
REVIEW

Dialysis Strategies to Improve Growth
in Children With Chronic Kidney Disease
Michel Fischbach, MD, PhD, Helen Fothergill, MD, Laure Seuge, MD,
and Ariane Zaloszyc, MD

Despitemajor advances in the understanding andmanagement of uremic growth failure, 35% to 50%of childrenwith
chronic kidney disease still grow up to become adults of small stature. The final adult height achieved is correlated
with the height deficit recorded at the time of kidney transplantation. A degree of catch-up growth does occur after
kidney transplantation in childhood, but it is often limited. Growth retardation in children with chronic kidney disease
causes significant difficulties in their daily lives, often limiting psychosocial integration. Additionally, growth retarda-
tion is associated with a greater number of hospital admissions and an increased risk of mortality. Growth failure is
the common endpoint of a variety of pathologies, including growth hormone resistance. In children on chronic dial-
ysis, linear growth may be improved by ensuring that optimal clinical care is provided. This includes maximizing nu-
tritional support (e.g., tube feeding in cases of anorexia) so as to prevent malnutrition. Further management options
include the administration of recombinant human growth hormone (rhGH) treatment and the use of more frequent
and intensive dialysis sessions, such as daily on-line hemodiafiltration, which combines increased dialysis convec-
tive flow with ultrapure dialysate, to limit cachexia.
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DESPITE MAJOR ADVANCES in the un-
derstanding and management of uremic

growth failure, 35% to 50% of children with
chronic kidney disease (CKD) still grow up to be-
come adults of small stature, with a final height of
2 standard deviation scores (SDS) below the adult
mean, as well as below their familial target
height.1–4 At the time of kidney transplantation,
children with CKD are significantly shorter than
their peers. Despite satisfactory graft function,
spontaneous catch-up growth is often insufficient,
and the final adult height achieved is correlated
with the height deficit recorded at the time of
kidney transplantation.5

Evaluation after 6 and 12 months of dialysis has
demonstrated little or no improvement in height
SDS during the dialysis period in children

aged .2 years (for both hemodialysis [HD] and
peritoneal dialysis). Moreover, with conventional
dialysis regimes, there is often a loss in height
SDS that can be correlated to the duration of
dialysis, with a mean loss of 0.4 to 0.8 height
SDS per year.6 The growth retardation, which oc-
curs over the dialysis treatment period, should be
limited asmuch as possible because it iswell known
that there is rarely a significant change in height
SDS after transplantation in the age groups of 6
to 12 and .13 years.2

Growth retardation in children with CKD
causes significant difficulties in their daily lives, of-
ten limiting psychosocial integration. Poor growth
in children with CKD is associated with an in-
creased risk of hospital admission and mortality,
with a 14% increased risk of death with each
unit decrease in height SDS.7 For a height SDS
of ,2.5, the risk of mortality is doubled.8

Growth failure is the common endpoint of a va-
riety of pathologies (Table 1) associated with
CKD.9 Protein-energy malnutrition is an impor-
tant cause of impaired growth, particularly in
infants and young children. It comprises bothmal-
nutrition and cachexia (loss of protein stores),

CHU de Hautepierre, Strasbourg, France.
Address reprint requests to Michel Fischbach, MD, PhD,

CHU de Hautepierre, P!ediatrie 1, Avenue Moli"ere 67098 Stras-
bourg, France. E-mail: Michel.Fischbach@chru-strasbourg.fr

! 2011 by the National Kidney Foundation, Inc. All rights
reserved.

1051-2276/$36.00
doi:10.1053/j.jrn.2010.10.022

Journal of Renal Nutrition, Vol 21, No 1 (January), 2011: pp 43–46 43



which are important as malnutrition alone implies
that adequate dietary supplementation could be
curative.10

Muscle wasting in CKD occurs partly as a result
of decreased nutrient intake because of anorexia;
however, other contributing factors include the
activation of the proteasome-ubiquitine path-
way11 and resistance to endogenous growth hor-
mone (GH).12 These processes are favored in
states of chronic inflammation, metabolic acidosis,
volume overload, and retention of uremic toxin.

