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ABSTRACT

Erythropoiesis-stimulating agents (ESAs) are commonly used to treat anemia in patients with CKD,

including those receiving dialysis, although clinical trials have identified risks associated with ESA use. We

evaluated the effects of changes in dialysis payment policies and product labeling instituted in 2011 on

mortality and major cardiovascular events across the United States dialysis population in an open cohort

study of patients on dialysis from January 1, 2005, through December 31, 2012, with Medicare as primary

payer. We compared observed rates of death and major cardiovascular events in 2011 and 2012 with

expected rates calculated on the basis of rates in 2005–2010, accounting for differences in patient char-

acteristics and influenza virulence. An abrupt decline in erythropoietin dosing and hemoglobin concen-

tration began in late 2010. Observed rates of all-cause mortality, cardiovascular mortality, andmyocardial

infarction in 2011 and 2012 were consistent with expected rates. During 2012, observed rates of stroke,

venous thromboembolic disease (VTE), and heart failure were lower than expected (absolute deviation

from trend per 100 patient-years [95% confidence interval]: 20.24 [20.08 to 20.37] for stroke, 22.43

[21.35 to 23.70] for VTE, and 20.77 [20.28 to 21.27] for heart failure), although non–ESA-related

changes in practice and Medicare payment penalties for rehospitalization may have confounded the

results. This initial evidence suggests that action taken to mitigate risks associated with ESA use and

changes in payment policy did not result in a relative increase in death or major cardiovascular events

and may reflect improvements in stroke, VTE, and heart failure.

J Am Soc Nephrol 27: 3129–3138, 2016. doi: 10.1681/ASN.2015111232

Anemia is a common complication of advanced

CKD and ESRD. In the 1970s and 1980s, ESRD was

frequently accompanied by severe anemia, with

hemoglobin concentrations typically ,7–8 g/dl.1

With the introduction of recombinant erythropoi-

etin (epoetin alfa) in 1989, and its rapid adoption

thereafter, patients receiving dialysis were able to

maintain higher hemoglobin concentrations and

receive fewer blood transfusions.2

During the next two decades, with increasing use

of erythropoiesis-stimulating agents (ESAs) in the

dialysis population and other clinical settings,

investigators attempted to determine the optimal

approach to anemia correction in patients with

ESRD and nondialysis-requiring CKD. While ESAs
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were effective in raising hemoglobin concentrations, a large

randomized trial comparing hematocrit targets of 30% (partial

correction) and 42% (full correction) in patients with cardio-

vascular disease receiving hemodialysis reported an increase in

the riskof vascular access thrombosis anda trend towardhigher

mortality and risk of acute myocardial infarction (MI) in

patients randomly assigned to the higher hematocrit target.3

Two randomized trials compared higher hemoglobin targets

with lower targets in patients with nondialysis-requiring CKD

treated with epoetin; one trial showed an increased risk of

cardiovascular events with higher hemoglobin targets.4

Finally, a placebo-controlled trial of darbepoetin in patients

with nondialysis-requiring CKD and type 2 diabetes mellitus

similarly showed no effect on a composite cardiovascular end-

point but identified a nearly two-fold increase in the risks of

stroke and venous thromboembolic disease (VTE) in patients

randomly assigned to darbepoetin.5

In 2011 federal agencies instituted twomajor changes relevant

to ESAs. On January 1, 2011, the Centers for Medicare & Med-

icaid Services (CMS) enacted an expanded capitation payment

policy for dialysis and related care (the ESRD Prospective Pay-

ment System, often referred to as “bundling”).On June 24, 2011,

the US Food and Drug Administration (FDA) approved modi-

fied product labels for epoetin and darbepoetin, advising against

the use of ESAs in patients with ESRD and hemoglobin concen-

trations of 11.0 g/dl or higher.6,7 Concurrently, quality improve-

ment programswere introduced forhospitals in theUnited States

that were intended to reduce readmissions rates for MI, heart

failure, and pneumonia and improve patient satisfaction.8–10

We undertook the following study to evaluate whether

changes in epoetin alfa prescribing practices that evolved after

major regulatory and payment policy changes enacted in 2011

were associated with changes in mortality and major cardio-

vascular events in patients receiving dialysis.

