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J. McIntyre, I. Choonara, Biol. Neonate 86:218-221 (2004)

HistoryHistory of of majormajor ADR in ADR in neonatesneonates and and fetusesfetuses

1995        Acetaminophen syrup Glycerol contained DEG                   85           Neonates, infants Haiti
1999        KCl solution Labelling: glucose solution 2         Neonates Belgium
...

...
...

...
...

...
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OffOff--labellabel//UnlicensedUnlicensed useuse in in paediatricspaediatrics: Hospitals: Hospitals

J. Breitkreutz, habilitation thesis, 
Westf. Wilhelms-University. Münster, Germany (2004)
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OffOff--labellabel//UnlicensedUnlicensed useuse in in paediatricspaediatrics: Intensive : Intensive carecare unitsunits
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24.0%71.6%6-12 years

21.9%73.2%2-6 years

23.3%77.5%3 months -2 yr

25.1%79.1%1-3 months

26.5%80.5%< 1 month

Dose information, 
but no paediatric 

dosage form

Inadequate dosing 
information

Age

E. Tan, N. E. Cranswick et al., Med. J. Aust. 179:195-198 (2003)

OffOff--labellabel//UnlicensedUnlicensed useuse of of marketedmarketed drugsdrugs in in paediatricspaediatrics
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8.  must be appropriate for parents
7.  precise and clear product information
6.  socio-cultural acceptability (no stigmatisation)
5.  easy and safe administration
4.  acceptable dose uniformity
3.  palatable or acceptable organoleptic properties
2.  nontoxic excipients regarding age group and administration
1.  sufficient bioavailability (despite childrens‘ particularities)  

CriteriasCriterias forfor drugdrug dosagedosage formsforms appropriateappropriate forfor childrenchildren

J. Breitkreutz, J. Boos, Exp. Opin. Drug Deliv., submitted (2006) 
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Emea Reflection Paper, Formulations of choice for the paediatric population (2005)

FormulationsFormulations of of choicechoice forfor newbornsnewborns
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Emea Reflection Paper, Formulations of choice for the paediatric population (2005)

FormulationsFormulations of of choicechoice forfor newbornsnewborns ((cont‘dcont‘d))
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Ranking of Drug Ranking of Drug FormulationsFormulations
forfor PretermPreterm and Term and Term NewbornNewborn InfantsInfants

1. Parenterals (predominantly i.v.)

2. Oral liquids

3. Rectal formulations

4. Topical formulations

5. Nasal formulations

6. Solid orodispersable formulations?

7. Oral multiparticulates?



ParenteralParenteral formulationsformulations in German in German paediatricpaediatric wardswards: : 
Errors in Errors in preparationpreparation and and administrationadministration

not judged

solvent
dose
rate
---
---
dosage form
solvation/dilution
labelling

26 % severe
or moderate

---
dose
infusion rate
omission
incompatibility

3 % severe
31 % moderate
13 % minor

solvent
dose
---
omission
incompatibility

Impact

Types of errors

Hoppe-Tichy
et al., 2002

not mentioned

Wirtz et al., 2003

34 %

Taxis/Barber,
2004

48 %Incidence

K. Taxis, N. Barber, Eur. J. Clin. Pharmacol. 59: 815-817 (2004)
V. Wirtz, K. Taxis, N. Barber, Pharm. World Sci. 25:104-111 (2003)
T. Hoppe-Tichy et al., Krankenhauspharmazie 23: 11-17 (2002) 
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Errors Errors producingproducing conditionsconditions

K. Taxis, N. Barber, Qual. Saf. Health Care 12: 343-348 (2003)

J. Breitkreutz



Potential Potential errorserrors oror mishandlingmishandling of of parenteralparenteral formulationsformulations
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correct solvent
osmolarity
complete solvation/dilution
correct dose
total fluid volume
correct dosage form
complete labelling
sterility

Handling of technology: Drug preparation

Handling of technology: Drug administration
aseptic conditions / handling
intravenous flow rate
site of injection
administration omission
drug incompatibility in line



Potential Potential errorserrors oror mishandlingmishandling of of parenteralparenteral formulationsformulations
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Some Examples: Drug preparation

Solvents / Osmolarity

- Using WFI for dissolving/diluting instead isotonic NaCl
or Ringer solution => hypotonic solution

- for some drugs (Dobutamine, Piperacillin) use WFI first, 
then add isotonic solution, otherwise recrystallization or
instability

- Sodium benzoate dissolved in isotonic NaCl or Ringer =>
isotonic, but hypernatriemia. KCl supplement is favorable.

- Lag volume of syringes. Use solvent first, then drug solution.

- Unsufficient mixing
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PaediatricPaediatric vs. vs. AdultAdult VialsVials

K. Allegaert, B. J. Anderson et al., Paed. Perin. Drug Ther. 7: 59-64 (2006)



Potential Potential errorserrors oror mishandlingmishandling of of parenteralparenteral formulationsformulations
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Some Examples: Drug administration

Dosage form

rapid infusion of
- lorazepam
- haloperidol
not licensed

high risk for
- vancomycin

Lag volume of 
infusion lines

Not to be
injected

Infusion rate/time Dosing

single / multiple doses
incorrect doses

incompatible drugs

incompatible excipients
in drug combination

V. Wirtz, K. Taxis, N. Barber, Pharm. World Sci. 25:104-111 (2003)
T. Hoppe-Tichy et al., Krankenhauspharmazie 23: 11-17 (2002) 



J. Breitkreutz et al., [in German]
Pharm. Ztg. 147: 3210 (2002)

Hiller et al., Pediatrics 77: 500 (1986)

