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(CANCER RESEARCH 37, 24Ml-2"50, July 1977) 

Parenteral Nutrition Techniques in Canc1er Patients
1 

Stanley J. Dudrlck,' Bruce v . MacFadyen, Jr., Eduardo A. Souchon, OeAnn M. Englert, and Edward M 
Copeland, 111 . 

Oepanment of Surgt ry {S. J. o., B. v. M .. E. A. s .. E. M. C.J, Tht untv&rslty 01 Texu Medical School st Housfon, The UnMlrslty of Te,cas Syarem C,nc:e, 
Center. M. 0. Anderson Hospital end Tumor Institute, snd Hermann HospiUtllThe University Ho.spital /D.M.E.J, Houston, Tt KH 77030 

Summary 

If a patient is expected to respond optimally to one or 
more forms of oncologic therapy, he should simultaneously 
be in the best possible nutritional and metabolic condition. 
When the alimentary tract cannot be used effectively for 
feeding cancer patients, parenteral nutrition can be li fesav­
ing. Moreover, patients who are poor candidates or non­
candidates for any antineoplastic therapy because of their 
debility or cachexia can be converted to reasonable candi­
dates following a course of i.v. hyperalimentation. This i.v. 
hyperalimentation can significantly reduce the morbidity 
and mortality of cancer patients without stimulating tumor 
growth when applied conscientiously according to the es­
tablished principles and techniques and when integrated 
with specific tumor therapy. 

With the use of ambulatory or home hyperalimentation 
techniques, normal nutri tional status can be restored or 
maintained during prolonged periods of antineoplastic 
therapy on a practical and relatively economical outpatient 
basis. It is anticipated that specific nutrient substrate for­
mulas and parenteral therapy techniques will be developed 
to maintain optimal host nutrition while adversely affecting 
the neoplasm. 

Introduction 

Nutrient substrates are required by the human body in 
sufficient quantity and of adequate quality to supply basal 
metabolic needs and to support a state of nutritional equi­
librium and positive nitrogen balance under a wide variety 
of conditions associated with catabolism. Moreover, re­
quirements can be significantly accentuated by major 
trauma, burns, sepsis, metabolic disorders and, possibly, 
malignant diseases. For many years it has been postulated 
that metabolic demands are increased in patients with ma­
lignant neoplasms. but this has never been clearly docu­
mented. When the diagnosis of cancer is made initially, 
patients are usually adequately nourished. However, var­
ious forms of effective antineoplastic therapy often result in 
severe nutritional deficits and are associated with weight 
loss, protein malnutrit ion, and inanition. On the other hand, 
loss of body mass can be the initial clinical sign in patients 
with specific cancers such as leukemia,'lymphoma, and oat 

1 Presented at the Conference on Nutrition and Cancer Therapy, Novem• 
ber 29 to Oeoember 1, 1976, Key Biscayne, Fla. 

-a To whom requests for reprinls should be addressed, at Department of 
Surgery, The University of Texas Medical School, 6400 West Cullen Streel, 
Houston. Tex.as n030. 
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cell carcinoma of the lung. In such patients, tumor bulk can 
achieve rathnr large proportions before symptoms become 
manifest, am:I weight loss may ,n part reflect ttie increased 
nutritional domands imposed upon the host by the progres­
sive tumor t,urden. Conversely, breast cancer, malignant 
melanoma, nnost soft tissue sarcomas, and the majority of 
gastrointesti,nal cancers produce early signs and symptoms 
(such as blee,ding or a palpable mass) while the tumor mass 
is relatively ,small , and any weight loss secondary to the 
demands of the neoplasm can be identified or appreciated. 
Some specific alimentary tract cancers, particularly those of 
the oropharynx and esophagus, induce weight loss because 
of reduced 1p.o. intake secondary to obstruction or dys­
phagia. Simi larly, lymphoma of the small bowel and certain 
hormone-secreting tumors, such as carcinoma of the pan­
creatic islet cells, can result in malnutrition secondary to 
malabsorptic,n. Nevertheless. the malnutrition seen in pa­
tients with cancer is usually iatrogenic as a resull of onco­
logical thera,py, unless the patient has neglected his symp­
toms for sevoral months and has become cachectic second­
ary to dimini,shed p.o. intake and increased tumor mass. 

During onc:ological treatment, malnutrition and inanltlon 
can be preve•nted, minimized, or corrected by the appropri­
ate use of currently available i.v. and enteral nutrient regi­
mens. Whenever possible, the gastrointestinal tract should 
be utilized for digestion, absorption, and assimilation of 
nutrients. The most natural and practical method of nutrient 
administration is p.o., and the next most feasible method of 
nutrient delivery is via nasogastric or nasoduodenal feeding 
tubes. However, operative insertion of a gastrostomy or 
jejunostomy tube may be necessary for long-term nutri­
tional maintonance in some patients. Unfortunately, optimal 
nutritional rohabilitation via the alimentary tract can require 
an inordinate amount of time, and specific antineoplastic 
therapy cannot always be deferred until protein and energy 
stores have been replenished adequately by this route. 

