European Journal of Clinical Pharmacology (2022) 78:1469-1479
https://doi.org/10.1007/500228-022-03344-9

PHARMACOEPIDEMIOLOGY AND PRESCRIPTION q

Check for
updates

Therapeutically dosed low molecular weight heparins in renal
impairment: a nationwide survey

Tessa Corrine Catherina Jaspers'>® . A. Keyany' - B. Maat’ - K. Meijer? - P. M. L. A. van den Bemt® - N. Khorsand*

Received: 1 December 2021 / Accepted: 25 May 2022 / Published online: 17 June 2022
© The Author(s) 2022

Abstract

Purpose International guidelines vary in their recommendations whether or not to reduce the therapeutic dose of low
molecular weight heparins (LMWHs) in renal impairment. The use of anti-Xa monitoring as a basis of dose adjustments
is also a matter of debate. As this may lead to variations in treatment policies, we aimed to study the treatment policies of
therapeutically dosed LMWHs in renal impairment in Dutch hospitals.

Methods An 11-item survey was distributed between June 2020 and March 2021 to hospital pharmacists, representing Dutch
hospital organisations. Primary outcomes were the dosing regimens of therapeutically dosed LMWHs in renally impaired
patients. Secondary outcomes were the proportion of hospitals that used anti-Xa monitoring and the anti-Xa target range used.
Results There was a response from 56 of 69 (81%) Dutch hospital organisations where in each case a hospital pharmacist
completed the survey. In these hospitals, 77 LMWH regimens were in use. In 76 of 77 (99%) regimens, a regular dose reduc-
tion was used at the start of treatment. Fifty-five of these hospitals used a dose reduction if estimated glomerular filtration
rate (eGFR) <50 ml/min and 17 used a dose reduction if eGFR <30 ml/min. Anti-Xa levels were not routinely monitored
in 40% of regimens, while 22% monitored anti-Xa if eGFR < 50 ml/min, 27% if eGFR <30 ml/min and 10% in other eGFR
cutoff values. Target ranges of 1.0-2.0 IU/ml (once daily) and 0.5/0.6—1.0 IU/ml (twice daily) were used in 69% of regimens
that included monitoring of anti-Xa.

Conclusion Treatment policies show substantial diversity in therapeutically dosed LMWHs in renally impaired patients. The
most commonly used treatment regimen was a regular dose reduction if eGFR is < 50 ml/min, without anti-Xa monitoring.

Keywords “Heparin - Low molecular weight” - LMWH - Renal impairment - Thrombosis - Hemorrhage

Introduction the dose-related risk of bleeding versus the risk of under

treatment.

Low molecular weight heparins (LMWHs) are widely
used for thromboprophylaxis and for the (initial) treat-
ment of thrombo-embolic events [1-5]. As applies to all
anticoagulants, LMWHs are high-risk drugs because of
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The use of LMWHs as thromboprophylaxis and as treat-
ment for thrombo-embolic events in patients with a good
renal function is well established. There is no need to moni-
tor anti-factor Xa (anti-Xa) and/or activated partial throm-
boplastin time (APTT) [2, 3, 5]. As with most medicines,
renally impaired patients were excluded from the LMWH
registration studies [6—15]. The effectiveness and safety of
therapeutically dosed LMWHs in these patients have not
been established in prospective randomised studies. For this
reason, various guidelines [1, 2, 4] recommend not to pre-
scribe therapeutically dosed LMWHs in renally impaired
patients. Unfractionated heparin (UFH) is still the preferred
treatment in those patients according to most guidelines,
mainly because its effect can be monitored by measuring
the APTT [1, 2, 4]. However, multiple studies, although
retrospective, have concluded that LMWHs are at least as
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effective and safe in renally impaired patients [17-20]. This,
together with the ease of use of LMWHs, leads to their fre-
quent use in renally impaired patients in the Netherlands.

Additionally, due to a lack of evidence, guidelines vary
on their recommendations on LMWH dosing strategies and
the usefulness of anti-Xa monitoring in renally impaired
patients, as displayed in Table 1. Some guidelines [1-4,
16, 21-26] recommend a dose reduction, whereas others
recommend not to use or give varying recommendations
depending on the type of LMWH [5, 27-32]. Moreover,
some guidelines recommend to apply anti-Xa-based dose
adjustments [3, 4], whereas others recommend not to use or
to be very cautious with anti-Xa-based dose adjustments due
to a lack of evidence [2, 5, 16, 21, 22, 32].

