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Neutrophil extracellular traps and heparin-induced
antibodies contribute to vascular access thrombosis in
hemodialysis patients
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Background: Anti-heparin/platelet factor 4 (PF4) antibodies may trigger severe thrombotic complications in hemodialysis (HD) pa-
tients. Tetrameric PF4 has a high affinity for extracellular DNA, which is a key component of neutrophil extracellular traps (NETs);
therefore, the interactions between anti-heparin/PF4 antibodies and NETs can contribute to prothrombotic events.

Methods: Anti-heparin/PF4 antibody levels were measured by enzyme-linked immunosorbent assay and an optical density > 1.8 was
regarded as clinically significant. We additionally measured serum nucleosome levels as representative markers of NETs, and the
contributions of anti-heparin/PF4 and increased serum nucleosome levels to the primary functional patency loss of vascular access
was assessed.

Results: The frequency of anti-heparin/PF4 antibodies was significantly higher in incident HD patients compared to prevalent HD pa-
tients (23.6% vs. 7.7%). Serum nucleosome levels, as well as the white blood cell counts, neutrophil counts, and high- sensitivity C-re-
active protein levels, were significantly higher in anti-heparin/PF4 antibody-positive patients compared to the control. Platelet counts
tended to be lower in the patients with anti-heparin/PF4 of >1.8 than in the controls. Relative risk calculations showed that the pres-
ence of anti-heparin/PF4 antibodies increased the risk of primary functional patency failure by 4.28-fold, and this risk increased fur-
ther with higher nucleosome levels. Furthermore, in the anti-heparin/PF4 antibody-positive group, the time to first vascular interven-
tion was much shorter, and the risk of repeated intervention was higher, compared to the controls.

Conclusion: In incident HD patients, the presence of anti-heparin/PF4 antibodies was associated with increased NET formation; this
could be a strong predictor of vascular access complications
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Introduction

Heparin-induced thrombocytopenia (HIT) is a serious
immune reaction to heparin often characterized by severe
thrombosis; the morbidity and mortality rates of HIT pa-
tients are high [1,2]. HIT is caused by the formation of a
complex of abnormal autoantibodies that bind to platelet
factor 4 (PF4) and heparin, together known as HIT antibod-
ies [3]. HIT antibodies activate platelets, which can cause
catastrophic arterial and venous thrombosis. HIT occurs in
approximately 5% of patients exposed to heparin, regardless
of the dose, schedule, or route of administration [4-6].

Patients undergoing continuous renal replacement ther-
apy or intermittent hemodialysis (HD) typically require
anticoagulation treatment to prevent the clotting of extra-
corporeal circuits. Heparin is the drug most commonly used
for this purpose [7]. Although long-term heparin exposure
is associated with a high incidence of anti-heparin antibod-
ies, the prevalence and clinical significance of HIT antibody
formation are currently unknown [8-10]. A previous study
examining 700 incident HD and peritoneal dialysis patients
reported a relatively high incidence of anti-heparin/PF4
antibodies [8]. However, they found no correlation between
the presence of anti-heparin/PF4 and thrombocytopenia
or thrombosis, and their study did not predict clinical out-
comes. As a result, routine testing for the presence of HIT
antibodies is not currently recommended for HD patients
[8,11,12]. However, the mortality rate of untreated HIT has
been reported to be as high as 20% in HD patients [13-15].

There are several phases of HIT, including an acute phase
and various recovery phases [16]. Subclinical HIT, or sub-
acute HIT, refers to the state in which a patient has recov-
ered from an acute episode of HIT, but has persistent HIT
antibodies; in this case, the presence of HIT antibodies may
not be associated with clinical outcomes [17]. Furthermore,
some patients develop clinically silent or insignificant an-
ti-PF4 antibodies, which do not cause thrombocytopenia.
Therefore, the timing of the detection and evaluation of an-
ti-heparin/PF4 antibodies may determine their prognostic
significance [6].

Unlike most other forms of drug-induced immune throm-
bocytopenia, HIT is associated with vascular thrombosis,
with the primary mechanism of platelet activation and re-
sultant injury to endothelial cells [18]. Recently, neutrophil
extracellular traps (NETs), or NETosis, has been implicated

in the development of thrombosis in individuals with HIT
[6,19-21]. HIT immune complexes can activate neutrophils
either directly, via the Fc-gamma receptor ITA (FcrRIIA),
or indirectly, via P-selectin and its ligand P-selectin glyco-
protein ligand-1. Furthermore, PF4 adheres readily to NET
DNA, and the resultant PF4-NET complex contributes to
the prothrombotic nature of HIT [19,20,22]. A mouse model
study of HIT revealed that both the depletion of neutrophils
and the blockage of neutrophil nuclear decondensation
caused by a NETosis inhibitor prevented thrombosis, even
though thrombocytopenia was unaffected, thus demonstrat-
ing the critical role of NETosis in HIT thrombosis [19].