RESULTS

Selected baseline characteristics of patients entering each

annual cohort are shown in Table 1; additional baseline char-

acteristics are outlined in Supplemental Table 3. Demographic

factors were similar across all years. More recent years were

characterized by longer dialysis vintage, a higher proportion of

patients with diabetes mellitus, and a lower proportion of

patients with GN as the primary cause of ESRD.

Changes in Hemoglobin Concentration and ESA

Dosing

Figure 1, A–D, shows trends in the proportion of patients re-

ceiving epoetin alfa, median epoetin alfa dose, mean hemo-

globin concentration, and rates of blood transfusion.

All-Cause and Cardiovascular Mortality

Figure 2, A and B, shows projected and observed all-cause and

cardiovascular mortality. Observed all-cause and cardiovascular

mortality were within the predicted range during 2011 and

2012 (Supplemental Table 4).

Major Cardiovascular Events

Figure 2, C–G, shows projected and observed rates of stroke,

MI, the composite endpoint, heart failure, and VTE, respec-

tively. Observed rates were within the predicted range during

2011 for all outcomes. During 2012, observed rates of stroke

(absolute deviation from trend, 20.24 per 100 patient-years;

95% CI, 20.08 to 20.37), VTE (22.43; 95% CI, 21.35 to

23.70), and heart failure (20.77; 95% CI, 20.28 to 21.27)

were lower than expected. Figure 3 shows a Forest plot of

absolute and relative differences in observed versus expected

event rates in 2011 and 2012.

Changes in Event Rates in the General Medicare

Population

Baseline characteristics of patients entering each annual non-

ESRDMedicare cohort are shown in Supplemental Table 5. To

examine secular trends in the non-ESRD Medicare popula-

tion, Figure 4, A–G, shows corresponding rates of all-cause

mortality, stroke, MI, the composite endpoint, heart failure,

VTE, and transfusion in a 5% sample of Medicare beneficia-

ries. A direct comparison of the rates of stroke and MI over

time in the dialysis and non-ESRD Medicare populations is

presented in Supplemental Figure 1, which shows similar

trends as noted in the dialysis population.

DISCUSSION

The current analysis of approximately 250,000 United States

patients receiving maintenance dialysis in each calendar year

between 2005 and 2012 highlights the secular trends in

declining hemoglobin concentration in this population and

the accelerated decline in epoetin alfa dosing that began in the

latter part of 2010 and continued after expanded capitation of

ESRD services was introduced in January 2011. The new

bundled payment included provision of ESAs, intravenous

(IV) or oral iron formulations, and IV or oral calcitriol and

active vitamin D analogues. Capitated payment changed the

incentives for ESRD-related medication use and was likely to

have contributed to the decline in ESA dosing and hemo-

globin concentration and the associated increase in blood

transfusions. The modified ESA product labels, released in

June 2011, replaced the conventional hemoglobin target of

10–12 g/dl with recommendations to use ESAs when the

hemoglobin concentration falls ,10 g/dl and to reduce or

interrupt dosing as the hemoglobin approaches or exceeds

11 g/dl. These revisions were implemented to reduce the po-

tential risk of adverse cardiovascular events, variably identi-

fied in randomized controlled trials that targeted hemoglobin

concentrations of$13 g/dl. After accounting for declining sec-

ular trends inmortality and hospitalization events since 2005,15

we have shown that rates of all-cause and cause-specific
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mortality declined as expected on the basis of secular trends,

although rates of stroke, VTE, and heart failure were lower than

expected in 2012.

