
UC Irvine
UC Irvine Previously Published Works

Title
Is there a role for intradialytic parenteral nutrition? A review of the evidence.

Permalink
https://escholarship.org/uc/item/1qp5w2fg

Journal
American journal of kidney diseases : the official journal of the National Kidney 
Foundation, 55(2)

ISSN
0272-6386

Authors
Dukkipati, Ramanath
Kalantar-Zadeh, Kamyar
Kopple, Joel D

Publication Date
2010-02-01

DOI
10.1053/j.ajkd.2009.08.006

Copyright Information
This work is made available under the terms of a Creative Commons Attribution License, 
availalbe at https://creativecommons.org/licenses/by/4.0/
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/1qp5w2fg
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/


N

T
U
I
d
U
m
t
5
d
t
o

H
o
T

1
2

D
M
E

3

ARRATIVE REVIEW

Is There a Role for Intradialytic Parenteral Nutrition? A Review
of the Evidence

Ramanath Dukkipati, MD,1 Kamyar Kalantar-Zadeh, MD, PhD, MPH,1 and Joel D. Kopple, MD1,2

Protein-energy wasting (PEW) is highly prevalent in people with stages 4 and 5 chronic kidney
disease, particularly in maintenance dialysis patients, and many indicators of PEW correlate strongly
with mortality. Consequently, the causes, prevention, and treatment of PEW are active areas of
investigation. A major cause of PEW is insufficient intake of nutrients, especially protein and energy
(calories). Standard methods for increasing nutritional intake in patients with chronic kidney disease with
PEW include dietary counseling and use of food supplements. If nutrient intake does not increase
sufficiently, tube feeding and total parenteral nutrition may be considered. For maintenance hemodialy-
sis patients, intradialytic parenteral nutrition (IDPN), an intravenous infusion of essential nutrients during
hemodialysis treatments, may be used. Many studies have evaluated the effectiveness and safety of
IDPN and show that IDPN has a good safety profile and also may improve protein-energy status.
However, most studies have limitations in experimental design, such as small numbers of patients, lack
of adequate controls, inclusion of patients without PEW, uncontrolled or unmonitored oral intake,
nonrandomized design, or short duration. Additionally, most studies used nutritional or inflammatory
indicators, rather than the more important outcomes of morbidity, mortality, or quality of life. Thus,
although IDPN may partially satisfy the nutritional needs of maintenance hemodialysis patients who
have or are at risk of PEW and who have substantial, but not adequate, protein and/or energy intake,
longer term randomized prospective clinical trials with appropriate control groups are necessary to more
definitively evaluate the clinical effectiveness and indications for IDPN.
Am J Kidney Dis 55:352-364. © 2010 by the National Kidney Foundation, Inc.

INDEX WORDS: Intradialytic parenteral nutrition; protein energy wasting.
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here presently are �400,000 people under-
going maintenance dialysis therapy in the

nited States and 1,000,000 people worldwide.1

t is projected that by 2020, the maintenance
ialysis population may be � 1 million in the
nited States and many more worldwide.2 A
ajor challenge facing maintenance dialysis pa-

ients is their high mortality rate, with current
-year survival rates � 35%. Cardiovascular
isease is the leading cause of mortality in main-
enance dialysis patients. However, modification
f traditional cardiovascular risk factors, includ-
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ng cholesterol levels, does not seem to signifi-
antly improve mortality.3 Similarly, a modest
ncrease in dialysis dose, evaluated in the Hemo-
ialysis (HEMO) Trial, has not decreased mortal-
ty.4

Protein-energy wasting (PEW) is a common
omplication in people undergoing mainte-
ance dialysis, and it is associated with higher
orbidity and mortality. Indicators of PEW

re among the strongest risk factors for mortal-
ty in maintenance dialysis patients.5,6 Indica-
ors of PEW that correlate with increased mor-
ality include decreased appetite, low protein
ntake, low serum albumin level, decreased
ody weight for height (ie, low body mass
ndex), and decreased muscle mass. There are
any causes of PEW in maintenance dialysis

atients,7 with inadequate protein and energy
ntake and inflammatory disorders among the
ost common and dominant. These consider-

tions are of particular importance because the
revalence of PEW in maintenance hemodialy-
is patients is increased in virtually all observa-
ional studies evaluating this topic, varying

rom 18%-75% across studies.8

ney Diseases, Vol 55, No 2 (February), 2010: pp 352-364
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Role for Intradialytic Parenteral Nutrition 353
Inadequate nutritional intake is considered a
ommon cause of PEW in maintenance dialysis
atients7,9 which has given rise to several ques-
ions. (1) Can nutritional support prevent or
meliorate PEW? (2) In patients with PEW, will
utritional support improve quality of life or
educe morbidity or mortality? (3) Is nutritional
upport safe?

Box 1. Nutritional Components of a Typical IDPN

Standard IDPN
Composition
final concentrations are 11% amino acids, 11.1% dex-

trose, 4.6% lipids)
Protein: 97 g
Carbohydrate: 98 g
Fat: 41 g
Nonprotein kcal: 743
Total volume: 880 mL

Infusion Regimen
(goal is 275 mL/h [895 mL])
Week 1: 105 mL/h (345 mL)
Week 2: 210 mL/h (685 mL)
Week 3: test for lipid; 125 mL/h � 30 min

Carbohydrate-Control IDPN
Composition
final concentrations are 11.6% amino acids, 8.9% dex-

trose, 4.6% lipids)
Protein: 96 g
Carbohydrate: 73.5 g
Fat: 38 g
Nonprotein kcal: 630
Total volume: 825 mL

Infusion Regimen
(goal is 255 mL/h [825 mL])
Week 1: 100 mL/h (325 mL)
Week 2: 200 mL/h (650 mL)
Week 3: test for lipid; 130 mL/h � 30 min

Note: Possible formula additions include multivitamins,
odium phosphate, and magnesium sulfate.
Abbreviation: IDPN, intradialytic parenteral nutrition.

