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ABSTRACT

Background. Dialysis patients have an increased bleeding risk
as compared with the general population. However, there is lim-
ited information whether bleeding risks are different for
patients treated with haemodialysis (HD) or peritoneal dialysis
(PD). From a clinical point of view, this information could in-
fluence therapy choice. Therefore the aim of this study was to
investigate the association between dialysis modality and bleed-
ing risk.

Methods. Incident dialysis patients from the Netherlands
Cooperative Study on the Adequacy of Dialysis were prospec-
tively followed for major bleeding events over 3 years. Hazard
ratios with 95% confidence intervals (CIs) were calculated for
HD compared with PD using a time-dependent Cox regression
analysis, with updates on dialysis modality.

Results. In total, 1745 patients started dialysis, of whom 1211
(69.4%) received HD and 534 (30.6%) PD. The bleeding rate
was 60.8/1000 person-years for HD patients and 34.6/1000
person-years for PD patients. The time-dependent Cox regres-
sion analysis showed that after adjustment for age, sex, primary
kidney disease, prior bleeding, cardiovascular disease, antiplate-
let drug use, vitamin K antagonist use, erythropoietin use,
arterial hypertension, residual glomerular filtratin rate, haemo-
globin and albumin levels, bleeding risk for HD patients com-
pared with PD increased 1.5-fold (95% CI 1.0-2.2).
Conclusions. In this large prospective cohort of incident dialy-
sis patients, HD patients had an increased bleeding risk
compared with PD patients. In particular, HD patients with a
history of prior bleeding had an increased bleeding risk.

Keywords: bleeding, end-stage kidney disease, haemodialysis,
peritoneal dialysis

INTRODUCTION

For >30years, end-stage kidney disease (ESKD) patients
have been known to have an increased bleeding risk.

Bleeding event rates for ESKD patients treated with
haemodialysis (HD) or peritoneal dialysis (PD) range
between 42 and 89/1000 person-years [1-5] compared
with 0.5-0.9/1000 person-years in the general population
[6-8]. The increased bleeding risk could be explained by
anaemia (especially in the era before the introduction of
erythropoietin), platelet dysfunction and impaired interac-
tion between platelets and the vessel wall [9-11].
Furthermore, the high prevalence of antiplatelet and anti-
coagulant drug use could also play an important role [9,
11, 12].

There are limited data about differences in the bleeding
risk of HD patients compared with PD patients. Most studies
that have investigated bleeding risk in dialysis patients have
focused on HD patients with atrial fibrillation. These studies
showed a high bleeding risk in HD patients using vitamin K
antagonists [13, 14]. Therefore there is doubt as to whether
the benefit of vitamin K antagonists in preventing stroke out-
weighs the high bleeding risk in dialysis patients. Only four
studies have compared the bleeding risk of patients on differ-
ent dialysis modalities and showed that HD patients have a
higher risk than PD patients for subdural haematomas and
gastrointestinal bleeding [15-18]. Three of these studies were
retrospective cohort studies conducted in Taiwan [15, 17, 18].
They showed that, compared with PD patients, HD patients
have a 1.6-fold increased risk for subdural haematomas [15]
and a 1.1- to 3.2-fold increased risk for gastrointestinal bleed-
ing [17, 18]. However, prospective data regarding the
difference in total bleeding risk between HD and PD patients
are lacking.

From a clinical perspective, it is important to know
whether HD compared with PD increases bleeding risk.
There may be a preferred dialysis modality for specific sub-
groups of patients regarding bleeding risk. Therefore we in-
vestigated the association between dialysis modality and
bleeding risk.
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KEY LEARNING POINTS

What is already known about this subject?

* Dialysis patients have an increased bleeding risk as
compared with the general population, however, infor-
mation on whether bleeding risks are different for
patients treated with haemodialysis (HD) or peritoneal
dialysis (PD) is scarce.

* Our study was conducted to provide prospective data
regarding the difference in total bleeding risk between
HD and PD patients.

What this study adds?

* Our prospective study showed that in a group of 1211
HD and 534 PD patients, bleeding risk for HD patients
compared with PD patients increased 1.5-fold.

* In addition, a history of bleeding or the use of antipla-
telet drugs or vitamin K antagonists led to highly in-
creased bleeding risks for HD patients.

