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ABSTRACT

Background. During extended (nocturnal) hemodialysis (ENHD), the dose of low-molecular-weight heparin (LMWH) can
be administered as a single injection or as a divided dose over different time points. Our hypothesis was that a single
injection might be sufficient to maintain dialyzer fiber patency. In addition, we investigated whether the biochemical
clotting parameter anti-Xa accurately predicts fiber blocking.
Methods. Our hypothesis was tested in 20 stable patients on ENHD in a random cross-over setting during two
consecutive midweek sessions. The regular total dose of LMWH (i.e. enoxaparin, Clexane® 40–100 mg, Sanofi, Belgium)
was either given (i) in a single injection at the dialysis start or (ii) divided over two injections, at the start and halfway the
dialysis session. Blood samples were taken from the arterial blood line at different time points to determine plasma
anti-Xa activity levels. Post-dialysis, the rinsed and dried hemodialyzers were scanned with a reference micro-computed
tomography (μCT) scanning technique, and non-blocked fibers were counted in a central cross-section of the dialyzer
outlet potting (ImageJ, NIH, USA).
Results. The percentage of open fibers in the dialyzers after a single injection of LMWH [91 (61–96)%] versus divided
administration [94 (79–98)%] was not different. Time averaged anti-Xa activity levels were clinically not significantly
different between both sessions. Anti-Xa activity levels correlated with the administered anticoagulation doses
normalized for body weight, but not with the percentages open fibers in the dialyzers.
Conclusion. Our results indicate that there is no need to administer enoxaparin over two injections for ENHD up to 8 h.
The usefulness of monitoring anti-Xa levels to predict fiber patency, assessed by μCT, can be questioned, but further
clinical trials are needed.
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LAY SUMMARY

Anticoagulation remains necessary in hemodialysis to avoid clotting of the extracorporeal circuit. During extended
(nocturnal) hemodialysis, the total dose of low-molecular-weight heparin (LMWH) anticoagulation can be
administered as a single injection or divided over different time points. To investigate differences in clotting between
these two scenarios, 20 stable patients were randomized over the two arms during two consecutive midweek
sessions. Patients received their regular total dose of LMWH either in a single injection at the dialysis start or divided
over two injections, i.e. at start and halfway the session. Blood was sampled from the inlet blood line at different time
points to determine plasma anti-Xa activity levels, and hemodialyzers were scanned post dialysis with
micro-computed tomography technique to quantify the percentage open fibers. Since no difference in percentage
open fibers was observed, there is no need to divide the dose of LMWH. Further, the usefulness of anti-Xa to predict
fiber patency can be questioned, but further clinical trials are needed.

GRAPHICAL ABSTRACT
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INTRODUCTION

Anticoagulation remains necessary in hemodialysis to avoid
clotting of the extracorporeal dialysis circuit. Unfractionated
heparin (UFH) and low-molecular-weight heparins (LMWH) are
both effective and have similar safety profiles [1–3]. In hemodial-
ysis patients with no additional risk for bleeding or coagula-
tion, UFH is administered as a bolus at the dialysis start, fol-
lowed by a continuous infusion. Actual dosing is mostly titrated
by using standing order protocols, based on clotting parame-
ters such as activated partial thromboplastin time (aPTT) or acti-
vated clotting time.Use of UFH enhances safety as it allows rapid

monitoring, but it also substantially increases the burden on the
dialysis nursing staff. On the other hand, LMWHs are admin-
istered as a bolus at the start of the dialysis session. In most
centers, routine monitoring of coagulation parameters is usu-
ally not done. Heparin dosing schemes, based on the type of
LMWH, its half-life and dialysability, patient’s body weight, and
the length of the dialysis session are applied. For patients on ex-
tended (nocturnal) hemodialysis (ENHD), there is at present no
hard evidence onwhether it is preferable to administer one large
dose of heparin at the beginning of the session, or whether an
additional bolus after 4 h [4–6] should be injected. Another rele-
vant clinical question iswhether administration of an additional
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dose after 4 h is unpractical and does not disturb sleep during
night dialysis.

