinux (10.0% vs. 12.2% with enoxaparin; hazard ratio,
0.81 [CI, 0.69 to 0.96]), as were the number of deaths
alone (4.8% vs. 6.8%; hazard ratio, 0.69 [CI, 0.55 to
0.87]) (Appendix Table, Figure). Findings on number of
deaths were similar when the results were expressed as a
function of baseline creatinine level greater than 106
�mol/L (1.2 mg/dL): 4.5% for the fondaparinux group vs.
6.5% for the enoxaparin group (hazard ratio, 0.68 [CI,
0.54 to 0.86]).

A statistically significant difference in major bleeding
events was observed in favor of fondaparinux (overall,
2.1% vs. 4.1% with enoxaparin; hazard ratio, 0.52 [CI,

0.44 to 0.61]). The rate of bleeding events was lower with
fondaparinux across the quartiles of renal dysfunction, and
the difference was most marked in patients with severe
renal dysfunction (Figure, Table 2). In absolute terms, the
rate of major bleeding was 1.0% to 3.6% lower with
fondaparinux; hazard ratios for successive quartiles of renal
dysfunction were 0.61 (CI, 0.41 to 0.90) for a GFR of at
least 86 mL/min per 1.73 m2, 0.66 (CI, 0.46 to 0.95) for
a GFR of 71 to less than 86 mL/min per 1.73 m2, 0.53
(CI, 0.39 to 0.72) for a GFR of 58 to less than 71 mL/min
per 1.73 m2, and 0.42 (CI, 0.32 to 0.56) for a GFR less
than 58 mL/min per 1.73 m2.

When the balance between efficacy and safety (the
composite of death, MI, refractory angina or major bleed-
ing), was considered event rates were lower at 9 days with

Table 2. Outcomes at 9, 30, and 180 Days, by Glomerular Filtration Rate*

Outcome Randomly
Assigned
Patients, n

Overall,
n (%)

Enoxaparin
Group, n (%)

Fondaparinux
Group, n (%)

Hazard Ratio
(95% CI)

P Value

Death, MI, or refractory ischemia
9 d

GFR �58 mL/min per 1.73 m2 5141 363 (7.1) 191 (7.4) 172 (6.7) 0.90 (0.73–1.11) 0.32
GFR 58 to �71 mL/min per 1.73 m2 4845 297 (6.1) 140 (5.8) 157 (6.4) 1.10 (0.88–1.38) 0.41
GFR 71 to �86 mL/min per 1.73 m2 5012 235 (4.7) 116 (4.6) 119 (4.8) 1.03 (0.80–1.33) 0.81
GFR �86 mL/min per 1.73 m2 4996 252 (5.0) 123 (4.9) 129 (5.2) 1.05 (0.82–1.34) 0.70

Interaction – – – – – 0.38

30 d
GFR �58 mL/min per 1.73 m2 5141 573 (11.1) 315 (12.2) 258 (10.0) 0.81 (0.69–0.96) 0.01
GFR 58 to �71 mL/min per 1.73 m2 4845 409 (8.4) 193 (8.1) 216 (8.8) 1.10 (0.90–1.33) 0.34
GFR 71 to �86 mL/min per 1.73 m2 5012 317 (6.3) 163 (6.5) 154 (6.2) 0.95 (0.76–1.18) 0.65
GFR �86 mL/min per 1.73 m2 4996 361 (7.2) 189 (7.6) 172 (6.9) 0.91 (0.74–1.12) 0.37

Interaction – – – – – 0.45

180 d
GFR �58 mL/min per 1.73 m2 5141 946 (18.7) 495 (19.6) 451 (17.9) 0.90 (0.79–1.03) 0.12
GFR 58 to �71 mL/min per 1.73 m2 4845 603 (12.6) 297 (12.6) 306 (12.7) 1.01 (0.86–1.19) 0.87
GFR 71 to �86 mL/min per 1.73 m2 5012 467 (9.4) 245 (9.9) 222 (9.0) 0.91 (0.76–1.09) 0.30
GFR �86 mL/min per 1.73 m2 4996 503 (10.2) 265 (10.7) 238 (9.6) 0.90 (0.75–1.07) 0.22