Little et al., Pediatrics 72: 356 (1983)

Benzyl Alcohol: Toxic Agent in Neonatal Units

Benzyl Alcohol Toxicity: Impact on Mortality
and Intraventricular Hemorraghe Among Very
Low Birth Weight Infants

Benzyl Alcohol Toxicity: Impact on Neurologic
Handicaps Among Surviving Very Low Birth
Weight Infants

Benda et al., Pediatrics 77: 507 (1986)

Gasping-Syndrom

Benzyl alcohol, Sodium benzoate, Benzoic acid

J. Breitkreutz

ToxicityToxicity of of excipientsexcipients



Modified from Gladtke/Heimann 1992
J. Breitkreutz

IncompleteIncomplete metabolisationmetabolisation of of benzylbenzyl alcoholalcohol

Alkohol- und Aldehyddehydrogenasen
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Getson et al., 
Pediatrics 79: 622 (1987)

Glasgow et al., 
Pediatrics 72: 353 (1983)

Glover et al., Pharmacotherapy 16: 690 (1996)

Propylene glycol
ToxicityToxicity of of excipientsexcipients
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Adsorption and Penetration Adsorption and Penetration intointo Tube Material Tube Material 

PVC

Polyurethan

W. Lemm, 
Krankenhauspharmazie
19: 560-562 (1998)
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DesorptionDesorption fromfrom Tube and Tube and PackagingPackaging Material Material 

Diethylhexyl phthalate, DEHP
Plasticizer in PVC plastics
- tubes (e.g. Baxter Clintec Benja-Mix) : 400 mg/L in fat emulsion!
- valves (e.g. Medex Medical MX453-SL) 
- perfusor-tube (e.g. B. Braun Melsungen N872296/0)
- intravenous transducer / blood pressure device 
(e.g. Combitrans B. Braun Melsungen)

Butylhydroxytoluol, BHT
Antioxidative agent in Polyurethan plastics

Diphenylmethandiisocyanate
Monomer of Polyurethan

Aluminium
Ions in ampoules and glass containers
e.g. Frusemide ampoules 556 µg/L, Heparine ampules 809 µg/L

I. Wurdack, W. Kittlaus, A. Pecar, R. Bernard, 
Krankenhauspharmazie 27: 334-339 (2006)
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Alternative Alternative drugdrug administrationadministration sitessites
„spraying
instead
injecting“

Stability?

Bioavailability?

Toxicity?

Braun/Heel, Germany
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K. Griessmann, J. Breitkreutz, P. Schoettler, 
M. Tawab, M. Schubert-Zsilavecz, [in German] 
Monatssschr. Kinderheilkd. 153: 735-740 (2005)
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Amoxicillin Content [%]

Oral Oral liquidsliquids: : ContentContent uniformityuniformity usingusing dosingdosing spoonsspoons

Dropper
(5 ml)

1/4 Spoon
(1,25 ml)

1/2 Spoon
(2,5 ml)

1/1 Spoon
(5 ml)



Dropper tube

Codeine
drops,
Stella / Abbott

Oral Syringe

J. Breitkreutz

Oral Oral liquidsliquids: : NovelNovel dosingdosing instrumentsinstruments

Nystatin
suspension,
Bioglan

Pacifier

Ibuprofen
suspension,
De Bakker / Boots Healthcare



Strawberry : 4-Hydroxy-2,5-dimethyl-3-furanone = Furaneol®
;                                  

Raspberry 4-Hydroxyphenyl-2-butanone

Orange flavour in Zyvoxid suspension:
Acetone, maltodextrin, α-tocopherol-acetaldehyde,
modified starch, anisaldehyde, monomethyl succinate,
β-Caryophyllen, orange aldehydes, n-butyric acid,
orange oil FLA CP, butylbutyryl lactate,
orange oil Valencia 2X, decalactone-δ,
orange oil 5X Valencia, dimethyl benzylcarbacetate,
orange essence oil, ethylalcohol, orange fruit ketones,
ethylbutyrate, orange terpens, ethylmaltol, peppermint oil,
ethyl vanillin, propylenglycol, furaneol, tangerine oil,
grapefruit terpens, vanille extract, heliotropin, water

J. Breitkreutz
W. Kircher (2003)

ComponentsComponents of of flavoursflavours



Solid Solid formulationsformulations (vs. liquid (vs. liquid formsforms))

Advantages
Nontoxic excipients
Price
Various opportunities for
taste masking
Modified release options
Stability (storage & in-use
& different climates)
High content uniformity
Easy administration

Disadvantages

Dimensions: swallowing

Requires liquid for
swallowing

Aspiration (safety)

Difficult dose adaption

Varying bioavailability

J. Breitkreutz



1. Fast-dissolving drug formulations (FDDF)
2. Self-emulsifying drug delivery systems (SEDDS), Melting tablets
3. Mucoadhesive strips

BuccalBuccal / / orodispersableorodispersable drugdrug formulationsformulations

1. 2.

3.
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(6) W.S.A. Sakran, Dissertation (1994), Kairo/Münster

RectalRectal administrationadministration

J. Breitkreutz, P. Kleinebudde, J. Boos, Pharm. Ztg. 147: 3210-3218 (2002)

Drug peroral suppository base rel. BA [%]



ConclusionsConclusions

Formulations appropiate for neonates:

Mainly parenteral administration, but:
- Correct drug preparation and administration are big issues

- Drug/drug and drug/excipient interactions may occur

- Adsorption/desorption from infusion devices

- Special formulations for neonates would be favourable,
but cause additional costs

Oral formulations should be liquid

Alternative concepts and drug formulations are to be
developed


