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BACKGROUND: Lowmolecular weight heparins (LMWHs)
have been cautiously used in patientswith chronic kidney
disease (CKD) due to fear of accumulation. Dalteparin,
however, has shown minimal tendency to accumulate in
patients with CKD and may be safe to use in this patient
population.
OBJECTIVE:We compared the incidence of clinically sig-
nificant bleeding in patientswithCKD receiving therapeu-
tic doses of dalteparin to that of patients with CKD receiv-
ing therapeutic doses of UFH.
DESIGN: This was a retrospective cohort study.
SUBJECTS: Inpatients with CKD (GFR<60 ml/min) who
were treated with therapeutic dalteparin or UFH were
included in the study
MAIN MEASURES: Primary outcome was major bleeding
within 10 days of anticoagulation, identified by ICD-9
code and confirmed by chart review. Demographic char-
acteristics, laboratory values, comorbidities, prior bleed-
ing history and inpatient medications were extracted for
each admission from the electronic medical record. Logis-
tic regression models were created to examine the associ-
ation between choice of anticoagulant and bleeding rates,
after adjustment for demographic and clinical
characteristics.
KEY RESULTS: Dalteparin-treated patients were signifi-
cantly less likely to experience amajor bleed thanpatients
treated with UFH (1.14 % vs. 3.49 %, p<0.001). The re-
duced likelihood of bleeding associated with dalteparin
treatment remained significant after adjustment for pa-
tient characteristics (HR 0.39, 95 % CI: 0.21–0.70,
p<0.0001). A stratified analysis for subgroups with
GFR< 30 mL/min and with GFR between 30 and
60 mL/min showed that dalteparin was still associated
with lower odds of bleeding compared to treatment with
unfractionated heparin, but the difference was nonsignif-
icant for GFR< 30 (HR 0.35, 95 % CI: 0.11–1.15), even
after adjustment (OR 0.37, 95 % CI: 0.11–1.22).
CONCLUSION: In patients with CKD, treatment with
therapeutic dose dalteparin was associated with lower
rates of bleeding than treatment with unfractionated hep-
arin. For patients with severe CKD (GFR< 30), dalteparin

was shown to be at least as safe as unfractionated
heparin.
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INTRODUCTION

Low molecular weight heparins (LMWH) have come into
prominence for their ease of use, superior bioavailability and
more predictable pharmacokinetics in comparison to
unfractionated heparin.1,2 Unlike unfractionated heparins
(UFH), LMWHs have less binding to plasma proteins and
thus have more predictable anticoagulant activities, which
allow them to be given as daily subcutaneous injections with-
out monitoring under most circumstances.3 Multiple studies
have demonstrated LMWHs to be as effective an anticoagu-
lant, and in some populations even more efficacious, than
unfractionated heparin or the vitamin K antagonist warfarin,
with an equal or better bleeding profile.4,5 Because LMWHs
are primarily excreted by the kidney, there is concern for
bioaccumulation of LMWHs in patients with chronic renal
insufficiency receiving repeated doses, in particular with the
hydrophilic enoxaparin.6

However, given the varying molecular and pharmacokinetic
features of the LMWHs, results found with one type of
LMWH are not necessary applicable to other LMWHs.
Sigueret, Pautas, and their group showed that there was no
accumulation of anti-factor Xa activity over a 10-day treat-
ment period of therapeutic tinzaparin, and in a subsequent
study conducted over 30 days, reported the absence of corre-
lation between anti-Xa levels and creatinine clearance with
therapeutic tinzaparin therapy.7,8 Several studies using
dalteparin have suggested that bioaccumulation does not occur
with prophylactic doses.9 A single study comparing 4-h post-
injection anti-Xa levels in patients with a mean glomerular
filtration rate (GFR) of 26.1 (range 16–38) ml/min versus
normal renal function after therapeutic doses of dalteparin
did not show any difference in the assay levels in those with
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impaired renal function when compared to those with normal
renal function.10

Currently, little is known about bleeding risks with thera-
peutic doses of dalteparin in patients with renal insufficiency,
and guidelines regarding dose adjustments and preference of
unfractionated heparin over dalteparin in this population are
not sufficiently evidence-based.11 To our knowledge, there has
not been a prospective or retrospective study in which the
bleeding risk of therapeutic dose of dalteparin in patients with
renal insufficiency has been examined. Our objective was to
compare the incidence of clinically significant bleeding in
patients with renal insufficiency after having received thera-
peutic doses of dalteparin vs. UFH. We hypothesized that the
dalteparin cohort would not be associated with increased
bleeding rates compared to the UFH cohort.