Multiple surrogate markers are available to monitor the co-
agulation activity and fiber patency during ENHD, either during
or after hemodialysis. Biochemical markers, dialysis parameters
and visual scoring of the dialyzer and/or the venous drip cham-
ber can be used [7–10], but none of these tools objectively quan-
tifies coagulation correctly at the level of fiber patency. Conse-
quently, determining dose and timing of LMWH based on these
data might lead to erroneous results. Micro-computed tomogra-
phy (μCT) scanningwas recently recognized as the gold standard
to quantify post-dialysis fiber patency and is thus recommended
to investigate dose and timing of LMWH anticoagulation in pa-
tients on ENHD [11, 12].

The main purpose of this randomized cross-over study was
to objectively quantify possible differences in post-dialysis dia-
lyzer fiber patency by using μCT. This parameter was measured
at the end of an ENHD session with a single dose of LMWH ad-
ministered at the dialysis start versus one in which the heparin
dose was divided over two time points. As second question, we
investigated whether the anti-Xa activity level correlated accu-
rately with fiber patency.

MATERIALS AND METHODS

Patients

This single-center cross-over study included 20 stable mainte-
nance ENHD patients who had stable dialysis sessions and no
change in anticoagulation dose during the past 4 weeks. The
patients had no known coagulation disorder and no active in-
flammation or malignancy, and had a well-functioning vascular
access.

The protocol adhered to the Declaration of Helsinki,
was approved by the institutional research committee
(Ethical Committee—Ghent University Hospital, BC 11018–
B6702021001093-12/2021), and was registered at www.
clinicaltrials.gov (NCT05204810-12/09/2021—“Optimisation of
Anticoagulation in Patients on Nocturnal Hemodialysis”). Writ-
ten informed consent was obtained from all included patients.

Dialysis and anticoagulation

In one session, routine total regular dose of LMWH was admin-
istered divided over two time points, i.e. at the start and halfway
the dialysis session. In the second session, the total dose was
administered at the start of the dialysis. The total dose was de-
termined by clinical expertise as is usual practice in our unit.The
two study dialysis sessions were performed at midweek with
a 1-week interval and the different anticoagulation strategies
were applied in random order. Patients received their total regu-
lar dose LMWH (i.e. enoxaparin, Clexane®, Sanofi, Belgium), ei-
ther as one injection at the dialysis start (i.e. 40, 60, 80 or 100mg)
orwith the total dose divided over the start and halfway the dial-
ysis session (i.e. 20 + 20 mg, 40 + 20 mg, 40 + 40 mg, 60 + 40 mg).
In all cases, anticoagulation was injected in the outlet blood line.

Dialyses were performed on 5008 dialysis machines
(Fresenius Medical Care, Bad Homburg, Germany) with pa-
tient’s standard dialyzer and dialysis settings. Ultrafiltration
rates were set according to the patient’s interdialytic weight
gain and clinical status.

Randomization (https://www.randomizer.org/) was per-
formed by the study coordinator. Each patient served as his/her
own control.

Blood sampling and laboratory

Bloodwas sampled from the arterial blood line at 5min after ad-
ministration of the heparin at the dialysis start, 1 h after start,
halfway dialysis just before and 5 min after the eventual sec-
ond anticoagulation administration, and just before the end of
the dialysis session. Blood samples were immediately sent to
the Routine Laboratory of the Ghent University Hospital where
anti-Xa activity levels were determined by a chromogenic assay
(STA®-Liquid Anti-Xa assay, Stago, Asnières-sur-Seine, France).

μCT scanning and coagulation quantification

At the end of the study session, a standard rinsing procedure
of the hemodialyzer was performed with exact 300 mL rinsing
solution (i.e. online dialysis fluid). Next, the hemodialyzer
was dried for at least 20 h, applying continuous mild positive
pressure ventilation simultaneously in blood and dialysate
compartment. Dialyzer fiber blocking was visualized in the di-
alyzer outlet potting using a reference μCT scanning technique
with a resolution of 25 μm, as described previously [12].

