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Intradialytic parenteral nutrition and intraperitoneal nutrition
are methods to provide supplemental nutrition support to
patients with chronic kidney disease (also referred to as end-
stage renal disease) while they are receiving dialytic therapy.
There has been considerable controversy over indications and
benefits of intradialytic parenteral nutrition and intraperitoneal
nutrition. A major stumbling block had been problematic reim-
bursement for the therapy under Medicare. Medicare Part D

has alleviated some of the reimbursement obstacles and has
increased interest in reexamining the benefits and burdens of
supplemental nutrition support therapies for patients receiving
dialysis. (Nutr Clin Pract. 2009;24:470-480)
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n 2002, approximately 308,861 people in the United

States and 1.2 million people worldwide were receiv-

ing dialysis.! Thus, based on the 2002 numbers and
an average growth rate of 6% per year, about 438,125
people received dialysis in the United States in 2008. It is
estimated that approximately 40%-50% of patients on
dialysis are malnourished, and 10% of these patients are
severely malnourished.?* In the United States, this trans-
lates to about 43,812 severely malnourished patients on
dialysis.

Intradialytic parenteral nutrition (IDPN) and intraperi-
toneal nutrition (IPN), as interventions for improving nutri-
tion status, have a checkered history of acceptance and use.
Initially, there was enthusiasm for both as adjunct nutrient
sources for dialysis patients. As the nutrition scientific com-
munity focused on using the gastrointestinal (GI) tract as
an avenue for providing nutrition, and as the difficulties of
receiving reimbursement through Medicare for IDPN and
IPN escalated, interest waned. Now that reimbursement
issues are less problematic and clinicians continue to strug-
gle with the challenges of convincing dialysis patients to
consistently consume oral nutrition supplements, interest
in IDPN and IPN has been renewed. This article discusses
prevalence and incidence of malnutrition in the dialysis
patient population, indications and contraindication for
IDPN and IPN, and the current state of Medicare reim-
bursement for these therapies.
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Malnutrition in Chronic Kidney Disease

Malnutrition, similar to its effect in other medical condi-
tions, contributes to an increased risk of mortality and
morbidity in patients receiving hemodialysis and perito-
neal dialysis.*” To assess nutrition status, serum albumin
levels are often monitored as a nutrition indicator in this
patient population. The Centers for Medicare and
Medicaid’s End-Stage Renal Disease (ESRD) Program
Interpretive Guidance provides the most recent guidance
related to the Conditions for Coverage for ESRD
Facilities.® The Measures Assessment Tool (MAT) recom-
mends a goal for serum albumin levels of >4 g/dL. An
outcome-oriented plan must be developed and imple-
mented for all patients experiencing nutrition-related
problems with progress toward goals documented. In the
event that progress does not occur, all factors affecting
the lack of progress must be identified and documented.

Although the role of serum albumin levels in deter-
mining nutrition status continues to be debated,”'" it is
clear that hypoalbuminemia is a prognostic indicator for
an increased risk of mortality and morbidity. Results of
published trials show that implementation of nutrition
interventions in chronic kidney disease (CKD) patients
increased serum albumin levels an average of 0.2 g/dL
(range, 0.1-0.3 g/dL)."* The potential impact of changes
in albumin levels on outcome risks and treatment costs in
an existing patient database (n = 77,205) were analyzed
by Lacson and colleagues.'? A serum albumin level <3.5
g/dL was associated with a 2-fold increase in the risk of
hospitalization and death compared with a serum albu-
min level of 4 g/dL (P < .001). It was also suggested that
increasing the serum albumin concentration by 20.2 g/dL
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Table 1. Factors That Contribute to Malnutrition in
Patients With Chronic Kidney Disease'*'¢

Cultural factors

Depression

Gastrointestinal symptoms

Gastroparesis

Inadequate dialysis

Inadequate oral intake

Increased energy requirements

Increased nutrient losses

Inflammation

Lack of assistance with shopping and cooking
Malabsorption

Medications (interactions, side-effects, and pill burden)
Metabolic acidosis

Nutrient losses during dialysis

Poor understanding of the diet modifications
Restricted food and fluid intake

Sleep deprivation

Socioeconomic factors

Uremia

reduced mortality rate, hospitalizations, and treatment
costs. In economic terms, the potential benefit of increas-
ing albumin levels in patients living in the United States
receiving dialysis was hypothesized to save ~1400 lives,
avoid ~6000 hospitalizations, and save ~$36 million for
Medicare because of a decrease in ~20,000 hospital days.

A multitude of factors can affect the nutrition status
of patients with CKD. Uremia contributes to decreased
appetite and nausea.'*'"” Deranged metabolism attributa-
ble to kidney failure, chronic metabolic acidosis, and other
comorbid diseases such as diabetes mellitus affects the
assimilation and utilization of nutrients."*'* Socioeconomic
and cultural factors can influence food procurement, pref-
erences, and tolerance as well as result in disparities in
healthcare access and linguistic challenges in communi-
cation that can hinder effective education.'*'

In addition to impaired intake and tolerance of foods,
considerable nutrient losses from the dialysis process
itself can occur. Patients undergoing hemodialysis can
lose 10-12 g of protein per dialysis session as well as
water-soluble vitamins and trace elements.'”"” Likewise,
peritoneal dialysis patients can lose 5-15 g of protein per
day.?® Because of the severe restrictions imposed by the
renal diet, including fruits, vegetables, dairy, and fluids,
patient compliance with the diet can also lead to chal-
lenges. When oral liquid supplements are used in an
effort to increase oral nutrient intake, taste fatigue can
develop, reducing patient acceptance and consumption.
Oral supplements are frequently discontinued for eco-
nomic reasons. Increased nutrient losses and decreased
intake work in tandem to produce negative energy, pro-
tein, and micronutrient balances. Table 1 provides a list

of factors that can contribute to malnutrition in patients
with CKD.