METHODS

Trial Design and Participants.We conducted a single center,
retrospective study consisting of patients whowere admitted at
Montefiore Medical Center between 1 January 2006 and 30
June 2010 using a clinical analytics software tool called
Clinical Looking Glass (CLG), an interactive software
application developed at Montefiore Medical Center to
evaluate health care quality, effectiveness, and efficiency.
The system integrates clinical and administrative data sets,
enabling the extraction of cross-sectional and longitudinal data
suitable for epidemiological analyses. We identified eligible
inpatients who were 18 years or older who received either
therapeutic doses of dalteparin or intravenous heparin for
clinical indications including venous or arterial thromboem-
bolism (VTE), atrial fibrillation and bridging prior to surgery,
and myocardial infarction. Therapeutic dosing was defined as
documentation of at least 10,000 units daily—minimum VTE
treatment dose for weight < 57 kg12—given for a minimum of
3 days, or unfractionated heparin given for at least 3 days with
documentation of aPTT > 50 s. Renal impairment was defined
by GFR, derived from Modification of Diet in Renal Disease
(MDRD) equations, with cutoff levels of 30ml/min and 60ml/
min used for our subgroup analyses. After the initial data
retrieval, individual charts and/or electronic medical records
were retrieved and reviewed to ensure they met eligibility
criteria and to assess outcomes. Patients who had unstable
creatinine levels, defined as a rise of > 50 % from the initial
creatinine to the highest creatinine during a single admission,
were excluded. Those who did not meet the dosage/duration
requirement or who were receiving concomitant therapeutic
warfarin with INR ≥ 2 were also excluded, as were patients
with platelet counts < 50×109/L.

Outcome measures and statistical analysis. The primary
analysis was the incidence of clinically significant (major)

bleeding events that occurred within 10 days of the first dose
of therapeutic anticoagulation. Diagnostic criteria for clinical-
ly significant and/or major bleeding were adopted from those
recommended by the Control of Anticoagulation Subcommit-
tee: 1) fatal bleed; 2) symptomatic bleed at anatomically
critical sites such as intracranial, intraspinal, intraocular, or
pericardial; 3) symptomatic noncritical bleeds resulting in
transfusion of 2 units or more of red blood cells or drop in
hemoglobin of at least 2.0 g/dl, or need for surgical re-inter-
vention.13 Bleeding events could either be during the admis-
sion or after discharge, and could be on or off treatment.
Events were captured by chart review of all admission, dis-
charge, progress and operative notes. Any blood product
administration was also recorded. For sample size calculation,
we designated an absolute difference of 1 % in bleeding rate to
be clinically significant. Baseline characteristics were summa-
rized per intervention group using mean and standard devia-
tion, or percentages. Characteristics of patient groups were
compared using t-tests, and chi-square tests as appropriate.
Hazard ratios (95 % CI) were calculated to determine the
relative effect of the two anticoagulants on the primary
outcome.
Time from the start of treatment to first episode of major

bleed was assessed using the methods of Kaplan and Meier,
including separate analyses for bleeding events censored at
10 days and 30 days after the start of treatment. Differences in
bleeding between patient groups were assessed using log-rank
tests. To determine the independent association between the
use of unfractionated heparins vs. dalteparin and the risk of
bleeding, we constructed Cox-proportional hazards models
with 10-day bleeding as the outcome. Patient characteristics,
including age, sex, Charlson score, history of bleeding, use of
warfarin, platelet count, GFR and INR, were included in the
models. Separate proportional hazards models were construct-
ed for patients with GFR < 30ml/min and GFR 30–60ml/min.
STAT/IC version 13.1 was used for all statistical analyses.

