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ABSTRACT

Background: Low-molecular-weight heparins (LMW Hs)
have been shown to accumulate in patients with
renal insufficiency, especially in therapeutic dosages.
Although no appropriate studies have been conducted
for prophylactic dosages of nadroparin, dose reduction is
sometimes recommended, especially for high prophylactic
dosages. We assessed accumulation of a prophylactic dose
of 5700 IU subcutaneous nadroparin once daily in patients
with renal insufficiency.

Methods: We conducted a prospective cohort study
and measured peak anti-Xa activity four hours after
subcutaneous nadroparin injection on day 1, 3, 5 and
if possible day 10 in adults with and without renal
insufficiency defined as a glomerular filtration rate (GFR)
below or above 50 ml/min/1.73 m>2. Patients with a GFR
below 10 ml/min/1.73 m?* were excluded.

Results: We included 14 patients in each group. In the
group with renal failure 12 patients had a GFR between
30 and 50 ml/min/1.73 m?. Peak anti-Xa activity showed
a high interindividual variability, but was fairly constant
within each patient. There was no rise in peak anti-Xa
activity on day 3 and 5 after consecutive administration. In
the group with normal renal function, peak anti-Xa activity
declined on day 5 compared with day 1 (p = 0.005).
Conclusion: Prophylactic dosages of nadroparin showed no
accumulation in patients with a GFR between 30-50 ml/
min/1.;73 m* Dose reduction in this group could lead
to suboptimal thromboprophylaxis. Due to underrepre-
sentation of patients with a GFR < 30 ml/min/1.73 m?
(n = 2), we cannot give recommendations for this group.
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INTRODUCTION

Low-molecular-weight heparins (LMWHs) are at least as
effective as unfractionated heparin (UFH) in the treatment
and prevention of venous thromboembolism (VTE) and
do not cause more bleeding complications."® LMWHs
have many practical advantages, such as subcutaneous
administration, higher bioavailability, longer half-life
(permitting once or twice daily administration), a more
predictable anticoagulant response and dose-dependent
elimination.”8 A disadvantage is the possible accumulation
in patients with renal insufficiency.

Several LMWHs are on the market, and they vary in mean
molecular weight, elimination half-life and anti-Xa/Ila
activity ratio.?’* LMWHs are mainly excreted by the kidney
and as a consequence they can accumulate in patients
with renal insufficiency, putting these patients at risk for
haemorrhage.™™ Due to the differences described above,
data on accumulation cannot easily be converted from
one LMWH to another. For instance, accumulation has
been found for therapeutic and prophylactic dosages of
enoxaparin, certoparin and bemiparin in patients with
renal insufficiency, but not for tinzaparin.™* Information
on prophylactic dosages of nadroparin is lacking.»
Nadroparin is a widely used LMWH with a mean
molecular weight of 4300 Dalton, a bioavailability
above 89% and an elimination half-life of 3.7 hours.6*
Nadroparin showed accumulation in a therapeutic
dosage.>* However, although no proper studies have
been conducted to assess accumulation of prophylactic
nadroparin, dose reduction is sometimes recommended,
especially for high prophylactic dosages.®%23:52¢ We chose
to study the high prophylactic dosage of 5700 IU since
the patients at high risk of VTE who are eligible for this
dosage are of most interest, and lack of accumulation can
be translated to lower dosages.>”

The aim of this study was to assess accumulation of a
prophylactic dosage of nadroparin 5700 IU by measuring
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peak anti-Xa activity in patients with normal renal function
and in patients with renal insufficiency.

MATERIALS AND METHODS

Study design

We conducted a prospective observational cohort study
in medical and surgical patients at the Erasmus MC
Rotterdam (a large university hospital) from March
until August 2014. We did not interfere in nadroparin
prescription, and included only patients in whom
nadroparin was started by the treating physician. For
every new prescription of once daily subcutaneous
nadroparin 5700 IU (Fraxiparine®, GlaxoSmithKline,
Zeist, the Netherlands) an alert was sent automatically to
the research team Dby the electronic prescription system,
after which the patient was screened for eligibility. The
study was approved by the medical ethics committee and
all patients gave written informed consent.