Inflammation is thought to play an integral role in the
development of malnutrition in the dialysis patient.
Inflammatory mediators contribute to the reprioritization
of hepatic protein synthesis with increased cytokines and
positive acute phase proteins, and decreased negative
acute phase proteins.”'! The resting metabolic rate is also
reportedly increased by 13% in dialysis patients with
infections.?! Protein catabolism, lipolysis, and anorexia
are additional consequences related to inflammation.
Obesity can contribute to the inflammatory state of the
patient with CKD.?* A C-reactive protein (CRP) level >3
mg/dL (<1 mg/dL = low risk; 1-3 mg/dL = average risk;
and >3 mg/dL = high risk of cardiovascular disease
[CVD]) was noted to be 2.5 times higher in patients on
dialysis with a body mass index (BMI) >30 kg/m? com-
pared with <25 kg/m?.%

The cytokine interleukin-6 (IL-6) is a primary media-
tor of increased CRP, amyloid A, and fibrinogen levels
that also decreases serum albumin levels.?* Of note, ele-
vated positive acute phase proteins and subclinical infec-
tions were observed in 25%-50% of patients with CKD.*!
Elevated CRP levels are also associated with an increased
risk of CVD,?*?* which is of concern given that approxi-
mately 50%-60% of patients with CKD die from CVD.*
Qureshi and colleagues** reported that patients without
inflammation, malnutrition, or CVD had a 0% mortality
rate over a 36-month period; comparatively, patients
exhibiting all 3 characteristics at baseline had a 75% mor-
tality rate after 36 months. Honda et al*® investigated
whether biomarkers could be used to predict malnutri-
tion, mortality, and CVD in patients on hemodialysis. The
best predictors of malnutrition were IL-6 and CRP; the
best predictor of CVD was IL-6; and albumin and IL-6
were noted to be the best predictors of mortality. The
authors proposed that IL-6 may be the most reliable pre-
dictor of CVD and death in the dialysis population.*

The trilogy of malnutrition, inflammation, and CVD
has been called malnutrition-inflammation atherosclero-
sis and malnutrition-inflammation complex syndrome.?
Ikizler and associates?® found that CRP, as the marker of
inflammation, and bioelectrical impedance (BIA), as the
marker of nutrition status, were independent predictors
of incidence of hospitalization in patients with CKD.
Together, the 2 markers produced an additive effect.
However, the caveat to using BIA to assess body composi-
tion in CKD patients is the lack of specific equations in
the BIA equipment for this patient population.

A malnutrition inflammation score (MIS) has been
developed using subjective global assessment (SGA), BMI,
serum albumin level, and total iron binding capacity
(TIBC).*>?” The MIS has 10 components that are scored
based on 4 levels of severity from O (normal) to 3 (very
severe).”” A study that included 378 CKD patients (53%
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male, 47% Hispanic, 55% diabetic) correlated MIS with
CRP, IL-6, tumor necrosis factor, albumin, transthyretin,
TIBC, creatinine, cholesterol, and normalized protein
catabolic rate (nPCR).*® MIS, CRP, and IL-6 correlated
with the greatest relative risk of death and hospitalization.
The authors suggested that MIS could be used to stratify
a patient’s risk of mortality and morbidity in place of the
more expensive laboratory tests of CRP and IL-6. Ho and
colleagues® investigated the cutoff points for probability
of death based on MIS. They found that an MIS score of
3, 4, or 5 was associated with a 10%, 40%, or 80% proba-
bility of death within a year, respectively. The authors
noted that an MIS >4 was associated with a significant
risk of mortality. Afsar and colleagues®® evaluated the use
of MIS in 50 peritoneal dialysis patients; MIS was posi-
tively correlated with peritonitis, hospitalizations, erythro-
poietin requirements, and levels of CRP and ferritin.
Negative correlations were observed with mid-arm muscle
circumference and serum albumin, transthyretin, creati-
nine, hemoglobin, transferrin, and cholesterol levels.

It is clear that nutrition assessment involves evalua-
tion of multiple subjective and objective data. The need
to identify optimal parameters that accurately distinguish
between malnutrition vs inflammation continues. This is
ofimportanceinordertoselect the nutrition intervention(s)
that will effectively facilitate nutrition repletion.

Intensive Nutrition Counseling
and Diet Supplementation

Intensive nutrition counseling aimed at increasing the
nutrient density of dietary intake is the first step when oral
nutrient ingestion is insufficient. Studies have shown
positive effects when patients consume oral nutrition
supplements during dialysis or between dialysis ses-
sions.?? Consistent intake and an adequate nutrition
intervention period are needed to achieve effective nutri-
tion supplementation. In general, a minimum of 3-4
months may be required. The challenge lies in motivating
the patient to continue ingestion of oral supplements
(whether homemade or commercially prepared and pur-
chased) given the limited time the registered dietitian has
available for coaching the patient and family. Negative
comments made by staff and other dialysis patients about
recommended supplements can often be counterproduc-
tive. Additional barriers to intensive nutrition counseling
for clinicians are time, staffing, and reimbursement issues.
Barriers to success for patients are intolerance, lack of
compliance, fluid restrictions, cost of the supplement, and
lack of ongoing intensive counseling and encouragement.