What impact this may have on practice or policy?

* From a clinical perspective, these bleeding risks could
be incorporated in the decision for a specific dialysis
modality.

MATERIALS AND METHODS
Study population

The Netherlands Cooperative Study on the Adequacy of
Dialysis (NECOSAD), conducted in 38 dialysis centres, pro-
spectively included ESKD patients who started dialysis
treatment from 1997. Patients were >18 years of age and had
no previous renal replacement therapy. Follow-up of patients
was conducted until a bleeding event within 3 years of follow-
up, death or censored in case of kidney transplantation, loss to
follow-up or until December 2013. All patients provided
written informed consent and local medical ethics committees
approved the study.

Demographic and clinical data

Data on age, sex, dialysis modality and primary kidney
disease were collected at the start of dialysis treatment. Primary
kidney disease was classified according to the European Renal
Association-European Dialysis and Transplant Association
(ERA-EDTA) codes [19]. We grouped patients into four classes
of primary kidney disease: diabetes mellitus, glomerulonephri-
tis, renal vascular disease and other kidney diseases. Data on
prior bleeding, cardiovascular disease, erythropoietin use and
use of antithrombotic drugs (i.e. antiplatelet drugs or vitamin K
antagonists) were also collected at the start of dialysis treatment.
Prior bleeding was defined as a bleeding event leading to hospi-
talization and cardiovascular disease was defined as ischaemic
heart disease (hospitalization for acute coronary syndrome or
bypass surgery/percutaneous angioplasty), congestive heart
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failure or peripheral vascular disease. Blood pressure, haemo-
globin, albumin, urea and creatinine were routinely measured
in the dialysis centres at 3 months after the start of dialysis treat-
ment. Blood pressure was measured before and after dialysis
treatment over a 2-week period. The systolic and diastolic blood
pressure values were both the average of up to six measure-
ments. Arterial hypertension was defined as a systolic blood
pressure >140mmHg or a diastolic blood pressure
>90 mmHg. Residual glomerular filtration rate (GFR) was cal-
culated as the mean of creatinine and urea clearance, using cre-
atinine and urea measurements in blood and 24-h urine
collections (mL/min).

Bleeding

Bleeding was defined as an event leading to hospitalization
or death within 3 years of follow-up. The following causes of
death were classified as a result of bleeding: haemorrhagic
pericarditis, gastrointestinal haemorrhage, haemorrhage from a
peptic ulcer, haemorrhage from a vascular access or dialysis cir-
cuit, haemorrhage from a ruptured vascular aneurysm, haemor-
rhage from surgery and other haemorrhage (including cerebral
and subdural haemorrhage) (ERA-EDTA codes 13, 23, 25-28,
71) [19].

Statistical analysis

Baseline characteristics are presented as percentages or me-
dian with interquartile range (IQR). Kaplan-Meier bleeding
curves were generated for both dialysis modalities over 3 years
of follow-up. Hazard ratios (HRs) with 95% confidence inter-
vals (CIs) were calculated for HD compared with PD using Cox
proportional hazards analyses. Adjustment of HRs was first
performed for baseline variables age, sex, primary kidney dis-
ease, prior bleeding, cardiovascular disease, antiplatelet drug
use, vitamin K antagonist use and erythropoietin use. In addi-
tion, a second adjustment of HRs was performed in which arte-
rial hypertension, residual GFR, haemoglobin and albumin
levels were added to the other variables. Furthermore, a time-
dependent Cox regression analysis, with updates on dialysis
modality, was performed to account for the potential influence
of changes in dialysis modality over time.

Multiple imputations were performed to account for missing
data, using the fully conditional specification [20-23]. The im-
putation model contained all baseline characteristics including
dialysis modality, bleeding outcome and mortality [21].

Interaction analyses were performed to identify patients
with an increased bleeding risk. For these analyses, adjusted
HRs of bleeding were calculated for HD patients with and with-
out antithrombotic drug use, cardiovascular disease and prior
bleeding compared with PD patients without antithrombotic
drug use, cardiovascular disease and prior bleeding (reference
group). The same reference group of PD patients was also used
for calculation of the number needed to treat (NNT).