Monitoring of anti-Xa levels may be used to monitor the
effects of LMWH exposure, but such monitoring has many
shortcomings [5, 33-35]. For example, a number of stud-
ies have failed to demonstrate a correlation between anti-
Xa levels and LMWH effectiveness and/or bleeding risk
[34-38]. Also, the only prospective randomised study on
anti-Xa monitoring failed to demonstrate that anti-Xa-based
dose adjustment leads to a larger proportion of anti-Xa levels
within the range [33]. Moreover, these ranges are based on
anti-Xa levels sampled 3-5 h after LMWH administration.
In practice, the time of sampling is often outside this inter-
val, which makes the corresponding anti-Xa level difficult
to interpret [35, 39, 40]. Finally, the current target ranges are
rarely achieved in both patients with normal renal function
and in renal impairment [41-46].

In conclusion, the lack of clear evidence leads to con-
flicting recommendations on therapeutically dosed LMWHs
in treatment guidelines. This may lead to varying hospital
treatment policies for renally impaired patients. Therefore,
we aimed to study the treatment policies of therapeutically
dosed LMWHs in renal impairment in Dutch hospitals.

Methods
Design

This was a cross-sectional study using a survey among hos-
pital pharmacists representing Dutch hospital organisations.
The digital survey was distributed between June 2020 and
March 2021. There was no incentive to fill out the survey
and participation was voluntary.

Setting
The Netherlands has 69 hospital organisations with hospital
pharmacies, covering 114 different inpatient hospital loca-

tions [51]. In March 2021, these hospital organisations con-
sisted of 8 university medical centres, 26 teaching hospitals
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and 35 general hospitals [51, 52]. Nadroparin, dalteparin,
enoxaparin and tinzaparin are licenced LMWHs in the
Netherlands.

Survey

Data were collected using an 11-item survey in Word to
identify the LMWH treatment policy for renally impaired
patients in Dutch hospitals. The survey was developed by
TJ and was reviewed by the other authors. The first item
focused on the type(s) of LMWHC(s) in use. Three items
focused on the dosing regimen of LMWHs. The next three
items focused on anti-Xa monitoring and anti-Xa-based dose
adjustments. In addition, three items covered the hospital-
wide treatment protocol. The last item requested additional
comments. A copy of the survey is included in Supp. Appen-
dix 1.

Outcome measures

Primary outcomes were the different dosing regimens of
therapeutically dosed LMWHs in renally impaired patients.
Secondary outcomes were the proportion of Dutch hospitals
that applied anti-Xa monitoring and the anti-Xa target ranges
that were used.

Data collection

Initially, the survey was distributed with the assistance of the
Dutch Association of Hospital Pharmacists (NVZA) and the
Special Interest Group Hematology of the NVZA. Primarily,
the survey was distributed by the NVZA webpage, which is
only accessible to NVZA members. NVZA members were
automatically notified by e-mail. In this notification, hospital
pharmacists with a focus on anticoagulation in their hospi-
tal were requested to complete the survey and to submit a
copy of their hospital-wide treatment protocol, if available.
If there was no response from a hospital organisation within
30 days, the hospital pharmacist with a focus on anticoagu-
lation in these hospitals was personally contacted by phone
or e-mail and asked to complete the survey. They received
a second and third reminder by e-mail. Completed surveys
and treatment protocols were returned by e-mail. The sur-
vey answers were checked against the treatment protocols,
if available.

For each responder, the type of hospital, type(s) of
LMWH in use and the availability of a hospital-wide treat-
ment protocol were collected as general characteristics.

Statistical analysis

Data analysis was performed with Excel (Microsoft Cor-
poration, Redmond, USA). Results were analysed using
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descriptive statistics. Categorical variables were pre-
sented as percentages. Additional comments to questions
and responses to open questions were grouped if they
occurred > 2 and then counted.

Results
Response rate and responder characteristics

For 56/69 (81%) hospital organisations, a hospital pharma-
cist completed the survey. For every hospital, only one hos-
pital pharmacist responded.

The most commonly used LMWH for therapeutic indica-
tions was nadroparin (9.500 IE anti-Xa/ml), which was used
in 32 (57%) of responding hospitals. Seven of these 32 hos-
pitals also had the high nadroparin concentration (19.000 IE
anti-Xa/ml) in use. Dalteparin was the second most fre-
quently used LMWH in 21 (38%) hospitals, followed by
tinzaparin and enoxaparin which was used in 14 hospitals
(25%) and 10 hospitals (18%), respectively. Two or more
LMWHs were used in 18 hospitals (nadroparin 9.500 IE/
ml and nadroparin 19.000 IE/ml were considered to be one
LMWH). In total, 77 LMWH regimens were in use.

