
Abstract Supplemental feedings are commonly recom-
mended for young children on dialysis but their effect on
growth parameters and mortality has not been well docu-
mented. We report the results of a North American Pedi-
atric Renal Transplant Cooperative Study (NAPRTCS)
survey on the impact of supplemental feedings on
growth and mortality in children <6 years of age at dial-
ysis initiation. Sixty-four nonsurvivors (NonS) were
matched with 110 survivors (S) for age at dialysis initia-
tion, primary renal disease, and year of entry into the
NAPRTCS database. Questionnaires were completed by
participating centers on 137 patients (51 NonS, 86 S).
Supplemental feedings were given to 70% of patients
and more commonly given to patients <2 years of age
compared to those 2–5 years of age at dialysis initiation
(P<0.001). Supplemental feedings were also more com-
monly given to patients with nonrenal disease in addition
to renal disease compared to those with renal disease on-
ly (P<0.001). In patients receiving supplemental feed-
ings, the method of supplemental feeding was most com-
monly by nasogastric tube in patients <2 years of age
compared to those 2–5 years of age (P=0.027). Supple-
mental feeding use was not different in S compared to
NonS. There were no differences in height standard de-
viation score (SDS), weight SDS, or change in height or
weight SDS in patients receiving supplemental feedings

compared to those who did not. The height and weight
SDS did not improve over time on supplemental feeds.
In summary, despite the common use of supplemental
feedings in young patients on dialysis, height, weight,
and mortality remain unaffected. Prospective long-term
evaluation of this therapy is needed to determine the ef-
fectiveness of supplemental feeding.
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Introduction

Inadequate nutrition in children with end-stage renal dis-
ease (ESRD) is a difficult problem that inevitably results
in growth failure when caloric intake is <70% of the rec-
ommended daily allowance [1–5]. This often necessi-
tates the use of a variety of supplemental feedings in 
infants and older children [6–9]. Since most infants 
and children with ESRD are unwilling to take in the re-
quired amount of nutrition orally, many of these patients 
are treated with supplemental feedings through either a 
nasogastric or a gastrostomy tube.

Although the methods of supplemental feeding have
been well documented in children with ESRD, there has
been little information available on the effects of supple-
mental nutrition on growth parameters and survival out-
come in this group of children. With aggressive nutri-
tional management, Brewer noted an increase in weight
standard deviation score (SDS) in 11 of 14 and an in-
crease in height SDS in 10 of 14 infants on peritoneal di-
alysis (PD) [10]; and Lederman reported an increase in
height SDS in 12 infants on PD for at least 1 year [11]. To
date, no multicenter experience on this subject has been
published. The purpose of this special multicenter North
American Pediatric Renal Transplant Cooperative Study
(NAPRTCS) report was therefore aimed at reviewing the
impact of supplemental feedings on growth parameters
and survival outcomes in a large group of children with
ESRD who initiated chronic dialysis at <6 years of age.
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Materials and methods

The organization and operation of NAPRTCS have been previous-
ly described [12] as has the organization of the dialysis registry of
NAPRTCS [13]. In short, 2208 patients aged 0–21 years have
been entered into the NAPRTCS dialysis registry from 140 partici-
pating NAPRTCS centers between 1 January 1992 through April
1996. Of the total dialysis database, 479 patients were 0–5 years
of age (in other words, had not yet reached their 6th birthday) 
at initiation of dialysis. Of the patients from 0 to 5 years of age, 
64 nonsurvivors were identified and matched with 110 survivors
for age group at dialysis initiation, primary renal disease, and year
of entry into the NAPRTCS database. Each center was asked to
complete a special questionnaire (see Appendix) on the mortality
risk factors for both survivors and nonsurvivors identified at their
center. Of the total of 174 identified subjects, questionnaires were
returned on 137 patients (79%), 51 nonsurvivors and 86 survivors,
who constitute the subjects for this analysis.

