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Abstract

Background Cardiovascular diseases are the dominant cause of morbidity in hemodialysis (HD) patients. Unless
sufficient anticoagulation is used during HD, clotting may appear. The objective was to investigate if levels of fibrin
degradation products (D-dimer) were increased before and during HD.

Methods The combined observational study included 20 patients performing a total of 60 hemodialysis divided
into three sessions of low-flux dialysis. None of the patients suffered from any clinically evident thromboembolic
event before or during the study. Median bolus anticoagulation (mainly tinzaparin) doses were 84 Units/kg bow.
Blood samples were drawn before HD (predialysis), and at 30min and 180min during HD with focus on analyzing
D-dimer levels and its relation to interdialytic weight gain (IDWG) and speed of fluid elimination by HD (UF-rate).

Results Predialysis, D-dimer levels (mean 0.767 £0.821, min 0.136mg/L) were above the upper reference value

in 95% of the sessions. D-dimer levels were lowered at 30min (p<0.001) and returned to predialysis levels at 180min.
Predialysis D-dimer correlated with NT-pro-BNP, Troponin T, IDWG and UF-rate. Multiple regression analysis revealed
that the D-dimer levels were significantly related to IDWG and the UF-rate.

Conclusions D-dimer levels were elevated in a high proportion predialysis and during HD and related to the IDWG
and the UF-rate. Awareness of D-dimer levels and future studies will help clarify if optimization of those variables,
besides anticoagulation and biocompatibility measures, will eradicate the repeated subclinical thromboembolic
events related to each HD; one reason that may explain organ damage and shortened life span of these patients.
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Key learning points

What was known

Predialysis D-dimers more often are increased in elderly
and those with a central dialysis catheter. When blood
enters the extracorporeal circuit coagulation appears
by contact with the dialyzer membranes and microbub-
bles of air, forming small clots that pass the air-trap and
deposit in organs such as lungs, heart, and brain.

*Correspondence:

Bernd G. Stegmayr

bernd.stegmayr@umu.se

! Department of Public Health and Clinical Medicine, Umea University,
Umea, Sweden

B BMC

This study adds

D-dimer levels were increased predialysis and during
dialysis in most sessions. This despite a median bolus
dose of tinzaparin of 84 Units/kg bow and no symptoms
of thromboses. In multivariate analysis D-dimers were
related to interdialytic weight gain and to the speed of
fluid removed during hemodialysis.

Potential impact

The chronic tissue damage and increased morbidity
may well be counteracted by prescribing follow up of
D-dimers that may guide clinician to optimize anticoag-
ulation, limit air exposure, interdialytic weight gain and
speed of ultrafiltration.
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Introduction

Compared with the general population chronic hemodi-
alysis (HD) patients have highly increased risks of death
caused by bleeding, cardiovascular and thromboembolic
events [1-3]. A frequent finding is asymptomatic cerebral
small-vessel disease that include silent brain infarction,
white matter hyperintensities, and cerebral microbleeds;
these conditions are related to the future onset of stroke
[4] and cerebral atrophy [5]. Hemodialysis-related acute
brain injury, consistent with ischemic injury, was verified
by Magnetic Resonance during the HD [6]. Episodes of
myocardial ischemia were also detected during HD, [7]
which may be related to increased prevalence of myocar-
dial stunning in these patients [8, 9].

In the HD setting, the blood membrane interaction and
air contamination activate inflammation, cells, and the
coagulation cascade [2, 10-15]. Procoagulant conditions
induce clotting [2, 10] and microemboli deposited in var-
ious organs of the patient [11] that leads to increased lev-
els of D-dimers being an estimate of thrombus formation
in the dialyzer and patient [10, 12-14, 16]. The increased
D-dimer levels are independently related to ischemic
heart disease [15].

Insufficient anticoagulation may result in partial or
total clotting of the extra corporeal circuit (ECC) dur-
ing the HD [16, 17]. The most common anticoagulants
used are intravenous heparin and low molecular weight
heparin (LMWH), whereas citrate and heparin coated
membranes are other modes [18—20]. Despite the use of
recommended doses of anticoagulation for chronic, HD
[21] clots may develop in the ECC such as within the dia-
lyzer and venous chamber [17, 18, 20, 22, 23].

Previous studies showed that HD patients more often
had increased predialysis levels of D-dimers, [12, 13]
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more frequent in elderly [12, 13] and those with a central
dialysis catheter (CDC) [13].

The objective of the present study was to determine
D-dimer levels in chronic HD patients without a history
of recent thromboses, and to explore factors that could
limit exposure.

