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Abstract: Low molecular weight heparins (LM WHs)
have potential advantages over unfractionated hep-
arin (UFH). They interact less with platelets and
may induce less bleeding. The risk for heparin in-
duced thrombocytopenia is less, and the effect on
serum lipids is favourable. The half-life is longer,
allowing for one single bolus dose at start of hemo-
dialysis (HD). In addition, LMWH is found to re-
sult in lower plasma potassium in HD patients
compared to UFH.

LMWHs have an established role in HD and he-
mofiltration (HF), but the reports on their effica-
cy and safety during continuous renal replacement
therapy (CRRT) are scarce.
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Abbreviations: Anti-FXa = anti-Factor Xa, AT =
antithrombin, CRRT = continuous renal replace-
ment therapy, CVVHD = continuous venove-
nous hemodialysis, CVVHF = continuous venov-
enous hemofiltration, ECC = extracorporal cir-
cuit, HD = hemodialysis, HDF = hemodiafiltra-
tion, HF = hemofiltration, HIT = heparin in-
duced thrombocytopenia, IU = international unit,
LMWH = low molecular weight heparin, MW =
molecular weight, UFH = unfractionated heparin

LMWHSs IN HEMODIALYSIS AND HEMOFILTRATION

Activation of coagulation and of platelets takes
place when blood comes in contact with the sur-
face of lines and filter in the extracorporal circuit
(ECC). Anticoagulant treatment is mandatory dur-
ing hemodialysis (HD) to prevent clotting
in the ECC. Traditionally, the anticoagulation reg-
imen during HD consisted of an intravenous bolus
dose of unfractionated heparin (UFH) followed ei-
ther by continuous infusion or a subsequent bolus
dose during dialysis. However, during the last 10
years UFH has increasingly being replaced by low
molecular weight heparin (LMWH), which are de-
veloped by fractionating UFH.

LMWHs have a relative molecular weight (MW)
of 2500-6500 D, and the half-life is approximately
two to three times longer than that of UFH after
intravenous infusion in humans. Their prolonged
half-lives enable single bolus administration at the
start of HD. LMWH bind to antithrombin (AT),
accelerating the inhibitory effect of AT on factor
Xa (FXa) and to a lesser extent of factor Ila
(thrombin), thus the anti-FXa/anti-Ia ratio is in-
creased compared to UFH. Different LMWHs
vary in their MW distribution and due to that they
differ in the anti-FXa/anti-thrombin specificities
and pharmacokinetics. As a consequence, clinical
results with one LMWH can not be extrapolated
to another compound, and each LMWH prepara-
tion should be tested in HD to define its efficacy,
safety and appropriate dosage regimen.

LMWHs have several potential advantages over
UFH. They interact less with platelets and the
vessel wall, and some studies have shown that pa-
tients treated with an LMWH needed less blood
cell transfusions [1, 2]. Moreover, the risk of hep-
arin_induced thrombocytopenia (HIT) is also
smaller [3]. This complication is reported to occur
in more than 3% of HD patients receiving UFH
and is associated with heparin-dependent IgG anti-
bodies against anti-platelet factor 4 ~heparin com-
plex. It may result in excess clot formation in the
dialyser and ECC or other venous or arterial
thrombotic events [4]. LMWHs should also be
avoided in these patients due to cross-reaction
with heparin-induced antibodies. The low-molec-
ular weight heparanoid danaparoid (Orgaran) or
recombinant hirudin can be employed as anticoag-
ulants during HD in these patients [5]. However,
these compounds will not be discussed further in
this review.

The effect of LMWHSs and of UFH on serum
lipid profiles have been investigated in several
studies, and in most of these, serum lipid profiles
are found to be improved with the use of LMWHs
[5]. However, it has not been shown if LMWH-
treatment leads to less cardiovascular disease in
HD patients.