Table 1. Nutritional Components

Neproa (240 mL) Nepro (1,000

otal calories 425 kcal (1.8
kcal/mL)

1,800 kcal
kcal/mL)

otal protein (g) 19.1 81
otal carbohydrates (g) 39.4 166.8
otal fat (g) 22.7 96

aManufactured by Abbott Laboratories (abbottnutrition.co

bManufactured by Nestle Inc (www.nestle-nutrition.com).
There are many techniques for providing
utrients to maintenance dialysis patients who
ave nutritionally inadequate food intake.
hese techniques include dietary counseling,

ood supplements, enteral tube feeding, intra-
ialytic parenteral nutrition (IDPN), and total
arenteral nutrition. The nutritional compo-
ents of a typical IDPN solution are listed in
ox 1, and examples of oral nutritional supple-
ents are listed in Table 1. Provision of nutri-

nts through both hemodialysate and perito-
eal dialysate has been used.10,11 The former is
till available only experimentally, and cur-
ently there are no Food and Drug Administra-
ion–approved amino-acid solutions available
n the United States for intraperitoneal nutri-
ion. Most nephrologists would agree that di-
tary counseling and food supplements should
e the first approach for maintenance dialysis
atients who are ingesting inadequate quanti-
ies of nutrients,8,12 and it is important to
nsure that inadequate food intake is not caused
y the lack of ability to purchase, prepare, or
ngest foods; that illnesses that might prevent
he digestion, absorption, or assimilation of
utrients are not present; and there are not
orrectible psychogenic causes for inadequate
ntake (eg, bipolar disorder or depressive
tates).13

In the opinion of the authors, enteral tube
eeding is an effective method for providing
utrients to many maintenance dialysis patients
ith PEW. However, physicians often are hesi-

ant to use this technique, and many patients are
eluctant to accept this treatment. Thus, for mal-
ourished maintenance hemodialysis patients who
re unable to respond to dietary counseling or
ood supplements, IDPN may be the treatment of

ect Oral Nutritional Supplements

Boostb Glucose
Control (237 mL)

Boost Glucose
Control (1,000 mL) Boost (240 mL)

250 kcal (1.06
kcal/mL)

1,060 kcal (1.06
kcal/mL)

240 kcal (1.0
kcal/mL)

14 58.2 10
20 84 41
12 49.4 4
of Sel

mL)

(1.8

m).

http://abbottnutrition.com
http://www.nestle-nutrition.com
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Dukkipati, Kalantar-Zadeh, and Kopple354
hoice. This treatment is not available for main-
enance peritoneal dialysis patients. This review
xamines the published research concerning the
ffectiveness of IDPN, specifically with regard
o whether IDPN offers a solution to the listed
uestions.
IDPN offers multiple potential advantages,

isted in Box 2. These include easy administra-
ion through preexisting vascular access, ready
egulation of nutritional content, prevention of

Box 2. Advantages and Disadvantages of IDPN

Advantages

1. IDPN can be provided with each dialysis session
(usually thrice weekly) through the blood tubing with-
out the need for additional venopuncture or placement
of a central catheter.

2. It provides nutritional support to patients independent
of anorexia, appetite, willingness or ability to cooper-
ate, or gastrointestinal function.

3. All needed nutrients can be provided through IDPN in
contrast to nutrition provided through the dialysate.

4. The quantity and nutrient composition of the nutritional
intake can be regulated.

5. Excess fluid and minerals and metabolic products can
be removed during the course of dialysis; therefore,
undesirable positive fluid or mineral balance or in-
creased accrual of potentially toxic metabolites can be
prevented.

6. It is a convenient way to provide supplemental nutri-
tion with little or no effort by the patient and does not
interfere with the patient’s daily activities.

Disadvantages

1. The nutritional intake is given only during hemodialy-
sis, which typically is provided for 3-4 hours thrice
weekly or �12 h/wk; therefore, IDPN is not very
effective as the sole source of nutrition.

2. Nutrients given intravenously are cleared very rapidly
from blood.

3. The short intense duration of intravenous feeding by
IDPN is unphysiologic because normal nutrient-gut
interactions are lacking and also because adult hu-
mans eating 3 or 4 meals daily spend most of their
lives in the postprandial state, in contrast to the short
intense duration of intravenous feeding by IDPN.

4. It often is expensive, although theoretically it does not
have to be.

5. It requires time and effort from the nursing staff.
6. Microbial contamination with ensuing infection in the

patient can occur.
7. There is a risk of reactive hypoglycemia, particularly if

patients are infused with large quantities of D-glucose
over short periods.

Abbreviation: IDPN, intradialytic parenteral nutrition.
et loss of amino acids and water-soluble vita-
ins during hemodialysis, and volume-neutral
utrition provision.
Disadvantages of IDPN include nutritional

upplementation for only �12 hours weekly,
imiting its effectiveness as the sole source of
utrition; rapid clearance of nutrients from
lood; and nonphysiologic circumvention of
he normal nutrient-gut interactions. Addition-
lly, IDPN is expensive and requires time and
ffort from the nursing staff. There are several
otential adverse events that may occur with
DPN. These include bacterial contamination;
eactive hypoglycemia, especially if the pa-
ient is given large amounts of glucose during
DPN (J.D. Kopple, unpublished observations,
009); and a decrease in Kt/V, probably caused
y increased urea generation from amino acids
n the IDPN solution.14 Both published reports
nd personal experience indicate that these
omplications are uncommon.

PUBLISHED STUDIES

Most studies of IDPN are characterized by �
of the limitations in experimental design listed

n Box 3. In some studies, sample sizes were
ery small, study duration was short, and not all
atients satisfied criteria for PEW or their protein-
nergy status was not well described. Often there
as little or no description of comorbid illnesses
r other confounding clinical characteristics of
atients. Oral nutrient intake or use of oral supple-

Box 3. Common Errors or Limitations in the
Experimental Design of Individual Studies of IDPN

1. Sample size too small to show benefits or lack of
benefits

2. Retrospective
3. No control group
4. Criteria for the diagnosis of protein-energy wasting

not indicated or inadequately described
5. Some patients did not have protein-energy wasting
6. Patients had heterogeneous comorbid conditions

and other confounding factors
7. Other relevant clinical characteristics of patients not

described
8. Dialysis dose not described or not standardized
9. Composition of IDPN solutions or dose of IDPN

administered not standardized
10. Short study duration
11. Oral intake of nutrients uncontrolled and often not

monitored
12. An oral nutritional supplement given to some patients
Abbreviation: IDPN, intradialytic parenteral nutrition.
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Role for Intradialytic Parenteral Nutrition 355
ents generally was not controlled; hemodialy-
is treatments, including dialysis doses, were not
tandardized or were poorly described; and some
tudies were retrospective. Tables 2 and 3 summa-
ize published reports of nonrandomized and
andomized trials of IDPN, respectively. In gen-
ral, only studies involving at least 10 patients
re listed in the tables or discussed in the text.

onrandomizedStudies of IDPN

There have been � 20 published nonrandom-
zed observational studies of IDPN (Table 2). In
eneral, these trials described an increase in
arious nutritional measures in association with
he inauguration of IDPN, with increases ob-
erved most commonly for body weight, serum
lbumin level, and/or transferrin level. However,
he lack of concurrent prospective randomized
ontrols, the phenomenon of regression to the
ean, the small number of patients studied, the

hort duration of many studies, and the lack of
etail concerning clinical and protein-energy sta-
us of patients render these clinical trials difficult
o evaluate. In the following section, we high-
ight several of the more notable observational
tudies and randomized trials of IDPN.

