
Abstract Very few pediatric studies have monitored nu-
tritional status using normalized protein catabolic rate
(nPCR) or treating protein-energy malnutrition (PEM)
with intradialytic parenteral nutrition (IDPN). The current
study compares nPCR with serum albumin as a marker for
nutritional status and examines the effectiveness of IDPN
treatment in three malnourished adolescent patients re-
ceiving chronic hemodialysis in a pediatric dialysis unit.
All patients demonstrated reversal of weight loss and initi-
ation of weight gain within 6 weeks of IDPN initiation.
Mean values of monthly percentage weight and percent-
age body mass index (BMI) change were significantly
lower in the pre-IDPN era (–0.61±2.70 and –1.3±2.7) ver-
sus the IDPN treatment period (1.8±2.1 and 1.3±2.1)
(P<0.02). Two patients attained ideal body weight and
IDPN was discontinued after 5 months. Patients required
150% recommended daily allowance to achieve weight
and BMI gain. While mean monthly nPCR was signifi-
cantly lower in the pre-IDPN period versus the IDPN peri-
od (1.05±0.36 versus 1.35±0.37, P<0.05), monthly serum
albumin levels were no different before and after IDPN
was initiated (3.7±0.8 versus 3.8±0.6). The current study
demonstrates IDPN to be effective therapy for adolescent
hemodialysis patients with PEM not correctable by enteral
supplementation. nPCR was superior to serum albumin as

a nutritional status marker in these malnourished pediatric
patients receiving hemodialysis.

Keywords Intradialytic parenteral nutrition · 
Malnutrition · Normalized protein catabolic rate · 
Hemodialysis

Introduction

Patients receiving chronic hemodialysis who exhibit pro-
tein-energy malnutrition (PEM) may be at risk for in-
creased morbidity and mortality. Multiple studies assess-
ing the impact of nutritional status upon mortality have
concluded that PEM is an independent risk factor for
death in adult patients receiving hemodialysis [1, 2, 3, 4,
5, 6]. Pediatric patients receiving hemodialysis do not
exhibit high mortality rates, but PEM likely impairs
growth and development in the children with end-stage
renal disease (ESRD) [7].

The important relationship between nutritional status
and outcome for patients with ESRD prompted the Na-
tional Kidney Foundation Kidney-Dialysis Outcomes
Quality Initiative (NKF-KDOQI) to create guidelines to
assess and treat PEM in both children and adults with
ESRD [7]. The pediatric K-DOQI guidelines recommend
serum albumin, height/length, dry weight, mid-arm cir-
cumference, skinfold thickness, fronto-occipital circum-
ference, and height Z-score to monitor nutritional status
and intensive enteral nutrition to treat PEM. While these
measures are essential to monitor and treat PEM, they
may not be sufficient in all cases.

Intradialytic parenteral nutrition (IDPN) provides sig-
nificant amounts of protein and calories to a patient dur-
ing the hemodialysis treatment. IDPN is effective treat-
ment for adult patients with PEM [8, 9, 10], and adult K-
DOQI nutritional guidelines provide recommendations
for IDPN use in adults. IDPN therapy has not been ex-
tensively studied in malnourished pediatric patients re-
ceiving hemodialysis [11, 12, 13] and pediatric K-DOQI
nutritional guidelines do not address IDPN therapy.
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Many adult outcome studies use normalized protein
catabolic rate (nPCR) as an independent marker of nutri-
tion status [14, 15, 16, 17]. nPCR is derived from the in-
terdialytic rise in blood urea nitrogen levels and has been
shown to correlate with nutritional status in adult pa-
tients receiving hemodialysis. No published pediatric
study has used nPCR as a marker of nutritional status. In
fact, little investigation into the validity of nPCR has
been performed since the rigorous work of Grupe et al.
[18] and Harmon et al. [19] 20 years ago, whose seminal
studies in children receiving hemodialysis demonstrated
a positive correlation between dietary protein intake and
nPCR. They were the first to suggest that positive nitro-
gen balance, which is essential for growth, could be
achieved with moderate protein intake and without an in-
crease in dialysis requirements.

