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Chronic renal failure and growth
L REES, S P A RIGDEN, AND G M WARD

Evelina Children's Hospital, United Medical and Dental Schools, Guy's Hospital, London

SUMMARY Growth was assessed in 38 prepubertal children with chronic renal failure for a mean
(range) of 2*3 (1-4) years. At first clinic visit their mean (range) glomerular filtration rate was 17
(7-35) ml/min/1-73 m2, their mean (range) age was 3X4 (0-2-9X1) years, and 23 (61%) were
greater than two standard deviations below the mean for height. After intensive medical
management of their chronic renal failure, half of the children who presented before 2 years of
age showed appreciable catch up growth. Only a slow improvement in growth occurred in most
children presenting over 2 years of age. At final assessment, the mean (range) glomerular
filtration rate was 15 (6-42) ml/min/1 73 and 20(53%) were greater than two standard deviations
below the mean for height. There was no correlation between glomerular filtration rate and
growth. There remained a group of children who continued to grow poorly. Many of these were
of low birth weight, and had dysplastic kidneys.

Growth retardation is a major problem for children
with chronic renal failure.'-4 In 1983 we set up a
clinic for children with severe chronic renal failure
to enable optimal management of diet, electrolyte
and acid-base balance, and bone disease.5 We have
analysed the effects of intensive medical manage-
ment on the growth and renal function of prepuber-
tal children attending the clinic.

Patients and methods

All children aged less than 10 years who were
prepubertal and who had attended Guy's Hospital
chronic renal failure clinic for at least a year were
included in the study (32 boys, six girls). The
children attended the clinic at least once every three
months, but most attended once every four weeks or
more frequently. Most were taking energy supple-
ments either as glucose polymers or as fat emulsions.
Adequacy of diet was checked by prospective three
day dietary assessments. If necessary, protein intake
was adjusted so the plasma urea concentration was
<20 mmol/l and serum albumin was normal. Acidosis
was corrected with sodium bicarbonate. Sodium
chloride supplements were gradually introduced
until an improvement in growth was seen without
producin5g oedema, hypertension, or hyperna-
traemia. Since 1985 it has been our practice to
maintain the plasma phosphate at the lower limit
of the normal range for age using mild dietary
phosphate restriction and calcium carbonate as a
phosphate binder, and the plasma calcium at the
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upper limit of normal using 1,25 dihydroxychole-
calciferol or la-hydroxycholecalciferol if necessary.
We have shown this regimen to be successful in
reversing and preventing secondary hyperpara-
thyroidism.6 Some children, however, had received
aluminium hydroxide before 1985 or before attend-
ing the clinic. Infants with poor growth and energy
intake were tube fed.7 None were nephrotic or
taking steroids. The children were measured using a
Harpenden stadiometer by the same clinic nurse
(<2 years of age, lying; >2 years, standing).
The following information was obtained from the

notes:
(1) Chronological age at first clinic visit (years).
The children were divided according to pre-
sentation before (group 1, n= 16) or after
(group 2, n=22) age 2 years. The mean (range)
age of group 1 at presentation was 1-0 (0.2-1.8)
and of group 2 was 5 2 (2.5-9-1) years.
(2) Height (cm) at first clinic visit and sub-
sequently at yearly intervals. For each subject
the height standard deviation score (Ht SDS)
was calculated, according to the formula Ht
SDS=(x-x)/SD, where x and SD are age
matched population mean height and SD
respectively and x is the subject's height.
Normal population data was according to
Tanner et al.8
(3) Bone age at yearly intervals.9
(4) Calculated glomerular filtration rate
(mlImin/l .73 m2) at yearly intervals.'0
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Clinical data have been given in more detail for
group 1 (table 1) because the growth changes in this
group were more dramatic and variable than in
group 2. There was a high incidence of low birth
weight, eight being below the 10th centile. This
included seven of the 10 children with renal
dysplasia with or without vesicoureteric reflux.
Of the other six children, all of whom had obstructed
urinary tracts, only one was below the 10th centile
for birth weight. Ten infants were tube fed, and nine
had received aluminium hydroxide. The overall
mean (SE) concentrations of plasma sodium,
bicarbonate, urea, albumin, calcium and phosphate,
and haemoglobin were calculated from the values at
each clinic visit. We achieved our aim of maintaining
plasma sodium, bicarbonate, and albumin values
within normal limits, and urea under 20 mmol/l,
although the haemoglobin was low in some infants.
In most children the plasma calcium concentration
was at the upper limit and the phosphate at the
lower limit of normal, and no infants had clinical
evidence of osteodystrophy.
The causes of chronic renal failure in group 2 were