Heidland and Kult15 were the first to report the
se of IDPN in maintenance hemodialysis pa-
ients. They evaluated 18 patients undergoing
aintenance hemodialysis thrice weekly during
60-week study period. Patients were given

6.7 g of essential amino acids, including histi-
ine, and 250 mL of a mixture of D/L-malic acid,
ylitol, and sorbitol during the last 90 minutes of
ach hemodialysis session. During the first 3
onths, some nonessential amino acids were

dded to this mixture. In 13 patients, therapy was
iscontinued for 16 weeks. About 100 g of pro-
ein in foods was also prescribed during each
ialysis treatment, although oral intake probably
aried widely.15 After 30 weeks of IDPN, serum
lbumin and total protein levels had increased
ignificantly, whereas discontinuation of IDPN
or 16 weeks resulted in a significant decrease in
erum transferrin levels, as well as levels of
emoglobin and several complement proteins.
Piraino et al16 reported 21 maintenance hemo-

ialysis patients who received IDPN for 20
eeks. Of these, 16 patients who had lost at least
0% of their dry weight were treated with a

olution providing an average of 400 mL of 8.5% w
ssential amino acids and nonessential amino
cids with 400 mL of 50% glucose at each
ialysis session. The remaining 5 patients, who
ad lost at least 15% of their dry weight, were
reated with a solution providing essential amino
cids and 50% glucose, although the volume of
his solution is unclear. Dialysis dose was not
eported, and comorbidity was not described in
etail. Although neither patient group gained
eight or had improved serum albumin levels,

he subgroup of patients without hyperparathy-
oidism that received essential and nonessential
mino acids experienced weight gain.

Bilbrey20 reported experience with IDPN given
or at least 3 months to 47 maintenance hemodi-
lysis patients with a diagnosis of severe PEW in
hom other attempts at treatment failed. Survi-
ors showed a significant increase in serum albu-
in (3.30 � 0.38 [SD] to 3.71 � 0.30 g/dL; P �

.001) and transferrin levels (165 � 37 to 200 �
2; P � 0.001; units presumably are in milli-
rams per deciliter). No increase in these serum
rotein levels was observed in nonsurvivors.
ialysis dosage, duration of IDPN therapy, preva-

ence of diabetes mellitus, and other clinical
haracteristics were not reported.

In a study not listed in Table 2, Schulman et
l35 treated 8 malnourished hemodialysis pa-
ients with IDPN and recombinant growth hor-
one. Six weeks after therapy with IDPN alone,

erum transferrin concentrations increased; how-
ver, there was no significant change in the
rotein equivalent of total nitrogen appearance
PNA), insulin-like growth factor 1, serum albu-
in, or anthropometric measurement values.

DPN was continued for another 6 weeks, with 5
g of growth hormone given at each hemodialy-

is session, and this was associated with a signifi-
ant increase in serum albumin levels.

Capelli et al22 retrospectively described 81
atients with wasting who were undergoing main-
enance hemodialysis; 50 received IDPN and 31
id not. All patients had low serum albumin
evels; IDPN-treated patients had a body weight
t least 10% less than desirable and/or at least
0% weight loss during 2 consecutive months.
he untreated patients did not consistently have
uch low body weights or weight loss. Patients
nitially were given dietary counseling and/or
ral nutritional supplements for 2 months. Those

ho did not respond were given IDPN. It is
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Table 2. Nonrandomized Studies of IDPN

Study Design
Treatment
Duration No. With PEW

Parameters
Measured Outcome

eidland &
Kult,15

1975

18 pts; 16.75 g of EAA,
100 kcal; no control

60 wk Most did not Alb, total protein,
complement,
transferrin

Increase in Alb, total
protein,
transferrin,
complement after
16 wk therapy in
13 pts

When therapy
discontinued for 6
wk, decrease in
complement
levels, transferrin

iriano et
al,16 1981

16 pts: 16.5 g of EAA
� 1 NEAA, 200 g of
glucose

5 pts: 10.2 g of
glucose/EAA only

20 wk 5 (in EAA group
lost � 15% of
usual BW)

BW In EAA � NEAA
group, 8 pts
gained � 10%
BW, other 8 lost
weight

Pts in EAA group
gained weight if
no acute illness

owers &
Piraino,17

1989

18 pts; 250 mL of 50%
glucose, 250 mL of
RenAmina

46-165 infusions All Weight gain, Alb,
TSF, MAMC

Weight gain (12.6 �
4.9 lb) in 11/18
pts

No change in Alb
ilbrey &
Cohen,18

1989

20 pts; 50 g of EAA �
NEAA, 50 g of lipids,
125 g of glucose

90 d minimum All BW, MAMC Only MAMC
improved

atthys &
Ringoir,19

1991

10 pts; 16.75 g of EAA 3 mo All Quality of life,
Hct, BW,
degree of
edema

BW increased
starting from
month 1 of
therapy (P �
0.01)

Scoring index of
general condition
increased (P �
0.01)

ilbrey,20

1993
47 pts; 400 mL of 15%

AA, 150 mL of 70%
glucose, 250 mL of
20% lipids

90 d minimum All Alb, transferrin,
mortality

29 survived, 18 died
Survivors had

increase in Alb,
transferrin

No data for cause of
death, dialysis
dose

hertow et
al,21 1994

1,679 pts: 1.2 g of
protein/kg, 15 kcal/
kg

22,517 pts: no IDPN

12 mo or until
death

Alb, URR, odds of
death

Decrease in
mortality in IDPN-
treated pts who
had Alb � 3.3 g/
dL
(Continued)
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Table 2 (Cont’d). Nonrandomized Studies of IDPN

Study Design
Treatment
Duration No. With PEW

Parameters
Measured Outcome

apelli et
al,22 1994

50 pts: 50 g of EAA,
50 g of lipids,125 g
of glucose, dietary
suppl (discontinued
when IDPN started)

