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Clinical Practice Guidelines on the 
Treatment of CKD-related Anemia 

1989 Introduction of EPO for clinical use 

1997 KDOQI Guidelines on CKD-related anemia 

2006 UPDATE à KDOQI Guidelines on CKD-related anemia 

2007 UPDATE à KDOQI Guidelines on Hb target level 

2010 REVISION à KDIGO Guidelines on CKD-related anemia 

2012 PUBLICATION à KDIGO Guidelines on CKD-related anemia 

2014 KDIGO Controversies Conference on the use of iron 

2016 PUBLICATION à Article of the CC on the use of iron 
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KDIGO Controversies Conference 
 

•  Iron	overload	
•  Oxida.ve	stress	
•  Infec.ons	
•  Anaphylactoid	reac.ons	
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2012 KDIGO Guidelines 
Anemia in CKD 

ü  Iden%fica%on,	diagnosis	and	evalua%on	of	the	cause	

•  Role	of	iron	to	treat	CKD-related	anemia	

•  Role	of	ESAs	and	other	drugs	to	treat	CKD-related	anemia	

•  Role	of	blood	transfusions	to	treat	CKD-related	anemia	
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Evaluation of Anemia 
FREQUENCY 

PATIENTS	WITHOUT	ANEMIA	
When	it	is	clinically	advised	and	

CKD	3	 At	least	annually	

CKD	4	and	CKD	5ND	 At	least	once	every	6	months	

CKD	5HD	and	CKD	5PD	 At	least	once	every	3	months	

PATIENTS	WITH	ANEMIA	&	WITHOUT	TREATMENT	WITH	ESA	
When	it	is	clinically	advised	and	

CKD	3-5ND	and	CKD	5PD	 At	least	once	every	3	months	

CKD	5HD	 At	least	once	a	month	
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ANEMIA: Definition in Previous 
Guidelines 

WHO  
2001 

●  Hb <13 g/dL à Men 
●  Hb <12 g/dL à Women 

KDOQI  
2001 

●  Hb <12.0 g/dL à Adult men and postmenopausal women 
●  Hb <11 g/dL à Premenopausal and prepuberal women 

EBPG  
2004 

●  Hb <13.0 g/dL à Adult men 
●  Hb <12 g/dL à Men >70 years old 
●  Hb <11.5 g/dL à Adult women 
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ANEMIA: Definition in 2006 KDOQI 
Guidelines 
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NHANES III (1988-1994) 
Distribution of Hb Levels 
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ANEMIA: Definition in 2012 KDIGO 
Guidelines 
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ANEMIA: Definition - WHO 2008 
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ANEMIA: Definition - WHO 2001 
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ANEMIA: Definition 
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ANEMIA: Definition Challenges 
 

•  WHO’s	anemia	defini.on	is	ques%onable;	it	could	be	included	as	a	
research	recommenda.on	in	the	guidelines	

•  Ideally	a	Hb	distribu%on	should	be	obtained	to	define	appropriate	cut-off	
levels	for	each	popula.on	

•  It	is	necessary	to	correct	the	Hb	level	according	to	al%tude,	smoking,	and	
race	
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Impact of Altitude on Hb Concentration 
 

Altitude  
(meters) 

Hb (g/dL) 
increase 

<1000 0 
1000 + 0.2 
1500 + 0.5 
2000 + 0.8 
2500 + 1.3 
3000 + 1.9 
3500 + 2.7 
4000 + 3.5 
4500 + 4.5 WHO, 2001 
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Impact of Smoking on Hb 
Concentration 

Smoker  
Status 

Hb (g/dL) 
increase 

Non smokers 0 
Smokers (all) + 0.3 
●  ½-1 package/day + 0.3 
●  1–2 package/ day + 0.5 
●  >2 package/ day + 0.7 

Am J Kidney Dis 41:S1-S135, 2005 
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Impact of Race on Hb Concentration 
 

•  Hb	concetra.on	levels	vary	among	individuals	of	different	races	

•  African-American	individuals	have	Hb	levels	that	are	0.5-0.9	g/dl	lower	
than	those	of	non	African-American	individuals	