Patients

Eligible patients were 18 years or older with a recent
creatinine measurement (not older than one month
without an indication that it could have changed due
to onset of new medical conditions) and a glomerular
filtration rate (GFR) above 10 ml/min/1.73 m2. A further
requirement was the expectation that they would be
on nadroparin 5700 IU for at least five days during
hospitalisation. Furthermore, patients were not eligible
if they had severe liver failure, were pregnant, had used
LMWH prior to inclusion and if nadroparin was started
in the intensive care unit (ICU). Enrolled patients were
excluded if they left the hospital or if the nadroparin 5700
IU dose was stopped or changed.

Nadroparin administration and measurement of peak
anti-Xa activity

Nadroparin was administered subcutaneously every day at
the same time. To study peak anti-Xa activity, blood samples
were taken four hours after nadroparin injection. Samples
were taken on day 1, 3, 5 and if possible on day 10. Times of
administration and blood sampling were registered by the
nurse. If a blood sample could not be taken on these days
for logistic reasons, blood sampling was performed the next
day, four hours post injection. Blood samples were obtained
in a 3.2% sodium citrate anticoagulated tube and sent
immediately to the hospital haemostasis laboratory. Anti-Xa
activity was measured by using a validated chromogenic
assay (Sysmex CS-5100) and was expressed in international
units per millilitre (IU/ml). The minimum anti-Xa activity
that could be measured was o.10 IU/ml.

Glomerular filtration rate

GFR was calculated using the Modification of Diet in Renal
Diseases (MDRD) equation: GFR (ml/min/1:73 m?) = 186 x
(serum creatinine (umol/l) / 88.4)-1.154 x age (in years)—0.203
x 0742 (for women) and multiplied by 1.21 for negroid
patients (which was not the case for any of the patients).

Outcomes

Primary outcomes were peak anti-Xa ratio on day 5 compared
with day 1. Secondary outcomes were peak anti-Xa ratio on
day 3 compared with day 1, bleeding complications, VTE
and mortality within 30 days. Bleeding complications were
classified as major bleeding, clinically relevant non-major
bleeding and minor bleeding as suggested earlier.?

Statistical analysis

Based on studies on other LMWHs and on clinical
relevance, we defined the statistical detection threshold
as 30% (i.e. percentage increase of peak anti-Xa activity
considered to be accumulation).® Six patients per group
needed to be included for a power of 0.80 using an alpha
of 0.05. We aimed for six patients in GFR groups of
> 50 ml/min/1.73 m?, 40-50 ml/min/1.;73 m?, 30-40 ml/
min/1.73 m?, 20-30 ml/min/1.;73 m?, and 10-20 ml/
min/1.73 m>. We used a paired t-test for the primary
outcome, an unpaired t-test for continuous baseline
characteristics and chi-square for categorical variables. A
p-value below o.05 was considered significant.

RESULTS

Patient characteristics

We included 36 patients in the study. Eight were excluded
from statistical analyses because they had less than
two peak anti-Xa measurements which restricted the
analysis to 28 patients. No patients with GFR 10-20 ml/
min/1.73 m*> were included and only two with GFR
20-30 ml/min/1.73 m? The group of GFR 30-40 ml/
min/1.73 m?* consisted of five patients and the group of GFR
40-50 ml/min/1.73 m? of 7 patients. We pooled the data
into two groups for analysis: normal renal function (GFR >
50 ml/min/1.73 m?) and moderate renal insufficiency (GFR
20-50 ml/min/1.73 m?) (figure 1).

Table 1 shows the baseline characteristics. While GFR was
stable in the group with normal renal function, it was more
variable in the group with moderate renal insufficiency:
In four patients, GFR improved to > 50 ml/min/1.73 m?
during follow-up (on day 3, 4 or 5), while in one patient the
GFR did improve but remained below 50 ml/min/1.73 m2.
GFR decreased in one patient, and only one measurement
was available in four patients.
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Primary outcomes: peak anti-Xa activity

Table 2 shows the mean peak anti-Xa activity on day 1,
day 3 and day 5 and the ratios of day 3 and 5 to day 1,
while figures 2A and 2B show the peak anti-Xa activity for
all patients during follow-up including measurements on
other days than included in the calculations.