Given that vascular access complications are largely due to
the thrombotic occlusion of a stenotic fistula or graft [23,24],
we assessed whether anti-heparin/PF4 antibodies played
a role in adverse HD vascular access outcomes. We com-
pared the prevalence of heparin-induced anti-heparin/PF4
antibodies between incident HD patients, who had recently
been exposed to heparin for the first time, and maintenance
HD (MHD) patients, who had been undergoing regular di-
alysis for more than 3 months with long-term heparin use.
As a negative control, we also measured anti-heparin/PF4
antibodies in HD patients who did not use heparin. Further-
more, we measured serum nucleosome levels as a represen-
tative marker of NET in vivo. In this manner, we evaluated
the utility of the association between anti-heparin/PF4 an-
tibodies and nucleosome levels for predicting adverse HD
vascular access outcomes in incident HD patients.

Methods
Study population

This observational, single-center study included incident
HD patients, who had recently started dialysis treatment,
and MHD patients, who underwent regular HD (three times
per week), between January 2016 and June 2017. Of the 105
incident HD patients, 31 were excluded for the following
reasons; presence of an acute infection at the time of starting
HD (n = 3), decompensated liver cirrhosis (n = 2), decom-
pensated heart failure with ejection fraction of <30% (n = 6),
hematologic diseases (n = 1), nonachievement of long-term
vascular access (n = 10), death or recovery of renal funcion
within 3 months (n = 3), or loss to follow up or transfer to
another clinic (n = 6). Of the 169 MHD patients, 26 were
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excluded due to the presence of hematologic diseases (n
= 3), decompensated liver cirrhosis (n = 2), decompen-
sated heart failure with ejection fraction of <30% (n = 4),
nonachievement of long-term vascular access (n = 12), or
nonuse of heparin due to increased bleeding tendency (n =
5). In total, 74 incident HD patients and 143 MHD patients
were analyzed. Among the 74 incident HD patients, 55 used
unfractionated heparin for anticoagulation, and 19 did not
use heparin due to recent gastrointestinal bleeding (n = 5),
a large hematoma or bruise associated with vascular access
(n = 4), or some other reason (n = 10). The study protocol
was approved by the Institutional Review Board of Hallym
University Sacred Heart Hospital (No. 2016-1067), and in-
formed consent was obtained from all patients.

Data collection and blood sampling

Baseline demographic data were obtained, including age,
sex, and comorbidities, along with clinical data regarding
the underlying cause of renal disease. Venous blood sam-
ples were collected into K2-ethylenediaminetetraacetic acid
(EDTA)-coated tubes and 0.109 M trisodium citrate-coated
tubes (Becton Dickinson, Franklin Lakes, NJ, USA). For the
isolation of plasma, the blood was separated by centrifuga-
tion at 1,500 xg for 20 minutes at 4°C. Isolated plasma sam-
ples were aliquoted and stored at -80°C until analysis.

For MHD patients, sampling was performed immediately
before the HD session in the middle of the week. Biochem-
ical analyses of white blood cells (WBCs), neutrophils, lym-
phocytes, platelets, hemoglobin, serum albumin, cholester-
ol, blood urea nitrogen, and creatinine were performed. The
neutrophil to lymphocyte ratio was also calculated. Levels of
the high-sensitivity C-reactive protein (hs-CRP) inflammato-
ry cytokine were also measured.

Anti-heparin/platelet factor 4 antibody and neutrophil
extracellular trap quantification assays

The anti-heparin/PF4 antibodies were detected using a
commercial heparin/PF4 enzyme-linked immunosorbent
assay (ELISA) kit (PF4 IgG, HAT 45G; Immucor GTI Diagnos-
tics, Waukesha, WI, USA) [17]. Diluted, citrated plasma (1:50)
was added to microwells, which were coated with immobi-
lized PF4 complexed to polyvinyl sulfonate. After incubation
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for 35 minutes in a 37°C water bath, the microwells were
washed and incubated with alkaline phosphatase-conjugat-
ed anti-human immunoglobulin (IgG) antibody. Following
a second incubation for 35 minutes in a 37°C water bath, the
microwells were washed and incubated with p-nitrophenyl
phosphate substrate for 30 minutes. Optical density (OD)
was measured by subtracting the absorbance reading at 490
nm (a reference filter) from the absorbance reading at 405
nm. According to a previous study, OD values of <0.4 indi-
cated an absence of antibodies. OD values equal to or great-
er than 1.0 indicated the presence of antibodies; values high-
er than 1.8 were regarded as clinically significant (strongly
positive). The differences between the duplicate wells were
<20% [11,25].