•  Since	the	cause	of	the	difference	in	Hb	levels	among	races	is	unknown	
and	could	reflect	different	degrees	of	comorbidity,	the	guideline	did	not	
include	specific	cut-off	levels	for	defining	anemia	among	different	races	
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Evaluation of the Causes of Anemia 
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2012 KDIGO Guidelines 
Anemia in CKD 

ü  Iden%fica%on,	diagnosis	and	evalua%on	of	the	cause	

ü  Role	of	iron	to	treat	CKD-related	anemia	

•  Role	of	ESAs	and	other	drugs	to	treat	CKD-related	anemia	

•  Role	of	blood	transfusions	to	treat	CKD-related	anemia	
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Treatment with Iron 
BENEFITS VS RISKS 

Benefits 
Avoid or minimize  
•  Transfusions 
•  ESAs 
•  Symptoms  

Risks 
•  Anaphylactoid and other  
  acute reactions 
•  Unknown long-term risks 

KDIGO Guidelines 2012 
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Treatment with Iron 
OBJECTIVES AND INDICATIONS 

IV	Iron	(or	oral	
iron	x	1-3	
months	if	CKD-
ND)	

↑ Hb without 
initiating ESA, and 
TSAT ≤30% and 
ferritin ≤500 ng/ml 
(2C) 

No	Iron	
or	ESA	 IV	Iron	(or	oral	

iron	x	1-3	
months	if	CKD-
ND)		
↑	Hb	or	↓	dose	of	
ESA,	and	
TSAT	≤30%	y	
ferri.n	≤500	ng/ml	
(2C)	

	

ESA	

KDIGO Guidelines 2012 
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Treatment with Iron 
OBJECTIVES AND INDICATIONS 

Ini%a%ng	Treatment	
TSAT	 ≤20% 

Serum	Ferri%n	

≤100 ng/ml in CKD-ND and 
CKD-5PD 

 
≤200 ng/ml in CKD-5HD 

 
Do not exceed 500 ng/ml	

KDOQI Guidelines 2006 
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Sensitivity and Specificity of  
TSAT and Serum Ferritin  
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TSAT	≤	30%	

•  A	level	of	TSAT	<	30%	usually	indicates	iron	deficiency	

•  Pa.ents	with	anemia	and	TSAT	>	20%	tend	to	respond	to	treatment	with	
iron	either	by	increasing	the	Hb	level	or	by	decreasing	the	ESA	dose	

•  With	other	levels	of	TSAT,	the	sensi.vity	and	specificity	are	limited	to	
predict	iron	deficiency	or	Hb	increase	a`er	treatment	with	iron	

Treatment with Iron 
OBJECTIVES AND INDICATIONS 

KDIGO Guidelines 2012 
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•  134	HD	pa%ents	with	Hb	≤11	g/dl,	ferri.n	of	
500-1200	ng/ml,	and	TSAT	≤25%		

•  Randomized	to	receive	125	mg	of	IV	ferric	
gluconate	for	8	consecu.ve	sessions	VS	no	iron	

•  Baseline	Epo	dose	was	↑	25%	in	both	groups	
•  Follow-up	to	6	weeks	

Treatment with Iron 
OBJECTIVES AND INDICATIONS 
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Treatment with Iron 
OBJECTIVES AND INDICATIONS 

Serum	Ferri%n	≤	500	ng/dl	

•  Although	most	pa.ents	with	serum	ferri.n	>	100	ng/dl	have	normal	iron	
stores	in	the	bone	marrow,	they	tend	to	respond	to	treatment	with	iron	
by	increasing	the	Hb	concentra.on	or	decreasing	the	ESA	dose	

•  There	is	not	enough	evidence	to	determine	the	benefits	and	the	risks	of	
administering	addi.onal	iron	to	pa.ents	with	serum	ferri.n	>	500	ng/dl		
		
	KDOQI	2006	and	other	sources	recommend	NOT	to	administer	iron	to	pa.ents	
	with	serum	ferri.n	levels	between	500-800	ng/dl,	because	the	increase	in	Hb	
	level	and	the	decrease	in	ESA	dose	is	limited	and	poten.al	adverse	effects	

KDIGO Guidelines 2012 
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Treatment with Iron 
OBJECTIVES AND INDICATIONS 