Materials and methods
Patients
The combined observational study included data from
60 HD sessions performed by 20 (8 women and 12 men)
long-term chronic HD patients from the same center
(Umea University Hospital, Sweden). All patients were
in stable condition without a recent history of infec-
tions, embolic events, or active tumors within the latest
three months. Their primary renal diagnoses: undefined
chronic renal failure (n =7), polycystic kidney disease (n
=3), diabetic nephropathy (n =3), glomerulo-nephritis (»
=3), pyelonephritis (n =2), and hypertension (n =2). The
mean age was 65 years (+10). Women did not differ from
men in age (65 + 12 vs 66 + 10 years) or vintage time of
HD (33 + 28 vs 43 + 27 months). The vascular accesses
used were central dialysis catheters (CDC, 30 sessions),
arteriovenous fistula (AVE, 21 sessions), and AV-graft
(AVG, 9 sessions). The mean blood pump flow rate used
was 317 + 45 mLmin'. Additional predialysis data are
presented in Tables 1 and 2 and in Supplement Tables 1,
2 and 3. The patients were described in more detail in a
previous study that investigated their cardiac condition
[24].

The local ethics committee in Umea, Sweden, had
approved the research protocol (EPN 05-138M, addition
date 20071016; EPN2012-42-31M, 20120306). Patients

Table 1 The mean, standard deviation (Std. Dev), median, minimum (min) and maximum (max) values of the predialysis variables
months being HD patient (vintage), estimated normal weight (Dry weight), weight gain between dialyses — estimated as interdialytic
weight gain (IDWG), low molecular weight heparin dose (LMWH) as Units/patient and Units/kg body weight (bow), duration of HD
session, removed fluid by ultrafiltration (UF), and speed of removed fluid in relation to IDWG/hour of HD (UF-ratio)

N Mean Std. Dev Median Min-max
Age, years 60 65 10 68 42-80
Vintage, months 60 39 28 445 3-108
Dry weight, kg 60 83 22 79.5 49-138
IDWG, in % of bow 60 1.69 1.20 1.76 0-4.69
LMWH, Units/patient® 57 6930 2511 6500 3000-12000
LMWH, Units/kg bow?® 57 844 22 84 48.7-150
HD session, hours 60 42 04 4 3.5-5
UF to be removed, ml 60 1347 898 1500 0-3350
UF-ratio, IDWG/hour 60 040 0.29 04 0-1.17
Hemoglobin, g/L 60 116 104 116.5 96-137

2 information was missing in 3 series for one patient
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Table 2 Distribution of D-dimer values given as the mean
(£SD) and median (min-max) at predialysis (Omin), at 30min, at
180min, and the differences (8) between two measures. N.S. =
not significant

N Mean (£SD) Median (Min. - P-value
Max.)

D-dimer gmin 57 0.77(082)  050(0.14-554) Reference
D-dimer 5o 56 066(069)  048(0.01-457) <0.001
D-dimer ;gomin 57 074(073)  050(0.13-427) NS.
SD-dimer spomn 56 -0.11(038)  -0.03 (-2.19 +0.61)
8D-dimer 1ggomn 57 -0.02(0.23)  -0.03 (-1.27 +061)
SD-dimer 150,0mn 56 009 (041)  -0.01 (030 +2.57)

were informed and consented to participate in the study
that complied with the Declaration of Helsinki.

Dialyses were done using Fresenius 4008, Fresenius
5008, and Gambro AK200 monitors. LMWH anticoagu-
lation, as bolus dose at start of HD, was given as tinzapa-
rin in 57 HDs and as dalteparin (due to adverse events by
tinzaparin) in three HDs.

Study design

Each patient performed three comparative study dialy-
ses as mid-week sessions. The other dialyses, between
the study dialyses, were performed with standard HD
or hemodiafiltration (HDF) using various Fresenius dia-
lyzers. All study dialyses were performed with low-flux
dialyzers made of polysulfone and of the same size (1.8
sqm), either steam or gamma sterilized and using either a
high or low blood level in the venous chamber (air trap).

Option 1: a dry-stored low-flux dialyzer (F8HPS,
Fresenius Medical Care, steam sterilized) with a low
blood level in the venous chamber, high enough not
to induce alarm (Mode-DL)

Option 2: a dry stored low-flux F8HPS dialyzer with
a high blood level (Mode-DH).

Option 3: a wet-stored low-flux dialyzer (Rexeed18L,
Asahi Kasei Medical, gamma sterilized) with a high
blood level (Mode-WH).

All patients were dialyzed by all three modes in a cross-
over and randomized order. Low-flux membranes were
used to minimize loss of middle molecular or larger size
of laboratory markers by clearance through the mem-
brane. Blood samples were drawn before HD and at
30min and 180min of HD. During HD, all samples were
collected from the arterial site of the dialysis circuit
before entrance into the dialyzer. Blood was collected in
citrate and EDTA tubes, centrifuged and plasma stored at
-80°C until analysis.

Page 3 of 8

Values during dialysis were adjusted for the change in
plasma concentration and erythrocyte volume fraction
caused by infusion and/or ultrafiltration in accordance
with Schneditz et al [25]. Fluid retention between dialy-
ses was estimated as inter-dialytic weight gain (IDWGQG)
calculated as the percentage increase of body weight
between two dialyses [26, 27].