Of the 56 hospitals that responded, 41 (73%) stated that
they had a hospital-wide treatment protocol with dosing

Table 2 Characteristics of the responders

recommendations for therapeutically dosed LMWHs in
renally impaired patients. Only twenty (49%) of these hos-
pitals submitted their protocol. The majority of these guide-
lines were based on the Dutch guidelines “Antistolling met
laagmoleculairgewicht heparines (LMWH) bij nierinsuf-
ficiéntie” of the Dutch Federation of Nephrology (NfN),
“Behandeling VTE met LMWH bij nierfunctiestoornissen”
of the Dutch Internists Association (NIV) and the database
of the Koninklijke Nederlandse Maatschappij ter bevorder-
ing der Pharmacie (KNMP).

The characteristics of the hospital organisations are
included in Table 2.

Dosing regimens in renally impaired patients

The answers regarding dose reductions per LMWH are
depicted in Fig. 1. In 76 of 77 (99%) LMWH regimens,
a regular dose reduction of therapeutically dosed LMWHs
was applied at the start of treatment. Only one hospital
did not apply a dose reduction at the start of treatment. In
55 of 77 (71%) regimens, a dose reduction was applied in
patients with an eGFR <50 ml/min. Seventeen (22%) only
applied a dose reduction in patients with an eGFR cutoff
value of <30 ml/min. One hospital responded that they did
not apply a dose reduction for dalteparin in renally impaired

Hospital type Responders, n Total n in the Netherlands %
-Academic hospitals 4 8 50
-Teaching hospitals 20 26 77
-Community hospitals 32 35 91

LMWH(s) in use Hospitals, n (% of hospitals)

-Nadroparin 9.500 IE anti-Xa/ml (Fraxiparine®) 32(57)
-Nadroparin 19.000 IE anti-Xa/ml (Fraxiparine Forte®) 7(22)

-Dalteparin (Fragmin®) 21 (38)
-Enoxaparin (Clexane®, Inhixa®) 10 (18)
-Tinzaparin (Innohep®) 14 (25)

Availability of a hospital-wide treatment protocol Hospitals, n (% of hospitals)

Yes 41 (73)
-No 15 (27)
Hospital-wide treatment protocol is based on: Hospitals, n (% of hospitals with
protocol)
-Database of the KNMP (Royal Dutch Pharmacists Association) 16 (39)
-Summary of Product Characteristics of the LMWH in use 6 (15)
-Guideline ‘anticoagulation with LMWH in patients with renal impairment’ of the Dutch 26 (63)
Federation of Nephrology

-Publicly available protocols of other hospitals 2(5)

-Own experience/research with dose reductions and anti-Xa levels 3(7)
-Other 13 (32)

LMWH low molecular weight heparin

@ Springer
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Fig. 1 Dose reductions in renal impairment. The number of hospitals
that did resp. did not apply LMHW dose reduction, categorised by
LMWH type and by eGFR cutoff value. LMWH doses were reduced

patients. Four hospitals indicated other eGFR cutoff points
for dose reductions.

There was variation in the degree of dose reduction and
the eGFR at which it was applied; 50 (66%) applied a dose
reduction of 25% in patients with eGFR 30-50 ml/min and
a dose reduction of 50% in eGFR <30 ml/min. In 8 of 76
(11%) LMWH regimens that applied dose reduction, no dose
reduction was applied in eGFR 30-50 ml/min and a dose
reduction of 50% in eGFR <30 ml/min. In 18 regimens,
other dosing regimens were applied.

In 63 of 76 (83%) LMWH regimens that applied dose
reduction, a full dose was administered at the first dose, after
which dose reduction was applied. In 7 of 76 (9%) LMWH
regimens, the first dose was reduced in the same way as
subsequent doses. For 6 regimens, this was unknown.

