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Acronyms and Abbreviations
� Change
1 Increase
2 Decrease

ABP Ambulatory blood pressure
ABPM Ambulatory blood pressure monitoring

ACE Angiotensin-converting enzyme
ADE Adverse drug event

AE Adverse event
ARBs Angiotensin receptor blockers
ARF Acute renal failure
AST Aspartate transaminase
BID Twice daily
BIW Twice weekly

BP Blood pressure
BSA Body surface area

CABG Coronary artery bypass graft
CBC Complete blood count

CCr Creatinine clearance
CESDS Center for Epidemiologic Studies Depression Scale
CFU-E Erythroid colony-forming units

CHF Congestive heart failure
CHOIR Correction of Hemoglobin and Outcomes in Renal Insufficiency

CHr Content of hemoglobin in reticulocytes
CI Confidence interval

CKD Chronic kidney disease
CMV Cytomegalovirus
CPG Clinical practice guideline
CPR Clinical practice recommendation

CREATE Cardiovascular Risk Reduction by Early Anemia Treatment With Epoetin Beta Trial
CRI Corrected reticulocyte index
CV Cardiovascular

CVA Cerebrovascular accident
CVD Cardiovascular disease
D/C Discontinuation

DBP Diastolic blood pressure
DNA Deoxyribonucleic acid

DOQI Dialysis Outcomes Quality Initiative
EBPG European Best Practices Guideline
eGFR Estimated glomerular filtration rate

ERI Erythropoietin resistance index
ERT Evidence Review Team
ESA Erythropoiesis-stimulating agent

ESRD End-stage renal disease
FACIT Functional Assessment of Chronic Illness Therapy

FDA Food and Drug Administration
GFR Glomerular filtration rate

GI Gastrointestinal
Hb Hemoglobin
Hct Hematocrit

HD Hemodialysis
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ACRONYMS AND ABBREVIATIONS S5
HD-CKD Hemodialysis-dependent chronic kidney disease
HDF Hemodiafiltration
HPS Hemophagocytic syndrome
HTN Hypertension

HU Hydroxyurea
HUI Health Utilities Index
HUS Hemolytic uremic syndrome
IHD Ischemic heart disease
IM Intramuscular
IU International Unit
IV Intravenous

KDIGO Kidney Disease: Improving Global Outcomes
KDOQI Kidney Disease Outcomes Quality Initiative

KDQ Kidney Disease Questionnaire
KDQOL Kidney Disease Quality of Life

KEEP Kidney Early Evaluation Program
KLS Kidney Learning System
KPS Karnofsky Performance Scale

LV Left ventricular
LVD Left ventricular dilation

LVEDd Left ventricular end-diastolic diameter
LVH Left ventricular hypertrophy

LVMI Left ventricular mass index
LVVI Left ventricular volume index
MAP Mean arterial blood pressure
MCH Mean corpuscular hemoglobin

MCHC Mean corpuscular hemoglobin concentration
MCV Mean corpuscular volume

MDRD4 Modification of Diet in Renal Disease
MI Myocardial infarction

MR Mitral regurgitation
N, n Number of subjects
N/A Not applicable

NAPRTCS North American Pediatric Renal Transplant Cooperative Study
nd Not documented

ND-CKD Non–dialysis-dependent chronic kidney disease
NHANES National Health and Nutrition and Examination Survey

NKF National Kidney Foundation
NOS Not otherwise specified

NS Not significant
OR Odds ratio
PD Peritoneal dialysis

PD-CKD Peritoneal dialysis–dependent chronic kidney disease
PHRBC Percent hypochromic red blood cells

PHRC Percent hypochromic red cells
PO Oral

PRCA Pure red cell aplasia
Pt Patient

PTA Posttransplantation anemia
QoAL Quality of American Life

QOL Quality of life
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QOW Every other week
RCT Randomized controlled trial

rHuEPO Recombinant human erythropoietin
RQoLP Renal Quality of Life Profile

RR Relative risk
SAE Severe adverse event
SBP Systolic blood pressure

SC Subcutaneous
SCD Sudden cardiac death

SCr Serum creatinine
SF-36 36-Item Medical Outcomes Study Short-Form Health Survey

SIP Sickness Impact Profile
SQUID Superconducting quantum interference device

TDS Total daily supplement
TID Thrice daily
TIW Thrice weekly

TRESAM Transplant European Survey on Anemia Management
TSAT Transferrin saturation
TTO Time trade-off
TTP Thrombotic thrombocytopenic purpura

x-ND-CKD Non–dialysis-dependent kidney transplant recipient population
U Unit

URR Urea reduction ratio
USFDA United States Food and Drug Administration
USRDS United States Renal Data System

vs Versus
WHO World Health Organization

ZPP Zinc protoporphyrin



Anemia in Chronic Kidney Disease

Work Group Membership
p C
Work Grou

David B. Van Wyck, MD
University of Arizona College of Medicine
Tucson, AZ

G

Nashville, TN

Medical Center,

Christina Kwack Yuhan, MD,

Gowri Raman, MD

Andrew S. Levey, MD
o-Chairs

Kai-Uwe Eckardt, MD
University of Erlangen-Nuremberg
Erlangen, Germany
Work

John W. Adamson, MD
Blood Center of SE Wisconsin

Blood Research Institute
Milwaukee, WI

George R. Bailie, MSc, PharmD, PhD
Albany College of Pharmacy

Albany, NY

Jeffrey S. Berns, MD
University of Pennsylvania School of Medicine

Philadelphia, PA

Steven Fishbane, MD
Winthrop University Hospital

Mineola, NY

Robert N. Foley, MD
Nephrology Analytical Services

Minneapolis, MN

Sana Ghaddar, RD, PhD
American University of Beirut

Faculty of Agriculture and Food Sciences
Beirut, Lebanon

John S. Gill, MD, MS
University Of British Columbia

St. Paul’s Hospital
Vancouver, Canada

Kathy Jabs, MD
Vanderbilt University Medical Center
roup

Patricia Bargo McCarley, RN, MSN, NP
Diablo Nephrology Medical Group

Walnut Creek, CA

Hans H. Messner, MD
University Health Network
Princess Margaret Hospital

Toronto, Canada

Allen R. Nissenson, MD
UCLA Medical Center

Los Angeles, CA

Gregorio T. Obrador, MD
Universidad Panamericana School of Medicine

Mexico City, Mexico

John C. Stivelman, MD
Northwest Kidney Center

Seattle, WA

Colin T. White, MD
British Columbia Children’s Hospital

Vancouver, Canada

Liaison Member
Francesco Locatelli, MD

Azienda Ospedaliera DI Lecco
Lecco, Italy

Iain C. Macdougall, MD
King’s College Hospital
London, England
Evidence Review Team
National Kidney Foundation Center for Guideline Development and Implementation at Tufts-New England
Boston, MA
Katrin Uhlig, MD, MS, Project Director and Program Director, Nephrology

Assistant Project Director
Amy Earley, BS
Rebecca Persson, BA
Ashish Mahajan, MD, MPH
Priscilla Chew, MPH
In addition, support and supervision was provided by:

Joseph Lau, MD, Program Director, Evidence Based Medicine
Ethan Balk, MD, MPH, Evidence Review Team Co-Director
, Center Director



G
B
P
A
P
W
A
L
B
C
G
K
M
C
D
D
L
R
M

D
M
R

KDOQI Advisory Board Members
Adeera Levin, MD, FACP
KDOQI Chair

Michael Rocco, MD, MSCE

KDOQI Vice-Chair
Garabed Eknoyan, MD

KDOQI Co-Chair Emeritus

aureen Michael, BSN, MBA

W
J
G
R
T
B
N
C
A
R
N
D
W
S

E
J
D

NKF-KDOQI Guidelin

ichard Milburn

A
K

Nathan Levin, MD, FACP

KDOQI Co-Chair Emeritus
eorge Bailie, PharmD, PhD
ryan Becker, MD
eter G. Blake, MD, FRCPC, MBB.Ch
llan Collins, MD, FACP
eter W. Crooks, MD
illiam E. Haley, MD
lan R. Hull, MD
awrence Hunsicker, MD
ertrand L. Jaber, MD
ynda Ann Johnson, MD, MBA
eorge A. Kaysen, MD, PhD
arren King, MSW, ACSW, LCSW
ichael Klag, MD, MPH
raig B. Langman, MD
errick Latos, MD
onna Mapes, DNSc, MS
inda McCann, RD, LD, CSR
avindra L. Mehta, MD, FACP
illiam Mitch, MD
oseph V. Nally, MD
regorio Obrador, MD, MPH
ulan S. Parekh, MD, MS
hakor G. Patel, MD, MACP
rian J.G. Pereira, MD, DM
eil R. Powe, MD
laudio Ronco, MD
nton C. Schoolwerth, MD
aymond Vanholder, MD, PhD
anette Kass Wenger, MD
avid Wheeler, MD, MRCP
infred W. Williams, Jr., MD

huin-Lin Yang, MD

x-Officio
osephine Briggs, MD

avid Warnock, MD
e Development Staff

onna Fingerhut
argaret Fiorarancio
nthony Gucciardo
erry Willis, PhD



T
m
u
l
s
h
g
m
l
s
i

t
c
b
T
t
h
t
g
h
a
t
l
o
p
t
o
M
e
i
r
i
m
a
a
h
c

VOL 47, NO 5, SUPPL 3, MAY 2006

AJKD American Journal of
Kidney Diseases

A

Foreword

t
b
a

u
g
r
p
o
t
p
c
m
w
C
t
d
U
t
E
w
s
f
r
o
s
d
a
a
t
i
s
t
r

his publication of the Clinical Practice
Guidelines and Clinical Practice Recom-

endations for Anemia represents the second
pdate of these guidelines since the first guide-
ine on this topic was published in 1997. The first
et of guidelines established the importance of
emoglobin in dialysis patients, and established
uidelines and targets for the treatment of ane-
ia in dialysis patients. The first update, pub-

ished in 2000, described anemia in a wider
pectrum of the chronic kidney patients, and
ncluded those not on dialysis.

A number of important randomized clinical
rials and large observational studies have been
ommenced or completed in CKD populations
oth on and off dialysis, over the past 5 years.
he key questions that have been addressed in

hese recent studies have been the optimal
emoglobin target for CKD patients. To date
here has been little support normalizing hemo-
lobin, though a number of important studies
ave not been completed or reported (CHOIR
nd TREAT), and the community eagerly awaits
hem. Nonetheless, the key aspects of the pub-
ished data from both controlled trials and
bservational studies, support the ongoing im-
ortance of hemoglobin levels in risk stratifica-
ion of patients with CKD, whether with native
r transplant kidneys, or on dialysis therapies.
uch has been learned about the causes of

rythropoietin resistance, and some small stud-
es have reported methods of treating ESA
esistance. Furthermore, there are multiple new
nsights into the optimizing treatment of ane-
ia with iron supplementation and ESA. Novel

ctions of ESAs on cognitive function, as well
s preservation of kidney and cardiac function
ave been described. To date there are no

linical trials to support the use of ESA for

merican Journal of Kidney Diseases, Vol 47, No 5, Suppl 3 (May
hese ‘non anemia’ purposes, but both the
asic and clinical science of ESA therapy are
dvancing at a rapid pace.
This updated set of guidelines on anemia is

nique and different from the previous anemia
uidelines. Firstly, the guidelines have been sepa-
ated into evidence based guidelines and clinical
ractice recommendations, based on the strength
f evidence. The term guideline is reserved for
hat which is robust enough to be used, if appro-
riate, as a clinical performance measure. Clini-
al practice recommendations are those recom-
endations based on expert opinion of the
orking group, but lacking sufficient hard data;
PRs are also susceptible to testing in a clinical

rial. Secondly, these guidelines incorporated in-
ividuals from countries outside the US (Europe,
K, Middle East, Mexico and Canada) and at-

empted to build on most recently published
uropean Best Practice guidelines (2004), as
ell as the previously published KDOQI ver-

ions. Lastly, the working group was clearly
ocused on ensuring that this document was
obust and clear for the reader. There was an
vert recognition that research recommendations
hould be organized and described in sufficient
etail to ensure that prior to the next update of
ny anemia guideline, there would be new data
ddressing gaps in our current knowledge. Thus,
here are no concrete research recommendations
n this version; they will be published in a
eparate document in the near future. The in-
ended effect of this change in how the research
ecommendations are presented is to provide a

© 2006 by the National Kidney Foundation, Inc.
0272-6386/06/4705-0101$32.00/0

doi:10.1053/j.ajkd.2006.04.023

), 2006: pp S9-S10 S9
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FOREWORDS10
uidepost for funding agencies and investigators
o target research efforts in those areas that will
rovide important information that will benefit
atient outcomes.
This final version of the Clinical Practice

uidelines and Recommendations for Anemia
as undergone revision in response to comments
uring the public review, an important and inte-
ral part of the KDOQI guideline process. None-
heless, as with all guideline documents, there is
need for revision in the light of new evidence,

nd more importantly, a concerted effort to trans-
ate the guidelines into practice. Considerable
ffort has gone into their preparation over the
ast 2 years, and every attention has been paid to
heir detail and scientific rigor, no set of guide-
ines and clinical practice recommendations, no
atter how well developed, achieves its purpose

nless it is implemented and translated into clini-
al practice. Implementation is an integral com-
onent of the KDOQI process, and accounts for

he success of its past guidelines. The Kidney
earning System (KLS) component of the Na-
ional Kidney Foundation is developing imple-
entation tools that will be essential to the

uccess of these guidelines.
In a voluntary and multidisciplinary undertak-

ng of this magnitude, many individuals make
ontributions to the final product now in your
ands. It is impossible to acknowledge them
ndividually here, but to each and every one of
hem we extend our sincerest appreciation. This
imitation notwithstanding a special debt of grati-
ude is due to the members of the Work Group,
nd their co-chairs, David Van Wyck and Kai-
we Eckardt. It is their commitment and dedica-

ion to the KDOQI process that has made this
ocument possible.

Adeera Levin, MD
KDOQI Chair

Michael Rocco, MD

KDOQI Vice-Chair
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INTRODUCTION
Anemia commonly contributes to poor qual-

ty of life (QOL) in patients with chronic
idney disease (CKD). Fortunately, among the
isorders that may afflict patients with CKD,
nemia is perhaps the most responsive to treat-
ent. Anemia was the subject of one of the
rst efforts of the National Kidney Foundation
NKF) to improve patient outcomes through
he development, dissemination, and implemen-
ation of Dialysis Outcomes Quality Initiative
DOQI) Clinical Practice Guidelines.1 The first
pdate of these guidelines appeared in 2001
nder the newly organized NKF-Kidney Dis-
ase Outcomes Quality Initiative (KDOQI).2

n 2004, the NKF-KDOQI Steering Committee
ppointed a Work Group and Evidence Review
eam (ERT) to undertake the first comprehen-
ive revision of the KDOQI Clinical Practice
uidelines for the Management of Anemia in
KD. This Executive Summary provides a
rief background description of CKD and ane-
ia, outlines the scope of the guidelines and

he methods of evidence review and synthesis,
nd provides the complete text of the guideline
tatements.

BACKGROUND

bout CKD

CKD is a worldwide public health issue.3 In
he United States, the incidence and prevalence
f kidney failure are increasing (Fig 1), out-
omes are poor, and the cost is high.4 The preva-
ence of earlier stages of CKD is approximately
00 times greater than the prevalence of kidney
ailure, affecting almost 11% of adults in the
nited States.4,5 There is growing evidence that

ome of the adverse outcomes of CKD can be
revented or delayed by preventive measures,
arly detection, and treatment. Strategies to im-
rove outcomes include Clinical Practice Guide-
ines (CPGs) for CKD4 and for the management
f hypertension,3 dyslipidemia,6 bone disease,7

utrition,8 and cardiovascular disease (CVD)9 in
atients with CKD.

bout Anemia

Before considering a patient with both anemia

nd CKD, a brief introduction to the processes

merican Journal of Kidney Diseases, Vol 47, No 5, Suppl 3 (May
hat contribute to anemia may be helpful. Ane-
ia is the clinical manifestation of a decrease in

irculating red blood cell mass and usually is
etected by low blood hemoglobin (Hb) concen-
ration. The cause, treatment, and prognostic
ignificance of anemic disorders vary widely.
auses are distinguished clinically by markers of

he magnitude and appropriateness of a marrow
esponse to anemia. Under usual conditions, bone
arrow generates approximately 200 billion new

ells per day to match the number of senescent
ells removed from circulation. The expected
ompensatory response to anemia is a height-
ned rate of erythropoiesis. Failure to demon-
trate a compensatory response signifies slowed
r defective erythropoiesis. Thus, hyperprolifera-
ive disorders reflect increased destruction of red
lood cells with normal marrow response,
hereas hypoproliferative and maturation disor-
ers reflect impaired red blood cell production.
The cellular and molecular biology of erythro-

oiesis has important implications for understand-
ng, evaluating, and treating anemia in patients
ith CKD. Effective circulating red blood cell
ass is controlled by specialized interstitial cells

n the kidney cortex that are exquisitely sensitive
o small changes in tissue oxygenation.11 If tis-
ue oxygenation decreases because of anemia or
ther causes, these cells sense hypoxia and pro-
uce erythropoietin.12 Within erythroid islands,
he autonomous unit of erythropoiesis in mar-
ow, receptors on the surface of the earliest red
lood cell progenitors, erythroid colony-forming
nits (CFU-Es), bind erythropoietin. Binding of
rythropoietin to erythropoietin receptors sal-
ages CFU-Es and the subsequent earliest eryth-
oblast generations from preprogrammed cell
eath (apoptosis), thereby permitting cell sur-
ival and division and the eventual expansion of
rythropoiesis. If successful, these erythropoietin-
timulated events increase the production of re-
iculocytes, restore normal circulating red blood
ell mass, and correct tissue hypoxia.13

In anemic patients, 1 or more steps in this
utoregulatory sequence may fail. In the pres-

© 2006 by the National Kidney Foundation, Inc.
0272-6386/06/4705-0102$32.00/0

doi:10.1053/j.ajkd.2006.03.010
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EXECUTIVE SUMMARYS12
nce of kidney disease, erythropoietin produc-
ion may be impaired, leading to erythropoi-
tin deficiency and the apoptotic collapse of
arly erythropoiesis. If folate and vitamin B12

re lacking, deoxyribonucleic acid (DNA) syn-
hesis is impaired, and erythroblasts, normally
ndergoing rapid division during this period of
rythropoiesis, succumb to apoptosis.13 In on-
oing folate or vitamin B12 deficiency, disor-
ered DNA synthesis, maturation arrest, and
neffective early erythropoiesis lead to a mac-
ocytic anemia. Conversely, if iron is lacking,
he Hb-building steps that follow rapid cell
ivision are affected: synthesis of both heme
nd globin slow, and erythropoiesis is im-
aired. Reticulocytes that emerge from mar-
ow are few, poorly hemoglobinized, and small.

hypochromic microcytic anemia eventually
esults. Inflammation, a disorder common
mong patients with CKD, appears to impair
oth the early erythropoietin-dependent period
f erythropoiesis and the later iron-dependent
eriod. Inflammatory cytokines inhibit erythro-
oietin production, directly impair growth of
arly erythroblasts, and—especially in the ab-
ence of erythropoietin—promote death by li-
and-mediated destruction of immature erythro-
lasts.14 In addition, inflammatory cytokines
timulate hepatic release of hepcidin, which si-
ultaneously blocks iron absorption in the gut

Fig 1. Kidney failure in the United States. Preva-
ence estimates of kidney failure treated by dialysis
nd transplantation (end-stage renal disease [ESRD])
n the United States. Prevalence refers to the num-
er of patients alive on December 31st of the year.
pper and lower estimates reflect the effect of poten-

ial changes in ESRD incidence, diabetes preva-
ence, ESRD death rate, and underlying age and race
tructure of the US population after the year 2000.
eprinted with permission.10
nd iron release from resident macrophages, f
rompting a decrease in transferrin saturation
TSAT) and thereby promoting iron-deficiency
rythropoiesis.15 Thus, the anemia of inflamma-
ion characteristically is hypoproliferative and
ot infrequently includes features suggesting iron-
eficiency erythropoiesis.
This synopsis provides an introduction to

he subject and purpose of the following CPGs
or patients with both anemia and CKD. Guide-
ine 1.1 describes identification of the patient
ith anemia and CKD. Guideline 1.2 describes

he recommended initial evaluation; Guideline
.1, the goal of treatment; and Guidelines 3.1,
.2, and 3.3, the use of therapeutic agents.

SCOPE OF THE GUIDELINES
New findings, new agents, and the need for

n expanded scope prompt the need for a
omprehensive revision of existing NKF-
DOQI CPGs for the Treatment of Anemia in
KD. In preparing the current guidelines, the
nemia Work Group members broadened our

nquiry to include all stages of CKD, identify
reas of concern to current practitioners, adopt
structured intensive evidence review process
ot previously used, apply that process to both
ewly available literature and literature exam-
ned in the development of previous guideline
ersions, formulate conclusions that distin-
uish evidence-based guidelines from expert-
pinion–based clinical practice recommenda-
ions (CPRs), and present both guidelines and
ecommendations in a new format to more
learly describe what is not known. To ensure
hat the next update profits from evidence we
urrently lack, we identified limitations of cur-
ently available evidence and, in a subsequent
eport, will identify priorities for needed re-
earch.

ntended Reader

Our intended reader is the practitioner who
anages patients with CKD, including neph-

ologists, primary-care providers, cardiolo-
ists, nurse practitioners, nurses, and dieti-
ians. Clinical pharmacists, quality outcomes
irectors, and clinical investigators will find
he document useful. We write primarily for
ractitioners in North America. Nevertheless,
rom the onset, we have coordinated our ef-

orts with guideline development processes
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EXECUTIVE SUMMARY S13
lsewhere, ensured that Work Group member-
hip includes experts from Latin America and
urope, and planned so that this document
ay serve as the last of the KDOQI Anemia
uidelines and a foundation for the first truly
lobal guideline under the auspices of the
idney Disease: Improving Global Outcomes

KDIGO) initiative (www.kdigo.org).

cope

We address the target population of patients
ith CKD stages 1 to 5 not on dialysis therapy,
n hemodialysis (HD) or peritoneal dialysis
PD) therapy, or with a kidney transplant in the
ull range of practice settings in which they are
ncountered. However, the evidence continues
o derive disproportionately from findings in
acility-based HD patients. We have not been
nmindful of cost implications. However, net
edical benefit to the patient is the foundation

f each of our guidelines and recommenda-
ions. Our commitment, in short, is to assist
ractitioners in the care of patients by describ-
ng best practice and the evidence for it. In this
ay, individual practitioners who face local

eimbursement constraints may make informed
ecisions armed with appropriate facts. Simi-
arly armed, those responsible for guiding reim-
ursement policy may make informed deci-
ions consistent with the evidence.

vidence, Opinion, Guidelines, and
ecommendations

When the quality of evidence is high or
oderately high, we present a CPG based on

vidence, rate the quality of that evidence, and
istinguish the evidence-based guideline by
nclosing it in a text box. When the quality of
vidence is low, very low, or missing, but the
opic is important to practitioners, we offer a
PR and cite limitations to the current litera-

ure. In a subsequent document, we will pro-
ose and prioritize needed research. Through-
ut this document, a text box surrounds each
vidence-based guideline, and the strength of
he guideline is rated as “strong” or “moder-
tely strong.” The phrase, “In the opinion of
ork Group members” precedes each CPR.
istinguishing evidence-based guidelines from
PRs is in keeping with recent advances in

DOQI policy and practice. f
The overall strength of each guideline state-
ent was rated by assignment as either strong
r moderately strong. A strong rating indicates
it is strongly recommended that clinicians
outinely follow the guideline for eligible pa-
ients. There is high-quality evidence that the
ractice results in net medical benefit to the
atient.” The moderately strong rating indi-
ates “it is recommended that clinicians rou-
inely follow the guideline for eligible patients.
here is at least moderately high-quality evi-
ence that the practice results in net medical
enefit to the patient.” Overall, the strength of
he guidelines and recommendations was based
n the extent to which the Work Group could
e confident that adherence will do more good
han harm. Strong guidelines require support
y evidence of high quality. Moderately strong
uidelines require support by evidence of at
east moderately high quality. Incorporation of
dditional considerations modified the linkage
etween quality of evidence and strength of
uidelines, usually resulting in a lower strength
f the recommendation than would be support-
ble based on the quality of evidence alone.
Our objective is to describe the evidence

ase for key elements in the identification,
valuation, and management of patients with
KD-associated anemia. For topics on which
e undertook a systematic literature review,
e present detailed information, usually in the

orm of summary evidence tables. These topics
nclude Hb thresholds for initiating therapy,
b level therapeutic goals, iron status goals, or

fficacy of adjuvants in achieving Hb goals.
esults that bear directly on patient lives (mor-

ality, morbidity, QOL, and adverse events
AEs]) receive particular attention. Topics for
hich the evidence base is limited deserve
rief mention and receive it. Information that
nvolves implementation, application, or proto-
ol development, we leave to the NKF Kidney
earning System (KLS) resources.
When the quality of evidence is low, we will

ollow acknowledgement of these limitations in
separate publication by encouraging further

nvestigation.

elationship to Previous Guidelines

The lineage of the current document derives

rom both the most recent (2001) version of the
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DOQI Guidelines for Anemia2 and the most
ecent (2004) version of the European Best Prac-
ices Guidelines (EBPGs) for anemia (Fig 2).16

Fig 2. Relationship between cu
ur intention is to simplify the current guide- m
ines into sections on identification, definition,
nd evaluation of anemia (Guideline 1.1 and
.2); Hb treatment target (Guideline 2.1); and

and previous anemia guidelines.
rrent
anagement (Guidelines 3.1-4.1), with parallel
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EXECUTIVE SUMMARY S15
rganization for pediatrics. Key differences be-
ween current and past guidelines are set out in
able 1.

OPERATING DEFINITIONS

Erythropoiesis-stimulating agent (ESA): The
erm ESA applies to all agents that augment
rythropoiesis through direct or indirect action
n the erythropoietin receptor. Currently avail-
ble ESAs include epoetin alfa, epoetin beta, and
arbepoetin alfa.
Therapeutic goal: A therapeutic goal is the

ntended goal of current therapy, not the cur-
ent result of previous therapy. This definition
pplies equally to therapeutic goals for both

Table 1. Key Differences between Current Guidelin
(KDOQI 200

Topic 
KDOQI 2000 Anemia 

Guideline 
EBPG 2004 Anaemia

Guideline 
Definition of Anemia by Hb <12.0 g/dL in males and 

postmenopausal females 
<11.0 g/dL in premenopausal 

females and prepubertal 
patients 

<12.0 g/dL males 
<11.0 g/dL females 

 tegrat Ld/g 0.11>  Ld/g 21-11 bH tegraT
>12.0 in CVD not 

recommended 
Hb >14.0 g/dL not desirab

Target Iron Status TSAT (%) 
 lower limit: 20 
 upper limit: 50 

Ferritin (ng/mL) 
 lower limit: 100 

TSAT (%) 
 lower limit: 20 
 target: 30-50 

Ferritin (ng/mL) 
 lower limit: 100 
target: 200-500 

Adjuvants   
  L-Carnitine Not recommended Not recommended for 

general use 
   etabrocsA  

 esu evitceleS  snegordnA  
b and iron. v
ndicators of Efficacy

Efficacy of anemia management: Efficacy of
nemia management is indicated in a single patient
y an Hb level greater than the target threshold, and
n a group of patients, by the percentage of patients
aintained at greater than target threshold.
ESA efficacy: ESA efficacy is indicated by the

ose of ESA needed to achieve or maintain Hb
evels at greater than the target threshold.

Adjuvant efficacy: Adjuvant efficacy is indi-
ated by the percentage of patients who success-
ully exceed the target Hb threshold or achieve an
ncrease in Hb level greater than 1 g/dL without
nitiating ESA therapy or increasing ESA doses to
reater than baseline. Among patients with steady-
tate Hb levels greater than target threshold, adju-

QI Anemia 2006) and Previous Anemia Guidelines  
BPG 2004) 

OQI 2006 Anemia 
Guideline Reason KDOQI 2006 Differs from Prior Guidelines 

13.5 g/dL males 
12.0 g/dL females 

KDOQI 2006 uses more recent NHANES data set, defines anemia 
as any Hb below the 5th percentile for the adult, gender-specific 
population. Among males, no adjustment is made for age >70 
years, to exclude the possibility that pathological conditions 

contribute to lower Hb values. Among females, the 5th percentile 
determination is made only among individuals without evidence of 
iron deficiency, as defined by TSAT <16% or ferritin <25 ng/mL.  

 g/dL, caution when 
ntionally maintaining 

Hb >13 g/dL 

Current guideline reflects QOL benefits at Hb maintained ≥11.0 
g/dL, risks when intentionally maintaining Hb >13.0, and recognition 
that Hb will often exceed 13 g/dL unintentionally, without evidence 

of increased risk, in patients with Hb intent to treat ≥11.0 g/dL. 
TSAT (%) 

 lower limit ≥20

Ferritin (ng/mL) 
r limit:  200 HD-CKD  
00 non-HD-CKD 
 500 not routinely 
recommended 

TSAT:
Current guideline reflects unchanged lower bound for iron therapy; 

upper limit of TSAT not specified. 

Ferritin:
Current guideline distinguishes HD- from non–HD-CKD on basis of 
available evidence. Lower limit sets objective of iron therapy. There 
is insufficient evidence to assess harm and benefit in maintaining 
ferritin > 500 ng/mL . In HD-CKD, 200 ng/mL reflects evidence for 

substantial efficacy of IV iron at ferritin <200 ng/mL.  
 

Not routinely 
recommended 

Current guideline based on low-quality evidence which shows lack 
of efficacy 

 ylenituor toN
recommended 

Current guideline reflects combination of safety concerns and low 
quality evidence of efficacy 

 rof ecnedivE .snrecnoc ytefas suoires stcelfer enilediug tnerruC dednemmocer to
efficacy is low quality,. 
es (KDO
0 and E

 KD

<
<

le 

≥11
inte

lowe
1
>

 

N

ant efficacy is indicated by ESA dose reduction.



II. CLINICAL PRACTICE GUIDELINES AND CLINICAL
PRACTICE RECOMMENDATIONS FOR ANEMIA IN

CHRONIC KIDNEY DISEASE IN ADULTS
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CPR 1.1. IDENTIFYING PATIENTS AND

INITIATING EVALUATION
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dentifying anemia is the first step in evaluating
he prognostic, diagnostic, and therapeutic signifi-
ance of anemia in the patient with CKD.

1.1.1 Stage and cause of CKD:
In the opinion of the Work Group, Hb
testing should be carried out in all
patients with CKD, regardless of stage
or cause.

1.1.2 Frequency of testing for anemia:
In the opinion of the Work Group, Hb
levels should be measured at least
annually.

1.1.3 Diagnosis of anemia:
In the opinion of the Work Group,
diagnosis of anemia should be made
and further evaluation should be un-
dertaken at the following Hb concen-
trations:
● <13.5 g/dL in adult males.
● <12.0 g/dL in adult females.

BACKGROUND
Anemia develops early in the course of CKD

nd is nearly universal in patients with CKD
tage 5.17 The purpose of specifying Hb level
hresholds to define anemia is to identify patients
ho are most likely to show pathological pro-

esses contributing to a low Hb level and who
herefore are most likely to benefit from further
nemia evaluation. Thus, the current guideline
Guideline 1.1) identifies Hb level thresholds
hat should trigger diagnostic evaluation (Guide-
ine 1.2). Conversely, Hb levels that should trig-
er ESA therapy are defined in Guideline 2.1.

RATIONALE

tage and Cause of CKD

Hb testing should be carried out in all patients
ith CKD, regardless of stage or cause. Anemia

s associated with CKD of any cause,18-22 includ-
ng transplant-associated CKD (see Guideline
.1). The severity of anemia in patients with
KD is related to both the degree of loss of
lomerular filtration rate (GFR) and the cause of
idney disease. The lowest Hb levels are found

n anephric patients and those who commence e

merican Journal of Kidney Diseases, Vol 47, No 5, Suppl 3 (May
ialysis therapy at very low levels of kidney
unction.23,24

The reported prevalence of anemia by CKD
tage depends in large part on the size of the
tudy; whether study participants are selected
rom the general population, are at high risk for
KD, or are patients already under a physician’s
are; what level of Hb is defined as constituting
nemia; and whether patients do or do not have
iabetes.
Studies reviewed for the purposes of guideline

tatement 1.1.1 include those of patients with
KD before dialysis therapy, those with kidney

ransplants, and those on dialysis therapy. The
eviewed literature spans close to 40 years of
nvestigation up to the year 2000 and describes
linical findings of researchers as they explore
he relationships between Hb level or hematocrit
Hct) and kidney function (Table 2 and 3). The
ajority of available data were derived from

tudies of small sample size, most of which are
ross-sectional studies, or baseline data from
linical trials of variable size and robustness.

In 12 of the 21 studies reviewed, there was an
ssociation between level of Hb or Hct and the
elected measure of kidney function. They also
emonstrate variability in levels of Hb or Hct at
ach level of kidney function, whether assessed
y using serum creatinine (SCr) concentration,
reatinine clearance (CCr), or estimated GFR
eGFR). However, the consistency of the informa-
ion they provide indicates a trend toward lower
b levels at lower levels of GFR and variability

n Hb levels across GFR levels.
More recent studies used large databases to

xamine the relationship between Hb level or
ct and kidney function (Table 4). A cross-

ectional analysis examined 12,055 ambulatory
dult patients (�18 years of age) who had at
east 2 SCr measurements 2 years apart and at
east 1 Hct measurement and weight recorded
etween 1990 and 1998.25 Results should pro-
ressively lower Hct at an estimated CCr less
han 60 mL/min/1.73 m2 in men and 40 mL/min/
.73 m2 in women (Table 5). When GFR normal-
zed to body surface area (BSA) was estimated
y using the Modification of Diet in Renal Dis-

ase (MDRD) equation, both men and women

), 2006: pp S17-S27 S17
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTSS18
eveloped a statistically significant decrease in
ct at the same BSA-normalized GFR, 50 mL/
in/1.73 m2. This relationship persisted when

nalyses were restricted to patients who were
ormochromic and normocytic, ie, presumably
on–iron deficient. However, the change in age-
nd race-adjusted Hct with decreasing levels of
FR was greater in men than women. It should
e noted that only 10% of men and 6% of women
ad an eGFR of 50 mL/min/1.73 m2 or less
MDRD formula), and the indications for measur-
ng SCr and Hct were unknown.

Two studies examined the relationship be-
ween prevalent Hb concentration and GFR by
sing results from the National Health and Nutri-
ion and Examination Survey (NHANES) III
atabase. NHANES III is a cross-sectional sur-
ey of nutritional and health status in 15,419
ndividuals randomly selected from the general
S population from 1988 to 1994. Results from
HANES III26,27 are consistent with those ob-

ained in ambulatory adult patients (Table 6).25
t an eGFR less than 75 mL/min/1.73 m2 in men c
nd 45 mL/min/1.73 m2 in women, the associ-
ted Hb level is lower than that seen at eGFRs
bove those thresholds (Fig 3). The relationship
s observed best in the distribution of the lowest
fth percentile of Hb levels. In general, the lower

he eGFR at less than the respective threshold,
he lower the associated Hb level, but confidence
ntervals (CIs) are broad at the lowest eGFR
evels because the number of observed individu-
ls with a low eGFR is small. For example, only
.5% of women and 1.4% of men in the survey
howed an eGFR of 30 mL/min/1.73 m2 or less.

The relationship between GFR and prevalence
f anemia is determined in large part by the Hb
oncentration used to define anemia. In NHANES
II, prevalence of a Hb level less than 13 g/dL
ncreases at less than a threshold eGFR of 60
L/min/1.73 m2 in males and 45 mL/min/1.73
2 in females (Fig 4). However, the prevalence

f a Hb level less than 11 g/dL is not greater than
eference except at an eGFR less than 30 mL/min/
.73 m2 in both males and females. Again, pre-

ise estimates of prevalence are limited by rela-



t
G

m
e
C
N
a
s
d
c
1

m
v
l
p
2
p
e
e
3
4

s
1
p
H
d
t
g
p
v

3
t
d
s
d
a
G
w
8
t
S
p

ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTS S19
ively small numbers; in particular, less than a
FR of 30 mL/min/1.73 m2 (N � 52).
The relationship between prevalence of ane-
ia and GFR may be changing as a result of

arlier identification and treatment of anemia.
omparing results of NHANES III with
HANES IV shows a lower prevalence of

nemia for each CKD stage in the more recent
urvey (Fig 5).28 In this analysis, anemia was
efined by World Health Organization (WHO)
riteria (Hb level � 12 g/dL in women and �
3 g/dL in men).
The prevalence of anemia among patients is
uch greater than that observed among indi-

iduals randomly surveyed in the general popu-
ation. In a cross-sectional study of 5,222 adult
atients with CKD who were selected from
37 US physician practices (including family
ractice, internal medicine, nephrology, and
ndocrinology), mean Hb levels for an MDRD
GFR of 60 or greater (CKD stages 1 and 2),
0 to 59 (CKD stage 3), 15 to 29 (CKD stage

), and less than 15 mL/min/1.73 m2 (CKD 3
tage 5) were 12.8 � 1.5, 12.4 � 1.6, 12.0 �
.6, and 10.9 � 1.6 g/dL, respectively.29 The
revalence of untreated anemia (defined as a
b level � 12, 10 to 12, and � 10 g/dL) for
ifferent CKD stages (Fig 6) is much greater
han that reported in NHANES surveys.26,27 A
reater disease burden among patients com-
ared with randomly selected individuals pro-
ides a likely explanation for these findings.
Because data points at GFR levels less than

0 mL/min/1.73 m2 were scarce in all except
he previous cross-sectional study,29 the Cana-
ian Multicentre Study30 was used to demon-
trate trends in a large cohort of patients before
ialysis therapy (Fig 7). The prevalence of
nemia was greatest at the lowest levels of
FR, but approached 20% among patients
ith a GFR of 30 to 44 mL/min/1.73 m2 (Fig
). Similarly, in another study of 131,848 pa-
ients who began dialysis therapy in the United
tates between 1995 and 1997, proportions of
atients with Hcts less than 30% and less than

6% immediately before the initiation of dialy-
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTSS20
is therapy were 67.5% and 93%, respec-
ively.31

Patients with diabetes are more prone to both
evelop anemia and develop anemia at earlier
tages of CKD than their nondiabetic counter-
arts (Fig 9).32-37 In a cross-sectional clinical
udit of 820 Australian patients with diabetes,
nemia was 2 to 3 times more prevalent in
atients with diabetes compared with the general
opulation at all levels of GFR (Fig 9). In an

Table 4. Prevalence of Ane

Author, Year N Definition of 
Anemia Hb (g/dL) 

Applicability Le

El-Achkar, 2005 37 5,380 
Men & Women >50 
yr, Hb <12; Women 

≤50 yr, Hb <11 
 

Hsu, 2002 26 15,971 
Men Hb 10-12 

Women Hb10-12  

Astor, 2002 27 15,419 
Men Hb <12 b

Women Hb <11  

G
Hsu, 2001 25 8,220 Hb <11  

6
3

McClellan, 2004 29 5,222 Hb <12  

Fehr, 2004 85 4,760 Hb <11  

Footnotes:
a. Data given for age 61-70 and Hb <12 g/dL. 
b. To focus on clinically significant and potentially treatable anemia, a more stringent definition (Hb <12 for

men and Hb <12 for women) the overall prevalence for men was 3.5% vs. women 10.7%. 
c. All prevalence rates adjusted for age = 60. This corresponds to approximately 160,000 (SE 44,000) non
d. At any given level of CrCl, men had steeper slope of decrease in Hb, as did blacks> Mexican >whites, old
e. No statistical pooling between categories of creatinine clearance stages. 

Coding of Outcome: 
 statistically significant increase in anemia with decreasing kidney function.
xtension of the same audit, patients with type 2
iabetes with a CCr of 60 to 90 mL/min/1.73 m2

ere twice as likely to have anemia than those
ith a CCr greater than 90 mL/min/1.73 m2.
atients with diabetes with a CCr less than 60
L/min/1.73 m2 were twice as likely to have

nemia as those with a CCr of 60 to 90 mL/min/
.73 m2.36 In the Kidney Early Evaluation Pro-
ram (KEEP 2.0), a cross-sectional community-
ased screening program aimed at detecting CKD

Level of Kidney Function 

y Prevalence of Anemia Results Quality 

Diabetic Nondiabetic 
8.7% 6.9% 
7.5% 7% 

22.2% 7.9% 
52.4% 50% 

(Likelihood  [%] of Hb level <12 g/dL) a

Men Women 
3% 7% 
4% 10% 
12% 25% 

 %8.1
 %3.1
 %2.5

%1.44 c

Men Women 
9% (7/77) 5% (18/333) 
10% (3/29) 10% (12/116) 
0% (0/17) 33% (9/27) 

60% (12/20) 52% (11/21) 

d

 %7.62
 41.6% 
 53.6% 

 %5.57
<1% 

 %2<
 %3~
 %51~
 %83~

1 for women) was used for most analyses. However, in analysis using the WHO definition (Hb <13 for 
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTS S21
mong high-risk patients (those with diabetes,
ypertension, or a family history of kidney dis-
ase), the prevalence of anemia at each level of
GFR from patients with CKD stages 2 through
was greater than in patients without diabetes:

.7% versus 6.9% in stage 2 (P � not significant
NS]), 7.5% versus 5.0% in stage 3 (P � 0.015),
2.2% versus 7.9% in stage 4 (P � 0.001), and
2.4% versus 50% in stage 5 (P � 0.88).37

The following conclusions can be drawn
rom these studies: (1) the prevalence of ane-
ia at higher levels of GFR (CKD stages 1 and

Fig 3. Relationship between Hb level
nd eGFR. Data represent a cross-
ectional survey of individuals ran-
omly selected from the general US
opulation (NHANES III). Median and
5% confidence limits around the 95th

nd 5th percentiles are shown for males
nd females at each eGFR interval.
dapted with permission.27
) is relatively low in individuals randomly
elected from the general population, but is not
ncommon in patients with CKD under the
are of a physician or identified by virtue of
eing at high risk for CKD; (2) among individu-
ls from a general population, mean Hb levels
ecrease and anemia develops consistently only
hen GFR is less than 60 mL/min/1.73 m2

stage 3 CKD); (3) the prevalence of anemia
ncreases at later stages of CKD (CKD stages 4
nd 5); (4) there is significant variability in Hb
evels at any given level of kidney function;

Fig 4. Relationship between
eGFR and prevalence of anemia as
defined by differing Hb levels for
(A) males and (B) females. Data

from NHANES III. Reprinted with
permission.27
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTSS22
nd (5) anemia among patients with diabetes
ompared with patients without diabetes is
ore prevalent, more severe, and occurs ear-

ier in the course of CKD.
These observations underscore the need to
easure Hb levels in every patient with CKD,

egardless of stage or cause.

requency of Hb Testing in Patients With CKD

Hb levels should be measured at least annu-
lly. Because little is known about the natural
istory of anemia in patients with CKD, precise
nformation is unavailable to determine the opti-
um frequency of Hb testing in patients with
KD. The recommendation that patients be evalu-
ted at least annually rests on observations from
linical trials that (in the absence of ESA therapy)
he natural history of anemia in patients with
KD is a gradual decline in Hb levels over

ime.38,39 In 1 trial,39 patients assigned to the
ower Hb target (9.5 to 10.5 g/dL) entered the
rial with Hb values greater than target (mean,
1.8 g/dL) and received ESA only if Hb levels

Fig 5. Prevalence of anemia by CKD stage. Anemia,
efined as an Hb level less than 13.0 g/dL in males and

ess than 12.0 g/dL in females, was plotted by stage of
KD in results from NHANES III compared with
HANES IV. USRDS 2004.28
ubsequently decreased. During 2 years, a signifi-
ant proportion of patients eventually required
SA therapy. However, among those who did not

equire ESA therapy, mean Hb values remained
elatively stable (Fig 10). This evidence suggests
he need for regular surveillance of Hb levels in
atients with CKD without ESA therapy. The
tatement Hb levels should be measured at least
nnually emphasizes that more frequent Hb sur-
eillance likely will be needed for selected pa-
ients, including those with greater disease bur-
en, unstable clinical course, or evidence of
revious Hb level decline. Frequency of Hb
esting in patients already undergoing ESA
herapy is addressed in Guideline 3.1.1.

iagnosis of Anemia

Diagnosis of anemia should be made and
urther evaluation should be undertaken at Hb
oncentrations less than 13.5 g/dL in adult males
nd less than 12.0 g/dL in adult females. The
ecommended thresholds for defining anemia

Fig 6. Relationship between
level of renal function, reflected by
SCr level or GFR, and prevalence
of anemia, defined at different Hb
cutoff levels, among patients un-

Fig 7. Hb percentiles by GFR in the Canadian Multi-
entre Longitudinal Cohort Study. Patients were re-
erred to nephrologists between 1994 and 1997. Re-
ults shown exclude patients receiving ESA therapy
r with an arteriovenous fistula. Reprinted with permis-
ion.4,30
der the care of physicians. Re-
printed with permission.29
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTS S23
epresent the mean Hb of the lowest fifth percen-
ile of the sex-specific general adult population
Table 7 and 8; Fig 11).

40,41

The conclusion that
nemia therefore is defined as a Hb level less
han 13.5 g/dL in adult males and less than 12
/dL in adult females (Fig 3) assumes a lack of
djustment downward for age in males and an
djustment upward for iron deficiency in fe-
ales. Although mean Hb level representing the
fth percentile decreases among males older

han 60 years, it is clear that a substantial fraction
f older males with low Hb levels show concur-

Fig 8. Prevalence of low Hb level by category of
FR in the Canadian Multicentre Longitudinal Cohort
tudy. Reprinted with permission.4,30

Fig 9. Prevalence of low Hb
evel by eGFR in patients with dia-
etes compared with the general
opulation. Open circles (Œ) indi-
ate the diabetic population, while
losed circles (�) represent gen-
ral population data from NHANES
II. A: Hb <11 g/dL; B: WHO crite-
ia (men, Hb <13 g/dL; women, Hb
12 g/dL). Reprinted with permis-
ion.35
ent evidence of pathological conditions that
ay cause or contribute to anemia.32 Because we

annot exclude potential pathological states, we
annot assume that lower Hb levels in older
ales are normal. Therefore, we make no adjust-
ent for age among males. The recommended

hreshold of less than 12.0 g/dL in females reflects
xclusion from the healthy population of individu-
ls whose iron status test results suggest that iron
eficiency is contributing to a low Hb level.
The recommended definition of anemia dif-

ers from previous CPGs. The WHO defines
nemia as a Hb level less than 13.0 g/dL in
dult men and less than 12 g/dL in adult
omen.42 Differences between the current rec-
mmendation and the WHO definition arise
rom differences in the data source for the
eneral population: the WHO definition is based
n sparse data obtained prior to 1968, whereas
he definition proposed in the current guide-
ines is based on more recent NHANES III
ata. The recently published Revised EBPG
or the Management of Anaemia in Patients
ith Chronic Renal Failure also defines ane-
ia as a Hb level less than 13 g/dL in men, but

djust this to less than 12 g/dL for men older

Fig 10. Changes in Hb levels and eGFR
over 2 years in adult patients with CKD
stages 3 and 4 not treated with ESA. Oral
iron supplements and occasional IV iron
treatment were administered to maintain
TSAT at greater than 20% and ferritin levels
greater than 100 ng/mL. Data given as mean
� SD. Although mean Hb levels showed
little or no change, the number of study
patients remaining without ESA therapy de-
clined. Results courtesy of the authors, from
control group patients previously described.