Laboratory analyses performed within 2 hours of
blood collection were hemoglobin (Hb, ref 100-120
gL!), erythrocyte volume fraction (ref 0.30-0.36), neu-
trophil granulocytes (Neutr, ref 1.8-6.3 x 10E9L™), lym-
phocytes (Lymph, ref 1.0-3.5 x 10E9L'), monocytes
(Monoc, ref 0.3-1.2 x 10E9L™), eosinophils (Eos, ref 0.07-
0.3 x 10E9L!), and thrombocytes particle concentration
(TPC, ref 145-348 x 10E9L™). Remaining analyses were
performed later (samples stored at -80°C). A specific
variable was analyzed at the same time to avoid errors
between series. Variables were NT-pro-BNP (ProBNP,
ref value <125 ngL! for patients aged 0-74 and <450
ngL! for elderly, Roche) and highly sensitive Troponin
T (Troponin, ref <15ngL’!, Roche). ProBNP above the
upper limit of 70,000 ngL! (of the laboratory) was set as
70,000 ngLl. For these series (those above 70,000), no
differences in ProBNP value between predialysis and the
180min data during HD could be calculated.

Other variables were pentraxin 3 (PTX, Perseus Pro-
teomics Inc., Tokyo, Japan, ref <3.5 pg L), activated
complement factor 3 (C3a, ref 20-130 pg L', according
to Ekdahl et al. [28]), thrombin antithrombin complex
(TAT, ref <3ug L', Enzyme Research Laboratories Ltd.,
Swansea, UK), for C3(H,0) i.e., full length complement
factor 3 (iC3) with a broken thiol ester, analyzed accord-
ing to Ekdahl et al. [28] with a tentative reference value
of 95-1015 pL! based on 20 healthy individuals, C-reac-
tive protein (CRP, ref <5 mg L}, Immulite 1000, Siemens
Healthcare, Erlangen, Germany), von Willebrand factor
(VWE, ref 206-238 U L'}, Instrumentation Laboratory),
tissue plasminogen activator activity (tPAact, ref 0.2-2
IUmL, Chromolize tPA activity, Biopool, Umea, Swe-
den), tissue plasminogen activator mass (tPAm, ref 1-20
ugL™?, Trinity Biotech, Ireland Limited, IDA Business
Park, Wicklow, Ireland), plasminogen activator inhibitor
1 mass (PAIm, ref 4-43 pgL”, Tcoag, Trinity Biotech, Ire-
land Limited, IDA Business Park, Wicklow, Ireland), and
fibrin degradation product D-dimer (D-dimer, ref <0.20
mg L}, ACL TOP 700 LAS, 750 LAS, Instrumentation
Laboratory).

IDWG was calculated as the percentage of weight gain
between two dialyses in relation to the dry body weight
of the patient. The removed fluid during HD was defined
as ultrafiltration (UF, mL). The UF-rate was defined as
the speed of removed fluid given as a rate of the IDWG%/
hour of HD, such that if the IDWG was 4% of the body
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weight a 4-hour dialysis with continuous removal of fluid
would result in a removal of 1% of body weight, i.e., 1
IDWG/hour. This would give a UF-rate of 1 using a longi-
tudinal elimination.

Statistical analysis
Calculations were done for numerical data and differ-
ences in concentrations (delta-values) present at pre-
dialysis (before start of HD), at 30min, and 180min of
HD. With a two tailed p value and alfa error of <0.05 and
power of 0.80 nineteen pairs are sufficient.

Values were compared as pairs, groups, and aggregated.

Data were analyzed using SPSS (PASW Statistics for
Windows, Version 28. Chicago: SPSS Inc.). The Wilcoxon
signed rank test was used for paired samples, and Mann-
Whitney U test used for independent samples. Correla-
tions were analyzed with the non-parametric Spearman’s
test (rho-value). Values are expressed as median (minimal
and maximal) and mean (+ standard deviation, SD). Sig-
nificant values were defined as a two-tailed P-value <0.05.
The P-value should be put in relation to the extent of
secondary analyses, considering the Bonferroni concept
of alfa-error for multiple analyses. Since every patient
performed all three modes of treatments, the analyses
were performed for all aggregate dialyses (# =60) and for
each specific mode of HD (each n =20). Multiple linear
regression analyses with D-dimer as dependent factor
were performed using the stepwise model, including the
variables age and significant variables from the bivariate
analysis.
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Results

Predialysis data

D-dimer levels at predialysis were > 0.20 mg/1 in 95% of
sessions and > 0.50 mg/L in 53%. Other variables with
more than 50% samples above the upper reference value
at predialysis were ProBNP (100%), iC3 (98%), troponin
(96%), PTX (78%), PAIm (63%), TAT (58%) and vWEF
(56%). D-dimer values did not differ between men and
women at predialysis (Omin), at 30min or at 180min of
dialysis. As a result, sex was not entered in the multiple
regression analysis. Further data are given in Table 2,
Fig. 1, and Supplement Table 1-3.