There are various factors that may disrupt the
growth hormone insulin-like growth factor
(GH/IGF) axis2,9 including GH resistance, IGF

resistance, and impairment of the post GH
receptor intracellular signaling process (JAK2/
STAT5). The latter is probably because of
upregulation of intracellular proteins that suppress
the cytokine signaling family. These regulatory
proteins are induced during inflammatory processes.
Therefore, growth could be used as ameasurable

parameter to assess the optimal balance between
nutrition (both malnutrition and cachexia) and
adequacy of dialysis in children.
The standard dialysis program used in children

on chronic HD (4 hour sessions, thrice a week)
is not sufficient to allow for normal growth; there-
fore, the option of increasing the frequency of and

Table 1. Factors Causing Growth Retardation in Children With CKD

Age at onset of CKD, in younger age groups, the magnitude of both growth retardation and catch-up capacity is
greater

Primary renal disease, for example, difficulties caused by the obligatory loss of salt and water in renal dysplasia
(infants)

Acidosis, fluid, and electrolyte abnormalities (volume overload or excessive losses)
Decreased nutrient intake because of anorexia and vomiting, reduced appetite (dietary restrictions, multiple

medications often given with meals, preference for water in polyuric children, abnormal sense of taste,
gastroesophageal reflux, and delayed gastric emptying, filled abdomen in cases of peritoneal dialysis.): all are
factors leading to malnutrition

Increased nutrient losses (dialysis procedure, peritonitis, sepsis)
Increased nutritional needs (inflammation, acidosis, volume overload, uremic toxin retention, i.e., inadequate

dialysis): all are factors leading to cachexia
Bone disease: osteodystrophy (hyperparathyroidism, adynamic bone)
Disruption of the GH/IGF axis:

Growth hormone resistance: reduction in IGF-1 production
Increase in GH levels (reduction in renal excretion and increment in pulsatile GH secretion)
Reduced number of GH receptors
Reduction in transcription of IGF-1 gene expression with inhibition of JAK2/STAT5 transduction signaling,
probably because of upregulation of the suppressor of the cytokine signaling family

IGF-1 resistance: reduction in free (bioavailable) IGF-1
IGFBPs levels are increased
Reduced IGF transduction (proinflammatory cytokines, metabolic acidosis)
Increased proteolysis of IGFBP resulting in fragments with an increased affinity for IGF-1

Genetic potential as determined by mid-parental height
Comorbidities that influence feeding and growth according to their capabilities

CKD, chronic kidney disease; GH/IGF, growth hormone insulin-like growth factor axis; GH, growth hormone; IGF-1,
insulin-like growth factor 1; IGFBP, IGF binding protein.

Table 2. Etiology and Treatment of Growth Retardation in Young Children: Specific to Hemodialysis

Consider malnutrition and factors promoting cachexia (inflammation, acidosis, uremic toxins retention)
Diagnose and treat volume overload (angiotensin II and inflammation)
Provide an adequate dialysis dose, not limited solely to urea
On-line hemodiafiltration is superior to conventional hemodialysis (increased blood purification and use of
endotoxins-free dialysate)

Apply a convective dialysis dose (convective flow) to ensure clearance of middle molecular uremic toxins
Verify the purity of dialysate, not only germ-free but also endotoxin-free, to reduce inflammation (backfiltration)
Consider more frequent and more intensive hemodialysis, not just as a rescue therapy. The treatment of choice is
in-centre daily on-line hemodiafiltration, which provides ‘‘the optimum stimulus package’’ (blood purification
capacity, purity of the dialysate, unrestricted diet)
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using more intensive HD was proposed.10,13

By performing daily on-line hemodiafiltration
(D-OL-HDF), catch-up growth was achieved in
children on chronic dialysis.14 The effect D-OL-
HDF has on catch-up growth appears to be multi-
factorial. First, it results in less resistance to GH,
possibly because of the fact that it provides an ‘‘op-
timum stimulus package,’’9 which includes dialysis
modality, that is, OL-HDF (high convective dial-
ysis flow and use of ultrapure dialysate); dialysis
time and frequency, that is, dialysis on 6 days
a week for 3 hours; and finally, the absence of mal-
nutrition as a result of unrestricted diet, good ap-
petite, and less protein wasting, that is, less
cachexia. With the use of ultrapure dialysate,
OL-HDF seems to be the optimal procedure for
HD, at least in terms of uremic toxin removal
and reduced inflammation, which are factors that
potentially limit uremic protein wasting. More-
over, D-OL-HDF also allows for14 optimal con-
trol of metabolic acidosis (an additional factor
which promotes cachexia). In patients receiving
D-OL-HDF, before and after dialysis bicarbonate
levels have been found to be within the normal
range, both during and between dialysis sessions.
This is beneficial because it means that the acidosis–
alkalosis wave, which usually occurs with conven-
tional thrice a week HD, can be avoided.

