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A A soundsound alarmalarm waswas heardheard……



DeathDeath by by parenteralparenteral nutritionnutrition
.. A poison or .. A poison or toxintoxin isis «« a substance a substance thatthat throughthrough

itsits chemicalchemical action action usuallyusually killskills, injures or , injures or 
impairs an impairs an organismorganism »». . BasedBased on on thisthis definitiondefinition, , 
in in thethe criticallycritically illill, TPN , TPN meetsmeets allall thethe criteriacriteria ofof a a 
poison/poison/toxintoxin……

....TheThe adverse adverse sequelaesequelae associatedassociated withwith TPN TPN resultresult
fromfrom thethe combinedcombined detrimentaldetrimental effectseffects ofof notnot
directlydirectly feedingfeeding thethe bowelbowel, as , as wellwell as as thethe
metabolicmetabolic, , immunologicalimmunological, endocrine  , endocrine  andand
infectiveinfective complications complications associatedassociated withwith infusinginfusing
a a syntheticsynthetic «« nutrientnutrient cocktailcocktail »» intointo a patient a patient 
systemicsystemic venousvenous systemsystem. . 



Adverse Adverse effectseffects ofof gutgut starvationstarvation
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Original ICU : 4Original ICU : 4
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Abstract : 1Abstract : 1



CurrentCurrent nutritionalnutritional supportsupport
PreiserPreiser et et alal Intensive Care Intensive Care MedMed 1999;25:951999;25:95
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CurrentCurrent practice practice ofof parenteralparenteral
nutritionnutrition
Type Type ofof solutions : solutions : readyready--toto--useuse weaponsweapons
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CurrentCurrent practice practice ofof parenteralparenteral
nutritionnutrition
SystemSystem ofof administration : a administration : a criminalcriminal organisation?organisation?

Which line do you use? Do you use filters?

Most often
central

Indifferent
Yes

Same than
iv drugs

Multi-channel

One-channel

NoOnly central

Which type of central line?





TheThe trial trial ofof TPNTPN
vsvs

EN EN andand Standard CareStandard Care
MetaMeta--analysisanalysis

27 27 studiesstudies
1828 patients1828 patients

BraunschweigBraunschweig et et alal AmAm J Clin J Clin NutrNutr 20012001



MortalityMortality
EffectsEffects ofof TPN vsTPN vs

Braunschweig et al Am J Clin Nutr 2001



Infection rateInfection rate
EffectsEffects ofof TPN vsTPN vs

Braunschweig et al Am J Clin Nutr 2001



OtherOther complicationscomplications
EffectsEffects ofof TPN vsTPN vs

Braunschweig et al Am J Clin Nutr 2001



24 24 referencesreferences
Original ICU : 10Original ICU : 10
ReviewsReviews, , metameta--analysesanalyses, expert opinions : 7, expert opinions : 7
NonNon--ICUICU : 3: 3
Animal : 1Animal : 1



WhatWhat’’s s thethe mattermatter??
TPN as TPN as thethe firstfirst--lineline
nutrition support  nutrition support  
EarlyEarly TPN TPN whenwhen earlyearly
EN EN notnot toleratedtolerated
TPN in TPN in eacheach case case ofof
contracontra--indicationindication to to 
ENEN
TPN TPN whenwhen EN EN 
impossible or impossible or notnot
sufficientsufficient

NONO

NONO

NONO

YESYES



MethodologicalMethodological assessmentassessment criteriacriteria



ClinicalClinical considerationsconsiderations : : widelywidely scatteredscattered
OutcomeOutcome variablesvariables
Type Type andand sizesize ofof studystudy populationspopulations
TimeTime andand route route ofof administration administration 

EnergyEnergy supplysupply andand nutrientsnutrients : : veryvery variablevariable
MethodologicalMethodological aspects : aspects : generallygenerally poorpoor

WorkingWorking hypothesishypothesis, , studystudy design design andand powerpower
calculationcalculation
Management Management andand clinicalclinical safetysafety
Control populationControl population



ClinicalClinical considerationsconsiderations : : widelywidely scatteredscattered
OutcomeOutcome variablesvariables





ClinicalClinical considerationsconsiderations : : widelywidely scatteredscattered
OutcomeOutcome variablesvariables
Type Type andand sizesize ofof studystudy populationspopulations
TimeTime andand route route ofof administration administration 

EnergyEnergy supplysupply andand nutrientsnutrients : : veryvery variablevariable



INCREASED RISK OF INFECTION WITH INCREASED RISK OF INFECTION WITH 
HYPOCALORIC REGIMENHYPOCALORIC REGIMEN

Rubinson et al Crit Care Med 2004 (feb)



CurrentCurrent practice practice ofof parenteralparenteral
nutritionnutrition
InitiatingInitiating TPNTPN
Which criteria do you use to 
prescribe the amount of TPN?
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MetabolicMetabolic rate in rate in severesevere brainbrain injuryinjury

0 100 200 300

Haider 1985

Clifton 1984

Dempsey 1985

Dempsey 1985

Clifton 1986

Clifton 1986

Chioléro 1989

Metabolic rate (% predicted)



31 kcal/kg/Tag1995Müller et al. 
1860+26e1991
2080+41d1991Forsberg et al. 