The raw projection data is reconstructed into 2D visual-
izations using the Octopus Reconstruction software package.
Non-blocked fibers were counted in the central cross-section
of the dialyzer outlet potting, using an open-source platform
for biological-image analysis (ImageJ 1.51 H, NIH, Bethesda, MD,
USA). Three different thresholds were used to define the surface
area of an open fiber: i.e. 50%, 70% and 90% of the cross-section
of a non-used fiber.Comparing the number of non-blocked fibers
in the tested dialyzer with the total number of fibers in a non-
used dialyzer, as measured from scanning three non-used dia-
lyzers, provides an objective estimate of the percentage of fiber
blocking.

Statistical analysis

Statistical analyses were performed using SPSS (version 27, SPSS
Inc., Chicago, IL, USA). Continuous variables were summarized
as mean ± standard deviation or median [25th percentile (pct);
75th pct]. To compare different related variables, paired t-tests
and Wilcoxon Signed Ranks tests were performed, and to relate
different parameters, Spearman correlations were completed.

RESULTS

Relevant demographic and clinical data at baseline of the inves-
tigated patient population are summarized in Table 1. The 20
included patients (age 54.3 ± 16.5; 19 male) were dialyzed twice
for 477 ± 22 min and 476 ± 22 min, with no difference between
the two sessions in blood flow (twice 184 ± 16mL/min), dialysate
flow (twice 300mL/min) and ultrafiltration [2.3 (0.8; 2.8) L and 2.6
(1.3; 2.8) L]. Patients were dialyzed with FX800 CorDiax dialyzer
(Fresenius Medical Care, Bad Homburg, Germany) (n = 10), Ther-
anova 400 dialyzer (Baxter, USA) (n = 8) and ATATM SolaceaTM

19H dialyzer (Nipro, Osaka, Japan) (n = 2). There were no patient
dropouts during the investigational period, scheduled dialysis
duration and flow settings were maintained in both test ses-
sions, and no adverse or bleeding events were recorded.

Anti-Xa activity levels during both dialysis sessions are
shown in Fig. 1. Time-averaged anti-Xa activity levels were
higher for the session with a single anticoagulation administra-
tion (i.e. 0.69 ± 0.20 versus 0.61 ± 0.17; P < .001), a difference
not considered clinically significant. The maximum measured
anti-Xa activity levels were reached 5 min after start of dialysis

http://www.clinicaltrials.gov
https://www.randomizer.org/
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Table 1: Demographic and clinical data of the patient population at baseline.

Gender (M/F) 19 M/1 F
Age (years) 54.3 ± 16.5
Dry body weight (kg) 77.9 ± 16.2
Dialysis vintage (months) 27.4 (16.5; 66.6)
Renal disease IgA nephropathy (n = 4); renal cell carcinoma (n = 4); autosomal dominant polycystic kidney disease

(n = 2); interstitial nephritis (n = 2); diabetic nephropathy (n = 1); lithium nephropathy (n = 1);
HIV-associated nephropathy (n = 1); CAKUT (n = 1); focal segmental glomeruloscleroses (n = 1); bilateral
reflux (n = 1); granulomatosis with polyangiitis (n = 1); nephronophthisis (n = 1)

Vascular access Arterio-venous fistula (n = 14); central venous catheter (n = 6)
Anticoagulation dose Enoxaparin 40 mg (n = 1); 60 mg (n = 9); 80 mg (n = 10); 100 mg (n = 1)
Platelet inhibitors Acetylsalicylic acid: 80 mg (n = 6); 100 mg (n = 1)
Hb (g/dL) 12.2 (10.9; 12.5)
Platelet count (10³/μL) 213 ± 74
aPTT (s) 36.9 (34.6; 40.7)
INR (–) 0.96 (0.92; 1.02)
AT (%) 88.6 ± 10.5
CRP (mg/L) 7.0 (3.2; 12.3)

Data are presented as mean ± standard deviation or median (25th pct; 75th pct).
M: male; F: female; CAKUT: congenital anomalies of the kidney and urinary tract; IgA: immunoglobulin A; Hb: hemoglobin; INR: international normalized ratio; AT:
antithrombin; CRP: C-reactive protein.