In children on chronic dialysis (Tables 2 and 3),
linear growthmay be improved by offering a range
of treatment including:

! Optimal nutrition, supported by tube feed-
ing, in cases of anorexia.15

! Avoidance of cachexia, by taking into ac-
count the detrimental effects caused by
acidosis, inflammation, uremic toxin reten-
tion, and volume overload.

! Administration of recombinant human
growth hormone (rhGH) to compensate
for resistance to the GH/IGF axis.

! More frequent and more intensive dialysis
sessions, increasing convective flow, and us-
ing ultrapure dialysate, that is, daily on-line
hemodiafiltration.

! Paying careful attention so as to not neglect
the child’s educational, developmental, and
social needs.

In-center daily OL-HDF, the ‘‘complete treat-
ment package,’’9 requires a multidisciplinary team
approach, involving not only nurses and doctors,
but also dieticians, social workers, and teachers,
regardless of the financial costs involved.13,14

References

1. Fine R: Management of growth retardation in pediatric re-

cipients of renal allografts. Nat Clin Pract Nephrol 3:318-324,

2007

2. Fine R: Etiology and treatment of growth retardation in

children with chronic kidney disease and end stage renal disease:

a historical perspective. Pediatr Nephrol 25:723-732, 2010

3. Groothoff JW: Long outcomes of children with end stage

renal diseases. Pediatr Nephrol 20:849-853, 2005

4. Berard E, Andre JL, Guest O, et al: Long term results of

rhGH treatment in children with renal failure: experience of the

French Society of Pediatric Nephrology. Pediatr Nephrol 23:

2031-2038, 2008

5. Ulinski T, Cochat P: Longitudinal growth in children fol-

lowing kidney transplantation: from conservative to pharmaco-

logical strategies. Pediatr Nephrol 21:903-909, 2006

6. Furth SL, Stablein D, Fine RN, et al: Adverse clinical out-

comes associated with short stature at dialysis initiation: a report

of the North American Pediatric Renal Transplantation Cooper-

ative Study. Pediatrics 109:909-913, 2002

7. Wong CS, Gipson DS, Gillen DL, et al: Anthropometric

measures and risk of death in children with end-stage disease.

Am J Kidney Dis 36:811-819, 2000

8. Furth SL, Hwang W, Yang C, et al: Growth failure, risk of

hospitalization and death for children with end-stage renal disease.

Pediatr Nephrol 17:450-455, 2002

9. Schaefer F: Daily on line hemodiafiltration: the perfect

‘‘stimulus package’’ to induce growth? Nephrol Dial Transplant

25:658-660, 2010

Table 3. Etiology and Treatment of Growth Retardation in Young Children: Specific to Peritoneal Dialysis

Consider malnutrition and other factors promoting cachexia (inflammation, acidosis, uremic toxins retention)
Diagnose and treat volume overload (angiotensin II and inflammation)
Avoid alkalosis/acidosis and hyponatremia
Risk of protein loss in the dialysate, especially during episodes of peritonitis (consider use of amino acid based

dialysate), or in case of an hyperpermeable exchange (adapt fill volume in mL/m2)
Risk of a full abdomen (a factor of anorexia): prefer dry ‘‘day’’ in cases of APD, avoid too high intraperitoneal pressures

(measure the IPP, an objective control of the amount of fill volume)
Provide adequate dialysis, not just limited to urea dialysis removal

APD, automated peritoneal dialysis; IPP, intraperitoneal pressure.

GROWTH IMPROVEMENT IN CHILDREN WITH CKD 45



10. Fischbach M, Dheu C, Seuge L, et al: Hemodialysis and

nutritional status in children: malnutrition and cachexia. J Ren

Nutr 19:91-94, 2009

11. Rajan VR,Mitch E: Muscle wasting in chronic kidney dis-

ease: the role of the ubiquitin proteasome system and its clinical

impact. Pediatr Nephrol 23:527-535, 2008

12. Garibotto G, Russo P, Sofia A, et al: Effects or uremia and

inflammation on growth hormone resistance in patients on CKD.

Kidney Int 74:937-945, 2008

13. Muller D, Zimmering M, Chan CT, et al: Intensified

hemodialysis regimens neglected treatment options for children

and adolescents. Pediatr Nephrol 23:1729-1736, 2008

14. Fischbach M, Terzic J, Menouer S, et al: Daily online hae-

modiafiltration promotes catch-up growth in children on chronic

dialysis. Nephrol Dial Transplant 25:867-873, 2010

15. Rees L, Brandt ML: Tube feeding in children with chronic

kidney disease: technical and practical issue. Pediatr Nephrol 25:

699-704, 2010

FISCHBACH ET AL46