Multiorganversagen

3390+91c1994Frankenfield et 
al.

2950+481989Shangraw et al.
2140+451983Giovannini et al.

Sepsis nach Operation/Trauma

2750+551994Frankenfield et al.
2620+541987Adolph et al.
2330+561991Behrendt et al.
2342+471987Swinamer et al.

Nach Operationen und schweren Traumen
EV (kcal)Jahr   RU (%)Autoren

Klinische ErnKlinische Ernäährunghrung
Intensiv Intensiv CareCare Unit: EnergieverbrauchUnit: Energieverbrauch



Klinische ErnKlinische Ernäährunghrung
Intensiv Intensiv CareCare Unit: Energiebedarf IIUnit: Energiebedarf II
Internistische PatientenInternistische Patienten

Autor/JahrAutor/Jahr ErkrankungErkrankung RU(%)RU(%) EV (kcal)EV (kcal)

BarotBarot et al. et al. 
19821982

EntzEntzüündliche ndliche 
DarmerkranungeDarmerkranungeaa

+23+23 12901290aa

Dickerson et al. Dickerson et al. 
19911991

PankreatitisPankreatitis
Pankreatitis mit Pankreatitis mit 
SepsisSepsis

+12+12
+20+20

15601560bb

19001900bb

SchneeweiSchneeweißß
19911991

ANV mit SepsisANV mit Sepsis +33+33 15001500bb

Kreymann 1992Kreymann 1992 Schwere Schwere 
InfektionInfektion
SepsisSepsis
Septischer Septischer 
SchockSchock

+55+55
+25+25
+  2+  2

23002300cc

18551855cc

14841484cc



SubstrateSubstrate utilizationutilization in in energyenergy
metabolismmetabolism

1. 1. EndogenousEndogenous substratessubstrates
SubstrateSubstrate mobilisation mobilisation fromfrom body body 
storesstores
GlycogenGlycogen, , proteinsproteins, , fattyfatty acidsacids
InterorganInterorgan substratesubstrate exchangesexchanges
Glucose, lactate, glutamine, Glucose, lactate, glutamine, 
glycerolglycerol, , aminoamino acidsacids





SubstratflussSubstratfluss

Klinische ErnKlinische Ernäährunghrung
Intensiv Intensiv CareCare Unit: Unit: „„substratesubstrate cyclingcycling““



MyocardiumMyocardium metabolismmetabolism in in 
normoxicnormoxic andand hypoxichypoxic conditioncondition
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Hormonal Hormonal regulationregulation ofof thethe use use 
ofof macromacro--nutrientsnutrients



SubstrateSubstrate utilizationutilization in in energyenergy
metabolismmetabolism

1. 1. EndogenousEndogenous substratessubstrates
SubstrateSubstrate mobilisation mobilisation fromfrom body body 
storesstores
GlycogenGlycogen, , proteinsproteins, , fattyfatty acidsacids
InterorganInterorgan substratesubstrate exchangesexchanges
Glucose, lactate, glutamine, Glucose, lactate, glutamine, 
glycerolglycerol, , aminoamino acidsacids

2. 2. ExogenousExogenous substratessubstrates
CarbohydratesCarbohydrates, fat, , fat, proteinsproteins



AppropriatenessAppropriateness ofof TPNTPN

CriteriaCriteria ::
Type Type ofof nutrientsnutrients andand otherother componentscomponents
AmountAmount
Infusion rateInfusion rate



Type Type ofof nutrientsnutrients

CarbohydratesCarbohydrates
Glucose : 4 kcal/gGlucose : 4 kcal/g
Maximum 4 mg/Maximum 4 mg/kg.minkg.min (maximal (maximal oxidationoxidation
rate)rate)
! ! osmolarityosmolarity



Type Type ofof nutrientsnutrients

LipidsLipids
FattyFatty acidsacids : 9 kcal/g: 9 kcal/g
LowLow osmolarityosmolarity
PotentialPotential pharmacologicalpharmacological effectseffects



