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¢ Background: End-stage renaldisease patients have signifi-
cant cardiovascular morbidity and mortality, but littleis known
about differencesin coagulation profiles between patients on
hemodialysis (HD) and on peritoneal dialysis (PD). Given their
long-term exposure to glucose-based dialysate, patients on PD
can experience metabolic derangements. Theoretically, that
exposure should create a more prothrombotic environment
than occursin HD patients. The objective of the present study
was to quantify potential differences in baseline coagulation
between PD and HD patients.

¢ Methods: Our single-center cross-sectional study at
a large academic health science center enrolled 50 age-,
race-, and sex-matched subjects (10 control subjects, 20
HD patients, and 20 PD patients). Measurements included
platelet function, platelet receptor distribution, and coagu-
lation dynamics by thromboelastography and Hemodyne
hemostasis assay (Hemodyne, Richmond, VA, USA).

¢ Results: Compared with healthy control subjects,
patients on both forms of dialysis showed prothrombotic
coagulation protein profiles. The tissue-factor pathway was
markedly elevated in both groups, but PD was associated
with significantly greater concentrations of tissue factor
(p = 0.0056) and tissue-factor pathway inhibitor (p =
0.0138). Similarly, compared with patients receiving HD,
patients on PD had greater concentrations of fibrinogen (p =
0.0325), which corresponded with platelet hyperfunction
as measured by platelet contractile force and clot elastic
modulus (p=0.003 and 0.017 respectively, compared with
values in HD patients). Platelet receptor distribution was
similar between the groups.

¢ Conclusions: Compared with patients on HD, patients
on PD appear to have a more prothrombotic profile. The
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clinical relevance of these findings needs to be studied in
a prospective manner.
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Cardiovascular disease (CVD) is a leading killer in
chronickidney disease (CKD) patients (1,2). The mor-
bidity and mortality statistics are staggering: nearly half
of all people with end-stage renal disease will develop
CVD, and cardiac deaths account for approximately 40%
of all mortality in these individuals (2). Furthermore,
the cardiovascular mortality rate in hemodialysis (HD)
patients has been estimated to be up to 20 times that
reported for the age-matched general population (3).
The presence of traditional cardiac risk factors, such
as diabetes mellitus, hypertension, dyslipidemia, and
advanced age certainly contribute to CVD and are well
described. Other possible mediators may lie within the
inflammation—coagulation axis as suggested by the
presence of nontraditional cardiac risk factors such as
C-reactive protein, hyperhomocysteinemia, and activa-
tion of the coagulation cascade (4,5). Defects in both
coagulationinitiation and fibrinolysis have been identi-
fied in CKD patients. The tissue-factor (TF) pathway has
been found to be uprequlated in CKD patients, suggest-
ing that events taking place during clot initiation may
mediate the prothrombotic state (6-8). At the same
time, altered fibrin clot structure leading to increased
resistance to fibrinolysis has also been demonstrated
both in diabetic patients and in CKD patients requir-
ing HD or PD. Patients with diabetes tend to produce
denser clots that are less porous and more resistant to
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fibrinolysis (9-11). Similar increases in clot density and
resistance to fibrinolysis have been found in long-term
PD patients (12) and specifically in those experiencing
cardiovascular death (3).

The data suggesting that, compared with HD patients,
those on PD may have higher rates of CVD events and
mortality are conflicting (13,14). The debate is far from
over, but the continuous nature of PD, with the long-
term concomitant exposure to glucose-based dialysate,
can create significant metabolic derangements such
as hyperinsulinemia, dyslipidemia, and metabolic syn-
drome, which is important because of the known links
between metabolic syndrome, endothelial dysfunction,
inflammation, and a prothrombotic tendency. In theory,
those metabolic derangements should therefore create
a more prothrombotic environment than is seen in
patients receiving HD. To date, however, few data have
been published (15).

The purpose of the present pilot study was to quantify
potential differences between PD and HD with respect to
platelet function, thrombin generation, platelet receptor
distribution, and functional clotting dynamics.