Caglar and colleagues® examined the effects of oral
nutrition supplement intervention in chronic dialysis
patients (n = 85); patients served as their own controls.
During a 3-month baseline period, the patients received

intensive nutrition counseling. During the 6-month inter-
vention period, the patients were given an oral supple-
ment containing 475 kcal and 16.6 g of protein in 237
mL during each dialysis session. Nutrition intervention
resulted in increases in serum albumin and transthyretin
levels and SGA scores for patients consuming the supple-
ment as directed. Twenty percent (n = 17) of the patients
refused the oral supplement altogether; 11.7% (n = 10) of
patients were considered noncompliant because of poor
consumption (<75% of the supplement). The study was
not randomized and not placebo-controlled.

In a metabolic study, Veeneman et al** investigated
the impact of an oral supplement, containing yogurt,
cream, and protein-enriched milk powder that provided
386 kcal/h, on protein metabolism in 12 patients undergo-
ing dialysis. The supplement was given every 30 minutes
over a 3-hour period. On the nondialysis day, the patients
fasted in the morning and were given 6 small meals of the
supplement in the afternoon. Patients were also studied
during 2 dialysis sessions separated by 1 week—one of the
sessions required the patients to fast and the other session
required the patients to consume 6 small meals of the sup-
plement. Whole-body protein metabolism was measured
by constant infusion of L-[1-"°C] valine. Three patients
agreed to consume the supplement on both the dialysis
and nondialysis days. Nine of the 12 patients objected to
fasting and would not participate in both protocols: 6 con-
sumed the supplement only on a nondialysis day and 3
patients participated only during dialysis. The nondialysis
day protocol results showed that the change from fasting
to feeding resulted in a transition from a negative protein
balance to a positive protein balance. Dialysis contributed
to a worse negative protein balance during fasting than the
fasted state on the nondialysis day. The oral supplement
consumed during dialysis resulted in a positive whole-body
protein balance comparable to the results of feeding dur-
ing the nondialysis day.** Because of the extremely small
number of patients participating in the full study, the ben-
efits of consuming this type of oral supplement to improve
protein metabolism is difficult to determine. In addition,
because this study was a 1-day snapshot of supplementa-
tion, it did not address the compliance issue of consistent
supplementation and the clinical effects of long-term oral
supplementation.

In another study, various oral nutrition supplements
(average 600 kcal and 30 g protein per day) were provided
prospectively to 56 malnourished patients receiving dialy-
sis over a l-year period.?' Subjects were to consume sup-
plements daily. During each dialysis session, subjects
were asked to quantify their supplement consumption.
Compliant patients (54%; n = 30) improved serum albumin
and transthyretin levels and dry body weight. Noncompliant
patients (46%; n = 26), defined as those who consumed
<50% of the prescribed nutrition supplement, did not
demonstrate significant changes in measured parameters.
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Table 2. Examples of Intradialytic Parenteral Nutrition (IDPN) Formulations®>3*
Amino Acids, Dextrose, Initial
Initial Concentration, % Concentration, % (Volume,

(Volume, mL) mL) [Absolute Value, g] Kcal/Protein, g~ Volume, mL
Low protein/low dextrose 10 (500) 0 (150) [75] 455/50 750
Moderate protein/moderate dextrose 15 (500) 0 (250) [125] 725/75 750
High protein/high dextrose 20 (500) 0 (250) [175] 995/100 750
High protein/low dextrose 20 (500) (100) [70] 638/100 600
High protein/very low dextrose 20 (500) 0 (65) [45] 553/100 565

20% lipid emulsion can be added to any of the solutions to increase total kcal and final volume: 50 mL = 100 kcal (25 g of lipid);
75 mL = 150 keal (37.5 g of lipid); 100 mL = 200 kcal (50 g of lipid), 150 mL = 300 kcal (75 g lipid).

If oral diet is not successful at increasing nutrient
intake, the clinician may consider tube feeding. Nocturnal
tube feeding enables the patient to eat during the day and
continue normal activities while receiving nutrition sup-
plementation at night. The amount to infuse every night
can be based on oral intake during the day. However, tol-
erance of tube feeding is plagued by many of the same
issues that impair oral intake: nausea, vomiting, gas-
troparesis, fluid restriction, and depression. Tube feeding
is infrequently used in the dialysis population because of
patient refusal and intolerance.

A meta-analysis and systematic review by Stratton
and colleagues®* looked at 18 studies in which CKD
patients on dialysis received oral nutrition supplementa-
tion or tube feedings. Of the 541 patients, some were
malnourished and others were well nourished; the
patients were in various clinical settings. The review dem-
onstrated that oral nutrition supplementation and tube
feeding improved serum albumin levels by 0.23 g/dL, but
there were insufficient data to demonstrate improved
clinical outcomes. Variations in study design, intervention
period, and outcome measurements make it difficult to
determine benefits of enteral supplementation across
studies. It appears that the greatest challenge is finding
an oral diet regimen that meets the patients’ needs and
can be maintained over time.

