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How frequent in the hospital?
How can we prevent them?
How can we treat them?
What should you know?



3

MAIN POINTS

What are drug incompatibilities?
How frequent in the hospital?
How can we prevent them?
How can we treat them?
What should you know?



CASE STUDY

ICU patient with GVH (graft-versus-host disease)
Central IV catheter, 3 lumen
IV drugs infused over 24h: Nutriflex Lipid special, 
Nexium (1.6mg/ml), Sandimmun (1mg/ml) et Trandate
(5mg/ml).
Other drugs as bolus ou short infusion: Bactrim, 
Cancidas, Cellcept, Cymevene, Lasix, Solumedrol, 
Tazobac
Reserve drugs: morphine, Perfalgan et Droperidol
New drug: blood

4

Drug 
incompatibility
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WHICH PARTNERS?
Drug 

incompatibility

Drug A

Drug B

Solvent + 
excipients

Solvent + 
excipients

Environment
• Temperature
• Light

Material
• PVC (DEHP)
• Silicone
•…

Factors
• Concentration
• Time of contact



WHERE?
Drug 

incompatibility

From: KIK 2.1, BBraun, 2002 6
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WHAT KIND OF REACTIONS?
Physico- chemical 

reactions:
• Acid-base reactions (pH)

• Solubility changes

• Emulsion cracking

• Oxido-reduction

• …

Consequences
• precipitates (visible)
• coloration  (visible)
• gas formation (visible)
• pH change (invisible)
• drug concentration (invisible)

Drug 
incompatibility

• Catheter occlusion
• Particles emboli (renal, pulmonary)
• therapeutic effect
• Toxic effect (ex. peroxide) patient
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INCIDENTS IN PATIENTS?

Drug 
incompatibility

McNearney T et al. Dig Dis Sci 2003;48:1352-4

Knowles JB et al. JPEN 1989;13:209-13

Hill SE et al.  JPEN 1996;20:81-87
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CEFTRIAXONE- CALCIUM

Drug 
incompatibility

Prescrire 1997;17:506

Bradley JS et al. Pediatrics 2009;123:609-13



PEROXIDES

10Helbock H et al. Pediatrics 1993;91;83-7
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pH AND DRUGS

Acidic drugs Basic drugs

low pH  < 7 high pH > 7

Amiodarone (Cordarone®) pH = 4 Aciclovir (Zovirax®) pH = 11

Adrenaline pH = 3 Cotrimoxazole (Bactrim®) pH = 10

Dobutamine (Dobutrex®) pH = 3 Furosemide (Lasix®) pH = 9

Midazolam (Dormicum®) pH = 4 Ganciclovir (Cymevene®) pH = 9

Morphine HUG pH = 3.5 Omeprazole (Antra®) pH = 9

Vancomycine (Vancocin®) pH = 3 Phenytoin (Phenhydan®) pH = 12

Drug 
incompatibility

Drug 
incompatibility



ACIDIC AND BASIC DRUGS
To be put in solution, salts of active substances are used
• An acid is soluble in a basic solution drug solution is basic
• A base is soluble in an acidic solution drug solution is acidic

Drug 
incompatibility

furosemide sodique (pH 9) 
+ vancomycine HCl (pH 3) 

From: KIK 2.1, BBraun, 2002

Don’t mix or infuse on Y-site 
acidic with basic drug solutions!

furosemide sodique (pH 9) 
+ midazolam HCl (pH 4) 

12
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SOLVENT (DILUENT)

Glucose 5%-20%     pH = 4.0 - 6.0 amiodarone, amphotericine B
NaCl 0,9%  pH = 7.0 - 7.5 aciclovir, phenytoin, furosemide

TheoryDrug 
incompatibility

Be careful with solvent pH !

Solvent pH Appropriate for

From: KIK 2.1, BBraun, 2002
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HEPARIN FLUSHING

TheoryDrug 
incompatibility

Ask careful what has been added to the solution !