To evaluate NET formation, histone-DNA complex (nu-
cleosome) NET biomarkers were measured using a Cell
Death Detection ELISA™ Kit (Roche, Mannheim, Germa-
ny). According to the manufacturer’s instructions, a mixture
containing anti-histone-biotin antibody, anti-DNA-perox-
idase antibody, and EDTA-plasma was placed in streptavi-
din-coated wells. After incubation for 2 hours, the wells were
washed and reacted with a substrate for 20 minutes. The re-
action was stopped using a stop solution. OD was calculated
in the same way as in the heparin-PF4-IgG antibody assay.
As we reported previously, the highest quartile of serum
nucleosome (Q4) was used as the cutoff value for significant
increase of NETs [26].

Study endpoints

The primary outcomes of this study were primary functional
patency loss, defined as thrombotic occlusion of vascular
access (including abandonment of the access site) requiring
surgical or percutaneous endovascular intervention (percu-
taneous transluminal angioplasty [PTA] or thrombectomy)
following initial cannulation, and achievement of adequate
dialysis within 6 months of the first dialysis session [1,27].
The secondary outcomes were as follows; the time taken
for successful cannulation in three consecutive HD sessions,
the time to the first intervention and frequency of first in-
terventions within 3 months, and the time between the first
intervention and reintervention. We also analyzed the aban-
donment rate of initial vascular access during follow-up.
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Statistical analysis

As an exploratory study, the sample size of the study was
planned based on the expected mean differences between
the incident HD, MHD, and control populations (non-hep-
arin users) of 20% of the anti-PF4 antibody level. Using
nonparametric sample size estimation, the sample size
calculation for the incident HD patients resulted in a sam-
ple size of 50 to 60 patients and control groups who were
eligible for the study in the same study period to achieve a
power of at least 80%. Variables with normal distributions
are expressed as the means + standard deviations, and the
Kolmogorov-Smirnov test was used to analyze the normality
of the distribution of each parameter. Categorical variables
are expressed as percentages and were compared using the
chi-square test. Cumulative survival curves were derived
using the Kaplan-Meier method, and differences between
survival curves were compared using the log-rank test. Pear-
son’s correlation analysis was used to clarify the relation ship
between the number of immune cells and anti-PF4 antibody
levels. A Cox proportional hazards model was used to iden-

Table 1. Baseline characteristics of all patients

tify factors independently associated with vascular access
abandonment, based on hazard ratios (HRs) with 95% con-
fidence intervals (CIs). A p-value less than 0.05 was regarded
as significant. All statistical analyses were performed using
IBM SPSS version 22.0 (IBM Corp., Armonk, NY, USA).

Results
Baseline characteristics

During the 18-month period from January 2016 to June
2017, a total of 105 incident HD and 169 MHD patients were
enrolled in this study, and a total of 74 and 143 patients were
evaluated. The median dialysis duration for MHD patients
was 39.7 months. Table 1 presents the baseline characteris-
tics of the patients. Incident HD patients were significantly
older (p = 0.001) than MHD patients and used arteriovenous
grafts (AVGs), as opposed to arteriovenous fistulas (AVFs),
more frequently than the MHD patients (p = 0.01). Preoper-
ative Doppler ultrasound was typically performed prior to
long-term vascular access to identify suitable vessels for AVF

Heparin use

Variable Heparin-free - - p-value®
Incident HD Maintenance HD

No. of patients 19 55 143
Age (yr) 70.6+£11.2 70.9+11.3 649+125 0.001
Male sex 17 (63.2) 28 (50.9) 75 (52.4) 0.46
Body mass index (kg/m?) 22.6+4.6 241+4.3 23.6+35 0.34
Diabetes mellitus 19 (68.5) 23 (41.8) 86 (60.1) 0.19
Previous CVD 3(15.7) 5(9.1) 28 (19.6) 0.04
Systolic BP (mmHg) 137 £ 25 142 + 17 140 + 20 0.57
Diastolic BP (mmHg) 77 +£20 76+ 12 74 +£12 0.43
HD duration (mo) 1.1(0.2-1.7) 1.0 (0.3-1.8) 39.7 (16-80) -
Anti-platelet agent use 3(15.7) 23 (41.8) 81 (56.6) 0.26
Vascular access type 0.01

