Parenteral Nutrition and Radiation
Therapy

“ .. TPN has not been associated
with a significant benefit in terms of
response to therapy, decreases in
complications from therapy, or
improved survival.”
Donaldson et al. JPEN 1983:8:302-10.
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Therefore, the universal use of
parenteral nutrition has not been
associated with a significant
benefit in terms of improved re-
sponse or tolerance to therapy, or
an increase in survival.
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Parenteral Nutrition and Surgery

Type of Complication TPN Control
(192) (203)
Major, complications (%}  25.5 246
Major, infectious (%) 4.1 6.4%
Major, noninfectious (%) 16.7 222
Overall mortality (90 day) 13.4 10.5

VA Cooperative Study. NEIM 1991:325:525-32.
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There is also the question of whether intra-
venous feeding of cancer patients will de-
crease morbidity and mortality associated
with operative procedures. The largest
prospective study to evaluate this question
was the Veterans Administration Cooperative
Study. Although this study included patients
with benign disease, approximately 70% of
the patients had a diagnosis of cancer. One
hundred and ninety-two patients were ran-
domized to 7-15 days of preoperative paren-
teral nutrition followed by at least 3 days of
parenteral nutrition after surgery versus 203
patients who received no parenteral nutrition.
The overall rate of major complications were
similar at 30 days after surgery (25.5 wvs
24.6%). Although overall complication rates
were similar, the types of complications were
different. There was an increased rate of in-
fectious complications (e.g., pneumonta, ab-
scesses, fasciitis) in the parenteral nutrition
group versus control group at 30 days. There
was a trend (but not significant) of increased
major non-infectious complications (e.g.,
wound dehiscence, anastamotic leaks, fistula)
tn the control group. No significant differ-
ences were observed in mortality between the
groups at 90 days (13.4% in parenteral nutri-
tion group vs 10.5% in the control group).
Patients were stratified a priori according to
nutritional status. Patients with mild under-
nutrition did NOT benefit from parenteral
nutrition and in fact displayed a higher rate ot
non-catheter related infectious complications
(14.4% vs 3.7%).
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Parenteral Nutrition and Surgery

Degree of Malnutrition (NRT)
Complication Border Mild Severe

Major, infectious

TPN 12.5 14.4*% 15.8

Control 91 3.7 21.4
Major, noninfectious

TPN 12.5 20.0 5.3*

Control 23.6 19.4 429

VA Cooperative Study. NEJM 1991;325:525-32.
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Among those patients classified
as severely undernourished, par-
enteral nutrition significantly
decreased the rate of noninfec-
tious complications. Therefore,
the conclusion was that routine
use of parenteral nutrition is not
indicated and only a benefit
from preoperative and post-
operative parenteral nutrition
may be observed in severely un-
dernourished patients.
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Summary of Recommendations
for Cancer Patients

» Patients with severe GI toxicity > 1 week should
receive PN

* PN not routinely indicated in well-nourished or mildly
undernourished patients

* PN is unlikely to benefit patients with advanced
cancer.

JPEN 1993;17:1SA-285A (supplement)
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The consensus statement by the
American Society for Parenteral
and Enteral Nutrition is that only
severely undernourished patients,
in whom gastrointestinal or other
toxicities preclude adequate oral
intake for > 1 week, may benefit
from enteral or parenteral nutri-
tion. Routine enteral or parenteral
nutrition is NOT indicated in
well/mildly undernourished pa-
tients undergoing surgery, che-
motherapy, or radiation therapy
in whom adequate oral intake is
anticipated.  Finally, patients
whose malignancy is unrespon-
sive to chemotherapy or radiation
therapy are unlikely to benefit
from parenteral or enteral nutri-
tion.
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Parenteral Nutrition and BMT

QOutcome TPN Control  p Value
(n=71) (n=66)

