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§ Limited	number	of	patients
§ Life	threatening	conditions
§ Overall	frailty
§ Ethical	and	technical	issues
§ Brain	development	and	cognitive	outcomes
§ Extrarenal	involvement	according	to	primary	disease
§ Body	size
§ Vessels	size
§ Body	composition
§ Pharmacokinetics	of	drugs,	immature	metabolism,	protein	binding
§ Immune	status
§ Nutrition
§ Etc.

So	many	challenges!



Foster	Am	J	Transplant	2011

Patient	survival:	Tx	is	the	best	option!
- Dialysis
- Transplantation

Age	at	Tx

0-4	years

5-9	years

10-15	years
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Living donor
Deceased donor

Median	5.8	pmcp	
(range	0-13.5)

Harambat	ESPN 2012

Incidence	rate	of	pediatric	KTx,	Europe



Harambat	ESPN 2012

Allocation	systems	for	pediatric	KTx,	Europa
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Median	11	months
(IQR	6-18)

Harambat	ESPN 2012

Waiting	time	for	DD	pediatric	KTx,	Europe



Median	62%
(IQR	39-77)

Harambat	ESPN 2012

Proportion	of	RRT	children	with	a	functioning	graft,	Europe	



The	lower age limit for	kidney Tx	in	children is

A. 0	to	6	months
B. 6	to	12	months
C. 12	to	18	months
D. 18	to	24	months
E. 24	to	36	months

Question	1:	1	right	answer



§ Children	with	irreversible	renal	failure

§ Min.	age:	 6	to	12	mos
§ Min.	BW:	 5	to	10	kg

§ Specifc	caution	to
§ ABO	incompatibility
§ DSA	(Donor-specific	antibodies)
§ Malignancy	within	the	previous	2	yrs
§ Active	viral	infection
§ Active	(auto-)	immune	disease
§ Multiorgan	failure
§ Major	disability

According	to	local
experience	&	background

Indication	for	kidney	transplantation



Age Premature	baby	– Birth	– 6	mos	– 12	mos	– 18	mos	– 2	yrs

PD

HD

Tx

Options	according	to	age	at	start	of	RRT



RRT	options	during	the	1st	year	of	life

Peritoneal	dialysis
1000	g

Transplantation
6	mos	– 5.4	kg

Hemodialysis
5	mos	– 4.8	kg



NAPRTCS	Tx	population	2010



Mean follow-up:	29	mos
2-yr	survival:	81%
5-yr	survival:	76%

Van	Stralen	Kidney	Int	2014

5-yr	patient	and	
graft	survival:	96%

RRT	in	neonates:	264	patients	from	32	countries



What is the	average rate	of	Tx	<	18	years among all	kidney Tx?

A. 1	%
B. 2.5	%
C. 5	%
D. 7.5	%
E. 10	%

Question	2:	1	right	answer



Country Total	Nb	of	Tx Tx	in	children	(%)

Croatia 109 4	(3.66%)

Czech Republic 427 15	(3.51%)

France 2423 81	(3.34%)

Germany 2478 117	(4.72%)

Israel 94 21	(22.3%)

Italy 1746 58	(3.32%)

Lithuania 63 2	(3.17%)

Netherlands 420 14	(3.33%)

Norway 256 9	(3.51%)

Poland 1067 38	(3.56%)

Spain 2057 68	(3.31%)

Sweden 372 13	(3.49%)

Turkey 665 59	(8.87%)

UK 1516 128	(8.44%)

Serbia 67 3	(4.47%)

Average	
%	Tx	in	
children

4.5	%

Cochat	Comprehensive Pediatric	Nephrology	2008

Pediatric	kidney	Tx	activity,	Europe



What is the	main	cause	of	ESRD	in	children <	5	years of	age?