Interaction – – – – – 0.85

Major bleeding events
9 d

GFR �58 mL/min per 1.73 m2 5141 233 (4.6) 163 (6.4) 70 (2.8) 0.42 (0.32–0.56) �0.001
GFR 58 to �71 mL/min per 1.73 m2 4845 170 (3.5) 110 (4.6) 60 (2.5) 0.53 (0.39–0.72) �0.001
GFR 71 to �86 mL/min per 1.73 m2 5012 123 (2.5) 74 (3.0) 49 (2.0) 0.66 (0.46–0.95) 0.026
GFR �86 mL/min per 1.73 m2 4996 103 (2.1) 64 (2.6) 39 (1.6) 0.61 (0.41–0.90) 0.014

Interaction – – – – – 0.056

30 d
GFR �58 mL/min per 1.73 m2 5141 299 (5.9) 193 (7.6) 106 (4.2) 0.54 (0.42–0.68) �0.001
GFR 58 to �71 mL/min per 1.73 m2 4845 209 (4.4) 127 (5.4) 82 (3.4) 0.62 (0.47–0.82) �0.001
GFR 71 to �86 mL/min per 1.73 m2 5012 154 (3.1) 88 (3.5) 66 (2.7) 0.75 (0.55–1.03) 0.078
GFR �86 mL/min per 1.73 m2 4996 145 (2.9) 85 (3.4) 60 (2.4) 0.70 (0.50–0.98) 0.036

Interaction – – – – – 0.093

180 d
GFR �58 mL/min per 1.73 m2 5141 359 (7.3) 216 (8.7) 143 (5.8) 0.65 (0.52–0.80) �0.001
GFR 58 to �71 mL/min per 1.73 m2 4845 260 (5.5) 147 (6.3) 113 (4.8) 0.74 (0.58–0.95) 0.018
GFR 71 to �86 mL/min per 1.73 m2 5012 191 (3.9) 102 (4.1) 89 (3.6) 0.87 (0.66–1.16) 0.350
GFR �86 mL/min per 1.73 m2 4996 177 (3.6) 103 (4.2) 74 (3.0) 0.71 (0.53–0.96) 0.026

Interaction – – – – – 0.301

* GFR � glomerular filtration rate; MI � myocardial infarction.
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fondaparinux than with enoxaparin (7.3% vs. 9.0%; haz-
ard ratio, 0.81 [CI, 0.73 to 0.89]), and the difference was
sustained at 180 days (15.0% vs 17.1%; hazard ratio, 0.86
[CI, 0.81 to 0.93]). Similarly, for each quartile of GFR, net
clinical benefit at 180 days favored fondaparinux (hazard
ratios, 0.83, 0.91, 0.88, and 0.86 for successive quartiles of
renal dysfunction; tests for interaction were not significant)
(Table 3). The absolute benefits in favor of fondaparinux
were most marked and reached statistical significance only
in patients with more severely impaired renal function
(GFR �58 mL/min per 1.73 m2).

DISCUSSION

A spectrum of renal dysfunction is evident in patients
with coronary artery disease (1–7, 19). Only one quarter of
patients presenting with non–ST-segment elevation ACS
in this study had well-preserved renal function (GFR �86
mL/min per 1.73 m2), and one half had a GFR of less than
71 mL/min per 1.73 m2. Renal function was a powerful

and independent determinant of adverse outcome, includ-
ing the risks for death and major and minor bleeding.
Overall, the risk for death was approximately 5-fold higher
in patients in the lowest quartile of renal dysfunction (GFR
�58 mL/min per 1.73 m2) than in those with well-pre-
served renal function (GFR �86 mL/min per 1.73 m2).
Similarly, the risk for major bleeding was 4-fold higher
among those in the lowest versus the highest quartiles of
GFR.