Intradialytic Parenteral Nutrition

Intradialytic parenteral nutrition (IDPN) should not be
considered until after attempts at intensive nutrition
counseling including oral or tube feeding supplementa-
tion have been unsuccessful.**** IDPN alone is insuffi-
cient to meet the estimated energy, protein, and
micronutrient requirements of the patient, but it does
enable the clinician to provide a consistent amount of
energy and protein with each dialysis session as a supple-
ment to the patient’s oral or tube feeding intake. IDPN
can provide 500-1000 kcal and 50-100 g of protein in

<1 L of volume per dialysis treatment.**® However,
approximately 10% of infused amino acids are lost in the
dialysate.* The formula can be customized to meet the
needs of each patient. Table 2 provides examples of IDPN
formulas.

Clinical criteria used to select patients for IDPN
include signs and symptoms of malnutrition. A combina-
tion of any 3 of the bullet points below in conjunction
with a failed attempt to increase oral intake and/or an
intolerance or nonacceptance of tube feeding suggests
the need to consider IDPN.?*-%* The original SGA tool
scored nutrition status as A (well-nourished), B (mild to
moderately malnourished), or C (severely malnour-
ished).*! The tool has been expanded for patients with
CKD to a 7-point scale: 6 or 7 (very mild nutrition risk to
well nourished), 3, 4, or 5 (mild to moderately malnour-
ished), and 1 or 2 (severely malnourished).*

e SGA indicating severe malnutrition, “C™' or “1
or 2”33

e Serum creatinine <8.0 mg/dL (3-month rolling
average)

e Weight loss: 10% ideal body weight (IBW) or 20%
usual body weight

e Weight <90% IBW

e Triceps skinfold values <6 mm (males) and
<12 mm (females)

e Serum albumin <3.4 g/dL
average)

e C(linical examination consistent with moderate to
severe malnutrition
Protein catabolic rate <0.8 g/kg/d
Diet history of protein <0.8 g/kg and <25 kcal/kg

(3-month rolling

According to the 2000 National Kidney Foundation’s
Kidney Disease Outcomes Quality Initiative (KDOQI),
IDPN may be beneficial in patients who are malnour-
ished or unable to consume adequate energy and protein
to meet nutrient requirements, who are unable to tolerate
oral feedings or tube feedings, and who are able to meet
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their needs with the combination of oral diet or tube feed-
ing plus IDPN.?* If the combination of oral diet or tube
feeding plus IDPN is insufficient to meet assessed nutri-
ent needs, then parenteral nutrition (PN) should be
considered to meet all or a portion of the nutrient
requirements.’* It is not known how many patients on
dialysis are receiving IDPN, but at a minimum the esti-
mated 10% of dialysis patients who are severely malnour-
ished** meet the criteria for IDPN.

Administration and Management
of IDPN

IDPN is ordered and monitored by a nephrologist in col-
laboration with the dialysis unit’s dietitian and nursing
staff. Companies providing the IDPN product may also
provide clinical expertise to assist the dialysis unit staff in
selecting an IDPN formulation and troubleshooting
administration challenges. Components of IDPN formu-
lations generally include dextrose and amino acids with or
without lipids. Vitamins and trace elements are not rou-
tinely added to IDPN because the additives can readily be
lost in the dialysate. However, vitamins can be added dur-
ing the last 30 minutes of the IDPN cycle for patients
who do not tolerate oral multivitamin preparations.®”
IDPN does not require additional intravenous access
because the solution is infused through the venous drip
chamber of the hemodialysis machine. Additional fluid
provided in IDPN can be removed by ultrafiltration,
thereby reducing the risk of volume overload. An addi-
tional benefit of using IDPN is that patient noncompli-
ance with oral nutrition supplementation is bypassed as an
obstacle to supplementing energy and protein nutriture.

IDPN Formulations

Amino Acids

As with all PN formulations given to patients with CKD,
IDPN should provide an amino acid formulation that
contains both essential and nonessential amino acids.
The amount of amino acids that can be given will depend
on the total volume to be infused. However, a 20% amino
acid solution enables the clinician to provide 100 g of
protein in 500 mL; the goal is generally to provide 1.2-1.4 gkg
of protein per dialysis session.’

Dextrose

Glycemic control is a major concern with the use of
IDPN. Serum glucose levels have been noted to increase
by 20-100 mg/dL in patients without a diagnosis of diabe-
tes an hour into the IDPN infusion.* Another study that
did not include patients diagnosed with diabetes reported

a maximum glucose level of 214 + 38 mg/dL*; however,
serum glucose levels 2 hours after dialysis were <120 mg/
dL. The change in serum triglyceride levels was nonsig-
nificant from predialysis to postdialysis measurements
(89 = 31 mg/dL and 108 + 39 mg/dL, respectively).
Patients with diabetes mellitus or insulin resistance may
require insulin in the IDPN bag as well as subcutaneous
insulin injections on a sliding scale. Peripheral glucose
levels should be checked prior to starting IDPN and at
least once during infusion with insulin given as needed.
Because data concerning tight glycemic control for
improved outcomes have come from studies of critically
ill patients,** the ideal glucose level is unknown during an
acute elevation of serum glucose levels, as occurs with
IDPN infusion. The conventional guideline for adding
insulin to PN for patients with diabetes is 0.1 unit of
insulin per gram of dextrose.** However, because insulin
action can be prolonged in the patient with renal failure,
adding 5-8 units of insulin per liter of IDPN when serum
glucose concentrations approach 300 mg/dL. has been
suggested.**** If the patient receives insulin during IDPN,
it is important to monitor the patient for potential hypo-
glycemia after IDPN is discontinued. If possible, provide
a 15-g carbohydrate snack during the last half hour of
IDPN.*

Another concern with dextrose amount infused with
IDPN is the risk of refeeding syndrome. Patients who
become severely malnourished are at greatest risk and
should be monitored closely for a precipitous drop in
serum potassium, phosphorus, and magnesium levels; an
increase in serum glucose levels; and fluid retention.*
The initial IDPN infusions should be tapered in rate
based on the patient’s metabolic response to the therapy.
The current trend is to provide less than 100-g dextrose
in an IDPN solution to reduce glucose fluctuations.