Statistical analyses were conducted with SPSS Statistics ver-
sion 25 (IBM, Armonk, NY, USA).
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RESULTS
Baseline characteristics

A total of 1745 patients were included, of whom 1211
patients (69.4%) started with HD and 534 patients (30.6%) with
PD. Baseline characteristics are described in Table 1. HD
patients, compared with PD, were older (66 versus 54 years),
more often female (40% versus 35%), used antiplatelet drugs
(26% versus 15%) and vitamin K antagonists (16% versus 5%)
more often and had a slightly lower residual GFR (3 versus
4mL/min). A small percentage of both HD and PD patients
had a history of prior bleeding (7 and 4%, respectively).

Bleeding events

Within 3 years of follow-up, 183 patients had a first bleeding
event on dialysis after a median follow-up of 2.2 years (IQR
1.0-3.0). The bleeding rate was 52.3/1000 person-years. Of the
183 patients with bleeding events, 144 patients were treated
with HD and 39 patients with PD at baseline. After 3 years, the
cumulative bleeding incidence was 15.5% for HD patients and
9.7% for PD patients (Figure 1).

HD patients had a bleeding rate of 60.8/1000 person-years
and PD patients had a bleeding rate of 34.6/1000 person-years.
The crude HR of bleeding was 1.7 (95% CI 1.2-2.5) in HD
patients compared with PD patients. HD patients had a 1.5-fold
(95% CI 1.0-2.1) increased bleeding risk after adjustment for
age, sex, primary kidney disease, prior bleeding, cardiovascular
disease, antiplatelet drug use, vitamin K antagonist use and
erythropoietin use. Additional adjustment for arterial hyperten-
sion, residual GFR, haemoglobin and albumin levels resulted in
a 1.4-fold (95% CI 1.0-2.1) increased bleeding risk (Table 2).
The time-dependent Cox regression analysis showed a HR of
1.5 (95% CI 1.0-2.2) after adjustment for age, sex, primary kid-
ney disease, prior bleeding, cardiovascular disease, antiplatelet
drug use, vitamin K antagonist use, erythropoietin use, arterial
hypertension, residual GFR, haemoglobin and albumin levels
(Table 2).

During the study, 13 patients died as a result of bleeding, of
whom 12 were treated with HD and 1 with PD. Of the 12 fatal
bleeding events in HD patients, 4 were due to haemorrhage
from a ruptured vascular aneurysm, 3 due to gastrointestinal
haemorrhage, 2 due to haemorrhage from surgery, 1 due to hae-
morrhage from the vascular access or dialysis circuit and 2 due
to other haemorrhage. The fatal bleeding event in the PD pa-
tient was due to gastrointestinal haemorrhage. The fatal bleed-
ing rate for HD patients was 5.1/1000 person-years and for PD
patients was 0.9/1000 person-years.

Interaction analyses

First, stratification for antithrombotic drug use (i.e. antipla-
telet drugs or vitamin K antagonists) was performed for which
PD patients without antithrombotic drugs served as the refer-
ence group. The three groups for this analysis were HD patients
without antithrombotic drugs, PD patients with antithrombotic
drugs and HD patients with antithrombotic drugs. For HD
patients without antithrombotic drugs, the time-dependent ad-
justed HR for bleeding was 1.7 (95% CI 1.1-2.7) compared with
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Table 1. Baseline characteristics

HD* PD®

Characteristics (n=1211) (n=534)
Age (years), median (IQR) 66 (54-73) 54 (44-65)
Female sex, n (%) 488 (40) 187 (35)
Primary kidney disease, n (%)

Diabetes mellitus 188 (16) 93 (17)

Glomerulonephritis 142 (12) 96 (18)

Renal vascular disease 260 (21) 69 (13)

Other 621 (51) 276 (52)
Prior bleeding, n (%) 83 (7) 19 (4)
Cardiovascular disease, n (%) 490 (40) 134 (25)
Antiplatelet drug use, n (%) 316 (26) 80 (15)
Vitamin K antagonist use, 7 (%) 195 (16) 26 (5)
Erythropoietin use, n (%) 896 (74) 348 (65)
Arterial hypertension, n (%) 750 (63) 234 (45)
Residual GFR (mL/min), median 3 (1-5) 4 (2-6)

(IQR)
Haemoglobin (mmol/L), median 6.7 (6.1-7.4) 7.3 (6.7-8.0)

(IQR)
Albumin (g/L), median (IQR) 37 (33-40) 36 (33-40)

n, number.