Reprinted with permission.39
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTSS24
han 70 years. Because the EBPGs do not
djust for the potential contribution of iron
eficiency in women, the EBPG threshold for
omen is less than 11.5 g/dL.16 Finally, the
revious KDOQI Anemia Guidelines recom-
ended less than 12 g/dL for men (reflecting

se of a different data set), less than 11 g/dL
or women of reproductive age (different data

et, no attempt to exclude effect of iron defi- a
iency), and less than 12 g/dL for postmeno-
ausal women (no change).
The importance of identifying patients with

nemia in the presence of CKD is 2-fold. First, a
b value in the lowest fifth percentile of the
eneral population may signify the presence of
ignificant nutritional deficits, systemic illness,
r other disorders that warrant attention. Second,

nemia in patients with CKD is a known risk
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTS S25
actor for a number of significant adverse patient
utcomes, including hospitalizations, CVD, cog-
itive impairment, and mortality.16,43-50 Regard-
ess of whether concurrent disorders, if any, are
reatable, awareness of their presence is likely to
e helpful to the clinician. Similarly, the benefits
f anemia treatment (see Guideline 2.1) cannot
xtend to patients whose anemia remains uniden-
ified.

Altitude, age, race, and smoking each contrib-

te to the interpretation of the normal range of 1
b values, in addition to sex, and therefore must
e considered in patients with CKD. The current
efinition for anemia reflects results from adult
atients older than 18 years, of all races and
thnic groups, and living at relatively low alti-
ude (�1,000 m or 3,000 ft).

Altitude has a direct impact on red blood cell
umber, mass, and volume.51 Generally, Hb con-
entration can be expected to increase by about
.6 g/dL in women and 0.9 g/dL in men for each

,000 m of altitude above sea level.52 This in-
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTSS26
rease in Hb levels seems to be caused at least in
art by increased erythropoietin production.53

he threshold Hb level defining anemia in pa-
ients living at high altitude should be adjusted
pward, in keeping with the degree of elevation
Table 9).

In children, mean Hb level and the variability
round the mean vary highly with age. These
ndings are discussed elsewhere in more detail
in CPR for Children 1.1). Among adult males,
s previously noted, the lower fifth percentile of
b values declines as age advances (Fig 11). One

tudy reported a mean decrease of 1 to 1.5 g/dL
n Hb concentration in males as they increased in
ge from 50 to 75 years; however, this trend was
ot seen in women, in whom Hb concentration
emained stable between 20 and 80 years of
ge.54 Although it previously was believed that
ecreases in Hb levels might be a consequence of
ormal aging, evidence has accumulated that
nemia reflects poor health and increased vulner-
bility to adverse outcomes in older persons.32

onsequently, the current recommendation makes
o adjustment for aging in men. An association
etween an increasing prevalence of anemia and
lder age has been reported in most,27,55 but not
ll,29 studies of patients with CKD, in keeping

Table 9. Normal Increase in Hb Levels

Altitude (meters) 
 000,1<

 000,1
 005,1
 000,2
 005,2
 000,3
 005,3
 000,4
 005,4
Reprinted with permission.42
ith current opinion that anemia is not a normal
onsequence of aging.56

Among women of reproductive age, menstrual
osses, the potential for iron deficiency, and the
ffect of pregnancy each deserve consideration.
lthough Hb values in women are lower than

hose in men (Table 7 and 8), Hb concentrations
n iron-replete women remain stable between 20
nd 80 years of age.54 Regardless of the presence
r absence of CKD, the prevalence of anemia is
reater in women compared with men.55 Menses
nd pregnancy may each contribute to this find-
ng. Menstrual losses of iron average 0.3 to 0.5
g/d and may result in mostly iron-deficiency

nemia.42 Among pregnant women, Hb concen-
ration decreases during the first and second
rimesters largely because of the dilutional effect
f expanding blood volume. In the third trimes-
er, Hb concentration remains low in pregnant
omen who do not take iron supplements, but
radually increases toward prepregnancy levels
n those who take iron supplements.57-59 Table 10
hows maximum Hb cutoff values for anemia
uring pregnancy.
Hb values also vary significantly between

aces, with African-American individuals consis-
ently showing Hb concentrations 0.5- to 0.9-

Fig 11. Distribution of Hb levels in adult
males and females by age group. The 5th,
50th, and 95th percentiles are shown for
each age group. In females, results reflect
only individuals with serum ferritin greater
than 25 ng/mL or TSAT greater than 16%
because lower values may contribute to
low Hb levels. Dash-dot-dash lines indi-
cate recommended cutoff value to define
anemia. (Source: US Renal Data System
[USRDS] special data request, NHANES
1999-2002 data set).

ted to Long-Term Altitude Exposure 

crease in Hb (g/dL) 
 0 

 2.0+
 5.0+
 8.0+
 3.1+
 9.1+
 7.2+
 5.3+
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTS S27
/dL lower than those of Caucasoid or Oriental
opulations.60-62 Because the reason for this dispar-
ty in Hb level distributions by race has not been
etermined and could reflect increased disease bur-
en, this guideline does not provide race-specific
utoff values for anemia.41,63,64 Anemia may de-
elop at an earlier stage in the course of CKD
mong non-Hispanic African Americans compared
ith individuals of other races.27 African-Ameri-
an patients have a greater prevalence of anemia
t every stage of CKD compared with whites.55

Last, smoking is associated with elevated
arboxyhemoglobin levels, which are associ-
ted with a compensatory increase in total Hb
oncentration.65 If the same definition of ane-
ia is applied to both smokers and nonsmokers,

he risk for developing anemia is lower in current
r past smokers than nonsmokers.55 Because
pproximately 20% to 40% of patients with
KD are current or past smokers,55 consider-
tion should be given to the significance of a
moking history in interpreting results of Hb
easurement (Table 11).

Table 10. Maximum Hb Cutof

Weeks’ Gestation 
 21
 61
 02
 42
 82
 23
 63
 04

 retsemirT
 tsriF

 dnoceS
 drihT

Maximum cutoff values for anemi
third National Health and Nutrition
excluded persons who had a high
values for anemia during pregnan
women who had adequate supple
Reprinted with permission.41

Table 11. Adjustment to Hb for Sm

 puorG
 srekomsnoN
 )lla( srekomS

   0.5-1 packet/day 
   1-2 packets/day 
   >2 packets/day 

Reprinted with permission.55
LIMITATIONS

Many studies that examined the relationship
etween Hb level and kidney function:

. Have been cross-sectional and not longitu-
dinal in design.

. Described patients entered into clinical trials
or seen by nephrologists, which are not a truly
representative sample of patients with CKD.

. Included small numbers of patients with
lower levels of kidney function.

. Used a great variety of methods to assess
level of kidney function. It therefore is
difficult to determine whether the variabil-
ity in Hb at levels of kidney function is
caused by variability in measurements of
kidney function or variability associated
with CKD itself.

. Used the MDRD4 formula to estimate
GFR, the precision of which decreases at
higher levels of kidney function.

. Did not describe the cause of the anemia in
patients with CKD.

s for Anemia in Pregnancy 

oncentration (g/dL) 
 0.11
 6.01
 5.01
 5.01
 7.01
 0.11
 4.11
 9.11

 
 0.11
 5.01
 0.11

d on the 5th percentile from the 
tion Survey (NHANES III), which 
 of iron deficiency. Maximum 

sed on values from pregnant 
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CPR 1.2.: EVALUATION OF ANEMIA IN CKD
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Anemia in patients with CKD is not always
aused by erythropoietin deficiency alone. Initial
aboratory evaluation therefore is aimed at iden-
ifying other factors that may cause or contribute
o anemia or lead to ESA hyporesponsiveness.

1.2.1 In the opinion of the Work Group,
initial assessment of anemia should
include the following tests:
1.2.1.1 Acomplete blood count (CBC)

including—in addition to the
Hb concentration—red blood
cell indices (mean corpuscu-
lar hemoglobin [MCH], mean
corpuscular volume [MCV],
mean corpuscular hemoglo-
bin concentration [MCHC]),
white blood cell count, and
differential and platelet count.

1.2.1.2 Absolute reticulocyte count.
1.2.1.3 Serum ferritin to assess iron

stores.
1.2.1.4 Serum TSAT or content of Hb

in reticulocytes (CHr) to as-
sess adequacy of iron for
erythropoiesis.

BACKGROUND

Although erythropoietin deficiency is com-
on among patients with anemia and CKD,

ther potential causes and potentially contrib-
ting disorders should be identified or ex-
luded. The recommended laboratory evalua-
ion provides information regarding the degree
nd cause of anemia, activity of the erythroid
nd nonerythroid marrow, and assessment of
ron stores and iron availability for erythropoi-
sis. In particular, clinicians should consider
auses of anemia other than erythropoietin
eficiency when: (1) severity of the anemia is
isproportionate to the deficit in renal func-
ion; (2) there is evidence of iron deficiency, or
3) there is evidence of leukopenia or thrombo-
ytopenia. An evaluation of the cause of ane-
ia should precede initiation of ESA therapy.
his guideline provides a framework for under-
tanding the tests used in the initial evaluation
f anemia and sheds light on the utility of test

esults in evaluating iron status. t

American Journal of Kidney28
RATIONALE

nitial Assessment of Anemia

The CBC provides information about the sever-
ty of anemia, adequacy of nutrients (including
olate, vitamin B12, and iron), and adequacy of
one marrow function.
Severity of anemia is assessed best by measur-

ng Hb concentration rather than Hct because Hb
s a stable analyte that is measured directly. The
b assay is standardized and is not influenced by
ifferences in instrumentation. Conversely, Hct
easurement is relatively unstable and lacks

tandardization. The Hct result is derived indi-
ectly by automated analyzers and is instrumen-
ation dependent.16 Analytical advantages of Hb
evel over Hct are described next.2

Although blood-sample storage conditions
ave no effect on Hb measurement, Hct in-
reases with storage temperature and duration
ecause stored red blood cells swell. The MCV
rom which the Hct is calculated (MCV � eryth-
ocyte count) increases after 8 hours of storage at
oom temperature and after 24 hours when refrig-
rated.86 The degree of MCV increase after
ample storage may erroneously elevate the re-
ulting Hct value by as much as 2 to 4 Hct
ercentage points.87 Long sample shipping dis-
ances and sample transit times, as commonly
equired for US dialysis facilities, increase the
isk for introducing error into Hct results.

Hyperglycemia is associated with an increase
n MCV (but not Hb level) and therefore spuri-
usly elevates the Hct result.88,89

The coefficient of variation for same-sample
ct is greater than that for Hb, largely because of
ariability in the number and size of erythrocytes
ounted to calculate the Hct.90 Within-run and
etween-run coefficients of variation in auto-
ated analyzer measurements of Hb are one half

nd one third those for Hct, respectively.91

For these reasons, Hct is an unacceptable test
o evaluate anemia, and Hb should be the stan-
ard measure for assessing anemia.
Hb should be measured on standardized auto-
ated blood count analyzers in an accredited

aboratory. In patients with non–dialysis-depen-
ent (ND) CKD (ND-CKD) and patients with
D-dependent CKD (PD-CKD), the timing of
he blood sample draw is not critical because

Diseases, Vol 47, No 5, Suppl 3 (May), 2006: pp S28-S32
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTS S29
lasma volume in these patients remains rela-
ively constant. However, in patients with HD-
ependent CKD (HD-CKD), interdialytic weight
ain contributes to a dilutional decrease in Hb
evel, whereas intradialytic ultrafiltration pro-
otes a contractional increase in Hb level. Thus,
sample obtained immediately before dialysis

nd during volume expansion underestimates the
uvolemic Hb level, whereas a sample obtained
mmediately after dialysis overestimates the euv-
lemic Hb. In a study of 68 stable HD patients,
ean predialysis versus postdialysis Hb levels
ere 10.5 � 1.3 and 11.5 � 1.3 g/dL, respec-

ively.92 There was a strong linear inverse corre-
ation between percentage of change in Hb and
ct values and percentage of change in body
eight, indicating that increments in Hb and Hct
alues after dialysis were a direct function of the
ntradialytic variation in body weight and degree
f ultrafiltration. Moreover, the predialysis Hb
evel measured after a long interdialytic period
3 days) was 0.5 to 0.6 g/dL less than the predi-
lysis Hb level measured after a short interdia-
ytic period (2 days). Among all pre-HD and
ost-HD Hb values, levels measured at the end
f short intervals were closest to the mean Hb
alue of the week, derived from calculation of
he area under the curve.93

Given the relationship between Hb level and
nterdialytic weight gain in patients with HD-
KD, midweek predialysis sampling theoreti-
ally is optimal. However, information that pa-
ient outcomes are affected by sampling day in
atients with HD-CKD is lacking. Moreover,
ogistical considerations preclude sampling all
atients with HD-CKD at midweek. Therefore,
ampling for Hb determination should be per-
ormed before dialysis without specific reference
o dialysis day. In the interpretation of results,
onsideration should be given to the potential
ffect of the patient’s volume status.

In addition to Hb, other reported results of the
BC may convey important clinical information.
eficiency of folate or vitamin B12 may lead to
acrocytosis, whereas iron deficiency or inher-

ted disorders of Hb formation (�- or �-thalasse-
ia) may produce microcytosis. Macrocytosis
ith leukopenia or thrombocytopenia suggests a
eneralized disorder of hematopoiesis caused by
oxins (eg, alcohol), nutritional deficit (vitamin

12 or folate deficiency), or myelodysplasia. p
hen these findings are present, further diagnos-
ic evaluation may be indicated. Hypochromia
low MCH) likely reflects longstanding iron-
eficiency erythropoiesis.
In general, the anemia of CKD is normochro-
ic and normocytic; that is, morphologically

ndistinguishable from the anemia of chronic
isease. It characteristically is hypoproliferative:
rythropoietic activity is low, consistent with
nsufficient erythropoietin stimulation. Prolifera-
ive activity is assessed by determination of the
bsolute reticulocyte count, the reticulocyte in-
ex, and the reticulocyte production index. The
ormal absolute reticulocyte count ranges from
0,000 to 50,000 cells/�L of whole blood. The
eticulocyte index is calculated from the ratio of
bserved to normal reticulocyte count. Thus:

eticulocyte index

� �observed absolute reticulocyte count�
� �normal absolute reticulocyte count�

Conversely, the reticulocyte production index
orrects for the effects of erythropoietin-stimu-
ated early release of reticulocytes from the bone
arrow. Early release shortens the fraction of

ime reticulocytes mature in marrow and propor-
ionally prolongs their maturation time in circula-
ion. The result of early release is an increase in
otal reticulocyte count. However, that increase
eflects the premature shift to the circulation, not
ncreased erythroid production.94 Normal matu-
ation time in circulation is 1 day. The expected
aturation time, presuming a sufficient erythro-

oietin response to anemia, increases to 1.5 days
t Hb values between 10 and 13 g/dL, 2 days at
alues between 7 and 10 g/dL, and 2.5 days at
alues between 3 and 7 g/dL. The reticulocyte
roduction index is calculated by dividing the
eticulocyte index by the expected maturation
ime. Thus:

eticulocyte production index

� �reticulocyte index�
� �expected maturation time�

In an anemic patient, a reticulocyte production
ndex greater than 3 is evidence of a normal

roliferative response to anemia, whereas a pro-
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTSS30
uction index of 2 or less is regarded as hypopro-
iferative, ie, little or no effective response. Al-
hough there is significant between-patient vari-
bility in absolute reticulocyte count, the test is
ufficiently useful to serve its intended purpose
s a semiquantitative marker of erythropoietic
ctivity. The specific utility of the reticulocyte
roduction index for the diagnosis and manage-
ent of anemia in patients with CKD has not

een evaluated.
By contrast, erythropoietin levels are not rou-

inely useful in distinguishing erythropoietin de-
ciency from other causes of anemia in clinical
ettings.18,19,85,95,96

valuating Iron Status in Anemic Patients
ith CKD

Iron status test results reflect either the level of
ron in tissue stores or the adequacy of iron for
rythropoiesis. Serum ferritin level is the only
vailable blood marker of storage iron. Tests that
eflect adequacy of iron for erythropoiesis in-
lude TSAT, MCV, and MCH and the related
ndices, percentage of hypochromic red blood
ells (PHRC) and content of Hb in reticulocytes
CHr). Because long sample transport and stor-
ge times spuriously elevate PHRC results, the
HRC test is not suitable for routine use in many
atient-care settings. MCV and MCH decrease to
ess than normal range only after long-standing

ron deficiency. Thus, timely and reliable assess- a
ent of the adequacy of iron supply for erythro-
oiesis generally requires results of either TSAT
r, when available, CHr. We further recommend
esting Hb, ferritin, and TSAT or CHr together
ecause the combination provides important in-
ight into external iron balance and internal iron
istribution. The distribution of ferritin and TSAT
y age and sex in the general population is
hown in Fig 12.

Testing iron status before treating anemia in
atients with CKD serves 2 purposes: to assess
he potential contribution of iron deficiency to
nemia and determine whether further evalua-
ion for sources of gastrointestinal (GI) bleeding
s needed. Iron status testing is poorly suited to
erve a third purpose, the prediction of respon-
iveness to iron therapy, because no single iron
est or combination of tests discriminates iron-
esponsive from iron-unresponsive patients and
ecause patients respond to intravenous (IV) iron
herapy even when iron status results are substan-
ially greater than the range associated with evi-
ence of iron deficiency (Guideline 3.2).
The potential contribution of iron deficiency

o anemia is demonstrated best by examining the
elationship between iron status test results and
b difference from a reference value. Not surpris-

ngly, the nature of the relationship depends on
hether the test measures iron stores or iron

Fig 12. Distribution of ferritin and TSAT
values by age group in males and females.
Data are given as 5th, 50th, and 95th per-
centiles. Centers for Disease Control and
Prevention; National Center for Health Sta-
tistics, 2005.40
dequacy for erythropoiesis.
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The relationship between measures of iron
tores (serum ferritin) and Hb difference from
eference is shown in Fig 13. In patients with
D-CKD, Hb values do not decrease to less than

eference level except at the lowest ferritin levels
�25 ng/mL in males and �11 ng/mL in fe-
ales). These ferritin results closely approxi-
ate the fifth percentile of serum ferritin values

n a randomly selected population (males � 20
ears, 33 ng/mL; females � 60 years, 15 ng/mL;
S Renal Data System [USRDS] special data

equest, NHANES 1999 to 2002 data set) and
ikely represent sex-specific thresholds at which
ron stores are exhausted in patients with ND-
KD.
In patients with HD-CKD, the relationship

etween serum ferritin and Hb values is less
lear, probably because the relationship between
erritin level and iron stores may be disturbed. In
elatively healthy patients with HD-CKD before
idespread use of IV iron therapy, the finding of
ferritin level less than 50 ng/mL was not

ncommon97 and was associated with absent
one marrow iron in approximately 80% of pa-
ients.98 However, in patients with a greater
isease burden, absent iron stores may still be
ound at ferritin levels approaching or even ex-
eeding 200 ng/mL.99

The relationship between adequacy of iron
upply for erythropoiesis (from TSAT) and Hb

Fig 13. Distribution of Hb levels by ferritin
ange in patients with CKD. Results shown as
ean 95% � CI for parameter estimates. Re-

rinted with permission.26
ifference from reference in patients with ND-
KD is shown in Fig 14. The relationship be-

ween TSAT and Hb values is continuous and
elatively linear throughout the encountered range
f TSAT values (Fig 14). There is no obvious
hreshold or cutoff value of TSAT below which
he prevalence of anemia is sharply higher or the
evel of Hb is sharply lower. Hb values are
ignificantly lower than reference (ie, Hb results
een in patients with a TSAT of 20% to 29%)
mong both males and females only when TSAT
s less than 16%. By comparison, analysis of
SAT values in a randomly selected survey popu-

ation showed that the fifth percentile of TSAT
esults in males 20 years and older is 12.5%, and
hat in females 60 years and older is 10.3%
USRDS special data request, NHANES 1999 to
002 data set).
In short, in patients with ND-CKD undergoing

valuation for anemia, ferritin levels less than 25
g/mL in males and less than 12 ng/mL in
emales suggest that storage-iron depletion is
ontributing to anemia. Serum ferritin level is
ess reliable in the evaluation of iron stores in
atients with HD-CKD than in those with ND-
KD. Iron-deficiency erythropoiesis is most

ikely to contribute to anemia when TSAT results
re less than 16%. However, the clinical utility of
SAT is impaired by the absence of a diagnostic

hreshold.

Fig 14. Distribution of Hb levels by TSAT
range in patients with CKD. Results shown as
mean � 95% CI for parameter estimates. Re-
printed with permission.26
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Although iron status tests provide reasonable
arkers to detect iron deficits, there is little

nformation to guide what action should be taken
n response, particularly in regard to further
iagnostic GI workup. In the absence of men-
trual bleeding, iron depletion and iron defi-
iency result from blood loss from the GI tract.
I pathological states—including ulcer disease,

olonic polyps, colorectal carcinoma, Helicobac-
er pylori positivity, and sprue—are common
mong iron-deficient patients referred for esopha-
ogastroduodenoscopy and colonoscopy.100-103

Testing for occult blood in stool is not recom-
ended as part of the evaluation of iron-deficient

atients.104,105 As a screening test for colorectal
arcinoma or precancerous colonic polyps, stool
ccult blood testing commonly is performed, but
high false-negative result rate renders it rela-

ively unreliable.106 However, in a patient with
ron deficiency, the test provides no useful infor-
ation because a positive stool test result only

onfirms a diagnosis that the blood test results
ignifying iron deficiency have already estab-
ished (GI blood loss), while a negative stool test
esult can only be falsely reassuring.

In patients with CKD, occult blood in stool
as found in 6% to 7% of patients with HD-
KD and PD-CKD and nearly 20% of patients
ith ND-CKD.107 Among patients with heme-
ositive stools, follow-up endoscopy identifies
I pathological states (predominantly gastric and
uodenal) in approximately 60% of patients.
owever, because the likelihood of finding GI

esions in patients with CKD with and without
eme-negative stools has not been examined,

ritical information to establish the sensitivity t
nd specificity of occult blood testing in the
arget population is lacking. Moreover, there is
o information comparing the clinical utility of
ccult blood testing with that of endoscopy in the
elevant patient population with iron deficiency,
nemia, and CKD or in any target population
ith iron deficiency. Finally, there is no evidence

hat either endoscopy or other additional GI
maging improves patient outcomes when rou-
inely conducted for the evaluation of iron defi-
iency. Thus, although colonoscopy can be part
f an age-appropriate cancer screening and
sophagogastroduodenoscopy should be strongly
onsidered if iron deficiency is confirmed in an
nemic patient with CKD, there is insufficient
vidence to recommend their routine use for
nemia evaluation.

In conclusion, although epidemiological evi-
ence yields a consistent definition of iron deple-
ion (ferritin � 25 ng/dL) and iron deficiency
rythropoiesis (TSAT � 16%), in the absence of
ufficient evidence that demonstrates therapeutic
onsequences based in these threshold values
nd in the presence of information that therapeu-
ic intervention should be guided by other factors
see Guideline 3.2), these definitions lack spe-
ific recommendations for action and thereby fall
hort of constituting a guideline statement or
PR.

urther Evaluation

These tests are recommended only for the the
nitial evaluation of anemia. Should initial evalu-
tion yield evidence for disorders other than
rythropoietin deficiency or iron deficiency, fur-

her evaluation is warranted.
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reatment thresholds in anemia management de-
cribe the intended goal of current treatment for the
ndividual patient. The Hb treatment range repre-
ents the intended goal of ESA and iron therapy.

2.1.1 Lower limit of Hb:
In patients with CKD, Hb should be
11.0 g/dL or greater. (MODERATELY
STRONG RECOMMENDATION)

.1.2 Upper limit of Hb:
In the opinion of the Work Group, there
is insufficient evidence to recommend
routinely maintaining Hb levels at 13.0
g/dL or greater in ESA-treated patients.

BACKGROUND
Previous (2001) KDOQI Guidelines for the

reatment of the Anemia of CKD2 incorporated
he following lines of evidence to support a
ecommended Hb target level of 11.0 to 12.0
/dL in patients with CKD:

● Observational evidence showed that mor-
tality rates were lower in HD patients with
Hb values close to this range in compari-
son to HD patients with lower Hb levels.

● Observational evidence in patients with
HD-CKD and those with ND-CKD showed
an association between anemia and left
ventricular hypertrophy (LVH).

● A reasonable body of evidence from ran-
domized controlled trials (RCTs) compar-
ing distinct Hb level targets suggested that
partial correction of anemia, to levels of
approximately 11 to 12 g/dL, led to im-
proved QOL.

● A limited body of evidence from distinct-
target RCTs suggested that partial correction
of anemia, to levels of approximately 11 to
12 g/dL, led to partial regression of LVH.

● A single large RCT examining patients
with HD-CKD with patients with overt
CVD suggested that Hb level targets of 14
g/dL do not improve the primary study
outcome of death or myocardial infarction
(MI) and appear to jeopardize dialysis
vascular access compared with Hb levels
of 10 g/dL.

o develop the current guideline, we undertook a

omprehensive reexamination of the available o

merican Journal of Kidney Diseases, Vol 47, No 5, Suppl 3 (May
vidence that encompassed both the RCTs previ-
usly cited and RCTs published since the previ-
us analysis. Because each RCT included iron
gents as an adjunct to ESA, the guideline
ncludes references to both.

RATIONALE

b Level Should Be 11.0 g/dL or Greater

Evidence to support a recommended target Hb
evel demands the highest order of methodologic
igor. To determine the recommended target Hb
evel, we confined consideration to results gained
rom RCTs that enrolled patients who are repre-
entative of the key CKD populations (anemia in
atients with ND-CKD, PD-CKD, and HD-CD),
ssigned patients to at least 2 distinct target Hb
evel groups (treatment versus placebo/control or
igher versus lower Hb level), assessed out-
omes that are important to patients, and re-
orted results of between-group comparisons.
e based our conclusions on evidence that,
hen taken together, reflected high or at least
oderate overall quality. Such evidence has few

imitations, shows consistency among trials, bears
irect relevance to the anemic CKD population,
nd lacks sparseness or substantial bias. We gave
eight to between-group differences (effect sizes)

hat are not only statistically significant, but also
linically meaningful, particularly when consid-
ring QOL. When weighing evidence of im-
roved outcomes against the potential for in-
reased risk, we sought to determine the Hb
evel(s) at which a patient can expect an overall
et benefit. Finally, we required that the recom-
ended target Hb statement be clear and unam-

iguous and the target Hb level be achievable in
ractice.
Evidence supporting the statement that Hb

evel should be 11.0 g/dL or greater includes
esults from 22 RCTs and is presented both in
etail for each trial Table 12 through 19) and in
ummary for each outcome ( Table 20 and Table
1). The evidence is confined to results of be-
ween-group comparisons generated by trials ran-
omizing patients to distinct intent-to-treat Hb
argets, using “ESA versus placebo” or “ESA
ower Hb target versus ESA higher Hb target”
esigns (Fig 15). We excluded evidence from

bservational studies. Cohort-based observa-

), 2006: pp S33-S53 S33



Table 12. RCTs Examining Effects of Distinct Hb Targets/Levels on Key Clinical Outcomes in the HD-CKD and PD-CKD Populations 

Arm 1 Clinical Outcomes (Arm 1 vs. Arm 2 vs. Arm 3)

Arm 2Author, Year N 

C
K

D
 S

ta
ge

 

B
as

el
in

e 
a

H
b 

(g
/d

L)
 

Fo
llo

w
-u
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Arm 3

Mean Hb 
(g/dL) 
Target 

(Achieved) 

CVD
Events

(%)
LVH

Mortality 
(%)

Hospitali- 
zation 

Dialysis 
Adequacy

Transfusion
(%) QOL b Q

ua
lit

y 

ESA vs. ESA               

ESA High 
14.0  

(12.7-13.3) Besarab, 1998 108 1,233 
HD-
CKD

10.2 14                
ESA Low 10.0 (10.0) 

*Nonfatal 
MI

3.1 vs. 2.3 
NS c

—

*29.6 
vs. 

24.4 
NS c

NS
∆Kt/V:  

–0.03 vs. +0.06  
P <0.001 

21 vs. 31 
P = 0.001

See QOL 
Table

ESA High 
13.5-14.5 

(13.3) 
Parfrey, 2005 109  596 

HD-
CKD

11.0 24                 
ESA Low 

9.5-11.5  
(10.9) 

CVA:
4 vs. 1 

P = 0.045 
Other CVD: 

NS

*NS NS — 
∆URR:

0 vs. +2 %  
P <0.05 

—
See QOL 

Table

ESA High 13-14 (13) 
Foley, 2000 110 146 

HD-
CKD

10.4 11     ESA Low 
9.5-10.5 
(10.5) 

NS *NS NS — 
Kt/V:
NSh —

See QOL 
Table

ESA High 
11.5-13  
(11.7) 

*High vs.  
Low: 
NS

ESA Low 
9.5-11 
(10.2) 

CanEPO, 1990-
1991 49, 117 118

HD-
CKD

7.0 6    

Placebo (7.4) 

— — NS — — 

3 vs. 3 vs. 
72

ESA vs. 
Placebo:  
P <0.05 f

ESA vs. 
Placebo: 
P = 0.024 

ESA High 
13.5-16.0

(3.6)
Furuland, 2003 118 416 

4-5
PD-
CKD

HD-CKD d

10.9 12    
ESA Low 

9-12
(11.3-11.7) 

— — NS NS — — 
*See 
QOL
Table

ESA High e <11 (8.7) 
ESA Low (8.2) 

Suzuki, 1989 119 179 
HD-
CKD

6.3 2  
Placebo (6.1) 

— — — — — 

8 vs. 5 vs. 
23

ESA vs. 
Placebo:  
P <0.05 

See QOL 
Table

ESA High 
13.5-16.0 

(14.3) 
Furuland, 2005 120

Substudy of Furuland, 
2003

24
HD-
CKD

11.1 5.5  
ESA Low 9-12 (10.9) 

— — — — 
∆Kt/V:  

–0.1 vs. 0 
nd

— —

ESA High e 14 (14) McMahon, 
1999,2000 121, 122 14

HD-
CKD

8.5 1.5  ESA Low 10 (10) 
--- — — — — — P <0.02 
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Arm 1 Clinical Outcomes (Arm 1 vs. Arm 2 vs. Arm 3)

Arm 2Author, Year N 

C
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 S
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ge

 

B
as

el
in

e 
a

H
b 
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  (
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Arm 3

Mean Hb 
(g/dL) 
Target 

(Achieved) 

CVD
Events

(%)
LVH

Mortality 
(%)

Hospitali- 
zation 

Dialysis 
Adequacy

Transfusion
(%) QOL b Q

ua
lit

y 

ESA vs. Placebo                

ESA
10.7-12.7 

(11.2) Nissenson, 1995 123 152 
PD-
CKD

8 6-9 
     

 Placebo (8.0) 
— — NS — — 

∆U/pt/4 wk 
–0.21 vs. 

+0.42 
P <0.05 

 —

ESA
10-11.7  

(10.6-10.9)Bahlmann, 1991 124 129
HD-
CKD

7.7 6   
Placebo (7.8)

NS — NS — — 
9 vs. 60  
P <0.05 

—

ESA e 10-11.7  
(11.3) 

Sikole, 1993 125 38 
HD-
CKD

6.7 12
Control (8.3) g

—

*LVEDd
(mm)
48 vs. 

53
P = 0.002

— — — — — 

ESA vs. Placebo in Pediatric Patients             

ESA
10.5-12  
(11.2) 

Morris, 1993 126 11 

PD-
CKD
HD-
CKD

7.3 6    
Placebo (7) 

— — — — — — 
*See 
QOL
Table

Footnotes:
* Primary Outcome, if clearly indicated. 
a. All baseline data given for arm 1, unless otherwise specified.  
b. Global Scores, if documented, are provided here. Refer to Tables 13 and 19 for details of QOL measurements. 
c. The primary outcome was a composite of nonfatal MI or death. RR 1.3, 95% CI 0.9-1.8, P>0.05. 
d 294 HD-CKD, 51 PD-CKD, 72 ND-CKD patients.  
e. Iron cointervention not documented. 
f. Data at 8 weeks. 
g. Median. 
h. LVD subgroup: Kt/V 1.41 vs.1.50, P=0.025 

Coding of Outcomes: 
Mortality: All-cause mortality. 
CVD Event: Includes CHF exacerbation, MI, arrhythmias, angina, interventional procedure such as CABG or angioplasty, sudden death, CVA. 
LVH: As identified by echocardiography with minimum of 6 month follow-up. 
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Table 13. RCTs Examining Effects of Distinct Hb Targets/Levels on QOL in the HD-CKD and PD-CKD Populations 

 ) 3 mrA .sv 2 mrA .sv 1 mrA( LOQ 1 mrACKD Stage 
Arm 2 Author, Year N 

Baseline 
Hb (g/dL) 

Follow-
up (mo) 

Applic-
ability 

Arm 3 

Mean Hb  
(g/dL) 
Target 

(achieved) 

Primary Outcome 
of Study Scale/Test Global 

QOL
Vitality and Fatigue Other Measures of QOL 

Quality 

  hgiH ASE  )DH( 5 13.5-14.5 (13.1) 
KDQOL

subscales: 
SF-36 Vitality and 
Quality of Social 

Interaction 

SF-36 Vitality: + Social Interaction: NS 
Parfrey, 
2005 109 324

11.0 

24                 a 

ESA Low 9.5-11.5 (10.8) 

LV volume index 

FACIT Fatigue 
Scale

   SN

 

Physical: +
ESA High 11.5-13 (11.7) 

Relationships: +

Depression: +
KDQ Fatigue: +

Frustration: NS 

5 (HD) 

ESA Low 9.5-11 (10.2) 
Physical: +SIP +

Psychosocial: NS 

CanEPO,
1990-
1991 49, 117

118

7.0 

6   b 

Placebo (7.4) 

QOL and functional 
capacity c

 SN   OTT

 hgiH ASE )DH( 5
14.0

(12.7-13.3) Besarab, 
1998 108 1,233 

10.2 

14      

ESA Low 10.0 (10.0)

Mortality and 
nonfatal MI 

SF-36   Physical: + d
 

Physical Symptoms: NS 
Depression: +

Relationships: +
KDQ f Fatigue: +

Frustration: NS 

5 (HD)
ESA High  13-14 (13)  

Physical Function: NS
General Health: NS 

Bodily Pain: NS 
Social Functioning: nd 

Emotional Role: nd 

SF-36  Vitality: NS 

Mental Health: nd 

Foley, 
2000 110

94

10.1 

12   e

ESA Low 9.5-10.5 (10.5) 

∆LV mass index in 
individuals with 

concentric LVH; ∆
cavity volume index 
in individuals with 

LVD

HUI     
Mean HUI = 0.81
(CI: 0.78, 0.85) 

Physical: +4-5
(PD,HD)

ESA High 13.5-16.0 (13.6) 
Relationship: NS 

Depression: +

Furuland, 
2003 118 253

10.9 
12   

ESA Low 
9-12

(11.4) 

QOL and safety  KDQ  Fatigue: NS g

Frustration: NS g

 

  )41( 41 hgiH ASE  )DH( 5 Physical: NS  McMahon, 
1999, 
2000 121, 122

14
8.3 

1.5   
ESA Low 10 (10) 

Several primary 
outcomes, including 
QOL and exercise 

performance 

SIP +
Psychosocial: +
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Footnotes: 
a. No CVD or LVD. 
b. All individuals had LVD or LVH at baseline, no CVD. 
c. Data shown for ESA arms vs. Placebo. All statistical comparisons for ESA High vs. ESA Low were not significant. 
d. Increased by 0.6 point for each percentage point increase in Hct. 
e. Free of marked comorbidity. 
f. Results given are from repeated measures analysis of variance. 
g. P = 0.05 
h. 25-Part Parental Questionnaire, modified from a previously used questionnaire126. Questions covered various aspects of the child’s well-being and behavior, including mood and psychological behavior, social interaction, somatic 

complaints and general health, sleep, diet, school functioning, and physical performance.  

Coding of Outcomes:
Coding of comparison of study arm 1 versus study arm 2: (+) better, (–) worse with reference to benefit for patient. 

Key to QOL Measurement Scales/Tests: 
36-item Medical Outcomes Study Short-Form Health Survey (SF-36): Evaluates eight health-related aspects: physical function, social function, physical role, emotional role, mental health, energy, pain, and general health perceptions. 

Each portion of the test is scored on a scale that ranges from 0 (severe limitation) to 100 (no limitation).  
Center for Epidemiologic Studies Depression Scale (CESDS): Has been used extensively in epidemiological studies of the general community and chronic disease populations. It is scored from 0 to 60, with higher scores indicating a 

greater number of depression symptoms.  
Functional Assessment of Chronic Illness Therapy (FACIT):  Collection of QOL questionnaires targeted to the management of chronic illness 
Health Utilities Index (HUI): Provides an overall index of health, derived from scores in 7 aspects: sensation, mobility, emotion, cognition, self-care, pain, and fertility. This is an interval scale that can vary in theory between 0 (death) and 

1 (perfect health).  
Karnofsky Performance Scale (KPS): Uses 10 steps with scores ranging from 100 (normal, without any limitation) to 10 (moribund) as an overall indicator of functional ability and self-sufficiency. It is considered an objective quality-of-life 

indicator. 
Kidney Disease Quality of Life (KDQOL): Validated in dialysis patients. The Short Form (SF) version used for assessment of vitality.  
Kidney Diseases Questionnaire (KDQ): Is validated in dialysis patients. Contains 26 questions divided into 5 sections: patient-specific physical symptoms, fatigue, depression, relationships, and frustration. All questions are scored on a 

7-point Likert scale (7 = no problem, 1 = severe problem). 
Quality of American Life (QoAL): Asks the patient to rate his or her satisfaction with life on a scale from 1 to 7, with higher scores indicating greater satisfaction. 
Renal Quality of Life Profile (RQoLP): Instrument based on constructs representing renal patient’s own QOL determinants.  
Sickness Impact Profile (SIP): Is a behavior-related questionnaire that evaluates non–disease-specific, sickness-related behavioral dysfunction. It is widely used for end-stage renal disease patients and in studies evaluating quality-of-

life improvement with ESA treatment for end-stage renal disease-related anemia. The SIP includes 136 items grouped into 12 categories of activity in physical and psychological dimensions. Scores range from 0 (no behavioral 
dysfunction) to 100 (100% dysfunction in a category or group). Unlike the KPS and the KDQ, lower scores for the SIP indicate better QOL.  

Time Trade-off (TTO): Is a unidimensional measure of QOL that gives a value to a patient’s QOL ranging from 1.0 (full health) to 0 (patient is indifferent between life and death). This is a utility measure using the time trade-off 
hypothesis.  

Arm 1 QOL (Arm 1 vs. Arm 2 vs. Arm 3 ) 
CKD Stage 

Arm 2 Author, Year N 
Baseline 
Hb (g/dL) 

Follow-
up (mo) 

Applic-
ability 

Arm 3 

Mean Hb  
(g/dL) 
Target 

(achieved) 

Primary Outcome  
of Study Scale/Test Global 

QOL
Vitality and Fatigue Other Measures of QOL 

Quality 

Pediatric Patients          
Sleep: NS 5

(PD,HD)
ESA 10.5-12 (11.2) 

Diet: NS 
School Performance: NS 

Morris, 1993 
126 10

7.0 
8  

Placebo (6.5) 

QOL, diet, exercise 
tolerance, and PD 

efficiency 

25-part Parental 
Questionnaire h

NS

Physical Performance/ 
General Health 
(includes school 
attendance): + Psychosocial: NS 
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Table 14. Non-CVD/Mortality AE Rates in RCTs Examining Distinct Hb Targets/Levels in HD-CKD and PD-CKD Populations: ESA versus ESA 

Arm 1 AEs (Arm 1 vs. Arm 2 vs. Arm 3) 

Arm 2 BP Change or Hypertension Access Thrombosis (%) Seizures Other  Reported AE aAuthor,  
Year

N
D

ia
ly

si
s 

M
od

al
ity

 

Description of 
Intervention 

Fo
llo

w
-u

p 
(m

o)
 

Arm 3 M
ea

n 
H

b 
(g

/d
L)

 
Ta

rg
et

 
(a

ch
ie

ve
d)

 

Definition Outcome Definition Outcome
Description and 

Results To
ta

l D
/C

 o
f 

D
ru

g

618
IV or SC ESA

1.5X pretrial dose;  
adjusted after 2 wk 

ESA High 
14.0 

(12.7-13.3) 
0

Besarab, 
1998 108

615

HD b

IV or SC ESA adjusted 

14

ESA Low 
10.0 

(10.0) 

Mean SBP and DBP 
during the study c NS

Both AV graft and 
AV fistulae 

39% vs. 29% 
(P = 0.001) 

NS — 

0

 hgiH ASE 482
13.5-14.5 

(13.3) 
Parfrey, 2005 109

281

HD 
IV or SC ESA for 24 wk  

to reach target then 
maintained for 72 wk 

24

ESA Low 
9.5-11.5
(10.9) 

Hypertension not 
specified 

NS

AV fistulae, 
permanent 

catheter, non-site 
specific embolism 

23% vs. 19%  
(NS) 

—

Overall treatment 
emergent AE in ≥10% of 

patients:  
96% vs. 94% d

nd

216 SC ESA TIW ESA High 
13.5-16.0  

(13.4-14.3) 
34

Furuland, 
2003 118

200

HD 
PD e

SC ESA TIW or no 
treatment  

12

ESA Low  
9-12

(11.3-11.7) 

∆ mean DBP from 
baseline 

90 vs. 83 
mm Hg 

(P = 0.02) 

Complication in  
AV graft, AV 

fistulae or catheter 
during study 

5% vs. 2% in HD 
patients only 

(NS) 
—

Individuals with at least 1 
SAE NOS: 51% vs. 

38.5% (NS) 
Thromboembolic: 

Event: 56 vs. 47 per arm 
(NS) f

15

 )7.8( 11< hgiH ASE 95

 )2.8( woL ASE 85Suzuki, 
1989 119

57 

HD IV ESA 3,000 IU TIW 2 

Placebo (6.1) 

Increased dose of 
anti-HTN meds 

5 vs. 4 vs. 1 
individuals 

— — — 
No. of AE NOS  
6.7% vs. 8.3%  

vs. 1.7% per arm g
nd h

 hgiH ASE 37
13-14 
(13)

Foley, 2000 110

73 

HD 

SC ESA  
ESA high arm had a 24 

wk “ramping” phase.  
24 wk maintenance was 

similar in both arms 

11

ESA Low 
9.5-10.5
(10.5) 

Mean SBP, DBP, 
during between 

groups, and use of 
anti-HTN meds 

For LVH: 
significant 
SBP and 
 anti-HTN 

For LVD: NS 

AV access 
8% vs. 14% 

(NS) i
— — nd 

39 
ESA  

200 U/kg 
(11.6) 

40 
ESA  

100 U/kg 
(11.0) 

Abraham, 
1991  127

42 

HD 
IV ESA TIW  

after HD session  
25, 100 or 200 IU/kg 

2.5-4.5

ESA  
25 U/kg 

(8.8)

% of individuals with 
increases in DBP ≥10

mm Hg and/or  
anti-HTN meds 

56% vs. 52% 
vs. 45% 

(NS) 
— — — — nd 
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Arm 1 AEs (Arm 1 vs. Arm 2 vs. Arm 3) 

Arm 2 BP Change or Hypertension Access Thrombosis (%) Seizures Other  Reported AE aAuthor,  
Year

N
D

ia
ly

si
s 

M
od

al
ity

 
Description of 
Intervention 

Fo
llo

w
-u

p 
(m

o)
 

Arm 3 M
ea

n 
H

b 
(g

/d
L)

 
Ta

rg
et

 
(a

ch
ie

ve
d)

 

Definition Outcome Definition Outcome
Description and 

Results To
ta

l D
/C

 o
f 

D
ru

g 

 hgiH ASE 83
11.5-13 
(11.7) 

2

 woL ASE 04
9.5-11  
(10.2) 

2
CanEPO 
1990 49

40 

HD 
IV ESA  

100 IU/kg initial dose; 
titrated to achieve targets 

6

Placebo (7.4) 

Severe HTN  
required withdrawal j

5% vs. 5%  
vs. 0% 

(P = 0.01) 

AV graft or 
AV fistulae clotting 

# of Events:  
7 vs. 4  vs. 1  

(P = 0.01) 

0% vs. 5%  vs. 
2.5%  (NS) 

Nonspecific AEs:  
63 vs. 61  vs. 65 per 

arm k

0

 )0.41( 41 hgiH ASE 41
Berns, 1999 128

14 
HD ESA to maintain target 12 

ESA Low 10 (10.1) 

HTN:  
SBP >140 mm Hg,  

DBP >90 mm Hg; or 
∆ anti-HTN meds. 

Slightly more 
prevalent in 
Low vs. High 

(NS) 

— — — — nd 

 hgiH ASE 8
14

(14.0) 
0McMahon, 

1999, 2000  
(Crossover) 121, 

122 6

HD 

SC ESA 2x/wk  
if total dose <20,000 IU/wk;  

IV ESA TIW  
if total dose >20,000 

IU/wk

1.5

ESA Low 
10

(10)

Mean ABP for peak 
day and nocturnal 

readings taken before 
and after HD 

NS — — — — 

0

Footnotes:  
a. For “Other Reported AE” column, outcomes may be recorded in no. of events per arm, no. of events per patient, or % given heterogeneity in reporting. 
b. All individuals had evidence of CHF and IHD. 
c. Prestudy ABP had to be below 160/100 for 4 weeks prior to study. Subgroup analysis129: 31 patients; mean day & nocturnal BP readings for 24 hr were NS at baseline or at follow-up. 
d. Of these P >0.05 for all comparisons except headache was greater in the ESA High arm and skeletal pain and surgery were greater in ESA Low arm. 
e. Includes some predialysis patients, Stages 4-5 CKD. 
f. Thromboembolic events were defined by WHO classification. 
g. 7 of 10 continued treatment. 
h. Not documented per arm. 3 individuals receiving ESA discontinued treatment. 
i. Patients with ongoing access problems were specifically excluded. The event rates were small and study did not have enough statistical power to detect a moderate impact on access thrombosis; the proportion using natural fistulae in the 

Besarab study was 23% compared to 76% in this study.  
j. DBP was increased in patients on ESA compared to placebo. P = 0.001; no statistical difference between High ESA and Low ESA.
k. Nonspecific events include: clotting of tubing in dialysis machine, flu-like symptoms, headache, red eye, epistaxis or hemorrhage, pain in chest, abnormal sense of taste, aches in bone and muscle. 

