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The operation 

was a success, 

but the patient 

died. 

Motivation 













Prevailing Dogma in the 

1960ôs 

Feeding entirely by vein is impossible; 

even if it were possible, it would be 

impractical; and even if it were practical, it 

would be unaffordable. 

 

Total Parenteral Nutrition was considered 

a ñHoly Grailò or a ñGordian Knotò pursuit 

by most physicians and surgeons at the 

time. 



Definitions 

Challenge - A test of oneôs abilities or resources in a  

demanding, but stimulating, undertaking. (Existing  

limitations, or practices/prejudices resisting change) 

 

Minefield - An area containing explosive mines.  

(Unanticipated, undesirable, or difficult situation) 

 

Out-take - A section or scene, as of a movie that is 

filmed, or of a recording, that is cut from the final version. 

(What really occurred, but was ñsanitizedò for presentation 

or publication, per convention) 

 

 



Challenges to the Development of Total 

Parenteral Nutrition (1960-1970) - I 

 
 

 
 

 
 

 
 

 

Formulate complete parenteral nutrient 

solutions (did not exist, not possible) 
 

Concentrate substrate components to  

5-6 times isotonicity without precipitation 

(not easily done) 
 

 

Demonstrate utility and safety of long-term 

central venous catheterization  (not looked 

on with favor by hierarchy) 



Challenges to the Development of Total 

Parenteral Nutrition (1960-1970) - II 

Demonstrate efficacy and safety of long-term 

continuous central venous infusion of 

hypertonic nutrient solutions (contrary to all 

clinical practices at the time) 
 

Maintain asepsis and antisepsis throughout the 

entire process of solution preparation and 

delivery (required culture change) 
 

Anticipate, avoid, and correct metabolic 

imbalances or derangements (a monumental 

challenge & undertaking) 

 













Minefields ï I A 

Hypertonic Dextrose - Long Term Infusion 
 

Effects on venous intima, heart, lung  

vasculature, RBCôs, WBCôs, platelets 
 

Effects on body cell mass by bypassing liver 

and pancreas on first pass of circulation 
 

Effects on patients with diabetes mellitus 
 

Effects on pancreatic insulin - stimulatory   



Minefields ï I B 

Hypertonic Dextrose - Long Term Infusion 
 

Effects of exogenous insulin - shock, stroke 
 

Effects of overzealous administration: 

 Hyperglycemia, hyperosmolarity, 

 diuresis, glucosuria, dehydration, 

 hypervolemia, non-ketotic coma, CNS 

 irritability, convulsions  
 

Caramelization; Maillard with amino acids 



Minefields ï II A 
Protein Hydrolysates  

The only nitrogen sources available for IV use: 

 Fibrin - Acid hydrolysis - Hydrochloric acid 

 Casein - Enzymatic hydrolysis - Pancreatic 
 

Non-standard composition - Every lot varied   

 

Peptides comprised 15% -  20% of total nitrogen 

       Di-, Tri-, Deca-peptides - allergic reactions 

 

Free amino acids comprised 80% - 85% of total  

 nitrogen.  Supplementation with amino acids  

 required to produce balanced formula 

  



Minefields ï II B 

Protein Hydrolysates  

 

Acid pH - High chloride and hydrochloride 

content   
 

Contaminants introduced during processing 

 Various minerals, especially zinc, were in 

high concentration in early formulas  
 

Unstable, especially in light, heat or with time 
 

Short shelf life - Maillard (browning) reaction 



Minefields ï III A 

Crystalline Amino Acids  
 
 

Preferred for purity, consistency and scientific 
desirability for precision formulation 
 

 
 

Derived from microbial biosynthesis rather 
than  the more expensive chemical synthesis 
 
 

 

Standardization advantage over hydrolysates 
 

 
 

Ratios and doses of amino acids modifiable 
with individual amino acid additives 
 



Minefields ï III B 

Crystalline Amino Acids  
 
 

 
Special condition-related formulas possible, 
 e.g.,  pediatric, neonatal, kidney, liver  
 
Mostly HCL or CL salts - originally high acid 
 load (pH 4.5 ï 5.0) 
  
Danger of acidosis in premature infants 
 
Corrected by acetate salts of amino acids 
 

 

 



Minefields ï IV A 

Minerals and Trace Elements  
 

Exact requirements unknown for IV feeding 
 

Extrapolation from PO to IV - a ñguesstimateò 
 

Compatibility unknown with base formulas, 

   other minerals and other additives 
 

Interactions of elements - precipitation  

    



Minefields ï IV B 

Minerals and Trace Elements  
 

Which salts or forms of the elements to use? 
 

How to measure their effectiveness? 
 

How to determine toxicity?  