RESULTS

Study Population.Demographic and clinical characteristics of
the study population are presented in Table 1. We identified
3,186 patients admitted to the medical service from 1 January
2006 to 30 June 2010with GFR < 60ml/min who were treated
with therapeutic doses of either dalteparin or UFH. Of these,
1,321 (41.5 %) were treated with dalteparin and 1,865
(58.5 %) were treated with UFH. Patients treated with
dalteparin were older (mean age 72.3 vs. 70.5 years), more
likely to be female (61.4 % vs 48.3 %), and had a higher GFR
(42.8. vs. 34.8 mL/min) and fewer comorbidities (mean
Charlson score 3.1 vs. 3.7) compared to patients treated with
UFH. Both patient groups were racially and ethnically diverse
with no significant differences in racial/ethnic characteristics.
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There was no difference in the groups in their history of prior
bleeding episodes.

Incidence of Major Bleeding. A total of 80 episodes of major
bleeding were observed within 10 days of the initiation of
anticoagulation. The most common types of bleeding found in
our cohorts were gastrointestinal, intra-abdominal and intra-
thoracic bleeds. Patients with GFR<60 mL/min treated with
dalteparin were significantly less likely to experience a major
bleed than patients treated with unfractionated heparin (1.14%
vs. 3.49 %, p<0.001, Fig. 1). Figures 2 and 3 represent
bleeding episodes in subgroups defined by GFR 30–60 mL/
min and GFR < 30 mL/min respectively. Figure 1 also dem-
onstrates that the difference in the incidence of major bleeds
occurs, as expected, generally within the first 10 days for both
groups.

Hazard Ratio Associated with Dalteparin Use.We examined
the risk of bleeding associated with dalteparin therapy.
Dalteparin use was associated with more than a 60 %
reduced risk that remained strong and significant after
adjusting for age, sex, Charlson score, history of bleeding,
use of warfarin, platelet count, GFR and INR (HR 0.39, 95 %
CI: 0.21 – 0.70), as demonstrated in Table 2. To determine if
the degree of superiority of dalteparin over heparin in safety
was similar among patients with higher vs. lower GFR, we
performed a separate (stratified analysis) for patients with
GFR<30 mL/min and patients with GFR between 30 and
60 mL/min. Among 927 patients with GFR <30 mL/min,
215 (23.2 %) were treated with dalteparin and 712 (76.8 %)
were treated with unfractionated heparin. Treatment with
dalteparin was still associated with a lower likelihood of
bleeding compared to treatment with unfractionated heparin,
but the difference was no longer significant (HR 0.35, 95 %

Table 1. Patient Demographics and Clinical Characteristics by Type of Anticoagulation Received (Dalteparin vs. Unfractioned Heparin)

Dalteparin UFH p - value

(n=1321) (n=1865)

Age, yrs (mean±SD) 72.3±13.2 70.5±13.5 < 0.001
%Female (n) 61.4 % (510) 48.3 % (964) < 0.001
Race - % (n)
White 31.9 (422) 29.3 (547) 0.09
Black 29.4 (388) 30.3 (565)
Hispanic 31.7 (419) 31.2 (582)
Other/Unknown 7.0 (92) 9.2 (183)

GFR, mL/min (mean±SD) 42.8±13.1 34.8±16.5 < 0.001
Warfarin – % (n) 61.5 (813) 52.0 (970) < 0.001
Charlson Score (median±SD) 3.1±2.5 3.7±2.5 < 0.001
INR (median±SD) 2.6±2.2 2.8±2.5 < 0.001
Platelet count, x109/L (mean±SD) 188±80 162±80 < 0.001
History of bleeding % (n) 3.2 (42) 2.4 (44) 0.16
Health Insurance % (n)
Medicaid 18.9 (250) 20.4 (380) 0.81
Medicare 69.6 (920) 67.7 (1263)
Commercial 11.2 (148) 11.7 (219)
Self 0.2 (2) 0.1 (2)
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Figure 1. Major bleeding events for patients treated with
unfractionated heparin vs. dalteparin.

Figure 2. Major bleeding events for subgroup with GFR 30-60mL/
min, censored at 10 days.