The rate of major bleeding was approximately 2-fold
higher with enoxaparin than with fondaparinux: 2.1% vs.
4.1% (hazard ratio, 0.52 [CI, 0.44 to 0.61]). The relation-
ship between bleeding and renal dysfunction demonstrates
a substantial increase in risk for bleeding in patients with
the most marked impairment of renal function (GFR �58
mL/min per 1.73 m2): 6.4% with enoxaparin versus 2.8%
with fondaparinux, respectively) hazard ratio, 0.42 [CI,
0.32 to 0.56]). Examining patients by quartile of GFR or
plotting the results over the spectrum of GFR demon-
strates that not only are bleeding risks amplified as renal
dysfunction deteriorates, but the difference between
fondaparinux and enoxaparin progressively widens.

A possible explanation for our findings is that clear-
ance of enoxaparin may be impaired in patients with im-
paired renal function when the drug is administered in the
standard dosing regimen, and this impaired clearance is
associated with excess bleeding. Clearance of enoxaparin
involves metabolism by desulfation or depolymerization to
lower-molecular-weight species, and renal clearance of ac-
tive and inactive fragments. In contrast, fondaparinux is
excreted by the kidney without previous metabolism. In
the context of thrombolytic therapy for ST-segment eleva-
tion MI, higher bleeding risks were observed with enoxapa-
rin, especially in elderly persons (20–22). These results
may relate, at least in part, to impaired renal function.

Excessive bleeding may translate into subsequent risk
for death by several mechanisms, including the withdrawal
of antiplatelet and antithrombotic agents in patients who
experience a bleeding event (with rebound thrombosis and
death arising from ischemic complications). Bleeding event
are also associated with transfusions, the hazards of which
have been well documented, including in large observa-
tional studies on ACS (4,5, 23). Finally, bleeding may oc-
cur into vulnerable atherosclerotic plaques, contributing to
vascular obstruction and potentially to a higher frequency
of death.

In the Enoxaparin and Thrombolysis Reperfusion for
Acute Myocardial Infarction Treatment trial, which stud-
ied ST-segment elevation MI, the dose of enoxaparin was
reduced in elderly patients (to 75% of the standard dose in
patients �75 years of age) and was also reduced in those
with severe renal dysfunction (creatinine clearance �0.5
mL/s [30 mL/min]) (22). Despite this dose reduction,
there was significant excess bleeding with enoxaparin com-
pared with unfractionated heparin (2.1% vs. 1.4%; P �
0.001). These findings, together with those of OASIS 5,

Figure. Relation between deaths and renal dysfunction by
180 days and between major bleeding events and renal
dysfunction by 9 days.

Lines show smoothed estimates derived from individual data. Tick marks
on the curves show the density of patients at each glomerular filtration
rate (GFR).
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suggest that a more systematic dose adjustment of enoxapa-
rin may be required across the spectrum of renal dysfunc-
tion in patients with ACS. A meta-analysis of low-molec-
ular-weight heparins in renal dysfunction (trials in ACS
and venous thromboembolism) suggested that enoxaparin
results in a 2- to 3-fold increase in major bleeding events
when creatinine clearance is less than 0.5 mL/s (�30 mL/
min) and may cause more bleeding than other low-molec-
ular-weight heparins (24). Trials with empirical dose ad-
justment, whether based on creatinine clearance or guided
by anti–factor Xa levels, appeared to show lower bleeding
rates (24). The pharmacologic properties, bioavailability,
and specificity of fondaparinux and low-molecular-weight
heparins differ (25, 26). These features of fondaparinux,
together with the lack of binding to endothelial cells and
plasma proteins and the lack of direct antithrombin activ-
ity, may minimize interpatient variability and reduce
bleeding (25, 26).

Half of the patients presenting with non–ST-segment
elevation ACS have a GFR less than 54 mL/min per 1.73
m2; hence, dose adjustment of antithrombotics may be
required in a substantial proportion of patients. The asso-
ciation between bleeding and deaths suggests that every
effort is needed in future studies to minimize the risks for
major bleeding. In the absence of dose adjustment,
fondaparinux is associated with lower risk for bleeding at
all levels of renal function.