AVF 6(31.6) 36 (68.5) 118 (82.5)

AVG 5(26.3) 17 (31.5) 25 (17.5)
Anti-PF4 antibody, OD 0.39+0.19 1.34 £ 0.65 0.93 + 0.47 0.001

>1.8, strong positive NA 13 (23.6) 11 (7.7)

1.0-1.8, weak positive NA 19 (34.5) 32(22.3)

0.4-1.0, intermediate NA 23 (41.8) 93 (65.0)

<0.4, negative NA 7 (4.9)

Number (%) only, mean * standard deviation, or median (interquartile range).

AVF, arteriovenous fistula; AVG, arteriovenous graft; BP, blood pressure; CVD, cardiovascular disease; HD, hemodialysis; NA, not applicable; OD, optical

density; PF4, platelet factor 4.
“p-value for comparison between incident HD and maintenance HD.
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placement; if no suitable vessels were present, an AVG was
placed. Other baseline comorbidities were comparable be-
tween the two dialysis groups.

We divided the patients into three groups; incident HD
patients with heparin free, incident HD patients with hep-
arin use, and MHD patients. We then compared the an-
ti-heparin/PF4 antibody levels among the three groups. As
expected, anti-heparin/PF4 antibodies were rarely detected
in non-heparinized HD patients (mean OD, 0.39 + 0.11).
Notably, the mean anti-heparin/PF4 antibody OD value was
significantly higher in incident HD patients compared to
MHD patients, even though both HD patient groups were
regularly exposed to heparin (1.34 + 0.65 vs. 0.93 + 0.47, p
< 0.001) (Fig. 1). Applying the cutoff OD value of 1.8 (i.e.,
strongly positive), the prevalence of clinically significant
levels of anti-heparin/PF4 antibodies was 23.6% in incident
HD patients (13 of 55) and 7.7% in MHD patients (11 of 143).
The prevalence of heparin-induced antibodies in the MHD
group was comparable to previously reported data.

Focusing on the incident HD group, we examined the
relationships between clinical and biochemical parame-
ters and clinically significant anti-heparin/PF4 antibody
levels (Table 2). Patients with antibody OD values of >1.8
showed an increased tendency toward higher systolic and
diastolic blood pressures than the control group. Notably,
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Anti-PF4 Ab (OD)

patients with strongly positive anti-heparin/PF4 antibody
levels had significantly higher WBC and neutrophil counts
compared to the controls, even though all cell counts were
within normal ranges (Fig. 2A, Table 3). However, the num-
ber of platelets was slightly lower in patients with clinically

2.5 p = 0.001

2.0+

<0.001
154 L=

1.0 1

Anti-heparin/PF4 (OD)

Heparin-free  Incident HD Maintenance HD

Heparin use

Figure 1. Differences in anti-heparin/PF4 antibody levels
among groups. In patients without heparin use (heparin-free),
the antibody level was very low (negative control). In patients
with heparin use, the level was significantly higher in incident HD
patients compared to maintenance HD patients.

HD, hemodialysis; PF4, platelet factor 4.

B/

30 1

Il PF4Ab<1.8
[ PF4 Ab >1.8
20 A
g <
3 =)
3 €
10 A
WBC Neutrophil Platelets hsCRP
(/11,000) (/1,000) (/10,000) (mg/L)

Figure 2. The relationship between anti-heparin/PF4 Ab levels and immune cell counts. (A, B) The Ab level had a positive
correlation with WBC and neutrophil counts but had a negative relationship with platelet count. Also, the levels of hs-CRP, a serum
inflammatory marker, were significantly higher in patients with strongly positive Ab levels (B).