To accurately predict the risks of these events in calendar

years 2011and2012,weneeded toaccount fordifferences in the

clinical profile of the dialysis population as well as the effect of

seasonal diseases, particularly influenza virulence. Our find-

ings indicate that changes in CMS payment policy and ESA

labeling contributed to clinically meaningful declines in the

proportion of patients receiving epoetin alfa (approximately

10%), epoetin alfa dose (approximately 40%), andhemoglobin

concentration (approximately 1 g/dl), and a corresponding

increase in blood transfusion (approximately 30%) during

2011 and 2012. These changes in practice were not associated

with changes in all-cause or cardiovascular mortality beyond

whatwas expecteddue to secular trends, consistentwith results

of previous studies on the correction of anemia with ESAs and

mortality.16–22

Our findings are consistent with selected results from

randomized clinical trials. An increased risk of VTE was seen

in patients randomly assigned to the higher hematocrit target

in theNormalHematocrit Trial, and an increased risk of stroke

(and VTE) was seen in patients randomly assigned to

darbepoetin (versus placebo) in the Trial to Reduce Cardio-

vascular Events With Aranesp Therapy. Beginning in 2011, a

larger proportion of patients receiving dialysis were untreated

with ESAs than before 2011, potentially reducing risk. While a

trend towardmoreheart failure eventswas observed in patients

randomly assigned to the higher hemoglobin target in the Cor-

rection of Hemoglobin and Outcomes in Renal Insufficiency

trial, diagnostic criteria for heart failure in ESRD are in-

consistently applied; hence, we have less confidence in results

Table 1. Trends in selected baseline characteristics among patients on dialysis, 2005–2012