Although the results of our subgroup analysis must be
interpreted with caution, these data suggest that the choice
of therapy for non–ST-segment elevation ACS needs to
take into account not only the effect on preventing isch-

emic events but also the effect on bleeding. Bleeding may
influence longer-term mortality. The balance between effi-
cacy and safety differs across the spectrum of renal dysfunc-
tion, and the findings of OASIS 5 suggest that compared
with the currently approved regimen of enoxaparin,
fondaparinux has a lower risk for bleeding events and a
significant advantage in risks for death. The powerful asso-
ciation between renal dysfunction and the adverse out-
comes of death and of bleeding suggests that results from
patients with well-preserved renal function should not be
extrapolated to the full spectrum of patients presenting
with non–ST-segment elevation ACS.
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Minjoz, Besançon, France; Montreal Heart Institute, Montréal, Québec,
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Table 3. Rates of the Composite Outcome at 9, 30, and 180 days, by Glomerular Filtration Rate*

Time Point Randomly
Assigned
Patients, n

Overall,
n (%)

Enoxaparin
Group, n (%)

Fondaparinux
Group, n (%)

Hazard Ratio
(95% CI)†

P Value

9 d
GFR �58 mL/min per 1.73 m2 5141 546 (10.6) 321 (12.5) 225 (8.8) 0.69 (0.58–0.82) �0.001
GFR 58 to �71 mL/min per 1.73 m2 4845 428 (8.8) 230 (9.6) 198 (8.1) 0.84 (0.69–1.01) 0.066
GFR 71 to �86 mL/min per 1.73 m2 5012 334 (6.7) 177 (7.1) 157 (6.3) 0.89 (0.72–1.10) 0.28
GFR �86 mL/min per 1.73 m2 4996 330 (6.6) 174 (7.0) 156 (6.2) 0.89 (0.72–1.11) 0.31

Interaction – – – – – 0.04

30 d
GFR �58 mL/min per 1.73 m2 5141 786 (15.3) 454 (17.6) 332 (12.9) 0.71 (0.62–0.82) �0.001
GFR 58 to �71 mL/min per 1.73 m2 4845 567 (11.7) 295 (12.3) 272 (11.1) 0.89 (0.76–1.05) 0.18
GFR 71 to �86 mL/min per 1.73 m2 5012 436 (8.7) 233 (9.3) 203 (8.1) 0.87 (0.72–1.05) 0.15
GFR �86 mL/min per 1.73 m2 4996 466 (9.3) 252 (10.1) 214 (8.6) 0.85 (0.70–1.01) 0.07

Interaction – – – – – 0.12

180 d
GFR �58 mL/min per 1.73 m2 5141 1164 (23.0) 628 (24.7) 536 (21.3) 0.83 (0.74–0.93) 0.001
GFR 58 to �71 mL/min per 1.73 m2 4845 782 (16.3) 404 (17.0) 378 (15.6) 0.91 (0.79–1.04) 0.17
GFR 71 to �86 mL/min per 1.73 m2 5012 610 (12.3) 324 (13.1) 286 (11.5) 0.88 (0.75–1.03) 0.12
GFR �86 mL/min per 1.73 m2 4996 626 (12.7) 336 (13.6) 290 (11.7) 0.86 (0.73–1.00) 0.053

Interaction – – – – – 0.70

* The composite outcome was death, myocardial infarction, refractory ischemia, and major bleeding.
† Kaplan–Meier and Cox proportional hazards ratios.

ArticleInfluence of Renal Function on Fondaparinux Relative to Enoxaparin

www.annals.org 4 September 2007 Annals of Internal Medicine Volume 147 • Number 5 309

Downloaded From: http://annals.org/ by a Penn State University Hershey User  on 02/05/2015



Current author addresses and author contributions are available at www
.annals.org.