Ab, antibody; hs-CRP, high-sensitivity C-reactive protein; OD, optical density; PF4, platelet factor 4; WBC, white blood cell.
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Table 2. Comparison of biochemical data and vascular outcomes according to PF4 antibody level

Incident HD with heparin use (n = 55)

Variable p-value
OD<18(n=42) OD> 1.8 (n=13)
Age (yr) 70.8+11.2 69.1+11.7 0.93
Male sex 21 (50.0) 5(38.5) 0.22
Diabetes mellitus 24 (57.1) 6 (46.1) 0.47
Previous CVD 3(7.1) 2 (15.3) 0.30
Systolic BP (mmHg) 139.6 £ 19.0 1485 + 16.4 0.08
Diastolic BP (mmHg) 74.0 £ 13.0 80.1+9.9 0.09
Vascular access type 0.27
AVF 29 (69.0) 8 (61.5)
AVG 13 (31.0) 5 (38.5)
Biochemical parameter
WBC count 6,427 + 1,960 9,205 + 3,580 0.001
Hemoglobin (g/dL) 105+ 1.3 109+ 1.3 0.71
Neutrophil count 4,350 + 1,509 6,435 + 3,116 0.004
Neutrophil/lymphocyte ratio 40+29 43+26 0.77
Platelet (10°/mL) 200 =40 168 + 70 0.07
<100 x 10%/mL 2(4.7) 2 (15.4)
BUN (mg/dL) 57.6 + 17.6 54.4 +£22.6 0.58
Creatinine (mg/dL) 6.8+1.9 6.3+19 0.46
Albumin (g/dL) 3.6+0.6 3.6+03 0.90
Total cholesterol (mg/dL) 1541 +29.3 148.6 £ 36.9 0.56
hs-CRP 1.10 £ 1.04 3.50+£2.70 0.006
Vascular outcome
Primary outcome
Loss of primary patency in 6 mo 9 (21.4) 7 (53.8) 0.03
Abandonment in 6 mo 0(0) 4(30.7)
First intervention in 6 mo 9 (21.4) 6 (46.2)
Secondary outcome
Time to first needling (day) 55.5+16.7 72.7+34.3 0.03
Time to first intervention (mo) 52+4.0 13.4+6.9 0.07
First intervention in 3 mo 6 (14.3) 6 (46.2) 0.02
Time to reintervention
Re-PTA in 3 mo 4 (9.5) 5(38.4) 0.02
Abandonment during follow-up 3(7.1) 6 (46.1) 0.003

Data are expressed as mean * standard deviation or number (%).
AVG, arteriovenous graft; BP, blood pressure; BUN, blood urea nitrogen; CVD, cardiovascular disease; HD, hemodialysis; hs-CRP, high-sensitivity C-reactive
protein; OD, optical density; PF4, platelet factor 4; PTA, percutaneous transluminal angjoplasty; WBC, white blood cell.

Table 3. Correlation analysis of Anti-PF4 antibody with nucleosome level and blood cell variables

. WBC Platelet Nucleosome level
Variable
p r p r
Anti-PF4 antibody 0.003 0.37 0.006 -0.37 0.005 0.31 0.03
WBC 0.96 <0.001 0.31 0.02 0.2 0.08
Neutrophil count - 0.29 0.03 0.35 0.04

PF4, platelet factor 4; WBC, white blood cell.
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significant anti-heparin/PF4 antibody levels. The frequency
of thrombocytopenia (defined as a platelet count < 1 x 10°/
mL) was higher in the patients with high anti-heparin/PF4
antibody levels; however, because of the low number of cas-
es, this finding was not statistically significant. Levels of the
inflammatory marker hs-CRP were also statistically higher
in patients with high anti-heparin/PF4 antibody levels (Fig.
2B). The other metabolic parameters were similar between
patients with and without high anti-heparin/PF4 antibody
levels. No relationship was found between the type of vascu-
lar access (AVF or AVG) and the anti-heparin/PF4 antibody
positivity rate.

Vascular outcomes of patients positive for anti-heparin/
platelet factor 4 antibodies

Anti-heparin/PF4 antibodies are associated with platelet
activation and endothelial cell damage; therefore, we con-
ducted thorough follow-up examinations to evaluate the HD
vascular outcomes of all patients. Vascular complications are
largely due to thrombosis and stenosis following endothelial
damage and inflammation. Our data showed that patients
with strong positive anti-heparin/PF4 antibodies had signifi-
cantly higher rates of primary functional patency loss within
6 months of the first HD compared to the control group
(53.8% vs. 21.4%, p = 0.03) (Fig. 3A). Relative risk calculations

A B/

revealed that patients with an anti-heparin/PF4 antibody
OD of >1.8 were 4.28 times more likely to experience pri-
mary functional patency failure compared to those with
an anti-heparin/PF4 antibody OD of <1.8. One-third of the
patients exhibiting strong positive antibodies experienced
vascular access abandonment within 6 months, whereas no
control group patients lost vascular access within the same
period. In addition, around twice as many patients in the
strongly positive anti-heparin/PF4 antibody group under-
went vascular interventions within 6 months of vascular ac-
cess creation (46.2% vs. 21.4%).

