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Background: Erythropoiesis-stimulating agents (ESA) have been associated with a higher cardiovascular event
and mortality rate in dialysis patients. The ESA-associated risk of arterial thrombotic events is mainly based on
composite endpoints of anemia-correction trials targeting high hemoglobin levels. The ESA-associated risk of
venous thromboembolism (VTE) has not been studied in dialysis patients yet. We therefore aimed to determine
the association between ESA use and dose with ischemic stroke, myocardial infarction (MI) and VTE.
Materials andMethods: In NECOSAD, a Dutch cohort study of incident dialysis patients, data on ESA use and dose,
comorbidities and laboratory parameters were routinely collected every 6 months. Thrombotic events were
collected by chart review of all dialysis patients from 6 participating centers. Time-dependent Cox regression
analysis was performed to calculate hazard ratios (HR) with 95% confidence interval (CI) for ischemic stroke,
MI and VTE with updated information on ESA use and dose.
Results: Patients with ESA had a 2 times lower ischemic stroke rate than patients without ESA: adjusted HR 0.45
(95% CI 0.23-0.90), and an adjustedHR of 1.12 (95% CI 0.58-2.14) forMI. No evident ESA dose response effectwas
present. Unadjusted HR for VTEwas 0.41 (95% CI 0.11-1.50) for patients with ESA compared to patients without,
but the low event rate made further adjustments impossible.
Conclusions: In our observational cohort of dialysis patients, reflecting everyday clinical practice, ESA was not as-
sociatedwith an excess of thrombotic events. Further investigation is needed to enlighten the true cause of ESA-
associated cardiovascular events and mortality.

© 2014 Elsevier Ltd. All rights reserved.

Introduction

The introduction of erythropoiesis stimulating agents (ESAs) has
been a breakthrough in the anemia management of patients with
chronic kidney disease (CKD). Nowadays about 90% of dialysis patients
are treated with ESAs[1] and various studies reported significant
increases in quality of life [2]. After the successful implementation of
ESA treatment, several anemia-correction trials were conducted, trying
to find the optimal target hemoglobin (Hb) level. Unexpectedly, an in-
crease inmyocardial infarction (MI) and deathwas reported in hemodi-
alysis patients in the high Hb armof the normal hematocrit study (NHS)
[3]. Subsequent trials also showed increases in composite endpoints of

serious adverse cardiovascular events (CHOIR and CREATE) [4,5] or
stroke (TREAT) [6] in CKD patients assigned to the higher Hb arm of
the trial, although not always statistically significant.

This potentially higher cardiovascular event rate has led to a debate
about the safety of ESA’s, since patients in the higher Hb arms were
treated with on average higher ESA doses. It has been hypothesized
that ESAs increase arterial blood pressure, alter endothelial function
and may result in pro-thrombotic changes[7], all contributing to a
higher risk of cardiovascular and especially thrombotic events. These
findings resulted in a series of warnings in the ESA label by the US
Food and Drug Administration (FDA) starting in 2007 [8]. However,
the aforementioned trials were designed to identify the optimal target
Hb level and not to evaluate the safety of ESAs. By targeting higher Hb
levels in a selected group of patients, the trials might not adequately
reflect everyday clinical practice in the general dialysis population. Fur-
thermore, conclusions were mainly based on composite endpoints,
including all-cause mortality and a diverse spectrum of cardiovascular
events.
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Results from observational studies could aid to unravel the potential
risk of ESA for thrombotic events. Unfortunately, observational studies
mainly focused on mortality risk with high ESA doses and were unable
to assess the non-fatal thrombotic events [9–12]. Furthermore, no study
associated the use of ESA with venous thromboembolism (VTE) in dial-
ysis patients yet, whereas ameta-analysis reported a 1.57 increased risk
of VTE in ESA treated oncology patients with chemotherapy associated
anemia [13]. Thus, it is important to evaluate whether ESA treated pa-
tients indeed experience more thrombotic events in clinical practice.
We therefore conducted the present study to determine the association
between ESA use and dose with ischemic stroke, MI and VTE in a cohort
of incident dialysis patients.

Materials and methods

Study design

The Netherlands Cooperative study on the Adequacy of Dialysis
(NECOSAD) is a multicenter cohort study in which incident adult dialy-
sis patients from 38 centers in the Netherlands were included. Patients
without previous renal replacement therapy who started dialysis be-
tween January 1997 and January 2007 were eligible. All patients gave
informed consent and the study was approved by all local medical
ethics committees. For the present analysis, we conducted a review of
the medical records of all patients from six dialysis centers that partici-
pated in NECOSAD to obtain more detailed information on history and
occurrence of thrombotic events. These six centers were two academic
hospitals and four regional hospitals and were chosen for logistic rea-
sons, meaning they provided a large number of patients for efficient
data collection. Information on thrombotic events (ischemic stroke, MI
and VTE) was collected from start of dialysis until death or censoring.
Censoringwas defined as transfer to a non-participating dialysis center,
withdrawal from the study, transplantation or end of the follow-up pe-
riod, which was June 2009. Baseline of follow-up was set at three
months after start of dialysis, since our interest was in chronic dialysis
patients and patient characteristics are usually not yet stabilized imme-
diately after start of dialysis.