“Missing in HD patients: prior bleeding, 12 (1.0%); arterial hypertension, 23 (1.9%); re-
sidual GFR, 269 (22.2%); haemoglobin, 20 (1.7%); albumin, 50 (4.1%).

"Missing in PD patients: prior bleeding, 4 (0.7%); arterial hypertension, 11 (2.1%); resid-
ual GFR, 48 (9.0%); haemoglobin, 10 (1.9%); albumin, 18 (3.4%).

N
o

— Haemodialysis
— Peritoneal dialysis

Cumulative incidence
of bleeding (%)
S o

(]

0 1 2 3
Number at risk Years of follow-up

Haemodialysis 1211 895 632 447
Peritoneal dialysis 534 442 315 207

FIGURE 1: Cumulative bleeding incidence of dialysis patients.

PD patients without antithrombotic drugs. For PD patients
with antithrombotic drugs, the time-dependent adjusted HR
was also 1.7 (95% CI 0.8-3.4). For HD patients with antithrom-
botic drugs, the time-dependent adjusted HR was 1.9 (95% CI
1.1-3.1) compared with the reference group. The NNT was 27
for HD patients with antithrombotic drugs (Table 3).

In addition, we analysed the two antithrombotic drugs
separately. Vitamin K antagonists use led to a 1.8-fold (95% CI
1.1-3.1) increased (time-dependent adjusted) bleeding risk for
HD patients compared with PD patients without vitamin K
antagonists use. Antiplatelet drug use resulted in a time-
dependent adjusted HR of 1.7 (95% CI 1.0-2.9) for bleeding in

A. van Eck van der Sluijs et al.



Table 2. HRs of bleeding for HD versus PD

Incidence rate/1000

Dialysis modality person-years

Crude
HR (95% CI)

Time-dependent
adjusted”
HR (95% CI)

Adjusted®
HR (95% CI)

Adjusted”
HR (95% CI)

PD 534 34.6
HD 1211 60.8

1 (reference)
1.7 (1.2-2.5)

1 (reference)
1.5 (1.0-2.2)

1 (reference)
1.4 (1.0-2.1)

1 (reference)
1.5 (1.0-2.1)

“Adjusted for age, sex, primary kidney disease, prior bleeding, cardiovascular disease, antiplatelet drug use, vitamin K antagonist use and erythropoietin use.
®Adjusted for age, sex, primary kidney disease, prior bleeding, cardiovascular disease, antiplatelet drug use, vitamin K antagonist use, erythropoietin use, arterial hypertension, residual

GFR, haemoglobin and albumin.

Table 3. HRs of bleeding for HD versus PD stratified for antithrombotic drug use, cardiovascular disease and prior bleeding

Incidence rate/
1000 person-years

Stratification level

Dialysis modality

Time-dependent
adjusted HR
(95% CI)

Crude HR
(95% CI)

Adjusted HR
(95% CI)

Antithrombotic drug use

PD No 430 30.0
HD No 712 56.6
PD Yes 104 56.4
HD Yes 499 67.3
Cardiovascular disease
PD No 400 30.9
HD No 721 58.2
PD Yes 134 47.4
HD Yes 490 65.0
Prior bleeding
PD No 511 344
HD No 1116 56.5
PD Yes 19 50.0
HD Yes 83 133.1

Reference 1 (Reference) 1 (Reference) 1 (Reference)
38 1.9 (1.2-2.9) 1.6° (1.0-2.6) 174 (1.1-2.7)
38 1.8 (0.9-3.7) 1.7% (0.8-3.5) 1.7° (0.8-3.4)
27 2.2 (1.4-34) 1.8* (1.1-3.0) 1.9* (1.1-3.1)
Reference 1 (Reference) 1 (Reference) 1 (Reference)
37 1.9 (1.2-2.9) 1.6° (1.0-2.6) 1.8° (1.1-2.9)
61 1.5 (0.8-3.0) 1.3°(0.6-2.6) 1.5°(0.8-2.9)
29 2.1 (1.3-3.2) 14" (0.8-2.3) 14" (0.8-2.5)
Reference 1 (Reference) 1 (Reference) 1 (Reference)
45 1.6 (1.1-2.4) 1.4°(0.9-2.1) 1.4° (1.0-2.1)
64 1.4 (0.3-6.0) 1.3°(0.3-5.5) 0.7° (0.1-5.3)
10 3.8 (2.2-6.6) 2.8°(1.6-5.1) 3.0° (1.7-5.3)