We then examined the relationships between the presence
of clinically significant anti-heparin/PF4 antibody levels and
the times of first cannulation and first intervention. There
were no cases of primary maturation failure up to 3 months
after the creation. However, the time taken for successful
cannulation in three consecutive HD sessions was signifi-
cantly longer in the strongly positive anti-heparin/PF4 an-
tibody group compared to the control group; this was likely
due to the higher vascular intervention rate in the strong
positive group compared to the controls (72.7 + 34.3 days vs.
55.5 + 16.7 days, p = 0.03). Supporting this, patients who had
clinically significant anti-heparin/PF4 antibody levels expe-
rienced earlier vascular intervention compared to control
patients (Fig. 3A). The mean times until the first intervention
were 5.2 and 13.4 months in the strong positive and control
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Figure 3. Vascular outcomes according to strong positivity for anti-heparin/PF4 Abs. (A) Patients with anti-heparin/PF4 Abs
underwent more frequent and earlier vascular interventions compared to the control group. Therefore, they had a much higher
incidence of vascular access failure. (B, C) The abandonment risk was also significantly higher in patients with Abs.

Ab, antibody; PF4, platelet factor 4.
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groups, respectively. Furthermore, about half of the patients
in the strong positive group underwent repeated interven-
tions within 3 months of the initial intervention. Clinically,
patients requiring frequent vascular intervention due to re-
current access obstruction could be easily identified. Taken
together, our data suggested that platelet activation triggered
by anti-heparin/PF4 antibody formation may be associated
with early and repeated intravascular thrombotic occlusion
of HD vascular access.

Additionally, we compared the rates of access aban-
donment between the strongly positive anti-heparin/PF4
antibody group and the control group (Fig. 3B, C). During
follow-up examinations conducted 28.8 + 14.1 months after
this study, there were nine cases of abandonment (six and
three in the strong positive and control groups, respectively).
According to the Cox proportional HR, patients who were

strongly positive for anti-heparin/PF4 antibodies had a 7.29-
fold higher risk of vascular access abandonment (95% ClI,
1.79-25.65 in univariate analysis). Even after adjusting for age,
sex, diabetes, vascular type, and hs-CRP, the presence of clin-
ically significant anti-heparin/PF4 antibodies increased the
abandonment risk 7.32-fold (95% CI, 1.31-40.88) (Table 4).

Relationship of serum nucleosome level with anti-heparin/
platelet factor 4 positivity

Due to the close association between strong anti-hepa-
rin/PF4 antibody positivity and high WBC and neutrophil
counts in peripheral blood, we evaluated the relationship
between anti-heparin/PF4 antibody and serum nucleosome
levels. Consistent with our previous findings, the serum nu-
cleosome levels varied significantly among the HD patients.

Table 4. Cox proportional HRs for predicting abandonment of vascular access

Variable

HR (95% ClI) p-value

Univariate analysis

Anti-PF4/heparin antibody, >1.8 7.29 (1.79-25.65) 0.004
Multivariate analysis

Age, per 1yr 1.14 (0.96-1.34) 0.13

Diabetes mellitus, presence 1.06 (0.09-2.27) 0.34

Vascular access type (AVG) 3.10 (0.66-14.46) 0.15

hs-CRP (mg/L), >1.0 3.07 (0.32-15.11) 0.19

Anti-PF4/heparin antibody, >1.8 7.32 (1.31-40.88) 0.02

AVG, arteriovenous graft; Cl, confidence interval; hs-CRP, high-sensitivity C-reactive protein; HR, hazard ratio; PF4, platelet factor 4.
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Figure 4. The relationship between anti-heparin/PF4 strong positivity and serum nucleosome level. (A) Patients with strongly
positive anti-heparin/PF4 Abs had significantly higher levels of nucleosomes. (B, C) When divided into four groups according to the
nucleosome highest quartile and an OD level of 1.8, the highest rates of primary patency loss were observed in patients with an Ab OD
> 1.8 and nucleosome OD > 0.52 (Q4).