In our pediatric dialysis unit over the past 18 months,
we have treated three severely malnourished adolescent
patients with IDPN. We have routinely determined
monthly nPCR values for the last 4 years in all of our pe-
diatric hemodialysis patients. The aims of the current
study are to investigate the effectiveness of IDPN for
treating PEM and to compare the sensitivity of serum al-
bumin versus nPCR for monitoring nutritional status in
malnourished pediatric patients receiving hemodialysis.

Materials and methods

Patient population

Three patients received IDPN for treatment of PEM during Janu-
ary 1999 through May 2001 in the Texas Children’s Hospital Re-
nal Dialysis Unit. The lowest weight for each patient ranged from
35.9 to 45 kg. Patient ages were 17, 18, and 25 years and their
height ages were 14 years 1 month, 11 years 4 months, and
11 years 11 months, respectively. All patients had completed their
growth and demonstrated Tanner stage V sexual maturation.

To qualify for IDPN by our unit protocol, patients had to ex-
hibit a ≥10% weight loss over a 3-month time span and have a
gastrointestinal illness that precluded administration of sufficient
enteral calories to achieve anabolism. The gastrointestinal causes
of PEM in these patients were (1) chronic recurrent pancreatitis
and malabsorption, (2) acute pancreatitis with an infected pancre-
atic pseudocyst and colonic perforation, and (3) severe gastritis,
duodenal stricture, and abdominal wall abscess.

IDPN prescription

IDPN is comprised of three components: dextrose, amino acids,
and lipids. The dextrose component was delivered as a 70% solu-
tion to provide 5–9 mg/kg per min of carbohydrate. The purpose
of the IDPN carbohydrate component is to prevent catabolism and
maximize utilization of the IDPN protein component. Serum glu-
cose levels were monitored at the beginning, in the middle of, and
immediately after IDPN administration during the 1st week of
IDPN treatment or after any change in the dextrose rate. Patients
with serum glucose levels >300 mg/ml received regular insulin in
the IDPN preparation bag to maintain serum glucose <200 mg/dl.

The amino acid component (Novamine) was delivered as a
15% solution to provide 1.3 g/kg per treatment of protein [20].
The amino acid component was prepared and combined with the
carbohydrate component in our outpatient pharmacy on the day of
administration.

The lipid component of IDPN was provided as a 20% solution
and delivered via a separate bottle. The lipid component is egg
based, and is withheld from patients with a history of egg allergy.
Patient serum triglyceride levels were checked before and after the
first IDPN treatment. A 50% rise above baseline levels after lipid
administration was indicative of lipid intolerance and resulted in
discontinuation of future lipid administration for a particular pa-
tient.

The prescribed volume of IDPN was infused continuously over
the entire course of the hemodialysis treatment. To minimize dia-
lyzer clearance of amino acids, IDPN was administered via the ve-
nous limb of the hemodialysis circuit (i.e., post dialyzer). The total
fluid volume of IDPN was based on the volume needed to deliver
the carbohydrate and protein doses described above. The total vol-
ume associated with IDPN administration was removed via ultra-
filtration over the course of the hemodialysis treatment.

Nutritional status monitoring

Mid-week monthly nutritional laboratory assessment included se-
rum albumin and nPCR levels. Single-pool Kt/V and nPCR were
calculated by single-pool urea kinetic modeling [21]. Post-dialysis
patient weight and body mass index [BMI=wt(kg)/ht2(m)] were
obtained on the date of serum albumin and nPCR assessment.
Month-to-month percentage of weight change and BMI change
were used as outcome measures for IDPN therapy. In order to
minimize the potential for observed weight gain to be the result of
fluid accumulation and not true weight gain, all patients received
ultrafiltration guided by non-invasive monitoring of hematocrit
(Crit-line, Hemametrics, Salt Lake City, Utah, USA) during each
dialysis session. We have previously demonstrated this to be effec-
tive in achievement of patient target dry weight with minimal pa-
tient symptomatology [22, 23].