Table 1. Patient characteristics

Characteristics GFR 20-50 GFR >50

n=14 n=14
Age 69 (3.3) 68 (2.2)
Female 10 (71%) 6 (43%)
Weight 79 (4.-4) 72 (3.1)
Surgery 8 (57%)" 13 (93%)'
GFR at start day 39 (2.4) 75 (4-0)
Follow up days* 5.0 (0.6) 5.9 (0.7)
Number of 2.7 (0.2) 2.9 (0.2)
measurements

Numbers are given as mean (standard error) or number (%); 'p = 0.029
between groups; *mean length between first and last measurement;
GFR = glomerular filtration rate (ml/min/1.73 m?).

Table 2. Anti-Xa activity

GFR® Day 1 Day 3
GFR >50 0.34 (0.03) n=13 0.27 (0.04) n=12
GFR 20-50 0.28 (0.02) n=11 0.27 (0.03) n=12

Day 5
0.24 (0.02)' n=II

0.22 (0.01I) n=7

Patients with GFR > 50 ml/min/1.73 m? (n = 14) on average
had a lower peak anti-Xa activity after daily nadroparin
administration during follow-up than on day 1, but this
was only significant when day 5 was compared with day 1
(ratio 0.7; p = 0.005).

In the group with GFR 20-50 ml/min/1.73 m? average peak
anti-Xa peak activity did not change after daily nadroparin
administration (table 2).

If the target range of peak anti-Xa activity for optimal
thromboprophylaxis is considered to be between o.2-0.5
IU/ml, 13 patients had suboptimal peak anti-Xa activity at
some point during the study, while only one measurement
was above the suggested target range: 0.54 on day 3, in a
patient with GFR 70 ml/min/1.73 m2.29

In a large number of patients peak anti-Xa activity
decreased after repetitive administrations (figure 2), which
seemed to correlate with undergoing surgery (p = 0.023).
The administration of nadroparin was not interrupted in
any of the cases.

Secondary outcomes: bleeding complications and death

During the study, seven patients developed bleeding
complications, of which four were in the group with
impaired renal function (more details in figure 1). In both

Ratio day 3/day 1 Ratio day 5/day 1

0.78 (0.11) n=I1 0.70 (0.09) n=10

1.0I (0.05) n=9

0.78 (0.07) n=4

Values are mean (standard error);'p = 0.005 for difference with day 1; GFR = glomerular filtration rate (ml/min/1.73 m?).

Figure 1. Flow diagram

.

GFR > 50:
Only 1 measurement: 16 patients
1 logistic reason
1 withdrawal consent i
Included:
14 patients

.

3 patients last measurement on day 3 or 4
7 patients last measurement on day 5
4 patients last measurement on day 10

o major bleeding
3 clinically relevant bleeding episodes
1 patient died

GFR 20-50:

X Only 1 measurement:
20 patients

2 patients logistic reasons
2 patients dose adjusted 2850 IU
2 discharged before day 3
Included:
14 patients

!

6 patients last measurement on day 3 or 4
6 patients last measurement on day 5 or 6
2 patients last measurement on day 10

2 major bleedings
2 clinically relevant bleeding episodes
1 patient died

Numbers are given as mean (standard error) or number (%); 'p = 0.029 between groups; *mean length between first and last measurement;

GFR = glomerular filtration rate (ml/min/1.73 m?).
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Figure 2. Peak anti-Xa activity. 2A. Peak anti-Xa activity in GFR > 50 ml/min/1.73 m?. 2B Peak anti-Xa activity

in GFR 20-50 ml/min/1.73 m?

—+— GFR> 50 mimin/1.73 m?

Anti-Xa activity (IU/ml)

11
Time (days)

groups, one patient died due to other reasons than bleeding
or VTE. Although our sample size is not large enough to
find significant differences, there were no correlations
between clinical outcomes and renal function or peak
anti-Xa activity. For instance, one major bleed was detected
on day 6 while peak anti-Xa activity on day 4 was o0.13 [U/
ml and the patient was switched to 2850 1U on day 5 due
to a further decrease of GFR. In the other patient with
major bleeding, severe liver failure including low levels of
coagulation factors (including factor V) likely attributed to
bleeding, since peak anti-Xa activity was normal on day 3
and nadroparin was terminated in advance of the bleeding.