Ab, antibody; OD, optical density; PF4, platelet factor 4.
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The median serum nucleosome OD value was 0.16, and the
cutoff value for the highest quartile (Q4) was 0.52. Serum
nucleosome levels exhibited a close relationship with an-
ti-heparin/PF4 antibody levels (r = 0.309; p = 0.03) (Table 3).
As shown in Fig. 4A, the median nucleosome OD value was
significantly higher in the strongly antibody-positive group
compared to the control group (0.72 vs. 0.32, p = 0.04). We
then divided the total population into four groups accord-
ing to anti-heparin/PF4 antibody OD values (> or <1.8) and
nucleosome OD values (> or <the Q4 cutoff value of 0.52)
and compared the risk of primary patency loss and vascular
access abandonment among the four groups (Fig. 4B, C).
The highest rates of primary patency loss were observed in
patients with an antibody OD of >1.8 and nucleosome OD of
>0.52. Even in patients with clinically significant anti-hepa-
rin/PF4 antibody levels, the risk significantly increased with
higher nucleosome levels.

Discussion

In this study, we investigated the potential impact of an-
ti-heparin/PF4 antibodies on HD vascular access outcomes
and their relationship with NET levels. There were several
strengths to our study, the first being that we measured
anti-heparin/PF4 antibody levels in both incident HD and
MHD patients, which enabled direct comparison of the two
groups. Given our results, we suggest that timing is an im-
portant factor when testing for anti-heparin/PF4 antibodies.
Another strength of our study was that we only focused on
vascular access. The causes of cardiovascular and cerebro-
vascular events in HD patients are complex and multifacto-
rial; although the causes are similarly complex for vascular
outcomes, the main pathogenesis of vascular complications
is thrombotic occlusion with stenosis. Furthermore, we mea-
sured serum nucleosome levels alongside performance of
the anti-heparin/PF4 antibody test since neutrophil dysreg-
ulation and increased NET formation have been reported to
contribute to thrombosis in uremic conditions. Platelet-neu-
trophil interactions could be key in the formation of vascular
access clots.

According to previous HIT studies, anti-heparin/PF4 anti-
body positivity rates were within the range of 2.3% to 10.3%
in HD patients. The presence of HIT antibodies was not
found to be associated with adverse clinical outcomes; how-
ever, previous studies only examined MHD patients, without
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considering incident HD patients [3,8,9,11,12,28]. There are
multiple HIT phases, including the acute phase, subacute
phase, and several recovery phases. MHD patients may fall
within the subclinical or subacute HIT phase. Moreover,
MHD patients may harbor clinically silent or insignificant
anti-heparin/PF4 antibodies that do not cause thrombo-
cytopenia or thrombosis. Therefore, we hypothesized that
the prognostic significance of HIT antibodies should be
determined in incident HD patients who have recently been
exposed to heparin. In this study, we compared the preva-
lence of anti-heparin/PF4 antibodies between incident HD
patients and MHD patients and found that the frequency
of HIT antibodies was much lower in MHD patients com-
pared to incident patients (7.7% vs. 21.7%). Supporting this,
a previous study also reported that the incidence of hepa-
rin-induced antibodies was highest during the first 90 days
of HD (20%). However, by 3 months, approximately 9% of
patients had antibodies [8]. One potential explanation could
be that patients who had developed anti-heparin/PF4 an-
tibodies experienced vascular complications earlier during
the treatment course and had therefore already died or been
hospitalized/transferred to nursing care facilities prior to
this study, and thus were not included in our MHD group.
Consistent with this explanation, the average age of the
MHD patients was significantly lower, and AVF was the main
vascular access route rather than AVG. Another explanation
for this finding is that anti-heparin/PF4 antibodies may be
degraded following repeated exposures to heparin; however,
this issue is beyond the scope of this investigation.

In this report, we focused on the incident HD group and
further evaluated the prognostic role of anti-heparin/PF4
antibodies in vascular outcomes. Notably, patients with
clinically significant antibody levels had higher WBC and
neutrophil counts than those without. Consistent with this
finding, serum nucleosome levels were much higher in the
antibody-positive group. Taken together, this suggests that
the presence of anti-heparin/PF4 antibodies was accompa-
nied by neutrophil activation and increased NET formation
in vivo. The platelet counts appeared to be lower in patients
with anti-heparin/PF4 antibodies; however, the difference
was not statistically significant. Therefore, an increased
neutrophil count with or without thrombocytopenia may be
a characteristic of anti-heparin/PF4 antibody-positive pa-
tients. Furthermore, the expression level of the inflammato-
ry marker hs-CRP was higher in the positive antibody group
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compared to the control group. The increased NET levels,
positive anti-heparin/PF4 antibodies, and hyperinflamma-
tory condition may simultaneously contribute to vascular
thrombosis in vivo.