Bivariate correlation analyses between variables are
shown in Supplement Table 3. Predialysis D-dimer corre-
lated with age (r70=0.309, p=0.019), IDWG (rh0=0.278,
p=0.036), the UF-rate (r10=0.332, p=0.012), proBNP ..
(rh0=0.286, p=0.034), Troponin,;, (r#0=0.385, p=0.004),
tPAacty, (r10=0.347, p=0.008), and TAT,,;, (rh0=0.494,
p<0.001), and inversely with the PAIm;, (rh0=-0.273,
p=0.04).

Impact of HD (Supplement Tables 1-3, Fig. 1)

When comparing laboratory variables between the three
different modes of dialyses, the variables did not differ
except for a significant reduction of lymphocytes and
eosinophils at 30min with Mode-DL compared to both
Mode-DH and Mode-WH.

For aggregated data, the D-dimer level at 30min was
lowered from predialysis (Omin) (p<0.001), whereas it
increased back to the predialysis level at 180min of HD
(p=0.111, Fig 1).
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Fig. 1 D-dimer median values (Cl 95%, and 25% percentile) before HD (Start), at 30min and at 180min of HD. Reference values <0.2 mg/L (hatched
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Supplement Table 1 shows the change from the pre-
dialysis, and at 30 and 180 min of HD for thrombocytes
and for various types of leukocytes. Supplement Table 2
shows variations in additional variables for inflammation,
coagulation, and fibrinolysis.

Supplement Table 2 shows statistical comparisons
for changes from predialysis (Omin) in coagulation and
fibrinolytic variables during the HD.

Bivariate comparison of D-dimers (Supplement
Table 3) at 30min of HD as the dependent factor cor-
related with UF-rate (rh0=0.331, p=0.013), IDWG
(rho=0.304, p=0.023), vintage time ( rho=0.343,
p=0.010), tPAacty;, (r10=0.386, p=0.003), tPAm,; ;.
(rh0=0.386, p=0.003), TAT;,.i, (rho=0.444, p<0.001),
and the change in eosinophils pig 39 vs omin (7720=0.326,
p=0.018).

Bivariate comparison of D-dimers at 180min of HD as
the dependent factor (Supplement Table 3) correlated
with the UF-rate (rh0=0.277, p=0.037), ProBNP gy
(rh0=0.280, p=0.040), Troponin,g,.. (r10=0.320, p=0.018),
TAT | gomin (710=0.424, p=0.001), and inversely with the
change in Lymph pg 50 v omin (770=-0.314, p=0.024), and
Monoc pig 30 vs omin (F10=-0.345, p=0.012).

Other variables

After HD, the dialyzers were visually graded for clotting.
‘No signs of clotting’ were noted in 39 dialyses, ‘a few
stripes’ in 5, and ‘moderate stripes’ in 11 dialyses (grading
was missing in 5). No clinical evident thromboembolic
event was detected during the study.

Access comparisons in relation to D-dimer showed that
cases with arteriovenous fistula (AVF) had similar levels
as those with central dialysis catheter (CDC) but lower
values than arteriovenous graft (AVG) cases at predialysis
(median 431 vs 769, p=0.043) and at 180min (median 390
vs 795, p=0.01).

iC3 was increased above the upper reference in 98% of
dialyses at 30min and 100% at 180min.

Multiple regression analysis

Except for age, variables included in the multiple repres-
sion analyses were those significant in the bivariate
analyses.

Stepwise mode with D-dimer levels at predialysis
(Omin) as the dependent factor showed a significant rela-
tion (r=0.664, r-square 0.441, p=0.013) including the var-
iables tPAact,,;, (»<0.001), TAT ., (»p=0.001), UF-rate
(p=0.004) and the IDWG (p=0.013).

The D-dimer levels at 30min as the dependent variable
showed a significant relation (r=0.640, r-square 0.410,
p=0.002) with the variables tPAacts,;, (»<0.001), the
UF-rate (p<0.001) and the tPAms,,;, (p=0.014).
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When D-dimer at 180min was the dependent vari-
able and related to predialysis variables (as an estimate
of initial conditions), the analysis revealed a significant
relation (r=0.712, r-square 0.508, p=0.001) with the vari-
ables tPAact,;, (»<0.001), TAT, ., (p<0.001), UF-rate
(p<0.001), and IDWG (p=0.001).

When D-dimer at 180min was the dependent vari-
able and related to the variables appearing at 30min and
180min HD, the analysis revealed the significant model
(r=0.674, r-square 0.454, p=0.038) that included the
change in lymphocytes pg 30 vs omin (@=0.009) and mono-
cytes pig 30 vs omin (@=0.007), Troponin,gy, (p=0.023),
and TAT gymin (p=0.038).