31 pts: dietary suppl

9 mo All had Alb � 3.5
g/dL, BW � 90%
of desirable BW
or BW loss �
10% over 2 mo

Alb, BW, mortality 32/50 treated pts &
16/31 untreated
pts survived

Weight gain in
treated survivors,
no weight gain in
untreated
survivors

No weight gain in
nonsurvivors in
either group

6 mo of IDPN before
change in weight
or Alb

oulks,23

1994
72 pts; 0.64 g of N/kg,

3.78 kcal/kg as
lipids, glucose

Mean, 159 d in
responders,
222 d in
nonresponders

Mortality, hosp
rate

Decreased mortality
and hosp rate in
responders

molle et
al,24 1995

16 pts; 0.8 g/kg of EAA
� NEAA

16 wk Alb, skin test
reactivity,
WBC, SCr

NAb

ranford,25

1998
43 pts; 63 g of EAA �

NEAA, 18.4 g of
lipids, 92.5 g of
carbohydrates

6 mo Alb, BUN,
hospitalizations

NAb

iroshige et
al,26 1998

10 pts: 200 mL of 50%
glucose, 200 mL of
7% EAA, 200 mL of
20% lipids

18 pts: dietary
counseling

12 mo All BW, BMI, TSF,
MAMC, Alb,
transferrin,
plasma AA
profile,
mortality

All IDPN-treated pts
survived, 5 pts
without IDPN
therapy died (3 of
sepsis, 1 of GI
bleed) during
study period

ortelmans
et al,27

1999

26 pts (16 pts
completed study, 10
pts withdrew); 250
mL of 50% glucose,
250 mL of 20%
lipids, 250 mL of 7%
AA

9 mo All BW, MAMC, lean
body mass,
transferrin,
serum preAlb

BW increased (P �
0.05); transferrin,
Alb increased

TSF increased (P �
0.05)

No such change in
pts who withdrew

londin &
Ryan,28

1999

45 ptsc 6 mo All had mean Alb �
3.2 � 0.4 g/dL

Alb, BUN,
morbidity,
URR, hosp rate

Decrease in hosp
rate (P � 0.05),
increase in Alb
(P � 0.05)
(Continued)
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Dukkipati, Kalantar-Zadeh, and Kopple358
nclear how the untreated patients were selected
or study or why they did not receive IDPN.
DPN solutions were given for an average of 9
onths and provided 50 g of essential amino

cids per dialysis session, a 10% or 20% lipid
mulsion (200-500 kcal/dialysis session), and an
mount of D-glucose that varied by diabetic sta-
us. Mortality rates were 36% in IDPN-treated
atients and 48% in untreated controls (P �
.05). However, time to death in nonsurvivors
as significantly longer in IDPN patients at 16.9 �
.9 (SD) versus 7.5 � 4.2 months (P � 0.01).
Foulks23 reported a nonrandomized study of

2 patients with PEW who were ingesting �
5% of their recommended diet and failed to
espond to dietary counseling. After the start of
DPN therapy, patients were classified as respond-
rs if they showed an increase in dry body weight
f at least 10% with IDPN or previously low
erum albumin or total protein levels increased
y 0.5 g/dL with IDPN. At baseline, responders
ad significantly lower serum albumin (2.2 �
.7 [SD] vs 3.0 � 0.8 g/dL; P � 0.0001) and
otal protein levels (5.3 � 1.0 vs 6.2 � 1.3 g/dL;

� 0.0001), but similar body weight compared
ith nonresponders. During the 6 months before

DPN, responders had higher hospitalization rates
P � 0.0001). However, during IDPN, 52% of
esponders were hospitalized compared with 76%
f nonresponders (P � 0.0001), with the hospital-
zation rate during IDPN decreasing significantly
n only responders. The mortality rate also was

Table 2 (Cont’d). Non

Study Design
Treatment
Duration

herry,29

2002
24 pts; 250 or 500 mL

of 10% AA, 250 mL
of 50% glucose, 250
mL of 20% fat
emulsion

4.3 mo (mean)

Note: Only studies with � 10 total patients are listed. Co
88.4; serum urea nitrogen in mg/dl to mmol/L, �0.357.
Abbreviations and definitions: AA, amino acids; Alb, se
eight; EAA, essential amino acids; GI, gastrointestinal; H
arenteral nutrition; MAMC, midarm muscle circumference
EW, protein-energy wasting; pt, patient; SCr, serum crea

eduction ratio; WBC, white blood cell count.
aRenAmin, a solution of essential and nonessential amin
bPublication not accessible to authors.
cIncomplete data provided.
ignificantly lower during IDPN in responders. t
In the largest study to date, Chertow et al21

etrospectively compared 1,679 maintenance he-
odialysis patients who had received IDPN with

2,517 control patients after adjustment for case
ix and urea reduction ratios. For patients who

ad baseline serum albumin levels � 3.3 g/dL,
reatment with IDPN, after adjustment for case
ix and predialysis serum creatinine levels, was

ssociated with a reduction in the odds ratio of
eath at 1 year. In contrast, increased 1-year
ortality was observed in patients receiving IDPN
ho had a serum albumin level � 3.5 g/dL. The

urvival effect of IDPN was stronger in mainte-
ance hemodialysis patients with baseline predi-
lysis serum creatinine concentrations � 8.0
g/dL, potentially identifying individuals who

ad more to gain from IDPN.
Hiroshige et al26 studied 28 maintenance hemo-

ialysis patients � 70 years old with a diagnosis
f protein-energy malnutrition. All patients were
dvised to receive IDPN, but 18 patients refused
nd were managed nutritionally using dietary
ounseling by a certified dietitian. The other 10
atients received IDPN for 1 year that provided
00 mL of 50% glucose, 200 mL of 20% lipid
mulsion, and 200 mL of 7.1% essential amino
cids per dialysis session. In this nonrandomized
tudy, baseline nutritional measures in the 2
roups did not differ significantly. During IDPN
reatment, there was a significant increase in
erum albumin and transferrin levels, total lym-
hocyte count, body weight, triceps skinfold

ized Studies of IDPN

. With PEW
Parameters
Measured Outcome

Alb, dry BW Increase in dry BW,
Alb

on factors for units: serum creatinine in mg/dL to mmol/L,

bumin; BUN, serum or plasma urea nitrogen; BW, body
atocrit; Hosp rate, hospitalization rate; IDPN, intradialytic
ogen; NA, not available; NEAA, nonessential amino acids;
suppl, supplementation; TSF, triceps skin fold; URR, urea

, is manufactured by Baxter (www.baxter.com).
random

No

All

nversi

rum al
ct, hem
; N, nitr
tinine;

o acids
hickness, and midarm muscle circumference.

http://www.baxter.com
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Role for Intradialytic Parenteral Nutrition 359
he group treated with dietary counseling with-
ut IDPN showed a significant decrease in all
hese parameters. Five patients died in the con-
rol group, whereas there were no deaths in
DPN patients (P � 0.02). Plasma levels of
ssential amino acids and some nonessential
mino acids increased and 3-methylhistidine lev-
ls decreased in IDPN patients; the group not
eceiving IDPN showed a decrease in plasma
ssential amino acid levels.