References
1. Beattie JN, Soman SS, Sandberg KR, Yee J, Borzak S, Garg M, et al.
Determinants of mortality after myocardial infarction in patients with advanced
renal dysfunction. Am J Kidney Dis. 2001;37:1191-200. [PMID: 11382688]
2. Freeman RV, Mehta RH, Al Badr W, Cooper JV, Kline-Rogers E, Eagle KA.
Influence of concurrent renal dysfunction on outcomes of patients with acute
coronary syndromes and implications of the use of glycoprotein IIb/IIIa inhibi-
tors. J Am Coll Cardiol. 2003;41:718-24. [PMID: 12628712]
3. GRACE Investigators. Creatinine clearance and adverse hospital outcomes in
patients with acute coronary syndromes: findings from the global registry of acute
coronary events (GRACE). Heart. 2003;89:1003-8. [PMID: 12923009]
4. Moscucci M, Fox KA, Cannon CP, Klein W, López-Sendón J, Montalescot
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Appendix Figure. Study flow diagram.

Random
assignment

Non–ST-segment elevation
ACS: patients meeting

eligibility criteria (n = 20 078)

Lost to follow-up
at 180 days

(n = 7)

Analyzed (n = 10 011)
Incomplete GFR data  (n = 39) 

Allocated to fondaparinux (n = 10 057)
Received fondaparinux: 9977 (99.2%)
Did not receive fondaparinux: 80 

Lost to follow-up
at 180 days

(n = 5)

Analyzed (n = 9972)
Incomplete GFR data  (n = 44) 

Allocated to enoxaparin (n = 10 021)
Received enoxaparin: 9961 (99.4%)
Did not receive enoxaparin: 60 

ACS � acute coronary syndromes; GFR � glomerular filtration rate.
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Appendix Table. Deaths at 9, 30, and 180 Days, by Glomerular Filtration Rate*

Time Point Randomly
Assigned
Patients, n

Overall,
n (%)

Enoxaparin
Group, n (%)

Fondaparinux
Group, n (%)

Hazard Ratio
(95% CI)†

P Value

9 d
GFR �58 mL/min per 1.73 m2 5141 169 (3.3) 93 (3.6) 76 (3.0) 0.82 (0.60–1.11) 0.19
GFR 58 to �71 mL/min per 1.73 m2 4845 101 (2.1) 50 (2.1) 51 (2.1) 1.00 (0.68–1.47) 0.99
GFR 71 to �86 mL/min per 1.73 m2 5012 51 (1.0) 19 (0.8) 32 (1.3) 1.70 (0.96–2.99) 0.07
GFR �86 mL/min per 1.73 m2 4996 40 (0.8) 23 (0.9) 17 (0.7) 0.74 (0.39–1.38) 0.35

Interaction – – – – – 0.37

30 d
GFR �58 mL/min per 1.73 m2 5141 299 (5.8) 176 (6.8) 123 (4.8) 0.69 (0.55–0.87) �0.002
GFR 58 to �71 mL/min per 1.73 m2 4845 159 (3.3) 75 (3.1) 84 (3.4) 1.10 (0.80–1.50) 0.57
GFR 71 to �86 mL/min per 1.73 m2 5012 92 (1.8) 43 (1.7) 49 (2.0) 1.15 (0.76–1.73) 0.51
GFR �86 mL/min per 1.73 m2 4996 93 (1.9) 56 (2.2) 37 (1.5) 0.66 (0.44–1.00) 0.049

Interaction – – – – – 0.44

180 d
GFR �58 mL/min per 1.73 m2 5141 563 (11.2) 303 (12.0) 260 (10.4) 0.85 (0.72–1.00) 0.056
GFR 58 to �71 mL/min per 1.73 m2 4845 286 (6.0) 140 (6.0) 146 (6.1) 1.02 (0.81–1.29) 0.84
GFR 71 to �86 mL/min per 1.73 m2 5012 178 (3.6) 90 (3.7) 88 (3.6) 0.98 (0.73–1.32) 0.92
GFR �86 mL/min per 1.73 m2 4996 180 (3.7) 102 (4.2) 78 (3.2) 0.76 (0.57–1.02) 0.069

Interaction – – – – – 0.87

* GFR � glomerular filtration rate.
† Kaplan–Meier and Cox proportional hazards ratios.
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