Characteristic
Year

2005 2006 2007 2008 2009 2010 2011 2012

Patients, n 235,883 238,052 241,437 248,198 251,805 263,500 275,527 285,433

Dialysis modality, %

In-center hemodialysis 92.2 92.3 92.7 92.8 92.9 92.8 92.5 92.0

Peritoneal dialysis 7.8 7.7 7.3 7.2 7.1 7.2 7.5 8.0

Mean age, yr 62.2 62.2 62.2 62.2 62.1 62.2 62.3 62.3

Mean dialysis duration, yr 4.3 4.3 4.4 4.5 4.6 4.7 4.8 4.9

Male sex, % 53.3 53.6 53.8 54.1 54.2 54.2 54.3 54.3

Race, %

White 43.2 42.4 42.1 41.7 41.2 40.8 40.6 40.2

Black 38.2 38.7 38.7 38.6 38.6 38.8 38.8 38.6

Other 18.6 18.9 19.2 19.7 20.2 20.4 20.7 21.2

ESRD cause, %

Diabetes 43.1 43.4 43.7 43.9 44.1 44.3 44.3 44.4

Hypertension 29.2 29.2 29.1 29.1 29.0 29.2 29.4 29.5

GN 11.7 11.3 11.0 10.7 10.4 10.1 9.8 9.7

Other 16.0 16.1 16.3 16.4 16.4 16.4 16.5 16.4

Mean BMI, kg/m2 28.0 28.3 28.6 28.9 29.1 29.4 29.6 29.7

Atrial fibrillation, % 7.4 7.8 7.9 7.4 6.9 7.1 7.4 7.5

CAD/atherosclerosis, % 21.6 20.9 20.0 20.0 19.5 19.0 18.3 17.4

Cancer, % 2.3 2.2 2.2 2.2 2.3 2.2 2.2 2.2

CHF, % 21.1 21.2 21.0 20.1 19.2 19.1 19.1 18.9

COPD, % 9.4 9.7 9.8 9.0 8.1 8.2 8.1 7.9

Cardiovascular disease, % 45.6 45.5 45.0 44.5 43.7 43.5 43.0 42.1

Diabetes, % 25.3 24.9 24.2 24.3 23.8 23.9 23.6 23.1

GI bleeding, % 5.2 5.0 4.8 4.7 4.5 4.5 4.6 4.6

HTN, % 42.4 42.5 42.2 42.0 41.3 41.2 40.8 40.0

LV hypertrophy, % 5.7 5.4 5.4 5.0 4.8 4.6 4.2 4.0

MI/acute coronary syndrome, % 5.7 5.4 5.2 5.2 5.0 5.0 4.8 4.8

Other cardiac disease, % 16.1 15.7 15.4 14.6 13.9 13.4 12.9 12.5

Pulmonary HTN, % 1.4 1.4 1.4 1.8 2.0 2.2 2.4 2.7

PVD, % 14.1 14.0 13.5 13.2 13.0 12.7 12.1 11.2

Stroke, % 6.8 6.7 6.5 6.8 6.8 6.7 6.4 6.2

TIA, % 1.6 1.6 1.5 1.5 1.5 1.5 1.4 1.4

Valvular disease, % 9.6 9.7 9.8 9.0 8.2 7.8 7.7 7.5

Clinical characteristics were defined based on claims obtained from the inpatient setting during the six months preceding the index date. BMI, body mass index;
CAD, coronary artery disease; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; GI, gastrointestinal; HTN, hypertension; LV, left
ventricular; PVD, peripheral vascular disease; TIA, transient ischemic attack.
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Figure 1. Reduced proportion of patients receiving epoetin alfa (EPO), reduced EPO doses, reduced hemoglobin concentrations just
preceding and after regulatory changes, and subsequent increase in use of transfusion are shown. Trends in percentage of epoetin alfa
(EPO) users (A), median EPO dose per 30 outpatient days (B), median hemoglobin levels (C), and transfusion rates (95% CI) (D) among
patients on dialysis, 2005–2012.
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Figure 2. No change in expected rates of all-cause or cardiovascular death, myocardial infarction or a composite endpoint (death or MI
or stroke), and lower than expected rates of stroke, VTE and heart failure are shown. Trends in the observed and predicted rates of all-
cause death (A), cardiovascular death (B), stroke (C), MI (D), the composite endpoint (E), heart failure (F), and VTE (G) among patients on
dialysis, 2005–2012. Composite endpoint describes rates of all-cause death, stroke, and MI.
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herein pertaining to heart failure than to those pertaining to

stroke or VTE.

There are several strengths to our approach. Given the near-

completecapture inMedicaredataofpatients receivingdialysis in

the United States, our results should be generalizable to a large

proportion of the dialysis population.We included patients on

peritoneal dialysis aswell as hemodialysis.Weusedmethods to

ensure completeness of all Medicare services, particularly at

the end of each calendar year, by appropriately attributing all

services that were received in one calendar year but billed

in the following calendar year. This additional step ensured

that our results are not subject to data reporting delays

that would effectively reduce event rates at the end of each

calendar year.

This study also had several limitations.Our analytic approach

relies on the assumption that the extrapolated secular trend

provides an accurate representation of what would have hap-

pened in the absence of policy change. This assumptionwouldbe

violated if there were material changes between the pre- and

postpolicy periods in the following: (1) the clinical profile of

patients, (2) medical coding, (3) the capture of outcome events,

and (4) treatment practices or hospitalization polices. On the

basis of available data, population characteristics were similar

throughout the study period, thereby reducing the potential for

meaningful bias by changes in underlying disease severity. In

2010, the number of diagnosis fields on Medicare claims in-

creased from ten to 25, which could have affected our findings,

although sensitivity analyses varying the sensitivity and specific-

ity of our outcome definitions did not materially change results.

To minimize differences in hospital admission and disposition

practices over time, we developed outcome definitions that spe-

cifically incorporated visits to the emergency department or

short-term observation stays for patients with heart failure to

minimize potential under-reporting of events.

We were unable to evaluate changes in the use of oral

medications because these are captured only in Medicare Part

D claims. Restricting the study sample to patients with Part D

coverage would have sharply reduced the size and generaliz-

ability of the study sample. Moreover, investigators from the

Dialysis Outcomes and Practice Patterns Study have suggested

that medication treatment patterns for cardiovascular disease

in ESRD have not changed materially during this period.23

Medicare implemented hospital payment policy changes in

2010, 2011, and 2012 that were part of the Affordable Care

Act quality improvement initiative, including financial penal-

ties for hospitals with high rehospitalization rates; these

changes could have altered hospitalization (and rehospitaliza-

tion) practices for selected cardiovascular events, including

heart failure.8,10 Changes in guidelines for the prevention

and treatment of stroke and VTE published in 20118,10 could

have affected our results. Indeed, rates of stroke and heart

failure were also lower in 2012 than in previous years in the

general Medicare population, lessening our confidence that

changes in ESA prescribing practices were causally related to

the observed results.