as follows: renal dysplasia with or without vesi-
coureteric reflux (n=8), obstructive uropathy
(n=3), infantile polycystic kidney disease (n=3),
reflux nephropathy (n=2), cystinosis (n=2), and
miscellaneous (n=4).

Statistical comparisons were by the Wilcoxon
rank sum test.

Results

The mean (range) Ht SDS, change from initial Ht
SDS (A HtSDS), glomerular filtration rate, and
bone age delay (bone age minus chronological age,

years) at presentation and at yearly intervals are

shown for groups 1 and 2 in table 2. Group 1 showed
a continuing improvement in growth over the first
three years despite an increasing bone age delay.
Glomerular filtration rate improved continuously.
In group 2, growth also improved over the first three
years, again despite a progressive increase in bone
age delay. Glomerular filtration rate declined
slowly. There was no statistical difference in the
change per year for any criteria in either group.

GROUP 1

Fig 1 shows the individual longitudinal height data
for the 16 children who presented to the clinic
before the age of 2 years. Twelve children were

greater than 2 SD below the mean at first clinic visit,
and seven of these were greater than -3 SD. Table 3
shows the results in more detail. Over the first year,
eight children improved their Ht SDS (mean A Ht
SDS 1-0, range 0.2 to 1.6), while eight grew poorly
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Table 2 Height standard deviation score (Ht SDS), change from initial Ht SDS (A Ht SDS), glomerular filtration rate
(mllminll * 73 m2), and bone age delay (years) at presentation to clinic and at yearlv intervals thereafter. Results are
mean (range)

Years after presentation

0 1 2 3 4

Group I
No of patients 16 16 14 7 5
Ht SDS -2.9 (-4-1 to- 15) -2-6 (-4-3 to -03) -2.4 (-40 to 0) -2-0 (-3-5 to -) 1) -2-2 (-3-3 to -)02)
A Ht SDS - +0-3 (-1-4 to 1-6) +±06 (-()8 to 2 1) +0.9 (-1)- to 1 8) +0.9 (-0)6 to 1-6)
Glomerular filtration rate 17 (7-37) 18 (8-36) 18 (8-33) 21 (8-43) 22 (7-41))
Bone age delay -0-3 (-1-2 to 0-3) -)06 (-1-5 to 0.5) -0-7 (-1 5 to 0-5) -0-8 (-1 8 to 0(1) - 1.5 (-2t1 to -0(6)

Group 2
No of patients 22 22 12 8 5
Ht SDS -2-1 (-4-9 to )03) -2-0 (-4-6 to )04) -1 .9 (-4-4 to 0-6) -2-2 (-4.2 to 0-3) -2.6 (-3-5 to - 15)
A Ht SDS - +()1 (-0-5 to )-5) +0)3 (- 04 to 1 ()) +0 4 (-0-5 to 1-0) +0 4 (- 05 to 0-8)
Glomerular filtration rate 18 (7-35) 16 (6-29) 19 (8-26) 14 (6-21) 15 (11-25)
Bone age delay -0-9 (- 24 to U.6) - I -0 (-3-2 to )-3) -1 .2 (-28 to -)04) -1-3 (-3-3 to -0-3) -1.6 (-2-3 to - It))

Table 3 Number ofyears studied, glomerular filtration
rate (mllminll .73 m2) at start and finish of the study, and
change in height standard deviation score (A Ht SDS) over
the first year, the first two years, and overall, in the 16
infants who presented to clinic before 2 years ofage
(group 1)

L)

LI)
,8

Fig 1 Growth of 16 children (patient numbers 1-16) with
chronic renalfailure who presented to the clinic before
2 years ofage (group 1). Birth weight <10th centile (0),
birth weight >10th centile (0).