During tho past decade, IVH' has become available to the 
oncologist as a safe, effective, and practical method of 
nutritional r•ehabilitation. The concept of concentrated i.v. 
nutrients to meet the high caloric and protein requirements 
of critically ill patients was originally tested in 1966 (6). In 
the initial experiment, beagle puppies fed exclusively by 
vein with a 30% nutrient solution consisting primarily of 
glucose and protein hydrolysates via the superior vena cava 
grew and d•~veloped normally for periods up to 9 months. 
Following tlhis experience the technique of IVH was suc­
cessfully ad,apted for use in pediatric and adult humans (7}. 

1 The abbre~iatlon u.sed is: IVH. i .v. hyperalimentation. 
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,.1though ~ any indl~i_dual patients with malignant disor­

ders ha~ received nutritional s~pport via parenteral hyperal­
imentatIon, extensive app lications of this technique to the 

nutrftlonal rehabilitation of cancer patients in a prospective 

,unlcal study were pioneered at the M. o. Anderson Hospi­

tal and Tumor t_nstltu~e (4). Since the hyperalimentation 

tf1111 was established m 1972. more than 2000 patients • 

our series have received IVH as a means of nutritlo in, 
t t. 

. na 
maintenance or_ res ora 10n prior to, during, and/or follow-

1119 treatment with chemotherapy, radiotherapy, or surg 

eecause of _lVH, the gastrointe_stinal tract can be bypas:Zi 

and rested m a basal state while p~sitive nitrogen balance 

and astate of anabolism can be attained within 7 to 10 d 
n,Js technique o f total parenteral nutrition has proven I ai;,s . 
safe and effective, and stimulation of tumor growth has°no~ 

been observed as a consequence of the i.v . feeding . 

A rational approach to nutritional rehabilitation Is to re­

p1tnish the cancer patient rapidly, using JVH until the ali­

,nenla':' tract_ can be u~ effectively. The patient can be 

,nalntaoned ~•th a chem1caUy defined diet or other accepta­
ble form~lat1on until Ingestion, digestion, absorption. and 

assimllat1on of adequate quantities of normal foodstuffs are 
possible enteraliy. 

The purpose of this paper is to describe and discuss the 

composition and preparation of IVH solutions; the tech­

nique of ce~tral venous catheter Insertion and long-term 

catheter maintenance; the principles of IVH administration 

and patient monitoring; the prevention, recognition. and 

management of complications during IVH therapy; the Insti­

tution of an IVH team; and the applicatlon of ambulatory or 
home hyperalimentation. 

Composition and Preparation ol the Nutrient Sotullon 

IVH solutions prepared in our institutions are quite hyper­

Ionlc, having an osmolarity of 1800 to 2400 mOsmoles/liter. 

They are admixed In the pharmacy under laminar-flow, Iii· 

teted-alr hoods, either by mixing 500 ml of 50% dextrose 

wilh 500 ml of an 8.5% crystalline amino acid solution or by 

mixing 350 ml of 50% dextrose with 750 ml of 5 to 10% 

protein hydrolysate In 5% dextrose. Such solutions provide 

approximately 1000 Cal per liter and between 5.25 and 10.0 

g of nitrogen per liter. Electrolytes and vitamins must be 

added to these base solutions in appropriate dosages to 

salisfy dally requirements. Although the protein hydrolysate 

solutions (casein or fibrin based) contain various electro­

lytes and trace elements as contaminants of their process• 

Ing and storage in glass containers, the major electrolytes 

must be added to these solutions prior to infusion. The 

usual electrolyte additives to the hypertonlc nutrient mix· 
tures derived from the protein hydrolysate solutions Include 

approximately 40 to 50 mEq sodium chloride, 20 to 40 mEq 

P0tasslum chloride, 10 to 15 mEq magnesium sulfate and 15 

to20 mEq potassium acid phosphate per liter. Although the 

tasein hydrolysates that are prepared by the enzymatic 

hydrolysis of the phosphoprotein casein contain large 
imounts of phosphorus (20 to 40 mmoles/liter), the phos­

Phorus apparently Is bound to the peptides and/or amino 

acids In such a manner as to be neither available nor eftec• 

live in maintaining normal serum phosphorus concentra· 

Parenteral Nutrition 

lions. Indeed, the 1st reported occurrence of hypophospha­

temla during hyperallmentation was In a patient recel~lng 

casein hydrolysate as the nitrogen source. Fibrin hydro ly­

s_ate, prepared by the acid hydrolysis of bovine or porcine 

~~".n: contains no significant amounts of phosphorus, and 
dotions of this crucial intracellular element must be made 

10 Solutions of this nitrogen source. 

The amino acids in the i.v. crystalline amino acid prod• 

ucts currently commercially available In this country are 

present as the acetate and chloride or hydrochloride salts. 