A. Congenital abnormalities of	the	kidney and	urinary tract
B. Steroid-resistant nephrotic	syndrome
C. Inherited renal diseases
D. Hemolytic	uremic syndrome
E. Chronic pyelonephritis

Question	3:	1	right	answer



ERA-EDTA	Registry	– 4765	patients	from	1990	to	2009

Wühl	Clin	J	Am	Soc	Nephrol	2013

CAKUT	among	RRT:	Epidemiology



NAPRTCS 2010 
Transplantation 

1-5 
 

 
EXHIBIT 1.2 

INDEX TRANSPLANTS 
 

Recipient and Transplant Characteristics N % 

Total 10632 100.0 
Sex   

Male 6298 59.2 
Female 4334 40.8 

Race   
White 6296 59.2 
Black 1820 17.1 
Hispanic 1806 17.0 
Other 710 6.7 

Primary Diagnosis   
Aplasia/hypoplasia/dysplasia kidney 1681 15.8 
Obstructive uropathy 1630 15.3 
Focal segmental glomerulosclerosis 1246 11.7 
Reflux nephropathy 549 5.2 
Chronic glomerulonephritis 340 3.2 
Polycystic disease 323 3.0 
Medullary cystic disease 287 2.7 
Congenital nephrotic syndrome 277 2.6 
Hemolytic uremic syndrome 273 2.6 
Prune Belly 268 2.5 
Familial nephritis 241 2.3 
Cystinosis 221 2.1 
Membranoproliferative glomerulonephritis - Type I 186 1.7 
Pyelo/interstitial nephritis 184 1.7 
Idiopathic crescentic glomerulonephritis 181 1.7 
SLE nephritis 159 1.5 
Renal infarct 140 1.3 
Berger's (IgA) nephritis 135 1.3 
Henoch-Schonlein nephritis 113 1.1 
Membranoproliferative glomerulonephritis - Type II 85 0.8 
Wegener's granulomatosis 66 0.6 
Wilms tumor 56 0.5 
Drash syndrome 55 0.5 
Oxalosis 55 0.5 
Membranous nephropathy 47 0.4 
Other systemic immunologic disease 34 0.3 
Sickle cell nephropathy 16 0.2 
Diabetic glomerulonephritis 11 0.1 
Other 1110 10.4 
Unknown 663 6.2 

 

CAKUT			40%

NAPRTCS	2010

Primary	disease



ERA-EDTA	registry	– 4765	patients	from	1990	to	2009

Wühl	Clin	J	Am	Soc	Nephrol	2013
Angiotensin II Antagonist Losartan (RENAAL) study (22),
and a Canadian CKD study (23) have suggested that male
sex might be a general risk factor for CKD progression. At
first glance, our finding of earlier RRT onset inmale patients
appears to support this notion. However, the sex difference
was largely confined to urinary tract abnormalities. It is pos-
sible that amajor fraction ofmale patients in these categories
hadposterior urethral valves, amale-limited condition often
associated with particularly severe renal dysplasia. In keep-
ing with a major effect of sex-specific underlying kidney
diseases on renal survival, a recent single-center CAKUT
study from Italy showed that male sex predicted a shorter
renal survival by univariate analysis but not after adjust-
ment for diagnosis categories (11).
An issue of great concern for parents of children born

with severe CAKUT is the uncertainty about the patients’
long-term well-being and survival. Mortality from
childhood-onset ESRD is markedly increased even among
children (24), although most survive into adult life. This
study provides several important pieces of information about
late outcomes of CAKUT. Besides the fact that most patients
who need to start RRT will not do so before adulthood, the
survival of patients with CAKUT receiving RRT is slightly
better than that of age-matched patients with other underly-
ing kidney diseases, such as type 1 diabetic nephropathy and
other acquired and inherited glomerulopathies. This may be
explained by the frequently retained urine production in pa-
tients with dysplastic kidneys, even on dialysis, and the con-
secutively lower incidence of fluid overload, hypertension,
and metabolic abnormalities in patients with CAKUT com-
pared with those who have other diseases leading to ESRD.
Indeed, patients with CAKUT were less likely to die of car-
diovascular causes than were those without CAKUT.
An exception to this rule was the subgroup of patients

with ESRD related to neurogenic bladder abnormalities,
who showed markedly poorer patient survival. These
patients often need some form of urinary diversion (con-
duit or reservoir), which is associated with a higher risk for
chronic and potentially invasive infections, an increased
risk for malignancies, and a less favorable outcome after
renal transplantation (25,26). In addition, these patients
may have various neurologic comorbid conditions and
complications that could affect their long-term survival.