Lipids

Hyperlipidemia and adverse reaction to lipids during
IDPN infusion can be problematic in the hemodialysis
patient. Serum triglyceride levels should be monitored
prior to the first infusion and again 6-24 hours after the
first infusion to determine adequacy of lipid clearance. A
serum triglyceride level >250 mg/dL 6 hours after infu-
sion or >400 mg/dL during infusion indicates poor lipid
clearance.?* Lipids should not be given to patients with
egg or soy allergy. Lipids are also associated with throm-
bocytopenia and hepatic abnormalities, and should be
used cautiously in the dialysis population.*® The signs and
symptoms associated with lipid intolerance include nau-
sea, vomiting, headache, dizziness, fever, flushing, drows-
iness, chest and back pain, pressure over an eye, and
erythema at the infusion site.* It can be difficult to dif-
ferentiate whether the symptoms are caused by the lipids,
an underlying disease, or the dialysis process. Some clini-
cians will defer addition of lipids in IDPN for the first

Downloaded from ncp.sagepub.com at PENNSYLVANIA STATE UNIV on September 15, 2016


http://ncp.sagepub.com/

Intradialytic Parenteral and Intraperitoneal Nutrition / Fuhrman 475

week of therapy in order to determine overall tolerance to
PN without the confounding factor of lipid intolerance.
The lipid solutions available in the United States contain
polyunsaturated fatty acids that are associated with the
stimulation of inflammatory cytokines.* The specific
effect of lipids on patients receiving IDPN is not well
studied. Some clinicians prefer to forgo lipids altogether
to reduce the risk of potential lipid-related complications.

Therapeutic Effectiveness of IDPN

Short-term (2-3 dialysis sessions), small (6-8 subjects),
cross-over studies with IDPN in well-nourished patients
on dialysis have focused on amino acid uptake and protein
homeostasis.***"* A finding from one of these studies was
the positive impact of IDPN on the fractional synthetic
rate of albumin.*’ In a series of studies, the authors found
that IDPN plus exercise resulted in a 2-fold increase in
amino acid uptake*®; IDPN, exercise, and growth hormone
reduced amino acid losses and produced an anabolic
effect with a 22% increase in protein homeostasis over
IDPN and exercise alone.*” However, extrapolation of
these outcomes to malnourished patients receiving chronic
IDPN therapy is challenging. Although some dialysis units
may offer opportunities to exercise during dialysis, the
more debilitated, malnourished patient is less likely to
have the strength and endurance to participate.

Studies have compared oral nutrition supplementa-
tion with IDPN and found similar outcomes regardless of
the source of supplementation.”**** Pupim et al** per-
formed metabolic studies before, during, and after hemo-
dialysis in 8 patients with CKD under 3 separate conditions:
(1) receiving IDPN, (2) receiving oral supplementation,
and (3) receiving no nutrition intervention (control). The
oral and IDPN supplementation resulted in a highly posi-
tive whole-body net protein balance. When patients
received no intervention, they had a neutral balance. The
anabolic effects of the oral supplementation persisted
after intradialytic nutrition therapy whereas the anabolic
effects of IDPN decreased to levels similar to the control
condition. This study was performed in a research center
and not continued over time to test compliance and toler-
ance of the oral supplement. Moreover, the oral nutrient
supplement and IDPN were not identical in nutrient
distribution.

Cano et al®® conducted a prospective, randomized
study with 186 patients, comparing an oral supplement
alone to an oral supplement plus IDPN over 1| vyear.
Outcomes were monitored for an additional year.
Consumption of the oral nutrition supplement (500 kcal
and 25 g of protein per day) was not restricted to dialysis
sessions. IDPN was not standardized among the patients.
Both groups had improved BMI, albumin, and transthyre-
tin levels; reduced 2-year mortality; decreased number of

hospitalizations; and improved well-being determined by
Karnofsky score compared with baseline prior to the
intervention. The authors did not find an additive benefit
of giving IDPN with oral supplements. Compliance with
oral supplements ranged from 61% to 75%. No data on
total energy and protein intake were provided, so it is dif-
ficult to determine how IDPN and oral supplements
affected overall nutrient intake. This study suggested that
if patients consistently consume oral supplements, out-
comes will improve, and IDPN should be reserved for
patients who cannot tolerate or comply with the intake of
oral supplements.