?Adjusted for age, sex, primary kidney disease, prior bleeding, cardiovascular disease, erythropoietin use, arterial hypertension, residual GFR, haemoglobin and albumin.
"Adjusted for age, sex, primary kidney disease, prior bleeding, antiplatelet drug use, vitamin K antagonist use, erythropoietin use, arterial hypertension, residual GFR, haemoglobin and

albumin.

CAdjustecl for age, sex, primary kidney disease, cardiovascular disease, antiplatelet drug use, vitamin K antagonist use, erythropoietin use, arterial hypertension, residual GFR, haemo-

globin and albumin.

HD patients as compared with PD patients without antiplatelet
drug use.

Second, stratification for cardiovascular disease was per-
formed for which PD patients without cardiovascular disease
served as the reference group. The three groups for this analysis
were HD patients without cardiovascular disease, PD patients
with cardiovascular disease and HD patients with cardiovascu-
lar disease. For HD patients without cardiovascular disease, the
time-dependent adjusted HR for bleeding was 1.8 (95% CI 1.1-
2.9) compared with PD patients without cardiovascular disease.
For PD patients with cardiovascular disease, the time-
dependent adjusted HR was 1.5 (95% CI 0.8-2.9). For HD
patients with cardiovascular disease, the time-dependent ad-
justed HR was 1.4 (95% CI 0.8-2.5) compared with the refer-
ence group. The NNT was 29 for HD patients with
cardiovascular disease (Table 3).

Third, stratification for prior bleeding was performed for
which PD patients without prior bleeding served as the refer-
ence group. The three groups for this analysis were HD patients
without prior bleeding, PD patients with prior bleeding and
HD patients with prior bleeding. For HD patients without prior
bleeding, the time-dependent adjusted HR for bleeding was 1.4
(95% CI 1.0-2.1) compared with PD patients without prior
bleeding. For PD patients with prior bleeding, the time-
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dependent adjusted HR was 0.7 (95% CI 0.1-5.3). For HD
patients with prior bleeding, the time-dependent adjusted HR
was 3.0 (95% CI 1.7-5.3) compared with the reference group.
The NNT was 10 for HD patients with prior bleeding (Table 3).

DISCUSSION

In this large prospective cohort of incident dialysis patients,
both HD (60.8/1000 person-years) and PD patients (34.6/1000
person-years) had increased bleeding risks compared with the
general population (0.5-0.9/1000 person-years) [6-8]. It is im-
portant to realize that the prevalence of antithrombotic drug
use is higher in dialysis patients than in the general population
[9, 11, 12]. The main finding of our study was that HD patients
had a 1.5-fold increased bleeding risk compared with PD
patients after adjustment for confounders. In addition, HD
patients had highly increased bleeding risks when they used
antithrombotic drugs or had a history of bleeding, which
resulted in low NNTs (27 and 10, respectively). The importance
of previous bleeding in an increased risk of new bleeding events
is consistent with previous studies, which showed that this was
the most important risk factor [3, 24].