Two-year survival 50% 35% 0.011

Relapse rate (2 year)  35% 60% 0.008

Disease-free survival 419 22% 0.026
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The one possible exception to the-
se statements is the routine use of
parenteral nutrition in bone mar-
row transplant patients. One group
of investigators initiated parenteral
nutrition one week before bone
marrow transplantation and con-
tinued it through the fourth week
of transplant in 137 well-nourished
patients. Parenteral nutrition re-
sulted in improved overall sur-
vival, time to relapse, and disease-
free survival. Although parenteral
putrition has been shown to main-
tain lean body mass, others have
shown that enteral nutrition may
provide the same nutritional and
clinical benefits with lower nutri-
tion-related costs.
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Energy Expenditure in Cancer Patients
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Now that we have discussed who is
an appropriate candidate for paren-
teral or enteral nutrition, how do we
decide what quantity to feed them? A
great misconception is that all oncol-
ogy patients are hypermetabolic (i.e.,
increased resting energy expenditure)
and this is the primary reason for
their cachexia. However, it has been
clearly documented that energy ex-
penditure is highly wvariable in
weight-losing oncology patients. The
classic study performed by Knox and
colleagues in 200 patients with vari-
ous malignancies revealed that the
majority of patients were normome-
tabolic (41%), followed by 33% who
were hypometabolic, and only 26%
who were hypermetabolic. Some
studies have shown that energy ex-
penditure may be related to the tumor
site. Lung, stomach, and ovarian
cancers have been associated with in-
creased resting energy expenditure
versus pancreatic and hepatobiliary
cancer which have been associated
with decreased resting energy expen-
diture.
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Energy & Protein Requirements
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Regarding the amount of calories,
most oncology patients require
120-130% times their basal energy
expenditure (BEE) or 25-30
kcal/kg/day. Bone marrow trans-
plant patients are unique in that
they require 130-150% times their
BEE or 30-35 kcal/kg/day. These
calories can be provided in the
form of protein, fat, and glucose
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Optimal Provision of Nutrients

* Maximal oxidation rate of glucose is
approximately 25 kcal/kg/day
* Infuse < 30% of total daily calories as fat over

24 hr to avoid immune dysfunction

* Protein delivery in stressed patients with

normal renal/hepatic fx is 1.5-1.75 g/kg/day
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The provision of glucose should not exceed
25 kcal/kg/day because this is the maximum
rate at which the liver can oxidize glucose.
Complications of exceeding this rate include:
hyperglycemia, increased carbon dioxide pro-
duction, fatty liver infiltration, and
fluid/electrolyte abnormalities. Fat may be
used as a calorie source in addition to pre-
venting essential fatty acid disease. However,
it 1S important not to give excessive intra-
venous fat calories or administer it too rapidly
due to the risk of immunosuppression. Be-
cause intravenous fat particles are cleared by
the reticuloendothelial system (RES), exces-
sive quantities or too rapid administration rate
has been shown to interfere with immune
function. The current guidelines are to pro-
vide < 30% of total calories as intravenous fat
and infuse the preparation over 12 to 24
hours. Protein intake in not only important for
maintenance of lean tissue mass, but it is also
important for hematopoietic reconstitution in
patients undergoing cytoreductive therapy.
Generally, 1.2 to 1.5 grams of protein per
kg/day will allow most oncology patients to
remain in positive nitrogen balance. Dosages
of 1.5 to 1.75 g/kg/day of protein may be re-
quired for severely undernourished patients or
some bone marrow transplant patients. Col-
lection of a 24-hour urine for urea nitrogen
excretion can be used to adjust protein intake
as well as monitoring changes in blood urea
nitrogen. However, one must consider non-
nutritional factors contributing to an elevated
blood urea nitrogen value such as renal toxic
medications, dehydration, or gastrointestinal
bleeding.
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Electrolyte
Considerations

Hydration
Chemo
Antibiotics
Diuretics
Antifungals
Tumor Lysis
Insulin
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Electrolyte additives must be viewed in context
of a patient's underlying organ status and drug
therapy. For instance, hyponatremia can de-
velop due to excessive hydration for chemo-
therapy or diarrhea. In contrast, hypernatremia
can arise from dehydration or excessive sodium
intake from antibiotics or blood products. Hy-
pokalemia is one of the most frequently en-
countered electrolyte abnormalities in oncology
paticnts. Multiple drug therapies may increase
potassium excretion, such as diuretics, ampho-
tericin B, or corticosteroids. As a result, potas-
sium must often be delivered at high dosages in
parenteral nutrition formulations. However,
conditions such as tumor lysis syndrome or re-
nal toxicity may decrease potassium require-
ments necessitating a reduced intake via
parenteral nutrition. Potassium and magnesium
are very similar in that many of the same medi-
cations (diuretics, amphotericin B) increase
magnesium excretion. In addition, cyclosporin
A and cisplatin are well-known agents for
causing significant renal wasting of magnesium.
As with potassium, tumor lysis syndrome and
renal toxicity may cause elevations in serum
magnesium  concentrations.  Finally, serum
phosphorus concentrations are often reduced in
oncology patients due to an increased urine
elimination from diuretics and corticosteroids or
an intracellular shift from patients requiring in-
sulin to control hyperglycemia. As previously
noted with other intracellular electrolytes, se-
rum phosphorus may be increased due to inter-
nal release from tumor lysis syndrome. Because
phosphorus is primarily eliminated renally, im-
pairment in kidney function may cause an ele-
vation in serum concentrations.
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Micronutrient Considerations