METHODS
STUDY DESIGN, SETTING, AND PATIENT SELECTION

This single-center cross-sectional pilot study set out
to characterize differences in biochemical, cellular, and
functional coagulation parameters in patients receiv-
ing maintenance HD and PD. It enrolled 50 age-, race-,
and sex-matched subjects: 10 healthy volunteers who
served as a reference standard; 20 subjects receiving
thrice-weekly maintenance HD; and 20 subjects receiv-
ing maintenance continuous cycling PD. The continuous
cycling PD regimen consisted of four 2-hour exchanges
nightly and one 6-hour dialysis exchange daily. Each HD
patient received thrice-weekly 4-hour high-flux HD ses-
sions using a Fresenius Optiflux 180 dialyzer (Fresenius
Medical Care North America, Waltham, MA, USA). Of the
20 HD patients, 18 had arteriovenous grafts, and 2 had
tunneled central venous catheters because of multiple
arteriovenous graft failures.

The dialysis prescriptions in both treatment groups
were tailored to achieve goal Kt/V. All subjects received
recombinant human erythropoietin as standard-of-care
anemia treatment. Subjects were excluded if they had
any of recent trauma or surgery (<7 days), active bleed-
ing or a known bleeding disorder (for example, von
Willebrand disease, hemophilia), active thrombosis or
known thrombotic tendency (for example, antithrom-
bin III, protein C, or protein S deficiency), cirrhosis or
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other liver abnormality, active cancer, thrombocytope-
nia (platelets < 100x10°/L), or concurrent use of fish
oil or antiplatelet or antithrombotic medications. The
Virginia Commonwealth University Institutional Review
Board approved the study before subject enrollment,
and the study itself was conducted in accordance with
the Declaration of Helsinki. All subjects provided written
informed consent before study commencement. Upon
enrollment of subjects into the study, demographics,
laboratory chemistry parameters, and coagulation
parameters were recorded.

BLOOD SAMPLING AND PROCESSING

Blood (approximately 25 mL) was collected througha
15-gauge needle into a syringe; 5 mL was injected into
each of four 3.2% sodium citrate tubes, and 5 mL was
injected into a serum separator tube. In HD patients, the
blood samples were drawn immediately before dialysis to
avoid interference with heparin administration, and all
sodium citrate tubes were treated with 180 uL heparinase
before sample processing to avoid potential heparin
contamination. All blood samples were assayed within
2 hours of collection.

COAGULATION PROTEINS

Coagulation proteins—TF, TF pathway inhibitor (TFPI),
and von Willebrand factor (vWf)—were assessed by ELISA
using commercially available kits (Imubind Tissue Factor,
Imubind Total Tissue Factor Pathway Inhibitor, vVWF kit:
American Diagnostica, Stamford, CT, USA). Prothrombin
fragments 1+2 and thrombin-antithrombin III complex
(TAT) were analyzed using standard ELISA techniques
(Enzygnost F 1+2 (monoclonal) and TAT micro: Siemens
Healthcare Diagnostics, Marburg, Germany). Fibrinogen,
prothrombin time, activated partial thromboplastin
time, factor VII coagulant activity, and factor X activity
were performed using the standard one-stage clotting
assay (STart4 Hemostasis Analyzer: Diagnostica Stago,
Parsippany, NJ, USA). Allassays were performed according
to the manufacturer’sinstructions and runin duplicate;
the average of the duplicate runs is reported.

PLATELET RECEPTOR DETECTION

Flow cytometric analysis was performed using
citrated whole blood according to current standards
from the European Working Group on Cell Analysis
(16). To identify platelets and their activation status,
CD41a conjugated with PE-Cy5 (mouse anti-human: BD
Pharmingen, Franklin Lakes, NJ, USA), PAC-1 conjugated
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with fluorescein isothiocyanate conjugate [FITC (BD
Biosciences, San Jose, CA, USA)], and CD62p conju-
gated with phycoerythrin [PE (mouse anti-human: BD
Pharmingen)] were used. Correspondingisotype-matched
monoclonal antibodies PE-Mouse IgG1-K Isotype, FITC-
Mouse IgM-K Isotype, and PE-Cy5-Mouse IgG1-K Isotype
(BD Pharmingen) were used as negative controls. A
portion of each whole-blood specimen was treated with
0.005 mL adenosine diphosphate as a marker of platelet
activation. Results are expressed in mean fluorescence
intensity units for CD41 and in percentages for other
markers of activation.