IDPN has been reported to improve weight, appetite,
serum albumin levels, and survival in malnourished hemo-
dialysis patients.>*%°* Many studies used serum albumin
level as the primary outcome, thereby making it difficult to
differentiate the role of nutrition vs inflammation.*>'-%%
However, as stated earlier, increasing the serum albumin
level has been associated with improved prognosis for
patients with CKD, and providing protein substrate in
IDPN may be a facet of overall care to combat inflamma-
tion and its adverse effects on patient outcomes.®

A retrospective, intent-to-treat study examined the
differences between patients who received IDPN and
patients who did not receive IDPN over a 1-year period.'*
The patient selection criteria for IDPN and duration of
IDPN were not available. The authors stated that most
IDPN patients received 15 kcal/kg and 1.2 g/kg of protein
at each dialysis session. The risk of death was decreased
in patients with a serum albumin level <3.4 g/dL. who
received IDPN. The association was stronger as the serum
creatinine concentration decreased. Serum levels of albu-
min <3 g/dL and creatinine <8 mg/dL resulted in an odds
ratio (OR) of 0.63 in the group treated with IDPN (P <
.01). The study also found that providing IDPN to
patients with normal serum albumin levels was associated
with an increased risk of mortality (ie, IDPN group: albu-
min 24 g/dL and creatinine >8 mg/dL; OR 2.6, confi-
dence interval (CI) 1.24 and 5.04, P < .005; control
group: CI 1.0). The survival disadvantage with IDPN in
patients with a normal serum albumin level could be
related to the risks outweighing the benefits when nutri-
tion status is adequate or the differences could be related
to selection bias.'* Several potential explanations for the
benefit of IDPN seen in patients with a serum albumin
level <3.4 mg/dL were postulated by the authors: (1)
IDPN provided the energy and protein to treat malnutri-
tion; (2) a placebo-effect occurred (but why did it not
have the same effect on the patients with high serum
albumin levels?); and (3) the timing of IDPN coincided
with recovery from an acute reversible clinical event
(however, most of the patients had hypoalbuminemia >9
months prior to initiation of therapy).

In a nonrandomized, retrospective study, Capelli and
colleagues’® examined the effects of IDPN for an average
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of 9 months (followed for 24 months) in 81 patients.
Patients (n = 50) received IDPN if they had a serum albu-
min level <3.5 g/dL plus either <10% IBW or 10% weight
loss for 2 consecutive months. Furthermore, nutrition
counseling or oral supplements were not successful in
improving nutrition status for the 2 months prior to the
study. The control group (n = 31) had a serum albumin
level <3.5 g/dL but did not meet the weight loss criteria.
Forty-one percent (n = 33) of the patients were diabetic
and 20 of these patients were in the IDPN group. The
diabetic patients received approximately 670 kcal per
dialysis treatment, and the patients who were not diabetic
received an average of 725 kcal per dialysis treatment.
Patients who received IDPN had a significantly improved
survival rate (64%) over those who did not receive IDPN
(52%; P < .01). There was no difference in survival rate
between patients with and those without diabetes.
However, IDPN patients without diabetes had the lowest
mortality rate. Serum albumin levels increased in both
groups. IDPN increased serum albumin levels by 12% in
survivors. Body weight significantly increased by 5.5-11.8
kg in the IDPN group (P < .01), whereas the untreated
group lost weight. Potential selection bias and intensive
counseling of the control group could have affected the
results. The authors noted that changes in serum albumin
level and body weight required >4 months of IDPN.
Another nonrandomized study in elderly patients (n = 28)
also reported positive results that required 3 months for
biochemical (albumin, transthyretin, total lymphocyte
count, and amino acid concentrations) changes and 6
months for anthropometric (triceps skinfold thickness,
mid-arm muscle circumference, dry weight, and body
mass index) improvements.*

Joannidis et al** compared patients with malnutrition-
inflammation complex syndrome (n = 6) receiving IDPN
and well-nourished controls (n = 6) not receiving IDPN
who were matched for age, gender, BMI, and comorbidi-
ties. IDPN significantly (P = .03) increased the dry weight
of the intervention group (61.7 + 7.7 to 63.9 + 8.9 kg),
whereas the weights of the control group did not change
(66.3 £ 10.5 to 66.3 = 10.6 kg, P > .05). Malnourished
patients had higher serum levels of tumor necrosis factor
throughout the study vs controls, although levels did not
increase with IDPN. There was no difference between
patient groups throughout the study with regard to serum
levels of albumin, IL-6, CRP, soluble IL-2 receptor, and
adipocytokines. Atherogenic factors (total cholesterol,
low-density lipoproteins, and high-density lipoproteins)
did not significantly differ between the control group and
the IDPN group during the study period. Serum glucose
levels were not reported. The authors concluded that
6 months of IDPN was effective at improving weight sta-
tus without the risk of worsening the inflammatory proc-
ess or contributing to the patient’s risk of atherosclerosis;
however, long-term studies are needed to identify the

relationship of these laboratory changes to inflammation,
CVD, and mortality.

Several studies have investigated the use of IDPN in
children and adolescents, but the small numbers of sub-
jects make it difficult to extrapolate or interpret the
results.”*” Krause and colleagues® studied 4 patients
ages 4-18 years over a 1-year period. IDPN was given dur-
ing each dialysis session over 7-12 weeks and oral diet
intake was monitored with a 3-day diet history. Oral
intake and weight increased after the IDPN-treatment
period. Another study looked at biochemical markers in 9
adolescent patients on dialysis receiving IDPN over 3-22
months.” An interesting finding of the study was that
patients with a psychosocial etiology of malnutrition did
not respond to IDPN therapy. It is doubtful that the ado-
lescents with psychosocial issues consumed an adequate
diet in conjunction with the IDPN to meet total nutrient
needs. The authors also found nPCR to be a more reliable
indicator of nutrition status than serum albumin level.
Both studies reported minimal side effects of IDPN. A
review of nutrition status in children requiring hemodi-
alysis concluded that optimizing the outcomes of hemodi-
alysis in children requires both adequate dialysis and
nutrition.”® Ideally, malnutrition should be prevented, but
in the event that it does occur, it is imperative to identify
and aggressively treat malnutrition with intensive nutri-
tion counseling, oral nutrition supplements, and/or IDPN.