* Vitamins
—Usually provide RDA
—1 amp of MVI daily; supplemental Vit K
* Trace elements
—Usually provide RDA
~MTE -5 (Zn, Cr, Se, Cu, Mn)
—Consider losses or impaired organ function
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Vitamin additives for oncology patients and
bone marrow transplant patients are not well
defined. Requirements have been based
upon multivitamin products designed to
meet the American Medical Association /
National Advisory Group Guidelines for
parenteral vitamins. By providing one am-
pule (10 mL} of a multivitamin product, the
recommended daily allowance for vitamins
will be achieved and deficiencies will be
prevented. Parenteral vitamin K must be
supplied separately (usually 10 mg subcuta-
neously once weekly) since it is not con-
tained in adult multivitamin preparations due
to the concern for interacting with warfarin
therapy in the general population.

Similar to vitamins, trace element require-
ments have not been well studied in the on-
cology population. Trace element
requirements are based upon the American
Medical Association / National Advisory
Group guidelines and should be provided
daily in the parenteral nutrition formulation.
Trace elements include zinc, chromium, se-
lenium, copper and manganese. Adjustments
in trace element provision may be required
under certain circumstances. For instance,
additional zinc is frequently included in the
parenteral nutrition formulation due to in-
creased losses during severe diarrhea. Since
copper and manganese are eliminated via the
biliary system, these two trace elements are
often omitted from the parenteral nutrition
formulation in bone marrow patients suffer-
ing from graft-vs-host disease and increased
total bilirubin concentrations
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Immediate Notification of Physician

« Interruption of TPN (must hang a bag of D;W
or D, W)

» Hyperglycemia > 400 mg/dL (hyperosmolar
coma, osmotic diuresis)

 Catheter Problems (occlusion, leakage,
cracking)

« “Runaway” infusion (hyperglycemia,
electrolyte imbalances)
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To ensure continuity of care for
all patients receiving parenteral
nutrition, communication with
the physician is critical. There
are special situations when im-
mediate notification of the
physician is warranted to ensure
patient safety. If the parenteral
nutrition formulation is inter-
rupted for any reason, the physi-
cian should be notified so
another dextrose-containing
fluid can be initiated to prevent
rebound hypoglycemia. If the
patient develops severe hyper-
glycemia, it is prudent to notity
the physician due to the risk of
hyperosmolar coma. Any prob-
lems with the central catheter,
such as occlusion, leakage, or
cracking should be reported to
the primary care provider. Fi-
nally, rapid infusion of parenter-
al nutrition due to
malfunctioning intravenous
pumps increase the risk of elec-
trolyte abnormalities and such
information should be conveyed
the physician.
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Drug-Nutrient Interactions in
Critically-1ll Patients Receiving
Specialized Nutrition Support

Gordon S. Sacks, PharmD, BONSP
Assistant Professor of Pharmacy Practice
University of Mississippi
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I am very honored to be here to-
day and have the opportunity to
Jecture to you. 1 wish to express
my gratitude for the kind invita-
tion to travel to Japan and visit
your prestigious hospitals and
universities. 1 especially would
like to thank Dr. Hommo of the
University of Tsukuba who cor-
responded with me on many oc-
casions to plan my visit and Dr.
Nabeshima of Nagoya Univer-
sity who directs the visitation
program. | would also like to
mention that my wife, Aimee,
has traveled here with me on my
visit and she is grateful for your
generous hospitality.
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Nutrition Support Board Certification

* Nutrition Support recognized in 1988
¢ December 1999 - 451 BONSP

* Board centification represents advanced level of
training and expenience
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My clinical and research back-
ground is in the area of me-
tabolic and specialized nutrition
support pharmacy. Specialized
nutrition support as a specialty
practice within pharmacy is well
established in the United States.
It is only one of five speciaity
practice areas in which pharma-
cists can obtain board certifica-
tion by the American
Pharmaceutical Association
Board of Pharmaceutical Spe-
clalties. ~ Nutrition  Support
Pharmacy has been recognized
as a specialty since 1988 and
over 450 pharmacists are board
certified. Board certification is a
voluntary process for those who
are already licensed to practice
pharmacy. Board certification
indicates that a pharmacist has
demonstrated an advanced level
of  education, experience,
knowledge and skills--- beyond
what 1s required for licensure---
in a particular specialty practice
area.
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Nutrition Support Board Certification