Patients were divided into three groups for analysis based on
age at dialysis initiation: <3 months, 3–23 months, and 2–5 years
of age. Information contained in the usual NAPRTCS database
and analyzed in these patients included race, primary renal dis-
ease, and gender. Growth hormone usage was recorded and growth
hormone was only received in three patients. In addition, weight
and height SDS at 30 days, 6 months and 1 year after dialysis 
initiation were analyzed in those patients who started dialysis 
after the beginning of the dialysis registry (after 1 January 1992);
the change in weight and height SDS from 30 days to 6 months
and 30 days to 1 year after dialysis initiation were calculated.
Body mass index (BMI) was calculated from weight and height at
30 days, 6 months, and 1 year after dialysis initiation. Patient in-
formation derived from the special questionnaire included urine
output described as anuria/oliguria or normal/polyuria, use and
method of supplemental feedings begun prior to 30 days after dial-
ysis initiation, presence of any nonrenal organ system disease, and
cause of death in nonsurvivors. For nonrenal organ system dis-
ease, the questionnaire specifically addressed central nervous
system, cardiovascular, pulmonary, liver, or gastrointestinal tract
disease; each center was also asked to specify any other nonrenal
disease. Supplemental feedings were defined as feedings provided
by other than the oral route and included nasogastric tube, gastros-
tomy tube, oral gastric tube, transpyloric tube, and gastrojejunos-
tomy, in addition to parenteral nutrition.

Pearson’s chi-square test was used to compare the age groups
at dialysis initiation, primary renal disease, urine output, presence
of nonrenal disease, and survival in the patients with and without
supplemental feedings. The presence of gastroesophageal reflux
(GER) and gastrointestinal disease was compared between pa-
tients with and without supplemental feeding using Fisher’s exact
test. Similarly, the method of supplemental feeding was compared
between the 0- to 2-year-old patients and the 2- to 5-year-old pa-
tients and survivors and nonsurvivors using Fisher’s exact test.
Weight and height at 30 days, 6 months, and 1 year after dialysis
initiation were compared for patients with and without supplemen-
tal feeding using the t-test. An alpha value of 0.05 was used as the
significance level for all testing.

Results

Of the 137 patients, 51 were <3 months of age, 52 pa-
tients were 3–23 months of age, and 34 patients were
2–5 years of age at dialysis initiation. There were 
126 peritoneal dialysis patients (46 nonsurvivors and 80 
survivors), 8 hemodialysis patients (4 nonsurvivors and 
4 survivors), and 3 patients with dialysis type unknown
among the 137 patients. One year survival was 83% in
patients initiating dialysis at <3 months of age, 89% in

the 3- to 23-month-olds, and 95% in the 2- to 5-year-olds
(P=0.0001 for <3 months vs 2–5 years of age). The
youngest infants appeared to demonstrate the greatest
mortality during the first 12 months of dialysis [14]. In-
fection was the most common primary cause of death,
accounting for 29% of deaths and being a contributing
cause in an additional 10% of deaths. Other primary
causes of death include central nervous system disease
(8%), pulmonary disease (8%), dialysis complications
(2%), cardiovascular disease (6%), dialysis withdrawal
(12%), and other or unknown (35%) (14).

Supplemental feedings were given to 96 of the 137
patients (70%). Supplemental feedings were initiated
within 6 months of beginning dialysis (6.1±1.0 months);
17 patients initiated supplemental feeds in the month 
prior to dialysis initiation. Supplemental feedings were 
given to the majority of patients initiating dialysis prior
to 2 years of age compared to patients initiating dialysis
from 2 to 5 years of age (P<0.001) (Table 1). The use of
supplemental feedings was also common in patients with
all types of primary renal disease except for focal seg-
mental glomerulosclerosis (FSGS) (P=0.002) (Table 1);
however, FSGS was more commonly diagnosed in pa-
tients initiating dialysis from 2 to 5 years of age com-
pared to the younger groups. Supplemental feedings
were given regardless of urine output but were more
commonly used in patients who had nonrenal disease 
in addition to renal disease (Table 1) (P<0.001). GER 

Table 1 Characteristics of patients who received supplemental
feedings vs those who did not (GER gastroesophageal reflux,
GI tract gastrointestinal tract, FSGS focal segmental glomerulo-
sclerosis)

Supplemental feedings

No Yes
N (%) N (%)

Age at dialysis initiation
<3 months 10 (20%) 41 (80%)
3–23 months 11 (21%) 41 (79%)
2–5 years 20 (59%) 14 (41%)*

Primary renal disease
Structural 20 (26%) 57 (74%)
Other 14 (27%) 38 (73%)
FSGS 7 (88%) 1 (13%)**