Finally, during the same time frame, providers undertook

extensive efforts to reduce the use of catheters for hemodialysis

access. It is possible that lower rates of catheter use (and thereby

higher rates of use of arteriovenous fistulas and grafts) may

have contributed to lower rates of some adverse events among

patients undergoing hemodialysis. We elected not to adjust for

the use of IV iron or active vitamin D analogues, other

medications included in the bundled payment. After payment

reform, there was a shift away from IVand toward oral vitamin

D use,23,24 and US Renal Data System Standard Analysis

Files contained no data fields for oral drugs, precluding

adequate adjustment. Appropriately characterizing and con-

trolling for IV iron administration would have been prob-

lematic given the difficulty of identifying in administrative

data different patterns of use (e.g., bolus versus maintenance

dosing)25 and the relatively low use in patients receiving peri-

toneal dialysis.26

The natural experiment design provides a unique oppor-

tunity to evaluate the effect of policy changes on relatively low-

frequency events (such as stroke) accounting for secular

changes. However, it is impossible to rule out the potential

for residual error resulting from other secular (non–ESA-

related) changes in clinical practice not captured through the

existing data. In the case of stroke, these could include in-

creased use of percutaneous cerebrovascular intervention, an-

ticoagulants, or antiplatelet agents. Because we restricted our

population to patients receiving maintenance dialysis for at

Figure 3. Rate ratio (RR) and absolute rate differences and their
associated 95% confidence intervals for all outcomes for the in-
dividual years 2011 and 2012, comparing observed versus ex-
pected are shown. Relative effect (rate ratio) and absolute effect
(rate difference) of observed to expected rates of all-cause death,
cardiovascular (CV) death, stroke, MI, the composite endpoint,
heart failure (HF), and VTE in 2011 and 2012. Expected rates are
based on 2005–2010 data. *Composite endpoint describes rates
of all-cause death, stroke, and MI.
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Figure 4. Similar trends in each of the outcomes in the general population with the exception of VTE, raising the possibility that trends
observed in the dialysis population were related to secular trends across the entire population rather than changes related to epoetin alfa use
are shown. Trends in rates (95% CI) of all-cause death (A), stroke (B), MI (C), the composite endpoint (D), heart failure (E), VTE (F), and
transfusion (G) in the non-ESRD Medicare population, 2005–2012. Composite endpoint describes rates of all-cause death, stroke, and MI.
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least 9 months, we underestimate rates of major cardiovascular

events during the first year of dialysis, a period of exceptionally

high risk.27–31 Finally, because of the lag in processing of Medi-

care claims, no more than 1.5 years of data following the policy

changes were available for this study.

In conclusion, we evaluated changes in capitated payment for

dialysis and related services and ESA labeling instituted in the

United States during 2011 to assess the extent to which these

changes were associated with changes in mortality and cardio-

vasculareventsbeyondexpectedsecular trends.Observedratesof

all-cause and cardiovascular mortality were not different from

those expected. Observed rates of stroke, VTE, and heart failure

were lower than expected, although non–ESA-related changes in

practice and Medicare payment penalties for rehospitalization

may have confounded the results. This study provides initial

evidence suggesting that the FDA action aimed at mitigating

risks associated with ESA use and changes in payment policy

instituted by CMS did not result in an unintended relative in-

crease in death or any major cardiovascular events and may re-

flect improvements in stroke, VTE, and heart failure.