rospectiveRandomizedControlled Trials

Some of the larger randomized controlled tri-
ls of IDPN are listed in Table 3. In an early
tudy not listed in Table 3, Guarnieri et al36

andomly assigned 18 adults undergoing mainte-
ance hemodialysis to 1 of 3 IDPN treatment

Table 3. Rando

Study Design
Treatm
Durati

oigo et al,30

1989
11 pts: 26.5 g of modified EAA
10 pts: 24 g of EAA � NEAA

6 m

ano et al,31

1990
12 pts: 0.08 g of N/kg (/HD

session) from EAA �
NEAA, 1.6 g/kg (/HD
session) lipids

14 pts: no intervention

3 m

cCann et
al,14 1999

19 pts; 70% glucose, 15% AA,
20% lipids

11 w

avarro et al,32

2000
17 pts 3 m

ano et al,33

2006
17 pts: olive oil–based IV lipid

emulsion
18 pts: soybean oil–based IV

lipid emulsion

5 w

ano et al,34

2007
89 pts: IDPN
93 pts: control

12 m

Note: Only clinical trials with � 10 patients are listed.
Abbreviations and definitions: AA, amino acids; Alb, se

ssential amino acids; HD, hemodialysis; Hosp rate, h
ntravenous; MAMC, midarm muscle circumference; N, nitr
rotein catabolic rate; PEW, protein-energy wasting; pt, pat
roups: essential amino acids, a combination of e
ssential and nonessential amino acids, or an
socaloric infusion of 5% glucose alone. Patients
eceived these infusions thrice weekly for only 2
onths. The IDPN solutions provided very few

alories. Most or all of the patients had PEW.
he only significant change was an increase in
ody weight (P � 0.05) in patients receiving
ssential amino acids. No adverse effects were
oted during or after the amino acid infusions,
xcept for 1 patient who reported nausea. This
ame group of investigators later assigned 21
aintenance hemodialysis patients in random

rder to receive IDPN that provided as its nitro-
en source either essential amino acids alone (11
atients) or a mixture of essential and nonessen-
ial amino acids (10 patients).30 At baseline,

ean serum albumin level was normal, average

tudies of IDPN

o. With
PEW

Parameters
Measured Outcome

None Nerve conduction
velocity, Alb

Decrease in Alb in EAA �
NEAA group

All BW, appetite,
MAMC

Increase in calorie (9
kcal/kg/d) and protein
intake (0.25 g/kg/d) in
IDPN-treated pts

NA Delivered Kt/V,
URR

Decrease in delivered
Kt/V in pts who
received AA-containing
IDPN

Positive net AA balance
Increase in PCR, Alb,

transferrin
Both groups showed

similar improvement in
nutritional status,
plasma lipid, oxidative
and inflammatory
parameters

All Primary end point,
all-cause
mortality;
secondary end
points, hosp
rate, BW,
Karnofsky
score, BMI

No difference in hosp rate
or mortality between 2
groups

lbumin; BMI, body mass index; BW, body weight; EAA,
ization rate; IDPN, intradialytic parenteral nutrition; IV,
NA, not available; NEAA, nonessential amino acids; PCR,
RR, urea reduction ratio.
mized S

ent
on

N

o

o

k

o

k

o

rum a
ospital
ogen;
nergy intake was low, and mean body weight
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Dukkipati, Kalantar-Zadeh, and Kopple360
nd protein intake were marginally decreased.
uring IDPN treatment, which was conducted

or 6 months, the group given essential plus
onessential amino acids showed a significant
ecrease in serum albumin levels and nerve
onduction velocities and an increase in normal-
zed PNA (nPNA; also referred to as normalized
rotein catabolic rate [nPCR]). The group given
ssential amino acids showed an increase in
erve conduction velocities.
In a 12-week intervention study, Cano et al31

valuated 26 patients with PEW who were under-
oing maintenance hemodialysis. In the 12 pa-
ients receiving IDPN, there was a significant
ncrease in body weight, midarm muscle circum-
erence, serum albumin and prealbumin levels,
reatinine appearance, skin test reactivity, plasma
eucine level, and apolipoprotein A-I level,
hereas none of these values increased in the

ontrol group not receiving IDPN. At baseline,
ndividuals assigned to IDPN had nonsignifi-
antly lower baseline values for many of these
easurements, possibly contributing to the in-

rease in values during IDPN. Although patients
eceived fat, 1.6 g/kg, and nitrogen, 0.08 g/kg,
rom essential and nonessential amino acids and
lycyl-tyrosine, plasma lipid levels did not
hange, except for the increase in plasma apoli-
oprotein A-I level. The authors concluded that
his IDPN solution with high fat intake was
ffective and safe with regard to plasma lipids.

The French Intradialytic Nutrition Evaluation
tudy (FineS) is the largest and most carefully
onitored prospective study of IDPN conducted

o date.34 A total of 186 adults aged 18-80 years
ho were undergoing maintenance hemodialysis

or � 6 months were randomly assigned to
eceive (n � 93) or not receive (n � 93) IDPN at
ach hemodialysis session for 1 year. Both groups
eceived oral nutritional supplements. To qualify
or inclusion in the study, patients had at least 2
f the following indicators of PEW: (1) body
ass index � 20 kg/m2, (2) body weight loss �

0% within 6 months, (3) serum albumin level �
.5 g/dL, and (4) serum prealbumin level � 30
g/dL. Exclusion criteria were � 12 hours of
eekly dialysis, single-pool weekly Kt/V � 1.2,
arenteral nutrition received within the 3 months
receding the study, severe comorbid conditions

hat compromise 1-year survival, fasting serum a
riglyceride level � 300 mg/dL, and hospitaliza-
ion at the time of randomization.

Patients were followed up for 2 years, with
utritional intake from all sources and protein-
nergy status monitored at 0, 3, 6, 12, 18, and 24
onths. At months 3, 6, and 12, IDPN provided

he equivalent of 6.6 � 2.6 (SD), 6.4 � 2.1, and
.1 � 2.2 kcal/kg/d and protein (given as amino
cids) of 0.26 � 0.08, 0.25 � 0.09, and 0.24 �
.10 g/kg/d, respectively. This estimate divides
he quantity of nutrients given by IDPN thrice
eekly during hemodialysis by 7 to estimate the

ime-averaged daily dose. At 3, 6, and 12 months,
ral supplements provided 5.9 � 2.6, 5.8 � 2.5,
nd 5.6 � 2.7 kcal/kg/d and protein of 0.39 �
.18, 0.38 � 0.18, and 0.37 � 0.18 g/kg/d.
ntake of nutrients from spontaneous eating, oral
ood supplements, and IDPN varied from center
o center and patient to patient.