CI: 0.11–1.15), even after adjusting for patient characteristics
(HR 0.37, 95 % CI: 0.11–1.22). Among the 2,259 patients
with GFR between 30 and 60 mL/min, 1,106 (49 %) were
treated with dalteparin and 1,153 (51 %) were treated with
unfractionated heparin. Treatment with dalteparin was associ-
ated with a significantly lower risk of bleeding compared to
treatment with unfractionated heparin (HR 0.32, 95 % CI
0.16–0.64). This decrease in bleeding rate remained strong
and significant after adjustments for the variables (HR 0.42,
95 % CI 0.21–0.84). These data are also shown in Table 2.

DISCUSSION

In this large retrospective analysis, we demonstrate that treat-
ment with therapeutic dose of dalteparin was associated with a
significantly reduced risk of major bleeding in patients with
renal insufficiency, compared to therapy with unfractionated
heparin. Furthermore, our study confirms the superior safety
profile of dalteparin in patients with mild CKD, and we
suggest that the safety profile is maintained in those with
severe renal insufficiency.
To our knowledge, this study is the first study that compares

bleeding risks of therapeutic dalteparin and unfractionated
heparin in hospitalized patients with renal insufficiency. The
results of this study suggest that dalteparin is not inferior, and

may be superior in safety to unfractionated heparin when used
at therapeutic dosages in patients with a moderate to severe
degree of renal impairment.
There have been both single dose and multi-dose studies

with enoxaparin that raise concern for bioaccumulation of
LMWHs. Becker et al. showed that therapeutic doses of
enoxaparin given to patients with significant chronic renal
impairment (CrCl < 40 mL/min) resulted in higher plasma
anti-factor Xa levels as well as a higher incidence of major
bleeding outcomes.14 DeCarolis et al. reported a greater inci-
dence of major bleeding in those with renal impairment who
received therapeutic enoxaparin compared to healthy volun-
teers who received the same drug.15 Chow et al. also found a
tight linear relationship between creatinine clearance and anti-
Xa concentrations with enoxaparin.16 In contrast, Trujillo-
Santos et al. showed no difference in fatal bleeding between
the two groups and reported a twofold mortality increase in the
group receiving UFH versus those receiving any LMWHwith
CrCl less than 30 mL/min.17 In this study, information on the
specific LMWHs used was not available.17 We propose that
enoxaparin and dalteparin have different safety profiles in
CKD.
It is well established that there are significant differences

between the different LMWHs. There have been several ani-
mal model studies that have highlighted the unique pharma-
cokinetics of dalteparin that serve as the biological grounding
for our favorable results in CKD patients.18 It has been postu-
lated that the mechanisms of heparin catabolism consist of a
balance between a saturable elimination via the reticulo-
endothelial system and the non-saturable renal tubular excre-
tion.18–20 Various clearance studies in animal models and
clinical settings have shown that the higher LMWHs such as
tinzaparin (6,500 Da) and dalteparin (5,700 Da) have a faster,
dose dependent clearance, suggesting greater involvement of
the endothelial clearance pathway with increasing molecular
weights and less renal clearance dependency.21,22

Rabbat and his group reported all patients who experienced
bleeding on dalteparin thromboprophylaxis had trough anti-X
a levels below the detection threshold.23

While bioaccumulation of enoxaparin in CKD had been
established in aforementioned studies, further review of the
literature reveals that the presumed clinical relationship of
increased bleeding with renal insufficiency for enoxaparin
has not been shown to be straightforward. Sharif-Askari

Table 2. Bleeding with Dalteparin vs. Unfractioned Heparin. Adjusted and Unadjusted Rates for all CRI Patients and for Patients Separated
by GFR

All Patients
(n=3186)

GFR<30 mL/min
(n=927)

GFR 30–60 mL/min
(n=2259)

Unadjusted HR*
(95 % CI)

0.31
(0.17 – 0.55)

0.35
(0.11 – 1.15)

0.32
(0.16 – 0.64)

Adjusted HR*
(95 % CI)

0.39
(0.21 – 0.70)

0.37
(0.11 – 1.22)

0.42
(0.21 – 0.84)

Adjusted for: age, sex, Charlson score, history of bleeding, use of warfarin, platelet count, GFR and INR
*Cox-proportional hazards model with major bleeding censored at 10 days after start of treatment
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Figure 3. Major bleeding events for subgroup with GFR <30mL/min,
censored at 10 days.