Urine output
Anuria/oliguria 16 (26%) 46 (74%)
Normal/polyuria 22 (33%) 45 (67%)

Presence of nonrenal disease
No 27 (53%) 24 (47%)
Yes 13 (16%) 70 (84%)*

GER/GI tract disease
No 38 (39%) 59 (61%)
Yes 2 (5%) 35 (95%)***

Patient outcome
Survivors 29 (34%) 57 (66%)
Nonsurvivors 12 (24%) 39 (76%)

*P<0.001 by chi-squared test, **P=0.002 by chi-squared test,
***P<0.001 by Fisher’s exact test
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or gastrointestinal tract disease was more commonly
seen in patients who received supplemental feedings
(P<0.001).

In those who received supplemental feedings, the
method of supplemental feeding was most commonly by
nasogastric tube in the younger two groups, while in the
2- to 5-year-old group the method of supplemental feed-
ing was more commonly gastrostomy tube (P=0.027)
(Table 2). The method of supplemental feeding was dif-
ferent in the survivors who received supplemental feed-
ings compared to nonsurvivors who received supplemen-
tal feedings (P=0.037) (Table 2); 95% of survivors used
nasogastric tube, gastric tube, or both feeding methods.

Body mass index was not significantly different in
survivors compared to nonsurvivors when analyzed in all
patients (19.9±0.4 vs 19.4±0.7), in patients who received

supplemental feedings (19.3±0.4 vs 19.0±0.7), or in 
patients who did not receive supplemental feedings
(19.6±0.8 vs 19.9±1.4). Further, BMI did not correlate
with changes in weight or height at any time after dialy-
sis initiation.

There were no significant differences in weight or
height SDS at 30 days, 6 months, and 1 year after dialy-
sis initiation in those patients receiving supplemental
feedings compared to those not receiving supplemental
feedings (Table 3). Weight and height SDS tended to de-
crease over time in patients receiving supplemental feeds
as well as in those patients who did not (Table 4). There
were no significant differences in the change in weight
or height SDS from 30 days to 6 months or 1 year after
dialysis initiation in those patients receiving supplemen-
tal feedings compared to those not receiving supplemen-
tal feedings (Table 4). The time of initiation of supple-
mental feedings was not correlated with change in
weight or height for 30 days to 6 months of 1 year after
dialysis initiation. Further, there was no difference be-
tween survivors and nonsurvivors regarding the frequen-
cy of supplemental feeding usage irrespective of age
group at dialysis initiation.

Discussion

The results of this study illustrate that supplemental
feedings are commonly utilized in children <6 years of
age who are on dialysis. This is in agreement with previ-
ous publications also noting its common use in an effort
to increase caloric and protein intake. The primary renal
disease, other than FSGS in the older children, or the
volume of urine output does not appear to have any sig-
nificant influence on whether a patient receives supple-
mental feedings. The lack of influence of urine output on
the need for supplementation is not surprising since pa-
tients with oliguria/anuria as well as polyuria often re-
ceive less than adequate calories and require supplemen-
tation: the former patients with high calorie formulas and
the latter with high volume supplementation.

Supplemental feeding was also noted to be more com-
mon in patients with non-renal disease in addition to
ESRD. It is likely that this was a result of an increase in

Table 2 Method of supplemen-
tal feedings (NG tube nasogas-
tric tube, GT gastrostomy
tube/button, other oral gastric
tube, transpyloric tube, gastro-
jejunostomy tube, parenteral
nutrition, or a combination of
these)

NG tube only GT only NG+GT NG+other Other
N (%) N (%) N (%) N (%) N (%)

Age at dialysis initiation
<3 months 27 (68%) 6 (15%) 2 (5%) 2 (5%) 3 (8%)
3–23 months 21 (51%) 13 (32%) 6 (15%) 1 (2%) 0
2–5 years 4 (29%) 8 (57%) 0 0 2 (14%)*

Patient outcome
Survivors 30 (54%) 15 (27%) 8 (14%) 2 (4%) 1 (2%)
Nonsurvivors 22 (56%) 12 (31%) 0 1 (2%) 4 (10%)**

*P=0.027 by Fisher’s exact test, patients 2–5 years at dialysis initiation compared to younger groups;
**P=0.037 by Fisher’s exact test