Intraperitoneal Nutrition

Peritoneal dialysis removes waste products from the body
with a hyperosmolar glucose-based dialysate using the
peritoneal membrane as a filter. IPN replaces a portion of
the glucose dialysate with amino acids for 1 or 2 exchanges
per day. Each bag of IPN can provide 20-40 g of amino
acids to counter the loss of 5-15 g of amino acids per day
through the peritoneal membrane.?***** IPN can be
accomplished by (1) providing a bag of amino acids with-
out glucose in place of 1 or 2 standard dialysate bags;
(2) removing some of the glucose from a standard dialy-
sate bag and inserting the prescribed volume of amino
acids into the bag; or (3) combining amino acids and glu-
cose throughout all dialysis exchanges. Option 3 is used
in Europe.®?

The substitution of a solution containing amino acids
for 1-2 standard glucose exchanges per day can reduce
the absorption of excess energy from the glucose dialysate
as well as decrease hypertriglyceridemia and hyperglyc-
emia in patients with diabetes mellitus and insulin resist-
ance. According to the KDOQI guidelines, IPN is
indicated for patients who are malnourished and con-
sume inadequate energy and protein intake, cannot toler-
ate adequate oral diet or tube feeding to meet estimated
needs, can meet their needs with the combination of IPN
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Table 3. Examples of Intraperitoneal Nutrition
Formulations®*¢”
Amino Fill Equivalent
Acid, % Protein, g Volume, L mOsm, L Dialysate
1 20 2 411-412 1.5% dextrose
1 25 2.5 411-412 1.5% dextrose
1 30 3 411-412 1.5% dextrose
1.5 30 2 445 2.5% dextrose
1.5 37.5 2.5 445 2.5% dextrose
2 40 2 478 4.25% dextrose

pH ranges from 5.2 to 5.25. Fill volume can vary according to
the patient’s intraperitoneal nutrition prescription. Reprinted
with permission from DCRX Infusion, Sunrise, Florida.

plus oral diet or tube feeding, and have difficulty with
glycemic and lipid control related to the carbohydrate
content of the dialysate.*

Formulas and Administration of IPN

Amino acid solutions of 1%-2% wt/vol have been used for
IPN.>**" The amino acids provide supplemental protein
and act as an osmotic gradient along with the glucose
during peritoneal dialysis. Table 3 provides a list of IPN
solutions and the equivalent peritoneal solution for differ-
ent amounts of added amino acids.

IPN, performed by the patient or caregiver in the
home, can be incorporated into manual and automated
peritoneal dialysis modalities. It is important for the
patient and caregiver to be trained in aseptic technique
when handling all peritoneal solutions to reduce the risk
of peritonitis. In the U.S., IPN generally is the last dwell
of the cycle or day and is left in the abdominal cavity 4-6
hours. A longer dwell time could result in some of the
infused amino acids crossing back into the peritoneal cavity
and being lost when the waste product—containing dialysate
is removed. The patient’s peritoneal transport rate will
also influence the absorption and retention of infused
amino acids.®®

Effectiveness of IPN

Various short-term studies (<3 months) with small num-
bers of subjects (12-105) have shown improvement in

nitrogen balance,! % 60,62,66

anthropometric measurements,
serum lipid levels,***” serum albumin levels,**¢>¢* nPCR,®*
protein synthesis,*"***> and anabolic response with IPN.>%!
Taylor and colleagues®® conducted a retrospective study of
22 IPN patients with an initial serum albumin concentra-
tion <3.5 g/dL. IPN was provided an average of 13.6
months (range, 6-26 months). Significant increases were

seen in the serum albumin level from 2.25 + 0.097g/dL

Table 4. Parameters for Monitoring Outcomes of
Intradialytic Parenteral Nutrition and Intraperitoneal
Nutrition Interventions'®*>%’

Appetite changes
Body mass index
Diet history/food consumption
Karnofsky score
Laboratory values

Albumin

Blood urea nitrogen

C-reactive protein

Creatinine

Glucose

Interleukin-6

Triglycerides
Malnutrition inflammation score
Mid-arm muscle circumference
Normalized protein catabolic rate
Quality of life
Subjective global assessment
Triceps skinfold measurements

Weight changes

(range, 1.4-3.3 ¢/dL) to 2.57+ 0.12 g/dL (range, 1.6-3.5
g/dL) (P = .0036) and nPCR from 0.898 + 0.053 g/kg/d
to 1.085 + 0.056 g/kg/d (P = .0057). Weight increases did
not reach statistical significance. One episode of peritoni-
tis occurred on average for every 23 treatment months.
The low rate of peritonitis and absence of reported
adverse effects led the authors to conclude that IPN was
safe and effective during extended treatment. A reduction
in serum phosphorus and potassium levels has also been
reported with IPN.%

Although amino acids are lost via the peritoneal cavity,
replacement of 1 glucose exchange with an amino acid
solution has been shown to result in a net gain of amino
acids (absorption greater than losses) over 24 hours.>*
However, substituting >1 amino acid-containing solution
for peritoneal dialysis may increase the risk of metabolic
acidosis, which could increase protein catabolism in patients
with CKD.®® As with IDPN, it may take several months of
IPN to replete the nutrition state of a malnourished patient.