DISCUSSION

We found no accumulation of a prophylactic dosage of
5700 IU nadroparin in patients with moderate renal
insufficiency with a GFR between 30-50 ml/min/1.73 m?
during a mean follow-up of five days. Peak anti-Xa activity
appeared to be lower on day 5 than on day 1 in a large
number of patients, especially in patients who underwent
surgery. Although the correlation between anti-Xa activity
and clinical outcomes is not unambiguous, it is the best
available test to measure LMWH activity, and we therefore
conclude that a high prophylactic dosage of nadroparin
is safe in patients with GFR 30-50 ml/min/m?'3°34 Due
to underrepresentation of patients with a GFR < 30 ml/
min/1.73 m? we cannot give a conclusion for this group.

Our results are in accordance with a small earlier
multiple-dose study.s This study in six patients with
nephrotic syndrome with a GFR above 30 ml/min did not
find nadroparin accumulation. An earlier single-dose study
did find a prolonged half-life and a higher area under the
curve in renally impaired patients compared with healthy
participants, but no significant differences in peak anti-Xa
activity.® Although a prolonged half-life after a single

—— GFR 20-30 m/min/1.73 m?
o— GFR 30-40 miimin/1.73 m?
—0~ GFR 40-50 mimin/1.73 m?

Anti-Xa activity (IU/m)

5 11
Time (days)

dose does not necessarily lead to clinically significant
accumulation, this single-dose study seems to be the basis
for the currently recommended prophylactic dose reductions
in patients with a GFR below 50 ml/min.6#252636.7

It is surprising that in a large number of patients peak
anti-Xa activity decreased after repetitive administrations
(figure 2), which seemed to correlate with undergoing

surgery (p
nadroparin on all days including the day of surgery. Earlier

0.023). We confirmed administration of

studies that reported a decrease of peak anti-Xa activity
mainly included patients on the ICU and decrease of peak
anti-Xa activity could be explained by ICU-related factors
such as multi-organ failure and vasopressin use’%4 We
cannot explain the observed changes in anti-Xa activity.
This finding does not affect our conclusion, because
significantly more patients in the group with normal renal
function underwent surgery. This might be due to the fact
that in patients with normal renal function surgery will
more often be the reason for hospitalisation while patients
with renal insufficiency had more comorbidity leading to
hospitalisation for other reasons.

We found that peak anti-Xa activity showed a high
interindividual variability, while the intraindividual
variability was low in each patient. The high interindividual
variability suggests there are other patient factors besides
renal function that influence LMWH pharmacokinetics.
This was also reported by other authors, except for
tinzaparin.2°222:2636374 We found a significant correlation
between anti-Xa activity measurements and body weight.
For instance, for the first measurement the Pearson
correlation coefficient was -0.439 (p = 0.019). There was
no significant correlation between age and anti-Xa activity.
Therefore, the high interindividual anti-Xa variability
could be partly explained by body weight, probably due to
differences in volume of distribution. These findings did not
influence our results, since ratios based on measurements
within the same patient were used for analyses (figure 2).
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The strength of this study is that we used several
consecutive days of dosing and multiple peak anti-Xa
activity measurements in each patient, enabling us to
objectively observe nadroparin accumulation. Second,
we classified the patients in groups with GFR below
and above 50 ml/min/173 m?, because it has become
common practice to consider nadroparin dose reduction
in GFR < 50 ml/min. Therefore our conclusion is directly
applicable.6825:2¢

The observational study design caused some limitations,
including changes in renal function while patients were
already included in the study. We decided to classify groups
based on GFR at inclusion. Of the four patients with renal
insufficiency at baseline in whom peak anti-Xa activity
increased on the last day, two patients had a GFR that had
increased > 50 ml/min/1.73 m2. Since this study aimed
to define whether dose adjustment is necessary, we think
this observation further supports the findings that it is
not necessary to adjust the starting dosage of prophylactic
nadroparin.

A second possible limitation is that with 28 evaluable
patients the sample size was small. However, the study
was powered to detect significant differences if present
and is comparable with other LMWH accumulation
studies.2425:3537

Another limitation is that we were not able to include
patients with a GFR < 20 ml/min/1.73 m2. This is probably
due to pre-emptive dose adjustment in patients with severe
renal insufficiency. This is a major limitation, since this
is the group of most interest: if any accumulation occurs
it will be in this group. Earlier studies showed both an
increased bleeding risk and a more than twofold VTE risk
in patients with severe renal insufficiency.+*

In conclusion, in patients with moderate renal insufficiency
no accumulation of high prophylactic dosages of nadroparin
could be detected. Therefore no dose adjustment is
necessary when GFR is 30-50 ml/min/1.73 m>.
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