« Hligibility Requirements
— Conpletion of nuirition support residency or fellowship + 1 yr of
practice
— Minimum of 3 yr practice with substantial practice time
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— Passing grade on 200-item multiple choice exam ~ RO
 Recertification: every 7 years ~ 200RDERERE
— 30 hours of continuing education every 2 vears o BEET TAELE
— Passing score on a 10(+item multiple choice exam — O30 B T S
— 100RERETE
Board certification in the area of 1= DFRE X FERIEIH R ICHFTE

specialized nutrition support re-
quires candidates to achieve a
passing grade on a 200-item
multiple choice examination in
addition to having completed a
1-year nutrition support residen-
cy or 2-year fellowship plus one
year of practice. Recertification
requires a passing score on a
100-item multiple choice exami-
nation every 7 years and 30
hours of continuing education
specifically related to nutrition
support every 2 years.
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Drug Effects on Specialized Nutrition
Support (SNS)

* Increased potential for
intcractions between
drugs and SNS

* 77% of drugs had the

potential for causing

allerations in SNS

Schneider et al. Nutr Supp Serv 1983:3:40-6.
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Schneider et al, Nutr Supp Serv 1983;3:40-6.

My particular practice is focused on
critically 111 hospitalized patients.
The interactions between pharma-
cological treatment and specialized
nutrition support are becoming more
important as acutely ill patients are
being treated with extensive phar-
macotherapy and nutrition support is
being initiated sooner than in the
past. There is now a substantial bo-
dy of knowledge addressing these
interactions, especially when one
considers fluid and electrolyte ther-
apy as part of specialized nutrition
support. A study conducted by
Schneider and Mirtallo reported on
the drug therapy in over 600 patients
receiving parenteral nutrition and
found that 77% of the drugs taken
by these patients had the potential of
causing alterations in specialized
nutrition support. The increased use
of enteral nutrition support in the
critically ill patient receiving multi-
ple medications enhanced the risk of
a drug-nutrient interaction occurring
in this patient population.
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* Review drug effecis on
fluid/electrelyle homeostasis

» Stralegies 10 correct or avoid
fluid/electrolyle alterations

+ Identify treatments that
interfere with GI function
and absorption of nutrients

For my presentation today, [ will 45 H. FAOBEEOHTE, WL
address the effects that medica- EEE/NT V RICNT DEOLE
tions may have on fluid and rINSOMEERERET 574
electrolyte balance and strategies ¥XIZ DWW THBE L e BN X
that may be utilized to correct Jo Fiz. REMOIHE? L DR
these alterations. 1 will also dis- WICEEZE5Z 2 EMHEEICDOV
cuss drug therapies that may al- CT&BFHL LI T

ter intestinal absorption of

nutrients.




Diarrhea continues to be a
problem in patients receiving
enteral nutrition support. Most
antibiotics that are used for bac-
terial infections today have been
implicated as causing pseudo-
membranous enterocolitis
(PMC) in some patients. This
slide represents the characteristic
findings of severe pseudomem-
branous colitis due to antibiotic
therapy: whitish-yellow plagues
composed of fibrin, mucus, and
leukocytes that overlie erythe-
matous gastrointestinal mucosa.
Typically, these lesions are lo-
cated 1n the rectum or descend-
ing colon, but they have been
reported throughout the entire
gastrointestinal tract.
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C. difficile-induced Colitis

+ Disruption of normal
colonic microflora

» Poor absorption may
increase susceptibility

* Most common agents
inchude ampicillin,
clindamycin and 3rd
gen. cephalosporins

Reinke CM o al. Am j Hosp Pharm 199451:1771-51,

C. difficilel & 5 KI5
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Campicillin,
clindamycin, FE=IHY
cephaosporins

Reirke CM et al. Am J Hosp Prorm 1994;51:1771-81

The antimicrobial agents most com-
monly associated with pseudomem-
branous colitis include those agents
that eliminate the normal colonic mi-
croflora allowing overgrowth by
Clostridium difficile. These agents
include ampicillin, amoxicillin, third
generation cephalosporins, and clin-
damycin. In addition to the spectrum
of antimicrobial activity, poor ab-
sorption of orally administered anti-
biotics may increase susceptibility to
Clostridium difficile colonization by
increasing local drug concentrations
to which normal bowel microflora
are exposed. There is no contraindi-
cation to administering enteral feed-
ing to patients who have PMC,
however, most practitioners discon-
tinue enteral feeding for 1-2 days
while this disorder is being treated
with oral vancomycin or metronida-
zole.
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