Coding of Outcomes: (Variable per Column Description) 
Hypertension: Includes mean changes in SBP, DBP, MAP, increase in use of anti-HTN medications, difficult to control hypertension. 
Access Thrombosis: Synthetic grafts and fistulae. 
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Table 17. RCTs Examining Effects of Distinct Hb Targets/Levels on QOL in the ND-CKD Population 

CKD 
Stage 

 )2 mrA .sv 1 mrA( LOQ 1 mrA
Author, Year N 

Baseline 
Hb (g/dL) 

Follow-
up (mo) 

Applic-
ability 

Arm 2 

Mean Hb (g/dL) 
Target 

(achieved) 

Primary 
Outcome of 

Study Scale/Test Global QOL Vitality and Fatigue Other Measures of 
QOL 

Quality 

 )1.21( 31-21 hgiH ASE 4-3 Physical Health: NS SF-36  NS  
Mental Health: NS Roger, 2004 38 155 

11.2 
24                    a

ESA Low 9-10 (10.8) 
Change in LV 

mass
RQOLP NS   

 

Home Management: 
NS 

Alertness Behavior: NS 
Selected SIP Scales   

Social Interaction: NS 
 )2.11( 7.11 ASE 5-4

Physical Function: +
Role Function: NS Selected SF-36 Scales  Energy: +

Health Distress: NS 
QoAL   NS 

CESDS   NS 

Revicki, 
1995 132

Roth, 1994 81 35

8.9

12     

Control (9.0) 

Health-related 
QOLb

Sexual Dysfunction 
Interview 

  NS 

 

Footnotes:
a. Excluded patients with unstable or poorly controlled angina, severe CHF (grade III-IV), severe chronic respiratory disease, symptomatic peripheral vascular disease, or a created arteriovenous fistula.  
b. The interview incorporated dimensions of HRQL identified to cover the expected effects of ESA therapy and anemia in predialysis CKD patients based on review of medical literature and discussions with nephrologists and nurses. The 

intent was to comprehensively measure broad areas of functioning and well-being.  

Key for QOL Scales: 
36-item Medical Outcomes Study Short-Form Health Survey (SF-36): Evaluates 8 health-related aspects: physical function, social function, physical role, emotional role, mental health, energy, pain, and general health perceptions. Each 

portion of the test is scored on a scale that ranges from 0 (severe limitation) to 100 (no limitation).  
Renal Quality of Life Profile (RQOLP): Instrument based on constructs representing renal patient’s own QOL determinants. 
Sickness Impact Profile (SIP): Established generic health status measure of disability associated with chronic illness. 
Quality of American Life Survey (QoAL): Is a life satisfaction scale from Campbell et al. The Quality of American Life. New York, NY, Russell Sage Foundation, 1976. 
Center for Epidemiologic Studies Depression Scale (CESDS): Has been used extensively in epidemiological studies of the general community and chronic disease populations. It is scored from 0 to 60, with higher scores indicating a 

greater number of depression symptoms. 

A
N

E
M

IA
IN

C
H

R
O

N
IC

K
ID

N
E

Y
D

IS
E

A
S

E
IN

A
D

U
LT

S
S

42



ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTS S43



Table 19. RCTs Examining Effects of Distinct Hb Targets/Levels on Exercise Capacity in the HD-CKD and PD-CKD Populations 

Footnotes: 
a. No CVD or LVD. 
b. All individuals had LVD or LVH at baseline, no CVD. 
c. Data shown for ESA arms vs. Placebo. All statistical comparisons for ESA High vs. ESA Low were not significant. 
d. With cycle ergometer. 
e. Not a significant improvement but did improve over study time.  
f. Only 3 children completed the treadmill test. 

Coding of Outcomes:
Coding of comparison of study arm 1 versus study arm 2: (+) better, (–) worse (with reference to benefit for patient). 

 )3 mrA .sv 2 mrA .sv 1 mrA( LOQ 1mrACKD 
Stage Arm 2 Author, Year N 

Baseline 
Hb (g/dL) 

Follow-
up (mo) 

Applic-
ability 

Arm 3 

Mean Hb 
(g/dL) 
Target 

(achieved) 

Primary Outcome of 
Study Scale/Test Description Results 

Quality 

 hgiH ASE  )DH( 5
13.5-14.5

(13.1)
Parfrey, 2005 109 324 

11.0 

24                 
a
 

ESA Low 9.5-11.5 (10.8) 

LV volume index 6-min Walk Test 
Patients are asked to cover as much 

distance in an enclosed corridor as they 
can in 6 minutes 

NS  

 )7.11( 31-5.11 hgiH ASE  )DH( 5
Naughton Stress 

Test 
Treadmill NS 

ESA Low 9.5-11 (10.2) 
CanEPO, 1990-
1991 49, 117 118 

7.0
6   

b
 

Placebo (7.4) 

QOL and functional 
capacity c

6-min Walk Test  
Patients are asked to cover as much 

distance in an enclosed corridor as they 
can in 6 minutes 

NS

Peak heart rate NS 
  )41( 41 hgiH ASE  )DH( 5

Peak O2 consumption +
McMahon, 
1999,  
2000 121, 122

14

8.3

1.5

ESA Low 10 (10) 

Several primary outcomes, 
including QOL and 

exercise performance 
Exercise Test d

Work done +

Pediatric Patients    

5
(PD,HD) 

 SN  gniklaw nim-2 )2.11( 21-5.01 ASE e

Morris, 1993 126 10 

7.0

8    

Placebo (6.5) 

QOL, diet, exercise 
tolerance, and PD 

efficiency 

Exercise Tolerance 
Test  

Treadmill NS f
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTS S47
ional trials and cross-sectional analyses of large
edical databases, such as within-group analy-

es in RCTs, consistently show that higher
chieved Hb values (including �12 g/dL) are
ssociated with improved patient outcomes, in-
luding lower mortality, less frequent hospitaliza-
ion, and less severe LVH. Conversely, distinct-
arget RCTs consistently show that patients
ssigned to a Hb value of 13 g /dL or greater
how no discernable improvement in survival,
ospitalization, or LVH compared with patients
ssigned to Hb targets less than 13 g/dL and may
e prone to excess adverse cardiovascular events.
he failure of observational associations to be
onfirmed by interventional trials renders use of
bservational evidence unsuitable to support the
evelopment of an intervention guideline state-
ent.
The statement that Hb level should be 11.0

/dL or greater incorporates evidence from Hb
argets ranging from 6 to 16 g/dL (Table 12
hrough Table 21; Fig 15). RCTs conducted be-
ore 1998 are characterized by small study size,
igher target Hb levels within the range of 10 to
3 g/dL, and a lower target Hb level that reflects
ssignment to placebo or no-treatment control.
rials conducted thereafter are characterized by

arger study size, higher target Hb levels within
he range of 12 to 16 g/dL, and lower target Hb
evels between 9 and 12 g/dL. The lesser magni-
ude of between-group Hb level differences seen
n more recent trials is associated with Hb base-
ine values that are greater than those of early
rials and lower target Hb level ranges that are
ubstantially greater than Hb levels previously
een in placebo or untreated controls. In addi-
ion, mean Hb levels achieved in more recent
rials frequently are at or less than the lower limit
f the higher target Hb level range.
Patients in the 19 RCTs reviewed to support

he statement that Hb level should be 11.0 g/d or
reater clearly are representative of the anemic
atients with CKD that the statement intends to
ddress. Ten RCTs enrolled patients with HD-
KD, 1 enrolled patients with PD-CKD, 2 en-

olled patients with both HD and PD-CKD
Tables 12 to 14), and 9 enrolled patients with
D-CKD (Tables 15 and 16). However, the
reponderance of evidence (and thus the greatest
trength of evidence) lies in the HD-CKD patient
group. Although sample size and thus power,



Table 21. Target Hb Levels in the ND-CKD Population 

Summary of Findings 

Outcome 

No. of 
Studies & 

Study 
Design 

Total N 
of 

Patients 

Methodological 
Quality of 
Studies 

Consistency 
across Studies 

Directness of 
the Evidence, 

including 
Applicability 

Other 
Considerations 

Quality of 
Evidence for 

Outcome Qualitative Description of Effect Size 
Importance 
of Outcome 

All-Cause 
Mortality 

5 RCTs 336  
Some 

limitations a  
No important 

inconsistencies 
Some 

uncertainty b   
Sparse data c Very low  Unable to assess benefit or harm with any certainty  High 

Nonfatal  
CV Events 

3 RCTs 249 
Some 

limitations d  
No important 

inconsistencies b 
Some 

uncertainty e  
Sparse data c Very low  Unable to assess benefit or harm with any certainty  High 

LVH 2 RCTs 307  No limitations  
No important 

inconsistencies  
No major 

uncertainties 
None High 

No statistically significant benefit. Difference between 
arms is not statistically significant. However, a trend 
toward LV growth in those maintained at the lower 

Hct. 

Moderate 

QOL 2 RCTs 238 
Some 

limitations f 
N/A g 

Some 
uncertainties h  

Sparse data Low  

Likely some benefit. One study (achieved Hb 12.1 vs. 
10.8 g/dL*) showed no improvement in QOL with early 
ESA intervention. A second study (achieved Hb 10.5 
vs. 8.6 g/dL*) showed statistical improvement in the 

energy subscale, no overall score was provided. 

High  

Transfusion 
Requirement 

1 RCT 83 
Major 

limitations i  
N/Aj 

Some 
uncertainty k 

Sparse data  Very low 

Unable to assess benefit or harm with any 
certainty.There were more transfusions in the control 

arm (23%) than in the ESA arm (9%) but this 
difference was not statistically significant. 

Moderate 

Kidney 
Disease 
Progression 

9 RCTs 502  
Some to major 

limitations l 
Important 

inconsistencies m 
Some 

uncertainty n  
None Low  

Unable to assess benefit or harm with any certainty. 
The larger studies failed to show worsening of the rate 

of kidney disease progression in the ESA-treated 
arms. However, 2 very small studies suggested that 

dialysis started earlier in the occasional patient treated 
with ESA, but no statistics were given. The 2 largest, 1 
study showed statistically significant prolonged renal 
survival in the ESA treated group which was larger in 
the subgroup without diabetes than in the group with 

diabetes.   

High 

Seizures 3 RCTs 39 
Major 

limitations o  
N/A j 

Some 
uncertainty p  

Sparse data  Very low  
Likely no harm. 0 vs. 2 individuals* in all studies noting 

seizures.  
Moderate  

Blood 
Pressure 
Change 

7 RCTs 469  
Major 

limitations q 
Some 

inconsistencies r  
Some 

uncertainty s 
None Low  

Potential harm. Studies either showed no significant 
change in BP with ESA treatment or there was a 

statistically insignificant trend towards patients who 
received ESA needing more antihypertensive 

management.  

Moderate 

Balance of Benefit and Harm: 
Net Benefit at Hb ≥ 11 g/dL based on QOL; Uncertain Trade Off with Increasing Hb Levels, QOL Benefit May Be 

Offset by Potential for Harm 

Quality of Overall Evidence: 
Low 
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ffect size, and strength of evidence generally
re lower in patients with ND-CKD than patients
ith HD-CKD or PD-CKD, the direction of

ffect for key outcomes appears to be the same.
ccordingly, the guideline statement is designed

o address all anemic patients with CKD regard-
ess of the presence, absence, or mode of dialysis
herapy.

Endpoints measured to support the statement
hat Target Hb levels should be maintained at
reater than 11 g/dL reflect key clinical out-
omes important to patients. Measured outcomes
nclude all-cause mortality, nonfatal cardiovascu-
ar events, LVH, hospitalization, QOL, transfu-
ion requirement, access thrombosis, other throm-
oembolic events, seizure, blood pressure change,
ialysis adequacy in patients with HD-CKD, and
idney disease progression in patients with ND-
KD (Table 12 and 16). Accordingly, the Work
roup rated the importance of these outcomes as
igh or moderately high (Table 20 and Table 21).
Most distinct-target RCTs clearly have inad-

quate power to compare AE rates between pa-
ients in lower and higher Hb target groups for
he key safety outcomes, mortality, MI, and cere-
rovascular events (Table 12 and 16). There are 2
xceptions. In patients with HD-CKD with CVD,
atients assigned to a Hb target level of 14 g/dL
howed increased risk for death or MI compared
ith patients assigned to an Hb level of 10
/dL,108 a finding that did not reach significance
relative risk [RR], 1.3; 95% CI, 0.9 to 1.9).
owever, safety concerns prompted early study

ermination. In a second trial of patients with
D-CKD without symptomatic heart disease or

eft ventricular dilation, patients assigned to a Hb
arget of 13.5 to 14.5 g/dL showed a greater rate
f cerebrovascular events than those assigned to
n Hb target range of 9.5 to 11.5 g/dL (P �
.045).109

The risk for vascular access thrombosis in
atients with HD-CKD likely increases as the
arget Hb level increases, over a wide range of
otential Hb level targets. Patients assigned to
b targets of either 9.5 to 11 or 11.5 to 13 g/dL

how increased access thrombosis compared with
lacebo-treated controls,49 as do patients as-
igned to a Hb target of 14 g/dL compared with
hose assigned to a target of 10 g/dL.108 Native
rteriovenous fistulae fare no better than arterio-
venous grafts.49,108Fo * E a. b. c.
 

d. e. f. g. h. i. 
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTSS50
Substantial blood pressure increases requiring
ntervention are seen in ESA-treated patients
egardless of Hb target compared with those
ssigned to placebo or no-ESA control groups.
ncreased antihypertensive use to achieve equiva-
ent blood pressure also has been seen in patients
ssigned to higher Hb targets compared with
ower Hb targets.109,110 However, use of placebo
nd no-treatment control groups is confined to
arly trials in which patients entered with low
aseline Hb levels and, with treatment, showed
arge relative differences between achieved Hb
arget (upper or lower) and baseline Hb levels
Fig 16). Blood pressure effects between upper
nd lower Hb targets appear less prominent in
ecent trials compared with earlier trials; how-
ver, it is unclear whether this difference is
aused by relatively high baseline Hb levels,
mall differences between baseline and either
pper and lower target achieved Hb levels, small
ifferences between upper and lower achieved
arget levels, or differences in patient selection
etween early and more recent trials.
Hospitalizations and seizures appear not to be

ffected by target Hb level in patients with either
D-CKD, PD-CKD, or ND-CKD (Table 20 and

Fig 15. Target and achieved Hb levels in 18 RCTs co
or ESA therapy. Whiskers denote the assigned (intent-
egend). Not shown is Lim 1989, Berns 1999, Abraham 1
2 through Table 21.
able 21). Dialysis adequacy is lower and trans- h
usions less frequent among patients with HD-
KD in higher-target compared to lower-target

reatment groups (Table 20).
In patients with ND-CKD, the effect of Hb

arget on progression of kidney disease is un-
lear. Eight RCTs enrolling more than 500 total
atients yielded inconsistent results. Individual
rials showed either prolongation of kidney sur-
ival, acceleration of progression to kidney fail-
re, or no effect, but many of the trials were
nderpowered to detect potentially relevant ef-
ects in either direction. Because of this limita-
ion, the unavoidable use of compound interven-
ions (early versus late plus lower versus higher
b targets), and the lack of consistency in re-

ults, the Work Group concluded that consider-
tions of kidney disease progression currently
hould not influence the determination of Hb
argets in patients with ND-CKD.

QOL outcomes—particularly those reflecting
itality, fatigue, and physical function—show a
onsistent positive relationship to level of Hb
arget that appears to be continuous within the
xamined Hb level range of 6 to 16 g/dL. Pa-
ients report greater vitality, less fatigue, less
epression, and improved physical symptoms at

g higher against lower (or placebo/control) Hb targets
t) Hb target, data points denote achieved Hb level (see
ee Tables 12 and 14). For literature citations, see Table
mparin
to-trea
igher compared with lower Hb targets. These
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTS S51
esults appear to be instrument dependent be-
ause differences are more readily discernable
ith testing instruments specific for CKD. Other
imensions of QOL show less consistent results
egardless of the instrument used. Although ef-
ect size of QOL outcomes and the quality of
vidence are lower in ND-CKD compared with
D-CKD and PD-CKD trials, the direction of

ffect is similar in all populations tested. The
ork Group rated QOL as highly important to

atients (Table 20 and Table 21).
In developing the statement Hb level should

e 11.0 g/dL or greater, the Work Group con-
luded that—when comparing higher with lower
b targets—QOL is a sufficient and, apparently,

he sole determinant of treatment benefit. How-
ver, both the design of the RCTs supporting that
onclusion and the continuous nature of the
elationship between QOL and Hb level pose
hallenges to translating evidence into a guide-
ine statement. Hb targets in RCTs are designed
o ensure separation of treatment results in higher
b target groups compared with lower Hb target
roups to maximize the possibility that between-
roup treatment effects will be detected. These
argets, whether represented as discrete Hb val-
es (eg, 10.0 versus 14.0 g/dL108) or a range of
b values (eg, 9.0 to 10.0 versus 12.0 to 13.0
/dL38), (1) were not intended to serve as Hb

Fig 16. Baseline mean pretreatment Hb levels com
arget. Results for achieved lower target Hb levels are
arget groups, n � 14 total), Berns 1999 (n � 24), and Kl
evel approaches or exceeds the achieved target Hb lev
pper achieved Hb levels are relatively small. For litera
argets for anemia management in clinical prac- s
ice, (2) are ill suited to the purpose of measuring
linical performance, and (3) if adopted as a
PG, would discourage flexibility in meeting the
eeds of individual patients. Moreover, because
he relationship between QOL and Hb level that
merges from RCT results is continuous, there is
o specific threshold Hb value to distinguish
etween the presence and absence of benefit.
The Work Group considered, but rejected,

dentifying a discrete Hb value (eg, 11.0 g/dL) as
Hb target. A discrete target Hb level affords

larity and simplicity, but is almost universally
mpossible to achieve, renders implementation
s a performance measure difficult, and discour-
ges flexibility in using tradeoff decision making
o meet the needs and preferences of individual
atients.
Similarly, the Work Group considered, but

ejected, identifying a target Hb level bounded
y narrow upper and lower values (eg, 11.0 to
2.0 g/dL). Such a target affords neither clarity
or simplicity, is possible to achieve in only a
inority of patients,111-113 discourages flexibil-

ty in managing individual patients, and likely
romotes cycling of Hb results greater than and
ess than the target.114

The Work Group chose to define a broad
herapeutic range of Hb levels bounded by a
iscrete lower threshold above which Hb level

with achieved mean Hb levels in the upper and lower
own for placebo/control groups. Data for Lim 1989 (4
n 1989 (n � 14) not shown. In recent trials, baseline Hb
rly trials, and differences between baseline and target

tations, see Table 20 and Table 21.
pared
not sh
einma
el of ea
hould be maintained and a upper threshold
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTSS52
bove which Hb should not be routinely main-
ained. This approach makes clear to the practitio-
er that no patient should be maintained intention-
lly at less than the lower threshold, and patients
hould not be routinely maintained at greater
han the upper threshold. We chose 11.0 g/dL as
he lower Hb level threshold. Hb values at or
ear 11.0 g/dL comprise an approximate water-
hed, defining the upper Hb targets of early RCTs
nd the lower targets of more recent trials
Fig 15). Thus, evidence to support the lower
imit of Hb statement draws on the full range of
CTs available and the full range of Hb targets
xamined. This evidence supports the conclusion
hat patients treated to a Hb target greater than
1.0 g/dL likely will experience measurable QOL
enefits with little or no increase in AEs com-
ared with treatment at lower Hb levels.
Hb values greater than 11 g/dL are readily

chievable. Greater than 80% of prevalent pa-
ients with HD-CKD in the United States cur-
ently demonstrate Hb levels of 11.0 g/dL or
reater.28 Among patients with a Hb level less
han 11.0 g/dL, greater than 99.6% achieve Hb
alues of 11.0 g/dL or greater within 6 months
hen prescribed sufficient ESA. Thus, the guide-

ine as stated can be implemented readily in
linical practice and provides a rational founda-
ion for developing clinical performance mea-
ures for anemia management.

In the opinion of the Work Group, there is
nsufficient evidence to recommend routinely
aintaining Hb levels at 13.0 g/dL or greater in
SA-treated patients.
Evidence reviewed in the foregoing rationale

upports the conclusion that QOL benefits associ-
ted with treating to a higher Hb target extend
hroughout the full range of Hb targets examined
o date, spanning 6 to 16 g/dL. However, the
ame evidence suggests that treating to Hb tar-
ets greater than 13 g/dL may increase the risk
or serious AEs. The only trial that had sufficient
ower to examine safety assigned patients to a
arget Hb level of 14.0 g/dL in the higher-target
reatment arms108 and compared outcomes with
hose seen in patients assigned to a lower Hb
arget (10.0 g/dL). That trial was discontinued
or safety concerns. In a second trial, patients
ssigned to a higher Hb target (13.5 to 14.5 g/dL)
howed an increased incidence of cerebrovascu-

ar AEs compared with those assigned to a lower t
arget (9.5 to 11.5 g/dL).109 Two additional trials
ompared the efficacy and safety of Hb targets in
atients with ND-CKD, Cardiovascular Risk Re-
uction by Early Anemia Treatment With Epo-
tin Beta Trial (CREATE; Hb level of 10.5 to
1.5 versus 13.0 to 15.0 g/dL)115 and Correction
f Hemoglobin and Outcomes in Renal Insuffi-
iency (CHOIR; Hb level of 11.3 versus 13.5
/dL).115A The CREATE trial has been com-
leted, whereas the CHOIR trial has been termi-
ated early by decision of the trial safety commit-
ee. Results from either trial are not published at
he time of this writing.

In short, efforts to gain QOL benefits by treat-
ng to Hb targets of 13 g/dL or greater are
ountered by increased risk for life-threatening
r disabling AEs. The statement that There is
nsufficient evidence to recommend routinely
aintaining Hb levels at 13.0 g/dL or greater

ecognizes the concern that, for most patients,
he known risks outweigh the known benefits of
reating to higher Hb level. The phrase insuffi-
ient evidence reflects the finding that published
esults from comparative trials large enough to
xamine safety are relatively limited.

Moreover, the word routinely reflects the cru-
ial limitations of currently available evidence
nd the need for further investigation. For ex-
mple, no clinical trial conducted to date has
xamined target Hb safety and efficacy in selec-
ive subgroups that may especially benefit from
igher Hb targets, including, for example, pa-
ients who live at high altitude, are employed,
ave pulmonary disease, have high levels of
hysical performance, or undergo daily or noctur-
al HD. In the absence of information in these
nd other potential subgroups, medical decision
aking requires weighing known risks and ben-

fits in mixed-study populations against un-
nown risks and unknown benefits in individual
atients.
The statement Routinely maintaining patients

t Hb levels of 13 g/dL or greater makes it clear
hat the recommended upper limit of Hb level
pplies only to patients considered for maintain-
ng a Hb level at 13 g/dL or greater as a
reatment target, not patients for whom Hb level
s likely to transiently equal or exceed 13 g/dL
hile undergoing treatment for a lower Hb tar-
et, and not patients who do not require ESA

herapy. Given the biological variation in Hb
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTS S53
evels in patients with HD-CKD, if the intent of
reatment is to maintain Hb levels at 11.0 g/dL or
reater, a sizeable fraction of patients will neces-
arily show Hb values transiently at 13 g/dL or
reater. Judicious ESA dose adjustments appear
ufficient to correct Hb values above intended
argets within 3 to 6 months.112

LIMITATIONS

imits of Available RCTs

The strength of an RCT is to study a specific
uestion by studying the efficacy of an interven-
ion on specific outcomes in a well-defined popu-
ation. Findings from RCTs thus are often limited
n their generalizability to diverse populations or
o questions related to effectiveness of combina-
ions of interventions on combinations of patient
utcomes. These latter questions are what guide-
ines attempt to address. For example, consider a
ypothetical study designed to compare the ef-
ect of 3 Hb treatment targets: Hb level less than
g/dL, Hb level of 9 to 12 g/dL, and Hb level

reater than 12 g/dL. Patient populations should
e separated into patients with or without CVD
nd: (1) ND-CKD, (2) HD-CKD, (3) PD-CKD,
r (4) transplant-associated CKD. Each discreet
b target, CVD status, and each CKD category
eserves scrutiny. However, this is unfeasible:
he hypothetical RCT would collapse under the
eight of a 3 � 2 � 4 (24-group) study design.
Imagine instead constructing a 24-cell matrix

o represent all possible combinations of Hb
argets, CVD status, and CKD categories that we
ish to examine. If we added all the results from

ll available RCTs to the specific cells addressed
y the available RCTs, we would have to leave
he vast majority of cells empty at this writing.
iven the small number of RCTs and the small

ize of most of the available RCTs, and given the
otential differences between target populations,
lling in empty cells by extending results from

he few completed cells seems unwarranted and
ikely to involve substantial error.

Another critical limitation of the evidence, as

iscussed, is the lack of information about the e
omparative safety and efficacy of lower versus
igher Hb targets in selected subgroups of pa-
ients that may especially benefit from higher Hb
argets.

OL/QOL Trade-Off

QOL, like quantity of life, is a hard patient
utcome. Available evidence confirms that set-
ing Hb targets for individual patients requires
onsideration of the potential trade-off between
OL and survival, MI, cerebrovascular event, or

ccess thrombosis. However, although we know
hat risk assessment varies widely by culture,
ersonal values, level of education, and level of
edical literacy, we lack information on how to

ssist patients with CKD to interpret risk, judge
isk-benefit trade-offs, and express informed pref-
rences. Nevertheless, in everyday medical deci-
ion making, it is important to incorporate in-
ormed patient preference.116

ifferences in Treatment Strategies Used To
chieve Defined Hb Targets

The duration of anemia before initiating ESA
herapy and the size and rate of Hb level correc-
ion each plausibly contributes to risk, benefit, or
oth in anemia therapy. Information on each
ould be directly helpful to clinicians.
Similarly, it is possible that the risks and

enefits associated with a target Hb level depend
n part on which therapeutic agents were used in
he treatment arm. All available hard-outcome
rials to date have used both ESAs and iron
gents together in patients assigned to both treat-
ent and control arms. No trial using ESA alone,

ron alone, or noniron adjuvants alone has been
dequately designed and powered to confirm that
imilar Hb targets afford similar risks and ben-
fits regardless of how they are attained. The
ossibility that each potential class of agents,
ncluding ESAs, oral iron, parenteral iron, and
on-iron adjuvants, shows differing patient out-
omes for equivalent Hb outcomes has not been

xplored.
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SAs are critical components in managing the
nemia of CKD. Available ESAs are each effec-
ive in achieving and maintaining target Hb lev-
ls. Aspects of administration may differ be-
ween short-acting and long-acting agents.

3.1.1 Frequency of Hb monitoring:
3.1.1.1 In the opinion of the Work

Group, the frequency of Hb
monitoring in patients treated
with ESAs should be at least
monthly.

3.1.2 ESA dosing:
3.1.2.1 In the opinion of the Work

Group, the initial ESA dose
and ESA dose adjustments
should be determined by the
patient’s Hb level, the target
Hb level, the observed rate of
increase in Hb level, and clini-
cal circumstances.

3.1.2.2 In the opinion of the Work
Group, ESA doses should be
decreased, but not necessarily
withheld, when a downward
adjustment of Hb level is
needed.

3.1.2.3 In the opinion of the Work
Group, scheduled ESA doses
that have been missed should
be replaced at the earliest pos-
sible opportunity.

3.1.2.4 In the opinion of the Work
Group, ESA administration
in ESA-dependent patients
should continue during hospi-
talization.

3.1.2.5 In the opinion of the Work
Group, hypertension, vascu-
lar access occlusion, inad-
equate dialysis, history of
seizures, or compromised nu-
tritional status are not contra-
indications to ESA therapy.

3.1.3 Route of administration:
3.1.3.1 In the opinion of the Work

Group, the route of ESA ad-
ministration should be deter-

mined by the CKD stage, treat- m

American Journal of Kidney54
ment setting, efficacy, safety,
and class of ESA used.

3.1.3.2 In the opinion of the Work
Group, convenience favors
subcutaneous (SC) adminis-
tration in non–HD-CKD pa-
tients.

3.1.3.3 In the opinion of the Work
Group, convenience favors in-
travenous (IV) administra-
tion in HD-CKD patients.

3.1.4 Frequency of administration:
3.1.4.1 In the opinion of the Work

Group, frequency of adminis-
tration should be determined
by the CKD stage, treatment
setting, efficacy consider-
ations, and class of ESA.

3.1.4.2 In the opinion of the Work
Group, convenience favors less
frequent administration, par-
ticularly in non–HD-CKD
patients.

BACKGROUND
The decision to start ESA therapy in a pa-

ient with CKD-associated anemia invokes an
dditional series of decisions that must be
ade before the first dose is administered.
ach of the following issues must be consid-
red before moving forward: choosing an ESA,
n initial ESA dose, and the route and fre-
uency of ESA administration; planning a Hb
evel monitoring schedule; predicting a desired
ate of increase in Hb level; and anticipating
SA dose adjustments for Hb results, AEs, or

ntercurrent hospitalizations. Making informed
ecisions requires understanding the method
f action of ESAs, then selecting those which
est fit the patient, the patient-care setting, and
he constraints of the health care delivery sys-
em from the range of choices that are known
o be safe and effective.

RATIONALE

efinitions

The term ESA applies to all agents that aug-

ent erythropoiesis through direct or indirect

Diseases, Vol 47, No 5, Suppl 3 (May), 2006: pp S54-S57
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTS S55
ction on the erythropoietin receptor. Currently
vailable ESAs include epoetin alfa, epoetin beta,
nd darbepoetin. Epoetin alfa and beta have been
esigned to resemble closely the endogenous
olecule and have similar pharmacokinetics.
hey are considered “short-acting” in compari-
on to darbepoetin, a second-generation mole-
ule with a prolonged half-life, which is consid-
red “long-acting.”

requency of Hb Monitoring

The statement The frequency of Hb monitor-
ng in patients treated with ESA should be at
east monthly is intended to provide sufficient
urveillance information to assist in achieving
nd maintaining target Hb levels safely and expe-
itiously during ESA therapy. This recommenda-
ion, which fits common practice, follows a chain
f reasoning. The minimum interval between
SA dose adjustments is 2 weeks because the
ffect of most dose changes will not be seen
ithin a shorter interval. Consideration of an
SA dose adjustment is based on the next pro-

ected Hb level. Because the accuracy of projec-
ion (extrapolation) increases with the number of
ontributing data points, the frequency of Hb
onitoring is likely to be an important determi-

ant of the accuracy of ESA dose adjustment.
vidence to support this line of reasoning is

ndirect. Several RCTs have randomized HD
atients with target-range Hb levels to a change
n frequency of ESA administration, a change in
SA class, or both. RCTs that have monitored
b values weekly and adjusted ESA doses as

requently as every 2 weeks have achieved stable
b levels early after randomization.136-138 A

ingle RCT that monitored Hb levels and consid-
red ESA dose adjustment monthly required 6 to
months to stabilize Hb levels after randomiza-

ion,139 but mean Hb level remained within the
arget range for that trial.

Within the recommended ranges for monitor-
ng and dose adjustment, unstable Hb level,
ut-of-target Hb level, and HD favor shorter
ntervals, whereas stable Hb level, within-
arget Hb level, PD, ND-CKD, and minimizing
aboratory resource utilization favor longer
ntervals. The frequency of ESA dose adjust-
ent is unaffected by length of action: during

n 8-week period, given Hb monitoring weekly,

hort-acting ESA thrice weekly or long-acting t
SA once weekly, and consideration for dose
djustment every 2 weeks, 44% to 49% of
atients will actually require dose adjust-
ent.138

SA Dosing

The initial ESA dose and ESA dose adjust-
ents should be determined by the patient’s Hb

evel, the target Hb level, the observed rate of
ncrease in Hb level, and clinical circumstances.

This statement aims to guide medical decision
aking so that the initial rate of increase in Hb

evels is in keeping with the patient’s current
tatus, the treatment setting, and the patient’s
eed for anemia treatment. In general, the objec-
ive of initial ESA therapy is a rate of increase in
b levels of 1 to 2 g/dL per month. Evidence for

he safety of initial ESA therapy derives princi-
ally from interventional trials in patients not
reviously treated with ESAs. In patients with
KD-associated anemia and initial Hb levels

ess than target range, these trials have shown
he mean initial rate of Hb level increase to be in
he range of 0.7 to 2.5 g/dL in the first 4 weeks.
he rate of increase varies greatly and depends

n part on the patient population, initial dose,
osing frequency, and route of administration
Table 22). Hypertension and seizures were noted
n the first 3 months after initiating therapy in
everely anemic patients, but it is unclear whether
hese events occurred within the first 4 weeks
nd whether they were related to the rate of
ncrease in Hb levels.

In general, ESA dose adjustments were not
ade in the first 4 weeks of trials for which

esults are available. The frequency of ESA dose
djustment thereafter should be determined by
he rate of increase in Hb levels during initial
SA therapy, the stability of Hb levels during
aintenance ESA therapy, and the frequency of
b testing. The minimum interval between ESA
ose adjustments in the outpatient setting gener-
lly is 2 weeks because the effect of most dose
hanges will not be seen within a shorter inter-
al.
ESA doses should be decreased, but not

ecessarily held, when a downward adjust-
ent of Hb level is needed. Withholding ESA
oses, particularly for long periods, may lead
o a delayed decrease in Hb levels to less than

arget range. Such a decrease may initiate
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTSS56
eriodic cycling of Hb levels at greater than
nd less than the target Hb range.114 This
nding is in keeping with the mechanism of
ction of ESA in preventing apoptotic death of
FU-Es and early erythroblasts. Should ESA
oses be withheld in an ESA-dependent pa-
ient, a prolonged loss of erythropoietic precur-
ors may result. Accordingly, the Work Group
ecommends that ESA doses not be withheld
outinely for Hb levels greater than target
ange, hospitalization, poorly controlled hyper-
ension, or vascular access occlusion.

The statement Scheduled ESA doses that have
een missed should be replaced at the earliest
ossible opportunity reflects the concern that
issed doses of ESA, like held doses, may lead

o a delayed decrease in Hb levels to less than
arget range. This is illustrated most clearly in
atients who receive ESA dosing every 2 to 4
eeks, but the principle applies to all patients
ndergoing ESA therapy.
Similarly, the statement Hypertension, vascu-

ar access occlusion, inadequate dialysis, history
f seizures, or compromised nutritional status
re not contraindications to ESA therapy aims to
iscourage the practice of withholding ESA
herapy in the presence of conditions potentially
inked to anemia treatment. If these disorders
rise in the course of anemia therapy with ESA,
hey should be treated appropriately with specific

easures. There is no evidence that withholding r
SA therapy improves patient outcomes in these
ettings.

oute of Administration

The route of administration should be deter-
ined by the CKD stage, treatment setting, effi-

acy considerations, and the class of ESA used.
mong patients with HD-CKD, either SC or IV

dministration is possible. In the outpatient set-
ing, SC administration is the only routinely
easible route of administration for patients with
D-CKD and ND-CKD. Among patients with
D-CKD, either SC or IV administration is

easible, but the risk for pure red cell aplasia
PRCA) associated with SC administration, al-
eit small, recently prompted the US Food and
rug Administration (FDA) to recommend the

V route. The relationship between SC ESA
dministration and risk for PRCA experienced
utside the United States is discussed elsewhere
Guideline 3.5).

Among short-acting ESAs, efficacy of SC
dministration in patients with HD-CKD is supe-
ior to that of IV administration. Although many
rials have achieved similar results, the findings
f a single large multicenter RCT are sufficient
o establish the strength of evidence for this
uideline statement.140 In this trial, patients with
D-CKD were eligible for randomization only if

hey were currently receiving epoetin alfa and
heir Hct was within the target range. Upon

andomization (from SC or IV to IV or SC), ESA
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTS S57
oses were first decreased to allow Hb levels to
ecrease to less than target range. Doses then
ere titrated upward to again achieve target Hct

evels, then were adjusted to maintain Hct in the
arget range during a 26-week maintenance phase.
mong patients who completed the trial, those

ssigned to SC administration showed 27% lower
SA doses than those assigned to IV administra-

ion. Mean achieved Hcts did not differ between
roups. Of the patients who, by assignment,
witched from IV to SC administration, 58%
howed a decrease in ESA dose and 23% showed
n increase; among their counterparts who
witched from SC to IV administration, the corre-
ponding proportions were 28% and 49%, respec-
ively. In short, SC administration of short-acting
SAs is associated with an approximately 30%
ecrease in ESA dose for the same target Hb
utcome. However, not all patients show a dose
ecrease after conversion from IV to SC, and
ome will show a dose increase.

Among long-acting agents, efficacy of SC
ompared with IV administration appears to be
quivalent at examined dosing frequencies.137,141

requency of Administration

Frequency of administration should be deter-

ined by the CKD treatment setting and the a
lass of ESA. Selecting frequency of ESA admin-
stration may require a choice between maxi-
um efficacy and optimum convenience and

omfort. Maximum efficacy occurs within dos-
ng intervals that are ESA class specific. For
xample, in patients with HD-CKD receiving SC
hort-acting ESA therapy, ESA efficacy de-
reases when the dosing is extended from thrice-
eekly to once-weekly administration.139 When

very-2-week administration of long-acting ESAs
s extended to every 4 weeks, efficacy either
emains stable142 or decreases incrementally.143

LIMITATIONS

In practice, the use of ESAs is subject to wide
ariability that reflects broad differences in prac-
ice setting, patient preference, and reimburse-
ent constraints. The definition of best practice

herefore should reflect both available evidence
nd prevailing conditions, preferences, and priori-
ies. The evidence base for CPRs on the use of
SAs requires information generated from qual-

ty improvement programs and anemia manage-
ent protocols that examine multiple interven-

ions and explicitly state underlying goals and

ssumptions.
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Anemia therapy in patients with CKD requires
ffective use of iron agents, guided by appropri-
te testing of iron status. Efficacy of iron therapy
ppears not to be limited to patients with evi-
ence of iron deficiency. (See Guideline 1.2 for
iagnosis of iron deficiency.) Thus, the goals of
ron therapy are to avoid storage iron depletion,
revent iron-deficient erythropoiesis, and achieve
nd maintain target Hb levels.

3.2.1 Frequency of iron status tests:
In the opinion of the Work Group,
iron status tests should be performed
as follows:
3.2.1.1 Every month during initial

ESA treatment.
3.2.1.2 At least every 3 months dur-

ing stable ESA treatment or in
patients with HD-CKD not
treated with an ESA.

3.2.2 Interpretation of iron status tests:
In the opinion of the Work Group,
results of iron status tests, Hb, and
ESA dose should be interpreted to-
gether to guide iron therapy.

3.2.3 Targets of iron therapy:
In the opinion of the Work Group,
sufficient iron should be administered
to generally maintain the following
indices of iron status during ESA
treatment:
3.2.3.1 HD-CKD:

● Serum ferritin >200 ng/mL
AND
● TSAT >20%, or CHr >29
pg/cell.

3.2.3.2 ND-CKD and PD-CKD:
● Serum ferritin >100 ng/mL
AND
● TSAT >20%.

3.2.4 Upper level of ferritin:
In the opinion of the Work Group,
there is insufficient evidence to recom-
mend routine administration of IV iron
if serum ferritin level is greater than
500 ng/mL. When ferritin level is
greater than 500 ng/mL, decisions re-

garding IV iron administration should N

American Journal of Kidney58
weigh ESA responsiveness, Hb and
TSAT level, and the patient’s clinical
status.

3.2.5 Route of administration:

3.2.5.1 The preferred route of
administration is IV in
patients with HD-CKD.
(STRONG RECOMMEN-
DATION)

3.2.5.2 In the opinion of the Work
Group, the route of iron ad-
ministration can be either IV
or oral in patients with ND-
CKD or PD-CKD.

3.2.6 Hypersensitivity reactions:
In the opinion of the Work Group,
resuscitative medication and person-
nel trained to evaluate and resuscitate
anaphylaxis should be available when-
ever a dose of iron dextran is
administered.

BACKGROUND

The goal of iron therapy in a patient with
nemia and CKD is to achieve and maintain a
arget-range Hb level. Iron agents may serve as
rimary therapy for selected patients (particu-
arly those with ND-CKD) or as adjuvant therapy
or those also undergoing treatment with an ESA.
dministered as adjuvants to ESAs, iron agents
revent iron deficiency and serve to minimize the
ose of ESA needed to achieve target-range Hb
evels. Designing appropriate iron therapy for pa-
ients with CKD-associated anemia requires an
nderstanding of the interpretation of iron status
est results, the therapeutic significance of iron
tatus levels, and the therapeutic and safety limits
f iron administration. Selecting a route of adminis-
ration, dose, and class of iron agent requires an
nderstanding of the efficacy, safety, and tolerabil-
ty of available iron therapeutics. The stage of CKD
nd treatment setting (HD-CKD and PD-CKD)
eserve consideration not only for practical rea-
ons, but also because the quantity, quality, and
trength of evidence vary among patients with

D-CKD, HD-CKD, and PD-CKD.

Diseases, Vol 47, No 5, Suppl 3 (May), 2006: pp S58-S70
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTS S59
RATIONALE

requency of Iron Status Tests Should Be
very 1 to 3 Months

The purpose of iron status testing is to either
valuate anemia or guide the use of iron agents to
chieve and maintain targets of iron therapy
uring anemia management. Use and interpreta-
ion of iron status tests in the initial evaluation of
nemia are described in Guideline 1.2.

Frequency of iron status testing during anemia
anagement should be determined by the pa-

ient’s Hb level relative to the target range and by
he likelihood of blood loss. Initiation of ESA
herapy, correction of a less-than-target Hb level
uring ongoing ESA therapy, bleeding, and surgi-
al procedures each are likely to promote deple-
ion of iron stores and thereby may call for
ncreased frequency of iron status testing. Simi-
arly, iron status testing is appropriate after treat-
ent with a course of IV iron, to monitor safety

nd adequacy of therapy, and in a patient with
yporesponsiveness to ESA.
Clinical settings in which more frequent iron

esting may be necessary include the following:

1. Initiation of ESA therapy
2. Correction of a less-than-target Hb level

during ongoing ESA therapy
3. Recent bleeding
4. After surgery
5. After hospitalization
6. Monitoring response after a course of IV

iron
7. Evaluation for ESA hyporesponse.

nterpretation of Iron Status Test Results
hould Incorporate Hb and ESA Dose

In a patient undergoing ESA therapy, interpre-
ation of the results of iron status tests should
ncorporate consideration of the Hb level and
SA dose. Together, these results provide infor-
ation important to medical decision making

ecause they elucidate the status of both external
ron balance (net loss or gain of iron) and internal
ron balance (disposition of iron between stores
nd circulating red blood corpuscles). For ex-
mple, a decreasing ferritin level in the presence
f a stable or decreasing Hb level may signify
xternal iron loss (GI bleeding or, in patients

ith HD-CKD, dialysis-associated blood loss). H
n this case, iron therapy may be indicated to
eplace iron deficits. Conversely, a decreasing
erritin level in the presence of an increasing Hb
evel signifies an internal shift in iron from stores
o Hb, as would be expected in a patient respond-
ng to ESA therapy. If iron status remains within
he target range, additional iron administration
ay not be required. If the Hb level is greater

han the target range and is being corrected by
ecreasing the ESA dose, ferritin level may in-
rease as the Hb level corrects. Again, no iron
ay be needed. Finally, an increase in ferritin

evel accompanied by a decrease in TSAT sug-
ests inflammation-mediated reticuloendothelial
lockade and may be accompanied by a decrease
n Hb level and increase in ESA dose. Whether
nd to what extent iron administration is effec-
ive and safe in this setting remains unresolved.

In short, medical decision making in using
ron agents—including initiation of iron therapy,
hoice of route of iron administration, and deter-
ination of dose and duration of iron therapy—

hould be guided by results of iron status tests
aken together with Hb levels and ESA dose,
ombined with a trend analysis of how each has
hanged over time.

argets of Iron Therapy

In this section, we distinguish the therapeutic
se of iron status tests from their diagnostic use.
s diagnostic indices, iron status tests are helpful

n determining the likelihood that iron deficiency
s contributing to a low Hb level in patients with
nemia and CKD (Guideline 1.2). In all patients
ith CKD, as in non-CKD patients, evidence of

ron depletion and iron deficiency should prompt
onsideration of blood loss, and further evalua-
ion may be needed (Guideline 1.2).

By contrast the statement Targets of iron
herapy refers to results of iron status tests as
reatment targets for the safe and effective use of
ron agents. In patients receiving ESA therapy,
ron status treatment targets serve to minimize
he ESA doses required to maintain target-range
b levels. In patients not receiving ESA therapy,

ron status treatment targets serve to maximize
he Hb level and minimize the need to initiate
SA therapy to achieve target-range Hb levels.
argets of iron therapy reflect the treat-to-target
oals for the use of iron agents in patients with

D-CKD, ND-CKD, and PD-CKD with anemia.
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTSS60
ron Targets in Patients With HD-CKD
Evidence to support the development of an

ron target guideline in patients with HD-CKD is
rawn from tissue iron studies (semiquantitative
ron in bone marrow and quantitative iron in
iver), iron challenge tests (response to IV iron
dministration), nonrandomized trials (efficacy
f single-target IV iron intervention), and RCTs
comparing efficacy of 2 different iron targets).
o iron intervention trial has been sufficiently
owered to assess safety. Therefore, the Work
roup sought to recommend iron targets that
alance efficacy with assumptions regarding
afety.