In addition, LMWH-treatment results in a low-
ering of plasma potassium in HD patients com-
pared to UFH, which is of clinical significance



126

EUROPEAN JOURNAL OF MEDICAL RESEARCH

Table 1. Clinical studies evaluating the use of LMWH in hemodialysis and hemofiltration?.
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LMWH Number Total no. No. studies excluding No. studies with AFXa-activity
(No.) patients patients on oral grading of level needed to
clinical studied anticoagulants and anti- clotting in the avoid clottingb
studies platelet drugs dialyzer and/or
bubble trap
Dalteparin [2, 6-20] 16 422 6 7 0.4-0.5
Nadroparin [21-27] 7 128 0 5 0.4
Enoxaparin [28-30] 3 82 1 2 0.4
Tinzaparin [31-35] 5 302 1 4 0.4¢-0.5
Reviparin [36, 37] 2 25 0 0 0.8
Logiparin [38] 1 8 1 1 0.3d
Parnaparin 0
Ardeparin 0

2 Only clinical trials published since 1985 in International journals in English language and given an official impact factor.
Studies mainly evaluating the effect on lipids are not considered in this table.
b Usually measured at the end of HD. Only anti-FXa measured with a chromogenic substrate are reported here.

¢ One hour after start of HD (Simpson 1996).

d4 hours after start of HD, clots were not avoided (Koutsikos, 1996).

since hyperkalemia is a common problem in HD
patients [5]. Finally, the administration of a single
bolus dose LMWH at start of HD is practical and
time saving for the staff.

CLINICAL TRIALS ON LMWHS IN HEMODIALYSIS

A Medline search of clinical trials performed
between 1985 and the first part of 2003 of differ-

ent LMWHs in HD published in International
journals in English language and given an official

I

Fig. 1A. Intermittent hemodialysis, blood lines from the
A-V fistula on the left forearm.

impact factor, resulted in a total of 34 studies, see
Table 1. For parnaparin and ardeparin there was
little or no documentation for use in HD.
Thirteen of the studies had a randomized cross-
over design, 10 were non-randomized crossover
and 6 were randomized.

EFFICACY

In all but one of the studies the anticoagulation ef-
ficacy was evaluated by clot formation in the dial-

Fig. 1B. Clotting in the venous bubble trap inducing stop
in dialysis in a patient at the end of a 4 hour hemodialy-
sis session. The patient lost the blood volume in the fil-
ter and lines (about 200 ml).
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Fig. 2A and 2B. The one-exponential relationship
between clotting in the bubble trap and anti-FXa activ-
ity (IE/ml). The correlation is statistically highly signifi-
cant both in the six patients without warfarin (R = 0.67,
A) and in the six patients receiving warfarin, where the
curve is displaced to the left (R = 0.32, B). From the
study of Sagedal et al., [17]. (The figure is printed with
permission from Oxford University Press.)

yser and/or bubble trap or lines. In one study
clinical clotting was evaluated by depletion of
anticoagulant TFPI and found that UFH was
more prothrombotic than enoxaparin [28].
Hofbauer et al. evaluated membrane-associated
clotting very elegantly by using scanning electron
micoscope [11]. In a few studies the fibre bundle
volume of the dialyser was determined [12, 23].
However, these methods may be difficult to per-
form, and due to that a visual evaluation of clot
formation in the bubble trap and/or dialyser is
most often performed in clinical trials. In 19 of
these 34 studies a grading of visually evaluated
clotting in the bubble trap and/or dialyser was
performed. Visible clotting in the tubing aspect
and the dialyser aspect have been evaluated separ-
ately in some studies. In others, visually evaluated
clotting in the dialyser and the bubble trap were
evaluated on the same scale, indicating that clots
in the bubble trap is more serious than a few clot-
ted fibers in the dialyser [38]. However, there is
little evidence for such an assumption in the liter-
ature [17]. In all but two studies the degree of clot-
ting was the same or less with LMWH compared
to UFH. A low LMWH dosage in the start was
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thought to be responsible for more clotting with
LMWH in two studies [33, 38].

Only 9 of the studies reported that patients
treated with both oral anticoagulants and anti-
platelet drugs were excluded. This is important in-
formation since these drugs interfere with coagu-
lation and haemostasis and may decrease clot for-
mation. It is shown in some studies that the
LMWH dose may be reduced in patients treated
with warfarin, see Figure 2 [17]. Moreover, aspirin
in a dose of 600 mg per day is found to significant-
ly reduce the mean volume loss of the dialyser
fibre bundle [39]. However, it remains to be inves-
tigated in future studies to what extent the
LMWH dose may be lowered in patients treated
with these agents.