Finally, after adjustment for age, sex, and disease sub-
type, patients with CAKUT had a better chance of survival
while undergoing peritoneal dialysis compared with he-
modialysis. This finding is consistent with previous find-
ings in the ERA-EDTA Registry (27). In a large Canadian
study (28) and in the U.S. Renal Data System (29), younger
nondiabetic patients without comorbidity also had a sur-
vival benefit while receiving peritoneal dialysis, whereas
no difference was seen in the total RRT cohort.
In conclusion, this study demonstrates that the tradi-

tional view of CAKUT as a rare pediatric kidney disorder of
concern only to pediatric nephrologists and urologists
should be revised. Many patients with moderate to severe
renal hypoplasia or dysplasia and stable CKD during
childhood progress to ESRD requiring RRT during adult-
hood. It will be important to develop effective transition
strategies from pediatric to adult nephrology service, aware-
ness of disease-specific risks and conditions, and continued
good-quality medical care for this group of patients, who
constitute the main cause of pediatric CKD but only a small
fraction of the adult CKD and ESRD population. Further-
more, this study identifies important differences in the
long-term phenotypic evolution of different subgroups of
CAKUT. Efforts should be made to improve disease clas-
sification by comprehensive reference to the clinical, genetic,
and molecular features of the disorders. More appropriate
disease classification, ideally combined with life-long pa-
tient follow-up in dedicated registries, will contribute to
improved prognostic counseling and personalized disease
management among patients with congenital kidney mal-
formations (30).
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Figure 5. | Competing risk analysis for survival. (A)Graft survival. (B) Patient survival. Analysis compares patientswhohave congenital anomalies
of the kidney and urinary tract (CAKUT) with those who do not have CAKUT (matched for age, sex, country, year of start of renal replacement
therapy, and treatment modality at start) from the European Renal Association-European Dialysis and Transplant Association Registry.

Clin J Am Soc Nephrol 8: 67–74, January, 2013 Timing and Outcome of RRT in CAKUT, Wühl et al. 73

CAKUT	and	kidney	Tx:	Better	outcomes



Preemptive kidney transplantation

A. Shouldbe the	preferred option	in	most ESRD	children
B. Cannot be recommended du	to	the	risk of	non-adherence
C. Can	be proposed irrespective of	the	primary disease
D. Provides the	same graft survival than in	dialysis children
E. Relies	on	local	facilities

Question	4:	1	or	more	right	answer(s)
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Harambat	ESPN 2012

Preemptive	kidney	Tx	in	children,	Europe



NAPRTCS	2010

Transplant	characteristics



Dialysis	should	 be	limited	 to	those	children	who	cannot	benefit	 from	preemptive	Tx

Advantages
§ Avoids	dialysis	(school	attendance,	social	and	family	life)
§ Avoids	vascular/peritoneal	access
§ Better	results	than	non-preemptive	Tx
§ Cost	effectiveness

Drawbacks	
§ Timing	for	registration	on	the	waiting	list?
§ Increased	risk	of	non-adherence?

The	best	option	for	RRT	children	in	preemtive	Tx



Graft	survival	according	to	waiting	time



In	kidney Tx	children,	5	year-graft survival

A. Is	independentof	age
B. Depends on	age at Tx
C. Is	better in	infants
D. Is	better in	school age children
E. Is	better in	adolescents

Question	5:	1	or	more	right	answer(s)



Graft	survival	according	to	recipient	age



In	kidney Tx	children,	the	main	cause	for	graft failure is

A. Vascular thrombosis
B. Recurrence of	the	primary disease
C. Acute	rejection
D. Chronic allograft nephropathy
E. Post-transplant	lymphoproliferativedisorder

Question	5:	1	right	answer



NAPRTCS 2007

chronic	allograft	nephropathy	– i.e.,	nonadherence	in	most	patients!