Figure 1: Anti-Xa activity levels (IU/mL) during the session with the administration of the total dose of anticoagulation in a single shot at the dialysis start (full line)

versus a total dose split over the dialysis start and halfway the dialysis session (dashed line).

in all sessions with a single administration and in 9/20 sessions
with two smaller dose administrations of anticoagulation.These
levels were significantly higher in the single versus split admin-
istration (i.e. 1.48 ± 0.41 versus 1.03 ± 0.28; P < .001). Minimum
activity levels, as observed at the end versus halfway the dialysis
session with single versus split dose,were not different between
both dialysis sessions (i.e. 0.29 ± 0.12 versus 0.31 ± 0.11), while
anti-Xa activity levels at the dialysis endwere lower in the single
versus split dose (i.e. 0.29 ± 0.12 versus 0.41 ± 0.15; P < .001).

Cross-sections of the dialyzer outlet potting for both experi-
mental dialysis sessions per patient are presented in Fig. 2. The
lumens of open fibers are visualized as black dots. The number
of open fibers in three non-used FX800 CorDiax dialyzers was
13 051 ± 1, in SolaceaTM dialyzers 12 087 ± 4, and in Theranova

dialyzers 12 852 ± 1. Table 2 shows the percentage of open fibers
in both test sessions and for the different thresholds of open
fiber area (i.e. 50%, 70% and 90%). The relative percentage of open
fibers in the dialyzers was not different between the sessions
with one versus two administrations, and this was irrespective
of the type of dialyzer.

All anti-Xa time-averaged, maximum and minimum activity
levels correlated, as expected, with the administered anticoagu-
lation doses normalized for body weight (R = 0.74, 0.66 and 0.54,
respectively; all P < .001). Percentage of open fibers was not cor-
related with the time-averaged andmaximum anti-Xa (R = 0.26;
P = .11 and R = 0.09; P = .57, respectively), and correlated with
a very poor prevalence power with minimum anti-Xa (R = 0.37;
P = .02) (Fig. 3).
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Figure 2: Cross-sections halfway the outlet potting in 20 patients and two dialysis test sessions. The lumens of open fibers are visualized as black dots. The greyscale
represents the local linear attenuation coefficient in the range from 0 to 0.5 cm−1 and the scale bar denotes 10 mm.
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Table 2: Percentage open fibers after the session with one and two
injections (n = 20) for the thresholds of 50%, 70% and 90% open fiber
area.

Open fiber area One injection Two injections P-value

50% 92 (63; 97) 95 (79; 98) .255
70% 91 (61; 96) 94 (79; 98) .235
90% 55 (45; 62) 61 (49; 79) .344

Data are median (25th pct; 75th pct).

DISCUSSION

The present study investigated the difference in fiber patency af-
ter a maintenance ENHD session with either a single predialysis
anticoagulation dose versus a sessionwhere the same total anti-
coagulation dose was administered over two time points with a
4-h interval. Themain findings of this study are that the number
of patent dialyzer fibers between these two sessions was not dif-
ferent. Accordingly, opting for themore practical single injection
application can be defended. Also, the kinetics of the biochem-
ical parameter anti-Xa correlated with the dose and strategy of
the anticoagulation administrations, but not with the number of
open fibers. Its usefulness to predict fiber patency should thus
be questioned.

While split anticoagulation dosing with LMWH during ENHD
has been accepted as standard care, the present findings show
that a single anticoagulation administration at the start of a dial-
ysis session is not contraindicated.With such a single dose pro-
tocol, working load on the dialysis nursing staff is reduced, and
the risk of an omitted second dose decreased.

Different protocols on administration of LMWH in ENHD can
be found in the literature. Bugeja et al. applied a protocol of
two equal doses of tinzaparin in ENHD patients, one at dialy-
sis start and one after 4 h [4]. This approach resulted in unde-
tectable anti-Xa levels before the start of the next dialysis ses-
sion, indicating absence of accumulation. The same authors also
described the absence of access-related bleeding events post-
dialysis. According to pharmacodynamic kinetic data of anti-Xa
levels, sufficient anticoagulation was provided during the whole
dialysis session. Buitenwerf et al. assessed nadroparin following
a protocol with 100% dose at start and 50% dose after 4 h [5].
This paper documented that LMWH accumulation is unlikely in
the setting of fortnightly nocturnal HD, while anti-Xa levels ap-
peared to be in the therapeutic range. Verhave et al. compared
dalteparin and nadroparin, both with two administrations [6].
A greater proportion of patients reached target levels with two
doses of dalteparin compared with two doses of nadroparin,
whereas the latter also resulted in prolonged anti-Xa activity
and measurable anticoagulation up to the next dialysis session.
However, in none of these three studies was actual fiber clotting
assessed.