FattyFatty acidacid compositioncomposition



Type Type ofof nutrientsnutrients

LipidsLipids
PotentialPotential limitations :limitations :

DecreasedDecreased clearance (VLDL)clearance (VLDL)
Maximal infusion rate 1 mg/kg/minMaximal infusion rate 1 mg/kg/min
IncreasedIncreased peroxidationperoxidation
PL/TG ratioPL/TG ratio



Type Type ofof nutrientsnutrients

ProteinsProteins
Essential Essential aminoacidsaminoacids
GlutamineGlutamine







GLUTAMINE :GLUTAMINE :
A A lifelife--savingsaving
nutrientnutrient,,
but but whywhy????



 SKELETAL M USCLE

 ↓  intracellular glutamine levels
↑ glutam ine efflux
↓ glutam ine synthesis

Glutamine

GUT M UCOSA
IM M UNE SYSTEM
KIDNEY
W OUND TISSUE

Cell division – synthesis of nucleotides
Gluconeogenesis
Glutathione
Ammonium (urea cycle)

FATE OF GLUTAMINE DURING FATE OF GLUTAMINE DURING 
CRITICAL ILLNESSCRITICAL ILLNESS



POSSIBLE BENEFICIAL EFFECTS OF POSSIBLE BENEFICIAL EFFECTS OF 
GLUTAMINE SUPPLEMENTATION GLUTAMINE SUPPLEMENTATION 
PreiserPreiser and and WernermanWernerman CritCrit Care Care MedMed 2003; 31:25552003; 31:2555

Metabolic
Protein synthesis
C / N transporter
Gluconeogenesis
Ammoniagenesis

Immunologic
Replication
T-cells function
IgA synthesis
HLA-DR on CD14

Gut protection
Replication
Maintenance of 
GALT

Anti-oxidant
Glutathione
Taurine



CurrentCurrent recommendationsrecommendations
EnergyEnergy

WomenWomen : 20: 20--25 kcal/kg/d 25 kcal/kg/d 
MenMen 2525--30 kcal/kg/d 30 kcal/kg/d 
CarbohydrateCarbohydrate//LipidLipid ratio : 60ratio : 60--70/3070/30--40%40%

NitrogenNitrogen
1.01.0--1.5 g/kcal/d 1.5 g/kcal/d proteinsproteins
Non Non proteinprotein calories/calories/nitrogennitrogen ratio : 100ratio : 100--150150
SupplementalSupplemental glutamineglutamine

VitaminsVitamins ((includingincluding liposolubles)liposolubles)
Trace Trace elementselements



RESULTS OF INAPPROPRIATE RESULTS OF INAPPROPRIATE 
USE OF TPN (I)USE OF TPN (I)

SmirniotisSmirniotis et et alal ICM 1998;24:1029ICM 1998;24:1029
21 21 ptspts withwith ARDS ARDS randomisedrandomised to LCT or to LCT or 
MCT/LCTMCT/LCT
LipidsLipids 12 g/h ~ 2.5 12 g/h ~ 2.5 ++mg/mg/kg.minkg.min
IncreasedIncreased MPAP (25 MPAP (25 ++ 5 to 33 5 to 33 ++ 4 4 mmHgmmHg), ), 
decreaseddecreased PaO2/FiO2 (240 PaO2/FiO2 (240 ++ 30 to 180 30 to 180 ++ 35) 35) 
andand QvaQva//QtQt (24 (24 ++ 5 to 37 5 to 37 ++ 6%) ONLY in 6%) ONLY in thethe
LCT group.LCT group.



RESULTS OF INAPPROPRIATE RESULTS OF INAPPROPRIATE 
USE OF TPN (II)USE OF TPN (II)

MasclansMasclans et et alal ICM 1998;24:918ICM 1998;24:918
21 pt 21 pt withwith ARDS ARDS randomisedrandomised to LCT, to LCT, 
LCT/MCT or placeboLCT/MCT or placebo
LipidsLipids 2 mg/2 mg/kg.minkg.min overover 12 12 hourshours
IncreasesIncreases in Tin T°°, CO , CO andand DO2, DO2, decreasedecrease in in 
PvO2 ONLY PvO2 ONLY inin thethe LCT groupLCT group



METABOLIC COMPLICATIONSMETABOLIC COMPLICATIONS
Type Risk factors Prevention Treatment Complication