	
•  It	does	not	define	the	lower	limit	of	TSAT	and	of	ferri.n	due	

to	insufficient	evidence		

•  It	defines	the	upper	limit	of	TSAT	and	ferri.n	

•  It	emphasizes	the	importance	of	individualizing	treatment		

KDIGO Guidelines 2012 
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European Renal Best Practice (ERBP) 
Recommendations for Iron Treatment

Without	ESA	or	Fe	 With	ESA	 Comments	
•  If	there	is	absolut	iron	

deficiency,	or	

•  If	↑	Hb	level	without	recurring	
to	ESA	is	desired,	and		

-	TSAT	<25%,	and		
-	Ferri.n	<200	ng/ml	(CKD	ND)				
or	<300	ng/ml	(CKD	5D)	

•  Do	not	inten.onally	exceed	
ferri.n	>500	ng/ml	or	TSAT	
>30%	

•  If	↑	in	Hb	level	or	↓	in	ESA	dose	
is	desired,	and		

-	TSAT	<30%,	and		
-	Ferri.n	<300	ng/ml	(even	
higher	levels	in	pa.ents	in	HD	
with	a	weak	response	to	ESAs	
or	unfavorable	risk/benefit	
with	ESAs)	

•  Do	not	inten.onally	exceed	
ferri.n	>500	ng/ml	or	TSAT	
>30%	

It	defines	the	lower	limit	of	
TSAT	and	ferri.n	to	start	
iron	treatment	based	more	
on	pragma.c	criteria	than	
on	evidence	
	
It	defines	the	upper	limit	
of	TSAT	and	ferri.n	
	
Risk	of	minimizing	the	
importance	of	
individualizing	treatment	
with	iron	

KDIGO



•  In	pa.ents	with	CKD-ND,	select	the	route	of	administra%on	
based	on	

•  Severity	of	iron	deficiency	
•  IV	access	availability	
•  Previous	response	to	oral	or	IV	iron	
•  Treatment	compliance	
•  Costs	

Treatment with Iron 
ROUTE OF ADMINISTRATION 

KDIGO Guidelines 2012 
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Treatment with Iron 
ROUTE OF ADMINISTRATION 

Evidence	

CKD	ND	
No clear evidence of	the	benefits	of	IV	vs	PO	iron		
(Hb ↑ 0.31 g/dl with IV versus PO iron)	

CKD	5HD	
IV iron is	more	effec.ve	than	PO	iron	and	it	is	easier	to	
administer	

CKD	5PD	
Limited evidence that	IV	iron	is	more	effec.ve	than	PO	
iron	(KDOQI	CPG	2006	favored	PO	iron	as	ini.al	treatment)	

KDIGO Guidelines 2012 
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Treatment with Iron 
ROUTE OF ADMINISTRATION 
Am	J	Kidney	Dis	68:677-690,	2016	
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•  Ini%al	Dose	
•  Administered	as	a	single	dose	or	as	repeat	lower	doses	that	add	up	to	

1	gram	

•  Maintenance	Dose	
•  Periodic	doses	when	needed	
•  Low	doses	at	regular	intervals	

Treatment with Iron 
DOSAGE 
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KDIGO Controversies Conference 
 

•  Iron	overload	
•  Oxida.ve	stress	
•  Infec.ons	
•  Anaphylactoid	reac.ons	

KDIGO



•  An	elevated	level	of	total	body	iron	could	be	associated	with	a	greater	
risk	of	organ	damage	over	.me	

•  Limle	is	known	about	the	circumstances	in	which	the	excess	of	iron	causes	
damage	to	the	organs	where	it	accumulates	and	the	consequences	of	the	
overload	

•  In	pa.ents	with	CKD,	organ	dysfunc.on	caused	by	iron	overload	is	rare;	
however,	it	could	take	longer	to	accumulate	for	being	clinically	relevant	

Iron Overload 
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•  Administra.on	of	IV	iron	to	pa.ents	with	CKD	
•  Oxida%ve	damage	to	DNA	and	peripheral	blood	lymphocytes	
•  Protein	oxida.on	and	lipids	peroxida.on	
•  Celular	apoptosis,	endothelial	dysfunc.on,	and	monocyte	adhesion	