(-0-5, -1.4 to 0). By the end of the second year, 11
children had improved their rate of growth (0-9, 04
to 2- 1), whereas only three had failed to do so
(-0-6, -0-8 to -0-4). Continuing improvement in
growth occurred in five of the seven children after
three years, and three of the five children after four
years. Growth over the first two years was better in
the children of birth weight >10th centile (1-0, 0-l
to 1-6), than in those of birth weight <10th centile
(0-2, -0-8 to 1-1), but this did not reach signifi-
cance. All three of the children whose growth was

Patient No of Glomerular A Ht SDS
No years filtration rate

studied Overall Over one
Start Finiish year

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

4
3
2
2
1
4
3
4
2
2
2
4
2
2
1
4

24
12
13
37
21)
14
20
29
10
24
7
8

11
13
8

15

31
13
8

34
11
8

21
42
8
15
9
7
9
17
8

24

+1-6
+1 6
+2 1
+0 6
+0 7
+1-5
+0 5
+1 2
+0 6
+±05
+0-4
-)06
-)-3
-)-8
-1-)
+0 8

+1-6
+1 4
+±02
-0 4
+0 7
+0o8
+1-5
0

+0 7
+±08
-0o5
-0-1
-0-4
-1-4
-1*0
-(1)1

Over two
years

+18
+1 4
+2-1

+1-1

+0o5
+0 4
1-)4

-0o6
-0.8

+0-1

declining after two years were of birth weight <10th
centile, and had dysplasia with or without reflux.

Six of the 10 children who were tube fed showed
an improvement in their rate of growth (patients
3, 5, 6, 9, 10, 11). In two (patients 3 and 5) a
dramatic effect was seen (fig 2). Previous use of
aluminium hydroxide did not affect growth, nor did
the number of clinic visits per year. There was no
relation between the concentrations of plasma
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Fig 2 Growth oftwo infants (patients 3 and 5, indicated
by 0 and 0) with severe chronic renalfailure before and
after tubefeeding.
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Fig 3 Growth of22 children with chronic renalfailure who
presented to the clinic after 2 years ofage (group 2). Boys
(@), girls (0).

sodium, bicarbonate, urea, and albumin or the
haemoglobin and growth.

GROUP 2

Fig 3 shows the individual longitudinal height data
for the 22 children who presented to the clinic after

the age of 2 years. Eleven were greater than 2 SD
below the mean at first clinic visit, and seven of
these were greater than -3 SD. Changes in rates of
growth were less dramatic in this group. Thirteen
children showed an improvement in Ht SDS over
the first year (mean A Ht SDS 0-2, range, 0-1 to
1-0); in two Ht SDS remained unchanged; in seven it
deteriorated (-0-2, -0-1 to -0-5). By the end of
the second year, eight of the 12 children had
improved their Ht SDS (0.4, 0-2 to 1-0), one
remained unchanged, and two had shown a deter-
ioration (-0.3, -0-1 to -0-4). Continuing slow
improvement in growth occurred in five of the eight
children after three years. Over the fourth year, Ht
SDS of the five patients remained unchanged.
Four of the eight children with dysplasia with or

without reflux were among the seven children
greater than -3 SD below the mean for height at
presentation.
There was no correlation between glomerular

filtration rate and rate of growth in either group.

Discussion

The beneficial effects of early transplantation on
growth," 12 and the recent availability of growth
hormone as a therapeutic possibility, make it
particularly important that the growth patterns of
children with chronic renal failure should be
studied. Sixty percent of our children were already
below the third centile for height when they were
first seen in our clinic. Other centres have reported
similar findings.2 3 The rapid growth and high
energy requirements during the first two years of life
make this the time when most of the adverse effect
on height occurs, and fall in Ht SDS has been
reported to be as high as 0-6 SD per month.2 3 13 14
Results of treatment to induce catch up growth in
children with chronic renal failure who have
suffered growth delay during this critical period
have been disappointing.2-4 14 In our experience,
intervention during the first two years of life can
result in dramatic catch up growth. There remains a
group of infants, however, who do not respond to
identical medical care. Many of these are of low
birth weight and have dysplasia with or without
reflux. It is recognised that some infants who are
light for dates at birth because of an in utero
environmental insult continue to grow poorly post-
natally. This is thought to be a result of impaired
growth potential at the cellular level. l5 It is interest-
ing to speculate that the environmental insult that
causes dysplasia with or without reflux may also
affect growth potential.