FUNCTIONAL PLATELET TESTING

In vitro coagulation monitoring was performed to
determine platelet function and the dynamics of blood
viscoelasticity during clotting. The whole-blood clotting
parameters platelet contractile force (PCF), clot elastic
modulus (CEM), and force onset time (FOT) were mea-
sured using the Hemodyne Hemostasis Analysis System
(Hemodyne, Richmond, VA, USA). The PCF is the force
produced by platelets during clot retraction, and it is
therefore a measure of platelet function during clotting.
The PCFis sensitive to platelet number, platelet metabolic
status, and glycoprotein IIb/IIIa status. The CEM is a
measure of clot stiffness, and itis sensitive to fibrinogen
concentration, platelet concentration, the rate of throm-
bin generation, and the force produced by platelets. The
FOT is the time required for thrombin to be generated in
the whole-blood sample (17). The normal values for PCF,
CEM, and FOT are 4.8 - 9.5 Kdyn, 14.0 - 35.0 Kdyn/cm?,
and 3.0 - 8.0 min respectively. Thromboelastography
was performed using a TEG 5000 Thrombelastograph
hemostasis analyzer system (Haemoscope, Niles, IL,
USA), and the reaction time (measure of time to clot
initiation), kinetics time (measure of clot propagation
time), and maximalamplitude (measure of clot firmness)
were reported. All analytic procedures were completed
using methods previously described in the literature
(18-20). Assays were run in duplicate, and the average
of the runs is reported.

STATISTICAL ANALYSIS

Descriptive statistics—mean + standard deviation or
median and interquartile range—characterize subject
demographics and continuous data. Continuous data
were evaluated using analysis of variance or the non-
parametric Kruskal-Wallis test. A Tukey or Wilcoxon test
was used for post-hoc multiple-comparison testing as
appropriate. Data were evaluated for normal distribution
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or skewness by visualinspection of normal quantile plots.
All statistical analyses were performed using the JMP
statistical software (version 10.0.0: SAS Institute, Cary,
NC, USA). The level of significance for all statistical tests
was p <0.05.

RESULTS

Table 1 presents demographic and biochemical data
for the 50 enrolled subjects (20 on PD, 20 on HD, and
10 healthy controls). Diabetes and hypertension were
present in similar proportions in all the groups, but
more HD patients had a history of clinically documented
CVD as determined by history of myocardial infarction,
arrhythmia, angina, heart failure, or cardiac interven-
tion. The Davies comorbidity scores were similar in all
groups, as were the chemistryand complete blood count
results. Serum ferritin levels were high in the PD and HD
patients, probably reflecting high iron utilization and
chronic inflammation. Serum albumin was consistent
in all groups, and all patients were receiving adequate
dialysis as represented by Kt/V.

Table 2 summarizes the differences in coagulation
proteins, thrombin generation markers, and inhibitors
of coagulation and thrombin generation. Concentrations
of TFand fibrinogen were higherin the PDand HD groups
thanin control subjects (p <0.001), and the concentra-
tion of factor VII coagulant trended higherin the PD and
HD groups. Similarly, relative to the control subjects, the
PD and HD patients showed increased vWf and thrombin
generation as evidenced by prothrombin fragments 1+2
(p < 0.0001). Levels of TFPI and TAT were significantly
elevatedin the PD and HD patients. Markers of endothe-
lial activation (vWf and soluble P-selectin) were also
significantly elevated in those groups.

The only platelet receptor distribution significantly
different between groups was CD62P, which was higher
in the HD group (mean: 7.7%) than in the PD group and
the control subjects (mean: 5.7% and 3.4% respectively;
p=0.048). The percentage expression of PAC-1 was not
different between the groups.