Monitoring Outcomes

As stated earlier, serum albumin level is a commonly used
outcome monitor for the effectiveness of IDPN and IPN.
Although this parameter is not nutrition-specific, it does
have prognostic implications for mortality and morbidity.*"?
The absence of a specific indicator of nutrition status
makes it difficult to differentiate the changes in parameters
attributable to nutrition intervention from changes induced
by inflammation, disease processes, and overall health sta-

tus. Table 4 provides a list of parameters that can be used
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to monitor outcomes of IDPN and IPN therapy. Until a
definitive nutrition measurement is identified, clinicians
will have to rely on the combination of several laboratory
and clinical parameters to determine the indications for and
the effectiveness of nutrition interventions.

A lack of perceived improvement in the patient’s nutri-
tion status must be evaluated in terms of other factors that
could affect the outcome parameters. Stopping IDPN or
IPN in a patient with a nutrient intake deficit based on the
patient’s lack of improvement in serum albumin level can
create a greater energy and protein deficit. Clinicians must
consider the benefits of preventing nutritional and physical
decline when weighing the benefits and burdens of nutri-
tion therapy in a patient. The ultimate goal of therapy is to
improve the well-being of the patient and enable the
patient to eventually resume an adequate oral diet.

Caveats of the Research

There is a need for more definitive research in this area of
nutrition therapy. Many of the studies are small, short-term,
uncontrolled, nonrandomized, retrospective, or observa-
tional. Study designs and patient populations are not
uniform across studies for comparability.'* Outcomes are
measured in laboratory changes and weight changes,
which can be affected by disease process, fluid status, and
inflammatory mediators. Often, the total nutrient intake
from oral diet and/or IDPN and IPN is not quantified. A
major drawback to performing studies in this population
is that it could take a year with >1300 patients per group
to achieve a measurable treatment effect with a power of
80%.>° Data are not available on the success of patients in
maintaining nutrition status orally after discontinuation
of IDPN and IPN. More research is needed to determine
the effect of IDPN and IPN on not only mortality and
morbidity but also quality of life.

Reimbursement

Clinical criteria for starting IDPN and IPN should not be
confused with reimbursement criteria. Historically, IDPN
and IPN were evaluated under Medicare Part B, which
requires documentation in the medical record of a perma-
nent dysfunctional or nonfunctional gastrointestinal tract
for financial coverage.®®”® Patients had to demonstrate
severe malabsorption that prevented “maintenance of weight
and strength commensurate with the patient’s overall
health status.””' This was almost impossible because the
purpose of IDPN and IPN is to provide supplemental
nutrient intake in addition to oral diet, thereby disqualify-
ing the therapy. The frustrations over obtaining coverage
under Medicare Part B made many clinicians wary of
recommending IDPN and IPN for their patients who may
have benefited from the therapies.

Medicare Part D has changed the criteria by which
IDPN and IPN are covered under Medicare.*®’® IDPN
and IPN are on the formulary for coverage, although
preauthorization is required. Medicare Part D will reim-
burse for IDPN and IPN if the patient has a serum albu-
min level of £3.4 ¢g/dL (3-month average) OR has had a
>5% weight loss over 3 months AND there has been an
attempt to increase albumin or weight with an oral nutri-
tion supplement and intensive nutrition counseling.

Despite coverage by Medicare Part D, there are still
issues with reimbursement. Patients pay a premium that
varies according to the plan selected, and each patient
pays a deductible before benefits begin. In 2007, the
deductible was limited to $265.% After the deductible is
covered, the patient pays either a copayment (a set
amount) or a co-insurance (a percentage of the cost).
These amounts may be the same for all prescriptions or
may be broken into tiers based on cost of generic vs brand
name of the drug. The “doughnut hole” is a coverage gap.
After the beneficiary reaches a preset amount ($2400 in
2007), the beneficiary pays 100% of drug costs until the
gap is crossed ($3850 in 2007). Some Medicare Part D
plans provide additional coverage to help beneficiaries
cross the gap. A secondary insurance policy can also bridge
the gap and assist with copayments. Copayments and the
coverage gap can create financial challenges for patients.
Grants from the National Kidney Foundation and assist-
ance from IDPN and IPN providers are available. However,
patients are often reluctant to complete financial disclo-
sure forms to qualify for financial assistance.

Conclusion

Malnutrition is common in patients receiving dialysis. The
challenge is differentiating malnutrition from other fac-
tors that affect nutrition parameters. When malnutrition
is identified, the first step in reversing the course is inten-
sive nutrition counseling to increase total energy and
nutrient intake. This can include oral nutrition supple-
ments and tube feeding. IDPN and IPN should be consid-
ered when attempts to meet nutrient needs by oral diet or
tube feeding have not been successful. IDPN and IPN are
supplemental nutrition therapies that, when combined
with oral diet and tube feeding, enable the patient to meet
energy and nutrient needs and improve nutrition status.
Medicare Part D has improved reimbursement for the
therapies, but copayments and coverage gaps continue to
challenge patients, clinicians, and providers.

Clinical guidelines are needed to assist healthcare
practitioners with identifying candidates for IDPN and
IPN as well as with effectively managing the therapy.
Outcome research has been primarily limited to short-
term parameters such as laboratory values and weight
change. The long-term effects on mortality, hospitaliza-
tions, costs, and quality of life have yet to be adequately
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addressed. More quantitative and qualitative research is
needed to determine the optimal time to start IDPN and
IPN as well as how to determine successful outcomes.
Physicians, nurses, pharmacists, and dietitians must use
their clinical judgment based on their patient population
and the available scientific literature to determine whether
and when to provide IDPN and IPN to their patients.
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