	

•  Current	methods	to	measure	oxida.ve	stress	and	assess	risk	
or	prognosis	are	inconsistent	

Oxidative Stress I  
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•  Evidence	that	the	administra.on	of	iron	promotes	
atherosclerosis	and	vascular	remodeling	is	also	inconsistent	

•  The	effect	of	an%oxidants	in	pa.ents	with	CKD	is	unclear	

Oxidative Stress II  
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•  Iron	is	important	for	
•  Prolifera.on	and	pathogenicity	of	mutliple	organisms	
•  Regual.on	of	the	immune	response	(i.e.,	modulates	cell	prolifera.on	
and	diferen.a.on,	cytokine	produc.on,	and	other	ac.ons	of	the	
immune	system	against	infec.ons)		

•  Homeosta.c	imbalance	of	iron	can	affect	not	only	the	risk	but	
also	the	consequences	of	infec.ons	

Infections 
BASIC SCIENCE EVIDENCE 
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Clinical	evidence	is	insufficient	to	determine	if	the	administra.on	
of	iron	is	associated	with	an	increased	risk	of	infec.on	

•  Most	of	the	evidence	derives	from	observa.onal	studies	in	HD	pa.ents	
•  Few	controlled	clinical	trials	with	few	pa.ents	and	short	follow-up	
•  Very	limited	evidence	in	predialysis	and	PD	pa.ents	
•  Several	meta-analysis	and	systema.c	reviews	have	been	inconclusive			

Infections 
CLINICAL EVIDENCE 
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Infections 
ELEMENTAL EVIDENCE 
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•  136	pa.ents	with	CKD	3-4	and	iron	deficiency	anemia	
•  Randomized	to	receive	IV	iron	sucrose	or	PO	iron	
•  Objec.ve:	assess	differences	in	GFR	

Infections 
CLINICAL EVIDENCE 

Serious	Adverse	Events	 Adjusted	Incidence	Rate	

Global	 1.60	(1.28	–	2.00)	

Cardiovascular	 2.51	(1.56	–	4.04)	

Infec%ons	 2.12	(1.24	–	3.64)	
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Infections 
CLINICAL EVIDENCE 
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•  There	are	significant	methodological	differences	between	the	two	
studes	(REVOKE	and	FIND-CKD),	so	they	are	not	fully	comparable	

•  There	is	an	urgent	need	for	a	controlled	clinical	trial	to	assess	the	
safety	of	the	treatment	with	IV	iron	in	pa.ents	with	CKD	

•  KDIGO’s	recommenda.on	to	avoid	use	of	IV	iron	in	the	presence	of	
systemic	bacterial	infec.ons	is	reasonable	(Not	Graded)	

Infections 
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•  If	high	MW	iron	dextran	is	excluded,	the	frequency	of	anaphylactoid	
reac.ons	is	<	1:200,000	administra%ons	

•  The	FDA	recommends	to	slow	the	infusion	of	Ferumoxytol	due	to	severe	
anaphylactoid	reac.ons	

Anaphylactoid Reactions 
FREQUENCY 
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•  If	the	ini.al	dose	of	IV	iron	is	dextran	(1B)	or	not	dextran	
(2C),	we	recommend/suggest	

•  To	monitor	the	pa.ent	for	60	minutes	a`er	the	infusion	
•  Have	cardiopulmonary	resuscita%on	equipment	at	hand	

(including	drugs)	and	trained	personnel	to	poten.ally	
treat	serious	adverse	events	

KDIGO Recommendation 

KDIGO Guidelines 2012 
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2012 KDIGO Guidelines 
Anemia in CKD 

ü  Iden%fica%on,	diagnosis	and	evalua%on	of	the	cause	

ü  Role	of	iron	to	treat	CKD-related	anemia	

ü  Role	of	ESAs	and	other	drugs	to	treat	CKD-related	anemia	

•  Role	of	blood	transfusions	to	treat	CKD-related	anemia	

KDIGO



KDIGO Recommendations  
Regarding ESA Use 

Recommenda%ons	
3.1	Iden.fy	any	treatable	cause	of	anemia	(e.g.	iron	deficiency,	CKD-related)	
before	star.ng	treatment	with	ESAs	(Not	Graded)	