Compared with the HD patients and the control sub-
jects, the PD patients made significantly firmer clots
(denoted by PCF, CEM, and maximal amplitude; Table 3).
In fact, in the PD group, the PCF and CEM were grossly
abovetheirnormaltarget ranges and nearly 50% - 100%
higher than values in the control subjects. The onset of
clot initiation (denoted by FOT and reaction time) was
not different between the groups, butthe the PDand HD
groups both had more rapid clot propagation (kinetics
time), with the PD group having the fastest clot propaga-
tion (1.3 minutes).
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TABLE 1
Characteristics® of the Study Subjects

Study group p
Characteristic Control PD HD Value

Age (years) 38.7+13.1 45.3+11.3 50.3+11.9 0.05
Sex [n (%)] 0.520

Men 7 (70) 10 (50) 8 (40)

Women (30) 10 (50) 12 (60)
Weight (kg) 70.0+12.3 78.3+19.8 85.5+25.6 0.610
Race [n (%)] 0.010

African American 2 (20) 14 (70) 16 (80)

White 8 (80) 5 (25) 4 (20)

Others 0 1(5) 0
Comorbidities [ (%)]

Hypertension 0 19 (95) 19 (95) 1.0

Diabetes mellitus 0 4 (20) 7 (35) 0.288

Cardiovascular disease® 0 1(5) 10 (50) 0.001
Current smoker [n (%)] 0 3(15) 3(15) 1.0
Davies score — 1.5+0.9 1.9+1.2 0.203
Blood pressure (mmHg)®

Systolic - 143.5+21.6 144.1+18.1 0.924

Diastolic - 86.5+12.2 83.3+13.2 0.439
Weekly EPO dose (U/kg) — 156.4+127.0 210.5+146.7 0.219
Cause of ESRD 0.513

Hypertension — 6 (30) 7(35)

Diabetes mellitus — 4 (20) 7 (35)

Polycystic kidney disease — 1(5) 1(5)

HIV — 3(15) 0

Glomerular — 3(15) 3(15)

Congenital — 1(5) 1(5)

Unknown — 2 (10) 1(5)
Years on dialysis — 2.8+1.7 5.2+4.2 0.029
Blood urea nitrogen (mg/dL) — 37.6+13.8 50.4+18.6 0.021
Serum creatinine (mg/dL) — 11.043.9 9.9+3.6 0.346
Calcium (mg/dL) — 8.6+0.8 8.7+0.9 0.617
Phosphorus (mg/dL) — 5.8+1.9 4.9+1.5 0.091
Parathyroid hormone (pg/mL) — 593 (126-1021) 350 (76-940) 0.196
Albumin (g/dL) — 3.540.4 3.740.5 0.050
Kt/V - 2.1(1.9-2.3) 1.6 (1.5-1.9) <0.001
Ferritin (ng/mL) — 595 (227-975) 734 (475-973) 0.031
Red blood cells (x108/mm?3) 4.70.4 3.6+0.9 3.5+0.8 0.960
White blood cells (x103/mm?) 5.2+1.8 6.9+2.3 5.8+2.1 0.139
Platelets (x10%/mm?3) 219.0£65.0 236.2+77.2 200.4+85.3 0.172
Hematocrit (%) 42.2+3.5 33.4£7.8 32.0+6.8 0.567
Hemoglobin (g/dL) 13.9+1.4 10.942.5 9.9+1.3 0.119

PD = peritoneal dialysis; HD = hemodialysis; EPO = erythropoietin; ESRD = end-stage renal disease.
2 Presented as number (%), mean + standard deviation, or median (interquartile range).
b Defined as a documented history of myocardialinfarction, persistent angina, arrhythmia, heart failure, or coronaryintervention

procedure.