Solvent: 
NaCl 0,9% + heparine 20 UI/ml ! 

heparine + caspofungine
precipitation



SOLUBILITY
« Pastis effect »

drug excipient

amiodarone Cordarone® polysorbate (tween)
paracetamol Perfalgan® mannitol, phosphate, NaOH
esomeprazole Nexium® NaOH, EDTA
phenytoin Phenhydan® glycofurol-75, EDTA
clonazepam Rivotril® propyleneglycol, acetic acid

Co-solvent and/or adjusting pH can increase 
the solubility of drugs in solution

Dilution of drugs dilution of co-solvents 
pH change
Risk of precipitation !

Drug 
incompatibility
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http://fr.wikipedia.org/wiki/Fichier:Pastis1.jpg


COMPLEXATION
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Formation of insoluble calcium-ceftriaxone complex

Drug 
incompatibility

http://www.fda.govNo administration of calcium and ceftriaxone by the
same IV line !
Neonates: no calcium infusion if ceftriaxone has been
administered (48h wash out period) !
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LIPID EMULSION 

Increased risk of 
coalescence:

pH

conc. AA

electrolytes with 
high valence (Ca2+, 
Mg2+, PO4

3-)

reversible

irreversible

TheoryDrug 
incompatibility

Lipid emulsion is not water !
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LIPID EMULSION

Lipofundin or Disoprivan

+ Garamycine
Phase separation over 24h

Oil phase + fat  soluble-dye 
(Sudan red III)

Drug 
incompatibility



PHOTODEGRADATION

Degradation of drug under light  exposition (sun,  
phototherapy)

Store in the dark
Ex. furosemide, adrenaline, vecuronium

Protection during administration 
nifedipine, isoprenaline, nitroprussiate
lipides (neonatology) 

Drug 
incompatibility

19



CORDARONE AND LIGHT 

N.Marcoz 2003, http://pharmacie.hug-ge.ch/ens/travmaitrise/2003_nm_amiodarone_po.pdf

0.6 mg/ml 

≥ 5 mg/ml 

Drug 
incompatibility

20



CORDARONE AND LIGHT

NICU and PICU: 15 mg*BW ad 50 ml
Stability if conc. > 5 mg/ml (patients >15kg)
But:

No 10 or 20 ml amber syringe on the market
Pediatric references: stable over 24h without light 
protection

HUG: No protection, even if conc. < 5 mg/ml

Drug 
incompatibility

21



SORPTION
Physical interaction between molecule  and 
material  (adsorption onto surface)
Sorption loss of drug
adsorption to PVC

Ex: amiodarone, nitroglycerine, tacrolimus
HUG: 

Flexs Bioren and syringues BD in PP 
Standard iv-lines in PVC
Connecting lines for syrines in PE

adsorption to in-line filter
Ex. phenobarbital

Drug 
incompatibility

22



LEACHING (DESORPTION)
Leaching of DEHP from PVC by cosolvent
DEHP: diethylhexylphtalate (plasticizer):

hepatotoxic, carcinogen, toxic for reproduction
friability of material, particules in solution 

Cosolvent: castor oil, PEG-35 castor oil, 
Cremophor, polysorbate 80

Ex: Taxol, Sandimmun, Prograf

DEHP-free material (NoDEHP) !