Serum ferritin level greater than 200 ng/
L. Earlier versions of KDOQI guidelines rec-
mmended a target ferritin level greater than 100
g/mL. Two RCTs provide comparative informa-
ion on iron status targets for IV iron therapy
Table 23). In 1 RCT, patients with HD-CKD
andomized to maintain TSAT at 20% to 30%
chieved a mean serum ferritin level of 297
g/mL compared with those randomized to a
SAT of 30% to 50%, who achieved 730 ng/
L.148 Patients in the higher TSAT target group

howed a mean 40% reduction in ESA dose
ompared with those in the lower group. How-
ver, the trial was small; iron status targets were
efined by TSAT, not ferritin level; and ferritin
evel in the high-target TSAT group increased
hroughout the trial and had not reached a steady
tate by the end of study. In the second trial,
atients with HD-CKD assigned to a 200-ng/mL
erritin target compared with those assigned to a
00-ng/mL target achieved mean ferritin levels
f 299 compared with 469 ng/mL, respectively.
atients in the higher serum ferritin group had
nal ESA doses 28% lower than those in the

Table 23. RCTs for Ferritin 
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3,782 IU 

TIW 
287 23.9 

ESA adjusted to 
maintain baseline Hb 
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19 9.8 
312
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hgiH dn 661

DeVita
2003 149

17
5  

10.2 
250

IU/kg/wk 
204 nd 

ESA adjusted to 
maintain Hb of 10.8-

12 g/dL L

Footnotes: 
a. Range of mean TSAT for months 4-6. 
b. Arm 1: 52% vs. Arm 2: 21% had at least a 20% reduction in ESA dose (P <0.05). 
ower ferritin group.149 R
Other available evidence reflects the likeli-
ood of responsiveness to IV iron, but affords
ittle information on the comparative safety and
fficacy of iron status targets. Patients with high
aseline ferritin levels (mean, 930 ng/mL) were
dministered IV iron if TSAT was less than 50%
nd ferritin level was less than 1,000 ng/mL.
fter receiving an average IV iron dose of 38 mg
er week for 12 months, patients showed an
ncrease in ferritin (mean, 1,383 ng/mL) and
SAT (from 27% to 36%) values and a 25% ESA
ose decrease.150 Bone marrow examination in
atients with HD-CKD may reveal little or no
tainable iron in patients with ferritin levels
reater than 100 ng/mL,98 particularly in patients
ith evidence of inflammation.99 It has been

eported that IV iron challenge is associated with
positive response (an increase in reticulocyte or
b values or a decrease in ESA dose) in many
atients with serum ferritin levels greater than
00 ng/mL (Table 24).151-156

Taken together, the evidence suggests that
reater efficacy may be achieved if the lower
imit of the ferritin target were greater than the
00 ng/mL threshold. However, given the ab-
ence of reliable safety information in clinical
rials, uncertainty about the relevance of results
rom uncontrolled trials, bone marrow iron exami-
ation, IV iron challenge studies to iron treat-
ent targets, and the concern for the risk for iron

verload, the statement that serum ferritin levels
enerally should be maintained at greater than
00 ng/mL reflects acceptable—if not maximal—
fficacy and a cautious consideration for patient
afety.

TSAT greater than 20%. The recommended
reatment target of TSAT is 20%, similar to
revious KDOQI recommendations. In a single

T Targets in the HD-CKD Population 
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atients randomized to a target TSAT of 30% to
0% demonstrated a 40% reduction in ESA dose
ompared with those assigned to a target of 20%
o 30% (Table 23).148 As is the situation for
erum ferritin level, other sources of evidence
re indirect and of uncertain value in setting
SAT targets. In an uncontrolled prospective

rial described previously, patients with high base-
ine ferritin levels (mean, 930 ng/mL) were ad-
inistered IV iron if TSAT was less than 50%
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Table 25. Value of Ferritin in A

Author, Year N CKD 
Stage

Range 
(mean) of 

Concurrent 
TSAT (%) 

Range (mean) of 
Concurrent 

Ferritin (ng/mL) 

Test 
Organ 

Iron 
Determination

Iron Excess       

Canavese, 
2004 163 40 HD-CKD 

7-86 
(33 ± 15) 

14-886 
(361 ± 224) Liver 

SQUID 
(quantitative 
hepatic iron) 

Iron Deficiency      

Fernandez-
Rodriguez, 
1999 98

63 HD-CKD
PD-CKD 

(18.1 ± 16.3) (273.1 ± 357) Bone
marrow 

Stainable iron
in aspirate 
(qualitative) 

Kalantar-
Zadeh, 
1995 99

25

HD-CKD
PD-CKD 
ND-CKD

Tx-ND-CKD 

4-50 19-1,840 
Bone

marrow 

Stainable iron
in aspirate 
(qualitative) 

Footnotes: 
a. Sensitivity refers to patients with the Test Threshold Ferritin who havethe Outcome Definition / (patients with Test T
b. Specificity refers to patients without the Test Threshold Ferritin who do not have the Outcome Definition / (patients 
Outcome Definition). 
c. Estimated from graph. 
nd ferritin level was less than 1,000 ng/mL.
fter receiving an average IV iron dose of 38
g/wk for 12 months, patients showed an in-

rease in ferritin (mean, 1,383 ng/mL) and TSAT
from 27% to 36%) values and a 25% ESA dose
ecrease.150 Patients with a TSAT of 20% or
reater may still show absent bone marrow iron
Table 25) or respond to IV iron challenge (Table
6).98,99,151-156 The statement that TSAT generally
hould be maintained at greater than 20% therefore
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eflects acceptable, if not maximal, efficacy and a
autious consideration for patient safety.

CHr greater than 29 pg/cell. Evidence to
upport a treatment target for CHr is drawn from
RCTs comparing the use of CHr with TSAT as

n iron target. In the first, patients were assigned
o receive IV iron for a CHr less than 29 pg/cell.

control group received IV iron for either TSAT
ess than 20% or ferritin level less than 100
g/mL. Ferritin and TSAT were followed up in
oth groups, and IV iron was withheld in any
atient with a TSAT greater than 50% or ferritin
evel greater than 800 ng/mL. Patients assigned
o CHr targets showed a lower cost of anemia
reatment and a decrease in IV iron use compared
ith those assigned to TSAT/ferritin targets.157
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ors. Evidence to support these tests as targets for
ron treatment is poor or unavailable.

Treat-to-target approaches. There are 2
idely used and effective approaches to IV iron

reatment: (1) periodic iron repletion, consisting
f a series of IV iron doses administered episodi-
ally to replenish iron stores whenever iron sta-
us tests decrease to less than target range; or (2)
ontinuous maintenance treatment, consisting of
maller doses administered at regular intervals to
aintain iron status tests stable within target. No
CTs are available to compare the efficacy and

afety of these 2 approaches; however, the total
umulative dose may not differ between them.160

n studies that achieved steady-state ferritin lev-
ls and reported iron doses administered, the
verage IV iron dose needed to maintain a stable
erritin level (signifying achievement of the goal
f neutral iron balance) appears to be in the range
f 22 to 65 mg/wk (Table 28). Higher doses may
ead to progressive increases in serum ferritin
evels in some patients.148,156

ron Targets in Patients With ND-CKD and
D-CKD
Evidence to support an iron treatment target in

atients with ND-CKD and PD-CKD is lacking.
here are no RCTs comparing iron targets in

hese patient populations. Dialysis-related blood
oss renders evidence from patients with HD-
KD unsuitable for application to patients with
D-CKD or PD-CKD. Thus, in these patients,

he Work Group recommends iron treatment tar-
ets that reflect a conservative estimate of effi-
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acy and a cautious approach to patient safety. p
pper Level of Ferritin

The statement There is insufficient evidence to
ecommend routine administration of IV iron if
erritin level if greater than 500 ng/mL reflects
he findings of the Work Group that: (1) no RCTs
ave compared the safety and efficacy of ferritin
argets greater than 500 ng/mL with the safety
nd efficacy of lower ferritin targets, (2) few
tudies have examined the efficacy of IV iron at
erritin levels greater than 500 ng/mL, (3) no
tudy has examined either efficacy or safety
eyond surrogate outcomes, (4) no information
rom interventional trials is available about the
afety of ferritin targets greater than 500 ng/mL,
nd (5) sufficient evidence exists to suggest that
issue iron stores in patients with ferritin levels
reater than 500 ng/mL are normal to greater
han normal.

No evidence is available to compare ferritin
argets greater than 500 ng/mL with lower fer-
itin targets. That is, no RCTs have assigned
atients to a ferritin target greater than 500
g/mL and compared results with those in pa-
ients assigned to a ferritin target less than 500
g/mL. In the absence of comparisons between
roups in intention to treat, no conclusions can
e drawn to assess RRs and benefits of IV iron
herapy at the higher ferritin level.

The efficacy of IV iron in patients with base-
ine ferritin levels greater than 500 ng/mL has
een examined in a single uncontrolled study.150

escribed previously, this trial administered IV
ron to patients for 12 months, withheld iron for
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g/mL or TSAT greater than 50%, and found that
ean ferritin level increased from 930 ng/mL at

aseline to 1,383 ng/mL at 12 months and ESA
ose decreased by 25%. However, the lack of a
ontrol group renders conclusions about the ESA
ose change uncertain. Analysis of uncontrolled
nemia interventional trials is subject to target
ias. That is, patients who are most likely to
urvive and complete the trial likely bear a low
isease burden and are, in turn, most likely to
how higher Hb and lower ESA doses. Con-
ersely, patients who are least likely to complete
he trial bear a high disease burden and therefore
re most likely to show worsening anemia and
igher ESA doses. Successful trial completion
herefore is associated with higher Hb levels and
ower ESA doses, regardless of intervention.

Other efficacy trials have examined the func-
ional relationship between baseline ferritin level
nd likelihood of a surrogate hematologic re-
ponse to IV iron challenge (Table 24). However,
one of these studies examined patients with
aseline ferritin values greater than 500 ng/mL.
oreover, because efficacy of IV iron in the

vailable interventional and functional iron stud-
es is limited to surrogate outcomes (reticulocyte
ncrease, Hb level increase, or ESA dose de-
rease),152-155,161,162 evidence of direct patient
enefit (including improved QOL, health, or sur-
ival) of IV iron administration in patients at
erritin values greater than 500 ng/mL is lacking.

Information on potential harm to patients
imilarly is lacking. Again, evidence to permit
eliable assessment of risks and benefits can
nly come from RCTs assigning patients to
ntent-to-treat ferritin targets greater than 500
g/mL compared with less than 500 ng/mL,
ith adequate power to assess both efficacy

nd safety.
Evidence that tissue iron stores in patients

ith ferritin levels greater than 500 ng/mL are
dequate to greater than normal includes results
rom surveys in the general US population and
tudies of bone marrow iron or liver iron in
atients with CKD. Among randomly selected
ndividuals in the general US population, ferritin
alues greater than 500 ng/mL lie at or greater
han the 95th percentile among males aged 15 to
9 years and far exceed the 95th percentile among
emales of all ages.163 However, findings in the

eneral population do not necessarily apply to l
atients with CKD. Among patients with CKD
ndergoing bone marrow examination, no pa-
ient with a ferritin level greater than 500 ng/mL
howed absent marrow iron stores.98,99 Finally,
mong patients with HD-CKD undergoing tissue
ron determination by means of magnetic suscep-
ometry, ferritin levels greater than 500 ng/mL
ere associated with hepatic non–heme-iron con-
entrations greater than the upper limit of nor-
al.163 In short, ferritin values exceeding 500

g/mL likely represent supraphysiological re-
ults in the general population and tissue iron
ufficiency or excess in patients with HD-CKD.

Thus, no current evidence is available to sup-
ort routine treatment of patients with serum
erritin levels greater than 500 ng/mL. Rather,
linicians should judge the individual patient’s
linical status and ESA responsiveness and base
ron treatment decisions on this assessment. In
articular, when serum ferritin level is greater
han 500 ng/mL while the concurrently measured
SAT is less than 20%, iron deficiency may be
resent and a course of iron treatment may be
onsidered.

In short, no current evidence is available to
upport treating most patients with serum ferritin
evels greater than 500 ng/mL. A therapeutic
esponse to a 1,000-mg IV iron challenge in a
atient with a ferritin level greater than 500
g/mL is unlikely. Because iron stores are ad-
quate or elevated in patients with ferritin values
reater than 500 ng/mL, the long-term safety of
ron therapy at target ferritin values exceeding
00 ng/mL is untested, and efficacy results of IV
ron therapy are limited to surrogate outcomes
ather than direct patient benefits, the Work Group
avors limiting routine iron treatment to patients
ith serum ferritin values less than 500 ng/mL.
ccordingly, the conclusion of the Work Group

s that there is insufficient evidence to recom-
end routine administration of IV iron if ferritin

evel is greater than 500 ng/mL.
The finding of a TSAT less than 20% coupled
ith a ferritin level greater than 500 ng/mL
oses a particularly difficult problem for clini-
ians.157 This situation may be caused by iron
est variability,157 falsely low TSAT results,
nflammation, or reticuloendothelial iron block-
de. Evidence on the risks and benefits of IV
ron therapy in these patients is almost entirely

acking. However, the statement that There is
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nsufficient evidence to recommend routine ad-
inistration of IV iron if ferritin level is greater

han 500 ng/mL does not preclude IV iron
dministration in selected patients when, in the
linician’s judgment, a trial of iron therapy is
arranted.
It is important to reiterate that the statement

here is insufficient evidence to recommend rou-
ine administration of IV iron if ferritin level is
reater than 500 ng/mL refers to ferritin targets,
ot to achieved or acquired ferritin levels. Fer-
itin levels exceeding 500 ng/mL are often
chieved as a result of iron therapy given to
atients with lower baseline ferritin levels or
ay be acquired in the course of infection,

nflammation, or other illness. Achieved or ac-
uired ferritin levels are described elsewhere,164

ut are not the subject of this guideline state-
ent.165
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a. Primary outcomes of study given unless otherwise noted. 
b. Adjusted to target Hct 30%-34%. 
c. Estimated from graph. 
d. ESA dose kept stable for at least 8 weeks. Dose decreased if Hb >12 g/dL or dose doubled if Hb had not increased

Coding of Outcomes: 
+ Statistically significant benefit seen for comparison of arm 1 vs. arm 2, unless otherwise noted 
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oute of Administration

Evidence to support the statement The pre-
erred route of iron administration is IV in pa-
ients with HD-CKD consists of results from 3
CTs comparing IV iron with oral iron adminis-

ration (Table 29A–Table 31A), including 2 that
ncorporated a placebo or nontreatment control
rm (Table 30). A fourth RCT compared oral iron
dministration to no-iron control (Table 30). In 2
f these 4 RCTs, patients were assigned to IV or
ral iron treatment while undergoing ESA
herapy.159,166 By study completion, those as-
igned to IV iron showed a greater Hb level,
ower ESA dose, or both compared with those
ssigned to oral iron (Table 29A, Table 31A). In
he third RCT, patients not receiving ESAshowed
n increase in Hb levels from 7.8 to 11.0 g/dL
fter IV iron, but no change in Hb levels was

fficacy of Anemia Management in the HD-CKD and PD-CKD Populations 
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een in patients assigned to oral iron. Between-
roup comparisons were not reported.167 Of the
available RCTs, 3 included a placebo-treatment
r no-iron-treatment arm. Results showed no
ifference in final Hb level or ESA dose between
ral iron treatment and placebo/control. In sum-
ary, evidence in patients with HD-CKD sup-

orts 2 conclusions: (1) oral iron administration
s not demonstrably more effective than either
lacebo or no treatment; and (2) IV iron adminis-
ration is superior to oral iron administration.

A newer form of oral iron that has not been
tudied widely is heme iron polypeptide. A single
CT of patients with HD-CKD compared treat-
ent with IV iron with treatment with heme iron

olypeptide.168 Uncertainty in the randomization

Table 30. Comparative RCTs of PO Iron Administration vers
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b. Outcomes reported at final follow-up, unless otherwise noted. 
c. 12-month follow-up for control group; 26-month follow-up for oral iron group. 
d. Estimated from graph. 
e. ESA dose kept stable for at least 8 weeks. Dose decreased if Hb >12g/dL or dose doubled if Hb had not increa
f. Iron Deficient: Ferritin <100 µg/L; ZPP <90 mmol/mL heme; Hb >10g/dL. Iron Replete: Ferritin <100 µg/L; ZPP >9
g. Primary outcome was change in serum ferritin and ZPP. Results reported at 3-month follow-up before final 2-mo

Table 31. Serious AEs of Iron Agen

Author, Year Study Design N Population 
Dose Size 

(mg) 
IV

(m

Iron Dextran 
McCarthy, 
2000 186

Retrospective, 
database review 

254 HD 300 

Walters, 2005 176 Retrospective, 
database review 

20,213 c HD and PD — 

Ferric Gluconate 

Michael, 2002 175 RCT,
crossover 

2,534 HD d 125 

Iron Sucrose e

Aronoff, 2004 187 Prospective, 
cohort 

665 f HD 100 

Blaustein, 2003 188 Prospective, 
cohort 

107
Stage 3-5 

(1 PD, 2 HD patients) 
500 

Charytan, 2004 189 Prospective, 
cohort 

130 f HD d 100-200 5

Footnotes: 
a. Modified for K/DOQI use from reference190. See Methods for selection criteria.  
b. Majority of ADEs occurred during this/these dose(s). 
c. Incident subpopulation of 48,509 patient study. 
d. <10% of patient with iron dextran allergic history. 
e. Included patients with previous intolerance to either iron dextran or ferric gluconate. 

f. All patients with previous intolerance to iron dextran and/or ferric gluconate. 
g. Median cumulative dose: 1,000 mg; range: 100-5,000 mg. 
rocedure, disproportionately high baseline ESA
oses in the oral iron treatment group, a substan-
ial dropout fraction confined to the oral iron
reatment group, a significant decrease in serum
erritin levels during 6 months of oral iron treat-
ent, and an undefined IV iron treatment proto-

ol render the results of this trial difficult to
nterpret. Further studies will be required to
rovide a basis for recommendations on the use
f this agent.
Evidence to support the statement The route

f iron administration can be either IV or oral
n patients with ND-CKD or PD-CKD consists
f results from 4 RCTs comparing IV iron with
ral iron administration in patients with ND-
KD (Table 29B, Table 31A). The Work Group

bo/Control and Efficacy of Anemia Management in the HD-CKD and
pulations 

Intervention  Results 

Dose Frequency 
ESA

Cointervention 
Clinical Outcome 

Definitiona,b

Actual Value  
Arm 1 vs.  

Arm 2 

Statistical 
Signifi-
cance

160 mg Daily 

— — 
None

Mean Hb  
at 12 mo 

(g/dL) 
6.5 vs. 6.0d  nd 

200 mg TID 
Mean Hb 

(g/dL) 
10.2 vs. 9.9d NS

— — 

SC ESA 
adjustede Mean ESA dose 

(IU/kg/16 wk) 
1,294 vs. 1,475 NS 

)Ld/g( bH naeM DIB gm 051 g 10.7 vs. 10.5 NS 

150 mg BID 

ESA
adjusted 

Mean ESA dose (IU)g 6,142 vs. 4,650 nd 

)Ld/g( bH naeM DIB gm 051 g 7.3 vs. 8.5 NS 

150 mg BID 

ESA
adjusted 

Mean ESA dose (IU)g 4,417 vs. 4,615 nd 

 at8 weeks.  
me; Hb >8.3.  
hut treatment.  

ients Naïve to Tested Iron Agent (N > 100)a

Serious ADE Rate 
(%) Doses (n) 

[Doses/pt] Per Patient 
[Dose] b

Definition of Serious AE 

3,578 
[nd] 

0.8 
[1st course] 

Suspected anaphylactic reaction comprised of wheezing/dyspnea 

20,213 
[1] 

0.035 
[Test or 1st ]

Requiring parenteral administration of epinephrine, 
corticosteroids, or antihistamines on the same dialysis day 

2,514 
[1] 

0.6 
[1st]

Drug intolerance, which included anaphlyactoid reaction, 
hypotension, chills, back pain, nausea, dyspnea/chest pain, facial 
flushing, rash and cutaneous symptoms of porphyria, and 1 life-

threatening event requiring parenteral antihistamine, 
hydrocortisone, and epinephrine. 

8,583 
[nd] 

0
[NA]

Any event that is fatal or life-threatening, results in or prolongs 
hospitalization, results in significant disability or incapacity, is 

unusual, or in opinion of the investigator, presents a significant 
hazard to the patient.  

266
[2] 

0
Not specified. No adverse reactions requiring parenteral 

medications or hospitalizations 
ND

[nd] g
0

[NA]
Hypotension, wheezing, respiratory stridor, shortness of breath, 

hypertension, anaphlyaxis, chest tightness 
us Place
-CKD Po

ent 

ontrol 

ulfate 

ol 

ulfate 

ol 

charide 
ex 
o 
charide 
ex 
o 

sed by 1 g/dL 
ts in Pat

 Rate 
g/min) 

5-10 

— 

12.5 

50 

3.2 

0-100 
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTS S67
ated the evidence from these trials as strong or
oderately strong. There are no RCTs in pa-

ients with ND-CKD comparing oral iron
herapy with placebo or no iron treatment.
here are no RCTs in patients with PD-CKD.
The 4 available in ND-CKD RCTs differ sub-

tantially in the use, timing, and adjustment of
SA therapy (Table 31B). Three initiated ESA

herapy in all study patients at randomization,
hereas 1 continued ESA therapy in patients
reviously treated, but did not initiate ESA
herapy in previously untreated patients. One
djusted ESA during the trial to achieve a target
b level, whereas 3 permitted no ESA dose

djustment or required removal from the trial if
SA therapy initiation or ESA dose increase was
eeded.
The 4 available RCTs also differ in the dosing,

requency, and duration of IV iron administered.
he 4 dosing regimens included 1,000 mg admin-
stered in 2 or 5 divided doses over 2 weeks,169

00 mg monthly,170 300 mg monthly,171 or 1,000
g in 5 doses over 5 weeks.172

Finally, the 4 available RCTs differ substan-
ially in severity of anemia at baseline, ranging
rom a mean Hb level of 5.8 to 6.3 g/dL in 1
rial170 to 9.7 to 10.2 g/dL in the remaining 3
rials.

Between-group differences showing superior-
ty of IV iron over oral iron were seen in 2 of the
available RCTs (Table 31B). The 2 studies that

nitiated ESA therapy in patients with moderate
nemia found no difference between patients
ssigned to IV iron compared with oral iron.171,172

he 2 trials that showed differences either initi-
ted ESA therapy simultaneously with iron
herapy in patients with severe anemia170 or
aintained prior ESA status without adjustment
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTSS68
n patients with moderate baseline anemia.169 In
he latter study, superiority of IV iron over oral
ron was greatest among patients with ESA
herapy and baseline Hb level less than 9.0
/dL.169

Other outcomes compared in the 4 available
CTs included rate of decline in kidney function,
OL, adverse GI effects, dietary protein and
nergy intake, and adherence to prescribed
herapy. Compared with patients assigned to oral
ron therapy, those assigned to IV iron treatment
howed no difference in rate of decrease in
idney function,169-171 no difference in QOL,169

ewer GI symptoms,169-172 no difference in pro-
ein and energy intake,171 and better adherence
o prescribed therapy.169 Five patients in 2 trials,
ll women with low body mass, experienced
dverse reactions to administration of IV iron,
ncluding hypotension, cramping, arthralgia, and
yalgia.169,171

Given the variability in trial design, inconsis-
ency of results, potential for adverse effects of
V iron, lack of information on potential ad-
erse effects of oral iron, surrogate nature of
ested outcomes in iron intervention trials,
aucity of information on patient preference
nd adherence to treatment recommendations,
nd lack of information on the efficacy of oral
ron compared with placebo or no-iron treat-
ent, the Work Group concluded that the

trength of available evidence is insufficient to
upport a guideline statement on the use of IV
ersus oral iron in patients with ND-CKD.
owever, in the opinion of the Work Group,

he route of iron administration can be either
V or oral in patients with ND-CKD or PD-
KD.
Because no RCTs are available to compare IV

ron with oral iron in patients with PD-CKD, the
ork Group considered whether to regard the

D-CKD patient population as similar to ND-
KD, similar to HD-CKD, or too dissimilar

rom either to justify a recommendation. On the
asis of the assumption that patients with PD-
KD do not experience ongoing dialysis-associ-
ted blood loss, the Work Group reasoned that
atients with PD-CKD resemble the ND-CKD
opulation and differ from patients with HD-
KD. Thus, patients with PD-CKD are included
n the current opinion-based CPR. s
ypersensitivity Reactions

There currently are 3 forms of IV iron that are
idely available: iron dextran, sodium ferric
luconate, and iron sucrose. All forms of IV iron
ay be associated with acute AEs, occasionally

evere, comprised of hypotension with or with-
ut other symptoms and signs. The cause of the
eactions is incompletely understood. Immune
echanisms (including mast cell–mediated pro-

esses leading to a clinical syndrome resembling
naphylaxis) may have a role in some cases. In
thers, the iron agent may release bioactive,
artially unbound iron into the circulation, result-
ng in oxidative stress and hypotension (labile or
ree iron reactions). The pathogenesis may differ
epending on the type of IV iron. Anaphylactoid
eactions appear to occur more frequently with
ron dextran,173 and labile or free iron reactions
ccur more frequently with nondextran forms of
ron.174

The reported frequency of acute drug AEs
epends in large part on the structure and rigor of
he experimental design used. Direct patient ob-
ervation after administration of an IV iron agent
ermits the most reliable assessment. For ex-
mple, in a double-blind placebo-controlled trial
f sodium ferric gluconate in 2,534 HD pa-
ients,175 investigators directly observed patients
or evidence of reactions after blinded IV admin-
stration of drug or placebo. If, in the opinion of
he investigator, a reaction was demonstrated,
erum tryptase levels were measured to evaluate
or mast cell–mediated hypersensitivity.

Prospective single-arm clinical trials also con-
ribute information on drug-related AEs in the
arget population (Table 31). In reports of these
rials, observation for drug-related AEs was per-
ormed by the study nurse or a staff nurse or,
lternatively, the method of observation was not
pecified.

Retrospective study designs use review of
edical records or large-scale electronic data-

ases to identify potential drug-related AEs after
he fact.176,177

Finally, pharmacovigilance surveillance stud-
es use national voluntary reporting data sources,
ncluding the Freedom of Information Act data-
ase administered by the FDA, to evaluate AE
rofiles of IV iron agents. Pharmacovigilance

tudies yield unreliable information about abso-
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTS S69
ute AE rates and are susceptible to uncontrolled
bserver bias, but afford the advantage of detect-
ng rare events, shedding light on common char-
cteristics of low-frequency events, and suggest-
ng relative rates of AEs. However, they do not
ermit statistical comparison of AE rates for
ifferent IV iron agents.
The frequently nonspecific nature of IV iron–

elatedAEs, the substantial overlap between drug-
elated AEs and dialysis-related AEs (eg, dizzi-
ess, dyspnea, cramps, pruritus, nausea,
onstipation, diarrhea, and hypotension), and the
ow anticipated event rate for the most serious
Es pose significant challenges for each study
esign described. The single greatest problem is
he absence of generally accepted criteria to
dentify IV iron–related AEs and distinguish hy-
ersensitivity from nonhypersensitivity reac-
ions. The absence of criteria for IV iron–related
Es introduces potential observer bias into both
rospective and retrospective trials. Pharmaco-
igilance studies also are subject to observer bias
ecause only AEs thought to be drug related are
eported. As long as neither descriptive criteria
or objective markers are available, designation
f an AE as drug related likely will remain
omewhat subjective. Although blinding the in-
ervention so that neither the investigator nor the
atient is aware of the identity of the agent
dministered improves the objectivity of AE re-
orting, event rates are sufficiently low to pre-
lude comparative trials that are logistically fea-
ible. For example, to conduct an RCT that
ould be adequately powered to compare seri-
us AE rates between 2 iron agents would re-
uire enrolling more than 10,000 patients, an
nlikely prospect. Accordingly, comparative as-
essment of safety is likely to continue to rely on
etrospective chart review, analysis of large-
cale medical databases, and pharmacovigilance
eports.

Evidence is available from 2 retrospective
eports, including 1 in patients with CKD. Both
nalyses concluded that the rate of life-threaten-
ng reactions to iron dextran administration is
.6% to 0.7%.178,179 Two additional studies used
arge medical databases to further identify the
ature and consequences of life-threatening reac-
ions after IV iron dextran.

Fletes et al 2001.177 This study identified

65 suspected drug-related AEs after 841,252 p
xposures to iron dextran in patients with HD-
KD (rate per exposure, 0.02%). There was 1

atal event. Although many AEs followed admin-
stration of a test dose or first dose, this study
dentified serious AEs in patients who had suc-
essfully received previous test or treatment
oses. The majority of the non-naïve patients
ho experienced AEs after iron dextran adminis-

ration did so at the time of the first dose of a
lanned series, suggesting that the risk for first-
ose AE may recur in prevalent patients after an
nterval free from iron dextran exposure.177

Walters and Van Wyck 2005.176 The data-
ase of a large dialysis provider was examined to
dentify episodes of iron dextran–induced anaphy-
axis sufficiently severe to require use of resusci-
ative medications. They found 7 events in a total
f 48,509 patients treated. However, all 7 events
ccurred in previously unexposed patients after
rst or second exposure to the drug, yielding a
lightly greater true incidence of 0.035%. The
ower figure reported in this study compared
ith the 2 studies using chart review probably

eflects the decision to study only the incidence
f AE requiring in-center use of resuscitative
edication.176 Of interest, the prevalence of sus-

ected hypersensitivity in that study matched the
ndings of the previous retrospective reviews:
.69% of prevalent patients were recorded as
ensitive to iron dextran.

Pharmacovigilance surveillance studies yield
nformation on deaths potentially related to IV
ron. Deaths thought to be IV iron–related have
een reported to the FDA for each of the IV iron
gents available in the United States. In an analy-
is of US and European surveillance databases,
1 deaths occurring in association with 196 cases
f iron dextran anaphylaxis were recorded in the
nited States between 1976 and 1996 compared
ith none with similar exposure rates with so-
ium ferric gluconate.180 Another group studied
he FDA Freedom of Information surveillance
atabase to compare severe AE rates for IV iron
rugs.181 They confirmed higher anaphylaxis and
atality event rates for iron dextran than for the
ondextran irons. These results should be inter-
reted with caution given that AEs for drugs in
he marketing phase probably are grossly under-
eported for all agents; definitions for AEs are
ot generally accepted, as we have noted; and the

rimary intention of the database is to generate
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTSS70
ignals of unexpected AEs, not to compare
rugs.182 Nonetheless, these results add to the
ody of evidence indicating a trend toward more
requent and more severe reactions with iron
extran.
Taking the pharmacovigilance information to-

ether with evidence that iron dextran AEs may
ccur in patients who have successfully received
previous test dose or series of therapeutic

oses, we recommend that resuscitative medica-
ion and personnel trained to evaluate and resus-
itate anaphylaxis accompany each administra-
ion of iron dextran.

LIMITATIONS

argets of Iron Therapy

There are a number of serious limitations to
he evidence supporting iron status targets. ESA
ose and Hb level response as surrogates for iron
fficacy are universal among iron intervention
rials (IV iron challenge studies), RCTs, and
ncontrolled prospective trials. No iron treat-
ent trials have been designed or are sufficiently

owered to yield information on outcomes, in-
luding the crucial issue of safety, that are di-
ectly important to patients. Of the 2 available
CTs comparing iron status targets, 1 used TSAT

argets,108 1 used ferritin targets,149 both were
mall, neither examined safety, and the TSAT
rial showed increasing non–steady-state ferritin
evels in the higher TSAT target arm. Con-
ersely, IV iron challenge studies yield informa-
ion that is limited to the acute hematologic
esponse to a dose of IV iron—results that bear
ittle relevance to optimum treatment targets for
ngoing iron administration. Moreover, even
hen limited to predicting the acute response to

V iron challenge, available iron status tests
erform poorly, yielding relatively low sensitiv-
ty and specificity over a range of cutoff values,
at receiver-operator characteristic curves, and

ow area under the curve. Finally, although stain-
ble bone marrow iron may yield important
nformation on the likelihood of storage iron
epletion or iron excess or on the relationship
etween iron stores and results of serum iron
tatus tests, the relevance of this information to

etting optimum treatment targets for iron status f
s uncertain. In short, iron status targets as goals
or treatment require treat-to-target RCTs to pro-
ide comparative evidence of efficacy and safety.
owever, available evidence is of limited quality
r is altogether lacking.

pper Level of Ferritin

The limitations of available evidence, de-
cribed previously, provide the rationale for the
autious use of IV iron at high ferritin levels.

oute of Administration

In patients with HD-CKD, available RCTs are
mall, thereby limiting their potential applicabil-
ty to unselected HD-CKD target populations. As
n all IV iron studies to date, outcomes are
imited to the surrogate Hb levels and ESA
oses. Although these outcomes have financial
mplications for the total cost of anemia manage-
ent, the comparative cost of anemia manage-
ent using IV versus oral iron treatment has not

een examined, and the relationship, if any, be-
ween surrogate outcomes and outcomes that are
mportant to patients has not been determined.

oreover, although managing anemia requires
hronic and ongoing care, most clinical trials
nvolving therapeutic iron intervention are of
elatively short duration; thus, the long-term ef-
ects of iron therapy remain unknown. Resolu-
ion of these issues, particularly in the ND-CKD
nd PD-CKD patient population, clearly is needed
efore a conclusive assessment of net benefit can
e made.

ther Limitations

. Absence of generally accepted criteria for
identifying IV iron–related AEs.

. Absence of a distinction in the literature
between reactions caused by labile iron and
those caused by hypersensitivity.

. No adequately-powered trials directly com-
paring different IV iron agents.

CLINICAL IMPLICATIONS
AEs thought to be related to labile iron require

decrease in the dose or rate of infusion or both.
Es thought to be related to hypersensitivity to

he agent require stopping the agent and preclude

urther administration.
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CPG AND CPR 3.3. USING PHARMACOLOGICAL AND
NONPHARMACOLOGICAL ADJUVANTS TO
ESA TREATMENT IN HD-CKD
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Several pharmacological agents and nonphar-
acological manipulations of the HD prescrip-

ion have been examined for potential efficacy as
djuvants to ESA treatment. Studies are not avail-
ble to address the use of pharmacological or
onpharmacological adjuvants to ESA treatment
n patients with ND-CKD and PD-CKD.

3.3.1 L-Carnitine: In the opinion of the
Work Group, there is insufficient evi-
dence to recommend the use of L-
carnitine in the management of ane-
mia in patients with CKD.

3.3.2 Vitamin C: In the opinion of the
Work Group, there is insufficient evi-
dence to recommend the use of vita-
min C (ascorbate) in the management
of anemia in patients with CKD.

3.3.3 Androgens: Androgens should not be
used as an adjuvant to ESAtreatment
in anemic patients with CKD.
(STRONG RECOMMENDATION)

BACKGROUND
For the purposes of these recommendations,

e consider adjuvants to ESA therapy to be
herapeutic agents or approaches that aim to
nhance responsiveness to ESA therapy in iron-
eplete patients. The target patient population
ay include both ESA-hyporesponsive and rela-

ively responsive patients, although the focus of
nterest often is the hyporesponsive patient. A
ositive response to an adjuvant treatment con-
ists of either an increase in Hb level at a given
SA dose or the attainment and maintenance of a
pecific Hb level at a lower ESA dose (see
xecutive Summary).

RATIONALE

-Carnitine

In the opinion of the Work Group, there is insuf-
cient evidence of efficacy to recommend use of
-carnitine in the management of anemia in pa-

ients with CKD. The role of carnitine deficiency in
he pathogenesis of the anemia of CKD, if any, is
nclear. Levocarnitine (L-carnitine) is a carrier

olecule involved in the transport of long-chain t

merican Journal of Kidney Diseases, Vol 47, No 5, Suppl 3 (May
atty acids into the mitochondria, where they are
xidized to produce energy. L-carnitine is also
hought to be involved in the metabolic conver-
ion of acyl coenzyme A, which accumulates in
atients with renal failure and is toxic to cells, to
he less toxic acyl carnitine.191 Deficiency of
arnitine in patients on maintenance HD therapy
as demonstrated nearly 30 years ago.192 L-
arnitine, which has been studied primarily when
dministered IV to HD patients, has been postu-
ated to have beneficial effects on ESA-hypore-
ponsive anemia, HD-related hypotension, myo-
ardial dysfunction, impaired exercise tolerance
nd performance status, muscle symptoms, and
mpaired nutritional status. However, no patho-
enic mechanism by which carnitine deficiency
ight contribute to anemia or provoke ESA hypo-

esponsiveness has been conclusively eluci-
ated. Furthermore, the therapeutic mechanism
y which L-carnitine administration might im-
rove anemia or enhance ESA responsiveness
as not been determined. Finally, no consistent
elationship between baseline plasma carnitine
evels, anemia, and response to L-carnitine admin-
stration has been demonstrated.193,194

In considering L-carnitine administration, the
ork Group confined evaluation of efficacy out-

omes to RCTs in which the effect of IV L-
arnitine on Hb level and ESA dosing had been
eported in patients with CKD. Thus, Work Group
onclusions and the resulting guideline statement
.3.1 address the limited use of L-carnitine as an
SA adjuvant in patients with CKD. Guideline
.3.1 does not address use of L-carnitine for
otential nonhematologic indications.
In the United States, Medicare coverage for

-carnitine is available for patients who have
een on dialysis therapy for at least 3 months,
ave a plasma free carnitine level less than 40
mol/L, and have “erythropoietin-resistant ane-
ia . . . that has not responded to standard eryth-

opoietin dosage . . . and for which other causes
ave been investigated and adequately treated.”195

yporesponsiveness to ESAs is not specifically
efined other than having a persistent Hct less
han 30% despite erythropoietin dosage that “is
onsidered clinically appropriate to treat the par-

icular patient.”

), 2006: pp S71-S78 S71
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTSS72
The statement There is insufficient evidence to
ecommend use of L-carnitine in the manage-
ent of anemia in patients with CKD is sup-
orted by results from 6 available RCTs of IV
-carnitine administration to ESA-treated HD
atients (Table 32).196-200 No RCTs are available
n patients with PD-CKD or ND-CKD (Table 32).
nemia was the primary study outcome in only 3
f these studies.196-198 No available RCTs were
udged to be of high quality. Five of the 6 RCTs
ere judged to be of low quality. The RCTs were

haracterized by small numbers of enrolled pa-
ients, short duration of observation, concomi-
ant use of IV and oral iron, adjustments in ESA
osage, high dropout rates, and uncertainty about
pecific ESA and/or iron dosing during the study.
etween-group comparison, the result least sub-

ect to bias, was available in only 2 studies; there
as no difference in either Hb level or ESA dose
utcomes in 1 of these studies, and in the other,
he comparison was only of erythropoietin resis-

ance index (ERI). Serious limitations in method t
uality, important inconsistencies, major uncer-
ainty about the directness and applicability of
esults, imprecise data, and a probability of bias
endered the overall quality of evidence very low
Table 33). None of the studies specifically en-
olled patients with anemia and ESAhyporespon-
iveness or identified a specific subset of patients
articularly likely to respond to L-carnitine ad-
inistration. Therefore, whether L-carnitine en-

ances the effect of ESA therapy in such patients
s not known. The Work Group found no specific
vidence of adverse drug effects associated with
V L-carnitine in patients with CKD. The ab-
ence of high-quality evidence for efficacy and
afety supports the opinion of the Work Group
hat there is insufficient evidence to recommend
se of L-carnitine in the management of anemia
n patients with CKD.

The conclusion of the Work Group differs
rom those of selected previous reports. A meta-
nalysis concluded that L-carnitine administra-

ion was associated with higher Hb levels and
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTS S73
ower ESA doses in ESA-treated patients with
D-CKD.201 However, the meta-analysis in-

luded only 3 of the 6 RCTs examined by the
ork Group and incorporated results from stud-

es outlined in 3 abstracts, but that were never
ublished in peer-reviewed journals. An NKF
arnitine Consensus Conference recommended

he use of IV L-carnitine in selected ESA-
yporesponsive dialysis patients.202 However,
he consensus conference lacked systematic data
bstraction and analysis of method quality.

Previous guideline development processes us-
ng systematic evidence review and rigorous
valuation for method quality have reached con-
lusions consistent with the current guideline
tatement, there is insufficient evidence to recom-
end the use of L-carnitine in the management
f anemia in patients with CKD. These include
KF-KDOQI Guidelines for Nutrition in
KD,203 previous NKF-KDOQI anemia guide-

ines,2 and the Revised EBPGs for Anemia in
KD.16

Finally, although oral L-carnitine has also been
tudied as an ESA adjuvant, no RCTs are avail-
ble. Direct comparison of IV to oral L-carnitine
as not been reported in HD or other CKD
atients.

itamin C (Ascorbate)

In the opinion of the Work Group, there is
nsufficient evidence to recommend use of vita-
in C (ascorbate) in the management of anemia

n patients with CKD. Vitamin C has been re-
orted to increase the release of iron from ferritin
nd the reticuloendothelial system and increase
ron utilization during heme synthesis.204,205 Al-
hough many HD patients may have plasma

Table 33. Use of L-Carnitine as an Adjuvant 

Outcome
No. of Studies 

& Study Design 
Total

N

Methodological 
Quality of 
Studiesa Consistency

Directnes
Evidenc
includin

Applicab

Hb/Hct Level/ 
ESA Dose 

6  RCTs 171 
Serious

limitationsb
Important 

inconsistenciesc
Major

uncertain

AEs
CKD population: 

6 RCTs 
 171

Balance of Benefit and Harm: 
No Net Benefit

Footnotes: 
a. Theoretically, adjusting the ESA dose will make any subsequent change in Hb irrelevant since Hb change is 
b. Quality varied from Grade B to C. 
c. N/A given between-group comparison was available in only 2 of 6 and only 1 showed statistically significant 
d. The RCTs were characterized by small numbers of enrolled patients, short duration of observation, concomi

or ESA dose.
e. At least 3 studies sponsored by pharmaceutical companies (1 unstated). 
scorbic acid levels less than the normal m
ange,206,207 whether this reflects a clinically
ignificant deficiency is uncertain; in other stud-
es, ascorbic acid levels have been normal or
levated.208 It has been suggested that 150 to 200
g of vitamin C daily is needed to normalize

itamin C levels in most HD patients.206

Several anecdotal reports, small case se-
ies,194,209 and nonrandomized studies (primar-
ly in HD patients with iron overload, elevated
erum ferritin levels, and functional iron defi-
iency) using IV vitamin C in doses of 100 to
00 mg 3 times weekly have suggested a pos-
ible beneficial effect.210-213 Plasma levels of
scorbic acid were not measured in most of the
tudies in which vitamin C was administered as
n adjuvant to ESA therapy.

Four RCTs of vitamin C in ESA-treated HD
atients have been reported (Table 34). Although
he uncontrolled studies mentioned tended to
ocus on a possible role of IV vitamin C in
atients with HD-CKD with iron overload and
unctional iron deficiency, only 1 RCT included
atients with functional iron deficiency.214 One
CT included patients with iatrogenic iron over-

oad.215 None of the studies specifically included
atients with ESA hyporesponsiveness. These
tudies have not shown consistent benefit of IV
itamin C in either within-group or between-
roup comparisons.
Oral vitamin C, which can augment absorp-

ion of iron from the GI tract, has been evaluated
s an adjunct to ESA therapy in small uncon-
rolled studies.216-218 Oral and IV vitamin C
ere compared in 1 recent RCT in a small
umber of HD patients for 8 weeks; in a larger
umber of patients, oral vitamin C or no treat-

reatment in the HD-CKD Population 

Summary of Findings 

Other
nsiderations

Quality of 
Evidence for 

Outcome
Qualitative Description of  

Effect Size 
Importance 
of Outcome 

precise data 
bability of biase Very low 

Uncertain benefit due to limited 
evidence. 1 study with between-arm 
comparison with partial evidence of 

reduced ESA dose. 

Moderate 

 hgiH detroper sEA tnacifingi

Quality of Overall Evidence: 
Very Low for Benefit

nse to an adjustment in ESA. 

SA dose.  
 and oral iron, and adjustments in ESA dosage; 2 studies have primary outcomes other than Hb/Hct 
to ESA T

s of 
e, 
g 

ility Co

 
tyd

Im
Pro

s oN

a likely respo

reduction in E
tant use of IV
ent were compared for 3 months.219 There was
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o significant difference within or between groups
n Hb levels or ESA doses in either comparison.

The long-term safety of IV ascorbic acid in
D patients remains undefined, with secondary
xalosis being the primary concern,220,221 al-
hough this was not described with short-term
se in any of the studies described. Plasma
xalate levels increase with IV vitamin C admin-
stration. A risk for calcium oxalate supersatura-
ion in plasma recently was reported in HD
atients administered IV vitamin C.222 Aside
rom the potential for systemic oxalosis, concern
s also warranted because a pro-oxidant effect of

Table 35. Use of Ascorbic Acid as an Adjuvant t

Outcome 
No. of Studies & 

Study Design 
Total 

N 

Methodological 
Quality of 
Studies a Consistency 

Dire
E
in

Ap

Hb/Hct Level/ 
ESA Dose 

4 RCTs 154 
Serious 

limitationsb 
Important 

inconsistenciesc 

AEs  

CKD population: 
4 RCTs 

  
General population: 
observational data 

154+ 
None described in RCTs. Theoretical con

systemic oxalosis, retinal oxalosis, calcium 
intermittent IV doses a

Balance of Benefit and Harm: 
No Net Benefit 

 
Footnotes: 
a. Theoretically, adjusting the ESA dose will make any subsequent change in Hb irrelevant since Hb change is a lik
b. 1 Grade B and 3 Grade C studies. 

c. Inconsistencies with regard to the direction of the results for treatment and placebo/control groups. 
d. References for statistical comparisons varied between studies (within arm or between arms). 
igh-dose vitamin C, either directly or through
ts effects on mobilization of iron, has been
eported.223,224

In summary, the Work Group concluded that
erious method limitations and important incon-
istencies render the quality of available informa-
ion on vitamin C efficacy very low (Table 35).
t the same time, information on the potential

erious adverse effects (oxalosis) of chronic vita-
in C administration is altogether lacking. Thus,

he Work Group concluded that there is insuffi-
ient evidence to recommend use of vitamin C
ascorbate) in the management of anemia in

reatment in the HD-CKD Population 

Summary of Findings 

Other 
Considerations 

Quality of 
Evidence for 

Outcome Qualitative Description of Effect Size 
Importance 
of Outcome 

Imprecise datad 

Sparse data 
Very low 

No consistent benefit. 2 of 4 reports 
(both crossover studies) showed benefit 

for Hb/Hct; 1 of 4 showed benefit for 
ESA.  

Moderate 

olated rare reports of toxicity in patients with ARF or CKD, including secondary 
pathy, myocardial calcium oxalate deposition. Toxicity in general population with 

D-CKD studies is not known nor is applicability to HD-CKD. 
High 

Quality of Overall Evidence: 
Very Low for Benefit 

to an adjustment in ESA. 
o ESA T

ctness of 
vidence 
cluding 

plicability 

Direct 

cern given is
oxalate artho
s used in H

ely response 
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atients with CKD. None of the RCTs enrolled
atients with ESA hyporesponsiveness, and only
enrolled patients with functional iron defi-

iency214; therefore, whether IV vitamin C en-
ances the effect of ESA therapy or iron metabo-
ism in such patients is not known.