Statistical analysis

To standardize assessment between the three patients, monthly da-
ta from the 4 months immediately prior to IDPN treatment were
compared with data from the first 5 months of IDPN treatment.
Mean values for serum albumin, nPCR, percentage weight change,
percentage BMI change, and spKt/V from the pre-IDPN months
and the IDPN months were compared using the paired t-test. A P
value <0.05 was considered significant.

Results

The three adolescent patients reported in this study were
the only patients in our unit who exhibited severe PEM
(≥10% weight loss over a 3-month time span) that could
not be adequately treated with enteral supplementation
alone. One patient received dialysis via an arteriovenous
graft, one via an arteriovenous fistula, and one patient re-
ceived dialysis via an indwelling catheter. None of the
infants and children within our unit suffered from a sig-
nificant gastrointestinal disorder that precluded success-
ful enteral supplementation.

All three patients tolerated IDPN administration with-
out adverse events. Total IDPN volume ranged from
478 ml to 597 ml depending on patient weight. One pa-
tient demonstrated lipid intolerance (50% increase in tri-
glyceride level above baseline) and did not receive lipids
after his first dose of IDPN. Another patient with acute
pancreatitis developed transient insulin-dependent diabe-
tes mellitus and required 6 units of regular insulin added
to the IDPN preparation to keep serum glucose levels be-
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low 200 mg/dl. IDPN provided 37%–42% of each pa-
tient’s weekly protein intake.

All three patients demonstrated reversal of weight
loss and initiation of weight gain within 6 weeks of
IDPN initiation. A monthly weight chart from one pa-
tient is provided in Fig. 1. Examination of patient food
diary and IDPN administration records revealed that pa-
tients required 150% of the recommended daily allow-
ance for calories and protein to exhibit weight gain.
Since all patients in the current study had normal blood
pressure parameters and were not receiving concurrent
anti-hypertensive medications, the observed weight and
BMI gain were not likely secondary to fluid overload.

Two patients attained ideal body weight after
5 months of IDPN therapy. The third patient attained
90% of ideal body weight after 8 months of therapy. All
patients had IDPN discontinued and have maintained
ideal body weight without IDPN for 3 months.

Mean monthly percentage weight change and percent-
age BMI change were negative in the pre-IDPN period
and positive in the IDPN treatment period. While mean
monthly nPCR was significantly lower in the 4-month
period prior to IDPN treatment than in the 5 months of
IDPN treatment (1.05±0.36 versus 1.35±0.37, P<0.05),
mean monthly serum albumin levels did not differ be-
tween the two periods (3.7±0.8 versus 3.8±0.6). In addi-
tion, all patients received adequate dialysis clearance de-

fined by DOQI as spKt/V >1.2 and the delivered dose of
dialysis was not different between the pre-IDPN and
IDPN periods. Mean pre-IDPN and IDPN treatment data
are summarized in Table 1.

Discussion

Nutritional status impacts outcome in adults and children
receiving hemodialysis. While various nutritional status
markers and their association with morbidity and mortal-
ity have been studied in adult patients with ESRD, few
published data have assessed nutritional status and out-
come in the pediatric hemodialysis population. Tom et
al. [24] correlated increased protein administration and
urea clearance with improved growth in well-nourished
children receiving hemodialysis, but this study relied on
dietary history and prescription for monitoring of nutri-
tional status. Furthermore, while there is some experi-
ence with and recommendation for IDPN therapy for
malnourished adult patients receiving hemodialysis, no
data or recommendations exist to guide IDPN therapy in
malnourished children and adolescents. One previous pe-
diatric study showed no improvement in amino acid lev-
els after low-dose (0.25 g/kg) amino acid administration
during dialysis [13]. A recent pediatric study found that
oral intake improved after short-term IDPN therapy
(2–3 months) in malnourished adolescents, but neither
patient weight nor serum albumin levels increased while
on IDPN therapy [12]. To our knowledge, the current
study is the first to evaluate the effectiveness of IDPN
therapy and compare the accuracy of nPCR with that of
serum albumin as a marker of nutritional status in se-
verely malnourished pediatric patients.