Discussion

We had hypothesized that chronic HD patients without a
history of recent thromboses may suffer from significant
thromboembolic events measured by D-dimer levels.
The aim was also to explore factors that could limit such
exposure.

Key results

The present study showed that chronic HD patients
without a recent history of thromboembolic disease had
increased D-dimer values at predialysis before HD, in
almost all sessions. The reference level of <0.20 mg/L set
by the manufacturer but also by the local hospital, may
seem low. However, based on a local population study,
[29] controls had a mean of 0.20 mg/L (IQR 0.14-0.30)
while in a surgical study, preoperative patients for chol-
ecystectomy had a mean of 0.02 mg/L [30]. A lower refer-
ence level will minimize the risk of missing follow-up of a
recent thrombosis [31]. Therefore, our generalized inter-
pretation is that the increased D-dimer levels express
residual thrombo-emboli still two days after the previous
HD that may develop into fibrotic tissue and cumulative
organ damage. Significant variables related to D-dimer in
our study, that can be implemented, are IDWG and the
UF-rate.

The significant reduction in D-dimers at 30 minutes of
HD is most probably due to adherence of D-dimers and
other fibrin degradation products within the dialyzer.
This is indicated by the relation between the graded esti-
mation of clotting of dialyzers after HD and the more
pronounced percentage reduction of D-dimer at 30min
of HD. Again, UF-rate seems to be of importance for the
outcome.

The 180min D-dimer level that increased back to the
predialysis level at 180min is interpreted to reflect new
deposits of clots in the bloodline and body induced by
reactivated fibrinolysis. This appeared despite the pre-
scription of anticoagulation in doses being more than
double of the recommended dosage of approximately 25
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Units LMWH/kg body weight [21]. Elevated D-dimer
and clotted fibers of dialyzers may help guide the antico-
agulation doses.

Although the bivariate analysis indicated that predi-
alysis D-dimer was related to age and myocardial strain
(proBNP and Troponin), those variables were lost in the
multivariate analysis. Instead, IDWG and UF-rate were
significant factors; these variables may be improved by
limited fluid intake and prolonged HD time/session. The
relation of predialysis D-dimer to tPA and TAT levels is
interpreted to reflect the activity of fibrinolysis.

The 180min D-dimer level seems to depend on the
predialysis variables D-dimer (as retained clots) and
activated fibrinolysis as shown by tPA and TAT. These
variables may be favorably influenced by optimized anti-
coagulation. Another significant factor was the UF-rate.
This is in line with others that reported an increase in
D-dimer post-dialyzer when studying online post-dilu-
tional hemodiafiltration [32]. Our interpretation is that
more extensive ultrafiltration performed by a shorter
dialysis time increases hematocrit, shear stress, and
platelet activation, and thereby induces more clotting.
The interaction of HD on reduction of lymphocytes at
30min may be improved by biocompatibility measures,
since the innate system responds rapidly to infection and
injury, involving lymphocytes [33]. In a previous study
we found that the exposure of microbubbles of air was
related to a greater lymphocyte reduction [24]. In the
present study, the Mode-DL had a more extensive lym-
phocyte reduction than the other Modes. In another
study, the Mode-DL showed a significantly greater expo-
sure of air microbubbles in the return bloodline of the
patients than did the other Modes [34]. Since oxidative
stress activates lymphocytes and procoagulants, [35-37]
this together may explain the interference of air bubble
containing microemboli in the body such as lungs, heart
and the brain [11]. During HD, blood is exposed to air
contamination throughout most parts of the extracor-
poreal circuit, [38—40] which activates the blood mem-
brane interaction and the coagulation system [2, 41]. The
importance of oxygen contamination of the bloodline is
further strengthened by the high iC3 levels in the present
study; iC3 is a breakdown product of C3 upon exposure
of blood to oxygen [28]. Our iC3 levels were above the
upper normal at almost all measurements.

Comparison with previous studies

As shown by others, [12, 13, 42] and even more prevalent,
we found overall increased predialysis levels of D-dimer
in the HD patients devoid of symptoms of thromboses. In
contrast to others, [13, 42] we showed further increased
levels of D-dimer for those with AV-graft and not those
with CDC or AVFE. The increase of D-dimer in the AVG
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group may be related to a general vascular problem in
these patients. However, the data do not rule out that
thromboses also may derive from the site of AVG and
CDC.

Study limitations

We did not expect such an extensive prevalence of
increased D-dimer levels at predialysis. Therefore, we
did not plan for a follow-up measure of D-dimers also
between dialyses and before the next standard dialysis.
A limiting consequence was that the predialysis values in
the present study were depending on the different stand-
ard dialyses that the patients performed between the
study dialyses.