@ Springer

at certain eGFR cutoff values and below. DR, dose reduction. The
number of hospital regimens exceeds the aforementioned 56 hospi-
tals, as there are a number of hospitals that uses multiple LMWHs

Anti-Xa monitoring

When categorised per LMWH and split per reported eGFR
cutoff for anti-Xa monitoring (Fig. 2), the most common
treatment policy in renal impairment in all LMWHs was
no anti-Xa monitoring (40%), followed by anti-Xa moni-
toring in eGFR <30 ml/min (27%) and anti-Xa monitor-
ing in eGFR <50 ml/min (22%). Anti-Xa monitoring
in eGFR <60 ml/min (nadroparin and enoxaparin) and
eGFR <20 ml/min (tinzaparin) was rarely reported.

The anti-Xa target ranges per LMWH are depicted in
Supp. Appendix 2. The target ranges of 1.0-2.0 TU/ml
once daily (OD) and 0.6-1.0 IU/ml twice daily (BID)
were used most frequently (n =28, 52% of LMWH regi-
mens with anti-Xa monitoring), followed by 1.0-2.0 TU/
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Fig.2 Anti-Xa monitoring in renal impairment. The number of hos-
pital regimens that did or did not apply anti-Xa monitoring, catego-
rised by LMWH type and by renal function. No anti-Xa, no anti-Xa
monitoring. Unknown: Three hospitals reported that they monitor

ml OD and 0.5-1.0 TU/ml BID (n=9, 17%). The option
“other,” that defined all different variants of target ranges,
was reported for 31% (n=17) of LMWH regimens that
monitored anti-Xa.

The majority of responding hospitals (61%) applied dose
adjustments based on anti-Xa levels that are below and
above the target range. In the optional comment section,
five hospitals reported that they never dose above 100% of
the weight-based dose, while two hospitals reported that
they occasionally largely exceed the maximum dose to keep
anti-Xa levels within range.

Overview treatment regimens per LMWH

An overview of the treatment regimens per LMWH is shown
in Fig. 3. For all LMWHs, the most common treatment regi-
men was dose reduction in eGFR <50 ml/min without anti-
Xa monitoring (34%).

anti-Xa, but an eGFR cutoff value was not noted. The number of hos-
pital regimens exceeds the aforementioned 56 hospitals, as there are a
number of hospitals that use multiple LMWHs

Additional comments

Some responders had additional comments about the treat-
ment policy in renal impairment. Six responders expressed
their concerns whether the hospital protocol is generally
followed in all wards. Also, four responders reported that
anti-Xa levels are often incorrectly sampled, as they need
to be sampled at peak anti-Xa level (3—5 h after LMWH
administration).

Discussion

We aimed to study the treatment policies of therapeutically
dosed LMWHEs in renally impaired patients in Dutch hospi-
tals, by using a survey. For 56 of 69 (81%) Dutch hospital
organisations, a hospital pharmacist completed the survey.
Dose reduction appeared to be fairly uniform, as 76/77
(99%) of LMWH regimens applied a regular dose reduction

@ Springer
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Fig.3 Overview treatment regimens per LMWH. An overview of the
treatment regimens per LMWH is shown. DR, dose reduction; eGFR,
estimated glomerular filtration rate; ISTH, International Society of
Thrombosis and haemostasis; ASH, American Society of Haematol-
ogy; ESC, European Society of Cardiology; ACCP, American Col-
lege of Chest Physicians; BCSH, British Society for Haematology;

at the start of LMWH treatment. In 64% of hospitals, a dose
reduction of 25% was applied in eGFR 30-50 ml/min and a
dose reduction of 50% in eGFR < 30 ml/min.

Anti-Xa levels were not routinely monitored in renally
impaired patients in 40% of LMWH regimens. The target
ranges of 1.0-2.0 IU/ml (once daily) and 0.5/0.6—-1.0 IU/
ml (twice daily) were used most frequently in all LMWHs
(69%). Overall, dose reductions in eGFR < 50 ml/min with-
out anti-Xa monitoring is the most common treatment regi-
men in Dutch hospitals, regardless of the type of LMWH.

Most guidelines recommend dose reduction in renally
impaired patients, which is reflected in the fact that the
majority of Dutch hospitals apply a dose reduction [1, 2,
16, 21, 32]. However, the dosing regimens vary greatly

@ Springer

HOSPITAL REGIMENS (N)

SIGN, Scottish Intercollegiate Guidelines Network; NfN, Dutch Fed-
eration of Nephrology; NIV, Dutch Internists Association; KNMP,
Royal Dutch Pharmacists Association * Three hospitals reported to
monitor anti-Xa, but an eGFR cutoff value was not noted. The num-
ber of hospitals exceeds the aforementioned 56, as a number of hospi-
tals use multiple LMWHs

in these guidelines, which is also reflected in the dosing
regimens applied in the Dutch hospitals. The majority of
hospitals apply dose reductions as stated by the NfN, NIV
and KNMP, as they recommend a 25% dose reduction in
eGFR < 50-60 ml/min and 50% in eGFR <30 ml/min [21,
23-26].