3.2	For	the	decision	to	ini.ate	and	maintain	treatment	with	ESAs,	it	is	
recommended	to	balance	the	benefits	(reduc.on	of	the	risks	associated	with	
transfusions	and	symptoms	related	to	anemia)	and	the	risks	(CVA,	HTN,	loss	of	
vascular	acces,	malignancy)	(1B)	

3.3	It	is	recommended	not	to	use	ESAs	or	only	with	extreme	cau%on	in	
pa.ents	with:	
•  Ac.ve	malignancy	(specially	if	cure	is	an.cipated)	(1B)	
•  History	of	CVA	(1B)	
•  History	of	malignancy	(2C)	

KDIGO



 
 
 

Benefits of ESA 
TREAT STUDY 

Transfusions	

Absolute	risk	of	transfusions	 15%	in	the	high	Hb	group																										
25%	in	the	placebo		group	

Quality	of	Life	

TREAT	Study	

Compared	with	placebo,	the	treatment	with	
darbepoe.n	in	the	high	Hb	group	resulted	in	a	
modest	but	consistent	improvement	in	fa.gue	and	
global	quality	of	life,	but	not	in	energy	and	
func.onal	capacity	

2	recent	systema.c	reviews		 Both	suggest	the	that	the	highest	improvement	in	
quality	of	life	is	with	Hb	levels	between	10-12	g/dl		
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Risks of ESA I 
TREAT STUDY 

Cerebrovascular	Accident	
Rela.ve	risk	of	CVA	 1.92	(95%	CI,	1.38	–	2.68)	

Absolute	risk	of	CVA	 5%	in	the	high	Hb	group		
2.6%	in	the	placebo	group	

Absolute	risk	in	pa.ents	with	history	
of	CVA	

12%	in	the	high	Hb	group		
4%	in	the	placebo	group	

Absolute	risk	of	CVA	amributable	to	a	
high	level	of	Hb/darbepoei.n	

8%	in	pa.ents	with	history	of	CVA		
1%	in	pa.ents	without	history	of	CVA	

Venous	Thrombosis	

Absolute	risk	of	VT	 2%	in	the	high	Hb	group		
1.1%	in	the	placebo	group	
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Risks of ESA II 
TREAT STUDY 

Malignant	Neoplasm	
In	pa.ents	with	history	of	malignant	
neoplasm	at	the	beggining	of	the	study	

Mortality	of	7.4%	in	the	high	Hb	group		
Mortality	of	0.6%	in	the	placebo	group	KDIGO



Recommendations for Starting  
Treatment with ESA 

CKD	ND	 CKD	5D	

Do	not	ini.ate	when	Hb	is	≥	10	g/dl	(2D)	
	
When	Hb	<	10	g/dl,	it	is	suggested	to	
individualize	the	decision	to	start	
depending	on	(2C)	
•  Rate	of	↓	of	the	Hb	level		
•  Response	to	previous	Rx	with	iron	
•  Risk	of	requiring	transfusion		
•  Risks	associated	with	ESA	use	
•  Symptoms	of	anemia	

Start	when	Hb	is	
between	9-10	g/
dl	to	prevent	it	
falling	to	<	9	g/dl	
(2B)	

KDIGO



Recommendations for Maintaining 
Treatment with ESAs 

CKD	ND	and	5D	

In	general	it	is	suggested	not	to	use	ESAs	to	maintain	
Hb	>	11.5	g/dl	(2C)	
	
Individualize	treatment	because	some	pa.ents	can	
have	a	bemer	quality	of	life	with	Hb	>	11.5	g/dl	if	
they	are	willing	to	accept	the	risks	(Not	Graded)	
	
Do	not	inten.onally	maintain	Hb	>	13	g/dl	(1A)	

KDIGO



Reasons for the Lower Limit  
of the Hb Target 

•  In	the	TREAT	study,	pa.ents	randomized	to	placebo	had	a	mean	Hb	level	
of	10.6	g/dl	despite	that	they	did	not	receive	or	only	received	small	doses	
of	darbepoie.n	if	the	Hb	was	<	9	g/dl	