After infancy less dramatic changes in rate of
growth were seen, with most children showing a

nJ ifIA _ I= 1
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slow improvement in Ht SDS. These findings
are consistent with those reported from other
centres. -4The bone age delay indicates that there
remains a potential for catch up growth, but it is still
unknown why children with chronic renal failure do
not catch up to their genetic potential. We were
unable to find any correlation between the glomeru-
lar filtration rate and the rate of growth, in
agreement with other reports.2-4

In conclusion, many children with chronic renal
failure are short by the time they are seen by a
paediatric nephrologist. Strict attention to diet,
electrolyte and acid-base balance, and the preven-
tion of osteodystrophy may result in dramatic catch
up growth in some infants who are treated during
the first two years of life. If treatment is delayed
until after two years of age, a slow improvement in
growth occurs in most children. There remains a
group of children, however, whose growth is resis-
tant to theoretically optimal management. Many of
these are of low birth weight and have dysplasia with
or without reflux. These children may benefit from
an alternative approach such as transplantation
before end stage renal failure is reached, or growth
hormone treatment in supraphysiological doses.

References

West C, Smith W. An attempt to elucidate the cause of growth
retardation in renal disease. Am J Dis Child 1956;91:460-76.

2 Kleinknecht C, Broyer M, Huot D, et al. Growth and
development of nondialysed children with chronic renal failure.
Kidney Int 1983;24:S40-7.

3 Rizzoni G, Basso T, Setari M. Growth in children with chronic
renal failure on conservative treatment. Kidney Int 1984;26:
52-8.

Polito C, Greco L, Totino SF, et al. Statural growth of children
with chronic renal failure on conservative treatment. Acta
Paediatr Scand 1987;76:97-102.
Rees L, Rigden SPA, Chantler C, Haycock GB. Growth and
methods of improving growth in chronic renal failure managed
conservatively. Paediatric and Adolescent Endocrinology (in
press).

6 Tamanaha K, Mak RHK, Rigden SPA, et al. Long-term
suppression of hyperparathyroidism by phosphate binders in
uremic children. Pediatric Nephrology 1987;1:145-9.

7 Rigden SPA, Start KM, Rees L. Nutritional management of
infants and toddlers with chronic renal failure. Nutr Health
1987;5: 163-74.

8 Tanner JM, Whitehouse RH, Takaishi M. Standards from birth
to maturity for height, weight, height velocity and weight
velocity: British children, 1966. Part II. Arch Dis Child
1966;41:613-35.

9 Tanner JM, Whitehouse RH, Marshall WA, et al. Assessment of
skeletal mnaturity and prediction of adult height (TW2 method).
London: Academic Press, 1975.
Morris MC, Allanby CW, Toseland P, et al. Evaluation of a
height/plasma creatinine formula in the measurement of glom-
erular filtration rate. Arch Dis Child 1982;57:611-4.
Bosque M, Munian A, Bewick M, et al. Growth after renal
transplants. Arch Dis Child 1983;58:110-4.

12 Rees L, Greene SA, Adlard P, et al. Growth and endocrine
function after renal transplantation. Arch Dis Child 1988;63:
1326-32.

13 Betts PR, Magrath G. Growth pattern and dietary intake of
children with chronic renal insufficiency. Br Med J 1974;ii:
189-93.

14 Rizzoni G, Broyer M, Guest G, et al. Growth retardation in
children with chronic renal disease: scope of the problem. Am J
Kidney Dis 1986;4:256-61.

' Parkin JM. The short child. In: Brook CGD, ed. Clinical
paediatric endocrinology. Oxford: Blackwell Scientific, 1981:
113-33.

Correspondence to Dr L Rees, University Department of Paediat-
rics, Guy's Tower (Floor 12), Guy's Hospital, London SE1 9RT.

Accepted 6 October 1988