Drug 
incompatibility

23



LEACHING
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Increase with:
• Temperature
• Lipid content 
• Contact time (storage)
• Amount of fluid

High – risk:
Preterm neonates and critically ill patient 
– IV therapy
– Parenteral and enteral feedings
– Ventilation
– Blood transfusion
– Long hospital stay , prolonged therapies

Schettler T. 2002 
http://www.noharm.org/lib/downloads/pvc/DEHP_Exposure_of_Infants.pdf

Drug 
incompatibility
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MAIN POINTS

What are drug incompatibilities?
How frequent in the ICU?
How can we prevent them?
How can we treat them?
What should you know?
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MEDICATION ERRORS
Adult ward
3%1 incompatible drug combinations
Adult ICU
7.2 - 18.6%2-4 incompatible drug combinations, 26.3%2

potentially life-threatening, 29% no information4

Pediatric ICU
3.6%5 incompatible combinations
Neonatal ICU
14.9%6 incompatible combinations, 59.3% no 
information

1 Westbrook JI. BMJ  Qual Saf 2011; doi10.1136/bmjqs-2011-000089 
2 Bertsche T et al. Am J Health Syst Pharm 2008;65:1834-40
3 Tissot E et al. Intensive Care Med 1999;25:353-9
4 Vogel Kahmann I  et al. Anaesthesist 2003;52:409-12 
5Gikic M et al. Pharm World Sci 2002;22:88-91
6Kalikstad B et al. Arch Dis Child 2010;95:745-8

Frequence 



PRIORITY FOR QUALITY 
IMPROVEMENT 
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Bertsche T et al. PWS 2008;30:907-15
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TOOLS
Prevention: ward
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Reference and its abreviation 
Trissel handbook 14th ed. Ref 

Tools and their abreviations 
CHUV 9.0 cross-table CHUV 
KIK 3.0 database KIK 
King 2008 cross-table King 
Neofax 2007 handbook NeoF 
Perfysi 2 database Perf 
pH 2007 cross-table pH 
Stabilis 3 database Stab 
Thériaque 2007 database Thé 

TOOLS
Prevention: ward

De Giorgi I  et al. PWS 2010;32520-9

• Evaluation by  2 pharmacists 
• 40 drug pairs usually used in NICU 

and PICU 
• Trissel’s as gold reference



TOOLS 

Assessment interpretation

adapted cross-tables (charts)
pH- color code (Schaffhausen   
Model)

Main problems: - exhaustiveness
- assessment of 
drug pairs

31

Prevention: ward



CROSS-TABLES

Prevention: ward

http://files.chuv.ch/internet-docs/pha/medicaments/pha_phatab_compatibilitessip.pdf
http://www.adhb.govt.nz/newborn/DrugProtocols/IVCompatibilities.htm

32
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pH COLOR CODE

Adult ICU in Schaffhausen (Switzerland) since 10 years

Vogel Kahmann I. et  al. Anaesthesist 2003;52:409-12

Prevention: ward
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pH COLOR CODE

Vogel Kahmann I. et al. Anaesthesist 2003;52:409-12

On IV-lines

Pharmacy ward

Prevention: ward
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pH COLOR CODE
About 78 drug combinations (636 different drugs)

Vogel Kahmann I. et al. Anaesthesist 2003;52:409-12

Prevention: ward

Y-site infusion of potentially incompatible drugs



HUG NURSE EVALUATION
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Prevention: ward

Gschwind L et al. ESCP 2010. http://pharmacie.hug-ge.ch/rd/posters/ESCP2010_lg_incompat.pdf



HUG NURSE EVALUATION

37Gschwind L et al. ESCP 2010. http://pharmacie.hug-ge.ch/rd/posters/ESCP2010_lg_incompat.pdf

Prevention: ward



CHOICE OF NURSE TOOL

Should be adapted to the hospital
Type of patients
Type of medications
Clinical pharmacist presence
Language
Computerization of prescription, electronic
medical record

« Individualized » tool for each hospital
38

Prevention: ward
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IN-LINE FILTERS
Prevention: ward

Potential difficulties 
for implementation

• at least two types of filters (0.2 and 1.2 µm)
• technical aspects (priming, flushing)
• aseptic risks
• no filtration for some products
• blocked filters 

Teaching, operating procedures and 
follow-up are essential



BLOCKED FILTERS

Drug incompatibility:

40

Nexium® + Dormicum® + 
Morphine®

Esomeprazole discoloration  
± precipitation in acidic solutions

Prevention: ward



MAIN POINTS

What are drug incompatibilities?
How frequent in the ICU?
How can we prevent them?

in the hospital pharmacy
How can we treat them?
What should you know?

