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Ersetzt der 3Ersetzt der 3--Kammerbeutel den Kammerbeutel den 
Apotheker im Ernährungsteam?Apotheker im Ernährungsteam?

Prof. Dr. Stefan Mühlebach, Spitalapotheker FPH, 
Konsiliarius für klinische Ernährung 

Universitätsspital Insel, Bern (Schweiz)
stefan.muehlebach@unibas.ch
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LayoutLayout

• PN and its (pharmaceutical) challenges
• The clinical nutrition process: pharmacist’s role
• Stability aspects in AiO admixtures
• 3-Chamber bags: industrial AiO premixes
• Tasks of the NST’s pharmacist
• Conclusions
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3Mühlebach

Route of Clinical NutritionRoute of Clinical Nutrition

If the gut works use it (enteral nutrition).

but if the enteral route does not allow sufficient 
ingestion, digestion, and absorption of nutrients 

parenteral nutrition has to be provided

enteral

parenteral
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4Mühlebach

(Pharmaceutical) Challenges in PN(Pharmaceutical) Challenges in PN
1. Formulation of parenteral

nutrients
2. Volume limitation: hypertonic 

solutions
3. (Central) Venous access 

(catheters)
4. Practicability, efficacy & 

safety of long-term PN
5. Asepsis during compounding 

& administration
6. Prevent/correct metabolic, 

physico-chemical 
disturbances

SJ Dudrick. Early developments & Clinical applications of TPN. JPEN 2003;27(4):291-9

1, 2, 5, 6

2, 4, 5

4, 5, 6
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5Mühlebach

PN: Complex Pharmaceutical MixPN: Complex Pharmaceutical Mix

i.v. Nutrients
Fluids

Electrolytes

Glucose

Amino Acids

Triglycerides
(o/w emulsion)

VitaminsTrace Elements

PORT-A-CATH

HICKMANN / BROVIAC

i.v. Access: CVA

Fat

Protein

Glycogen

N-Loss

Tissue
Metabolism 
Rebuilding
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6Mühlebach

PN: RiskPN: Risk--BenefitBenefit

• Effective when indicated
• Complications risks

– i.v. access
– Patients partly more fragile     

(neonates, critically ill)
– Aseptic preparation / admixing                                

(ready-to-use individualisation)
– Complex pharmaceutical formulation 

(disperse system with physico-chemical 
instabilities / incompatibilities)

– High costs compared to EN
• Multi-professional skills needed 

(pharmaceutical expertise)

D.Driscoll. Compounding TPN admixtures: then and now. JPEN 2003;27:433.
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7Mühlebach

Clinical Nutrition: Clinical Nutrition: 
MultiMulti--professional Processprofessional Process

Nutrition Support Team

Patient
Outcome

Diagnosis

Nutritional 
state

Patient
Evaluation

Malnutrition
risk

Prescription

Enteral
Parenteral

Admixing
Control

GMP
Handling

Adopted from Aktuelle Ernährungsmedizin 2002;27:425-430
Benefits from NST (Review): JPEN 2004;28(4):251
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8Mühlebach

PN: Substrate Admixing PN: Substrate Admixing insideinside the Body the Body 
(Multi(Multi--Bottle System)Bottle System)

Adapted from ESPEN LLL: Approach to PN 2007

Glucose 
(additives)

LipidAmino Acids
(additives)
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9Mühlebach

PN Admixing PN Admixing outsideoutside the Body: the Body: 
the AIO Conceptthe AIO Concept

Glucose

Co
mp

on
en

ts Amino acids
Gln…...

Lipid
LCT, MCT, Ω-3

Trace elements 
Fe, Zn, Mn, Cu, Cr, 
Mo, Se, F, J

Electrolytes
Na, K, Ca, Mg, P, Cl

Vitamins
A, B, C, D, E, K...