The most commonly used treatment regimen in Dutch
hospitals is dose reduction in eGFR <50 ml/min without
anti-Xa monitoring for all types of LMWH (Fig. 3). This
is surprising because this is not recommended in any of the
guidelines (Table 1). Although the European Society of Car-
diology guideline does not mention anti-Xa monitoring and
American Society of Hematology is the only guideline that
actively recommends not to monitor anti-Xa, both guidelines
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recommend a regular dose reduction in eGFR <30 ml/min
in most LMWHs, in contrast to the most common eGFR
reduction point of <50 ml/min in Dutch hospitals. The
majority of guidelines recommends to monitor anti-Xa (in
eGFR <30 ml/min or < 60 ml/min), despite the many short-
comings mentioned in the same guidelines [2, 16, 21, 22,
32]. Although anti-Xa monitoring is also recommended in
the Dutch guidelines of NfN, NIV and KNMP, which were
mostly followed, we conclude that 40% of Dutch hospitals
do not monitor anti-Xa levels in renally impaired patients
[21-26].

A possible explanation for the lack of anti-Xa monitoring
is a lack of clear evidence for its usefulness and its target lev-
els, as well as the need for a simple treatment policy in daily
practice. Moreover, the target values in the Dutch guidelines
of 0.5/0.6-1.0 IU/ml and 1.0-2.0 IU/ml for a OD and BID
regimen respectively are not evidence based [21, 22]. These
data have been extrapolated from enoxaparin, because data
on the other LMWHs are lacking [21, 22]. On theoretical
grounds, different target ranges would be expected, because
the LMWHs have different molecular weights, causing a dif-
ferent affinity for factor Ila and Xa [53, 54]. Moreover, there
is a growing evidence that the stated target ranges are hardly
achieved in the majority of patients regardless of renal func-
tion [35, 41, 43-46].

The response rate of 81% is high and all types of hospi-
tals are represented. Notwithstanding these strengths, several
limitations are present as well. First, of the 18 hospitals that
used two or more LMWHEs, three reported to use different
treatment regimens for the different types of LMWH in use.
Six of the remaining 15 hospitals did not describe a differ-
ent treatment regimen for different LMWHs in the provided
treatment protocol. It is unclear whether the other nine hos-
pitals use the same treatment regimen for different LMWHs.
We assumed a similar regimen as three hospitals did not
encounter difficulties to report different treatment regimens
in the survey and a similar treatment regimen was described
in 6/15 hospitals that submitted a treatment protocol.

Moreover, it is possible that hospital pharmacists are
not aware of the treatment policy that is applied in clinical
practice. Generally, in the Netherlands, at least one hospital
pharmacist per hospital focuses on anticoagulation. These
hospital pharmacists are often involved in writing hospital-
wide treatment protocols, are members of multidisciplinary
antithrombotic committees and are consulted on issues
relating to dosing and monitoring of LMWHs. We therefore
considered the hospital pharmacist the primary source for
hospital-wide treatment policy. A possible limitation related
to the design of the study is that the assumption was made
that the responders answered accurately and truthfully. For

20 hospitals, the survey answers could be validated against
treatment protocols, as only 20 protocols had been submit-
ted. However, no discrepancies were found between survey
answers and treatment protocols, indicating an overall accu-
rate response of hospital pharmacists.

A final limitation is that the study was only conducted in
the Netherlands. A possible difference is that in other coun-
tries UFH is used more often instead of LMWHs in patients
with eGFR <30 ml/min, as they do not use the Dutch NfN
and NIV guidelines [21, 22].

The most commonly used treatment regimen in Dutch
hospitals is to apply a dose reduction in eGFR <50 ml/
min without anti-Xa monitoring, regardless of the type of
LMWH. The effectiveness and safety of this treatment pol-
icy need to be confirmed in future research.

Conclusion

This descriptive, cross-sectional study demonstrates substan-
tial diversity in the treatment policy of therapeutically dosed
LMWHs in renally impaired patients in Dutch hospitals. The
most common treatment regimen is to apply a dose reduction
in eGFR <50 ml/min without anti-Xa monitoring.
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