Continuous infusion of nadroparin preceded by a single bo-
lus resulted in residual anticoagulation after dialysis as based
on anti-Xa activity, so the continuous infusion was stopped 2 h
before treatment [13, 14]. No data on objective fiber patency or
clotting were provided, but no differences in clearance or visual
scoring of thrombus formation between continuous infusion of
LMWH and unfractionated heparin were reported. Based on the
evaluation of clotting using a visual scale and through activity
levels of anti-Xa, a single dose of dalteparin seemed only to be
effective when higher doses were applied (5000–7500 units) [15].
No attempts for split administration were made in this study.

Despite several studies have correlated dialyzer patencywith
anti-Xa levels, no consensus was obtained on the optimal tar-
get value of anti-Xa during hemodialysis. Different results and
suggestions can be found in the literature, varying from striv-
ing for a target range (0.5–1, 0.2–0.6 IU/mL) [6, 16], to minimum
(0.2, 0.35, 0.4 IU/mL) [17–19] as well as to maximum (0.5 IU/mL)
[4] target levels at the end of the dialysis session. One can imag-
ine that these inconsistent recommendations are at least par-
tially induced by the fear for either over-anticoagulation (and
thus bleeding risk) or for under-anticoagulation (and thus clot-
ting risk).

The place of biomarkers to quantify dialyzer patency is still
unclear.At the level of the individual patient visual scoring is not
reliable to quantify patency because of its disappointing point
prevalence power in relation to a gold standard technique for
quantifying patency (i.e. μCT scanning) [12]. Indeed, a recent
study revealed that clotting is not a linear process, with the
greatest loss of patent fibers and dialyzer extraction occurring
during the second half of dialysis. These results imply that the
fiber blocking process has only a minor impact on total solute
removal of, at least, small solutes like urea (i.e. urea reduction
ratio) [20].

The present study objectivated fiber blocking by μCT imaging
of the dialyzers post-dialysis and hoped to be able to definemore
reliable anti-Xa targets. As in other studies [18], time-averaged
anti-Xa activity levels correlated well with the administered an-
ticoagulation dose.Any strong correlation between fiber patency
and the measured time-averaged, minimum or maximum anti-
Xa activity levels was not found. Indeed, while the effectiveness
of LMWH therapy is at present mainly monitored by assessing
plasma anti-Xa activity the clinical relevance of such anti-Xa ac-
tivity measurements is questionable.

We noted a high fiber patency rate, i.e. 12/20 and 13/20 dia-
lyzers showed >90% open fibers for a single, respectively split
anticoagulation dose. Whereas these results might suggest that
a substantial part of the patients are likely somewhat over-
anticoagulated, bleeding complications or prolonged oozing af-
ter decannulation were not reported in our patient population.

This study has some limitations, i.e. the rather small number
of patients and high number of patent dialyzers made it impos-
sible to drawhard conclusions about the usefulness of anti-Xa as
biochemical marker for fiber patency as assessed by μCT. How-
ever, although the study was performed in only 20 patients, the
present protocol allowed to use each patient as his own control
over the two experimental sessions, increasing the power of this
study.

In conclusion, according to our data, administration of a total
dose of enoxaparin in ENHD sessions up to 8 h either as a sin-
gle injection or as a split dose does not impact fiber clotting. For
practical reasons a single injection of enoxaparin may be pre-
ferred in dialysis patients. Anti-Xa activity levels did not corre-
late with the objectively measured percentage of open fibers as
assessed by μCT. Further clinical trials are needed to define the
usefulness of anti-Xa as an appropriate biochemical parameter
for assessing dialyzer fiber patency.
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Figure 3: The percentage open fibers in relationwith the time-averaged and intradialyticminimumandmaximumanti-Xa activity levels in the FX800 CorDiax (rhombs),
Solacea (triangles) and Theranova dialyzers (crosses).
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