Clinical implications
Based on the present data, we recommend awareness of
D-dimer levels and preventive measures to limit clotting
by further improving biocompatibility of the extracor-
poreal circuit such as dialyzer membrane properties, [10,
43, 44] minimizing of air contamination of the blood-
lines, [11, 45, 46] and optimizing anticoagulation rou-
tines during and between hemodialysis [10, 20, 43, 47].
Direct measures could be to motivate patients to limit the
IDWG [24, 26] and to prescribe a lower UF-rate/hour. All
measures that may counteract the repeated subclinical
thromboembolic events related to each HD and instead
counteract organ damage and help extend life span of
these patients.

In conclusion, D-dimer levels were elevated in most
predialysis and hemodialysis sessions and related to
IDWG and UF-rate.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512882-024-03654-3.

Supplementary Material 1.
Supplementary Material 2.

Supplementary Material 3.

Acknowledgements

We thank Kristina Ekdahl Nilsson and Bo Nilsson, at Uppsala University for
discussions and laboratory analyses, Albert Crenshaw (agc-write) for English
revision and, all patients who participated in the study and helped to bring
knowledge of dialysis therapy forward.

Authors’ contributions

BGS conceived and contributed to methodology of the study. BGS drafted the
manuscript. BGS and LDL analyzed and interpreted data and reviewed/revised
and approved the manuscript.

Authors’ information
BGS and LDL have been clinically active within the field of nephrology, dialysis,
transplantation and, internal medicine for more than 35 years.


https://doi.org/10.1186/s12882-024-03654-3
https://doi.org/10.1186/s12882-024-03654-3

Stegmayr and Lundberg BMC Nephrology ~ (2024) 25:223

Funding

Open access funding provided by Umea University. Njurforeningen Vasterbot-
ten (the Patient Society of Renal Diseases of Vasterbotten County, Sweden)
and Umea University, Umea, Sweden.

Availability of data and materials

The data underlying this research will be made available upon reasonable
request to the corresponding author.

Declarations

Ethics approval and consent to participate
The local ethics committee in Umea, Sweden, had approved the research

protocol (EPN 05-138M, addition date 20071016; EPN2012-42-31M, 20120306).

Patients were informed and consented to participate in the study that com-
plied with the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 24 October 2023 Accepted: 25 June 2024
Published online: 12 July 2024

References

1. Ocak G, Noordzij M, Rookmaaker MB, Cases A, Couchoud C, Heaf JG,
Jarraya F, De Meester J, Groothoff JW, Waldum-Grevbo BE, et al. Mortality
due to bleeding, myocardial infarction and stroke in dialysis patients. J
Thromb Haemost. 2018;16(10):1953-63.

2. Ekdahl KN, Soveri |, Hilborn J, Fellstrom B, Nilsson B. Cardiovascular
disease in haemodialysis: role of the intravascular innate immune system.
Nat Rev Nephrol. 2017;13(5):285-96.

3. Gabara, Schon S, Stendahl M: Epidemiologi. In: Svenskt Njurregister
Arsrapport 2021 (Swedish Renal Registry, Report 2020; in Swedish only)
Edited by Rydell H. Swedish Society of Nephrology; 2017: 7-15. https://
www.snronline.se.

4. Naganuma T, Takemoto Y. Asymptomatic cerebrovascular disease in
dialysis patients. Contrib Nephrol. 2018;196:22-6.

5. Miglinas M, Cesniene U, Janusaite MM, Vinikovas A. Cerebrovascular dis-
ease and cognition in chronic kidney disease patients. Front Cardiovasc
Med. 2020;7:96.

6. Anazodo UC, Wong DY, Theberge J, Dacey M, Gomes J, Penny JD, van
Ginkel M, Poirier SE, McIntyre CW. Hemodialysis-related acute brain injury
demonstrated by application of intradialytic magnetic resonance imag-
ing and spectroscopy. J Am Soc Nephrol. 2023;34(6):1090-104.

7. Yoshinaga K, Naya M, Shiga T, Suzuki E, Tamaki N. Ischaemic memory
imaging using metabolic radiopharmaceuticals: overview of clini-
cal settings and ongoing investigations. Eur J Nucl Med Mol Imaging.
2014;41(2):384-93.

8. Burton JO, Jefferies HJ, Selby NM, Mclntyre CW. Hemodialysis-induced
cardiac injury: determinants and associated outcomes. Clin J Am Soc
Nephrol. 2009;4(5):914-20.

9. Brown M, Burrows L, Pruett T, Burrows T. Hemodialysis-induced myocar-
dial stunning: a review. Nephrol Nurs J. 2015;42(1):59-66 (quiz 67).

10. Kuchinka J, Willems C, Telyshev DV, Groth T. Control of blood coagulation
by hemocompatible material surfaces-a review. Bioengineering (Basel).
2021;8(12):215. https://doi.org/10.3390/bioengineering8120215.