During the trial, both groups showed similar
mprovements in indicators of PEW, hospitaliza-
ion rates, and mortality (no statistical difference
etween groups for each outcome). Karnofsky
cores did not change from baseline in either
roup. Strictly speaking, there was no control
roup to compare the effectiveness of IDPN
ersus no nutritional support because both groups
eceived oral nutritional supplements. The au-
hors noted that FineS, although the largest ran-
omized prospective trial of IDPN ever con-
ucted, was underpowered to test the hypothesis
f whether IDPN with oral nutritional supple-
ents decreases mortality more than IDPN with-

ut oral nutritional supplements, with the im-
rovement in nutritional status observed in both
reatment groups potentially reflecting informa-
ive censoring due to death and/or drop out.

oes IDPN ImproveNutritional Status?

Some physicians questioned whether hemodi-
lysis would remove an excessive amount of the
mino acids infused during IDPN. Wolfson et
l37 examined this question in 8 clinically stable
aintenance hemodialysis patients. Each patient
as studied twice, while fasting and while they
nderwent their typical 5-hour hemodialysis treat-
ents using low-flux dialyzer membranes. Dur-

ng 1 hemodialysis treatment, they received an
nfusion of 800 mL of normal saline, and during
he other hemodialysis treatment, they received

n infusion of an equal volume containing 39.5 g
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Role for Intradialytic Parenteral Nutrition 361
f essential and nonessential amino acids and
00 g of D-glucose monohydrate. The order of
dministration of the 2 infusions with hemodialy-
is was determined randomly. Free amino acid
osses into dialysate were 8.2 � 3.1 g during the
ormal saline infusion and increased only slightly
ith the infusion of essential and nonessential

mino acids and glucose to 12.6 � 3.6 g, indicat-
ng that 79% of infused amino acids were re-
ained. When patients underwent hemodialysis
ith the infusion of essential and nonessential

mino acids and glucose, plasma amino acid
oncentrations increased by 20%, whereas dur-
ng saline administration, plasma amino acid
evels decreased by 33%.37 If one compares the
mino acids lost into dialysate with the magni-
ude of the decrease in plasma (and, hence,
xtracellular) amino acid levels, it is apparent
hat most amino acid losses in these fasting
atients who did not receive IDPN came from
he intracellular compartment. It is possible that
hese amino acid losses transiently alter cellular
rotein metabolism and may engender a cata-
olic state (discussed later).

oes IDPNAffect Protein Synthesis
rDegradation?

Ikizler et al38 and Pupim et al39 examined this
uestion in several studies. They first investi-
ated the acute effects of hemodialysis on pro-
ein turnover in postabsorptive patients.38 Total-
ody protein and forearm protein synthesis and
egradation were measured in 11 clinically stable
aintenance hemodialysis patients before, dur-

ng, and for 2 hours after undergoing mainte-
ance hemodialysis.38 Patients fasted for at least
0 hours before the initiation of each study. They
eceived a constant infusion of L-(1-13C) leucine
nd L-(ring–2H5) phenylalanine starting 2 hours
efore the hemodialysis session and lasting until
hours afterward. During hemodialysis, total-

ody protein and forearm muscle protein degra-
ation increased significantly and remained in-
reased after dialysis. Protein synthesis in the
orearm, but not the total body, also increased
uring hemodialysis, and protein synthesis in
oth compartments was increased postdialysis
ompared with baseline levels. Total-body net
rotein balance became significantly more nega-
ive during hemodialysis; during the postdialysis

eriod, total-body protein balance decreased sig- m
ificantly, but was still significantly more nega-
ive than baseline values. Net protein loss in the
orearm also increased significantly during hemo-
ialysis, but decreased to baseline levels during
he postdialysis period.

These investigators then examined the acute
etabolic response to IDPN.39 Seven clinically

table patients who underwent maintenance he-
odialysis with a single-pool Kt/V of at least 1.4

nd no evidence of malnutrition or inflammation
ere studied during two 4-hour hemodialysis

essions, once while receiving IDPN and once
hile they were not. Each IDPN provided 300
L of 15% essential and nonessential amino

cids, 150 mL of 50% glucose, and 150 mL of
0% lipids. The order of the 2 treatments was
etermined randomly, and patients fasted for at
east 10 hours before the initiation of each study.
atients again received a constant infusion of
-(1-13C) leucine and L-(ring–2H5) phenylala-
ine starting 2 hours before the hemodialysis
ession until 2 hours afterward. During hemodi-
lysis without IDPN in these fasting patients, net
otal-body protein and forearm protein balance
ere negative. During hemodialysis with IDPN

ompared with hemodialysis without IDPN, total-
ody protein and forearm protein synthesis were
ore positive and total-body protein degradation
as decreased. Forearm muscle protein degrada-

ion was greater with IDPN, but not significantly
o. Net total-body protein balance and forearm
rotein balance were substantially more positive
ith IDPN than without IDPN. The anabolic

tate induced by IDPN abated during the 2-hour
eriod immediately after hemodialysis when in-
ravenous nutrition was no longer given. These
cute studies do not indicate whether the protein
ccrued during IDPN is retained throughout the
ubsequent interdialytic interval. Moreover, if
atients received IDPN consistently, it is not
nown whether this anabolic response would
ontinue, and if so, at what magnitude.

In a subsequent report, Pupim et al40 com-
ared the response of IDPN with intradialytic
ral nutrition and no nutritional support during
emodialysis in 8 clinically stable maintenance
emodialysis patients. The oral nutrition pro-
ided 57 g of amino acids, 48 g of lipids, 109 g of
arbohydrates, and 1,090 kcal and was adminis-
ered in 3 equal feedings at 30, 90, and 150

inutes after the onset of the 4-hour hemodialy-
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Dukkipati, Kalantar-Zadeh, and Kopple362
is treatment. IDPN provided a slightly different
utritional mix with 59 g of amino acids, 26 g of
ipids, 197 g of carbohydrates, and 752 kcal and
as administered starting 30 minutes after the
nset of the hemodialysis treatment until its
ermination. Results showed that with both IDPN
nd oral nutrition compared with no nutritional
reatment, total-body protein synthesis was sig-
ificantly increased, total-body protein degrada-
ion tended to be decreased, and net protein
alance was significantly and dramatically more
ositive. During the 2 hours postdialysis, total-
ody protein synthesis was increased in only the
ral nutrition patients; there were no differences
etween the 2 groups in proteolysis, but net
otal-body protein balance was significantly more
egative in the oral nutrition group than in the
DPN or no nutritional treatment groups. In the
orearm during IDPN and oral nutrition and for 2
ours postdialysis compared with no nutritional
reatment, protein synthesis tended to be in-
reased, although these trends were not signifi-
antly different. Forearm protein degradation was
ot different among the 3 groups during IDPN or
ral nutrition or for 2 hours afterward. However,
et forearm protein balance was significantly
ore positive during both IDPN and oral nutri-

ion. During the 2 hours postdialysis, forearm
rotein balance was significantly more positive
n the oral nutrition group compared with pa-
ients receiving IDPN or no nutritional treat-
ent.