et al. compared patients with CKD stages 3–5 and noted a
higher incidence of major bleeding with enoxaparin over UFH
(HR4.79).24 Thorevska and colleagues also reported an in-
creased incidence of bleeding (2.54x) with therapeutic
enoxaparin as compared to UFH25 in patients with GFR <
60 mL/min. Levine et al. showed a positive relationship be-
tween anti-factor Xa level and incidence of wound hematoma
in hip replacement patients with once-daily prophylactic
enoxaparin,26 whereas Sanderlink et al. showed that, after
5 days of enoxaparin prophylaxis, anti-factor Xa levels were
found to be unrelated to renal function until CrCl < 20 mL/
min.27

Since there was a significant difference in the GFR in the
treatment groups, we stratified according to GFR for those
with GFRs < 30 mL/min and those with 30–60 mL/min. Our
study shows that the odds of bleeding for dalteparin found in
our GFR < 30 mL/min subgroup analysis were not higher, and
that there was a trend towards a decreased risk of bleeding. We
did not analyze anti-Factor Xa levels, but the evidence for
higher anti-factor Xa levels with therapeutic dalteparin leading
to a higher frequency of clinical bleeding in patients with renal
impairment is weak. Tincani showed that no bioaccumulation
occurred after 6 days of dalteparin prophylaxis, irrespective of
renal function without major bleeding events.28 Studies per-
formed by both Schmid et al. and Shprecher et al. showed no
increase in anti-factor Xa level in patients with renal impair-
ment in prophylactic or therapeutic dosing,10,29 and a meta-
analysis from 2006 notes that insufficient data exist to assess
risk for major bleeding for other LMWHs such as dalteparin
and tinzaparin, while still advising adjusted dose enoxaparin in
CKD.30

Strengths. Our study represents diverse, real-world situa-
tions where dalteparin would be used for varying indica-
tions and durations. The retrospective nature of our study
allowed us to collect a much larger number of patients for
each arm than had been possible for the prospective stud-
ies, and control for a large number of variables within each
arm. Our outcome measurement was complemented by
both quantitative (hemoglobin and units of blood required)
and qualitative reports (event documentations).

Limitations. Limitations of this study include the
nonrandomized, retrospective nature and its single center
design. Relying on charts and their written progress notes
and other documentations may have made missing some of
the bleeding outcomes inevitable, but should not have
biased one group’s results over the other. Also, we
acknowledge that we did not have a way of ensuring that
we captured 100 % of measurable bleeding events, as our
hospital is not a closed system of care, but we do capture
the vast majority of care in the region and it is likely that
patients who were seen by our hospital system once will
return to the same hospital system. Some major risk

factors such as corticosteroid use and peptic ulcer disease
were not accounted for. Residual confounding may remain
due to the fact that using Charlson score may have
underestimated the effect of individual comorbidities in
this particularly sick population. Another unavoidable
limitation was using absolute dose cutoffs to define
therapeutic anticoagulation rather than weight-based dos-
ing, so it is possible that we could have missed instances
of inadvertent or conscious underdosing on the part of
providers who were aware of their patients’ CKD. The
characteristics of our dalteparin and unfractionated groups
were grossly similar, but had key differences, such as
female predominance in the LMWH group; but, given that
relatively higher anti factor Xa levels have been associated
with LMWH in females, this again should not have biased
the results significantly.28,31,32

In conclusion, contrary to previous studies that seemed to
suggest a higher risk of bleeding associated with LMWH in
those with renal insufficiency, our retrospective study showed
that the LMWH dalteparin at therapeutic doses does not result
in increased instances of clinically significant hemorrhage.
Our findings serve as convincing evidence that increased
safety concerns for dalteparin use may not be warranted, and
therefore the ease of use and steady pharmacokinetics for
LMWH may make this therapy preferred over the frequent
monitoring of aPTT and the inherent flaws of unpredictable
pharmacokinetics for UFH.
We suggest that dalteparin be used with greater confidence

at therapeutic doses for patients in in-hospital settings with
mild-to-moderate renal insufficiency.
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