CONCISE METHODS

Data Sources
We used data fromMedicare final action claims for patients receiving

dialysis during 2001–2012 and general Medicare 5% sample data

covering Part A institutional claims (inpatient, outpatient, skilled

nursing facility, hospice, or home health agency) and noninstitu-

tional Part B physician/supplier claims. We obtained patient demo-

graphic characteristics and cause of ESRD from the ESRD Medical

Evidence Report (form CMS 2728) and mortality data (all-cause and

cause-specific) from the ESRD Death Notification form (CMS 2746).

Study Population and Design
We conducted an open cohort study of patients on dialysis with

Medicare as primary payer during the study period January 1, 2005,

through December 31, 2012. We included patients on a rolling basis,

with their start of follow-up being January 1, 2005, or the first day of

the calendar month subsequent to meeting the inclusion criteria (the

“index date”). Patients in each calendar year between 2005 and 2012

contributed person-time to the calendar year(s) during which they

met eligibility criteria. General inclusion criteria were age$18 years,

receipt of in-center hemodialysis or peritoneal dialysis for $9

months, and Medicare as primary payer for $6 months.

Baseline and Follow-up
We defined the baseline period as the time from the index date back

to the earliest timeMedicare claims datawere available or January 1,

2001. Thus, each patient had a minimum baseline period of 6 months,

and the period length varied among patients. This design allowed

utilization of all available covariate information when defining

comorbidity from claims.11 To account for the time-varying effects

of comorbidities, we included a variable to indicate the presence

or absence of a comorbid condition, as well as a variable denoting

the time between the latest ascertainment of that condition and

the beginning of follow-up (,6 months versus $6 months).12

We also included a variable to indicate the source of the comorbidity

claim (inpatient versus outpatient). We assessed covariates at

the index date and updated covariates on January 1 of each cal-

endar year.

Follow-up began on the index date and continued until the first

occurrence of the following censoring events: (1) death; (2) kidney

transplantation; (3) modality (hemodialysis or peritoneal dialysis)

switch, if the switch persisted for $60 days; (4) loss of Medicare as

primary payer; or (5) darbepoetin or peginesatide administration.We

censored all remaining eligible patients on December 31, 2012.

Exposure, Covariates, and Outcomes
The primary exposure of interest was calendar year. At baseline, we

assessed demographic characteristics (age, sex, race, ethnicity),

primary cause of ESRD, vintage (time since initiation of dialysis),

body mass index, and comorbid conditions (listed in Supplemental

Table 1). For each calendar year from 2005 through 2012, we deter-

mined quarterly epoetin alfa use (percentage) and dose, as well as

monthly hemoglobin concentrations. We defined influenza virulence

by tracking outpatient visits for influenza-like illness in the general

population using data from the US Centers for Disease Control and

Prevention. We considered the following outcomes: all-cause mor-

tality, cardiovascular mortality, stroke, MI, a composite endpoint

(death or stroke or MI), heart failure, VTE, and red blood cell trans-

fusion; we used validated algorithms for defining these events in

claims data (Supplemental Table 2).13,14

Statistical Analyses
We estimated rates of all-cause mortality, cardiovascular mortality,

stroke, MI, and the composite endpoint during each calendar year

(2005–2012) in the dialysis and non-ESRDMedicare populations.We

also estimated rates of heart failure and VTE in the dialysis popula-

tion. To account for secular trends in the outcomes of interest, we

used mixed-effects Poisson regression models with year as a random

effect to fit a log linear trend line between 2005 and 2010.We adjusted

models for awide array of demographic and clinical factors, including

multiple comorbid conditions and outpatient visits for influenza-like

illness. We applied the resulting models to patients in 2011 and 2012

separately to calculate patient-level predicted event rates. We used

bootstrapping with 600 iterations to calculate 95% confidence inter-

vals (95% CIs) around predicted rates, as well as the absolute and

relative differences between observed and predicted rates for 2011

and 2012. We applied this general approach for each outcome. Ad-

ditional details of the analytical methods are presented in the Sup-

plemental Material. We used SAS 9.2 or above (Cary, NC) for all

analyses.
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