¢ Inthe HD group, readings were taken before dialysis.
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TABLE 2
Markers for Tissue Factor (TF) Pathway Activation®
Study group Overall
Parameter Control PD HD p value®
_ 494.5 (415.7-617.7) 371.4 (300.5-474.5)
TF (ng/mL) 97.7 (76.5-116.6) p<0.001,° p=0.005¢ p<0.001¢ <0.001
B 109.0 (85.7-139.3) 87.2 (72.6-102.1)
TFPI (ng/mL) 43.6 (34.5-53.0) p<0.001,¢ p=0.013 p=0.001¢ <0.001
~ 338.9 (257.0-409.7) 359.4 (285.1-449.2)
F.p (pmol/L) 145.9 (100.1-173.7) p<0.001¢ p<0.001° <0.001
FVILc (%) 109.8 (101.3-135.0) 115.6 (85.7-148.1) 121.5 (80.2-142.1) 0.85
79.6+19.1 81.6+20.5
0,
Factor X (%) 117.8+16.9 $<0.001¢ p<0.001° <0.001
B 4.3 (3.3-7.4) 4.4 (2.7-6.1)
TAT (ug/L) 2.6 (1.9-3.3) p=0.006¢ p=0.029° 0.022
- _ 493.4 (452.0-666.3) 406.5 (340.5-589.0)
Fibrinogen (mg/dL) 276.5 (250.3-303.5) $<0.001,° p=0.032 p=0.001° <0.001
B 1.8 (1.4-2.1) 1.6 (1.0-2.1)
vWf (U/mL) 0.8 (0.7-1.0) $<0.001¢ p=0.016° 0.002
sP-Selectin (ng/mL) 22.8+4.8 34.6+14.5 32.7+17.7 0.003

PD = peritoneal dialysis; HD = hemodialysis; TFPI = TF pathway inhibitor; F

1+2

= prothrombin fragments 1+2; FVIIc = factor VII

coagulant activity; TAT = thrombin/antithrombin III complex; vWf =von Willebrand factor; sP-Selectin = soluble P-selectin.

2 Presented as mean + standard deviation or median (interquartile range).

b By ANOVA, Kruskal-Wallis, or chi-square test.

¢ PD group significantly different from the control group.
d PD group significantly different from the HD group.

¢ HD group significantly different from Control group.

DISCUSSION

Coagulation involves complex interactions between
platelets, endothelium, and coagulation proteins. It is
well accepted that most contemporary dialysis patients
have a prothrombotic tendency, as represented by their
unacceptably high rates of CVD morbidity and mortality
(1-3). The goal of the present study was to compare
hemostatic profiles in patients receiving PD and HD,
because the data suggesting that, compared with HD
patients, PD patients have higher rates of CVD events
and mortality are conflicting (13,14).

Our data clearly confirm that PD and HD patients both
have a procoagulant profile, as denoted by hyperfibrino-
genemia, enhanced inflammation, elevated markers of
endothelial activation (TFPI, vWf, and soluble P-selectin),
and upregulation of the TF pathway. Although TF and
TFPI levels were higherin the PD group, the endproduct
(prothrombin fragments 1+2) was similar in the PD and

This single copy is for your personal, non-commercial use only.

HD groups. It might therefore be expected that the
intergroup TAT levels would be similar, which was indeed
the case. There was also evidence of platelet activa-
tion, as measured by CD62P expression on the platelet
surface in both groups. The natural anticoagulant TFPI
was increased in both dialysis groups to counteract the
prothrombotic milieu.

Given the presence of similar baseline charac-
teristics, inherent cardiovascular risk factors, and the
pro-coagulable milieu, it was expected that similar
functional clot formation dynamics, such as clot stiffness
and clot propagation, would be observed in both the PD
and the HD groups. That was not the case. In fact, the
PCF was 70% greater, and the CEM was 50% greater in
the PD group thanin the HD group, reflecting abnormally
strong clot formation. The PD group also tended to have
faster clot propagation, as reflected in the kinetics time.
To our knowledge, our research report is the first to
demonstrate this phenomenon.
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TABLE 3
Functional Platelet Activity?
Study group Overall
Parameter Control PD HD p value®
. 11.4 (8.2-14.7)
Platelet contractile force (Kdyn) 6.8 (6.4-7.8) p=0.001,° p=0.003¢ 6.7 (5.7-9.9) 0.001
. 39.4 (26.4-48.6)
2 _ —
Clot elastic modulus (Kdyn/cm?) 25.6 (20.8-28.2) p=0.004,¢ p=0,017" 26.7 (18.8-37.0) 0.007
Force onset time (min) 5.5+1.4 5.7+1.9 7.0£2.3 0.08
Reaction time (min) 7.3+1.7 6.9+1.9 7.9+1.9 0.253
S . 1.3+0.3 1.6+0.3
Kinetics time (min) 2.2+0.5 p<0.001¢ p<0.001° <0.001
Maximal amplitude (mm) 63.7+4.4 72.1x6.3 66.0+5.7 0.004

p<0.001,¢ p=0.004¢

PD = peritoneal dialysis; HD = hemodialysis.