INDICATIONS FOR IDPN

Indications for IDPN are difficult to define
ecause the benefits of this treatment to mainte-
ance hemodialysis patients have never been
learly shown in randomized controlled clinical
rials. There is a general consensus that patients
ho can eat or ingest food supplements should
e nourished using these methods.34 It is the
pinion of the authors that people who cannot
aintain adequate protein-energy status by inges-

ion of foods and nutritional supplements should
e considered for tube feeding, which is effec-
ive, relatively safe, inexpensive, and more physi-
logic compared with intravenous feeding. Re-
rettably, many patients and physicians are

eluctant to accept this nutritional therapy. p
OBTAINING IDPN IN THE UNITED STATES

Patients with dual coverage with Medicare
nd Medicaid incur no out-of-pocket expenses
or receiving IDPN, assuming that their plans
ill cover IDPN. For Medicaid-only patients,

pproval of IDPN is not uniform, although many
tates will pay for IDPN. For outpatients who
ave Medicare, Medicare Part D oversees reim-
ursement for IDPN, with the requirement that
erum albumin level is � 3.4 g/dL on a 3-month
verage or the patient has had a � 5% weight
oss during 3 months and there have been at-
empts at oral nutrition and counseling. Some
atients who have Medicare Part D or whose
rescription medications are covered by private
nsurers have uneven coverage, and even among
nsurers who provide coverage, some costs may
e required to be borne by the patient. IDPN
enerally is not approved by most health mainte-
ance organizations. Pentec (www.pentechealth.
om) and Nutrepletion (www.nutrepletion.com)
re the 2 largest suppliers of IDPN in the United
tates. For hospitalized patients, IDPN is cov-
red under Medicare part A.41,42 Both Medicare
nd most private insurance carriers recommend
iscontinuation of IDPN if serum albumin level
s � 3.8 g/dL for � 3 consecutive months.

CONCLUSION

Notwithstanding the lack of data that defini-
ively show either effectiveness or a lack of
enefit of IDPN, intuitively it would seem that
here is a role for IDPN in the nutritional support
f maintenance hemodialysis patients. IDPN most
ommonly is recommended for patients who
ither have or are at high risk of developing PEW
nd for whom no other apparent methods for
outine nutritional or non-nutritional treatment
f their wasting have succeeded (eg, dietary
ounseling, psychotherapy, food supplements, at-
empts at tube feeding, and treatment of catabolic
nfections, other inflammatory conditions, or aci-
emia). Because IDPN as the sole source of
utrition given thrice weekly almost certainly
ill not maintain good protein-energy nutritional

tatus or correct PEW, IDPN should be used only
n concert with other sources of nutritional in-
ake. These other sources of nutritional intake
robably should provide at least 50%-80% of the

atient’s protein and energy needs. Occasionally,

http://www.pentechealth.com
http://www.pentechealth.com
http://www.nutrepletion.com
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Role for Intradialytic Parenteral Nutrition 363
patient’s nutritional intake is so low that it turns
ut not to be possible to nourish the patient using
ny oral or enteral technique. Such individuals
ay require total parenteral nutrition.

ACKNOWLEDGEMENTS
Financial Disclosure: None.

REFERENCES
1. US Renal Data System. USRDS 2006 Annual Data

eport. Am J Kidney Dis. 2007;49:1-296.
2. Lysaght MJ. Maintenance dialysis population dynam-

cs: current trends and long-term implications. J Am Soc
ephrol. 2002;13(suppl 1):S37-40.
3. Wanner C, Krane V, Marz W, et al. Atorvastatin in

atients with type 2 diabetes mellitus undergoing hemodialy-
is. N Engl J Med. 2005;353:238-248.

4. Eknoyan G, Beck GJ, Cheung AK, et al. Effect of
ialysis dose and membrane flux in maintenance hemodialy-
is. N Engl J Med. 2002;347:2010-2019.

5. Kalantar-Zadeh K, Kilpatrick RD, Kuwae N, et al.
evisiting mortality predictability of serum albumin in the
ialysis population: time dependency, longitudinal changes
nd population-attributable fraction. Nephrol Dial Trans-
lant. 2005;20:1880-1888.
6. Kovesdy CP, Kalantar-Zadeh K. Why is protein-

nergy wasting associated with mortality in chronic kidney
isease? Semin Nephrol. 2009;29:3-14.
7. Dukkipati R, Kopple JD. Causes and prevention of

rotein-energy wasting in chronic kidney failure. Semin
ephrol. 2009;29:39-49.
8. Fouque D, Kalantar-Zadeh K, Kopple J, et al. A

roposed nomenclature and diagnostic criteria for protein-
nergy wasting in acute and chronic kidney disease. Kidney
nt. 2008;73:391-398.

9. Shinaberger CS, Kilpatrick RD, Regidor DL, et al.
ongitudinal associations between dietary protein intake
nd survival in hemodialysis patients. Am J Kidney Dis.
006;48:37-49.
10. Chazot C, Shahmir E, Matias B, et al. Dialytic nutri-

ion: provision of amino acids in dialysate during hemodialy-
is. Kidney Int. 1997;52:1663-1670.

11. Kopple JD, Bernard D, Messana J, et al. Treatment of
alnourished CAPD patients with an amino acid based

ialysate. Kidney Int. 1995;47:1148-1157.
12. Kopple JD. Therapeutic approaches to malnutrition

n chronic dialysis patients: the different modalities of nutri-
ional support. Am J Kidney Dis. 1999;33:180-185.

13. Mehrotra R, Kopple JD. Nutritional management of
aintenance dialysis patients: why aren’t we doing better?
nnu Rev Nutr. 2001;21:343-379.
14. McCann L, Feldman C, Hornberger J, et al. Effect of

ntradialytic parenteral nutrition on delivered Kt/V. Am J
idney Dis. 1999;33:1131-1135.
15. Heidland A, Kult J. Long-term effects of essential

mino acids supplementation in patients on regular dialysis

reatment. Clin Nephrol. 1975;3:234-239. o
16. Piraino AJ, Firpo JJ, Powers DV. Prolonged hyperali-
entation in catabolic chronic dialysis therapy patients.