 Usually less of, or not a problem, with GI 

 intake & regulation 
 

How to modify dosages and ratios specifically 

   for various pathophysiologic conditions? 

    



Minefields ï V A 

Vitamins  
 

No complete IV formulation existed 
 

Requirements with IV feeding not known 
 

Requirements different for animals and man 

     PABA a dog vitamin; ascorbic acid (C) not 
 

Requirements different for adults, children 

     Unique for premature and newborn infants 
 



Minefields ï V B 
Vitamins  
 

Requirements vary under different conditions 
 

No complete IV fat soluble vitamins available 

      IV vitamin K under development;  

 no A, D, E   
 

Emulsifying agents for A, D, E, K required for  

 water solubility - allergy, asthma, rash, 

 anaphylaxis 

     



Minefields ï VI A 

Fat Emulsion 
 

Cottonseed oil emulsion 
 

Non-standardized - particles 1 to 10 microns 
 Fat globules not equal to chylomicrons 
 

Unstable, heat sensitive, refrigeration required 
 

Impure or inadequate emulsifying agents 
 

Contaminants during manufacturing process; 
 Industrial oil, other oils, particulate matter,  
 cotton fibers, houseflyôs leg and eye 
 seen on scanning electron microscopy 



Minefields ï VI B 

Fat Emulsion 
 

Capillary microperfusion problems - large fat  

      globules occluded capillaries in 

 peripheral and/or pulmonary circulation 
 

Seroid pigment deposits in liver 

 Significance unknown 
 

Incompatible with crystalloid solutions  
 

Withdrawn abruptly by the FDA during the 

 puppy studies 



Minefields ï VII A 

Microbial Contamination and Infection 
 

Nutrient mixture contaminated in formulation 
 

Contaminated by additives in pharmacy 
 

Contaminated by additives at bedside  
 

Contamination of infusion delivery apparatus 
 

Contamination by various manipulations of 

 the infusion system 
 



Minefields ï VII B 

Microbial Contamination and Infection 
 

Using central catheter for blood drawing 
 

Using central catheter for non-nutrient fluids 
 

Unfiltered air bubbling through solution bottle 
 

Catheter contamination during insertion 
 

Catheter exit site inadequately protected 
 

Catheter infected from remote source in body 



Minefields ï VIII A 

Indwelling Central Venous Catheters  
 

Essential for long-term central venous feeding 
 

Polyethylene, polyvinyl chloride, Teflon, vinyl; 

 Silicone rubber tubing not yet available 
 

All available medical grade catheters caused 

     venous intimal inflammation, cellulitis,

 thrombophlebitis 
 

Concern for reactivity with platelets, RBCôs and  

     WBCôs - Heparin, steroids, procaine not 

 safe or efficacious prophylactically 
 



Minefields ï VIII B 

Microbial Contamination and Infection 
 

Catheter- associated thrombosis, fibrin sheaths 
 

Polymerization of catheters by body fluids 
 

Catheter misplacement, migration, embolization 
 

Too soft, too rigid, too thin, lumen too small 
 

Non-radiopaque, not durable, brittle 
 

Risk of infection 100% eventually with time 



Minefields ï IX A 

Hypertonic Nutrient Solution  
 

Inevitable - to provide requirements by vein 

    within the tolerances of fluid administration 
 

Inability to sterilize by heat or autoclaving 
 

Requires central venous catheterization 
 

Requires long-term central venous infusion  
 

Requires infusion precisely at rate of  

    metabolic utilization or assimilation - pump 
 



Minefields ï IX B 

 

Hypertonic Nutrient Solution  
 

Effects of acute and long-term hypertonic  

    nutrient infusion unknown 
 

Risks of contaminating the solution, tubing, 

    catheter, patient with micro-organisms  
 

A growth medium for some micro-organisms 





Composition of the Oral Control Diet and the  

three Intravenous Study Diets compared with the oral 

diet recommended by the Food and Nutrition Board, 

National Research Council, for growing puppies  

Protein 

  (gm/kg/d) 

Carbohydrate 
  (gm/kg/d) 

Fat 
  (gm/kg/d) 

Calories 
  (kcal/kg/d) 

Water 
  (ml/kg/d) 

8.8 

 

15.9 

 

2.6 
 

140-200 
 

-- 

Intravenous 

 Balanced   Essential  Fat-free 

4.0 

 

25.0 

 

2.6 
 

140 
 

130-190 

4.0 

 

30.0 

 

0.6 
 

140 
 

130-160 

4.0 

 

31.0 

 

0.0 
 

140 
 

130-160 

Oral  

control 

10.5 

 

18.0 

 

3.3 
 

140 
 

100-140 

Oral  

recommended 







Dudrick SJ, et al. Fed Proc 1966;25:481. 

(Abstract for the 50th FASEB Annual Meeting in 1966)  