11. Forsberg U, Jonsson P, Stegmayr B. Microemboli induced by air bubbles
may be deposited in organs as a consequence of contamination during
medical care. Clin Kidney J. 2023;16(1):159-66.

12. Miozzari M, Wahl C. D-dimers in hem Authors'information odialysis
patients. Nephron. 2001;88(3):278-9.

13. Gubensek J, Lolic M, Ponikvar R, Buturovic-Ponikvar J. D-dimer levels
in maintenance hemodialysis patients: High prevalence of positive

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Page 7 of 8

values also in the group without predisposing diseases. Hemodial Int.
2016;20(2):198-203.

. Vanommeslaeghe F, Josipovic |, Boone M, Dhondt A, Van Biesen W, Eloot S.

A randomized cross-over study with objective quantification of the perfor-
mance of an asymmetric triacetate and a polysulfone dialysis membrane
using different anticoagulation strategies. Clin Kidney J. 2021;14(1):398-407.
Oda H, Ohno M, Ohashi H. Coagulation and fibrinolysis factors in dialysis
patients with and without ischemic heart disease. Adv Perit Dial. 2000;16:152-5.

. Ziai F, Benesch T, Kodras K, Neumann |, Dimopoulos-Xicki L, Haas M. The

effect of oral anticoagulation on clotting during hemodialysis. Kidney Int.
2005;68(2):862-6.

. Vanommeslaeghe F. Optimization of anticoagulation. Ghent: Ghent

University; 2023.

. Evenepoel P, Dejagere T, Verhamme P, Claes K, Kuypers D, Bammens B,

Vanrenterghem Y. Heparin-coated polyacrylonitrile membrane versus
regional citrate anticoagulation: a prospective randomized study of 2
anticoagulation strategies in patients at risk of bleeding. Am J Kidney Dis.
2007;49(5):642-9.

. Gubensek J, Kovac J, Benedik M, Marn-Pernat A, Knap B, Ponikvar R,

Buturovic-Ponikvar J. Long-term citrate anticoagulation in chronic hemo-
dialysis patients. Ther Apher Dial. 2011;15(3):278-82.

Skagerlind MSE, Stegmayr BG. An evaluation of four modes of low-dose
anticoagulation during intermittent haemodialysis. Eur J Clin Pharmacol.
2018;74(3):267-74.

LEO Pharma: Innohep. In: FASS (Swedish pharmacopenia). edn. Edited by
LEO Pharma AB M, Sweden. Lakemedelsindustriféreningens Service AB,
Fass, Box 17608, 118 92 Stockholm, Sweden LIF, De forskande lakeme-
delsforetagen.; 2023.

Buturovic-Ponikvar J, Gubensek J, Ponikvar R. Citrate anticoagulation for
postdilutional online hemodiafiltration with calcium-containing dialysate
and infusate: significant clotting in the venous bubble trap. Int J Artif
Organs. 2008;31(4):323-8.

Vanommeslaeghe F, Josipovic |, Boone M, van der Tol A, Dhondt A, Van
Biesen W, Eloot S. How biocompatible haemodialysers can conquer the
need for systemic anticoagulation even in post-dilution haemodiafiltra-
tion: a cross-over study. Clin Kidney J. 2021;14(7):1752-9.

Goto J, Forsberg U, Jonsson P, Matsuda K, Nilsson B, Nilsson Ekdahl K, Henein
MY, Stegmayr BG. Interdialytic weight gain of less than 2.5% seems to limit
cardiac damage during hemodialysis. Int J Artif Organs. 2021,44(8):539-50.
Schneditz D, Putz-Bankuti C, Ribitsch W, Schilcher G. Correction of plasma
concentrations for effects of hemoconcentration or hemodilution. ASAIO
J.2012;58(2):160-2.

Holmberg B, Stegmayr BG. Cardiovascular conditions in hemodialysis
patients may be worsened by extensive interdialytic weight gain. Hemo-
dial Int. 2009;13(1):27-31.

Laveborn E, Lindmark K, Skagerlind M, Stegmayr B. NT-proBNP and
troponin T levels differ after haemodialysis with a low versus high flux
membrane. Int J Artif Organs. 2015;38(2):69-75.

Nilsson Ekdahl K, Nilsson B, Pekna M, Nilsson UR. Generation of iC3 at the
interface between blood and gas. Scand J Immunol. 1992;35(1):85-91.
Johansson K, Jansson JH, Johansson L, Wiklund PG, Nilsson TK, Lind M.
D-dimer is associated with first-ever intracerebral hemorrhage. Stroke.
2018;49(9):2034-9.

Lindberg F, Rasmussen |, Siegbahn A, Bergqvist D. Coagulation activa-
tion after laparoscopic cholecystectomy in spite of thromboembolism
prophylaxis. Surg Endosc. 2000;14(9):858-61.