Table 3 Weight and height standard deviation scores (SDS) in pa-
tients receiving and not receiving supplemental feedings

Supplemental feedings

No Yes 
(X ± SEM) (X ± SEM)

Weight SDS
30 days after dialysis initiation –0.77±0.47 –1.33±0.31
6 months after dialysis initiation –1.41±0.36 –1.99±0.23
1 year after dialysis initiation –2.04±0.75 –1.70±0.41

Height SDS
30 days after dialysis initiation –1.75±0.26 –1.76±0.40
6 months after dialysis initiation –2.36±0.27 –3.02±0.26
1 year after dialysis initiation –2.89±0.69 –2.88±0.42

Table 4 Change in weight and height standard deviation scores
(SDS) from 30 days to 6 months and 1 year postdialysis initiation

Supplemental feedings

No Yes 
(X ± SEM) (X ± SEM)

30 days to 6 months ∆Weight SDS –0.09±0.22 –0.20±0.32
After dialysis initiation ∆Height SDS –0.43±0.27 –0.74±0.43

30 days to 1 year ∆Weight SDS –0.32±0.77 –0.32±0.48
After dialysis initiation ∆Height SDS –0.63±0.66 –0.69±0.68
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the severity of illness with other organ involvement and
the increased need for additional calories due to high
metabolic demands. In particular, patients with GER or
other gastrointestinal disease were noted to be frequent
recipients of supplemental feedings. GER is commonly
associated with chronic renal failure in children [15], and
excessive vomiting and regurgitation often requires the
provision of additional calories which can only be given
by some form of tube feeding. The use of certain 
methods of supplemental feeding, such as nasogastric
tube, may also predispose children to the development of
GER [16].

The method of supplementation was different in the
different age groups, with the nasogastric tube used most
commonly in the younger age groups and the gastrosto-
my tube most commonly used in the 2- to 5-year-old
group. Nasogastric tubes may have been used more com-
monly in the youngest groups due to the practical diffi-
culties of placing gastrostomy tubes in infants already on
peritoneal dialysis. The difference between the age
groups may also have more to do with the aesthetic and
psychosocial aspects of the feeding method rather than
any specific clinical characteristics of the children [17].
The method of supplementation is more complex in non-
survivors as 10% of these patients received supplementa-
tion by means other than nasogastric or gastrostomy tube
methods and this factor may be related to overall disease
and, thus, survival in these patients.

Disturbingly, there were no differences in weight or
height SDS at 30 days, 6 months, or 1 year after dialysis
institution in those children who received supplemental
feeds compared to those who did not. Further, weight
and height SDS deteriorated between 30 days and 
6 months after dialysis initiation and between 30 days
and 1 year after dialysis initiation in children who 
received supplemental feeds as well as in those who did
not. The cause of the lack of improvement in the weight
and height SDS despite the use of supplemental feedings
cannot be determined in this multicenter study based on
registry data due to the lack of available information on
the type of formula utilized or the actual vs prescribed
total caloric intake of the patients. However, in recent
single center studies in young children with chronic 
renal failure or on peritoneal dialysis, height standard 
deviation score improved most after 1 year of supple-
mental feedings [18–20], and therefore continued 
follow-up of our patients may result in growth improve-
ments.

The use or method of supplemental feeding also had
no obvious influence on mortality in these young chil-
dren on dialysis. Patients not receiving supplemental
feedings were as likely to survive as patients who did.
This may seem contrary to our expectations; however,
supplemental feeding is now an accepted standard of
practice for most infants with chronic renal failure and a
lack of effect on mortality may reflect the almost univer-
sal use of supplemental feeding in any patient not meet-
ing the recommended daily allowance for calories [5].
Further, the lack of improvement in weight in patients on

supplemental feeds may play a role in the lack of effect
of these feeds on mortality.

In conclusion, supplemental feedings were commonly
used in young children on dialysis irrespective of the pri-
mary renal disease or the degree of urine output. Chil-
dren with non-renal disease in addition to renal disease
were more commonly treated with supplemental feeds.
Height and weight gain remained poor despite the use of
supplemental feedings and these feedings did not impact
patient survival in these young children. Prospective
long-term data on dietary caloric and protein intake cou-
pled to a variety of outcome parameters, including
weight, height, head circumference, and patient survival,
is clearly necessary if the optimal approach to nutritional
supplementation for young children on dialysis is to be
determined.