In addition to the lack of definitive evidence of
fficacy and safety, there is no evidence that
linical outcomes—such as reduced hospitaliza-
ions, improved cardiovascular status, and re-
uced mortality—are improved in patients for
hom IV vitamin C treatment is initiated as an
SA adjuvant. Whereas the putative mechanism
f action of IV vitamin C as an ESA adjuvant is
n increase in the release of iron from ferritin and
he reticuloendothelial system and increased iron
tilization during heme synthesis, none of the
tudies reviewed showed reduced utilization of
dministered iron therapy. IV vitamin C has not
een evaluated in patients with PD-CKD.
Therefore, given the low quality of evidence

or efficacy and unresolved concerns for serious
Es of chronic administration, the Work Group

oncluded that there is insufficient evidence to
ecommend use of vitamin C (ascorbate) in the
anagement of anemia in patients with CKD.

ndrogens

Androgens should not be used as an adjuvant
o ESA treatment in anemic patients with CKD.
efore the availability of epoetin therapy, andro-

Table 36. RCTs Evaluating Effects of T

Baseline Cointervention Interve

ArmAuthor, 
Year

N
Fo

llo
w

-u
p 

 
(m

o)
 

A
pp

lic
ab

ili
ty

 

H
b 

(g
/d

L)
 

TS
A

T 
(%

) 

Fe
rr

iti
n 

 
(n

g/
m

L)
 

Description of 
Cointervention 

Arm

16 7.5 34 403 
Nandrolone

50 mg IMSheashaa, 
2005 259

16
6  

7.3 35 394 

SC ESAb

1,000 IU TIW;  
IV iron 

protocol nd Con

9 8.4 41 364 
Nandrolone 

100 mg IM

Gaughan, 
1997 260

10
6  

8.3 32 301  

IV ESA
1,500 IU TIW d;

Oral and/or IV iron 
adjusted e Con

6 7.8 nd 1,322 
Nandrolone

2 mg/kg IMBerns, 
1992 261

6
4

7.8 nd 776 

IV ESAb

40 IU/kg TIW;  
Oral and/or IV iron 

adjusted e Con

Footnotes: 
a. Primary outcome of study unless otherwise noted. 
b. All ESA administered per study protocol at start; none with prior ESA treatment. 
c. Subsequent improvement in symptoms after discontinuation of drug. 
d. Per study protocol at start; washout until Hb 8.7g/dL in those previously on ESA. 
e. Iron adjusted to maintain ferritin ≥100 mg/dL and TSAT ≥20%. 
f. Pat ients randomized to nandrolone decanoate received nandrolone for 2 months before starting ESA. 

Coding of Outcomes: 
Statistically significant benefit for arm 1 vs. arm 2 (with reference to benefit to patient) 
Statistically significant increase from baseline 
ens were used regularly in the treatment of t
nemia in dialysis patients despite the need for
ntramuscular (IM) injection and a variety of
Es, including acne, virilization, priapism, liver
ysfunction, injection-site pain, and risk for pe-
iosis hepatis and hepatocellular carcinoma. Pro-
osed mechanisms of action of these drugs in-
lude increased erythropoietin production from
enal or nonrenal sites, increased sensitivity of
rythroid progenitors to the effects of erythropoi-
tin, and increased red blood cell survival.

Three RCTs explored a possible role for andro-
ens in combination with ESA therapy in HD
atients (Table 36). All were small short-term
tudies, currently recommended Hb levels were
ot achieved, and in 2 of the studies, the ESA
oses used were lower than those used in most
atients with HD-CKD on chronic ESA treat-
ent. The studies did not enroll patients with
SA hyporesponsiveness, so it is not known
hat effect, if any, androgens would have in such
atients. It is unclear whether any enhanced
rythropoietic effect caused by androgens would
onfer clinical benefits that outweigh the poten-
ially significant AEs of androgens or the effects
f simply allowing patients to remain at some-
hat lower Hb levels without androgens. Short-

erm and long-term toxicity of androgens limit
heir use, especially in women.

In short, evidence for efficacy of androgens is
haracterized by serious method limitations, impor-

t With IM Androgens on Hb Levels in the HD-CKD Population 

Outcomesa

Result/ 
Metric Comparison AEs

Definition of 
Clinical 

Outcomes Hb (g/dL) 

W
ith

in
 A

rm
 

vs
. B

as
el

in
e 

B
et

w
ee

n 
 

A
rm

s 

Description of Event 

D
/C

 o
f D

ru
g 

or
 

R
ed

uc
tio

n 
 

in
 D

os
e 

Q
ua

lit
y 

10.4  4c
Mean Hb 
at 6 mo 

10.0  
NS

Transient flu-like symptoms, 
distressing hirsutism, and/or 
elevated liver function tests  0

11.0  0

Mean Hb at  
26 wk 

9.4  
+

Mild side effects attributed to 
nandrolone decanoate:  

Acne N = 1, 
 injection site pain N = 2, and 

injection site hematoma N = 1.  
Significant  in serum glutamic 
oxaloacetic transaminase from 

baseline in androgen group 

0

0.12/wk  0 dnRate of 
increase in Hb 

0.11/wk nd 
NS Unacceptable acne 

2

reatmen

ntion 

 1 

 2 

 decanoate 
  2x/wk 

trol 

decanoate- 
 weekly 

trol 

 decanoate 
 weeklyf

trol 
ant inconsistencies, and sparse data (Table 37).
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he Work Group, as a result, considered the
uality of evidence to be very low. The Work
roup judged mild to severe drug-related AEs in

he target and general population as being highly
mportant. Given the very low quality of evi-
ence for efficacy and demonstrated AEs of
ndrogen therapy, the Work Group concluded
hat androgens should not be used as an adjuvant
o ESA treatment in anemic patients with CKD.
Strong Recommendation)

ther Pharmacological Agents Not Addressed
n Guideline Statements

tatins
A growing body of literature indicates that

here may be clinically important, non–lipid-
owering effects of the hydroxymethylglutaryl
oenzyme A reductase inhibitors, or statins, in-
luding antiproliferative, anticoagulant, immuno-
uppressive, anti-inflammatory, antioxidant, and
ytoprotective effects. Because a component of
nemia in patients with CKD may be related to
nderlying inflammatory processes, a potential
ole for statins in enhancing epoetin therapy may
e plausible. Only a single small retrospective
tudy addressed statins as adjuvants to ESA
herapy.225 Given the nature of this study, further
nvestigation of the effects of statins as ESA
djuvants may be warranted, but their utility, if
ny, remains to be determined.

entoxifylline
One small uncontrolled open-label study of 16

atients with CKD (HD, PD, and transplant
ecipients) with ESA-resistant anemia evaluated
he effect of pentoxifylline as an ESA adju-

Table 37. Use of Androgens as an A

Outcome
No. of Studies & 

Study Design 
Total

N

Methodological 
Quality of 
Studies Consistency 

Direct
Evid
incl

Appli

Hb/Hct Level/ 
ESA dose 

3 RCTs 63 
Serious

limitationsa
Important 

inconsistenciesb Dir

AEs

CKD population: 
3 RCTs 

General population:  
trials, case reports, 
narrative reviews  

63+
Mild to severe AEs noted in RCTs included s

from androgens in non-CKD populations which
carcinoma. Mechanism of action and pr

Balance of Benefit and Harm: 
No Net Benefit

Footnotes: 
a. 1 Grade B and 2 Grade C studies. 
b. Statistically significant effect with only 1 of 3 studies. 
c. The studies used different ESA and iron protocols and had different definitions for the Hb/Hct outcome.  
d. The studies used different ESA and iron protocols and had different definitions for the Hb/Hct outcome.  
ant.226 Further studies may be warranted, but t
he utility, if any, of pentoxifylline as an adjuvant
o ESA treatment in patients with HD-CKD
emains to be determined.

itamin Supplements Other Than Vitamin C
Although deficiencies of vitamin B12 and fo-

ate are recognized causes of anemia and rarely
re the basis for ESA hyporesponsiveness, there
re no RCTs showing that supplementation with
itamin B12, folate, or other vitamins (in the
bsence of documented vitamin deficiency) is an
ffective adjuvant to ESA therapy. One RCT of
SA-treated HD patients did not find a benefit of
yridoxine (vitamin B6) as an ESA adjuvant.227

ummary

There was insufficient evidence for efficacy to
ecommend use of statins, pentoxifylline, and
itamin B12 and folate supplements (other than
hen used to correct documented vitamin defi-

iency) as adjuvants to ESA therapy in patients
ith CKD. Because these therapies are not in
idespread use as ESA adjuvants, they are pre-

ented here primarily for general information,
ut were not considered by the Anemia Work
roup for inclusion in Guidelines or CPRs ad-
ressing ESA adjuvants.

odifications of Dialysis Treatments Not
ddressed in Guideline Statements

The effects of modifications of the HD dialysis
rescription and various components of the HD
reatment on anemia in patients with HD-CKD
ave been studied. Unlike the pharmacological
gents discussed, it is not likely that these dialysis
reatment modifications would be undertaken for

to ESA Treatment in the HD-CKD Population 

Summary of Findings 

Other
Considerations

Quality of 
Evidence for 

Outcome Qualitative Description of Effect Size 
Importance of 

Outcome

Sparse data Very low 

No consistent benefit. Only 1 of 3 papers 
showing significant between-arm 

comparison in Hb/Hct (difference in Hb of 
1.6 g/dL).c

Moderate 

 elevated AST, discomfort at injection site. This is consistent with reported AEs 
ization, priapism, peliosis hepatis, liver enzyme abnormalities, and hepatocellular 
of androgens are believed to be similar in non-CKD and CKD populations.  

High

Quality of Overall Evidence: 
Very Low for Benefit
djuvant 

ness of 
ence 

uding 
cability 

ectc,d  

evere acne,
 include viril
ofile of AEs 
he primary purpose of enhancing ESA responsive-
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ess, and they therefore were not considered by the
nemia Work Group for inclusion in Guidelines or
PRs addressing ESA adjuvants.
Distinguishing between the effects of in-

reased HD dose (ie, urea reduction ratio [URR]
r Kt/V) from effects of concomitant changes in
embrane on response to ESA therapy is diffi-

ult because most studies compared different
t/V levels using membranes of different types.
he effects of dialysate composition, primarily

n comparisons of standard bicarbonate dialysate
o ultrapure dialysate, also have been evaluated.
o RCTs have been reported that compared HD

nd PD (or different doses of PD) on anemia
utcomes or ESA dose in ESA-treated patients.

D Intensity (“dose”), Membrane Type, and
ther Dialysis Modifications
A few studies have examined the relationship

etween dialysis dose and dialysis membrane
ype and anemia outcomes,228-236 with conflict-
ng results. Because in most of these studies,
atients in the higher versus lower Kt/V (or
RR) groups were dialyzed with membranes of
ifferent composition and flux, the role of dialy-
is dose cannot be separated from the effects of
embrane permeability or biocompatibility. One

f these studies, which was not an RCT, com-
ared different levels of Kt/V with the same
embranes236 and observed an inverse correla-

ion between ESA dose and Kt/V, but no relation-
hip between Kt/V and Hb level, in HD patients
reated with unsubstituted cellulose membranes.
n a subsequent report, which also was not an
CT,235 it was suggested that this relationship
olds only for patients with a Kt/V less than
.33, and above this level, there was no correla-
ion between Kt/V and ESA dose.

Three RCTs were performed in HD patients in
hich anemia-related outcomes were compared

or high-flux and low-flux dialyzers.229-231 No
ifference in Hct or ESA responsiveness was
ound between groups. Assessment of these stud-
es is complicated by the use of membranes of
ifferent composition, attainment of different
t/V levels, short study duration, and inclusion
f patients not on ESA therapy. In another RCT
f HD patients who were unable to reach a target
b level of 11 g/dL or greater with at least 200
/kg/wk of recombinant human erythropoietin
rHuEPO), low-flux and high-flux polysulfone u
ialyzers were compared.228 Kt/V values were
imilar in the 2 groups at baseline and the end of
he 6-month study. Hb levels were higher and
SA doses were lower in the high-flux group by
months and remained so to the end of the study.

itamin E
Vitamin E has been considered as a potential

djuvant to ESA therapy based on the consider-
tion that antioxidant properties of vitamin E
ay prolong red blood cell life span in patients
ith CKD and anemia. Oral vitamin E has not
een studied in prospective controlled trials of
SA-treated patients. Vitamin E–bonded dia-

yzers were studied in a single RCT in which
he primary focus was the effects of a vitamin
–bonded hemodialyzer on carotid artery athero-
clerosis and rheological properties of red blood
ells.237 Mean ESA dose decreased after 1 year
n the vitamin E–bonded dialyzers, but Hb levels
nd other important parameters, such as amount
f iron administered, were not reported. The
afety of vitamin E also must be considered: a
ecent meta-analysis in the non–kidney-disease
opulation suggested that doses of 400 U/d or
ore of vitamin E were associated with an in-

rease in all-cause mortality.238

ltrapure Dialysate
Inflammatory cytokines are proposed to inter-

ere with the erythropoietic effect of ESAs both
irectly and through impaired mobilization and
tilization of iron. An inflammatory stimulus in
D patients may be endotoxin or bacterial con-

amination of dialysate. Standards for bacterial
nd endotoxin content of water used for dialysis
nd for dialysate vary around the world. For
ialysate, recently revised voluntary standards
Association for the Advancement of Medical
nstrumentation) include an upper limit for bacte-
ia of 200 CFU/mL, and for endotoxin, of 2
U/mL.239 In some countries, limits of 100
FU/mL and 0.25 EU/mL for bacteria and endo-

oxin have been applied, respectively. Ultrapure
ialysate has 0.1 CFU/mL or less of bacteria and
ess than 0.03 EU/mL of endotoxin.239,240 Ultra-
ure dialysate is produced by generation of mi-
robiologically purer water than used for
tandard dialysate, minimizing potentially con-
aminating biofilm, and use of ultrafilters. Some

ncontrolled observations suggest that the re-
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTSS78
ponse to ESA treatment may be enhanced by the
se of ultrapure dialysate solutions.241 Three
CTs examined the effects of using online-
roduced or filtered ultrapure dialysate on ane-
ia outcomes in HD patients.242-244 ESA doses
ere significantly decreased by up to 33%. The
se of ultrapure dialysate typically was associ-
ted with lower C-reactive protein and interleu-
in 6 levels compared with standard dialysate,
hought to be indicative of reduced inflammatory
esponses.

emodiafiltration
Hemodiafiltration (HDF) has been evaluated

rospectively in a few RCTs with conflicting
esults. A small randomized study that compared
cetate-free biofiltration and low-flux HD in ESA-
reated patients suggested that ESA doses were
ower with HDF.245 In a comparison of online
DF with high-flux HD, no differences in Hb

evels or ESA dose were observed.246 Another
tudy, in which only about 40% of patients were
eing treated with an ESA, compared HDF and
igh-flux HD. It found no difference in Hb levels
r ESA doses.247 HDF with online production of
yrogen-free solutions also may have an advan-
age in terms or anemia outcomes compared with
onventional solutions.248

aily and Nocturnal HD
There are no RCTs comparing either daily HD

r nocturnal HD with conventional intermittent
D for effects on anemia or ESA requirements.

n the most recent report from a small nonrandom-
zed comparison of short daily, long nocturnal,
nd conventional HD, only nocturnal HD pa-
ients had a statistically significant increase in
b levels during 18 months; ESA doses also

ended to increase, although the difference was
ot statistically significant.249 In 1 study, conven-
ional HD patients with a baseline single-pool
t/V of at least 1.3 were changed to short-daily
ialysis 6 times per week with the same weekly
ialysis time.250 Weekly Kt/V increased by 31%.
n the patients studied for 12 months, mean ESA
ose decreased 45% compared with baseline,
ith stable or increased Hb levels. Doses of ESA
ere trending upward between 6 and 12 months
f observation. Other studies, none of which
ere RCTs, reported variable results.251-254 To

ur knowledge, it has not been studied whether w
hanging from conventional HD to daily or noc-
urnal HD specifically enhances ESA responsive-
ess in ESA-hyporesponsive patients.

eritoneal Dialysis
Although observational data have suggested

hat patients treated with PD may have lower
SA requirements than HD patients,255,256 no
ontrolled trials have been reported comparing
D and PD or different doses of PD on anemia
utcomes or ESA dose in ESA-treated patients.

ummary

Whereas the Anemia Work Group does not
ecommend changing patients with HD-CKD
rom standard bicarbonate dialysate to ultrapure
ialysate for the purpose of enhancing ESA
esponsiveness, studies suggest that the use of
ltrapure dialysate results in lower ESA doses in
atients with HD-CKD. There is insufficient evi-
ence at this time that other modifications in the
D prescription or various components of the
D treatment enhance ESA therapy.

LIMITATIONS
We acknowledge the limitations of these guide-

ines. For lack of evidence, we do not address the
otential adjuvant effect of pharmacological
gents or alterations in dialysis prescription on
nemia outcomes in patients without concomi-
ant ESA therapy. Among patients receiving ESA
herapy, available evidence is restricted to pa-
ients with HD-CKD. Among available ESA
gents, evidence is restricted to use of epoetin
lfa. As reported elsewhere in this document, a
uideline needs to be based on both high- or
oderate-quantity evidence and consistently

emonstrated net medical benefit. Therefore, we
onsidered appropriately designed, adequately
owered RCTs to be the required foundation.
ew such RCTs currently are available. Among
vailable RCTs, only hematologic outcomes were
ssessed: no evidence exists to confirm the as-
umption that hematologic outcomes gained with
djuvant therapy share the same risk-benefit pro-
le as those gained with ESA and iron therapy
lone. Finally, although the primary motivation
ehind adjuvant therapy is to decrease cost by
ecreasing ESA doses, information on the com-
arative costs and benefits of ESA with and

ithout proposed noniron adjuvants is lacking.
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ed blood cell transfusions should be used judi-
iously in patients with CKD, especially because
f the potential development of sensitivity affect-
ng future kidney transplantation. However, de-
pite the use of ESA and iron therapy, transfusion
ith red blood cells occasionally is required, in
articular in the setting of acute bleeding.
3.4.1 In the opinion of the Work Group, no

single Hb concentration justifies or
requires transfusion. In particular,
the target Hb recommended for
chronic anemia management (see
Guideline 2.1) should not serve as a
transfusion trigger.

RATIONALE

Anemia commonly is observed in patients
ith CKD. The degree of anemia is a reflection
f the severity of CKD. Anemia impacts on
ardiac function and is associated with increased
ardiovascular morbidity and mortality and de-
reased QOL.262

Typically, the anemia of CKD is chronic, and
atients compensate for the anemia through a
umber of mechanisms. Thus, in determining the
eed for red blood cell transfusions, it is impor-
ant to evaluate the state of compensation of the
atient. In general, otherwise healthy individuals
isplay few symptoms or signs of anemia at rest
hen Hb level is greater than 7 to 8 g/dL, although

hey may show dyspnea with exertion. At 6 g/dL,
ost patients will report some weakness and,
ith progressive decreases in Hb values, dys-
nea at rest and congestive heart failure (CHF)
ccur.263 Also, the risk for relevant tissue hyp-
xia increases, particularly in the presence of
ascular disease. Therefore, in general, decisions
oncerning transfusion are not acute, and there is
n opportunity to consider the risks and benefits
f transfusion as treatment.
Before considering transfusion of red blood

ells for the treatment of chronic anemia, it is
ssential to assess signs and symptoms and deter-
ine the cause of the anemia so that, when

ppropriate, treatment other than red blood cell
ransfusions may be used. Classic examples of
nemias that may be severe, but correctible by
lternative therapies, are iron-deficiency anemia

nd pernicious anemia in adults. e

merican Journal of Kidney Diseases, Vol 47, No 5, Suppl 3 (May
If red blood cell transfusions are deemed nec-
ssary for the immediate treatment of patients
ith chronic anemia, the goal should be to attain

n Hb concentration that will prevent inadequate
issue oxygenation or cardiac failure. When red
lood cell transfusions are considered for the
ong-term treatment of patients with chronic ane-
ia, treatment goals (other than to maintain a

ertain Hb concentration) should be determined
n advance and assessed serially to ascertain
hether the goals are being met. In this setting,

he physician and patient must consider such
uestions as: What symptoms and signs are
aused or aggravated by the anemia? Can these
ymptoms and signs be alleviated by red blood
ell transfusions? What is the minimum level of
b at which the patient can function satisfacto-

ily? Do the potential benefits of red blood cell
ransfusions outweigh the risks (and possibly the
nconveniences) for any given patient? In deter-
ining the risk-benefit ratio for a given patient,

uch factors as lifestyle, the presence of other
edical conditions, the likely duration of the

nemia, and the patient’s overall prognosis should
e considered. For example, a patient may be
illing to tolerate a very limited capacity for

xertion if anemia is likely to be temporary, but
ot if the anemia will be permanent.
In general, risks per unit of red blood cells

ransfused are the same as in any setting. A
umber of retrospective studies have identified
isks related to aggressive transfusion support. A
eview of patients with acute coronary artery
yndromes revealed a greater mortality rate in
ransfusion recipients.264 In the presence of se-
ere chronic anemia, transfusion may lead to
HF, particularly in the elderly. In such cases,

ed blood cell transfusions must be administered
ery slowly, and, in patients with HD-CKD,
ransfusion during hemofiltration may be re-
uired. The administration of many red blood
ell transfusions over a prolonged period can
ventually lead to iron overload.

The use of ESAs can greatly reduce the need for
ed blood cell transfusions in patients with anemia
f CKD when target Hb concentrations are reached
nd maintained.265,266 With the advent of new
mmunosuppressant regimens after 1995, the ben-

fits of pretransplantation transfusion have been

), 2006: pp S79-S80 S79
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTSS80
endered largely obsolete. There is some evi-
ence that donor-specific transfusion with living
onor transplantation improves survival, but the
ecision to perform donor-specific transfusion
ust still be made on a case-by-case basis. Blood

ransfusions can induce antibodies to histocom-
atibility leukocyte antigens that can reduce the
uccess of kidney transplantation; thus, transfu-
ions generally should be avoided in patients
waiting a renal transplant.267 If deemed essen-
ial, red blood cell transfusions in this patient
roup should be conducted in line with published
ecommendations.268

If therapy with an ESA is started at the Hb
oncentration recommended in these guidelines
nd Hb levels are maintained at the recom-

ended target concentrations, blood transfusions H
hould be necessary only for patients with acute
leeding (usually GI), acute hemolysis, or severe
nflammation or blood loss through surgery, and
hen only in an emergency or if the patient
xhibits a rapid decline in condition. Interna-
ional guidelines provide criteria for deciding
hen transfusion is necessary.269-271

Patients with CKD on HD therapy are more
ikely to need blood transfusions than those on
D therapy because of the HD procedure itself.
atients on HD therapy lose blood from frequent
lood tests, trapped blood in the dialyzer and
ubing,272 and increased risk for GI bleeding
rom anticoagulants. However, aggressive iron
eplacement has largely eliminated the need for
ed blood cell transfusions, even for patients on

D therapy.
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CPR 3.5. EVALUATING AND CORRECTING PERSISTENT
FAILURE TO REACH OR MAINTAIN
INTENDED HB
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lthough relative resistance to the effect of ESAs
s a common problem in managing the anemia of
atients with CKD and is the subject of intense
nterest, the bulk of available information sug-
ests that—in the absence of iron deficiency—
here are few readily reversible factors that con-
ribute to ESA hyporesponsiveness.

3.5.1 Hyporesponse to ESA and iron
therapy:
In the opinion of the Work Group, the
patient with anemia and CKD should
undergo evaluation for specific causes
of hyporesponse whenever the Hb
level is inappropriately low for the
ESA dose administered. Such condi-
tions include, but are not limited to:
● A significant increase in the ESA

dose requirement to maintain a
certain Hb level or a significant
decrease in Hb level at a constant
ESA dose.

● A failure to increase the Hb level to
greater than 11 g/dL despite an
ESA dose equivalent to epoetin
greater than 500 IU/kg/wk.

3.5.2 Evaluation for PRCA:
In the opinion of the Work Group,
evaluation for antibody-mediated
PRCA should be undertaken when a
patient receiving ESA therapy for
more than 4 weeks develops each of
the following:
● Sudden rapid decrease in Hb level

at the rate of 0.5 to 1.0 g/dL/wk, or
requirement of red blood cell trans-
fusions at the rate of approximately
1 to 2 per week, AND

● Normal platelet and white blood
cell counts, AND

● Absolute reticulocyte count less
than 10,000/�L.

BACKGROUND

yporesponsiveness to ESAs

Hyporesponsiveness to ESAs is a common

nding of grave significance whether it is mani- c

merican Journal of Kidney Diseases, Vol 47, No 5, Suppl 3 (May
ested by persistent, below-target Hb levels de-
pite substantial ESA doses or by within-target
b levels attained only at very high ESA doses.

n patients with HD-CKD undergoing ESA therapy,
b levels less than 11 g/dL are associated with

ncreased mortality and hospitalization rates, and
ailure to achieve an Hb level greater than 11
/dL is a poor prognostic sign. Given the dispro-
ortionate burden of morbidity and mortality that
he hyporesponsive patient population bears and
he ESA expense that hyporesponsiveness engen-
ers, hyporesponsiveness to ESAs deserves more
crutiny than it has received. Although most
isorders associated with hyporesponsiveness are
eadily apparent, a review of available informa-
ion on patients with coexisting hematologic or
ncological disorders may be worthwhile. Simi-
arly, a rare disorder, PRCA, deserves special
onsideration.

ntibody-Mediated PRCA

Rarely, patients undergoing ESA therapy
evelop antibodies that neutralize both ESA
nd endogenous erythropoietin. The resulting
yndrome, antibody-mediated PRCA, is char-
cterized by the sudden development of severe
ransfusion-dependent anemia. Rapid recogni-
ion, appropriate evaluation, and prompt inter-
ention can be effective in limiting the conse-
uences of this life-threatening hyporesponse
ondition.

Antibody-mediated PRCA, although rare in
atients administered ESAs, received urgent at-
ention after 1998. Between 1989 and 1998, three
eports described the development of PRCA in
small number of patients with CKD adminis-

ered ESAs.273,274 Reports of PRCA increased
harply in 1998 and reached a peak in 2002
Fig 17).273,275 These reports were associated
ith SC administration of an epoetin alfa formu-

ation not available in the United States. In 1998,
n this formulation, polysorbate 80 was used to
eplace human albumin. Preparations of this prod-
ct included single-dose syringes fitted with un-
oated rubber stoppers and prefilled with epoetin
lfa. Results of an intensive investigation indi-

ate that in the presence of polysorbate 80 and

), 2006: pp S81-S85 S81
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTSS82
ncoated rubber can release organic compounds
hat may act as immunoadjuvants, thereby in-
reasing the immunogenicity of SC-adminis-
ered epoetin alfa.273-275

Between 2001 and late 2003, single-dose sy-
inges with polysorbate 80 and uncoated stop-
ers were replaced by syringes with fluoro-resin-
oated stoppers.275 In addition, SC administration
f the agent had been prohibited in Europe and
iscouraged in Canada. By 2004, the incidence
f new antibody-mediated PRCA had decreased
o pre-1998 levels.

Isolated cases of PRCA have been observed in
ssociation with the use of other ESAs.273,274,276-279

o case of antibody-associated PRCA has been
ocumented in patients treated with only IV
dministration of ESAs.274 An increase in anti-
ody-mediated PRCA has not been seen among
atients in the United States, where the immuno-
enic formulation has not been available.

Fig 17. Exposure to Eprex® and case counts of
RCA. Relationship between reporting rate of new
ases of PRCA and route of administration (SC versus

V), stabilizer (human serum albumin versus polysor-
ate 80), and coated versus uncoated stoppers in
reparations of Eprex®, a form of epoetin alfa mar-
eted outside the United States. Reprinted with permis-
ion.275
The incidence rate of PRCA in patients who
ere exposed to SC-administered ESA from sy-

inges with uncoated stoppers and polysorbate
0 is estimated at 4.23 cases/10,000 patient-
ears.275 The incidence with SC use of all other
orms of SC-administered ESA is estimated to be
.5 cases/10,000 patient-years.275 The finding
hat antibody-mediated PRCA develops only
arely, even among patients exposed to adversely
quipped syringes, suggests that additional fac-
ors must have been involved to render ESA
mmunogenic, potentially including differences
n host immunoreactivity or product storage and
andling.

RATIONALE

yporesponse to ESA and Iron Therapy

The patient with anemia and CKD should
ndergo evaluation for specific causes of hypore-
ponse if Hb level is persistently less than 11
/dL AND if ESA doses are equivalent to epoetin
reater than 500 IU/kg/wk. Results from the
SRDS national data system show that the distri-
ution of epoetin alfa doses is quite broad, the
umber of administrations per percentile range is
elatively constant over the full spectrum of
oses, and the relationship between percentile
ange and mean epoetin dose per administration
s distinctly nonlinear (Fig 18). In these uns-
lected patients, the 99th percentile doses are 30
imes greater than the 1st percentile doses, and
he top 20% of patients seem to be using a
isproportionate amount of ESA compared with
he lower 80%.

Fig 18. Mean epoetin dose per patient per
administration by percentile of dose (1st, 5th to

95th, and 99th). Data are for December 2004,
courtesy of USRDS.
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTS S83
Available information on hyporesponsiveness
s weakened by the lack of a validated quantita-
ive measure of ESA resistance. Although a resis-
ance index—calculated by dividing the weight-
djusted ESA dose by Hb level—has been
roposed, precisely how the ESA dose and Hb
evel should be determined (area under the curve,
ingle value, time averaged) has not been stan-
ardized and reference values have not been
alidated.
Factors most commonly associated with persis-

ent failure to achieve target Hb levels for at least
months despite ESA therapy include the follow-

ng280:

● Persistent iron deficiency
● Frequent hospitalization
● Hospitalization for infection
● Temporary catheter insertion
● Permanent catheter insertion
● Hypoalbuminemia
● Elevated C-reactive protein level.

In general, these problems do not pose a
iagnostic challenge or yield to simple solutions.
second set of disorders also may be identified

mong hyporesponsive patients. Unfortunately,
hey also are found among those who do not
eet criteria for hyporesponsiveness, and they

lso represent neither frequent nor elusive diag-
oses280:

● Pancytopenia/aplastic anemia
● Hemolytic anemia
● Chronic blood loss
● Cancer, chemotherapy, or radiotherapy
● Inflammatory disease
● Acquired immune deficiency syndrome
● Infection.

Only a small percentage of patients with a
b level less than 11 g/dL fail to respond to
SA therapy. Persistency analysis shows that
pproximately 10% of patients with HD-CKD
ho enter a 6-month period with a Hb level

ess than 11 g/dL remain at less than that
hreshold for 6 consecutive months.112 Among
atients with a Hb level less than 11 g/dL
dministered high ESA doses (epoetin alfa �
0,000 IU/wk), only 0.6% of patients re-
ained at less than that threshold for 6 consecu-
ive months.
In short, the available evidence suggests that
pproximately 20% of patients with HD-CKD
n the United States are administered ESA
oses in excess of an epoetin equivalent of
0,000 IU/wk, or 428 IU/kg/wk for a 70-kg
atient (Fig 2). Approximately 10% of patients
ith an Hb level less than 11 g/dL will persis-

ently fail to attain a target Hb level of 11 g/dL
r greater. However, among US patients with
n Hb level less than 11 g/dL and ESA doses in
xcess of 30,000 IU/wk epoetin equivalents,
ess than 1% will remain at less than the Hb
arget for 6 months.

The patient with anemia, CKD, and a preexist-
ng hematologic disorder represents an uncom-
on, but challenging, cause of ESA hyporespon-

iveness and deserves special consideration. The
uality of reviewed material is insufficient to
rovide specific recommendations. However, a
rief review of the available literature may prove
elpful to medical decision making in the treat-
ent of these patients.

Management of anemia in patients with CKD
ith preexisting hematologic disorders associ-

ted with anemia may present specific prob-
ems because of multifactorial causes. In some
atients, anemia may result predominantly from
ow endogenous erythropoietin levels and can
e corrected readily by administration of ESAs.
n other disorders, impaired marrow function,
neffective erythropoiesis, and shortened red
lood cell survival may contribute to anemia
nd ESA hyporesponsiveness.

We identified a small number of publica-
ions that evaluated ESA responsiveness in
atients with CKD and preexisting hemato-
ogic disorders (Table 38). The publications
re predominantly observational, taking the
orm of individual case reports or reports of a
mall series of patients. Although the available
nformation is insufficient to support guide-
ines or CPRs, the following summary state-
ents may be helpful:

halassemia

● Patients with thalassemia have a poor
response to ESA.281-283

● Higher doses of ESA are required to achieve

target Hb levels.281-284
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTSS84
● Patients can become independent of trans-
fusions on high doses of ESA.284

● The need for ESA increases in patients
with high levels of HbA2 chains in the
serum.282

● Patients with �-thalassemia major show
high endogenous erythropoietin levels.285

● Patients with HbS/�-thalassemia have a
higher-than-normal endogenous erythropoi-
etin level.286

b H

● Patients are resistant to ESA.281,287

● Endogenous serum erythropoietin levels
and serum transferrin receptor levels are
both increased.287

● The mechanism of anemia is likely related
to ineffective erythropoiesis and
hemolysis.287

b S

● Patients show higher ESA dose require-
ment to achieve target Hb level.288,289

● There may be a lower incidence of sickle
cell crises while on ESA therapy.289

● Endogenous erythropoietin levels increase

Table 38. Published Experience in Patients With

Author, Year Location 
Adult/Ped/ 
Mean Age N Diagnosi

China Adult 4 
Thal-t Cheng, 1993 281

 HbH 1  
Lai, 1992 283 China Adult 4 α-Thal-T, β-T

Di Iorio, 2003 282 Italy Adult 10 β-Thal-m

CKD Stage

eym elpitluMPowe, 1993 288 US Adult 59,462 

sid llec elkciS

Tomson, 1992 289 UK Adult 3 Sickle cell dis

Tarng, 1997 296 Taiwan Adult 1 Hb J-Meinu
Drueke, 1990 297     ecnarF 
Ataga, 2000 298     SU 
Drueke, 1991 299     ecnarF 

Di Iorio, 2004 284 Italy  12 β-Thal-m

Di Iorio, 2003 282 Italy  10 β-Thal-m

5 β-Thal-t
 t-E bH 51Paritpokee, 2002 285 Thailand Children 

55 β-Thal-m/H

 3 Homocyg sickle ce
Papassotiriou, 2000 290 Greece 

 10 Hb S/β-Th

Papassotiriou, 1998 287  H bH 02  eceerG 

Katopodis, 1997 286 Greece 16-59 17 S-β-Tha
with hydroxyurea therapy.290 l
ultiple Myeloma

● Higher levels of ESA are required to
achieve target Hb levels in patients with
HD-CKD.288

● Therapy with ESAs reduces transfusions
and improves QOL in anemic patients with
or without kidney disease.291

eneral Comments

Patients with �-thalassemia and Hb S disease
ay require higher doses of ESA compared with

atients with CKD who do not have hematologic
isorders. There is no apparent contraindication
o increase the ESA dose in either disorder. Some
atients may require doses usually used in hema-
opoietic disorders (40,000 to 60,000 U/wk).

valuation for PRCA

Evaluation for antibody-mediated PRCA
hould be undertaken when a patient receiving
SA therapy for more than 4 weeks develops
ach of the following: sudden rapid decline in
b level at the rate of 0.5 to 1.0 g/dL/wk, or

equirement of red blood cell transfusions at the
ate of approximately 1 to 2 per week; normal
latelet and white blood cell counts; and abso-

, CKD, and a Preexisting Hematologic Disorder 

Type of Study EPO Response 

(n = 4 ) Matched controls Different doses Higher doses of ESA to achieve 
target Hb 

 ASE ot tnatsiseR  
(n = 36) Randomly selected Different doses Poor response of Thal patients 

Lab quantification of Hb chains Different doses 
ESA dose requirement higher in 

patients with high levels of 
anomalous Hb chains 

National logitudinal cohort Epo requirement  

  Less response, higher ESA 
requirement 

  Less response, higher ESA 
requirement 

Case reports Increasing doses 
No sickle crisis on ESA, Hb S 
increased, no Tf for 12 weeks 

Case reports  Poor response to ESA 
   weiveR
   weiveR
   weiveR

Case series Increasing doses 
Patients became Tf independent on 
high doses of ESA, sustained effect

Case series HbA2 levels and Epo 
Need for ESA increases with 

presence of high levels of Hb A2

chains (see Ataga, 2000 298)
Lab for endogenous Epo Lab study β-Thal major high levels of ESA 

   

   

Intervention with HU Endogenous Epo 
levels 

ESA levels increase on HU 

   

 slevel RfT dna opE seires esaC
Both are increased in patients with 

HbH/ineffective
erythropoiesis/hemolysis 

Comparison with normal controls Epo levels, Hb 
High ESA levels in S-β-Thal 

compared to normal, correlation 
with Hb 
 Anemia

s 

hal-m 

 

 5 

 amol

 esae

ease 

ng 

 

 

 

b E 

ll disease 

al 

l 
ute reticulocyte count less than 10,000/�L.
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ANEMIA IN CHRONIC KIDNEY DISEASE IN ADULTS S85
yndrome Recognition
The characteristic sign of PRCA is almost

omplete cessation of erythropoiesis. Accord-
ngly, a patient affected with PRCA evidences a
ecrease in Hb level of about 0.1 g/dL per day
nd a reticulocyte count less than 10,000/�L,
onsistent with the normal rate of red blood cell
estruction and an absence of red blood cell
roduction. Because nonerythroid marrow is un-
ffected, leukocyte and platelet counts are ex-
ected to be normal.274,276

iagnostic Evaluation
Recommendations based on expert opinions have

een published to guide the workup and therapy
f patients suspected to have antibody-mediated
RCA.274,277,279 The definitive diagnosis is de-
endent upon demonstration of the presence of

eutralizing antibodies against erythropoietin. p
anagement and Treatment
It is prudent to discontinue the administration

f any ESA product in patients with suspected
nd confirmed diagnosis because the antibodies
re cross-reactive and continued exposure may
ead to anaphylactic reactions.292 Patients likely
ill require transfusion support. Treatment with

mmunosuppressive approaches is effective in a
ignificant number of patients.293 Renal allo-
rafts usually result in a rapid decrease in anti-
ody titers associated with therapeutic benefit.293

t is not clear whether treatment with ESA can be
esumed safely after clearance of the antibody.
ased on very preliminary data, this might be

easible; however, caution is advised.294 A single
ase also has been reported in which Hb levels
ould be restored in the presence of antierythro-
oietin antibodies by switching to a different

roduct.295
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III. CLINICAL PRACTICE RECOMMENDATIONS FOR ANEMIA

IN CHRONIC KIDNEY DISEASE IN CHILDREN
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CLINICAL PRACTICE
RECOMMENDATIONS FOR ANEMIA IN

PEDIATRIC PATIENTS WITH CKD

INTRODUCTION
Presentation of clinical practice recommenda-

ions for anemia in pediatric patients with CKD
s warranted because the pediatric patient popula-
ion, from newborn through adolescence, differs
ubstantially from the adult population in key
etabolic, growth, developmental, and psycho-

ogical factors.300 Nevertheless, providers caring
or adult and pediatric patients with CKD largely
hare the same topics of concern regarding the
iagnosis and management of anemia. More-
ver, the bulk of information to support CPRs
nd the only evidence of sufficient strength to
upport evidence-based guidelines are available
rom studies of the adult patient population.
iven the distinct needs of pediatric patients,

hared topics of concern among providers for
oth pediatric and adult patients, the generally
ow quality of evidence in pediatric patients, and
he unavoidable need to generalize from evi-
ence in adults, the Work Group chose to present
PRs in pediatric patients as a separate section,
sing adult guidelines as a frame of reference,
hanging recommendations when appropriate,
nd describing available evidence in pediatric
atients under the guideline rationale.
Here, we address issues pertinent to children

ith anemia and CKD at all stages of disease.

ur goal is to offer recommendations based on N

American Journal of K86
he best evidence available regarding issues re-
ated to the identification, diagnosis, initial evalu-
tion, and strategies for treatment and monitor-
ng of children with anemia and CKD stages 1 to
, including those treated with dialysis. Our
eview is not exhaustive and our intent is not to
ubstitute for textbooks. Specific details on poten-
ial dosing regimens, therapeutic choices, and
ractice options in caring for children with ane-
ia and CKD are found elsewhere.301

Please note that to be consistent with the use
f Hb levels, as opposed to Hct, in these new
uidelines, all Hct values from studies quoted
ave been converted to Hb equivalents by a
actor of 0.3 g/dL per percent of Hct; eg, an Hct
f 33% is converted to an Hb level of 9.9 g/dL.
All statements in the pediatric section assume

he preface In the opinion of the Work Group, and
ll statements are provided as CPRs because
here is insufficient evidence in pediatric patients
o support evidence-based guidelines. When, in
he opinion of the Work Group, the adult guide-
ine statement applies equally well to adults and
hildren, the statement is accompanied by the
ollowing:

(FULLYAPPLICABLE TO CHILDREN)
When, in the opinion of the Work Group, the

dult guideline statement needs modification or
djustment for children, the following instruc-
ion is given, followed by the pediatric-specific
uideline statement.
(APPLICABLE TO CHILDREN, BUT
EEDS MODIFICATION)

idney Diseases, Vol 47, No 5, Suppl 3 (May), 2006: p S86
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CPR FOR PEDIATRICS 1.1: IDENTIFYING PATIENTS AND

INITIATING EVALUATION
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dentifying anemia is the first step in evaluating
he prognostic, diagnostic, and therapeutic signifi-
ance of anemia in patients with CKD.

1.1.1 Stage and cause of CKD: (FULLY
APPLICABLE TO CHILDREN)
In the opinion of the Work Group, Hb
testing should be carried out in all
patients with CKD, regardless of stage
or cause.

1.1.2 Frequency of testing for anemia:
(FULLY APPLICABLE TO CHIL-
DREN)
In the opinion of the Work Group, Hb
levels should be measured at least
annually.

1.1.3 Diagnosis of anemia: (APPLICABLE
TO CHILDREN, BUT NEEDS MODI-
FICATION)
ADULT CPR
In the opinion of the Work Group,
diagnosis of anemia should be made
and further evaluation should be un-
dertaken at the following Hb concen-
trations:
● <13.5 g/dL in adult males.
● <12.0 g/dL in adult females.
PEDIATRIC CPR
In the opinion of the Work Group, in
the pediatric patient, diagnosis of ane-
mia should be made and further evalu-
ation should be undertaken whenever
the observed Hb concentration is less
than the fifth percentile of normal
when adjusted for age and sex.

RATIONALE

tage and Cause of CKD

There is no evidence in the pediatric CKD
opulation to contradict the principles as out-
ined in the Adult Guideline 1.1 with respect to
he use of Hb level, not Hct, to define anemia and
he value of obtaining this at a standard time (eg,
efore dialysis during the midweek run) in pa-
ients on HD therapy.

It also is clear that children with CKD are
merican Journal of Kidney Diseases, Vol 47, No 5, Suppl 3 (May
unction decreases. From USRDS 2004 data, we
now that the mean eGFR at initiation of dialysis
herapy in children is 10.3 mL/min/1.73 m2 and
hat, at this point, 35% to 40% of children are
lready receiving ESA therapy.28 One study of
5 children with various degrees of renal disease
xamined the role of erythropoietin and potential
nhibitors of its action. The study suggested that
n this group, the risk for anemia increased at a
FR less than 35 mL/min/1.73 m2.302 Unfortu-
ately, unlike the adult literature, there is no
etter direct or observational evidence that clearly
elineates a particular cutoff level of function for
hich the risk for CKD-associated anemia in-

reases significantly in children.

requency of Testing for Anemia

This guideline is considered applicable to chil-
ren because there is no direct evidence to sup-
ort a different recommendation. However, it is
ften the case that children (especially younger
nes) will receive more frequent laboratory moni-
oring of their CKD status caused, in part, by
xpected changes in values during growth.

iagnosis of Anemia

In terms of defining a lower limit of “normal”
b level before initiating a workup for anemia in
child with CKD, it seems reasonable to apply

he same approach, although not the same val-
es, as in the adult Guidelines. In other words,
nemia in a child with CKD should be diagnosed
nd evaluated at such time that the child’s Hb
evel decreases to less than the fifth percentile for
heir age and sex. Adjustment in normal Hb
evels—and hence the definition of anemia—for
hildren living at higher altitudes likely is reason-
ble, as in the adult Guidelines, although age-
pecific pediatric data are not available.

The normative values for this definition in
hildren older than 1 year of age have been taken
rom the NHANES III reference data, as in
dults (Table 39), whereas the values for children
rom birth to 1 year are taken from data compiled
303
ore likely to develop anemia as their renal elsewhere (Table 40).
), 2006: pp S87-S88 S87
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Table 39. Hb Levels (g/dL) in Children Between 1 and 19 Years for Initiation 

All Races/Ethnic Groups Number of Subjects  Mean Standard Dev
BOYS

 4.1 7.41 326,21 revo dna ry 1
 8.0 0.21 139 ry 2-1
 8.0 4.21 182,1 ry 5-3
 8.0 9.21 907 ry 8-6
 8.0 3.31 377 ry 11-9
 1.1 1.41 045 ry 41-21
 0.1 1.51 638 ry 91-51

GIRLS 
 1.1 2.31 947,31 revo dna ry 1
 8.0 0.21 858 ry 2-1
 8.0 4.21 733,1 ry 5-3
 8.0 8.21 576 ry 8-6
 8.0 1.31 437 ry 11-9

12-14 yrb  0.1 3.31 126
15-19 yrb  0.1 2.31 059

a. Based on NHANES III data, United States, 1988-94; data abstracted from Tables 2 & 3.40

b. Menstrual loses contribute to lower mean and 5th percentile Hb values for group. 

Table 40. Hb Levels (g/dL) in Children Between Birth and 24 Months fo

 bH naeM egA
 5.61 )doolb droc( mreT
 5.81 d 3-1
 5.71 kw 1
 5.61 kw 2
 0.41 om 1
 5.11 om 2
 5.11 om 6-3
 0.21 om 42-6

a. Data taken from normal reference values.303

b. Values 2 standard deviations below the mean are equivalent to <2.5th percentile  
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CPR FOR PEDIATRICS 1.2: EVALUATION OF ANEMIA IN CKD
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nemia in patients with CKD is not always
aused by erythropoietin deficiency alone. Initial
aboratory evaluation therefore is aimed at iden-
ifying other factors that may cause or contribute
o anemia or lead to ESA hyporesponsiveness.

1.2.1 In the opinion of the Work Group,
initial assessment of anemia should
include the following tests: (APPLI-
CABLE TO CHILDREN, BUT NEEDS
MODIFICATION)
1.2.1.1 A CBC including—in addi-

tion to the Hb concentration—
red blood cell indices (MCH,
MCV, MCHC), white blood
cell count and differential and
platelet count.

1.2.1.2 Absolute reticulocyte count.
1.2.1.3 Serum ferritin to assess iron

stores.
1.2.1.4 ADULT CPR
Serum TSAT or CHr to assess w

merican Journal of Kidney Diseases, Vol 47, No 5, Suppl 3 (May
adequacy of iron for erythro-
poiesis.
PEDIATRIC CPR
In the pediatric patient, serum
TSAT to assess adequacy of
iron for erythropoiesis.

RATIONALE
There is no evidence to support any different

ecommendations in children compared with
dults with respect to statements 1.2.1.1 through
.2.1.3. However, tests other than TSAT that are
ncluded in the recommendation for assessment
f iron available for erythropoiesis in adults have
ot been well studied in the pediatric CKD
opulation, with only 2 studies examining the
se of CHr in HD patients304,305 and none evalu-
ting the use of PHRCs. This would seem to
uggest that until further data are available, these
ests remain research-based methods in children

ith CKD.