41
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IN VITRO STUDY
Prevention: 

pharmacy

Humbert Delaloye V et al. ESCP 2009. http://files.chuv.ch/internet-docs/pha/recherche/pha_poster_2009escp_compatibilites.pdf 



IN VITRO STUDY

Compatibility lipid emulsions and drugs

Prevention: 
pharmacy

Granulometry
• mean size < 500 nm
• % globule > 5µm < 0.4%
Zeta potential measurement
pH measure
Visual inspection (microscope)

43



NUTRIFLEX LIPID SPECIAL

DCI Concentration 
tested

Y-site 
Compatibility 
with NPT / 1h

Y-site 
Compatibility 
with NPT / 4h

Heparin 417 UI/ml C C
Furosemide 10 mg/ml C C
Esomeprazole 0.8 mg/ml I I
Octreotide 25 µg/ml C C
Cyclosporine 2.5 mg/ml C C
Cefepime 100 mg/ml C I
Meropeneme 50 mg/ml C C
Co-Amoxicilline 50 mg/ml (amox.) C I
Metronidazole 5 mg/ml C C
Paracetamol 10 mg/ml C C
Vancomycine 10 mg/ml C C
Midazolam 2.5 mg/ml C C
Ondansetron 2 mg/ml C C

Bouchoud L et al. SFNEP 2009. http://pharmacie.hug-ge.ch/ens/conferences/lb_incomp_sfnep.pdf

PréventionPrevention: 
pharmacy 

44



DISOPRIVAN

Stucki C et al. ESCP 2009  http://pharmacie.hug-ge.ch/rd/posters/escp09poster_cs.pdf

PréventionPrevention: 
pharmacy 

45
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PN: reduced risk of precipitation
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Use of organic calcium and 
phosphates salts

Prevention: 
pharmacy 

Bouchoud L et al. JPEN J Parenter Enteral Nutr. 2010;4:542-5
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CATHETER RESCUE

Non–thrombotic catheter occlusions in 
pediatric patients:

Drug precipitates Lipid Residue

48

Treatment

Kerner J et al. JPEN 2006;30: S73-S81

Acidic  drugs Basic drugs

0.55 ml/kg 
70%  ethanol , 
max 3 ml

0.2 to 1 ml     
0.1 N HCl 

1 ml  0.1 N 
NaOH or Na -
bicarbonate
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TO REMEMBER

Drug A

Drug B

Solvent + 
excipients

Solvent + 
excipients

Acidic  drugs 

Basic drugs

50

http://fr.wikipedia.org/wiki/Fichier:Pastis1.jpg


WHICH DRUGS?
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Always ALONE:
Blood and derivates : agglutination and hemolysis risks

Be careful WITH: 
Low and high pH: precipitation risks crystal deposit in 
kidney, lung, liver
Drugs with co-solvent : precipitation risks crystal 
deposit in kidney, lung, liver
Lipid emulsions: cracking risks fat embolism

Reduce contact time to a minimum ! 
Connexion near to the patient



CASE STUDY: resolution
Lumen 1
(nutrition)

• Nutriflex
• Sandimmun

• Bactrim
• Cancidas (stop 

Nutriflex)

Lumen 2 
(basic pH)

• Nexium

• Cymevene
• Lasix

• In-line filter
0.2 γm

• Blood (stop 
Nexium for 1h, 
no filter)

Lumen 3
(acidic pH)

• Trandate

• Cellcept
• Solumedrol
• Tazobac

• In-line filter
0.2 γm

• Reserve  drugs

continuous

intermittent

material

52



TAKE HOME MESSAGE

53

Hospital  and clinical 
pharmacists can 

help!
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