PEN J Parenter Enteral Nutr. 1981;5:463-477.
17. Powers DV JA, Piraino AJ. Prolonged intradialysis

yperalimentation in chronic hemodialysis patients with an
mino acid solution RenAmin formulated for renal failure.
n: Kinny JM, Brown PR, eds. Perspectives in Clinical
utrition. Baltimore, MD: Urban & Schwarzenberg, 1989:
91-205.
18. Bilbrey GL, Cohen TL. Identification and treatment

f protein calorie malnutrition in chronic hemodialysis pa-
ients. Dial Transplant. 1989;18:669-677.

19. Matthys DAVR, Ringoir SM. Benefit of intravenous
ssential amino acids in catabolic patients on chronic hemo-
ialysis. Acta Clin Belg. 1991;46:150-158.
20. Bilbrey GL. IDPN is beneficial for selected dialysis

atients. Semin Dial. 1993;6:168-170.
21. Chertow GM, Ling J, Lew NL, et al. The association

f intradialytic parenteral nutrition administration with sur-
ival in hemodialysis patients. Am J Kidney Dis. 1994;24:
12-920.
22. Capelli JP, Kushner H, Camiscioli TC, et al. Effect

f intradialytic parenteral nutrition on mortality rates in
nd-stage renal disease care. Am J Kidney Dis. 1994;23:
08-816.
23. Foulks CJ. The effect of intradialytic parenteral nutri-

ion on hospitalization rate and mortality in malnourished
emodialysis patients. J Ren Nutr. 1994;4:5-10.

24. Smolle KH, Kaufmann P, Holzer H, Druml W. Intra-
ialytic parenteral nutrition in malnourished patients on
hronic haemodialysis therapy. Nephrol Dial Transplant.
995;10:1411-1416.
25. Cranford W. Cost effectiveness of IDPN therapy
easured by hospitalizations and length of stay. Nephrol
ews Issues. 1998;12:33-35, 37-39.
26. Hiroshige K, Iwamoto M, Kabashima N, et al. Pro-

onged use of intradialysis parenteral nutrition in elderly
alnourished chronic haemodialysis patients. Nephrol Dial

ransplant. 1998;13:2081-2087.
27. Mortelmans AK, Duym P, Vandenbroucke J, et al.

ntradialytic parenteral nutrition in malnourished hemodialy-
is patients: a prospective long-term study. JPEN J Parenter
nteral Nutr. 1999;23:90-95.
28. Blondin J, Ryan C. Nutritional status: a continuous

uality improvement approach. Am J Kidney Dis. 1999;33:
98-202.
29. Cherry NSK. Efficacy of intradialytic parenteral nutri-

ion in malnourished hemodialysis patients. Am J Health
yst Pharm. 2002;59:1736-1741.
30. Toigo GSR, Tamaro G, Bianco A, et al. Effect of

ntravenous supplementation of a new essential amino acid
ormulation in hemodialysis patients. Kidney Int. 1989;36:
78-281.
31. Cano N, Labastie-Coeyrehourq J, Lacombe P, et al.

erdialytic parenteral nutrition with lipids and amino acids
n malnourished hemodialysis patients. Am J Clin Nutr.
990;52:726-730.
32. Navarro JF, Mora C, Leon C, et al. Amino acid

osses during hemodialysis with polyacrylonitrile mem-
ranes: effect of intradialytic amino acid supplementation

n plasma amino acid concentrations and nutritional



v
2

p
b
1

p
i
t
2

e
l
t

m
t

d
c

a
a
2

l
m
2

I
c
t

t
P

Dukkipati, Kalantar-Zadeh, and Kopple364
ariables in nondiabetic patients. Am J Clin Nutr.
000;71:765-773.
33. Cano NJ, Saingra Y, Dupuy AM, et al. Intradialytic

arenteral nutrition: comparison of olive oil versus soy-
ean oil-based lipid emulsions. Br J Nutr. 2006;95(1):152-
59.
34. Cano NJ, Fouque D, Roth H, et al. Intradialytic

arenteral nutrition does not improve survival in malnour-
shed hemodialysis patients: a 2-year multicenter, prospec-
ive, randomized study. J Am Soc Nephrol. 2007;18:2583-
591.
35. Schulman G, Wingard RL, Hutchison RL, et al. The

ffects of recombinant human growth hormone and intradia-
ytic parenteral nutrition in malnourished hemodialysis pa-
ients. Am J Kidney Dis. 1993;21:527-534.

36. Guarnieri G, Faccini L, Lipartiti T, et al. Simple
ethods for nutritional assessment in hemodialyzed pa-

ients. Am J Clin Nutr. 1980;33:1598-1607.

37. Wolfson M, Jones MR, Kopple JD. Amino acid losses p
uring hemodialysis with infusion of amino acids and glu-
ose. Kidney Int. 1982;21:500-506.

38. Ikizler TA, Pupim LB, Brouillette JR, et al. Hemodi-
lysis stimulates muscle and whole body protein loss and
lters substrate oxidation. Am J Physiol Endocrinol Metab.
002;282:E107-116.
39. Pupim LB, Flakoll PJ, Brouillette JR, et al. Intradia-

ytic parenteral nutrition improves protein and energy ho-
eostasis in chronic hemodialysis patients. J Clin Invest.

002;110:483-492.
40. Pupim LB, Majchrzak KM, Flakoll PJ, Ikizler TA.

ntradialytic oral nutrition improves protein homeostasis in
hronic hemodialysis patients with deranged nutritional sta-
us. J Am Soc Nephrol. 2006;17:3149-3157.

41. Moore E, Celano J. Challenges of providing nutri-
ional support in the outpatient dialysis setting. Nutr Clin
ract. 2005;20(2):202-212.
42. Fuhrman P. Intradialytic parenteral nutrition and intra-
eritoneal nutrition. Nutr Clin Pract. 2009;24:470-480.


	Is There a Role for Intradialytic Parenteral Nutrition? A Review of the Evidence
	PUBLISHED STUDIES
	Nonrandomized Studies of IDPN
	Prospective Randomized Controlled Trials
	Does IDPN Improve Nutritional Status?
	Does IDPN Affect Protein Synthesis or Degradation?

	INDICATIONS FOR IDPN
	OBTAINING IDPN IN THE UNITED STATES
	CONCLUSION
	ACKNOWLEDGEMENTS
	REFERENCES