), 2006: p S89 S89
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reatment thresholds in anemia management de-
cribe the intended goal of current treatment for
he individual patient. The Hb treatment range
epresents the intended goal of ESA and iron
herapy.

2.1.1 Lower limit of Hb: (FULLY APPLI-
CABLE TO CHILDREN)
In patients with CKD, Hb level should
be 11.0 g/dL or greater. (MODER-
ATELY STRONG RECOMMENDA-
TION)

2.1.2 Upper limit of Hb: (FULLY APPLI-
CABLE TO CHILDREN)
In the opinion of the Work Group,
there is insufficient evidence to recom-
mend routinely maintaining Hb levels
at 13.0 g/dL or greater in ESA-treated
patients.

RATIONALE
Determination of Hb targets in pediatric pa-

ients resists definitive recommendation. QOL,
o significant to the development of the child
nd life of the family, lends urgency to the
onsideration of higher Hb level thresholds.
owever, evidence lacks both quality and quan-

ity, rendering assessment of both benefit and
isk uncertain. Age-specific variation in normal
b levels introduces further uncertainty. Finally,
iven key metabolic, growth, developmental, and
sychological differences between children and
dults, exclusive reliance on evidence in adults is
nappropriate.

The Work Group presents lower and upper
argets for Hb levels in children using values in
dults for reference. However, we add 2 signifi-
ant qualifications. The first is that both the
ower and upper Hb targets serve only as opinion-
ased CPRs, in keeping with the lack of pediatric-
pecific evidence. The second is that medical
ecision making to set Hb targets in individual
atients should be informed by available evi-
ence that is uniquely pediatric. Consideration
hould be given, for example, to the potential
eed to make adjustments for the normal age-
pecific Hb distribution (Table 39 and Table 40).
n weighing the potential QOL benefits of Hb
argets, the available evidence in adults should
e enriched by consideration of QOL issues that

re crucial to children, including neurocognitive r

American Journal of Kidney90
evelopment, school attendance, exercise capac-
ty, and family support. To assist medical deci-
ion making, the Work Group provides the follow-
ng review of the literature.

ortality

Observational evidence relating Hb level to
ortality is available. Children in the NorthAmeri-

an Pediatric Renal Transplant Cooperative Study
NAPRTCS) database from 1992 to 2001 with an
b level less than 9.9 g/dL compared with those
ith an Hb level greater than 9.9 g/dL showed an

levated risk for mortality: adjusted RR, 1.52;
5% CI, 1.03 to 2.26; P � 0.05.306 The relation-
hip between Hb level and mortality, when exam-
ned at other cutoff values for Hb, appeared
ontinuous. Patients with more severe anemia
lso experienced increased risk for hospitaliza-
ion (17.2% � 1.8% versus 12.3% � 2.1%,
espectively; P � 0.01).

he Heart

A single RCT provides evidence for the ben-
fit of treatment of anemia with ESA compared
ith placebo. In a blinded crossover trial of 11

hildren aged between 2.3 and 12.3 years, under-
oing HD or PD, and with a baseline Hb level
etween 4.3 and 8.1 g/dL, patients were assigned
o either ESA therapy (Hb � 10 g/dL) or placebo
or 24 weeks.126 Seven patients completed both
rial arms. ESA therapy was associated with partial
orrection of an elevated cardiac index by 6
onths and a significant reduction in left ventric-

lar mass by 12 months.
Two observational studies have examined the

elationship between anemia and LVH in chil-
ren with CKD.307,308 In these studies, patients
ith severe LVH (left ventricular mass index �
1 g/m2) showed a statistically lower Hb level
han those without LVH (Hb, 9.5 � 1.8 versus
0.9 � 2.3 g/dL; P � 0.027). Left ventricular
ompliance also was related to Hb level in chil-
ren (r � –0.65; P � 0.02). The findings suggest
hat severe anemia in children with CKD stage 5
eads to chronic increases in cardiac workload
nd a consequent increase in both left ventricular
nd-diastolic volume and mass.

In this RCT, exercise capacity improved with
SA treatment (mean achieved Hb, 11.2 g/dL;
ange, 9.5 to 14.2 g/dL) compared with placebo

Diseases, Vol 47, No 5, Suppl 3 (May), 2006: pp S90-S92
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ANEMIA IN CHRONIC KIDNEY DISEASE IN CHILDREN S91
ontrol.126 Measures of capacity significantly
ffected included a 2-minute walking test (n � 7)
nd a formal treadmill testing using the Bruce
rotocol, full (n � 3) or modified (n � 3).
istance walked, in meters, approached but did
ot reach statistical significance in the ESA arm
f the crossover, P � 0.06; similar results were
een from both the regular or modified treadmill
ata, P � 0.07.
In a nonrandomized interventional trial, 18

hildren with CKD stage 5 (15 patients, on HD
r PD) and a Hb level less than 9.9 g/dL were
dministered IV or SC ESA until Hb level was
reater than 9.9 g/dL; baseline Hb level of 6.5 �
.8 g/dL changed to a final level of 10.0 � 0.6
/dL; P � 0.001.309 Exercise time (treadmill
ith a modified Bruce protocol) increased signifi-
antly (before ESA, 10.3 � 1.9 minutes; after
SA, 11.2 � 1.9 minutes; P � 0.01), and resting
xygen consumption decreased from 7.8 � 1.8
o 6.9 � 1.4 mL/min/kg; P � 0.01 with the
igher Hb level. However, there was no change
n stroke volume, blood pressure, or any cardiac
ndices after the first month at the higher Hb
evel.

Similarly, a small cohort (n � 7) of HD
atients showed an improvement in aerobic work
apacity and effort tolerance, as evidenced by
tatistically significant changes in the workload
eached, peak oxygen uptake, and average venti-
atory anaerobic threshold after treatment of ane-
ia with ESA (baseline Hb, 6.3 � 0.9 g/dL

ersus final Hb, 11.2 � 1.2 g/dL).310

Finally, 10 children undergoing PD were evalu-
ted before and 18 months after limited correc-
ion of anemia with ESA (baseline Hb, 5.9 � 0.9
/dL versus final Hb, 8.7 � 1.5 g/dL). Patients
howed a significant slowing of heart rate, P �
.01, but no improvement for other cardiac pa-
ameters.311

OL and Neurocognitive Effects

The relationship between QOL and anemia has
een examined in children with CKD.126,312,313

n 2 trials,312,313 QOL instruments were not
alidated in patients with CKD and were com-
leted by parents. Only 1 study blinded parent-
esponders to use of ESA or placebo, although 5
f 7 parents in that study correctly identified use

f ESA during the appropriate treatment.126 a
In 116 children enrolled in a multicenter trial,
leep, activity (in school, at home, or in social
ituations), alertness, feelings, and a summary
core composed of all subscores were assessed at
aseline and every 6 months during ESA treat-
ent to attain a target Hb level of 9.6 to 11.2

/dL compared with baseline pretreatment Hb
evel of 6.7 g/dL (range, 3.4 to 9.5 g/dL).313

cores at 1 year after ESA increased after treat-
ent for all aspects examined, but only the 10%

ncrease in the summary score achieved signifi-
ance (P � 0.05).

In the previously described randomized cross-
ver trial,126 a 25-question modified parental
uestionnaire used a visual analog scale to assess
domains: sleep, school performance, diet, psy-

hosocial, and a physical performance/health con-
truct. Only physical performance and general
ealth showed a significant treatment effect
again, baseline Hb, 4.3 to 8.1 g/dL versus final
b, 11.2 g/dL; range, 9.5 to 14.2 g/dL).
A generic health QOL questionnaire has been

dministered in a cross-sectional fashion to the
arents of children with CKD stages 1 to 5 and
ransplant recipients.312 This instrument, which
as shown internal consistency and concurrent
alidity and has been used in a single-center trial
f children on HD therapy,314 measures 12 as-
ects of health-related QOL in the domains of
hysical functioning; limitations in schoolwork
nd activities with friends, general health, bodily
ain and discomfort, limitations in family activi-
ies; emotional/time impact on the parent; impact
f emotional or behavior problems on school
ork and other daily activities; self-esteem; men-

al health; behavior; family cohesion; and change
n health. When evaluated as a continuous vari-
ble, Hct was linked directly to measures of
mproved health, as seen in the single-item gen-
ral health (r � 0.36; P � 0.003), general health
r � 0.29; P � 0.004), and physical functioning
r � 0.35; P � 0.0004) domains.312

Further analysis of the same data, adjusting for
GFR, age, sex, race, dialysis modality, and
ransplantation or chronic renal insufficiency and
ividing the patients into groups with Hb level
reater than or less than 10.8 g/dL (defined by
he investigators as anemic), showed an associa-
ion between anemia and 4 domains: Parental
mpact-Time, Family Activities, Role–Physical,

nd Physical Functioning. Further multivariate
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ANEMIA IN CHRONIC KIDNEY DISEASE IN CHILDRENS92
nalysis done after division of the group into Hb
ertiles, less than 9.9 g/dL, 9.9 to 10.8 g/dL, and
reater than 10.8 g/dL, showed a strong dose-
esponse relationship between Hb level and
ealth-related QOL as measured by this instru-
ent. It should be noted that differences between

he mid and upper tertile of Hb levels did not
each significance, whereas those between the
owest and upper tertile in the areas of Physical
unctioning (P � 0.02), Role–Emotional (P �
.05), Role–Physical (P � 0.02), Parental Im-
act–Time (P � 0.004), Family Activities (P �
.003), and Physical Summary score (P � 0.01)
id. (Note: these results have been converted
rom Hct to Hb values.)

The neurocognitive effects of anemia also
ave been examined. In healthy children aged 6
o 11 years, impairment in cognition is associ-
ted with iron deficiency and an Hb level less
han 11.8 g/dL.315 Furthermore, in a multicenter
ingle-arm interventional trial evaluating 22 chil-
ren with CKD aged 4 months through 16 years,
reatment of anemia was associated with a signifi-
ant increase in IQ, determined by using the
eschler intelligence test, although the relative

ncrease in Hb levels was small (Hb baseline,
.2 � 1.6 versus final, 9.7 � 1.7 g/dL; P �
.007).316

utrition and Growth

No reliable studies have been published that
xamine the relationship between treatment of
nemia and nutrition in children. The literature
onsists largely of subjective reports by the child
r family or short small trials that fail to achieve
ignificant treatment effects.

Treatment of anemia apparently fails to re-
erse growth retardation in children with CKD
ndergoing HD or PD.317,318 In a US phase III,
andomized, double-blinded, placebo-controlled
rial of ESA therapy in children, 81 children on
D or PD therapy showed a substantial increase
n Hb levels with treatment (baseline, 6.3 to 6.6 w
/dL to final, 9.3 g/dL), and no effect was seen
or any measured nutrition or growth parameter,
ncluding midarm circumference, triceps skin-
old thickness, weight gain, or the SD scores for
rowth velocity or height.317

ypertension

The development or worsening of hyperten-
ion during treatment with ESAs in children is of
ignificant concern. In a study of children aged 4
onths to 21 years, assignment to either high-

ose (epoetin, 450 IU/kg/wk) or low-dose (150
U/kg/wk) ESA treatment was associated with a
ignificant increase in diastolic blood pressure by
eek 12 compared with baseline (88 � 6.7 versus
8 � 17 mm Hg; paired t-test, P � 0.01).319 The
nvestigators reported a nonsignificant trend be-
ween increasing Hb levels and increasing sys-
olic and diastolic blood pressures despite stable
r lower ESA dose.

hrombotic Events

No thrombotic events, including vascular ac-
ess thrombosis, were reported in either arm of
he mentioned high-dose versus low-dose ESA
rial.319 However, the small number of patients,
elatively short length of follow-up, and rela-
ively few patients with HD preclude any reliable
onclusions about safety. No other larger prospec-
ive trials of pediatric patients treated with ESAs
o various Hb targets are available to further
ddress the issue of clotting or access thrombo-
is, although it has been reported to occur inter-
ittently in children.318,320–323

SA Therapy and Loss of Renal Function

In patients with ND-CKD assigned to high-
ose compared with low-dose ESA treatment, no
ignificant difference in creatinine levels was
een; in the same trial, between-group compari-
on showed no change in Kt/V among patients

ith HD-CKD.319
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CPR FOR PEDIATRICS 3.1: USING ESAs
SAs are critical components in managing the
nemia of patients with CKD. Available ESAs
re each effective in achieving and maintaining
arget Hb levels. Aspects of administration may
iffer between short-acting and long-acting
gents.

3.1.1 Frequency of Hb monitoring: (FULLY
APPLICABLE TO CHILDREN)
3.1.1.1 In the opinion of the Work

Group, the frequency of Hb
monitoring in patients treated
with ESAs should be at least
monthly.

3.1.2 ESA dosing: (FULLY APPLICABLE
TO CHILDREN)
3.1.2.1 In the opinion of the Work

Group, the initial ESA dose
and ESA dose adjustments
should be determined by the
patient’s Hb level, the target
Hb level, the observed rate of
increase in the Hb level, and
clinical circumstances.

3.1.2.2 In the opinion of the Work
Group, ESA doses should be
decreased, but not necessarily
held, when a downward ad-
justment of Hb level is needed.

3.1.2.3 In the opinion of the Work
Group, scheduled ESA doses
that have been missed should
be replaced at the earliest pos-
sible opportunity.

3.1.2.4 In the opinion of the Work
Group, ESA administration in
ESA-dependent patients
should continue during hospi-
talization.

3.1.2.5 In the opinion of the Work
Group, hypertension, vascu-
lar access occlusion, inad-
equate dialysis, history of
seizures, or compromised nu-
tritional status are not contra-
indications to ESA therapy.

3.1.3 Route of administration: (APPLI-
CABLE TO CHILDREN, BUT NEEDS

MODIFICATION)

merican Journal of Kidney Diseases, Vol 47, No 5, Suppl 3 (May
3.1.3.1 ADULT CPR
In the opinion of the Work
Group, the route of adminis-
tration should be determined
by the CKD stage, treatment
setting, efficacy consider-
ations, and the class of ESA
used.
PEDIATRIC CPR
In the opinion of the Work
Group, in the pediatric patient,
the route of administration
should be determined by the
CKD stage, treatment setting,
efficacy considerations, the
class of ESA used, and the
anticipated frequency and pain
of administration.

3.1.3.2 In the opinion of the Work
Group, convenience favors SC
administration in non–HD-
CKD patients.

3.1.3.3 In the opinion of the Work
Group, convenience favors
IV administration in patients
with HD-CKD.

3.1.4 Frequency of administration: (APPLI-
CABLE TO CHILDREN, BUT NEEDS
MODIFICATION)
3.1.4.1 ADULT CPR

In the opinion of the Work
Group, frequency of adminis-
tration should be determined
by the CKD stage, treatment
setting, efficacy consider-
ations, and class of ESA.
PEDIATRIC CPR
In the opinion of the Work
Group, in the pediatric patient,
the frequency of administra-
tion should be determined by
the CKD stage, treatment set-
ting, efficacy considerations,
and class of ESA; as well,
consideration should be given
to the anticipated frequency of,
and pain on administration of
each agent and their potential

effects on the child and family.

), 2006: pp S93-S98 S93
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ANEMIA IN CHRONIC KIDNEY DISEASE IN CHILDRENS94
3.1.4.2 In the opinion of the Work
Group, convenience favors less
frequent administration, par-
ticularly in non–HD-CKD
patients.

RATIONALE

requency of Hb Monitoring

This guideline is considered applicable to chil-
ren because there are some data supporting this
ssumption and there is no reason for a different
ecommendation.

There are 2 reasons that may justify closer
onitoring of all pediatric patients with 1- to

-week Hb levels when initiating and/or making
ignificant change to the ESA dose. The first is to
nsure that the patient is responding to the cur-
ent dose. Although not as well described in
hildren as in adult literature, it likely is true that
patient who will reach an intended 1-g/dL

ncrease in Hb level after 1 month of a given
SA/iron regimen will have that increase occur

elatively evenly over each of the 4 weeks. In
ther words, blood work weekly or every 2
eeks will allow the clinician to institute an

ncrease in dosing if a rate of increase of approxi-
ately 0.25 g/dL per week is not seen in the early

art of the month. (In adults, the rate of increase
as been estimated to be 0.3 g/dL per week [0.2
o 0.5 g/dL] on appropriate doses of rHuEPO.324)

Similarly, a child for whom the rate of in-
rease appears rapid, eg, greater than 0.5 g/dL
er week, could have the dose adjusted before
vershooting at the end of that month of therapy.
he greater frequency of monitoring likely is
eneficial until the patient has reached a target
b level and is on a stable dose of ESA. At this
oint, less frequent monitoring may be indicated,
g, every 4 weeks.

SA Dosing

In the opinion of the Work Group, this guide-
ine is applicable in children, but needs some
odification or adjustment.

nitial Dose and Dose Adjustments

Although there are many dosing guidelines
or the use of ESAs in children, it is important
o realize that, as in adults,123 there is a large

ariation in pediatric dosing of these drugs.325 t
urrently, the most robust evidence for dosing
SA products in children is related to erythropoi-
tin alfa and beta products, with information on
arbepoietin alfa dosing just now becoming avail-
ble.

All clinicians are advised to carefully evaluate
he individual patient’s particular issues related
o their Hb level and likely response before
eciding on a particular ESA product, dosing
egimen, and frequency of monitoring before the
nitiation of or changes in ESA and/or iron thera-
ies.
The following section is divided into dialysis

ersus nondialysis patients and short-acting ver-
us long-acting ESA products.

ialysis Population (HD and PD)

1. Short-acting ESAs. Data from the latest
APRTCS annual report highlight the variation

n initial dose reported in children on dialysis
herapy, with the younger child consistently re-
eiving more rHuEPO on a per-kilogram-per-
eek basis.325 The doses referred to next are not
erived from RCTs, but rather from registry data
nd therefore should be interpreted with caution.
hey represent approximations of the dose re-
uired in an average cohort of children and are
ot represented as recommendations for any spe-
ific child. (Note that 93% of these patients were
dministered erythropoietin alfa as Epogen®;Am-
en, Thousand Oaks, CA.)
This variation in dosing can be seen in relation

o:
a) The dialysis modality, with PD patients

nitially requiring approximately 225 U/kg/wk
ompared with nearly 300 U/kg/wk of erythropoi-
tin alfa products to achieve target Hb levels for
hose on HD therapy.325 Interestingly, this differ-
nce in dosing disappears during the first 18 to
0 months of follow-up. It should be noted that
he initial dosing difference persisted even when
oth groups of patients were administered the
SA SC326 and may be caused in part by such

actors as blood loss and the use of IV ESAs in
D patients as opposed to SC ESAs in PD or
ondialysis patients.319

b) Age, with patients younger than 1 year
equiring an average of 350 U/kg/wk; those 2 to
years, approximately 275 U/kg/wk; those 6 to

2 years, 250 U/kg/wk; and finally those older

han 12 years needing only slightly more than
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ANEMIA IN CHRONIC KIDNEY DISEASE IN CHILDREN S95
00 U/kg/wk at the time of starting ESA
herapy.325 One report speculates that this appar-
ntly increased “clearance” of erythropoietin in a
oung child is caused by the presence of nonhe-
atopoietic binding sites for the erythropoietin
olecule,327 which—in the fetus or developing

hild—appears to function as a nonhematopoi-
tic cellular growth factor.328 Because internaliza-
ion and, potentially, degradation of some of the
rythropoietin dose would limit the amount of
ormone available for stimulating erythropoi-
sis, one could explain the need for higher abso-
ute doses to achieve a given marrow response or
b production. Furthermore, the authors specu-

ate that as the child ages, the number of these
ites decreases as development slows, with an
ttendant decrease in the absolute hematopoietic
ose of erythropoietin required.327

No major differences were noted in relation to
ither race or sex with respect to initial ESA dose
equired. There was a general tendency for all
oses to decrease over time, presumably on the
asis of a lower amount of ESA being required
o maintain—as opposed to reach—a given Hb
arget.

2. Long-acting ESAs. Currently, there are only
published articles329-331 and 1 abstract332 in the
eer-reviewed literature related to long-acting
SA products and children with CKD, including

hose on dialysis therapy. It is expected that there
ill be other results in due course to assist in
uiding the pediatric practitioner in using longer
cting ESA agents more effectively.

The first study evaluated the pharmacokinetic
roperties of darbepoetin alfa in children with
KD and compared the results with prior studies
ublished in adults.330 They showed that clear-
nce, drug half-life, and bioavailability of darbe-
oetin alfa, whether administered IV or SC, were
imilar between pediatric and adult patients. The

difference was that absorption of the drug
dministered SC appeared to be more rapid in
ediatric than adult patients.
The second study described the clinical use of

arbepoietin alfa in children.329 The investiga-
ors switched 7 long-term HD patients aged 11.5
ears (range, 7 to 15.2 years) with a stable Hb
evel on erythropoietin therapy to darbepoietin
V therapy. Results from this small study suggest
hat (at least in the pediatric HD population) the

onversion dose of erythropoietin alfa to darbe- p
oietin is more likely to be closer to 0.5 �g for
very 200 U of erythropoietin alfa, rather than
he 1 �g/200 U conversion recommended by the
anufacturer. The authors themselves suggest a
ide range of doses, 0.25 to 0.75 �g/kg/wk, as
eing reasonable for the initial switch between
herapies.

The most recent report prospectively looked at
he use of darbepoetin alfa in 8 children on PD
herapy, 6 children on HD therapy, and 12 chil-
ren with ND-CKD.331 All patients weighed
ore than 8 kg and were younger than 18 years.
herapy with ESAs was initiated, if the patient
as ESA-naïve, when Hb level was less than
0.0 g/dL, and only patients judged iron-replete,
SAT greater than 20%, were included. The
rimary outcomes were: (1) the proportion of
atients with a mean Hb level greater than 10.0
/dL between weeks 8 and 12 and then weeks 20
o 28 of the study, and (2) the percentage of all
b values greater than 10.0 g/dL at each time
oint.
The initial dose of darbepoetin alfa was 0.45

g/kg/wk, administered IV in the HD patients
nd SC in the PD and ND-CKD patients. Much
f the data are presented in aggregate and include
oth the 26 patients enrolled prospectively and 7
ore patients enrolled retrospectively. Statistical

nalysis by the investigators did not show a
ifference in terms of drug dose between the
eginning and end of the study (P � 0.77), and
here was no difference in doses between the
D, PD, and ND-CKD groups (P � 0.62) regard-

ess of their being in the prospective or retrospec-
ive arm of the study (P � 0.92 and P � 0.73,
espectively).

Data from 23 patients in the prospective co-
ort, 18 of whom were available at weeks 20-28
or analysis, showed a statistically significant
ncrease in Hb levels at 8 to 12 weeks of 11.7 �
.1 g/dL compared with the baseline of 10.5 �
.0 g/dL (P � 0.002), which was still present at
eek 20 to 28 when Hb level was now 11.4 �
.9 g/dL (P � 0.01 compared with baseline). In
his group, 96% (CI, 0.90 to 1.0; P � 0.03)
ompared with baseline at 8 to 12 weeks and
4% (CI, 0.72 to 0.99; P � 0.06) compared with
aseline at 20 to 28 weeks had mean Hb values
reater than 10.0 g/dL. Similarly, proportions of

atients with total Hb values greater than 10.0
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ANEMIA IN CHRONIC KIDNEY DISEASE IN CHILDRENS96
/dL were 94% at 8 to 12 weeks and 90% at 20 to
8 weeks.
In all ESA-naïve patients (n � 8), the average

ime to reach the target of 10.0 g/dL from base-
ine of 9.0 � 1.4 g/dL was 3.4 weeks, with no
atient requiring a higher dose of darbepoetin
lfa to achieve this.

The overall Hb response to darbepoetin alfa
as related to the age of the patient, higher
alues for a given dose being achieved in older
atients (P � 0.02).
Only 1 patient experienced a serious AE that

as thought to be possibly related to the darbepo-
tin alfa. In this case, a girl on home HD therapy
as admitted with a worsening of her hyperten-

ion; this was at a time when her Hb level was
3.2 g/dL but concurrent with a withdrawal from
lonidine some 18 days before the admission.
er blood pressure subsequently was well con-

rolled on fewer medications while remaining on
arbepoetin alfa therapy.

ondialysis Population

1. Short-acting ESAs. In the ND-CKD popula-
ion, a number of studies looked at the dose of
HuEPO required to achieve set targets. Cur-
ently, there is only 1 published prospective
andomized trial that has looked at rHuEPO
osing in children with ND-CKD.319 In this trial,
5 predialysis patients, CKD stages 3 to 5 but not
n PD or HD therapy, were randomized to either
50 U/kg/wk (n � 12) or 450 U/kg/wk (n � 13)
f rHuEPO administered SC in 3 divided doses.
n all 12 of the 150-U/kg/wk patients and 11 of
3 of the 450-U/kg/wk patients, the Hb target of
ess than 2 SDs less than, but less than the mean
or age, was achieved. When at target, the dose
as reduced to maintain the target Hb level; on

verage, this required 143 � 102 U/kg/wk for
he group of responders.

A nonrandomized open-labeled prospective
tudy took 11 patients aged 0.6 to 17 years with
he equivalent of CKD stages 4 and 5 (all predi-
lysis) whose mean Hb level was 7.9 g/dL and
reated them with a single dose of 150 U/kg/wk
f SC rHuEPO.333 An increase in Hb level greater
han 2 g/dL was seen in all 11 patients in a mean
f 45 days, range of 14 to 119 days, and subse-
uently, the patients maintained Hb levels be-
ween 11.5 and 13.5 g/dL, with a mean dose of

33 U/kg/wk, range of 75 to 300 U/kg/wk. i
A trial reported on behalf of the Australian and
ew Zealand Paediatric Nephrology Association

lso looked at the use of SC ESA in predialysis
hildren.316 Unfortunately, although 10 of the 22
atients were predialysis, their study does not
llow the data to be abstracted specifically for
his group.

2. Long-acting ESAs. As discussed in more
etail in the preceding section (Long-Acting
SAs in the Dialysis Population), a study showed
imilar efficacy of darbepoetin alfa in the 15
atients, 12 prospectively enrolled, with ND-
KD treated with a dose of 0.45 �g/kg/wk.331

ate of Increase in Hb Levels

A few pediatric studies provide some informa-
ion on which to base recommendations on the
afety and side effects related to the rate of
ncrease in Hb levels.

A prospective trial that examined the safety of
HuEPO therapy in children on HD or PD therapy
r predialysis, randomized 44 children (aged 4
onths to 21 years) to either low (150 U/kg/wk)

r high (450 U/kg/wk) doses of epoetin alfa
dministered in 3 divided doses.319 Patients were
ollowed up for a total of 12 weeks and targeted
or individual Hb levels of between 2 SD less
han and the mean value for that child’s age.
aking the groups as a whole, there was an
verage increase of 4.2 � 2.1 versus 2.4 � 1.5
/dL per month in the high-dose versus low-dose
roups. Hypertension appeared to be more com-
on, but did not reach statistical significance, for

hose in the high-dose group compared with the
ow-dose group, 8 of 21 versus 5 of 23 patients,
espectively; chi-squared P � 0.17. The investi-
ators noted that the trend in systolic and dia-
tolic blood pressure was to increase as Hb level
ncreased. No other side effects seemed related
o the rate of increase in Hb levels.

Another study randomized 20 anemic children
to 16 years of age who were on a stable

ontinuous ambulatory PD regimen for 3 months
o examine the effects of low-dose rHuEPO, 50
/kg/wk (group A), versus high-dose rHuEPO,
efined as 50 U/kg 3 times a week (group B).334

ranslating their data to Hb values from Hct,
hose in group A showed a steady increase over 6
onths from an Hb level of approximately 6.3

/dL to 9.9 g/dL compared with the increase seen

n group B, for which Hb level went from 6.4 to
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ANEMIA IN CHRONIC KIDNEY DISEASE IN CHILDREN S97
0.7 g/dL in only 3 months; an approximately
.6-g/dL increase per month in group A versus
.4-g/dL increase per month in group B. Al-
hough mean arterial blood pressure increased in
oth groups during the study (group A, 83 to 87
m Hg; group B, 85 to 101 mm Hg), it only

eached statistical significance in group B, P �
.05. This was borne out by the need to increase
he baseline antihypertensive medications in 8 of
he 10 group B patients and initiate these medica-
ions in the remaining 2 patients in this group.
Note: rHuEPO therapy was discontinued briefly
n 4 patients in group B; 2 patients because of
ypertensive encephalopathy; conversely, no pa-
ient in group A required an increase in antihyper-
ensive medication or initiation of such therapy
uring the study.)
If one examines a number of recent pediatric

ecommendations for the acceptable rate of in-
rease in Hb values, they vary widely. One group
ecommends a rate of increase between 1 and 2
/dL per month for all children below the target
ange.301 Recent guidelines from the European
aediatric Peritoneal Dialysis Working Group
ecommend an increase of approximately 0.66
/dL per month as minimally acceptable335 and
n increase of more than approximately 2.5 g/dL
er month as unacceptable.An often-quoted study
ecommends, without evidence, that the goal
hould be an increase in Hb of 1 g/dL per
onth.336

ESA dosing should be decreased, not held, if
b level is elevated. In the opinion of the Work
roup, this guideline is fully applicable to chil-
ren.
Missed ESA doses. In the opinion of the Work

roup, this guideline is fully applicable to chil-
ren. ESA dosing during hospitalizations. In the
pinion of the Work Group, this guideline is fully
pplicable to children.

Contraindications to ESA therapy. In the opin-
on of the Work Group, this guideline is fully
pplicable to children.

oute of Administration

As in adults, convenience in an outpatient
etting favors use of the SC route for delivery of
SAs; with the added realization that even in the

ace of IV access, a short-acting ESA product

ill be more efficacious administered SC com- i
ared with IV, as confirmed in an observational
rial in children.325

As of the 2004 NAPRTCS annual report, 96%
f children on PD therapy were administered an
SA by the SC route as opposed to only 14% in

he HD population.
However, in children, the psychological im-

act of frequent and/or painful injections also is
mportant to assess when deciding on a dosing
oute. Currently, the single-dose preloaded sy-
inges of both epoetin alfa (Eprex®) and darbepoi-
tin alfa available in many parts of the world do
ot contain benzyl alcohol, which acts as a local
nesthetic, in the epoetin alfa multidose vials.
his means that injections with the preloaded
prex® syringes generally are more painful than

hose from the multidose vials. Similarly, in a
anadian study, 8 of 14 patients with prior expe-

ience using epoetin alfa (Eprex®) reported that
arbepoetin alfa caused more pain on injection;
he remaining 6 patients did not specifically
omment about whether they believed Eprex®

aused more pain on injection.331

Note: Multidose vials of epoetin alfa should
e avoided if at all possible in premature infants
nd newborns because of a rare, but well-recog-
ized, complication from the use of benzyl alco-
ol in the preparation of the compound. This
xcipient has been described to cause numerous
erious and potentially fatal reactions, including
etabolic acidosis, intraventricular hemorrhage,

nd neurological problems. Sixteen neonatal deaths
ere reported that were thought to be caused by
enzyl alcohol toxicity, generally described as
he so-called “gasping syndrome.”337,338

The issue of dosing epoetin alfa through the
ntraperitoneal route in children to eliminate in-
ection pain also has been studied by various
nvestigators.339,340 In general, the added costs
ecause of a higher dose required to achieve the
ame target Hb level, the need for at least 1 dry
ay dwell (or more) per week to achieve the
poetin alfa absorption required, and the poten-
ial for more frequent episodes of peritonitis
ave lead most centers away from use of this
odality routinely. As of the 2004 NAPRTCS

eport, less than 2% of children on PD therapy
urrently are administered epoetin alfa through
he peritoneal cavity.325 At present, there are no
ata available on the use of darbepoietin alfa

ntraperitoneally.
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requency of Administration

As in the adult population, there is a move
oward extending the dosing interval of all ESA
roducts to minimize injections while maintain-
ng efficacy of the product; ie, not having to
ncrease dose significantly more than the gain in
ime between dosing, to maintain or achieve the
arget Hb level.

1. Short-acting ESAs. At present, there is no
CT evidence to show that this strategy is appro-
riate in children with the current short-acting
SA products on the market. However, data from

he 2004 NAPRTCS annual report highlight that
5% to 80% of children on HD therapy will
eceive short-acting ESA products IV during a
tandard (3 times per week) HD regimen, whereas
smaller number (15% to 20%) receive it twice a
eek, and other dosing regimens are uncommon.
owever, 70% of children on PD therapy gener-

lly receive only once-weekly or perhaps twice-
eekly injections, with 25% receiving injections

hrice weekly, and approximately 5% receiving
he drug less than once per week.325

It also may be reasonable on occasion to
onsider more frequent SC dosing of the short-
cting ESAs, eg, thrice weekly, when the pa-
ient’s Hb level is well less than the target Hb
esired, although the absolute rate of increase
hould not exceed 2 g/dL per month. Here, the
ore-frequent dosing ensures that the therapeu-

ic threshold of the hormone is maintained, given
ts short half-life, and—in concert with adequate
ron stores—may assist in achieving a more
apid increase in Hb level.

2. Long-acting ESAs. Data on the dosing fre-
uency of darbepoietin alfa in pediatric HD
atients comes from 7 patients, all of whom were
osed once weekly after HD.329 From a pharma-
okinetic study,330 it is clear that extended-
osing regimens with darbepoietin alfa in chil-
ren should be possible, although currently, few
ata have been published outlining strategies for

osing frequency. u
In 1 study, to appropriately dose patients at
.45 �g/kg/wk with the available preloaded dar-
epoetin alfa syringes, the investigators started
3% of their patients on every 10-, 14-, or 21-day
osing regimens; the remainder were on once-
eekly dosing.331 Their results showed no im-
act of the various dose intervals on the Hb value
ver time (P � 0.01), but showed that both HD
nd older patients required more frequent dosing
P � 0.0001 and P � 0.01, respectively), al-
hough the dose amount was not different in any
roup based on age or mode of renal replacement
herapy.

As outlined in CPR 3.1.3.1, the psychological
mpact of frequent and painful injections also is
mportant to assess when deciding on a dosing
requency in children. Use of less-frequent dos-
ng strategies is, in theory, of benefit by reducing
oth the absolute number of injections and the
ain associated with injections for the child on
SA treatment. However, this may be mitigated
y the fact that currently, the only long-acting
SA on the market produces a noticeably in-
reased degree of pain at time of injection for
any children compared with some of the short-

cting ESA therapies.
At present, there are no good data from the

ediatric ND-CKD population with regard to the
osing frequency of various ESAs.
Finally, the Work Group also was aware of

esults from a soon-to-be-published open-label
ulticenter noninferiority trial examining the

se of darbepoetin alfa versus epoetin alfa in the
reatment of anemia in children with CKD stages
to 5, including patients on HD and PD therapy

nd the nondialysis CKD population (Bradley
arady, personal communication, June 7, 2005).
ecause the results were not yet peer reviewed or
ublished at the time the guidelines were final-
zed and were not blieved to alter the guideline
tatements, this study is not incorporated in this
et of guidelines, but will provide data related to

se of darbepoetin alfa in children.
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nemia therapy in patients with CKD requires
ffective use of iron agents, guided by appropri-
te testing of iron status. Efficacy of iron therapy
ppears not to be limited to patients with evi-
ence of iron deficiency. (See Guideline 1.2 for
iagnosis of iron deficiency.) Thus, the goals of
ron therapy are to avoid storage iron depletion,
revent iron-deficient erythropoiesis, and achieve
nd maintain target Hb levels.

3.2.1 Frequency of iron status tests:
(FULLY APPLICABLE TO CHIL-
DREN)
In the opinion of the Work Group,
iron status tests should be performed
as follows:
3.2.1.1 Every month during initial

ESA treatment.
3.2.1.2 At least every 3 months dur-

ing stable ESA treatment or in
patients with HD-CKD not
treated with an ESA.

3.2.2 Interpretation of iron status tests:
(FULLY APPLICABLE TO CHIL-
DREN)
In the opinion of the Work Group,
results of iron status tests, Hb level,
and ESA dose should be interpreted
together to guide iron therapy.

3.2.3 Targets of iron therapy: (APPLI-
CABLE TO CHILDREN, BUT NEEDS
MODIFICATION)
In the opinion of the Work Group,
sufficient iron should be administered
to generally maintain the following
indices of iron status during ESA
treatment:
3.2.3.1 ADULT CPR HD-CKD:

● Serum ferritin > 200 ng/mL,
AND

● TSAT > 20%, or CHr > 29
pg/cell.
PEDIATRIC CPR
HD-CKD:

● Serum ferritin > 100 ng/mL;
AND

● TSAT > 20%.
3.2.3.2 ND-CKD and PD-CKD: f

merican Journal of Kidney Diseases, Vol 47, No 5, Suppl 3 (May
● Serum ferritin > 100 ng/mL
AND

● TSAT > 20%.

3.2.4 Upper level of ferritin: (FULLY AP-
PLICABLE TO CHILDREN)
In the opinion of the Work Group,
there is insufficient evidence to recom-
mend routine administration of IV
iron if serum ferritin is greater than
500 ng/mL. When ferritin level is
greater than 500 ng/mL, decisions
regarding IV iron administration
should weigh ESA responsiveness, Hb
and TSAT level, and the patient’s
clinical status.

3.2.5 Route of administration: (FULLYAP-
PLICABLE TO CHILDREN)
3.2.5.1 The preferred route of admin-

istration is IV in patients with
HD-CKD. (STRONG RECOM-
MENDATION)

3.2.5.2 In the opinion of the Work
Group, the route of iron ad-
ministration can be either IV
or oral in patients with ND-
CKD and PD-CKD.

3.2.6 Hypersensitivity reactions: (FULLY
APPLICABLE TO CHILDREN)
In the opinion of the Work Group,
resuscitative medication and person-
nel trained to evaluate and resuscitate
anaphylaxis should be available when-
ever a dose of iron dextran is
administered.

BACKGROUND
As in adults, the most commonly identified

eason for poor responsiveness to ESA therapy in
hildren is iron deficiency.341

The need for iron supplementation in children
o maintain iron stores and promote the efficient
se of ESAs can be predicted from the knowl-
dge of mean daily blood—hence iron—losses
n both those who are predialysis and those on
ialysis therapy. Predialysis patients, and likely
hose on PD therapy, lose on average 6 mL/m2/d
f blood, mainly from the GI tract, which trans-
ates to a cumulative yearly iron loss and there-

ore requirement of 0.9 g/1.73 m2.342 This is just

), 2006: pp S99-S104 S99
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ANEMIA IN CHRONIC KIDNEY DISEASE IN CHILDRENS100
ore than half of that predicted for pediatric HD
atients, for whom the mean GI blood loss is 11
L/m2/d, and when coupled with the dialyzer

osses of 8 mL/m2 per treatment, translates to a
early cumulative loss of approximately 1.6
/1.73 m2.342

As in the adult population, several studies
ave shown that supplementation of iron in chil-
ren receiving ESA therapy allows a reduction in
he ESA dose required per unit of Hb level
chieved.343,344 However, constipation and nau-
ea, as well as poor GI iron absorption, often
imit effective supplementation with oral iron
reparations.166,345,346 These facts and the avail-
bility of newer IV iron preparations believed
ess likely to induce AEs recently led to more
tudies with IV preparations of iron in children.
he majority of these studies examined only
atients in CKD stage 5, especially those on HD
herapy.304,305,344,347,348

RATIONALE

requency of Iron Tests

This guideline is considered applicable to chil-
ren because there are no special data in the
ediatric population and there is no reason for a
ifferent recommendation.

nterpretation of Iron Tests

This guideline is considered applicable to chil-
ren because there are no special data in the
ediatric population and there is no reason for a
ifferent recommendation.

argets of Iron Therapy

D-CKD

Caution must be exercised in applying the
argets or normal ranges as outlined in the guide-
ine for adult patients with HD-CKD because the
ncrease in ferritin target from 100 to 200 ng/mL
n adult HD patients is based on evidence to
uggest that a level of 100 ng/mL underestimates
ron deficiency,98,99,151–156 and data from a study
n which patients with an average serum ferritin
evel of 730 ng/mL showed a 40% reduction in
SA dose compared with those with an average

erritin level of 297 ng/mL.108 There is no simi-
ar RCT-level evidence for this in children;
amely, that achieving a specific ferritin level

ill produce a consistent decrease in ESA doses c
equired, and there are no adult or pediatric data
n the safety of supraphysiological ferritin lev-
ls.

One pediatric study in older children on HD
herapy suggested that a TSAT less than 20%, but
ot a ferritin level less than 100 ng/mL, was
redictive of iron deficiency.349 However, other
ediatric studies in the CKD population have
hown that although a normal ferritin level can-
ot exclude iron deficiency, absolute or func-
ional,348,350 a low ferritin level, less than 60
g/mL, is a specific predictor of its presence.351

Therefore, we recommend that the current
uidelines be followed in children with the ex-

eption that until data are available on the risks
nd benefits of higher ferritin targets in children,
he targets be left at a ferritin level greater than
00 ng/mL and TSAT greater than 20% for
atients with HD-CKD, as well as PD-CKD and
D-CKD populations.
With respect to the use of CHr, which has been

outed as a valuable screening test for iron defi-
iency in “normal” children even before the
ppearance of iron-deficient anemia, the cutoff
ormal and abnormal values remain unclear and
ide. For example, a cutoff value of 26 pg only
roduced sensitivity and specificity of 70% and
8% for iron deficiency and 83% and 75% for
ron deficient anemia in this select group of
on-CKD young children, respectively.352

In the pediatric CKD literature, CHr has been
xamined in a limited fashion in children on HD
herapy.304,305 In both studies, an increase from
aseline CHr levels was observed in response to
ral iron, IV iron dextran, and IV sodium ferric
luconate in patients judged to be both iron
eplete (oral iron and IV iron dextran)304 and
ron-deficient (IV sodium ferric gluconate).305

nfortunately, cutoff values for use of this marker
n the pediatric CKD population are not clear,
nd this is shown clearly in these 2 studies, in
hich, in nearly identical patient populations (ie,

hildren on HD therapy), the baseline value for
Hr was higher in the group judged as iron
eficient based on current DOQI guidelines305

han in those judged iron-replete by those same
riteria.304

Therefore, whereas it is clear that CHr may yet
ave a prognostic or diagnostic role in anemia in

hildren with CKD, further research clearly is
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eeded to understand and define the value of this
est in the pediatric CKD population.

D-CKD and PD-CKD

This guideline is considered applicable to chil-
ren because there are no special data in the
ediatric population and there is no reason for a
ifferent recommendation.

pper Level of Ferritin

This guideline is considered applicable to chil-
ren because there are no special data in the
ediatric population and there is no reason for a
ifferent recommendation.
Note: As in the adult guidelines, this refers

nly to the intentional targeting of a patient’s
erritin level to greater than 500 ng/mL, not to
he individual’s achieved or acquired ferritin
evel, which may be at or greater than this level.

oute of Administration

This guideline is considered applicable to chil-
ren because there are no special data in the
ediatric population and there is no reason for a
ifferent recommendation.
Suggestions for iron supplementation in chil-

ren with CKD vary in terms of dose, as well as
ype of preparation. Many children in the ND-
KD or PD-CKD populations may benefit from
nd receive oral iron therapy,325 whereas those
n HD therapy are likely to require and most
ften receive IV agents to allow for sufficient
ron stores for ongoing erythropoiesis.325,348,350

ral Iron

For oral iron therapy, the recommendations
re for doses of elemental iron ranging from 2 to
mg/kg/d up to 6 mg/kg/d, with a maximum of

50 to 300 mg of elemental iron per day in 2 to 3
ivided doses335,336 taken 2 hours before or 1
our after all calcium-containing binders and
ood to maximize GI absorption.353 A prospec-
ive randomized trial of 35 pediatric patients
etween 1 and 20 years of age on HD therapy, all
ron replete, examined response to oral or IV iron
more details discussed next).304 This study
learly showed a much better response to IV iron
n terms of an increased serum ferritin level, but
id not show any advantage of IV over oral iron

n terms of maintaining iron stores. N
fficacy of IV Iron

To date, the largest randomized prospective
tudy to address this issue is a multicenter, inter-
ational, double-blind, parallel-group, efficacy
nd safety study that examined the use of sodium
erric gluconate in anemic children with a mean
ge of 12.1 � 2.6 years on HD therapy.305 All
atients at the time of enrollment met 1 or both
f the current KDOQI targets for iron deficiency
hile on ESA therapy, ie, a TSAT less than 20%
r ferritin level less than 100 ng/mL. Of this
roup, data from 56 patients were available to
ssess the efficacy of the 2 dosing regimens
hosen: 1.5 versus 3.0 mg/kg administered for 8
equential HD sessions.

All patients in both dosing arms showed a
ignificant increase in their baseline Hb levels of
.9 g/dL at 2 weeks; 0.9 g/dL in the 1.5-mg/kg
ose and 1.0 g/dL in the 3.0-mg/kg dose arm at 4
eeks from the last dose of IV iron, all P � 0.02.
o patient had any change in rHuEPO dose
uring the iron therapy; however, during the
-week follow-up period, 5 patients had reduc-
ions in rHuEPO dose of 14%, 20%, 50%, 50%,
nd 67%, all at the 2-week point. Evaluation of
ll other indices studied (TSAT, ferritin level,
nd CHr) also showed a significant mean in-
rease from baseline values in both arms, which
emained significant at 4 weeks after infusion.
owever, only ferritin levels showed a signifi-

ant change between the low-dose and high-dose
ron arms, seen at both the 2-week and 4-week
ime points following the last dose of IV iron.
ased on their data, the investigators concluded

hat IV sodium ferric gluconate was efficacious
n both repleting and maintaining iron stores in
hildren on HD up to 4 weeks after infusion.