2 Presented as mean + standard deviation or median (interquartile range).

b By ANOVA or Kruskal-Wallis test.

¢ PD group significantly different from the control group.
4 PD group significantly different from the HD group.

¢ HD group significantly different from the control group.

One potential explanation of this finding is that the
PD group had a slightly higher fibrinogen concentration
than did the HD and control groups. When thrombin is
generated, fibrinogenis converted to fibrin, which forms
a cross-linked network around the platelet plug through
factor XIII mediation. Fibrin fiber size and overall clot
density are directly related to fibrinogen concentration.
High fibrinogen levels have been shown to be directly
linked to CVDin patients with CKD (21,22). Previous data
from Sjgland et al. (12) elegantly show that PD patients
make denser clots thatare less susceptible to fibrinolysis.
Undasetal. (3) also showed similar fibrinolysis patterns
ina HD cohort.

Because PD patients are chronically exposed to
glucose-based dialysate, they more readily develop
advanced glycation endproducts. One potential hypoth-
esis generated from our study is that, given the chronic
inflammatory and oxidative stressin the PD population,
it is possible that proteins such as fibrinogen become
glycated and later oxidized through post-translational
modifications, thereby leading to stiffer clots that
become resistant to fibrinolysis. The hypothesis is
supported in part by the fact diabetic patients tend to
produce denser clots resistant to fibrinolysis (9-11)
and in part by emerging data showing that advanced
oxidative protein productsin dialysis patients mayin fact
be oxidized fibrinogen (23-26). Moreover, recent data
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support the potential links between glycated endprod-
ucts, oxidative stress, and cardiovascular morbidity in
PD patients (27). This hypothesis needs to be examined
in a larger prospective study.

A logical follow-up question is “How do these param-
eters correlate with clinical status?” Our research group
previously showed that PCF and CEM are significantly
elevated in patients with coronary artery disease pre-
senting to the emergency department with chest pain
(28). In the present study, the PD group appeared to
have a more prothrombotic profile than did the HD group,
andyet only 1 patientin the group had documented CVD;
the HD group contained 10 such patients. That finding is
perplexing and might be a result of the PD group being
slightly younger and perhaps more healthy, and of a
broad definition for CVD being used in the study. For
example, HD patients have risks for coronary events that
are unrelated to the prothrombotic milieu: for example,
wide swings in volume status during dialysis, a higher
incidence of hyperkalemia leading to arrhythmias, heart
failure, and a more rapid loss of residual renal function.
Another possibility is that the PD patients mightin fact
have had CVD that was not manifested clinically during
the study.

Our study was not without drawbacks. This relatively
small cross-sectional pilot study was intended to gener-
ate hypotheses. Although the findings showed altered
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platelet function, clot rigidity, and thrombin generation,
we were budgetarily constrained from performing more
elaborate studies of platelet aggregation and fibrinoly-
sis. However, what is already known in those two areas
provides us with confidence in our results. Similarly, we
could not assess more specific inflammatory markers
in this study (interleukin 6 and C-reactive protein, for
example), but given the marked elevationsin ferritin and
fibrinogen (two well-known acute-phase reactants), we
are confident that interleukin 6 and C-reactive protein
concentrations would have been elevated in our study
population, asin earlier reports. Despite those potential
limitations, our study is, to our knowledge, one of the
few to report hemostatic differences between PD and
HD using the complementary approach of coagulation
protein concentrations, platelet receptor expression,
and functional platelet assays.

CONCLUSIONS

This pilot study demonstrated that, although PD and
HD patients both exhibit prothrombotic plasma milieus,
PD patients tend to have hyperactive platelet function,
resulting in stronger, firmer blood clots than those seen
in HD patients. The clinical relevance of these findings
needs to be studied in a prospective manner. Moreover,
our data raise the question of whether more PD patients
should receive primary and secondary CVD prevention
with antiplatelet therapies.
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