Demographic and clinical data

Data on age, sex, primary kidney disease, comorbidities andmedica-
tionwere collected at the start of dialysis treatment. Primary kidney dis-
ease was classified according to the European Renal Association-
European Dialysis and Transplant Association (ERA-EDTA) codes and
grouped into four categories: diabetes mellitus, glomerulonephritis,
renal vascular disease, and other kidney diseases [14]. Data on
comorbidities and medication were updated three and six months
after start of dialysis and in subsequent six month intervals. Comorbid
conditions were classified by the patients’ nephrologist and verified by
chart review. Nutritional status of the patients wasmeasured by trained
nurses with the 7-point subjective global assessment (SGA) [15]. A
score of 1 or 2 was classified as severe malnourished and 6 or 7 as
well-nourished. Blood and 24-hour urine samples were obtained three
and six months after start of dialysis and then in subsequent six
month intervals. For hemodialysis patients, blood samples were taken
before the dialysis session. Hb, albumin, ferritin, creatinine and urea
were routinelymeasured in serum. Urea and creatininewere also deter-
mined in urine samples and residual glomerular filtration rate (rGFR)
was calculated as the mean of creatinine and urea clearance corrected
for body surface area and expressed as mL/min per 1.73 m2.

ESA

ESA use was recorded at start of dialysis, three and six months after
start of dialysis and in subsequent six month intervals. ESA dose was
registered in units per week. For darbepoietin the dose in micrograms

was converted to units by multiplying with 200. ESA dose was divided
into tertiles of ≤4000, 4001-8000 and N8000 units per week.

Thrombotic events

Endpoints were fatal and non-fatal thrombotic events during five
years of dialysis. Symptomatic ischemic stroke, MI and VTE (deep vein
thrombosis and pulmonary embolism (PE))were identified fromhospi-
tal diagnosis registration systems and review of medical records with a
pre-specified standardized check list. In general, thrombotic events
were scored when diagnosed by a treating physician, implicating that
only clinically relevant symptomatic events were recorded. Additional-
ly, ischemic stroke had to be diagnosed by computed tomography or
magnetic resonance imaging. MI was scored in the presence of typical
angina with elevated levels of cardiac enzymes and/or electrocardio-
gram changes. VTEwas considered confirmedwhen diagnosed by com-
pression ultrasound for deep vein thrombosis or by spiral computed
tomography or ventilation-perfusion scanning for PE. In addition, infor-
mation about the occurrence of thrombotic events was completed with
the causes of death as classified by the ERA-EDTA codes [14].

Statistical analysis

Baseline characteristicswere stratified for patients with andwithout
ESA. Continuous data were expressed as mean with standard deviation
(SD) or median with interquartile range (IQR), as appropriate, and cat-
egorical data as percentages. Differences in baseline characteristicswere
tested with an unpaired Student’s t-test, Mann-Whitney (continuous
data) or chi-square test (categorical data). Incidence rates were calcu-
lated for ischemic stroke, MI and VTE. Time-dependent Cox regression
analysis was performed to calculate hazard ratios (HR) with 95% confi-
dence interval (CI) for ischemic stroke, MI and VTE with updated infor-
mation on ESA use. Analyses were adjusted for baseline confounders,
namely age, sex, primary kidney disease, comorbidities, dialysis modal-
ity, nutritional status, ferritin, rGFR and albumin. Missings were present
for the following parameters: Hb 1.2%, rGFR 23.3%, SGA 24.2%, albumin
6.5%, ferritin 5.6% and ESA dose 8.7%. Missing data were imputed with
standard multiple imputation techniques in SPSS with 10 imputation
sets, based on the Markov Chain Monte Carlo (MCMC) method [16].

Sensitivity analysis

To test the robustness of our results, several sensitivity analyses
were performed. In the main analyses we adjusted for baseline con-
founders to avoid the risk of adjusting within the causal pathway.
However, to account for the potential influence of changes in covari-
ates we repeated the analyses with time-dependent confounders. In
addition, analyses were performed with additional adjustment for
Hb, systolic and diastolic blood pressure. These factors might also be
intermediates in the causal pathway and are therefore not included
in the main analyses. To further validate our results, baseline was
set at the start of dialysis and analyses including the first 3 months
on dialysis were done. Furthermore, our analyses were repeated in
patients with diabetes mellitus or cardiovascular comorbidity. Last,
in analogy with the anemia-correction trials, we performed an analy-
sis according to Hb categories in ESA treated patients, to explore the
association with achieved Hb.

Results

A total of 808 NECOSAD-patients were identified from six hospitals.
Three patients from three different hospitals were excluded because the
charts could not be retrieved. Of the remaining 805 patients, 755
reached baseline measurement at three months after start of dialysis
(35 patients died, 4 recovery of renal function, 1 renal transplant and
10 other).
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