Complications
Metabolic
Microbial
Mechanical
Economic
(Safety )

Mühlebach. Practical aspect of multichamber bags for TPN. Curr Opin Clin Nutr Metabol Care 2005;8:291-5

AIO
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PN Delivery SystemsPN Delivery Systems
Bottles with

single
components

Bottles with
combined

components

Two in one
Admixtures

All-in-one
(3 in 1)

admixtures
Amino acids

Glucose

Lipid

Ready-to-use (-) (+) + + +

2:1

AIO

Adapted from  N.N. Parenteral Nutrition.
In: Basics in Clinical Nutrition, 3rd edition, ESPEN/Galen, Prague, 2004
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11Mühlebach

PN Compounding / Admixing: PN Compounding / Admixing: 
Instabilities, IncompatibilitiesInstabilities, Incompatibilities

• Microbial stability (aseptic technique)
• More than 40 components
• Physico-chemical stability (partly invisible)
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Aseptic Compounding / Admixing Aseptic Compounding / Admixing 

Pharmacopoeia Helvetica. 10th ed. (2006), Chap. 21.1.1, 
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13Mühlebach

0.8*

LPO in AIO Admixtures (EVA bags):LPO in AIO Admixtures (EVA bags):
Influence of Trace Elements (TE) and Storage ConditionsInfluence of Trace Elements (TE) and Storage Conditions

4

1 4 8 14 19 29
Days of storage

Steger, Mühlebach JPEN 2000;24:37-41

20-30°C / daylight with TE
20-30°C / daylight

2-8°C / light-protected with TE
2-8°C / light-protected

0

1

2

3

Peroxide values
[mmol peroxides/L]

* Accepted upper level Ph.Eur.
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14Mühlebach

Lipid Emulsion DestabilisationLipid Emulsion Destabilisation

reversible irreversible
-

Lecithin emulsifier
∅: 0.2 - 0.4 μm

MFTmax:mean max droplet 
diameter

Irs
ee

r F
or

tbi
ldu

ng
 20

07

15Mühlebach

Droplet Distribution of i.v. Lipid EmulsionsDroplet Distribution of i.v. Lipid Emulsions
Normal Probability Curve Normal Probability Curve 

From: Driscoll DF. Examination of selection of light-scattering and light obscuration 
acceptance criteria for lipid injectable emulsions. 
Pharm Forum 2004;30(6):2244-53

Large Diameter Tail 
„Stable“

Mean Droplet Size (~0.3 μm)

Diameter [μm]

Large Diameter Tail 
„Unstable“

20+ μm
0.05 0.3          5

% Fat
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AIO Emulsion AIO Emulsion StabilityStability: Type of : Type of FatFat
 

0  
1  

2  
3  

4  
5 

M
FT

m
ax

 [ μ
m

]

0 2 4 6 8 10
Day

Soybean Olive-Soy MCT-LCT 

MFTmax of NL 1850-16 with twice RDA trace elements at RT 

Lipid concentration ≈ 25 g/L

Adapted from Eichenberger et al e-SPEN 2006;1:97

4.5
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17Mühlebach

Lipid Emulsion Stability (Lipid Emulsion Stability (MFTMFTmaxmax) ) 
Influence of  Amino acidsInfluence of  Amino acids

Clin Nutr 1993;12(S2):59

AIO-Stability using Intralipid® (MFTmax)

Ca++ 7.5 mM; Mg++ 10 mM

M
FT

m
ax

[μ
m

]

4.5

Days after compounding
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18Mühlebach

Lipid Emulsion Stability: 
Lipids and Amino Acids (ANOVA)

Schmutz C.W., Werner R, Keller U, Mühlebach S.Clin Nutr 1993;12(S2):59

AIO PN: 5 g lipid/L; 6 g N/L; 144 g dextrose /L; pH 4.9-5.3
Na+,K+ (60mM), P (19 mM), trace elements
Ca++ (7.5 mM), Mg++ (10mM),

MCT vs Lipovenös 
 

Amino Acids 
 

Lipids 
Amino Acids 

X 
Lipids 

Hausmann-Amin 
vs 

Vamin 

 
0.002 

 
0.111 

 
0.594 

Vamin 
vs. 

Proteinsteril 

 
0.786 

 
0.241 

 
0.026 

Hausmann-Amin 
vs. 