Noel R, Aspelin P, Brismar TB. Hardly deep venous thrombosis with normal
D-dimer. A sensitive method reduces the need for leg phlebography,
according to a retrospective study. Lakartidningen. 2010;107(3):108-9.
Tangvoraphonkchai K, Riddell A, Davenport A. Platelet activation and
clotting cascade activation by dialyzers designed for high volume online
hemodiafiltration. Hemodial Int. 2018;22(2):192-200.

Sherwood ER, Toliver-Kinsky T. Mechanisms of the inflammatory response.
Best Pract Res Clin Anaesthesiol. 2004;18(3):385-405.

Forsberg U, Jonsson P, Stegmayr C, Jonsson F, Nilsson B, Nilsson Ekdahl K,
Stegmayr B. A high blood level in the venous chamber and a wet-stored
dialyzer help to reduce exposure for microemboli during hemodialysis.
Hemodial Int. 2013;17(4):612-7.

Lopez-Pedrera C, Barbarroja N, Jimenez-Gomez Y, Collantes-Estevez E,
Aguirre MA, Cuadrado MJ. Oxidative stress in the pathogenesis of athero-
thrombosis associated with anti-phospholipid syndrome and systemic


https://www.snronline.se
https://www.snronline.se
https://doi.org/10.3390/bioengineering8120215

Stegmayr and Lundberg BMC Nephrology ~ (2024) 25:223

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

lupus erythematosus: new therapeutic approaches. Rheumatology
(Oxford). 2016;55(12):2096-108.

Ragnoli B, Da Re B, Galantino A, Kette S, Salotti A, Malerba M. Interrela-
tionship between COVID-19 and Coagulopathy: Pathophysiological and
Clinical Evidence. Int J Mol Sci. 2023;24(10):8945. https://doi.org/10.3390/
ijms24108945.

Liakopoulos V, Roumeliotis S, Gorny X, Dounousi E, Mertens PR. Oxidative
stress in hemodialysis patients: a review of the literature. Oxid Med Cell
Longev. 2017;2017:3081856.

Jonsson P, Drybcak V, Stegmayr BG. Contamination of microbubbles of
air may appear at all measured investigated sites. In vivo studies during
hemodialysis. 0107 (Abstract). Int J Artif Organs. 2022;45(9):764.

Jonsson P, Lindmark L, Axelsson J, Karlsson L, Lundberg L, Stegmayr

B. Formation of Blood Foam in the Air Trap During Hemodialysis

Due to Insufficient Automatic Priming of Dialyzers. Artif Organs.
2018;42(5):533-9.

Wagner S, Rode C, Wojke R, Canaud B. Observation of microbubbles dur-
ing standard dialysis treatments. Clin Kidney J. 2015;8(4):400-4.

Barak M, Nakhoul F, Katz Y. Pathophysiology and clinical implications of
microbubbles during hemodialysis. Semin Dial. 2008;21(3):232-8.
KannoY, Kobayashi K, Takane H, Arima H, lkeda N, Shoda J, Suzuki H.
Elevation of plasma D-dimer is closely associated with venous thrombo-
sis produced by double-lumen catheter in pre-dialysis patients. Nephrol
Dial Transplant. 2007;22(4):1224-7.

Vanommeslaeghe F, Josipovic |, Boone M, Van Biesen W, Eloot S. Impact
of intradialytic fiber clotting on dialyzer extraction and solute removal: a
randomized cross-over study. Sci Rep. 2022;12(1):5717.

Geremia |, Pavlenko D, Maksymow K, Ruth M, Lemke HD, Stamatialis D.

Ex vivo evaluation of the blood compatibility of mixed matrix haemodi-
alysis membranes. Acta Biomater. 2020;111:118-28.

Stegmayr B. Air contamination during hemodialysis should be minimized.
Hemodial Int. 2017;21(2):168-72.

Jonsson P, Stegmayr C, Stegmayr B, Forsberg U. Venous chambers in
clinical use for hemodialysis have limited capacity to eliminate microbub-
bles from entering the return bloodline: An in vitro study. Artif Organs.
2023;47(6):961-70.

Eikelboom J, Floege J, Thadhani R, Weitz JI, Winkelmayer WC. Anticoagula-
tion in patients with kidney failure on dialysis: factor Xl as a therapeutic
target. Kidney Int. 2021;100(6):1199-207.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8


https://doi.org/10.3390/ijms24108945
https://doi.org/10.3390/ijms24108945

	Hemodialysis patients have signs of a chronic thrombotic burden
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Key learning points
	What was known
	This study adds
	Potential impact

	Introduction
	Materials and methods
	Patients
	Study design
	Statistical analysis

	Results
	Predialysis data
	Impact of HD (Supplement Tables 1-3, Fig. 1)
	Other variables
	Multiple regression analysis

	Discussion
	Key results
	Comparison with previous studies
	Study limitations
	Clinical implications

	Acknowledgements
	References