Causes	of	graft	failure



In	children after kidney Tx,	these diseases have	a	80		to	100	%	
risk of	graft loss to	recurrence

A. Focal	segmental	glomerulosclerosis
B. Atypical HUS	due	to	factor	H	mutation
C. Primary hyperoxaluria	type	1
D. Lupus	nephritis
E. IgA nephropathy

Question	6:	1	or	more	right	answer(s)



NAPRTCS 2010 
Transplantation 

1-5 
 

 
EXHIBIT 1.2 

INDEX TRANSPLANTS 
 

Recipient and Transplant Characteristics N % 

Total 10632 100.0 
Sex   

Male 6298 59.2 
Female 4334 40.8 

Race   
White 6296 59.2 
Black 1820 17.1 
Hispanic 1806 17.0 
Other 710 6.7 

Primary Diagnosis   
Aplasia/hypoplasia/dysplasia kidney 1681 15.8 
Obstructive uropathy 1630 15.3 
Focal segmental glomerulosclerosis 1246 11.7 
Reflux nephropathy 549 5.2 
Chronic glomerulonephritis 340 3.2 
Polycystic disease 323 3.0 
Medullary cystic disease 287 2.7 
Congenital nephrotic syndrome 277 2.6 
Hemolytic uremic syndrome 273 2.6 
Prune Belly 268 2.5 
Familial nephritis 241 2.3 
Cystinosis 221 2.1 
Membranoproliferative glomerulonephritis - Type I 186 1.7 
Pyelo/interstitial nephritis 184 1.7 
Idiopathic crescentic glomerulonephritis 181 1.7 
SLE nephritis 159 1.5 
Renal infarct 140 1.3 
Berger's (IgA) nephritis 135 1.3 
Henoch-Schonlein nephritis 113 1.1 
Membranoproliferative glomerulonephritis - Type II 85 0.8 
Wegener's granulomatosis 66 0.6 
Wilms tumor 56 0.5 
Drash syndrome 55 0.5 
Oxalosis 55 0.5 
Membranous nephropathy 47 0.4 
Other systemic immunologic disease 34 0.3 
Sickle cell nephropathy 16 0.2 
Diabetic glomerulonephritis 11 0.1 
Other 1110 10.4 
Unknown 663 6.2 

 

Potential	risk
of	recurrence

24%

NAPRTCS	2010

Primary	disease



Recurrence	of	the	full	primary	renal	disease
High	risk	of	graft	 loss Low	risk	of	graft	loss Late	risk	of	graft	loss
Primary	hyperoxaluria	type	1 IgA	nephropathy Type	1	diabetes

Steroid	resistant	NS	/	FSGS Lupus	 nephritis Sickle	cell	disease

Atypical	HUS ANCA-associated	GN

Membranoproliferative	GN

Membranous	 nephropathy

Recurrence	of	specific	features	
Alloimmunization
Nephrin,	 podocin
Alport	syndrome

Urinary	tract	malformations

Posterior	urethral	valves

Different	from	recurrence
De	novo renal	diseases

Membranous	GN,	thrombotic	microangiopathy
Specific	deposits
Cystinosis,	 Fabry

Recurrent	renal	diseases:	an	overview



Bacchetta	Nat	RevNephrol 2015

Recurrent	renal	diseases:	an	overview



In	children with a	functioning renal graft,	statural	growth

A. Returns to	normal	velocity
B. Is	retarded in	10	to	20%	of	patients
C. Depends on	steroid exposure
D. Depends on	GFR
E. Requires the	use	of	rhGH in	one	third of	cases

Question	7:	1	or	more	right	answer(s)



Fine	Pediatr Nephrol 2009

Post-transplant	growth



Harambat Pediatr Nephrol 2009

Conservative	methods	to	optimize	growth	velocity	post-Tx



Thank	you	for	your	attention!