Proteinsteril 

 
0.011 

 
0.934 

 
0.005 

 
ANOVA of MFTmax with repeated measures and two group factors 

Significance over time (10 days);  (p-values) 
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Shelf Life of AIO AdmixturesShelf Life of AIO Admixtures
Chemical reactions
Oxidation and reduction

amino acids, PUFA, vitamins
Hydrolysis

triglycerides
Condensation / polymerisation

Maillard products
Elimination reactions

decarboxylation, water
Racemate formation
Complex formation

trace elements

Physical reactions
Precipitation (solubility product)

Permeation, extraction, sorption
oxygen, lipophilic compounds

Disruption of emulsion
divalent cation bridging

Thermal processes
oiling out

Photo-induced processes
vitamin K1

Mühlebach. Curr Opin Clin Nutr Metabol Care 2005;8:291

Influenced by temperature, dayInfluenced by temperature, day--light, catalysts, oxygenlight, catalysts, oxygen

Irs
ee

r F
or

tbi
ldu

ng
 20

07

20Mühlebach

Industrial AIO Premixes (Standards):Industrial AIO Premixes (Standards):
The 3The 3--Chamber BagChamber Bag

Injection port

Breakable 
connection
or seal

Infusion port

Glucose Lipid

Amino acids
Cover wrap

(Oxygen protection)

Mühlebach. Curr Opin Clin Nutr Metabol Care 2005;8:291

Container polymer
(Sterilisation)
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21Mühlebach

Standardised PN in HospitalsStandardised PN in Hospitals
Belgium

86% adult standard PN:
(HP 56% compounded)

France
79% adult standard PN:
(HP 18% compounded )

Switzerland 
86% adult standard PN: 
(HP: 16% compounded)

4-
2‘890

60-
7‘506

1‘874-
9‘725

Min-
Max

7.5
384-

12‘629
2‘357 (6)Private

9.2
380-
3‘600

1‘966 (6)3.2
30-

3‘159
267 (5)3.9651Regional

6.8
20-

16‘472
1‘375 (1)4.9

350-
6‘760

2‘490 
(19)3.91‘351 

(12)
Non-

University

9.5
600-

41‘300
6‘041 (1)15.42‘419-

39‘500
13‘017 

(18)5.16‘983(4)University

RatioMin-
MaxMedianRatio

Min-
Max

Median*RatioMedian
Hospital
Category

*Ratio: no of PN bags per year/bed in 2000; Home PN proportion 5-7% (CH, B), 20% (F)
Maisonneuve et al. Nutrition 2004;20:528-535
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Duration of HPN
Number of Regimens [n] Reasons for Adaptations

Regimens per patient:Regimens per patient: 7.5 ±  6.57.5 ±  6.5

 

Patient No of regimens 
[n] 

Nutritional 
requirement 

Product 
requirement 

Stability 
reasons 

AB 2 7   
BK 4 3 1  
BS 5 5   
FS 11 16 3 1 
JF 4 3 1  
KA 4 4 2  
RS 24 38 4 1 
UM 13 15 3  
VE 3 3   
VF 8 36   
XM 4 7   
Total 82 137 14 2 
Mean ± SD 7.5 ± 6.5 12.5 ± 13.0   
 

HPN: Need for Individualisation of PNHPN: Need for Individualisation of PN

Schmutz, Mühlebach. Clin. Nutr. 2000;19(suppl.1):60 

0 12 24 36 48 60 72 84 96 108 120
AB
BK
BS
FS
JF
KA
RS
UM
VE
VF
XM

Mean

Pa
tie

nt

[months]

n=4
n=8

n=3
n=13

n=24
n=4

n=4

n=4
n=2

n=5
n=11

Mean Mean ±± SDSD [month]:   52.6 ± 40.5[month]:   52.6 ± 40.5
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Workload related to PNWorkload related to PN

Genton L, Mühlebach S, Dupertuis YM, Pichard C. Ergonomic and ecomomic aspects
of total parenteral nutrition. Curr Opin Clin Nutr Metab Care 2006;9:149-54

Ergonomics: man‘s Ergonomics: man‘s 
efficiency in PN efficiency in PN 

(at hospital pharmacy (at hospital pharmacy 
and at ward)and at ward)

((PharmacoPharmaco--) Economics: ) Economics: 
cost effectivenesscost effectiveness

(minimisation, benefit, utility)(minimisation, benefit, utility)
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Ergonomics in PNErgonomics in PN
Field of research
Multi-compartment PN bag

Multi-layered PN bag

Presence of a 
nutrition support team

Ergonomic consequences
Total workload ↓
Global application costs ↓
Inquiries on drug compatibility ↑