SAFETY

Safety was assessed by bleeding complications in
18 and by compression time of the puncture site
in 11 studies. In one study there was lower need
for erythrocyte concentrates with LMWH as with
UFH [2]. Only one study reported significantly
more bleeding between HD sessions with LMWH
as compared with UFH [30].

Some studies report adding a small dose of
LMWH to the priming fluid, but this was found
to have no advantage compared to single bolus in-
jection without priming with LMWH-saline [27].
Moreover, the same author reported identical safe-
ty and efficacy of administration of LMWH by
the arterial and by the venous route.

Doses oF LMWH IN DIALYSIS

A) For dalteparin, the earliest studies used a bolus
dose at start and a continuous infusion while
in recent years the authors more frequently re-
port that a single bolus dose at start is suffi-
cient. For a 4 hours HD session a bolus dose
of 70 TU/kg at start is recommended. A single
bolus dose of 5000 IU is reported to be suffi-
cient for 5-6 hours dialysis [13].

B) For nadroparin, 50 IU/kg for 4 hours is men-
tioned as the lowest effective dose. One author
recommends 60-80 IU/kg as a bolus dose for 4
hours HD depending on Hct. Others recom-
mend bolus doses of 100 IU/kg for 4 hours
sessions. For HD sessions more than 5 hours
80 IU/kg in 2 divided doses is advised, 2/3 at
start and 1/3 after 2.5 hours.

C). The recommendation for enoxaparin is a bo-
lus of 0.70 mg/kg for 3-5 hours.

D).For tinzaparin the recommendations vary
from 2500 IU to 4250 IU for 4 hours sessions
and 5000 IU for 5 hours or more.

(For reviparin and logiparin, see Table 2.)

There is a short report of bemiparin sodium, a
new second generation LMWH, in 1426 HD ses-
sions [40]. The dosage was 2500 and 3500 IU in pa-
tients <60 and >60 kg, respectively. Bemiparin
was as efficient and safe as UFH.
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Table 2. Recommended LMWH dosage regimens?.
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LMWH Studies using Dose bolus i.v. + infusion Studies using | Dose single i.v. bolus
i.v. bolus dose aFXa U + aFXa U/hr or a single aFXa U or
+ continuous aFXa U/kg bolus dose aFXa U/kg
infusion +
aFXa U/kg/hr (if reported)
Dalteparin 9 1750-4000 U+ 750 U/hr or 7 5000 U or
20-40 U/kg + 8-15 U/kg/hr 70 U/kg
Nadroparin 0 7 4000-5000 Ub or
50-100 U/kg
Enoxaparin 0 3 0.70 mg/kg
Tinzaparin 0 5 2500-5000 Ue
Reviparin 0 2 85 U/kg
Logiparin 0 1 3000-4000 U

4 Only recommendations in patients with no bleeding risk is referred to here.

b 4000 U for 4 hour dialysis sessions and 5000 for 5 hours.

¢ 2500 U was sufficient for up to 4 hours and 5000 U for 6 hours (Ryan 1991).

Most of the studies report that a plasma anti-
FXa activity level of 0.4-0.5 is sufficient to avoid
clotting (see Table 1). A significant correlation
between plasma anti-FXa level and clinical clot-
ting has been found in clinical studies (see Fig. 2)
[17, 21].

In 3 of the studies described in Table 1 hemofil-
tration (HF) patients were included, and they
were successfully treated with dalteparin bolus
plus infusion [2, 18, 19]. One study found a single
bolus dose of nadroparin (mean 65 IU/kg) equally
anticoagulant in HD and in hemodiafiltration

(HDF) [26].