Hyperglycaemia Rate of glucose 
infusion > 4 
mg/kg.min

Provide calories as a 
dextrose + lipids 
mixture

Check glycaemia 
every 4 hours

Reduce glucose 
supply (2–4 
mg/kg.min) 
Intensive insulin 
therapy

Hypoglycaemia Abrupt withdrawal 
of dextrose 
administration

Excessive insulin 
therapy

Check glycaemia 
every 4 hours

Re-infuse dextrose 
solution

Coma

Hypertriglyceridaemia Excessive lipid 
supply (>4–6 
g/kg.day)

Check plasma 
triglycerides 1–2 
times /week

Macrophage 
activation 
syndrome

Cholestasis Absence of oral 
alimentation

Sepsis

Check liver tests 2–3 
times/week

Interrupt TPN
Re-start oral 

nutrition as soon 
as possible

Steatosis High caloric supply Avoid excessive 
caloric supply.

Check liver tests 2–3 
times/week

Interrupt TPN Hepatic failure

Acalculous
cholecystitis

Fasting
Intraluminal

microbial 
overgrowth

Check liver tests 2–3 
times/week



FOLLOWFOLLOW--UP OF TPNUP OF TPN
Variable Minimal frequency

Glycaemia 2–3/day

Triglycerides 1/week

Electrolytes (Na, K, Cl, Ca, P, Mg) 1/week

Total proteins 1/week

Liver function tests (bilirubin, transaminases, 
alkaline phosphatases, gamma-

glutamyltransferase)

1/week



ClinicalClinical considerationsconsiderations : : widelywidely scatteredscattered
OutcomeOutcome variablesvariables
Type Type andand sizesize ofof studystudy populationspopulations
TimeTime andand route route ofof administration administration 

EnergyEnergy supplysupply andand nutrientsnutrients : : veryvery variablevariable
MethodologicalMethodological aspects : aspects : generallygenerally poorpoor

WorkingWorking hypothesishypothesis, , studystudy design design andand powerpower
calculationcalculation
Management Management andand clinicalclinical safetysafety
Control populationControl population





EffectsEffects ofof combinedcombined PN + EN on PN + EN on 
mortalitymortality



EffectsEffects ofof combinedcombined PN + EN on PN + EN on 
infectiousinfectious complicationscomplications



IncreasingIncreasing caloriccaloric supplysupply withwith
combinedcombined nutritionnutrition

Bauer et al Intensive Care Med 2000



EffectsEffects ofof combinedcombined nutritionalnutritional
support on support on survivalsurvival



WhatWhat are are wewe lookinglooking to?to?



CharacteristicsCharacteristics ofof selectedselected studiesstudies
comparingcomparing EN + PN EN + PN withwith ENEN



MethodologicalMethodological assessmentassessment criteriacriteria



Do Do wewe have have compellingcompelling evidenceevidence
for for detrimentaldetrimental effectseffects ofof

combinedcombined nutritionalnutritional support?support?



Do Do wewe have have compellingcompelling evidenceevidence
for for detrimentaldetrimental effectseffects ofof

combinedcombined nutritionalnutritional support?support?

NO!NO!



How How cancan wewe optimise optimise thethe use use ofof
nutritionalnutritional support? support? 

Standardisation Standardisation 
AvailableAvailable guidelinesguidelines
Local Local factorsfactors



CurrentCurrent algorithmsalgorithms ofof integratedintegrated
nutritionalnutritional supportsupport

TwoTwo examplesexamples





SuggestedSuggested algorithmalgorithm for for 
implementationimplementation ofof nutritionalnutritional supportsupport

Consider early enteral
nutrition

Coexisting malnutrition
Trauma
Surgery

Consider
nutritional
support from
days 5–7

No Yes



CanadianCanadian algorithmalgorithm
Martin et al CMAJ 2004;170:197 (online)



CanadianCanadian algorithmalgorithm
Martin et al CMAJ 2004;170:197 (online)



CanadianCanadian algorithmalgorithm
Martin et al CMAJ 2004;170:197 (online)



TPN CAN BE TOXICTPN CAN BE TOXIC……

WhenWhen usedused inappropriatelyinappropriately
In patientsIn patients

nonnon--malnourishedmalnourished
able to able to eateat or to or to toleratetolerate ENEN

TooToo earlyearly
TooToo fastfast / too much/ too much
UnbalancedUnbalanced compositioncomposition
PoorPoor management management ofof complicationscomplications



IS PN GUILTY?IS PN GUILTY?

No No proofproof ofof toxicitytoxicity ofof PNPN
PN PN isis «« oftenoften »» necessarynecessary in in criticallycritically illill
surgicalsurgical patientspatients
All routes All routes ofof feedingfeeding shouldshould bebe usedused in in 
ICU patientsICU patients
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