Vitamin degradation (vit. C, thiamine) ↓
(Stability and storage ↑ )

Inappropriate PN use ↓
Water and ion imbalances ↓
Metabolic complications ↓
Catheter-related sepsis ↓
Mechanical complications ↓
Wastage of venous catheters ↓

Genton et al. Curr Opin Clin Nutr Metab Care 2006;9:149-54
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Drug
Active ingredient
Solvent

Vehicle
Infusion fluid
Container

Good Manufacturing
Practices

Asepsis
Documentation…

Administration
Parenteral Access
Infusion time

AIO Admixture
Lipids

Glucose
Amino acids
Electrolytes

Trace elements
Vitamins

Drug Admixing in PN: Drug Admixing in PN: 
Pharmaceutical AspectsPharmaceutical Aspects

Adapted from „Basic in Clinical Nutrition“ 3rd edition, Galen (Prague), 2004
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From Pen to Patient: IT SupportFrom Pen to Patient: IT Support

Electronic
prescription

Electronic
distribution

EJHP 2004;10(1):22-29 Systems of automatisation

• Prescribing Errors (0.3-1.9%?)

• Distribution Errors (up to 12.5%)

• Administration Errors (3-15%)

Taxis K, Dean BS, Barber ND PWS 1999;21:25(UK)

Patient-specific
administration
(Bar coding)

A B C

Code
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PN: PN: PharmaceuticalPharmaceutical TasksTasks

Acquisition and Delivery
Purchase and/or preparation (!)
Distribution

Drug use and administration
Recommendations and guidelines  
(dosages, interactions, i.v. administration...)

Monitor and Review
Product quality
Handling (correctness,legality, CIRS, safety)
Analysis of indications, outcome
Cost

Stock management, Waste 

Selection and Documentation of Products
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Hartmann et al. Akt. Ernaehr Med. 1998;23:43-49

Appropriateness of PN Use: Appropriateness of PN Use: 
Compliance to local guidelinesCompliance to local guidelines

92/113 consecutive surgical patients with PN, prospective analys92/113 consecutive surgical patients with PN, prospective analysis over 9 monthsis over 9 months

Results
Duration of PN [d] 7-78 (min-max) 14 (mean)

12 (median)

Indication Guidelines (ASPEN ´93) 77% (71/92) fulfilled

Requirements Chart Review 50% fulfilled
Prescriptions (Check lists) 28% incomplete 
Lab tests 64% incomplete

Complications Hyperglycaemia 30% (> 10mM) 
Catheter-related 7% ( 2/3infections)
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ConclusionsConclusions

AIO

Three-compartment bags allow a 
convenient PN treatment for 
most adult patients during their 
acute care (hospitals).

Pharmaceutical expertise still 
mandatory: compounding for 
selected (long-term) patients, 
compatibility assessment,  
monitoring quality / safety of PN.

Research for improved bag 
materials, appropriate design of 
compartments to better meet 
patient‘s need, nutrients stability, 
and easy handling.
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Guidelines DGEM: Practical Handling Guidelines DGEM: Practical Handling 
of AIO Admixturesof AIO Admixtures11

Provision and stability:

Pharmacist‘s role in the nutrition team for PN (C):

• The co-operation with an experienced pharmacist with the 
knowledge needed has to be aimed.

• An important pharmaceutical task consists in the 
compounding and/or the ready-to-use preparation of the 
individual AIO PN admixture with the supplements needed 
(GPP).

Adopted from 1Praxishandbuch “Richtlinien EE und PE”, Thieme Verlag Stuttgart,  in press
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Clinical Nutrition (Checklist)Clinical Nutrition (Checklist)
Patient’s characterisation:

– age
– BMI
– GI functionality
– eating, appetite, weight loss

Nutritional status (NRF)
– clinical conditions: 
– diseases (stress factors)
– malnutrition

Specific nutrient requirements:
– fluid volume
– electrolytes (organ function)
– energy (dextrose and lipid)
– protein
– vitamins
– trace elements 

• The right nutrient

• In the right dose

• To the right patient
• In the right form 

(stability!)

• At the right time
Adapted from M. Skouroliakou et al. PWS 2005;27:305-10