LMWHS IN CONTINUOUS RENAL
REPLACEMENT THERAPY

Continuous renal replacement therapies (CRRTS)
may be better tolerated than intermittent HD in
intensive care unit patients suffering from acute
renal failure, multiple organ failure, cardiovascu-
lar instability or resistant fluid retention. This
treatment modality provides more gradual osmot-
ic shifts and continuous adjustment of intravascu-
lar volume. However, these patients are often at
high risk of bleeding due to open injuries or surgi-
cal wounds, sepsis, consumption coagulopathy,
liver failure, clotting factor deficiencies and/or
thrombocytopenia. Antithrombin levels are often
below normal in patients with sepsis and other
causes of systemic inflammation. This contributes
to clotting and reduced filter life time despite ade-
quate anticoagulation as measured by activated
partial thromboplastin times or anti-FXa activity
[41].

There are several methods to prevent clotting
in CRRT. Low dose UFH is by some regarded as
the standard approach, with or without prota-

mine to produce regional anticoagulation. Other
approaches are prostacyclines, LMWHs, citrate
anticoagulation, serine-esterase inhibitors and fi-
nally no anticoagulation with or without saline
flushes. Only LMWHs will be dealt with in this
short review.

Although LMWHs have an established role in
HD, this does not seem to be the case in CRRT. A
Medline search on the use of LMWHs in CRRT
resulted in only 5 clinical trials. In 3 of these trials
dalteparin was used, one deals with enoxaparin,
and 1n the fifth nadroparin was compared to dal-
teparin [41-45].

Reeves et al. compared dalteparin bolus 20
U/kg plus infusion 10 U/kg/hr (25 patients) to
UFH (22 patients), all treated with predilutional
continuous venovenous hemodiafiltration [43].
They found that dalteparin and UFH had similar
safety and identical fillier life times (46.8 hrs ver-
sus 51.7 hrs, respectively), but that dalteparin had
increased direct costs compared with UFH. A pre-
ceding pilot study had shown that dalteparin 15
U/kg bolus plus 5 U/kg/hr infusion resulted in
no bleeding episodes but too short filter life time
(22.5 hrs).

In a non-randomized study of Jeffrey et al. 9 pa-
tients were treated with continuous venovenous
hemodialysis (CVVHD) for a study period of 36
hours [42]. One patient was treated on two occa-
sions. Three patients received high-dose (35 U/kg
bolus plus 13 U/kg/hr infusion) and 7 received
low-dose dalteparm (8 U/kg and 5 U/kg/hr, re-
spectively). There was minimal clotting with the
high-dose regimen, and mean anti-FXa was in the
range 0.47-0.75 IU/ml. Mild bleeding episodes oc-
curred in all 3 patients, leading to discontinuation
of dalteparin in one. With the low-dose regimen
mean anti-FXa was in the range 0.27-0.53 IU/ml
and marked thrombus formation occurred, lead-
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ing to clotting of the circuit within the study peri-
od in 2 patients, at 31 and 34 hours, respectively.
One of the 7 patients had a mild bleedmg episode.

Singer et al. studied 15 treatments with continu-
ous venovenous hemofiltration (CVVHF) in 10
patients [41]. UFH (8 treatments) was compared
to dalteparin (600 U/hr infusion in 7 treatments).
Ultrafiltrate anti-FXa levels were insignificant.
Nothing is mentioned about pre- or postdilution
or filter life time.

Enoxaparin (40 mg bolus followed by boluses
10-40 mg every 6 h) was studied in 7 patients on
slow continuous HD [44]. Clotting occurred in 2
cases (anti-FXa 0.14 and 0.18 IU/ml, respectively)
and no accidental bleeding occurred.

In a double-blind, randomised, crossover study
nadroparin (2050 U bolus plus 328 U/hr infusion)
was compared to dalteparin (2000 U bolus plus
320 U/hr) in 32 patients receiving postdilutional
CVVHEF [45]. Filter life time was t{le same with
the two drugs.

Three of the studies report using a priming pro-
cedure with saline containing anticoagulant.

CONCLUSION

In general LMWHs have potential benefits com-
pared to UFH. In HD most of the knowledge is
with use of single bolus doses of dalteparin, na-
droparin, enoxaparin and tinzaparin. The treat-
ment appears to be effective and safe. Most report-
ed experience is with dalteparin.

In CRRT reports on efficacy and safety of
LMWHs are few but indicate that LMWHs may
be used also on this indication.
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