Our data demonstrate that IDPN was effective supple-
mental therapy in all three of our patients with PEM. All
patients exhibited weight and BMI gain within 6 weeks
of initiation of IDPN therapy, despite significant gastro-
intestinal disease. No unexpected adverse effects were
noted during the course of IDPN administration. One pa-
tient could not tolerate the lipid component and another
patient, who had transient diabetes associated with pan-
creatitis, required regular insulin administration in the
IDPN preparation bag. Two patients achieved their ideal
body weight and one achieved 90% of ideal body weight
during IDPN treatment.

Our data also demonstrate that nPCR was much more
sensitive than serum albumin as a marker of PEM. Mean
monthly nPCR was significantly lower when patients
were losing weight and BMI in the pre-IDPN period
compared with the IDPN therapy period, but mean
monthly serum albumin levels were no different between
the two periods. In a recent study Krause et al. [12] also
noted no correlation between serum albumin levels and
nutrition when IDPN was used to treat four pediatric pa-
tients with PEM. Their study did not assess nPCR. Our
data suggest that nPCR may be an earlier indicator of
worsening nutritional status in adolescents receiving he-
modialysis. Since we only examined patients with PEM,
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Fig. 1 Monthly weight graph for a patient receiving chronic he-
modialysis before and during intradialytic parenteral nutrition
(IDPN) for protein-energy malnutrition

Table 1. Nutrition and hemodialysis adequacy parameters before
and during intradialytic parenteral nutrition (IDPN) (BMI body
mass index, nPCR normalized protein catabolic rate)a

Pre IDPN IDPN P

% Weight change –0.6±2.70 1.8±2.1 <0.02
% BMI change –1.3±2.7 1.3±2.1 <0.02
nPCR (g/kg per day) 1.05±0.36 1.35±0.37 <0.05
Serum albumin (g/dl) 3.7±0.8 3.8±0.6 NS
spKt/V 1.49±0.29 1.43±0.18 NS

a All values mean monthly±SD



the current study cannot assess the ability of nPCR or se-
rum albumin to predict impending PEM in a group of
better nourished children receiving hemodialysis.

Patient nutritional status was not related to the deliv-
ered dose of dialysis over the time course of study, since
patients in both the pre-IDPN and IDPN periods received
a mean spKt/V>1.4. We do not suggest that spKt/V>1.4
is an optimal or even adequate dose of dialysis, although
one pediatric study reported improvement in nPCR and
appetite in patients with spKt/V>1.3 compared with pa-
tients with spKt/V<1.3 [25]. Nevertheless, the current
study demonstrates that hemodialysis patient outcome is
dependent on more than just the amount of urea clear-
ance during hemodialysis; delivery of optimal hemodial-
ysis also requires assessment of nutritional status.

Severe PEM not amenable to intensive enteral dietary
supplementation was seen only in the adolescent subset of
our patient population. To date, infants and children with
weight loss and poor nutrition in our unit have been able to
tolerate and respond to intensive enteral supplementation.
However, none of the infants or younger children treated in
our unit has had the extensive gastrointestinal complica-
tions exhibited by the IDPN-treated patients in this study.
IDPN should be effective PEM treatment for patients of
any age who cannot tolerate enteral supplementation.

The results of the current study support the use of
IDPN to treat severe PEM in adolescent pediatric patients
receiving hemodialysis who cannot tolerate enteral sup-
plementation. IDPN can be recommended as a safe and
intensive adjunctive treatment for malnourished adoles-
cents receiving hemodialysis. Further study may be neces-
sary to determine the safety and efficacy of IDPN therapy
for treatment of severe PEM in infants and younger chil-
dren. In addition, our data are the first to suggest that
nPCR may be more sensitive than serum albumin as a
marker of nutritional status in the pediatric hemodialysis
population. Further study in a larger patient population is
required to compare the ability of nPCR and serum albu-
min to predict the development of PEM in better nour-
ished children and adolescents receiving hemodialysis.
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