In a separate and earlier randomized prospec-
ive study, the investigators studied 35 pediatric
atients between 1 and 20 years of age on HD
herapy for their response to oral or IV iron.304

ll patients were iron replete, as defined by
DOQI, with a TSAT greater than 20% and

erritin level greater than 100 ng/mL. They were
ll well dialyzed and randomized to either weekly
V iron dextran, which was dosed by weight and
rovided as 2 sets of 6 weekly doses with two
-week breaks to monitor levels, or daily oral
ron at a dose of 6 mg/kg/d as outlined in the

KF-KDOQI 2000 Anemia Guidelines for 16
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ANEMIA IN CHRONIC KIDNEY DISEASE IN CHILDRENS102
eeks.2 Data showed that only the IV iron dex-
ran produced a significant increase in serum
erritin levels, P � 0.001. Those treated with IV
ron dextran also showed a significant decrease
n dose of rHuEPO required to maintain target
b levels, P � 0.046, and an increase in CHr,

lthough this was not statistically different from
hose seen in the oral iron group. Both the oral
nd IV preparations maintained all patients in the
ron-replete state, as when the study was started.
lthough there was a significant difference in
ean ferritin levels (259.1 compared with 138.5

g/mL; P � 0.003) and rHuEPO doses (reduc-
ion of 33% from baseline; P � 0.046) in the IV
ron group during the study, there was no statisti-
ally significant difference between the IV ver-
us oral iron arms as a whole. The investigators
oncluded from this short-term study that IV iron
extran seemed more effective in improving—
ut no more effective in maintaining—iron stores
n pediatric HD patients on ESA therapy com-
ared with oral iron.
Another prospective randomized trial exam-

ned the issue of intermittent versus maintenance
V iron in pediatric patients on HD therapy.347

he study group of 20 patients received IV iron
extran targeted to initial ferritin levels and a
alculation of the net projected iron stores re-
uired to target an Hb level of 11.55 g/dL,
hereas the 20 patients in the control group were

reated with intermittent courses of 10 weekly
oses of IV iron dextran as defined by body
eight (repeated as necessary based on the pres-

nce of a ferritin level � 100 ng/mL, TSAT �
0%, or Hct � 33%). All patients had basal Hb
evels of approximately 8 g/dL and reached 10
/dL by 3 months in both arms. The study’s end
oints were ferritin, TSAT, and Hb levels. Suc-
ess was defined as maintaining an acceptable
arget range of ferritin between 100 and 800
g/mL and TSAT of 20% to 50%. The study
nrolled both absolute and functionally iron-
eficient patients. A large number of patients, 20,
ere excluded during this study; 13 patients
ecause of iron overload, defined as a ferritin
evel greater than 800 ng/mL (9 from the control
roup). Three patients in the control group re-
uired a blood transfusion and also were ex-
luded. Using the study’s iron and rHuEPO pro-
ocols, there was a significant difference in iron

ose required during the study, 6 mg/kg/mo a
95% CI, 3.3 to 8.8) in the study group compared
ith 14.4 mg/kg/mo (95% CI, 12 to 16.8) in the

ontrol arm, P � 0.001. The investigators showed
hat patients in the study arm achieved and main-
ained a stable Hb value, whereas those treated as
ontrols had a much more variable increase and
ecrease in Hb values.
Four other nonrandomized trials in chil-

ren,344,348,350,354 all involving HD patients and
including patients with ND-CKD and/or trans-
lant recipients,354 examined the utility of IV
ron in maintaining or increasing Hb levels and
ecreasing the dose of ESA required to do so.
wo trials used iron gluconate,350,354 1 trial used
ron dextran,348 and 1 trial used iron sucrose344;
oses ranged from 1 to 4 mg/kg/wk of the
arious products as maintenance therapy, and
ime of therapy varied from 2 to 24 weeks. All 4
rials showed increases in either Hb level or Hct
nd a decrease in ESA requirements between 5%
nd 62% per week or per dose of ESA.

A recent meta-analysis on the use of IV iron in
ediatric HD patients used pooled data that did
ot include the 2 most recent trials,304,347 but
ncluded the other 4 studies described, as well as

number of abstracts. Meta-analysis showed
hat in terms of an increase in Hb, Hct, ferritin,
nd TSAT values and decrease in ESA require-
ents, there was a positive correlation with IV

ron therapy with an effect size that varied from
.62 (95% CI, 0.11 to 1.13) to 1.86 (95% CI,
.58 to 2.15) when evaluated using a standard-
zed weighted-mean difference approach.343

osing of IV Iron

The use of IV iron preparations and the appro-
riate dosage of each is a complex topic. It is
ade more so because one needs an approach to

oth the immediate repletion of iron stores in a
atient who is deficient and a strategy for main-
aining an effective level of iron for ongoing
rythropoiesis.

The goal of the initial iron therapy is to replenish
he body store of functional iron and thus assist in
he production of red blood cells and Hb in concert
ith an ESA. The exact dosing regimens, fre-
uency of IV iron therapy, and appropriate monitor-
ng for effectiveness and safety will be related to
he iron preparation chosen.2,305,344,355

Currently published pediatric studies looking

t the issue of chronic or maintenance therapy
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ANEMIA IN CHRONIC KIDNEY DISEASE IN CHILDREN S103
ith IV iron have provided 1 to 2 mg/kg/wk of
lemental iron and targeted TSATs between 20%
nd 50% and serum ferritin levels of 100 to 800
g/mL, based on the prior Anemia Guidelines,2

o decide on further doses and frequency of
dministration.344,350

It is important to remember that it is possible
o have acceptable levels of both TSAT and
erritin and still benefit from IV iron if the patient
as so-called functional iron deficiency; there-
ore, occasionally, after careful assessment of the
isk and benefits, a “trial” of IV iron in an anemic
atient—even one who appears iron replete—
ay be indicated.

se of IV Iron in Patients with ND-CKD and
D-CKD

The issue around the utility and practicality of
sing IV agents in the non-HD population needs
o be addressed in children because it is not
ncommon that these patients either show an
nability to tolerate or fail to respond to oral
eplacement of iron stores.

Currently, in pediatrics, the lack of easy IV
ccess hampers the use of the strategies used in
he HD population, namely, small, but frequent,
osing. In the non-HD population, much higher
ingle doses of the various IV irons, such as
extran,356–358 sucrose,359,360 or gluconate,361

ave been administered at less frequent intervals
eg, monthly) in adults to obtain the benefit of IV
herapy while minimizing the inconvenience of
oth the need for IV starts and hospital monitor-
ng during the therapy. However, this may carry
ifferent risks in terms of either acute or chronic
oxicities. Currently there is little comparable
vidence in children, with only 1 published study
eporting a maximum delivered dose of iron
ucrose of 200 mg344 and another reporting a
aximum dose of 250 mg of iron gluconate.354

afety of IV Iron

One concern in the use of IV iron in children,
specially in an outpatient setting, is the poten-
ially fatal acute AEs.179 All forms of IV iron
ay be associated with acute AEs, which may

nclude hypotension, anaphylactoid reactions, and
variety of other symptoms. Immune mecha-

isms with activation of mast cells or release of
ioactive partially unbound iron into the circula-

ion resulting in oxidative stress and hypotension m
labile or free iron reactions) are both possible
echanisms, and the underlying cause may dif-

er depending on the type of IV iron. Anaphylac-
oid reactions appear to occur more frequently
ith iron dextran,173 and labile or free iron

eactions, more frequently with nondextran forms
f iron.174 (For further discussion, please see the
orresponding Adult Guidelines.)

Although very rare in pediatrics, of 28 chil-
ren enrolled in 2 separate studies involving iron
extran,304,348 1 child had an allergic reaction
hat necessitated stopping the medication.348 Cur-
ent evidence would suggest that the risk for
ife-threatening reactions is greater with IV dex-
ran products than sodium ferric gluconate175

nd iron sucrose products.187

Although both iron sucrose and gluconate prod-
cts seem to have better safety profiles than
extran, side effects—presumably caused by
cute iron toxicity during rapid free iron release—
lso have been described with both of these
roducts.
With respect to sodium ferric gluconate, pedi-

tric safety data from the trial described ear-
ier305 were available in 66 patients administered

IV doses. One patient in the group adminis-
ered 1.5 mg/kg per dose was reported to have
solated episodes of mild nausea, diarrhea, and
omiting, whereas a patient in the 3.0-mg/kg
roup had an episode of severe anemia ascribed
o the drug by the investigator at that site. How-
ver, no patient had an allergic or anaphylactic
eaction during the immediate treatment; no de-
ayed reactions occurred in the 4 weeks after the
ast iron dose, and no deaths were reported
uring the study. Together with data from 2 other
rials in which 21 children were administered
his product without serious AEs, this observa-
ion offers some proof about the safety of sodium
erric gluconate in children.350,354

Iron sucrose safety data are sparse in the
ediatric CKD literature, with only 2 studies
eported. One was a retrospective study that did
ot report serious AEs in the 8 patients who had
eceived at least 1 dose of IV iron sucrose as
enofer (American Regent, Shirley, NY).344 An-
ther was a prospective trial that looked at only a
mall number of patients (n � 14) divided into 3
ifferent treatment groups with various iron regi-

ens and did not specifically report on AEs.362
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ANEMIA IN CHRONIC KIDNEY DISEASE IN CHILDRENS104
The issue of iron overload as a “side effect” of
V iron therapy also should be addressed. Iron
xcess is believed to generate cellular oxidative
tress, and iron stored as ferritin can assist in
nitiating lipid peroxidation of cell membranes.363

n humans, increased ferritin levels have been
inked to a variety of conditions, including in-
reased severity of strokes364 and acute renal
ailure,365 although direct evidence for tissue
oxicity related to serum ferritin level is lacking
n the CKD population.

In children, a study comparing 2 different
osing strategies of iron dextran showed, by
sing Kaplan-Meier analysis, a hazard of iron
verload (defined by the investigators as a serum
erritin level � 800 ng/mL or TSAT � 50% at
ny time during the trial) of 20% in the study arm
ersus 100% in the control arm after 6 months of
reatment.347 Patients with functional iron defi-

iency also were statistically more likely to p
evelop iron overload than those with an abso-
ute iron deficiency, 70% versus 19%; P �
.005. Note: There was no direct or indirect
vidence of organ damage offered by the inves-
igators in support of their definition of iron
verload.
Finally, the Work Group also was aware of

esults from a soon-to-be-published prospec-
ive multicenter trial of sodium ferric glu-
onate complex for maintenance iron therapy
n iron-replete children on HD therapy and
dministered rHuEPO (Bradley Warady, per-
onal communication, June 7, 2005). Because
esults were not yet peer reviewed or published
t the time these guidelines were finalized and
ere not believed to alter the guideline state-
ents, the study is not incorporated in this set

f guidelines, but will provide data related to
osing, safety, and efficacy of rHuEPO in the

ediatric HD-CKD population.
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CPR FOR PEDIATRICS 3.3: USING PHARMACOLOGICAL
AND NONPHARMACOLOGICAL ADJUVANTS TO ESA
TREATMENT IN HD-CKD
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Several pharmacological agents and nonphar-
acological manipulations of the HD prescrip-

ion have been examined for potential efficacy as
djuvants to ESA treatment. Studies are not avail-
ble to address the use of pharmacological or
onpharmacological adjuvants to ESA treatment
n patients with ND-CKD and PD-CKD.

3.3.1 L-carnitine: (FULLY APPLICABLE
TO CHILDREN)
In the opinion of the Work Group,
there is insufficient evidence to recom-
mend the use of L-carnitine in the
management of anemia in patients
with CKD.

3.3.2 Vitamin C: (FULLY APPLICABLE
TO CHILDREN)
In the opinion of the Work Group,
there is insufficient evidence to recom-
mend the use of vitamin C (ascorbate)
in the management of anemia in pa-
tients with CKD.

3.3.3 Androgens: (FULLY APPLICABLE
TO CHILDREN)
Androgens should not be used as an
adjuvant to ESA treatment in anemic
patients with CKD. (STRONG
RECOMMENDATION)

RATIONALE

-carnitine

This guideline is considered applicable to chil-
ren because there are no special data in the
ediatric population and there is no reason for a
ifferent recommendation.
There are only a few small studies published
ddressing the topic of L-carnitine in children. d

merican Journal of Kidney Diseases, Vol 47, No 5, Suppl 3 (May
ediatric patients on HD therapy may have low
lasma carnitine levels366-368; this is less clear in
ediatric PD patients, for whom the data are
ore conflicting.369,370 However, any justifica-

ion for use of L-carnitine in children is much
parser than in the adult literature.

One extremely small trial in which 2 children
n HD therapy were administered IV L-carnitine
howed an increase in their Hct by 34% with no
hange in erythropoietin dose delivered.371

A relatively small study of 16 pediatric dialy-
is patients, 11 on HD therapy, administered oral
arnitine divided twice daily at a dose of 20 mg/
g/d for 26 weeks and did not show a benefit
ith respect to increased Hb or Hct values or
ecreased dose requirement for erythropoi-
tin.372 There also is indirect evidence that be-
ause the study was not designed to look at Hb
r Hct levels, achieving much higher serum
-carnitine levels using a 5 times greater oral
ose in children on continuous ambulatory PD
herapy would not change the Hb levels.370

Finally, a word of caution is warranted: there
lso has been concern expressed over the use of
ral carnitine because it may produce toxic me-
abolites.202

itamin C

This guideline is considered applicable to chil-
ren because there are no special data in the
ediatric population and there is no reason for a
ifferent recommendation.

ndrogens

This guideline is considered applicable to chil-
ren because there are no special data in the
ediatric population and there is no reason for a

ifferent recommendation.

), 2006: p S105 S105
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CPR FOR PEDIATRICS 3.4: TRANSFUSION THERAPY
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Red blood cell transfusions should be used
udiciously in patients with CKD, especially be-
ause of the potential development of sensitivity,
ffecting future kidney transplantation. How-
ver, despite the use of ESA and iron therapy,
ransfusion with red blood cells occasionally is
equired, in particular in the setting of acute
leeding.
3.4.1 (FULLY APPLICABLE TO CHIL-

DREN) In the opinion of the Work
Group, no single Hb concentration
justifies or requires transfusion. In
particular, the target Hb recom-
mended for chronic anemia manage-
ment (see Guideline 2.1) should not
serve as a transfusion trigger.

RATIONALE

There is no good evidence to support any
ifferent recommendations in children compared
ith adults with respect to this guideline because

he physiological principles underlying this guide-
ine hold true in children with anemia and CKD.
he pediatric practitioner also may wish to con-
ider the following evidence.

Currently, there are no specific guidelines re-
ated to transfusion of red blood cells in children
ith any level of CKD, on or off dialysis therapy.
owever, it should be recognized that any of

hese children, as with an adult, will benefit most
rom red blood cell transfusions only in the face
f impaired oxygen delivery, ie, not based on an
b “number.” Poor oxygenation is a universally
ollowed indication for transfusions in children m

American Journal of Ki106
lder than the neonate who do not have concur-
ent hematologic symptoms or CVD.271,373,374

It also should be remembered that red blood
ell transfusions, at least in the critically ill
ediatric patient, may not be “benign” therapy.
his was highlighted by a retrospective cohort
tudy of 240 children in 5 pediatric intensive care
nits, 130 of whom received red blood cell
ransfusions. The study showed that even after
ontrolling for a number of factors, such transfu-
ions were associated with increased use of oxy-
en, days of mechanical ventilation, vasoactive
gent infusions, length of intensive care unit
tay, and total length of hospital stay (all P �
.05).373

Finally, with respect to transfusions in pediat-
ic patients awaiting renal transplantation, it is
ossible that the need for or use of packed red
lood cell transfusions may benefit the pediatric
atient if chosen carefully and provided under
mmunosuppressive coverage in a planned man-
er. The most current and largest study involved
93 children, 91 of whom received 2 sequential
lood transfusions, either random or donor spe-
ific if a living related donation was expected,
one 1 month apart under cover of oral cyclospor-
ne.375 Significant improvements in both 1-year
nd 5-year graft survival were reported: 96%
ersus 78% and 90% versus 64% (P � 0.001).
hereas not minimizing the risk for transmis-

ion of infectious agents from blood transfu-
ions, especially if that transfusion is unneces-
ary, data suggest further prospective trials of red
lood cell transfusion before transplantation

ight be of value in children.

dney Diseases, Vol 47, No 5, Suppl 3 (May), 2006: p S106
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CPR FOR PEDIATRICS 3.5: EVALUATING AND CORRECTING
PERSISTENT FAILURE TO REACH OR MAINTAIN
INTENDED HB LEVEL
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lthough relative resistance to the effect of ESAs
s a common problem in managing the anemia of
KD and is the subject of intense interest, the
ulk of available information suggests that—in
he absence of iron deficiency—there are few
eadily reversible factors that contribute to ESA
yporesponsiveness.

3.5.1 Hyporesponse to ESA and iron
therapy: (FULLY APPLICABLE TO)
CHILDREN
In the opinion of the Work Group, the
patient with anemia and CKD should
undergo evaluation for specific causes
of hyporesponse whenever the Hb
level is inappropriately low for the
ESA dose administered. Such condi-
tions include, but are not limited to:
● A significant increase in the ESA

dose requirement to maintain a cer-
tain Hb level or a significant decrease
in Hb levels at a constant ESA dose.

● A failure to increase the Hb level to
greater than 11 g/dL despite an
ESA dose equivalent to epoetin
greater than 500 IU/kg/wk.

3.5.2 Evaluation for PRCA: (FULLY AP-
PLICABLE TO CHILDREN)
In the opinion of the Work Group, evalu-
ation for antibody-mediated PRCA
should be undertaken when a patient
receiving ESA therapy for more than 4
weeks develops each of the following:
● Sudden rapid decline in Hb level at

the rate of 0.5 to 1.0 g/dL/wk, or
requirement of red blood cell trans-
fusions at the rate of approximately
1 to 2 per week, AND

● Normal platelet and white blood
cell counts, AND

● Absolute reticulocyte count less
than 10,000/�L.

RATIONALE

yporesponsiveness to ESA and Iron

This guideline is considered applicable to chil-

ren because there are no special data in the r

merican Journal of Kidney Diseases, Vol 47, No 5, Suppl 3 (May
ediatric population and there is no reason for a
ifferent recommendation.

efinition of Hyporesponsiveness

The principles outlined in the adult guideline
hould be kept in mind when assessing a child
ho appears to have hyporesponsiveness to ESA

herapy; however, the indications as outlined in
uideline 3.5.1 may not be directly applicable to

hildren because there are no published data
rom which we can confidently define an exces-
ive epoetin dose to maintain a given Hb target.

In terms of the mean ESA dose required, it is
lear from the NAPRTCS 2004 annual report
hat in all children, the average dose never ap-
ears to exceed approximately 350 U/kg/wk,
ven in the youngest children and even during up
o 30 months of follow-up.325 What is not clear is
hat the upper limit of this dose is in children
ho seem to respond with an increase in Hb

evel; hence, it is not currently feasible to set an
pper limit dose that, if exceeded in a child
hose Hb level is persistently less than 11.0
/dL, should trigger a consideration for the pres-
nce of hyporesponsiveness, although the target
n children younger than 5 years would intu-
tively be greater than that set in the adult guide-
ines.

otentially Treatable Disorders

In terms of the factors outlined in the adult
uideline as being associated with persistent fail-
re to achieve target Hb levels, these are relevant
o children as well, and in a retrospective review
f 23 patients on HD therapy for more than 6
onths, it was shown that there appeared to be a

elationship between the need for high doses of
HuEPO (defined as � 450 U/kg/wk) in patients
ho were younger, weighed less, had greater
arathyroid hormone levels, and had more epi-
odes of bacteremia (all P � 0.03).341 An unex-
ected finding in this study, relating a high serum
erritin level to an increased risk for hyporespon-
iveness, likely (as suggested by the investiga-
ors) was related to the presence of inflammation
n patients with more frequent episodes of bacte-

emia.

), 2006: pp S107-S108 S107
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ANEMIA IN CHRONIC KIDNEY DISEASE IN CHILDRENS108
valuation for Diagnosing and Treating Anti-
ody-Mediated PRCA

This guideline is considered applicable to chil-
ren because there are no special data in the
ediatric population and there is no reason for a
ifferent recommendation.
A brief review of pediatric PRCA cases is

resented next.
A study reviewed all 191 confirmed cases of

RCA up until April 2004, including 3 pediatric
atients; an 11-year-old boy from the United
tates, a 17-year-old girl from Brazil, and a
9-year-old boy from France.278 Two of these
atients, the 11- and 17-year-olds, received only
ESA, epoetin alfa (Procrit®; Ortho Biotech

roducts, LP, Bridgewater, NJ and Eprex®; Or-
ho Biotech Products, LP, Bridgewater, NJ, re-
pectively) before developing PRCA. The 19-year-
ld received both epoetin alfa and epoeten beta,
prex® and Neorecormon® (F. Hoffmann-La

oche, Ltd, Basel, Switzerland). The 11- and 19- i
ear old patients developed PRCA after 18 months
f exposure to an ESA, whereas the 17-year-old
eveloped it 7 months after first exposure to an
SA. The latter subsequently died of cardiac
rrest 20 months after the original diagnosis; no
ata about any form of therapy are available.
here are no outcome or therapy data available

or the 19-year-old patient; however, the 11-year-
ld received a renal transplant and subsequently
recovered” from PRCA.

Obviously, these numbers are very small and,
or practical purposes, suggest a very low risk for
RCA in children compared with the risk inher-
nt in being anemic or requiring repeated blood
ransfusions. However, it should be recognized
hat this problem can occur in children and
hould be part of the differential for a child with
low reticulocyte anemia in the presence of a

ecreasing Hb level and preserved white blood
ell and platelet lines that fail to respond to

ncreased iron and/or ESA therapy.



IV. CLINICAL PRACTICE RECOMMENDATIONS FOR ANEMIA
IN CHRONIC KIDNEY DISEASE IN TRANSPLANT RECIPIENTS
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SPLANT RECIPIENTS
BACKGROUND

Anemia is relatively common after transplan-
ation. Regular screening and careful evaluation
f the multiple factors that can contribute to
nemia after transplantation are recommended.

Table 41 summarizes the key features of post-
ransplantation anemia (PTA). As in other forms
f CKD, the prevalence of anemia in transplant
KD clearly is associated with the level of
llograft function. However, a number of other
actors unique to transplant recipients may con-
ribute to the development of PTA. There is little
nformation regarding the association of anemia
ith either graft or patient outcomes. Similarly,

here is limited information to suggest that the
esponse to treatment with ESAs differs between
atients with CKD with and without a transplant.
lthough there are reports of increased delayed
raft function and hypertension with the use of
SAs, there is insufficient evidence to suggest

hat these agents should not be used in either the
mmediate posttransplantation or late posttrans-
lantation period. Conversely, with the existing
nformation, it is recommended that treatment
uidelines for management of anemia in the
eneral CKD population be followed in the trans-
lant population.

INTRODUCTION

Transplant recipients are a subgroup of pa-
ients with CKD with unique considerations with
egard to anemia management.

Transplant recipients have variable exposure
o CKD before transplantation. Patients with

Table 41. Literature Review of Anemi
Prevalence of 

Anemia
Pathophysiology Clinica

Prevalence varies 
by time after 

transplantation and 
by level of graft 

function.
Relationship

between Hb and 
eGFR may not be 
the same as that 

seen in other CKD 

Level of transplant 
kidney function is 

important, but other 
factors, including 
medications, may 

decrease erythropoietin 
production or increase 

resistance to 
erythropoietin  in 

patients with stable 

Evide
anemia
treatme
or patie

includ
card

dis
hospi

li
unctioning transplants include preemptive trans-
lant recipients, recipients with variable expo-
ure to dialysis, and repeat and multiorgan trans-
lant recipients. Consequently, the burden of
omorbid disease varies among transplant recipi-
nts, and this may have important implications
or the severity and management of anemia after
ransplantation.

Most transplant recipients have decreased kid-
ey function. Among 40,963 transplant recipi-
nts studied in the United States between 1987
nd 1996, mean eGFR achieved at 6 months after
he time of transplantation was 49.6 � 15.4 (SD)
L/min/1.73 m2.376 In a study of transplant

ecipients in the United States between 1987 and
998, more than 70% of patients with allograft
unction at 1, 3, and 5 years after transplantation
ad CKD stage 3 or higher.377 Transplant func-
ion may change over time. Although the mean
ate of GFR decline was only 1.66 � 6.51
L/min/1.73 m2 per year in a large cohort of

ong-term kidney transplant recipients, kidney
llograft function may change rapidly; thus, fre-
uent evaluation of kidney function and Hb level
s desirable.376

Transplant recipients differ from most other
atients with CKD because they are chronically
xposed to immunosuppressive medications that
ay suppress erythropoiesis. The current KDOQI

lassification of CKD includes transplant recipi-
nts.4 A recent worldwide consensus statement
f KDIGO also confirmed that the CKD classifi-
ation system should be applied to transplant
ecipients and suggested to add the index letter

ransplant CKD: Key Conclusions
mes Response to 

treatment 
Side effects of 

treatment 
ing 
emia 
 graft 
omes, 
ival, 
lar 
 
n is 

Transplant patients 
may be relatively 
resistant to ESA.  

The precise 
mechanisms have 

not been 
elucidated.

Evidence is insufficient to 
determine the relationship, 
if any, between ESA use 

and potential adverse 
events in the transplant 
CKD patient, including 
delayed graft function, 

decline in kidney function, 
or hypertension. 
a In T
l outco

nce link
 and an
nt with

nt outc
ing surv
iovascu
ease, &
talizatio
mited.
seases, Vol 47, No 5, Suppl 3 (May), 2006: pp S110-S116
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ANEMIA IN CHRONIC KIDNEY DISEASE IN TRANSPLANT RECIPIENTS S111
T” to the CKD stage category for these
atients.377A Although many features distinguish
ransplant recipients from other patients with
KD, transplant recipients are clearly at risk for
nemia because of decreased kidney function.

This section reviews the available information
egarding the prevalence, pathophysiology, clini-
al correlates, and treatment considerations of
nemia in kidney transplant recipients. The rel-
vant considerations for anemia management
efore transplantation and after transplant failure
lso are discussed.

PREVALENCE

There is no accepted definition of anemia in
ransplant recipients, and variable definitions are
sed in the literature. A second important consid-
ration is that the prevalence of anemia is depen-
ent on the time of observation after transplanta-
ion.

During the early posttransplantation period,
rbitrarily defined as the first 6 months after
ransplantation, anemia of varying degrees is
ery common. The prevalence and degree of
nemia during this period are dependent on the
retransplantation Hb level, amount of perioper-
tive blood loss, frequency of blood draws, iron
epletion,378-383 persistence of uremia,382 endog-
nous erythropoietin levels,382,384,385 erythropoi-
tin responsiveness,382,384-387 and exposure to
mmunosuppressive agents.388,389

The time course of erythropoiesis after trans-
lantation has been studied by a number of
nvestigators,378-382,385,390,391 and reviews on
his subject are available.389,391,392 A transient
arly peak of erythropoietin is detectable within
he first 24 hours after transplantation, particu-
arly in patients with delayed graft function,
nd is not associated with a measurable in-
rease in Hb level. Within the first number of
ays after successful transplantation, a smaller,
ore sustained erythropoietin peak is detect-

ble. This peak is associated with the subse-
uent onset of erythropoiesis and recovery of
enal anemia during the next several months
fter transplantation.
The prevalence and degree of anemia in the

mmediate posttransplantation period also will
e dependent on the pretransplantation Hb level.
espite the widespread availability of ESAs,
nemia continues to be a significant issue in w
atients presenting for kidney transplantation. A
tudy found that the prevalence of pretransplan-
ation anemia (defined as Hct � 33%) was 41%
n adults.393 In a study of pediatric transplant
ecipients, the prevalence of pretransplantation
nemia (defined as Hct � 2 SDs less than age-
pecific means) was 67%.394 In the Transplant
uropean Survey on Anemia Management

TRESAM), 4 cohorts of prevalent transplant
ecipients were defined by the duration of trans-
lantation (6 months and 1, 3, and 5 years).
ean pretransplantation Hb levels in these co-

orts were 11.9 � 1.7 (SD), 11.7 � 1.8, 11.2 �
.8, and 10.8 � 1.8 g/dL, respectively. The
igher mean Hb levels in cohorts that underwent
ransplantation more recently suggested an im-
rovement in pretransplantation anemia manage-
ent over time.395 In a study of adult first

eceased-donor transplant recipients in the United
tates between 1995 and 2000, the prevalence of
nemia before transplantation was described
mong the subset of patients who had Medicare
s the primary payer for the 12 months before
ransplantation and who received ESAs before
ransplantation. Mean pretransplantation Hb lev-
ls recorded in the 6 months before transplanta-
ion by transplantation year were: 1995 (n �
296), 10.5 � 0.02 (SE) g/dL; 1996 (n � 2394),
0.7 � 0.02 g/dL; 1997 (n � 2694), 10.9 � 0.02
/dL; 1998 (n � 2838), 11.0 � 0.02 g/dL; 1999
n � 2723), 11.4 � 0.02 g/dL; and 2000 (n �
857), 11.6 � 0.02 g/dL. The higher Hb levels
mong patients who underwent transplantation
ore recently suggested an improvement in pre-

ransplantation anemia management over time.
onetheless, in 20% of patients, Hb levels de-

reased to less than the KDOQI target of 11
/dL.395A

Table 42 summarizes the published studies
escribing the prevalence of PTA. Together, the
xisting literature indicates that PTA is highly
revalent. The results from the few longitudinal
tudies showed a very high prevalence of anemia
n the early posttransplantation period; anemia
ppears to be least prevalent 1 year after trans-
lantation and then increases in prevalence with
ime after transplantation. This increase possibly
s related to declining allograft function. The
vailable information suggests that the preva-
ence of anemia is greater in pediatric compared

ith adult patients.
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PATHOPHYSIOLOGY

A number of factors may cause PTA; some are
hared with other patients with CKD, whereas
thers are unique to transplant recipients.398

actors Shared With Other Patients With CKD

In general, the evaluation of PTA should paral-
el that among nontransplantation patients with
KD. The discussion regarding factors contribut-

ng to PTA that are shared with other patients
ith CKD is limited to the most common consid-

rations and to unique considerations in the trans-
lantation setting.

idney Function

Level of allograft function is clearly an impor-
ant determinant of PTA. In the TRESAM, there
as a strong association of anemia with kidney

ransplant function. Of 904 patients with an SCr

evel greater than 2 mg/dL, 60.1% were anemic
ompared with 29% of those with an SCr less
han 2 mg/dL, P � 0.01. In a single-center study
f 459 patients at least 6 months after transplan-
ation, prevalences of anemia, defined as an Hb

Table 42. Prevalence of PTA by

Author, Year Location 

Adult/ 
Pediatric or 
Mean Age N 

Saito, 1998 396, 397 Japan Adult 60  

Yorgin, 2002 393  821 ry 81> SU 

Mix, 2003 398  042 tludA SU  

Lorenz, 2002 399 Austria Adult 438 

Winklelmayer, 2004 400 US Adult 374 

Vanrenterghem, 2004 395 Europe 48 ±13 yr 
 included children 

>10 yr  

4,263 

Yorgin, 2002 394  261 cirtaideP SU 

Shibagaki, 2004 401 US Adult 192 

Kausman, 2004 402 Australia Pediatric 50 
evel less than 11 g/dL, among patients with a
KD stages 1, 2, 3, 4, and 5 were 0%, 2.9%,
.6%, 27%, and 33%, respectively.403

The association of level of allograft function
ith Hb level appears to vary with the time of
bservation after transplantation. One study found
hat, among patients with an eGFR greater than
0 mL/min/1.73 m2, 11% and 7% of patients had
nemia at 6 and 12 months after transplantation,
hereas among patients with an eGFR less than
0 mL/min/1.73 m2, at 6 and 12 months after
ransplantation, 60% and 76% were anemic, re-
pectively.398 These findings suggest that factors
n addition to level of allograft function may be
mportant determinants of anemia, particularly
uring the early posttransplantation period.
Whether the association between anemia and

evel of kidney function differs in patients with
KD who did and did not undergo transplanta-

ion is uncertain. In a study of 23 renal transplant
ecipients with stable kidney function, 12 anemic
atients were compared with the 11 nonanemic
ontrol patients.386 Of the 12 anemic patients, 10
ad low erythropoietin levels suggestive of eryth-
opoietin deficiency, 2 patients had higher than

n of Posttransplantation Period 

finition of Anemia 

Timing of Anemia 
Determination after 

Transplantation Prevalence 
ale Hb <12.8 g/dL 
male Hb <11.5 g/dL 

 Cross-sectional 23% 

  )ry( tnalpsnart-tsop emiT  ry 5 rof ylraeY %33< tcH
 0 = 43% 
1 = 12% 
2 = 12% 
3 = 14% 
4 = 18% 
5 = 26% 

 )ry( tnalpsnart-tsop emiT ry 5 revo lanidutignoL %63< tcH
0 = 76% 
1 = 21% 
4 = 36% 

Male Hb <13 g/dL 
emale Hb <12 g/dL  

Cross-sectional mean  
4.9 yr 

39.7% 

Hct <33% Cross-sectional 
Mean 7.7 ± 6.7 yr post-

transplantation 

28.6% 

Male Hb ≤13 g/dL 
emale Hb ≤12 g/dL  

4 cohorts 

6 mo (n = 1003) 
12 mo (n = 960) 
3 yr (n = 1254) 
5 yr (n = 1046) 

38.6% overall 

No significant difference in 
prevalence among cohorts 

ficeps-ega wole ic means Longitudinal 67% at transplant 
84% 1 mo 

64%-82% between 0-60 mo 
Male Hb ≤13 g/dL 
emale Hb ≤12 g/dL  

6 mo 

12 mo 

6 mo = 41% 

12 mo = 45% 

Hb ≤11 g/dL in women, ≤12 g/dL 
in men was 19% and 20% at 6 

mo and 12 mo 
Hb <110 g/L 

re anemia Hb <100 g/L 

Cross-sectional 60%  Hb <110 g/dL 

30%  Hb <100 g/dL 
 Duratio

De
M

Fe

F

F

b DS 2

F

nticipated erythropoietin levels suggestive of
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rythropoietin resistance, whereas 5 of 11 nonane-
ic control patients had higher than expected

rythropoietin levels. Thus, there appears to be
ignificant variation in erythropoietin production
nd responsiveness in transplant recipients, which
ay alter the association between kidney func-

ion and anemia in transplant recipients. Other
linically evident examples of the dissociation
etween Hb level and kidney function in trans-
lant recipients include posttransplantation eryth-
ocytosis and, as in nontransplantation patients
ith CKD, the lower incidence of anemia among

ransplant recipients with polycystic kidney dis-
ase.395

ron Deficiency

Iron deficiency may be an important factor in
he development of anemia after transplanta-
ion.404 There is limited information regarding
he prevalence of iron deficiency after transplan-
ation. In a cross-sectional study of 438 prevalent
ransplant recipients, the prevalence of iron defi-
iency, defined as a percentage of hypochromic
ed blood cells of 2.5% or greater, was 20.1%. In
nother study of 439 prevalent transplant recipi-
nts, 41% of patients had a TSAT less than 20%,
hereas 44% had a ferritin level less than 100
g/mL.403

The prevalence of iron deficiency may be
reater in the early transplantation period be-
ause of low pretransplantation iron stores in
ialysis patients and increased iron utilization
ith the onset of erythropoiesis after successful

ransplantation.383 In 1 study, 24 of 51 patients
ere found to be iron deficient in the early
osttransplantation period.381 In a prospective
tudy of 112 transplant recipients, serum ferritin
evels decreased from 109.6 �g/L (range, 21 to
,420 �g/L) at transplantation to 54.9 �g/L
range, 2 to 1,516 �g/L) at 6 months after trans-
lantation.405

ransplant-Specific Factors

cute Rejection
Early acute rejection is reported to cause a

harp decrease in erythropoietin production and
nemia.406 Insights into the molecular mecha-
isms involved in the development of anemia
uring allograft rejection have been elucidated
rom gene expression studies.407 Among 4 pedi-

tric renal allograft recipients with acute rejec- i
ion and anemia, a cluster of 11 genes involved in
b transcription and synthesis, iron and folate
inding, and transport were found to be down-
egulated.An additional mechanism for the devel-
pment of anemia during rejection is thrombotic
icroangiopathy, which may develop during epi-

odes of severe vascular rejection.

edications
Immunosuppressive medications. The use

f myelosuppressive medications for immunosup-
ression and antiviral prophylaxis or treatment
ay be important factors in the development of

nemia after transplantation. Azathioprine and
ycophenolate mofetil are myelosuppressive;

herefore, anemia caused by these drugs often is
ssociated with leukopenia and/or thrombocyto-
enia. Very rarely, PRCA may occur with the use
f these drugs.388,408,409

Calcineurin inhibitors infrequently are associ-
ted with anemia. The most common mechanism
or PTA associated with the use of calcineurin
nhibitors is microangiopathy and hemolysis.410-

14 The immunosuppressant OKT3 also has been
ssociated with hemolytic uremic syndrome
HUS) and microangiopathy.415,416

Anemia was a significant AE in a phase III
rial in which sirolimus was administered with
yclosporine and corticosteroids.417 A group
eviewed the 10-year experience with siroli-
us and reported a dose-dependent associa-

ion of anemia with the drug in phase I and II
rials.418 The association of sirolimus with
nemia also recently was shown in single-
enter analyses.419 Sirolimus may inhibit eryth-
opoiesis by interfering with intracellular sig-
aling pathways normally activated after the
inding of erythropoietin to its receptor, and
irolimus also may be associated with throm-
otic microangiopathy.419,420

Antiviral and antimicrobial medications. A
umber of commonly used antivirals and antibi-
tics may cause anemia, including ganciclovir
nd trimethoprim-sulfamethoxazole.

Angiotensin-converting enzyme inhibitors
nd angiotensin II receptor antagonists. An-
iotensin-converting enzyme (ACE) inhibitors
nd angiotensin receptor blockers (ARBs) may
e associated with PTA. Anemic patients in the
RESAM had higher odds of receiving ACE
nhibitors or ARBs (odds ratio, 1.55; 95% CI,
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ANEMIA IN CHRONIC KIDNEY DISEASE IN TRANSPLANT RECIPIENTSS114
.34 to 1.80; P � 0.001).395 In a single-center
etrospective study, a significant curvilinear dose-
esponse relationship was identified between
CE-inhibitor dose and Hct.400 The underlying
echanisms are complex and include inhibition

f endogenous erythropoietin production, inhibi-
ion of angiotensin II–mediated stimulation of
ed blood cell precursors,421 and the generation
f an erythropoiesis-inhibiting protein by ACE
nhibitors.422

nfections and Malignancy
Anemia may be a feature of cytomegalovirus

CMV) infection. Parvovirus B19 infection has
een reported in transplant recipients with ane-
ia and may cause PRCA.423,424

Hemophagocytic syndrome (HPS) is a rare
ause of PTA. The syndrome often is caused by
nfectious or neoplastic disease and is defined by
one marrow and organ infiltration by activated
onmalignant macrophages that phagocytose red
lood cells. A retrospective analysis of 17 cases
mong deceased donor transplant recipients
howed that the syndrome developed after a
edian duration of 52 days after transplantation.
ever was present in all patients and hepato-
plenomegaly was present in 9 of 17 patients.
leven patients had received antilymphocyte
lobulins in the 3 months before presentation. In
patients, HPS was related to viral infections

CMV, Epstein-Barr virus, and human heprus
irus 6 and 8); other infections included tubercu-
osis, toxoplasmosis, and Pneumocystis carinii
neumoniae. Posttransplantation lymphoprolif-
rative disease was present in 2 patients. The
yndrome has a poor prognosis—8 of 17 patients
ied despite the use of anti-infectious therapy
nd tapering of immunosuppression.425

emolytic Uremic Syndrome
HUS may recur after transplantation and can

esult in allograft loss.426 De novo HUS may
ccur associated with the use of cyclosporine,
acrolimus, or OKT3. The syndrome also has
een associated with CMV and influenza A infec-
ion in transplant recipients.427,428 The possibil-
ty that erythropoietic agents may be beneficial
n patients with HUS after transplantation is
uggested by observations from the nontransplan-
ation population. Plasma from approximately
5% of patients with sporadic thrombotic throm-

ocytopenic purpura (TTP)/HUS induces apopto- c
is in cultured microvascular endothelial cells.429

he mechanism appears to be linked to induction
f Fas (CD95) on cultured endothelial cells be-
ause the erythropoietin receptor is expressed on
ascular endothelial cells.430, 431 Erythropoietin
revents lipopolysaccharide-induced apoptosis in
ultured endothelial cells, suggesting that eryth-
opoietin may have a protective effect and may
e of therapeutic benefit in TTP/HUS in the
ontransplantation setting.432 The use of ESAs
fter transplantation in patients with HUS war-
ants further study.

emolytic Anemia Associated With Minor Blood
roup A, Group B, Group O Incompatibility
Blood group A recipients receiving transplants

rom blood group O donors or blood group AB
ecipients receiving transplants from either group

or B donors may develop evidence of hemoly-
is caused by anti-A or anti-B antibodies of the
onor or from autoantibodies produced by passen-
er lymphocytes.433-435

CLINICAL OUTCOMES

There is only limited information regarding
he association of anemia with clinical outcomes
n transplant recipients.

Transplant recipients are known to be at in-
reased risk for cardiovascular events, particu-
arly during the perioperative period. In a single-
enter study of 404 transplant recipients with
iabetes between 1997 and 2000, patients with at
east 1 monthly Hct level less than 30% during
he first 6 months after transplantation had a
ignificantly greater incidence of cardiovascular
vents compared with patients with monthly Hct
alues greater than 30%. In a multivariate analy-
is that also included patient age and history of
schemic heart disease (IHD), an increase in
onthly Hct to greater than 30% was associated
ith a significantly lower risk for cardiovascular

vents (RR, 0.65; 95% CI, 0.33 to 0.91; P �
.02).436

Among long-term transplant recipients, there
s limited information regarding the association
f anemia with adverse cardiovascular events. In
retrospective study of 638 transplant recipients
etween 1969 and 1999 who were alive and free
f cardiac disease 1 year after transplantation,
ower Hb levels were associated with an in-

reased risk for de novo CHF (RR, 1.24/10-g/dL
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ANEMIA IN CHRONIC KIDNEY DISEASE IN TRANSPLANT RECIPIENTS S115
ecrease in Hb; 95% CI, 1.10 to 1.39; P �
.001).437 In a follow-up study, anemia was
ssociated with increase in left ventricular mass
as measured by Cornell voltage on electrocardio-
ram) during the first 5 years after transplanta-
ion.438

In a recent study, 438 prevalent transplant
ecipients were followed up for a median of 7.8
ears. Laboratory parameters obtained during a
-week enrollment period in 1995 were tested
or their association with all-cause mortality and
llograft failure.439 The investigators did not
dentify an association between anemia (Hb �
0 g/dL) and all-cause mortality or graft sur-
ival. Compared with patients with hypochromic
ed blood cells less than 5%, patients with hypo-
hromic red blood cells greater than 10% had an
R of 2.06 for all-cause mortality (95% CI, 1.12

o 3.79; P � 0.02).
In a retrospective single-center study of re-

ource utilization among 220 kidney transplant
ecipients, patients with a higher Hct had a
ecreased risk for hospitalization (RR, 0.95/1%
ncrease in Hct; 95% CI, 0.92 to 0.98; P �
.001).440

RESPONSE TO TREATMENT WITH
ESAs AND SAFETY OF TREATMENT

se of ESAs Before Transplantation

The issue of whether ESAuse before transplan-
ation is associated with delayed graft function
fter transplantation has largely been dispelled
y the decreased incidence of delayed graft func-
ion in registry data over time despite the in-
reased use of ESAs. A few small retrospective
tudies had suggested that ESA use may be
ssociated with delayed graft function, presum-
bly because of altered intrarenal blood flow
uring rewarming in patients with a higher
ct.441,442 Previous treatment with ESAs does
ot blunt the production of endogenous erythro-
oietin after transplantation or the ability to
espond to endogenous erythropoietin.391,443

arly Posttransplantation Period

Erythropoietic agents are effective in correct-
ng anemia during the early posttransplantation
eriod. Two small prospective randomized stud-

es to study the efficacy of ESAs during the c
mmediate posttransplantation period have been
erformed.
One study randomized 14 transplant recipients

o receive and 15 patients not to receive an
SA.387 The ESA (150 U/kg/wk) was started at
n Hct less than 30% and was increased at
eekly intervals by 30 U/kg/wk as long as Hct

emained at less than 25%. Hct increased from a
adir of 22% � 4% 2 weeks after transplantation
o 30% � 4% at week 4 and 36% � 4% at week

(P � 0.001 and P � 0.0001 versus week 2,
espectively). Corresponding values in the non-
SA group were 25% � 6%, 28% � 6% (P �
S), and 32% � 6% (P � 0.05 versus week 2;
verall ESA versus non-ESA, P � 0.038 by
nalysis of variance). The maximum ESA dose
fter transplantation was more than 2 times higher
han that required before transplantation (197.1

45.1 versus 85.0 � 76.0 U/kg/wk; P � 0.05).
he investigators concluded that ESAs could
afely and effectively correct anemia during the
rst weeks after transplantation despite relative
rythropoietin resistance.

In a recent study, patients were randomized to
eceive (n � 22) or not receive (n � 18) ESA,
00 U/kg 3 times per week, if Hb level was less
han 12.5 g/dL.444 Time to reach an Hb level
reater than 12.5 g/dL was 66.5 � 14.5 versus
2.6 � 23.7 days in the non-ESA and ESA
roups, respectively (P � 0.05). After 3 months,
b levels were not different between the non-
SA and ESA groups (12.6 � 1.5 versus 12.0 �
.5 g/dL, respectively). In a Cox regression anal-
sis, ESA use (RR, 7.2; P � 0.004) and dose
RR, 0.63; P � 0.04) were retained as indepen-
ent variables predicting the time to reach an Hb
evel greater than 12.5 g/dL. In the ESA group,
4 of 22 patients reached the target Hb level of
reater than 12.5 g/dL compared with 12 of 18
atients in the non-ESA group (P � NS). SCr

evels were not different between groups. The
nvestigators concluded that the use of ESAs in
he immediate posttransplantation period had no
elevant clinical impact on the correction of
nemia after transplantation.

Together, these studies suggest that ESAs are
ffective in correcting anemia after renal trans-
lantation. The dose of ESA required may be
igher than that before transplantation. The stud-
es were not designed to determine whether the

orrection of anemia was associated with im-
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ANEMIA IN CHRONIC KIDNEY DISEASE IN TRANSPLANT RECIPIENTSS116
rovement in clinical outcomes, resource utiliza-
ion, or QOL. Further, few patients with delayed
r impaired graft function were studied. Thus,
hether there are clinically relevant benefits to

he early correction of anemia after transplanta-
ion remains uncertain.