References

1. Simmons JU, Wilson CJ, Potter DE, Holliday MA (1971) The
relation of calorie deficiency to growth failure in children on
hemodialysis and growth response to calorie supplementation.
N Engl J Med 285:653–656

2. Holliday MA (1972) Calorie deficiency in children with ure-
mia. Effect upon growth. Pediatrics 50:590–597

3. Betts PR, Magrath G (1974) Growth pattern and dietary intake
of children with chronic renal insufficiency. BMJ 3:189–193

4. Arnold WC, Danford D, Holliday MA (1983) Effects of calo-
rie supplementation on growth in children with uremia. Kid-
ney Int 24:204–209

5. Wassner SJ, Abitbol C, Alexander S, Conley S, Grupe W, 
Holliday MA, Regden S, Salusky IB (1986) Nutritional require-
ments for infants with renal failure. Am J Kidney Dis 7:300–305

6. Conley SB(1987) Supplemental NG feedings of infants under-
going continuous peritoneal dialysis. In: Fine RN (ed) Chronic
ambulatory peritoneal dialysis (CAPD) and cycling peritoneal
dialysis (CCPD) in children. Nijhoff, Dordrecht, Netherlands,
pp 263–270

7. Dimand R (1994) Nutritional support of the critically ill child.
In: Holliday MA, Barratt TM, Avner ED (eds) Pediatric neph-
rology. Williams & Wilkins, Baltimore, pp 298–304

8. Spinozzi NS (1993) Chronic renal disease. In: Queen PM,
Lang CE (eds) Handbook of pediatric nutrition. Aspen Pub-
lishing, pp 476

9. Grupe WE, Harmon WE, Spinozzi NS (1983) Protein and en-
ergy requirements in children receiving chronic hemodialysis.
Kidney Int 24:6–10 (Suppl)

10. Brewer ED (1990) Growth of small children managed with
chronic peritoneal dialysis and nasogastric tube feedings: 
203-month experience in 14 patients. Adv Peritoneal Dial
6:269–272

11. Ledermann SE, Scanes ME, Fernando ON, Duffy PG, Madden
SJ, Trompeter RS (2000) Long-term outcome of peritoneal 
dialysis in infants. J Pediatr 136:24–29

12. McEnery PT, Stablein DM, Arbus G, Tejani A (1992) Renal
transplantation in children: a report of the North American 
Pediatric Renal Transplant Cooperative Study. N Engl J Med
326:1727–1732

13. Alexander SR, Sullivan EK, Harmon WE, Stablein DM, 
Tejani A (1993) Maintenance dialysis in North American chil-
dren and adolescents: a preliminary report. Kidney Int 43:
S104–S109

14. Wood EG, Hand M, Briscoe DM, Donaldson LA, Yiu V, 
Harley FL, Warady BA, Ellis EN (2001) Risk factors for mor-
tality in infants and young children on dialysis: a report of the
North American Pediatric Renal Transplant Cooperative Study
(NAPRTCS). Am J Kidney Dis (in press)



408

18. Ledermann SE, Shaw V, Trompeter RS (1999) Long-term 
enteral nutrition in infants and young children with chronic 
renal failure. Pediatr Nephrol 13:870–875

19. Kari JA, Gonzalez C, Ledermann SE, Shaw V, Rees L (2000)
Outcome and growth of infants with severe chronic renal fail-
ure. Kidney Int 57:1681–1697

20. Sedman A, Friedman A, Boineau F, Strife CF, Fine R (1996)
Nutritional management of the child with mild to moderate
chronic renal failure. J Peds 129:S13–S19

15. Ruley EJ, Bock GH, Kerzner B, Abbott AW, Majid M, 
Chatoor I (1989) Feeding disorders and gastroesophageal re-
flux in infants with chronic renal failure. Pediatr Nephrol
3:424–429

16. Warady BA, Weis L, Johnson L (1996) Nasogastric tube feed-
ing in infants on peritoneal dialysis. Perit Dial Int 16:S521–
S525

17. Warady BA (1999) Gastrostomy feedings in patients receiving
peritoneal dialysis. Perit Dial Int 19:204–206

Appendix

Questionnaire completed by centers for each study patient