•  There	is	no	evidence	to	support	that	all	pa.ents	with	Hb	levels	between	
9-10	g/dl	should	receive	treatment	with	ESAs	-	INDIVIDUALIZE	

•  In	pa.ents	with	CKD	5HD,	Hb	tends	to	drop	faster	and	reach	levels	of	8	g/
dl;	risk	of	transfusion	is	significantly	reduced	if	Hb	does	not	fall	to	<	9	g/dl	

KDIGO



Canadian Erythropoietin Study Group 

•  118	pa.ents	with	CKD	5HD	
•  Epo	was	administered	if	Hb	<	9	g/dl	to	↑	to	9.5	–	11	g/dl	(Group	I)	or	

>	11	g/dl	(Group	II)	versus	placebo		

Placebo	 Group	I		 Group	II	

Transfusions	 58%	 2.5%	 2.6%	

QOL	
Improved	

compared	to	
placebo	

Improvement	was	
similar	to	Group	I	

NDT 7:811-16, 1992 
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Reasons for the Upper Limit  
of the Hb Target 

•  It	is	based	upon	the	interpreta.on	that	the	maximum	Hb	level	
reached	in	the	control	group	of	the	recent	ECCs	was	<	11.5	g/dl	

•  There	is	no	enough	evidence	regarding	the	poten.al	benefit	of	
increasing	the	Hb	level	between	11.5-13	g/dl	
•  CREATE	showed	benefits	in	quality	of	life	but	CHOIR	didn’t	

•  A	Hb	level	>	13	g/dl	is	associated	with	a	higher	risk	of	complica.ons	
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Reasons for the Upper Limit  
of the Hb Target 

Besarab	(98)	 Parfrey	(05)	 CREATE	(06)	 CHOIR	(06)	 TREAT	(09)	

Pa%ents	 1233	HD	
with	CVD	

596	HD		
w/o	CVD	

603		
CKD	3-4	

1423		
CKD	3-4	

4038	
CKD	3-4	

Achieved	Hb	
(g/dl)	

12.7-13.3	
10.0	

13.3	
10.9	

13.4	
11.6	

12.7	
11.4	

12.5	
10.6	

Mortality	 ↑	IAM	 ↑	CVA	 ND	 ↑	CV	events	 ND	

QOL	 ↑	physical	
domain	

↑	vitality	
score	 ↑↑↑	 ~	 ↑	

Transfusions	 ?	 ?	 26	vs	33	 ?	 ↓	
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2012 KDIGO Guidelines 
Anemia in CKD 

ü  Iden%fica%on,	diagnosis	and	evalua%on	of	the	cause	

ü  Role	of	iron	to	treat	CKD-related	anemia	

ü  Role	of	ESAs	and	other	drugs	to	treat	CKD-related	anemia	

ü  Role	of	blood	transfusions	to	treat	CKD-related	anemia	

KDIGO



Role of Blood Transfusions  
to Treat Anemia 
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Risk of Transfusions 
IMMUNOLOGICAL MECHANISMS 
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Risk of Transfusions 
IMMUNOLOGICAL MECHANISMS 

KDIGO



Risk of Transfusions 
IMMUNOLOGICAL MECHANISMS 
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KDIGO Recommendations I  
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KDIGO Recommendations II 
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New Therapies 
HIF STABILIZERS 
New Therapies 

HIF STABILIZERS 
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Potential Advantages of HIF Stabilizers 

•  Consistent	although	not	con.nuous	and	more	physiological	
doses	of	endogenous	Epo	

•  Increased	availability	of	iron	for	erythropoiesis	

•  Oral	administra.on	
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Unanswered Questions 

•  Effect	on	cardiovascular	health	

•  Impact	of	normalizing	Hb	with	these	agents		

•  Risks	associated	with	ac.va.on	of	VEGF	(progressive	
re.nopathy,	tumor	growth…)	
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Conclusions 

•  KDIGO	guideline	recommenda.ons	for	the	management	of	anemia	
of	CKD	are	based	on	current	limited	evidence	

•  There	are	gaps	of	knowledge	that	require	further	inves.ga.on		

•  Current	treatment	of	anemia	of	CKD	is	not	op.mal		

•  New	therapies	such	as	HIF	stabilizers	are	promising		
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