These preparations are acidic and the addition of inordinate 

amounts of sodium and/or potassium chloride can result In 

hyperchloremic metabolic acidosis in some patients, partlc• 

ularly those in pediatric and geriatric age groups. There­

fore, sodium and PQtasslum should be added to the base 

solution as the acetate. bicarbonate, chloride, lactate, or 

acid phosphate salt a.s dictated by the patient's acid-base 
status and serum electrolyte concentrations. Despite the 

fact that phosphorus has been added to some of the more 

recent commercially available amino acid solutions in mod• 

erate amounts, our experience indicates that an additional 

15 to 20 mEq of phosphate. as the potassium acid phos• 

phate salt, must be added to each liter of solution to main• 

lain normal serum phosphate concentrations. especlaliy 
during the 1st week of therapy. 

Hypomagnesemia will often occur within to days of initl• 

ating IVH if sufficient quantities of magnesium have not 

been added to the solutions. Similarly. hypocalcemia wlll 
result ii adequate quantities of calcium are not provided, 

usually in dosages of 4 to 9 mEq calcium gluconate per day. 

Both the fat• and water-soluble vitamins must be added to 1 
liter ol lVH solution per day, and folic acid, vitamin K, and 

vitamin B,. are usually administered i.m. or l.v. once a week. 

In patients with bone marrow depression following chemo• 
therapy or radiotherapy. addition of these vitamins to the 

IVH solutions is preferable to l.m. injection In order to avoid 

hematoma formation secondary to impaired coagulation 
mechanisms. Serum albumin concentrations below 3 g/100 

ml should be corrected to levels of at least 3.5 g/100 ml by 
the dally administration ol 12.5 to 50 g of salt-poor human 

albumin, which can be added d irectly to the bottles or bags 

of IVH solution. Colloid osmotic pressure thereby can be 

restored promptli, and protein nutrition will be supple• 

mented. In most patients, albumin synthesis In the liver will 

be restored to no1mal within 7 to 10 days of IVH administra• 
lion, and exogen,us serum albumin will no longer be re­

quired. The formulation ol representative IVH solutions for 

infusion Into adult patients with normal concentrations of 

serum electrolyte;, magnesium, phosphorus, and calcium 

is given In Table 1. The formulation of IVH solutions for use 
in infants Is outlined in Table 2. 

The minimum daily energy requirement necessary to 

maintain an adult patient In the basal metabolic state Is 

approximately 1500 cal/day. In the absence of adequate 

exogenous calories, energy Is generated primarily by lipoly­

sis and the conversion of tissue protein Into glucose via 
gluconeogenesis. The work of Cuthbertson (5) on the cata• 

bolic response following trauma in humans demonstrated 
that infusion of 150 g of dextrose per day can result In a 

significant nitrogen-sparing effect. These data have been 

subsequently confirmed by many groups and extended to 

2441 

., 

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
	� Keep your litigation team up-to-date with real-time  

alerts and advanced team management tools built for  
the enterprise, all while greatly reducing PACER spend.

	� Our comprehensive service means we can handle Federal, 
State, and Administrative courts across the country.

Advanced Docket Research
	� With over 230 million records, Docket Alarm’s cloud-native 

docket research platform finds what other services can’t. 
Coverage includes Federal, State, plus PTAB, TTAB, ITC  
and NLRB decisions, all in one place.

	� Identify arguments that have been successful in the past 
with full text, pinpoint searching. Link to case law cited  
within any court document via Fastcase.

Analytics At Your Fingertips
	� Learn what happened the last time a particular judge,  

opposing counsel or company faced cases similar to yours.

	� Advanced out-of-the-box PTAB and TTAB analytics are  
always at your fingertips.

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

WHAT WILL YOU BUILD?  |  sales@docketalarm.com  |  1-866-77-FASTCASE

API
Docket Alarm offers a powerful API 
(application programming inter-
face) to developers that want to 
integrate case filings into their apps.

LAW FIRMS
Build custom dashboards for your 
attorneys and clients with live data 
direct from the court.

Automate many repetitive legal  
tasks like conflict checks, document 
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks 
for companies and debtors.

E-DISCOVERY AND  
LEGAL VENDORS
Sync your system to PACER to  
automate legal marketing.