These studies did not report significant AEs
ssociated with the use of ESAs, such as delayed
raft function or hypertension. A recent study
eported a significantly increased incidence of
ransplant renal artery stenosis among pediatric
ransplant recipients administered ESAs during
he first week after transplantation. All patients
ere enrolled in a steroid-free immunosuppres-

ion protocol. Results of DNA microarray analy-
is showed a series of 12 genes that differentiated
he patients who developed renal artery stenosis
n this setting.444A

Erythropoietin modulates the cellular re-
ponse to stress and may attenuate apoptosis and
ecrosis in various organs, including the kid-
ey.445-451 Whether use of erythropoietic agents
an minimize ischemic reperfusion injury, as
hown experimentally, warrants investigation.

ate Posttransplantation Period

There are only a few uncontrolled studies describ-
ng the use of ESAs to treat late PTA.452-455 In the
argest of these studies, in 40 patients with failing
enal allografts, mean Hb levels increased from
8.9 � 10.4 to 102.6 � 18.4 g/L after 24 weeks of
reatment with ESA, 50 U/kg 3 times per week.453

he increase in Hb level was associated with a
ignificant improvement in QOL measures. Twelve
atients returned to dialysis therapy. These patients
ll had poor allograft function, and the study could
ot exclude the possibility that treatment with ESA
ccelerated renal allograft decline. Although no
hange in systolic or diastolic blood pressure was
oted, the need for antihypertensive medications
as significantly increased in 18 patients. An in-
rease in hypertension also was noted in another a
tudy.452 In a single-center study, correction of
nemia was associated with a decreased rate of
ecline in allograft function.456

Together, these studies suggest that ESAs are
fficacious and likely do not accelerate renal
ecline, but may aggravate hypertension. Whether
atients in the late posttransplantation period
equire higher doses of ESAs to correct anemia
ompared with nontransplantation patients with
KD is unclear.457 A decreased response to ESAs
mong transplant recipients may be anticipated
ecause of the use of myelosuppressive medica-
ions, chronic inflammation, or other factors. The
ropensity of specific immunosuppressive agents
o affect the action of ESAs in kidney transplant
ecipients is unclear. There is an inverse correla-
ion between ESA dose and CCr in transplant
ecipients, and a sudden change in Hct in ESA-
reated patients may indicate a change in graft
unction.453 The response to ESAs is impaired
uring episodes of allograft rejection.407,458 In
he TRESAM, the median dose among ESA-
reated patients was 4,000 IU/wk (mean, 5,831 �
,217 IU/wk), but ESA-treated patients had lower
b values than non–ESA-treated patients, sug-
esting that the ESA was underdosed and pa-
ients were ESA resistant.395

osttransplantation Failure

Patients with allograft failure have a high
ortality that is related primarily to CVD. The
anagement of anemia among patients with fail-

ng allografts is suboptimal. In a study of patients
nitiating dialysis therapy after transplant failure
n the United States between 1995 and 1998,
ean Hct was 27.5% � 5.9% and 67% had an
ct less than 30%. The use of ESAs at the time
f dialysis therapy initiation was infrequent
35%).459 Anemia management may be more
ifficult in patients with transplant failure be-
ause of the presence of chronic inflammation

nd relative resistance to ESAs.460
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The overall aim of the project is to update the
000 KDOQI CPGs for Anemia of CKD.2 The
ork Group sought to update the guidelines by

sing an evidence-based approach. After topics
nd relevant clinical questions were identified,
he available scientific literature on those topics
as systematically searched and summarized.
igh-quality or moderately high-quality evi-
ence formed the basis for the development of
vidence-based CPGs. When evidence was of
ow or very low quality or was entirely lacking,
he Work Group could develop CPRs based on
onsensus of expert opinion.

verview of Process

Update of the guidelines required many concur-
ent steps to:

● Form the Work Group and ERT that were
to be responsible for different aspects of
the process

● Confer to discuss process, methods, and
results

● Develop and refine topics
● Create draft guideline statements and ra-

tionales
● Define exact populations, interventions,

predictors, comparisons groups and out-
comes of interest and study design and
minimum follow-up time criteria (PICOD)

● Create and standardize quality assessment
and applicability metrics

● Create data extraction forms
● Develop literature search strategies and

run searches
● Screen abstracts and retrieve full articles
● Review articles
● Extract data and perform critical appraisal

of the literature
● Tabulate data from articles into summary

tables
● Grade quality and applicability of each

study
● Grade the quality of evidence for each

outcome and assess the overall quality of
the evidence across all outcomes with the

aid of evidence profiles p

merican Journal of Kidney Diseases, Vol 47, No 5, Suppl 3 (May
● Write guideline recommendations and sup-
porting rationale statements and grade the
strength of the recommendations

● Write CPRs based on consensus of the
expert Work Group in the absence of
sufficient evidence.

reation of Groups

The KDOQI Co-Chairs appointed the Co-
hairs of the Work Group, who then as-

embled groups to be responsible for the devel-
pment of the guidelines. The Work Group
onsisted of domain experts, including indi-
iduals with expertise in adult and pediatric
ephrology, hematology, nursing and nutri-
ion, cognitive function, QOL, and CVD out-
omes in patients with CKD. Support in evi-
ence review and methods expertise was
rovided by an ERT contracted by the NKF at
he NKF Center for CPG Development and
mplementation. The Work Group and the ERT
ollaborated closely throughout the project.
The first task of the Work Group members was

o define the overall topics and goals for the
pdate. Smaller groups of 2 to 4 individuals were
ormed and assigned to each topic. The Work
roup and ERT then further developed and re-
ned each topic and specified screening criteria
or PICOD, literature search strategies, and data
xtraction forms (described next). Work Group
embers were the principal reviewers of the

iterature, and from their reviews and detailed
ata extractions, they summarized the available
vidence and took the primary roles of writing
he guidelines and rationale statements.

The ERT consisted of individuals (staff, fel-
ows, and research assistants) from Tufts–New
ngland Medical Center with expertise in ne-
hrology and development of evidence-based
PGs. It instructed the Work Group members in
ll steps of systematic review and critical litera-
ure appraisal. The ERT also coordinated the
ethodological and analytical process of the re-

ort; it defined and standardized the method of

erforming literature searches, data extraction, and

), 2006: pp S117-S125 S117



s
e
o
f
n
d
t
t
e
o
q
m

R
o

C
o
d
a
i

b
a
“
t
p
b
q
n
a

d
s
n
r
t
c
u
a

L

r
l

s
H
a
2
o
N
w
n
I
n
t
c
2
t
f
S
A
a
s

r
i
w
s
s
E
m
e
i
e
q
t
a
b
G
r
d
o
c
s
a
s
m

APPENDIX 1: METHODS OF EVIDENCE REVIEW AND SYNTHESISS118
ummarizing the evidence in summary tables and
vidence profiles. It performed literature searches,
rganized abstract and article screening, created
orms to extract relevant data from articles, orga-
ized Work Group member data extraction, checked
ata, and tabulated results. Throughout the project,
he ERT conducted seminars and provided instruc-
ion on systematic review, literature searches, data
xtraction, assessment of quality and applicability
f articles, evidence synthesis, and grading of the
uality of evidence and strength of guideline recom-
endations.

efinement of Topics and Development
f Materials

The Work Group reviewed the 2000 KDOQI
PGs forAnemia of CKD2 and determined which
f the guideline recommendations required up-
ates and which could remain unchanged. These
ssessments were based primarily on expert opin-

* First Look 

† Narrative Review ‡ Systematic Review 

Fig 19. Process of triaging a topic to a systematic
eview or a narrative review. *First Look Topic: Top-
cs for which the substance of the evidence base
as unclear were first explored to determine their
uitability for systematic review. A sensitive Ovid
earch was performed for each first look topic by the
RT. Abstracts were reviewed by the Work Group
embers to determine whether there was an ad-

quately defined and sufficient base of scientific
nformation from which to answer the clinically rel-
vant question or resolve controversies. Topics that
ualified were submitted to systematic review, while

opics lacking a sufficient evidence base for system-
tic review were summarized by Work Group mem-
ers in narrative reviews. †Narrative Review: Work
roup members had wide latitude in summarizing

eviews and original articles for topics that were
etermined not to be amenable to a systemic review
f the literature. Under special circumstances, fo-
used literature search was performed by ERT for a
pecific subtopic. ‡Systematic Review: A system-
tic review entailed systematic screening, data ab-
traction, appraisal, and synthesis of studies in sum-
ary tables and evidence profiles.
on regarding the likelihood of new evidence e
eing available. When experts were uncertain
bout the current evidence basis of a topic, a
first look” of the topic was undertaken to inform
his process (Fig 19). After literature review of
otentially relevant abstracts and studies, mem-
ers of the Work Group focused the specific
uestions deemed clinically relevant and ame-
able to systematic review or decided to produce
narrative summary of the literature.
The Work Groups and ERT developed: (1)

raft guideline statements, (2) draft rationale
tatements that summarized the expected perti-
ent evidence, and (3) data extraction forms
equesting the data elements to be retrieved from
he primary articles. The topic refinement pro-
ess began before literature retrieval and contin-
ed through the process of reviewing individual
rticles.

iterature Search

A master reference list was compiled from
eferences used in previous evidence-based guide-
ines on Anemia and CKD:

1. EBPG II, 2004
2. EBPG I, 2000
3. KDOQI Anemia Guideline Update, 2000
4. DOQI Anemia Guideline, 1997
5. Caring forAustralasians with Renal Impair-

ment (CARI) Anemia Guideline, 2003

For the topics addressed in EBPG II, update
earches of MEDLINE were performed. For
b Targets, a module for (Anemia and ESA

nd Kidney) was run on articles from January
003 through March 2004. Selective updates
f literature searches were performed through
ovember 2004. A pre-MEDLINE search also
as performed to capture more recent trials
ot yet indexed in MEDLINE. For the topic of
ron Targets, the (Anemia and ESA and Kid-
ey) module was modified by adding addi-
ional iron terms and was run to include publi-
ations between January 2003 and November
004. For the topics of adjuvants to ESA
reatment, a MEDLINE search was conducted
or [(Anemia and Kidney) and (Androgens,
tatins, Carnitine, Vitamin E, or Ascorbic
cid)] for all articles published from Janu-

ry1989 through September 2004. A separate
earch for studies on prevalence of anemia by

GFR was conducted from January 1999
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APPENDIX 1: METHODS OF EVIDENCE REVIEW AND SYNTHESIS S119
hrough February 2005. The searches also were
upplemented by articles identified by Work
roup members through September 2005.
Only full journal articles of original data
ere included. Editorials, letters, abstracts,

nd unpublished reports were not included.
elected review articles identified in the
earches were provided to the Work Group for
ackground material.
MEDLINE search results were screened by
embers of the ERT for relevance by using

redefined eligibility criteria, described in Table
4. Retrieved articles were screened by the ERT.
otentially relevant studies were sent to Work
roup members for rescreening and data extrac-

ion. Domain experts, along with the ERT, made
he final decision for inclusion or exclusion of all
rticles.

eneration of Data Extraction Forms

Data extraction forms were designed to cap-
ure information on various aspects of the pri-
ary studies. Data fields for all topics included

tudy setting, demographics, eligibility criteria,
auses of kidney disease, numbers of subjects,
tudy design, study funding source, dialysis char-
cteristics, comorbid conditions, descriptions of
elevant risk factors or interventions, description
f outcomes, statistical methods, results, study
uality (discussed later), study applicability (dis-
ussed later), and free text field for comments
nd assessment of biases. Training of the Work
roup members to extract data from primary

rticles occurred during Work Group meetings
nd by E-mail and teleconference calls. Work
roup members then were assigned the task of

Table 43. Examp
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Arm 3

Mean Hb
(g/dL) Targ
(Achieved

ESA vs. ESA        

ESA High 14.0  
(12.7-13.3Besarab, 1998 108 1,233 HD-CKD 10.2 14                

ESA Low 10.0 (10.0

ESA High 
13.5-14.5

(13.3) 
Parfrey, 2005 109  596 HD-CKD 11.0 24                 

ESA Low 
9.5-11.5
(10.9) 

ESA High 13-14 (13
Foley, 2000 110 146 HD-CKD 10.4 11     

ESA Low 9.5-10.5 (10
ata extraction of articles. A
eneration of Evidence Tables

The ERT condensed the information from the
ata extraction forms into evidence tables, which
ummarized individual studies. These tables were
reated for the Work Group members to assist
hem with review of the evidence and are not
ncluded in this document. All extracted articles
nd all evidence tables were made available to all
ork Group members. During the development

f the evidence tables, the ERT rescreened the
ccepted articles to verify that each of them met
he initial screening criteria and checked the data
xtraction for accuracy. If the criteria were not
et, the article was rejected, in consultation with

he Work Group.

ormat for Summary Tables

Summary tables describe the studies accord-
ng to the following dimensions: study size and
ollow-up duration, applicability or generalizabil-
ty, results, and methodological quality (see Table
3). The ERT generated summary tables by us-
ng data from extraction forms, evidence tables,
nd/or the articles. All summary tables were
eviewed by the Work Group members.

In the summary tables, studies were ordered
rst by method quality (best to worst), then by
pplicability (most to least), and then by study
ize (largest to smallest). Results are presented in
heir appropriate metric or in summary symbols,
s defined in the table footnotes.

To provide consistency throughout summary
ables, data sometimes were converted or esti-
ated. Follow-up times were converted to months
y estimating 1 month as 4 weeks. In general,
ata provided as percent Hct was converted into
rams per deciliter of Hb by dividing by 3.

ummary Table 

Clinical Outcomes (Arm 1 vs. Arm 2 vs. Arm 3)

vents 
) LVH

Mortality 
(%)

Hospitali- 
zation 

Dialysis 
Adequacy 

Transfusion 
(%) QOL b Q

ua
lit

y 

       

tal MI 
s. 2.3 

c

—
*29.6 vs. 

24.4 
NS c

NS
∆Kt/V:  

–0.03 vs. +0.06  
P <0.001 

21 vs. 31 
P = 0.001

See QOL 
Table

A:
s. 1 
.045 

 CVD: 
S

*NS NS — 
∆URR:

0 vs. +2 %  
P <0.05 

—
See QOL 

Table

S *NS NS — 
Kt/V:

LVD: 1.41 vs. 1.50 
P = 0.025 

—
See QOL 

Table
le of a S

 
et 
) 

CVD E
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) 
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*Nonfa
3.1 v

NS
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P = 0
Other
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dditionally, results sometimes were estimated
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rom graphs. All estimated values have been
nnotated as such.

ystematic Review Topics, Study Eligibility
riteria

The topics covered by systematic review are
isted in Table 44. The screening criteria were
efined by the Work Group members in conjunc-
ion with the ERT.

iterature Yield

For systematic review topics, the literature
earches yielded 2,756 citations. Of these, 137
rticles were reviewed in full. An additional 19
ere added by Work Group members. A total of
3 were extracted and of these, 51 studies are
ncluded in Summary Tables. Details of the yield
y topic can be found in Table 45.
The literature search yields for first-look top-

cs can be found in Table 46. Upon reviewing the
esultant abstracts, only the topics of noniron

Table 45. Literature Search Yield of Prim

Guideline Topic Search Strategy Dates a

1.1: Identifying patients and 
initiating evaluation 

Anemia AND kidney AND 
GFR 

1999-
2005 

2.1: Setting Hb targets 
Anemia AND kidney AND 
ESA search as update to 

master reference list 

2003-
2004 

3.2: Using iron agents 

Anemia AND kidney AND 
ESA AND iron terms 
search as update to 
master reference list 

2003-
2004 

3.3: Using pharmacological 
and nonpharmacological 
adjuvants to ESA treatment 
in HD-CKD 

Anemia AND kidney AND 
androgens, statins, 
carnitine, vitamin E, 

ascorbic acid 

1989-
2004 

a. Additional articles were identified by work group members through September 20
b. Does not include articles included in tables other than summary tables. 
c. Includes articles that were post hoc analysis of larger studies. 
djuvants (carnitine, ascorbic acid, and andro-
ens) proceeded to systematic review.

ssessment of Individual Studies

tudy Size and Duration
The study (sample) size is used as a measure

f the weight of a study. In general, large studies
rovide more precise estimates of prevalence
nd associations. In addition, large studies are
ore likely to be generalizable; however, large

ize alone does not guarantee applicability. A
tudy that enrolled a large number of selected
atients may be less generalizable than several
maller studies that included a broad spectrum of
atient populations. Similarly, longer duration
tudies may be of better quality and more appli-
able, depending on other factors.

pplicability
Applicability (also known as generalizability

r external validity) addresses the issue of whether

ticles for Systematic Review Topics 

tracts 
ened 

Full
Articles 

Retrieved 

Articles 
Added by 
experts 

Articles 
Data 

Extracted 

Articles 
Included in 
Summary 
Tables b

25 13 3 6 6 

013  38 2 28 24 c

848 50 6 34 9 

70 36 8 15 12 
ary Ar

Abs
Scre

1

2,

1,

3

05.  
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APPENDIX 1: METHODS OF EVIDENCE REVIEW AND SYNTHESISS122
he study population is sufficiently broad so that
he results can be generalized to the population
f interest at large. The study population typi-
ally is defined primarily by the inclusion and
xclusion criteria. The target population was
efined to include patients with anemia and kid-
ey disease and subdivided into those with CKD
tages 3 to 5 not on dialysis therapy and those
ith CKD stage 5 on HD or PD therapy. Further-
ore, topic 3.6 includes such special patient

opulations as kidney transplant recipients and
atients with nonrenal anemias. Applicability
as specified for each study according to a
-level scale (Table 45A). In making this as-
essment, sociodemographic characteristics
ere considered, as well as comorbid condi-

ions and prior treatments. Applicability is
raded in reference to the population of inter-
st as defined in the clinical question. Target
opulations are specified in the titles of each
ummary table (discussed later).

tudy Quality
Method quality (or internal validity) refers to

he design, conduct, and reporting of the clinical

Table 46. Details of First-Look Topi

rtS hcraeS cipoT
Pediatric patients Anemia AND kidney
Special populations: 
transplant 

Anemia AND kidney 

A yendik DNA aimenA ycnangerP

Sickle cell/ hemoglobinopathies 
Anemia AND kid

hemoglobino
 yendik DNA aimenA VIH

Cancer: MM, MDS, etc. Anemia AND kidney
DNA aimenA ssenevisnopseropyH
salpa llec der eruP ACRP

  latoT
tudy. Because studies with a variety of types of
esign were evaluated, a 3-level classification of
tudy quality was devised (Table 46A).

Quality of studies of interventions. The evalu-
tion of questions of interventions was limited to
CTs. The grading of these studies included consid-
ration of the methods (ie, duration, degree of
linding, number and reasons for dropouts, and so
n), population (ie, does the population studied
ntroduce bias?), outcomes (ie, are the outcomes
learly defined and properly measured?), thorough-
ess/precision of reporting, statistical methods (ie,
as the study sufficiently powered and were the

tatistical methods valid?), and the funding source.
Quality of studies of prevalence. The ideal

tudy design to assess prevalence of anemia and its
ssociation with eGFR is a cross-sectional study of
population representative of the general popula-

ion. Criteria for evaluation of cross-sectional stud-
es to assess prevalence are listed in Table 47.

esults
The type of results used from a study was

etermined by the study design, the purpose of
he study, and the question(s) being asked for

id Literature Searches, and Yield by Topic 

 setaD
No. of 

Citations 

Relevant 
Abstracts 

Submitted to 
Experts for 

Review 
ildren 1989-2004 2,101 192 

splant 1989-2004 680 107 

 01 602 4002-9891 ycnan
 

1989-2004 582 20 

 21 822 4002-9891 SDIA/
ncer 1989-2004 1,557 15 

 64 895,1 4002-1002
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hich the results were used. Decisions were
ased on the screening criteria and prespecifed
utcomes of interest (Table 47).

ummarizing Reviews and Selected
riginal Articles

Work Group members had wide latitude in
ummarizing reviews and citing original articles.

uideline Format

The format for each section containing an evi-
ence-based guideline or a CPR is outlined in Table
8. Each guideline contains 1 or more specific
guideline or statements,” which are presented as
bullets” that represent recommendations to the

Table 47. Evaluation

Evaluation of Validity 
Cross-sectional study design 
Was there a representative and well-defin

• Minimize nonresponse 
• Define sampling strategy 
• Subgroups defined in advance

Were objective and unbiased criteria use
Were methods for data collection applied
Was there adjustment for important progn
Evaluation of Results 
How large is the prevalence of cases? 
How precise are the estimates of prevale
Are there important differences among su
Evaluation of Clinical Applicability
Is the population, or subgroups of the pop
from which my patients are drawn? 
Were the definitions and measures usefu
Are the results useful for estimating prob

Table 48. Form

Introductory Statement 
Guideline or CPR Statement 
Guideline or CPR Statement 

BACK
RAT

Definitions (if appropriate) 
Strength of Evidence 
Rationale statement 1 

Supporting text, summa
(where applicable) and d

Rationale statement 2 
Supporting text, summa
applicable) and descript
LIMITATI
arget audience. Implementation issues and re-
earch recommendations were formulated after this
uideline document had been completed and will
e presented in another supplement.

ating the Quality of Evidence and the
trength of Guideline Recommendations

A structured approach, facilitated by the use of
vidence profiles and modeled after the Grades
f Recommendation, Assessment, Development
nd Evaluation (GRADE) approach,461 was used
o grade the quality of the overall evidence and
he strength of recommendations. For each topic,
he discussion on grading of the quality of the
verall evidence and the strength of the recom-

dies of Prevalence 

le of the population of interest? 

e cases and controls? 
o all study participants? 
tors? 

? 

under study similar to the population 

ice? 
disease? 

r Guidelines 

ngth of recommendation) 
ngth of recommendation) 
UND
LE

les and evidence profiles 
tion of quality of evidence 

es and evidence profiles (where
 quality of evidence 
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APPENDIX 1: METHODS OF EVIDENCE REVIEW AND SYNTHESISS124
endations was led by the primary expert review-
rs of each topic, with participation by the Work
roup chairs, all other Work Group members,

nd the ERT members.

rading the Quality of Evidence

The quality of a body of evidence pertaining to a
articular outcome of interest initially was catego-
ized based on study design. For questions of inter-
entions, the initial quality grade was high if the
vidence consisted of RCTs, low if it consisted of
bservational studies, or very low if it consisted of
tudies of other study designs. Work Group mem-
ers decided a priori to include only RCTs for
uestions of interventions other than harm. The
uality rating for each intervention/outcome pair
hen was decreased if there were some or serious
imitations to the quality of the aggregate of stud-
es, there were important inconsistencies in the
esults across studies, the applicability of the stud-
es to the population of interest was limited or there
as uncertainty about the directness of evidence,

he data were imprecise or sparse, or there was a
igh likelihood of bias. The final grade for the
uality of the evidence for an intervention/outcome
air could be 1 of the following 4 grades: high,
oderately high, low, or very low.
The quality of the overall body of evidence

hen was determined based on the quality grades
or all outcomes of interest, taking into account
xplicit judgments about the relative importance

Table 49. Balance

When there was enough evidence to determine the balance of 
following conclusions were drawn:  

• There is net benefit  
• There is no net benefit 
• There is net harm 

When there is not enough or not enough good quality evidence
harm), then the balance of benefit and harm was classified as: 

• It is uncertain that there is benefit 

Table 50. Definitions of Grad

Grade Definition 
High Further research is unlikely to chan
Moderately High  Further research is likely to have an

may change the estimate. 
Low Further research is very likely to ha

and is likely to change the estimate

Very Low Any estimate of effect is very uncertain 
f each of the outcomes (eg, death and access
hrombosis having greater weight than change in
SA dose or Hb level). The actual results were

eviewed for each outcome to judge the balance
etween benefits and harm (Table 49). Four final
ategories for the quality of overall evidence
ere used, as shown in Table 50.
Evidence profiles were constructed by the ERT

o record decisions about grades and interpreta-
ion of summary effects by the Work Group
embers. These profiles serve to make transpar-

nt to the reader the thinking process of the Work
roup in systematically combining evidence and

udgments. Each evidence profile was filled in by
ork Group experts with ERT guidance. Deci-

ions were based on facts and findings from the
rimary studies listed in corresponding summary
ables; additional information related to AEs in
ontarget populations, when applicable; and judg-
ents of the Work Group. Judgments about the

uality, consistency, and directness of evidence
ften were complex, as were judgments about
he importance of an outcome or the net medical
enefit across all outcomes.
The evidence profiles provided a structured

pproach to grading, rather than a rigorous
ethod of quantitatively summing up grades. In

n effort to balance simplicity with full and
ransparent consideration of the important issues,
ootnotes were placed to provide the rationale for
rading (Table 51).

enefit and Harm 

l benefits and harm of an intervention to a patient, one of th

h benefit and harm (for example, inconsistency, unclear 

 Quality of Overall Evidence  

onfidence in the estimate of effect. 
ant impact on our confidence in the estimate of effect and 

portant impact on our confidence in the estimate of effect 
 of B

medica

 to weig
 

es for

ge our c
 import

ve an im
. 
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rading the Strength of the Recommendations

The quality of evidence for each outcome and
cross all outcomes was graded in the evidence
rofile. The guideline recommendation was
raded based on the quality of the overall evi-
ence, as well as additional considerations. Addi-
ional considerations, such as feasibility, availabil-
ty of a service, and regional and population
ifferences were implicitly considered. Costs also
ere considered implicitly, but, in most cases, it
as believed that the grading of the evidence and

ormulation of a guideline and its strength should
est primarily on the evidence for medical benefit
o a patient.

The strength of each guideline recommenda-
ion was rated as either “strong” or “moderately
trong.” A “strong” rating indicates “it is strongly
ecommended that clinicians routinely follow
he guideline for eligible patients. There is high-
uality evidence that the practice results in net
edical benefit to the patient.” The “moderately

trong” rating indicates “it is recommended that
linicians routinely follow the guideline for eli-
ible patients. There is at least moderately high-
uality evidence that the practice results in net
edical benefit to the patient.” Overall, the

trength of the guideline recommendation was
ased on the extent to which the Work Group
ould be confident that adherence will do more
ood than harm. Strong guidelines require sup-
ort by evidence of high quality. Moderately
trong guidelines require support by evidence of
t least moderately high quality. Incorporation of
dditional considerations modified the linkage
etween quality of evidence and strength of

Tabl

Outcome 
No. of Studies & 

Study Design 

Total N 
of

Patients

Methodological 
Quality of 
Studies 

Consistency 
across Studies 

Direct
Evid
inclu

Applic

Hb/Hct 
Level / 
ESA dose 

3 RCTs 63 
Serious 

limitations a
Important 

inconsistencies b Dire

AEs

CKD population: 
3 RCTs 

General population:  
trials, case reports, 
narrative reviews  

63+  
Mild to severe AEs noted in RCTs included se

from androgens in non-CKD populations which 
carcinoma. Mechanism of action and pro

Balance of Benefit and Harm: 
No Net Benefit

Footnotes: 
a. 1 Grade B and 2 Grade C studies.
b. Statistically significant effect with only 1 of 3 studies. 
c. The studies used different ESA and iron protocols and had different definitions for the Hb/Hct outcome.  
d. The studies used different ESA and iron protocols and had different definitions for the Hb/Hct outcome.  
e. Aspartate transaminase 
uidelines, usually resulting in a lower strength a
f the recommendation than would be support-
ble based on the quality of evidence alone.

After grading the quality of the overall evi-
ence for a topic, the Work Group triaged the
ecommendations to either an evidence-based
uideline recommendation when the quality of
vidence was high or moderately high or other-
ise to an opinion-based CPR.
In the absence of strong or moderately strong

uality evidence or when additional consider-
tions did not support strong or moderately strong
vidence-based guideline recommendations, the
ork Group could elect to issue CPRs based on

onsensus of expert opinions. These recommen-
ations are prefaced by “In the opinion of the
ork Group,” and are based on the consensus of

he Work Group that following the recommenda-
ions might improve health outcomes. As such,
he Work Group recommends that clinicians con-
ider following the recommendation for eligible
atients. Issues considered in the grading of the
uality of the evidence and the strength of the
ecommendation are discussed in the Rationale
ection of each recommendation.

imitations of Approach

While the literature searches were intended to be
omprehensive, they were not exhaustive. MED-
INE was the only database searched, and searches
ere limited to English-language publications. Hand

earches of journals were not performed, and re-
iew articles and textbook chapters were not system-
tically searched. However, important studies
nown to the domain experts that were missed by
he electronic literature were added for consider-

mple of an Evidence Profile 

Summary of Findings 

Other
Considerations

Quality of 
Evidence for 

Outcome Qualitative Description of Effect Size 
Importance of 

Outcome

Sparse data Very low 

No consistent benefit. Only 1 of 3 papers 
showing significant between-arm 

comparison in Hb/Hct (difference in Hb of 
1.6 g/dL). c

Moderate

levated AST e, discomfort at injection site. This is consistent with reported AEs 
zation, priapism, peliosis hepatis, liver enzyme abnormalities, and hepatocellular 
f androgens are believed to be similar in non-CKD and CKD populations.  

High 

Quality of Overall Evidence: 
Very Low for Benefit
e 51. Exa

ness of 
ence,  
ding 
ability 

ct c,d  

vere acne, e
include virili
file of AEs o
tion.
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ohn W. Adamson, MD, has served as Execu-
ive Vice President for Research and Director of
he Blood Research Institute of the Blood Center
f Southeastern Wisconsin in Milwaukee since
998. He holds the position of Professor of
edicine (Hematology) at the Medical College

f Wisconsin. Before moving to Milwaukee, he
as Director of the Lindsley F. Kimball Re-

earch Institute of the New York Blood Center
ince 1989 and President of the Center from
989 to 1997. Dr Adamson received his MD
rom the University of California, Los Angeles,
fter which he trained at the University of Wash-
ngton in Seattle and at the National Institutes of
ealth in Bethesda, MD, in the fields of internal
edicine and hematology. Before assuming

is position in New York, Dr Adamson was
rofessor of medicine and head of the Division
f Hematology at the University of Washing-
on. Dr Adamson is a past-President of the
merican Society of Hematology and past chair-
an of its committees on scientific affairs and

ransfusion medicine. Dr Adamson served as a
ember of the Advisory Council of the National

nstitute of Diabetes, Digestive and Kidney Dis-
ases of the National Institutes of Health. In
988, he was designated clinical research professor
y the American Cancer Society and elected a
ellow of the American Association for the Ad-
ancement of Science. Dr Adamson is past editor-
n-chief of Blood, past editor of the Journal of
ellular Physiology, and founding editor of Cur-

ent Opinion in Hematology. Altogether, he has
uthored or co-authored more than 400 scientific
ublications. Dr Adamson has received research
unds, grants, or contracts from Watson Pharma-
euticals and Navigant Biotechnologies.

George R. Bailie, MSc, PharmD, PhD, is
rofessor of Pharmacy Practice at Albany Col-

ege of Pharmacy. He has 20 years of experience
n teaching, practice, and research in pharmaco-
herapeutics and pharmacokinetics in CKD and
ialysis. He has published more than 100 origi-
al research papers, plus numerous chapters,
bstracts, reviews, and cases in the medical and
harmacy literature. He has served on the edito-
ial board and is a regular reviewer for many
harmacy and nephrology journals. Dr Bailie is a

ember of the Advisory Board for the NKF- s

American Journal of Kidney Di126
DOQI. He was a member of the KDOQI Work
roup that developed the guidelines for Blood
ressure and Antihypertensive Agents in CKD.
e is a member of the International Society of
eritoneal Dialysis’ Work Group for the Manage-
ent of Peritonitis. He was designated Fellow of

he Royal Pharmaceutical Society of Great Brit-
in for his sustained contributions to the litera-
ure of pharmacy and is a Fellow of the American
ociety of Nephrology. He is a director of Ne-
hrology Pharmacy Associates, Inc, a private
onsulting company. Dr Bailie has received re-
earch funds, grants or contracts from Renal
esearch Institute, American Regent, Genzyme
nd Omnicare.

Jeffrey S. Berns, MD, earned his MD at Case
estern Reserve University, then went on to

omplete his internship and residency in Internal
edicine at University Hospitals of Cleveland.
e did a fellowship in Nephrology and was an
ssociate Research Scientist in the Department
f Physiology at Yale University. Dr Berns re-
ently was promoted to Professor of Medicine at
he University of Pennsylvania School of Medi-
ine, where he is Director of Clinical Nephrol-
gy and Director of the Renal Fellowship Pro-
ram for the Renal, Electrolyte and Hypertension
ivision. Dr Berns was a member of the NKF-
OQI and KDOQI Anemia Workgroup. He has
ublished and lectured on topics related to chronic
idney disease, anemia management in patients
ith CKD, and other areas in clinical nephrol-
gy. He is co-editor of Drug Prescribing in
enal Failure-Dosing Guidelines for Adults. He
lso serves on the editorial board of Seminars in
ialysis, American Journal of Kidney Diseases,

nd Clinical Journal of the American Society of
ephrology. He is an active investigator in clini-
al trials related to anemia treatment in patients
ith CKD. Dr Berns has received research funds,
rants or contracts from Hoffman La Roche,
rtho Biotech, Advanced Magnetics, Inc., and
mgen.
Kai-Uwe Eckardt, MD (Work Group Co-

hair), is Professor of Medicine and Chief of
ephrology and Hypertension at the University
f Erlangen–Nuremberg, Germany. He received
is MD from the Westfälische Wilhelms-Univer-

ität Münster, Germany. In 1993, following post-

seases, Vol 47, No 5, Suppl 3 (May), 2006: pp S126-S130
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raduate training in internal medicine, pathol-
gy, and physiology, he was appointed Assistant
rofessor of Physiology at the University of
egensburg, Germany. Subsequently, he contin-
ed his training in internal medicine and nephrol-
gy at the Charité, Humboldt University in Ber-
in, where he was appointed Associate Professor
f Nephrology in 2000. His major scientific
nterests are in the molecular mechanisms and
hysiological/pathophysiological relevance of
xygen sensing and the management of anemia.
rofessor Eckardt is Subject Editor of Nephrol-
gy, Dialysis and Transplantation and serves on
he editorial board of several other journals. He
ontributed to the development of the EBPGs for
nemia Management and is a member of the

xecutive committee of KDIGO. Dr Eckardt has
eceived research funds, grants or contracts from
he German Research Organization. Addition-
lly, Dr Eckardt has received lecture and consul-
ant fees from Amgen, Roche, Johnson & John-
on, and Affymax. He is also associated with
REATE and TREAT studies.
Steven Fishbane, MD, currently is Chief of

ephrology and Associate Chair of the Depart-
ent of Medicine at Winthrop-University Hospi-

al (WUH) in Mineola, NY, as well as Professor
f Medicine at SUNY Stony Brook School of
edicine. He is the Medical Director of WUH
ialysis Network, which includes 4 outpatient
ialysis units and 3 hospital units. Dr Fishbane
erves as the Chairman of the Long Island Health
etwork Quality Council; Chairman of the De-
artment of Medicine Quality Improvement Pro-
ram, WUH; Chairman of Clinical Guidelines
ommittee, WUH; Co-Chairman of WUH Patient
are Committee; and Associate Chairman of the
epartment of Medicine, WUH. Dr Fishbane is a
ember of the Network 2 Medical Review Board.
r Fishbane has received research funds, grants
r contracts from Shire Inc., Amgen Inc., Abbott
abs Inc., Roche Inc., and Watson Inc. Addition-
lly, Dr Fishbane is associated with Ortho Bio-
ech and Watson Pharmaceuticals.

Robert N. Foley, MD, was born in Ireland
nd received his undergraduate MD from Univer-
ity College Cork. He completed Internal Medi-
ine training in Cork, later moving to Saint
ohn’s, Newfoundland, Canada, where he com-
leted a residency in nephrology, as well as a

asters in Clinical Epidemiology. From 1999 to d
002, Dr Foley worked at Hope Hospital, Sal-
ord, UK, and has been Director, Nephrology
nalytical Services, Minneapolis Medical Re-

earch Foundation since September of 2002. Dr
oley also is a Co-Editor of the American Jour-
al of Kidney Diseases. His major interest is in
utcomes research, especially the interplay of
ardiovascular and renal disease. Dr Foley is
ctive in anemia correction trials, as well as in
he USRDS Cardiovascular Special Study Cen-
er. Dr Foley has received research funds, grants
r contracts from Ortho Biotech, Amgen and
oche.
Sana Ghaddar, PhD, RD, is an Assistant

rofessor at the American University of Beirut,
ebanon. She has over 10 years experience in the

enal and clinical dietetics field. She was one of
he renal dietitians at the Peninsula Nephrology
nc., in San Mateo, CA, currently a division of
atellite Healthcare, and has served as a Prin-
iple Investigator for two research studies that
xamined the ability of heme-iron-polypeptide
o sustain response to Recombinant Erythropoi-
tin in both hemo and peritoneal dialysis pa-
ients. She has presented these and other studies
he has been involved in at many national confer-
nces, including National Kidney Foundation,
merican Dietetics Association and Gerontologi-
al Society of America. Dr Ghaddar has received
esearch funds, grants or contracts from the
merican University of Beirut Research Board.
dditionally, Dr Ghaddar is associated with the
idney Nutrition Education & Life Improve-
ent (K/NELI) study funded by the American
nivesity of Beirut.
John S. Gill, MD, MS, obtained his MD from

he University of British Columbia (UBC) in
995. He completed his internal medicine train-
ng at the University of Western Ontario in 1998
nd his nephrology training in 2000 at UBC. He
hen completed his transplantation training at
ufts–New England Medical Center in Boston
nd obtained in Masters in Clinical Care Re-
earch from Tufts in 2002. Dr Gill currently is
ssistant professor of medicine in the division of
ephrology at UBC and has a cross appointment

t Tuft–New England Medical Center. Dr Gill’s
esearch interests focus on clinical outcomes in
idney transplant recipients. He is the principal
nvestigator and co-investigator on current Cana-

ian Institutes of Health Research (CIHR), Kid-
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ey Foundation, and Michael Smith Funded stud-
es. Dr Gill is chair of the Canadian Society of
ransplantation Work Group for Pan-Canadian
atabase development, member of the Cana-
ian Organ Replacement Register Advisory
oard, and member of a number of NKF
ommittees. Dr Gill received research funds,
rants or contracts from the Michael Smith
oundation for Health Research, the Canadian
nstitute for Health Research, Wyeth Pharma-
euticals, and Roche Pharmaceuticals.
Kathy Jabs, MD, is a Pediatric Nephrologist

ho trained at Babies Hospital, NY, and Chil-
ren’s Hospital, Boston. She has been a faculty
ember at Children’s in Boston (1988 to 1996)

nd was the Director of Dialysis and Renal
ransplantation at Children’s Hospital of Phila-
elphia (1996 to 2000). She currently is the
irector of Pediatric Nephrology at Vanderbilt
hildren’s Hospital and an Associate Professor
f Pediatrics at Vanderbilt University School of
edicine, Nashville, TN. Dr Jabs has had a

ong-standing interest in the care of children with
KD. Dr Jabs has received research funds, grants
r contracts from King Pharmaceuticals and
atson Pharmaceuticals. Additionally, Dr Jabs is

ssociated with the CKid and FSGS studies spon-
ored by the NIH.

Francesco Locatelli, MD, is Scientific Direc-
or and Head of the Department of Nephrology
nd Dialysis of A. Manzoni Hospital, Lecco, and
ostgraduate Professor of Nephrology at Brescia
nd Milan Universities in Italy. He is past-President
f the European Renal Association–European Di-
lysis and TransplantationAssociation, Italian Soci-
ty of Nephrology, and International Society of
lood Purification and was Chairman of the
BPGs.
Iain C. Macdougall, MD, is a combined
edical and science graduate of Glasgow Univer-

ity, Scotland, from which he was awarded a First
lass Honours BSc in Pharmacology in 1980. For

he last 10 years, Dr Macdougall has been Consul-
ant Nephrologist and Honorary Senior Lecturer at
ing’s College Hospital in London. He has devel-
ped both a clinical and a basic science research
nterest in factors affecting responsiveness to
rythropoietic agents. He has served on the Work-
ng Parties responsible for both (1999 and 2004)
BPGs on Renal Anaemia Management, and he

urrently is a member of the US Anemia Guide- e
ines Working Group, the KDIGO Board of Di-
ectors, the Global Scientific Advisory Board for
RCA, and the Council of the European Renal
ssociation. He is frequently invited to lecture
oth nationally and internationally on this topic,
nd he has co-authored the section on renal
naemia for the last 2 editions of the Oxford
extbook of Clinical Nephrology and the current
dition of Comprehensive Clinical Nephrology. He
lso is Subject Editor for Nephrology Dialysis
ransplantation. Dr Macdougall has received
esearch funds, grants or contracts from Amgen,
offman La Roche, Affymax, Vifor, and John-

on & Johnson. Additionally, Dr Macdougall is
ssociated with the CERA (Phase III), OPUS,
ematide (Phase II), TREAT (Phase IV) studies

ponsored by Roche, Amgen, Affymax, and Am-
en, respectively.
Patricia Bargo McCarley, RN, MSN, NP, is
nephrology nurse practitioner at Diablo Ne-

hrology Medical Group in Walnut Creek, Cali-
ornia. Ms. McCarley received her BSN and

SN from Vanderbilt University. She is active in
NNA having served on local, regional and
ational committees. She is currently a member
f the Nephrology Nursing Journal Board. Ms.
cCarley has authored many publications includ-

ng most recently chapters in the 2005 ANNA
ephrology Nursing Standards of Practice and
uidelines for Care and the Contemporary Ne-
hrology Nursing: Principles and Practice (2nd

d.). Dr McCarley has received research funds,
rants or contracts from Amgen, Ortho Biotech
nd Renal Care Group.

Hans H. Messner, MD, is the Director of the
lood and Marrow Program at the Princess Mar-
aret Hospital. He has a long-standing interest in
xploring the role of transplantation in the man-
gement of patients with various hematopoietic
iseases. In the laboratory, he has used culture
echniques to examine normal and malignant
ematopoietic progenitor cell populations. In the
ecent past, he has been involved in the establish-
ent of a cell-processing facility at the Princess
argaret Hospital that meets the standards of

ood manufacturing practices (GMP). This labo-
atory will facilitate clinical skill of cell separa-
ion procedures, cell expansions, and vector trans-
ctions into relevant cell populations. This
echnology also will be instrumental in faciliting

xplorations of regenerative capability of stem
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ells for other organ systems. Dr Messner has
eceived research funds, grants or contracts from
rtho Biotech.
Allen R. Nissenson, MD, FACP, is Professor

f Medicine and Director of the Dialysis Pro-
ram at the David Geffen School of Medicine at
CLA, where he has developed a comprehen-

ive dialysis program. He is President of the
ational Anemia Action Council (NAAC) and

ecently chaired a Chancellor’s committee at
CLA on Financial Conflicts of Interest in Clini-

al Research. He currently is serving on a Univer-
ity of California Task Force on Institutional
onflicts of Interest in Research. Dr Nissenson is
hair of the Faculty Executive Council for the
avid Geffen School of Medicine at UCLA. He
as served as Chair of the Southern California
SRD Network during its organizational years in

he early 1980s and recently was elected as
resident-elect. He is Chair of the Medical Re-
iew Board. Dr Nissenson currently is consult-
ng for RMS Disease Management, Inc and for
hiltre, Ltd, an organization developing new
enal replacement therapies based on the applica-
ion of nanotechnology to this field. Dr Nissen-
on served as a Robert Wood Johnson Health
olicy Fellow of the Institute of Medicine in
994 to 1995. He is Immediate Past President of
he Renal Physicians Association and has served
s a member of the Advisory Group overseeing
he entire NKF-DOQI, as well as serving as a
ember of the anemia Work Group. Dr Nissen-

on’s major research interests focus on the qual-
ty of care for patients with CKD. His research
as included extensive clinical trials of new
evices and drugs related to renal disease. Dr
issenson is co-principal investigator on a

ecently obtained National Institutes of Health
enter Grant looking at issues of disparities in
ealth care delivery for patients with CKD. He
s the author of 2 dialysis textbooks, both in
heir fourth editions, and was the founding
ditor-in-Chief of Advances in Renal Replace-
ent Therapy, an official journal of the NKF. He

urrently is Editor-in-Chief of Hemodialysis In-
ernational, the official journal of the Interna-
ional Society for Hemodialysis. He has more
han 340 publications in the field of nephrology,
ialysis, anemia management, and health care
elivery and policy. Among his numerous honors

s the President’s Award of the NKF. He delivers t
ore than 25 invited lectures each year and
eveloped and chairs an annual second-year ne-
hrology fellows preceptorship program, serving
ore than 65 Fellows from throughout the United
tates. Dr Nissenson has received research funds,
rants or contracts from Amgen, Ortho Biotech,
oche, Watson and ARL.
Gregorio T. Obrador, MD, MPH, is Profes-

or of Medicine and Dean at the Universidad
anamericana School of Medicine in Mexico
ity. He also serves as Adjunct Staff at the
ivision of Nephrology of the Tufts–New En-
land Medical Center and Assistant Professor of
edicine at the Tufts University School of Medi-

ine in Boston. While doing a clinical research
ellowship at the Tufts–New England Medical
enter and a Master of Public Health at Harvard
niversity, he began a line of investigation in the

rea of CKD. Through several publications, he
nd others showed that the pre–ESRD manage-
ent of patients with CKD is suboptimal, and

hat this is an important factor for the high
orbidity and mortality observed in these pa-

ients. A particular area of interest has been
nemia management before the initiation of dialy-
is therapy. By using population registry data, he
nd his colleagues have reported trends in ane-
ia and iron management. Dr Obrador has served

s reviewer for several journals, including Kid-
ey International, the Journal of the American
ociety of Nephrology, and the American Jour-
al of Kidney Diseases. He also has been a
ember of the Advisory Board of the NKF-
DOQI. Dr Obrador has received research funds,
rants or contracts from Amgen, and is associ-
ted with the TREAT study.

John C. Stivelman, MD, is Chief Medical
fficer of the Northwest Kidney Centers and
ssociate Professor of Medicine in the Division
f Nephrology, Department of Medicine, at the
niversity of Washington School of Medicine in
eattle. Dr Stivelman obtained his MD degree
rom the University of Pennsylvania, completed
is residency in Internal Medicine at Harbor-
CLA Medical Center, and nephrology training

t Brigham and Women’s Hospital. Dr Stivelman
as been involved in investigative efforts to
ptimize hematopoietic therapy for dialysis pa-
ients since the phase III recombinant erythropoi-
tin trials in 1986. His major interests and litera-

ure contributions center on iron utilization,
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echanisms of resistance of erythropoietin
herapy, improved dialytic survival in disadvan-
aged populations, and the interaction of regula-
ory issues with optimization of care. Dr Stivel-
an has served as the Chair of the Network 6
edical Review Board and a member of the

orum of ESRD Networks Board of Directors.
e currently serves as medical director of one of
orthwest Kidney Centers’ free-standing facili-

ies and as a member of the Boards of Directors
f the Renal Physicians’ Association and the
orthwest Renal Network (Network 16). Dr
tivelman has received research funds, grants or
ontracts from Watson, Amgen and Shire.

David B. Van Wyck, MD (Work Group Co-
hair), is Professor of Medicine and Surgery at

he University of Arizona College of Medicine in
ucson. After completing his undergraduate stud-

es at Washington University, St Louis, Dr Van
yck earned his MD at the University of Ari-

ona College of Medicine. There, he undertook a
esearch fellowship in Surgical Biology and com-
leted his residency in Internal Medicine and
ellowship in Nephrology. Dr Van Wyck has
ritten or contributed to books, book chapters,

rticles, and abstracts on basic iron metabolism
nd reticuloendothelial function and on clinical
spects of iron and anemia in patients with CKD.
n the subject of anemia and kidney disease, he
ursues research, provides consultation to indus-
ry including American Regent, Amgen, and

ambro Healthcare, and reviews manuscripts for t
he major nephrology journals. Dr Van Wyck
erved on the original KDOQI Anemia Work
roup. He assumed Chair responsibilities in 2002.
requently invited to speak, Dr Van Wyck has
ectured on the molecular and cellular control
f erythropoiesis and iron homeostasis, diag-
ostic and treatment issues in anemia and iron
anagement, protocol development in the treat-
ent of dialysis-associated anemia, and new

pproaches to iron and erythropoietin replace-
ent therapy. Dr Van Wyck has received re-
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