We evaluated the value of anti-heparin/PF4 antibodies for
predicting functional vascular access (defined as successfully
matured and used for dialysis) and the subsequent loss of
primary functional patency within 6 months of its first use.
Because the main objective of the study was to investigate the
thrombotic occlusion associated with anti-heparin/PF4 anti-
bodies, patients with decompensated heart failure or decom-
pensated liver cirrhosis were specifically excluded to rule out
potential inflow problems with respect to vascular access. An
interval of <3 months between vascular access creation and
first use likely indicates that any subsequent loss of primary
functional patency is not due to anatomical problems or low
blood flow. Our results showed that the presence of anti-hep-
arin/PF4 antibodies was a powerful predictor of vascular
access failure (odds ratio, 7.3; p = 0.02), even after adjustment
for diabetes and inflammatory conditions. In addition, the
risks of vascular intervention within 3 and 6 months were 3.1
and 6.3 times higher, respectively, in the positive anti- hep-
arin/PF4 antibody group than in the control group. Positive
HIT antibodies were linked to a higher incidence of repeated
vascular intervention within 3 months of the first vascular in-
tervention and to the abandonment of vascular access. Con-
sistent with our data, O’shea et al. [10] reported that hyper-
coagulable states are common in HD patients with recurrent
vascular access site thrombosis.

Another notable finding in this study was that patients
with positive anti-heparin/PF4 antibodies had higher se-
rum nucleosome levels than the control group, and the
vascular outcomes were worse in patients with both higher
nucleosome levels and strongly positive antibodies. Given
the strong association of the anti-heparin/PF4 antibodies
with serum neutrophil and nucleosome levels, it is reason-
able to suggest that an interaction between the anti-hepa-
rin/PF4 antibodies and excessive NET could be a risk factor
for vascular thrombosis. Supporting our data, Perdomo et
al. [21] recently reported that the HIT immune complex
induces NETosis by interacting with FcrRIIa on neutrophils
and through neutrophil-platelet associations. They found
neutrophil-platelet aggregates in the blood of patients with
HIT and then demonstrated the involvement of NETosis in
thrombi generated ex vivo. Furthermore, they showed that

neutrophil depletion abolished thrombus formation in vivo.
Similarly, another recent report showed that anti-heparin
antibodies could activate neutrophils and cause them to
selectively bind to injured endothelia, where they released
NETs; these NETs generated immunogenic complexes,
which could then induce prothrombotic conditions. More-
over, the complexes are resistant to endonuclease diges-
tion, which leads to repeated and prolonged clot formation
[19,29].

A limitation of this study was that a relatively small num-
ber of patients were analyzed, all of whom were from a sin-
gle center. We tried to include more patients by extending
the study period, but the availability of anti-heparin/PF4
antibody commercial kits was limited due to their infre-
quent use in clinical practice. Therefore, the results are not
representative. However, our data are nonetheless valuable;
by comparing the antibody levels between MHD and in-
cident HD patients, we discovered a relationship between
anti-heparin/PF4 antibody levels and the time of heparin
exposure. Relatively few studies including incident HD pa-
tients have been published. Another limitation of this study
was that although we measured serum nucleosome levels,
we were unable to directly visualize NETs in vivo. Further-
more, we arbitrarily determined the cutoff OD value for
positive anti-heparin/PF4 antibodies (i.e., 1.8). The preva-
lence of anti-heparin/PF4 antibodies differs largely among
existing reports, because it is influenced by the kit and the
detection method used. Even for the same kit, the cutoff
value differs among studies. In this study, we applied the
same cutoff value used in a previous one, and also used the
same ELISA kit; the positive control yielded OD values > 1.8
[25]. Warkentin et al. [25] reported that the probability of a
strongly positive result in a serotonin ELISA was about 90%
when a cutoff OD value of 1.8 to 2.0 was applied.

In conclusion, the frequency of anti-heparin/PF4 anti-
bodies was significantly higher in incident HD patients com-
pared to MHD patients. This likely explains why previous
studies involving MHD patients failed to show any significant
prognostic role of anti-heparin/PF4 antibodies. In incident
HD patients, we found that the presence of anti-heparin/PF4
antibodies was associated with increased NET formation and
that this could be a strong predictor for subsequent vascular
access complications. This provides evidence for a patholog-
ical interaction between platelet activation, increased NET
formation, and endothelial damage in vivo.
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