This is the first prospective study comparing the bleeding
risk of HD and PD patients taking into account all bleeding
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events. So far the bleeding risk has only been investigated in
American and Taiwanese cohorts, which also showed an in-
creased bleeding risk for HD patients compared with PD
patients [15-18]. However, unlike our study, the studies in these
cohorts all focused on a single bleeding source, namely gastro-
intestinal or subdural. In the American cohort described by
Wasse et al. [16], 698 upper gastrointestinal bleeding cases
among dialysis patients were investigated. The adjusted relative
risk (RR) for a first upper gastrointestinal bleeding was non-
significantly lower for PD patients compared with HD patients
[RR 0.88 (95% CI 0.72-1.07)] . In the Taiwanese cohort, three
retrospective studies were conducted [15, 17, 18]. First, the
study by Wang et al [15] described subdural haematomas
among 10 136 HD and 10 136 PD patients. The adjusted HR of
a subdural haematoma was significantly higher for HD patients
compared with PD patients [HR 1.62 (95% CI 1.17-2.33)].
Second, the study of Lee et al. [17] described gastrointestinal
bleeding events combined with diverticula among 8955 HD
and 1791 PD patients. With 1417 events (1274 in HD patients
and 143 in PD patients), the risk was significantly lower in PD
patients compared with HD patients [HR 0.78 (95% CI 0.64-
0.96)]. Finally, the study by Huang et al. [18] described peptic
ulcer bleeding events among 2328 HD and 2239 PD patients.
The adjusted risk for peptic ulcer bleeding compared with a
control group of patients without kidney disease was lower for
PD patients [HR 3.71 (95% CI 2.00-6.87)] than for HD
patients [HR 11.96 (95% CI 7.04-20.31)] [18].

A possible explanation for the increased bleeding risk of HD
patients could be the use of low molecular weight heparin dur-
ing HD sessions, which is necessary to prevent clotting in the
extracorporeal system [25, 26]. In particular, the combination
of high heparin dosages during HD sessions and vitamin K an-
tagonist use could have led to an increased bleeding risk. There
is recent debate about whether the benefit (i.e. stroke reduction)
of vitamin K antagonists in HD patients outweighs the bleeding
risk [27]. In PD patients, the stroke and bleeding risks associ-
ated with vitamin K antagonists could be different. A previous
study showed that warfarin reduced the incidence of stroke
without increasing the risk of intracranial haemorrhage in PD
patients [28]. Also, the increased bleeding risk in HD patients
could result from intermittent puncture of the vascular access
with needles. Unfortunately, data regarding the bleeding risk
specifically related to the vascular access were lacking in our
study. Another explanation for the increased bleeding risk of
HD patients could be that those patients are less vital than PD
patients. Although we have adjusted for many confounders, re-
sidual confounding could not be excluded.

To our knowledge, this is the first large prospective cohort
study comparing overall bleeding risk of HD and PD patients.
While prior studies primarily focused on gastrointestinal bleed-
ing sources, our study also incorporated non-gastrointestinal
bleeding sources in all dialysis patients. Furthermore, the accu-
racy of the recorded data is high, since nurses and nephrologists
who treated these dialysis patients recorded the bleeding events.
Our study has several limitations. First, data were collected be-
tween 1997 and 2013, a period when strategies regarding the
use of antithrombotic drugs differed from current practice.

174

However, we believe that the results are still relevant for dialysis
patients today. Second, bleeding was defined as death due to
bleeding or bleeding requiring hospitalization but was not vali-
dated or defined by the bleeding criteria of the International
Society on Thrombosis and Haemostasis [29]. However, we
think that our definition of bleeding incorporates important
clinical endpoints. Third, data about the presence of atrial fibril-
lation or the use of heparin were missing. Another limitation of
our study is the possibility of detection bias. Bleeding could be
more often detected in HD patients than in PD patients since
most HD patients visit a dialysis centre three times a week and
therefore have more contact with healthcare professionals.
However, we think that the detection bias is limited since we
used bleeding requiring hospitalization as an outcome. In case
of such major bleeding, we believe that PD patients will also
seek contact with healthcare professionals. Finally, theoretically
it could be possible that confounding by indication occurred, as
patients were not randomized between HD or PD. Although
the bleeding risk is usually not taken into account when choos-
ing a dialysis modality, we have corrected for multiple con-
founders in our analysis. Since randomized controlled trials
comparing bleeding rates of HD and PD patients will probably
never be conducted, clinicians should make decisions together
with their patients based on observational studies.

In conclusion, HD patients have a 1.5-fold increased
bleeding risk compared with PD patients. An important
subgroup is patients with previous bleeding problems.
These patients may have an even higher bleeding risk with
HD. ESKD patients should receive information about all
treatments and subsequently make shared decisions with
their nephrologists [30]. Ideally, the bleeding risk for a
patient with a specific (bleeding) history could be
incorporated in this decision since bleeding can potentially
lead to hospitalization or death.
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