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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?
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CASE STUDY

@ |CU patient with GVH (graft-versus-host disease)
@ Central IV catheter, 3 lumen

@ |V 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
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WHICH PARTNERS?

Solvent +
excipients

Material
* PVC (DEHP)
Environment * Silicone

- Temperature Drug B

Solvent +
excipients

Factors

 Concentration
* Time of contact 5
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WHERE?

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

Physico- chemical Consequences

reactions: precipitates (visible)
Acid-base reactions (pH) coloration (visible)

Solubility changes gas formation (visible)
Emulsion cracking pH change (invisible)

Oxido-reduction WV drug concentration (invisible)

* (Catheter occlusion

* Particles emboli (renal, pulmonary)
* W therapeutic effect
* Toxic effect (ex. peroxide) patient 7
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INCIDENTS IN PATIENTS?

0148-60'71/89/1302—0209.‘302.()0/0

JOURNAL OF PARENTERAL AND ENTERAL NUTRITION
bopyright © 1989 by the American Society for Parenteral and Enteral Nutrition

Vol. 13, No. 2
Printed in U.S.A.

Pulmonary Deposition of Calcium Phosphate Crystals as a Complication
of Home Total Parenteral Nutrition

JaroL B. KNowLES, M.D., GiL CussoN, B.S., R.PH., MARILYN SMITH, R.N., AND

From the Nutrition Support Service and Clinical Nutrition Research Unit, Department of Medicine, University of Chicago, Chicago, Ilinois

$148-067 L/DE/2001-0081803.000
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Case Report

Fatal Microvascular Pulmonary Emboli From Precipitation of a Total
Nutrient Admixture Solution*

Steven E. Hi, MDT; Lesue S. HeLoman, MDE; Exwin D. H. Goo, PuarmDS$; Pau E. Warero, DVM] ;
anD JosepH C. PErkinson, MDT

From the Departments of tSurgery, +Pathology, $Pharmacy, and ||Clinical Investigation, Tripler Army Medical Center, Honolule, Hawaii

ABSTRACT. Background: Paroxysmal respiratory failure and
death occurred in two young adult females with pelvic infe 1S.
Autopsy revealed an amorphous material containing calcium
obstructing the pulmonary microvasculature of each patient. Both
patients received an identical total nutrient admixture (TNA)
solution before their deaths. Methods: Infusion of TNA into
an animal model was undertaken in an effort to reproduce the
clinical effect. Laboratory investigation was also performed to
isolate a precipitate and identify the factors contributing to pre-
cipitation. Resulfs: A nonvisible precipitate containing calcium,
phosphorus, and organic material was isolated from the TNA so-

lution. Infusion of the formulation into healthy pigs resulted in
sudden death within 4 hours. Alteration of the amino acid com-
ponent, mix sequence, agitation technique, and mixing container
influenced precipitate formation. Conclusion: Pulmonary
embolization of a precipitate containing calcium phosphate re-
sulted in the death of two patients. The pH of the amino acid
component, transient elevation of calcium and phosphorus con-
centrations during mixing, and the lack of agitation during auto-
mated preparation of the formulation were identified as the etio-
logic factors producing the fatal precipitate. (Journal of Parenteral
and Enteral Nutrition 20:81-87, 1996)

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

Hill SE et al. JPEN 1996;20:81-87
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Dugesiive Diseases and Sciences, Vol, 48, No. 7 {July 2003), pp. 1332-1334 (C 2003)

CASE REPORT

Total Parenteral Nutrition Associated Crystalline
Precipitates Resulting in Pulmonary Artery
Occlusions and Alveolar Granulomas

TERRY McNEARNEY, MD.*${ CHRISTOPHER BAJAJ DO.* MICHAEL BOYARS. MD.*#
JOHN COTTINGHAM. MS IV.§ and ABIDA HAQUE. MD§

KEY WORDS: parenteral nutrition; erystalline precipitates: pulmonary artery

Crystal precipitation from total parental nutrition (TPN)
and systemic embolization has been described in patients
on TPN, including in the lung (1-4). This is a rare and

PRORRE £ RRE NP B SETTVAT S0 Mm% YT e e o e

liaaalan

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

Tusion; alveolar gr

sequence as recommended by American Society for Parenteral
and Enteral Nutrition and American Jowrnal of Health System
Pharmacy guidelines was as follows: Automix: intralipid 20%,
177 ml: Travesol 10%, 815 ml: dextrose 70%, 457 ml.: sterile wa-

8
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CEFTRIAXONE- CALCIUM

Des accidents rares
mais graves,

la plupart du temps
évitables.

La ceftriaxone (Rocéphi-
ne°) est une céphalosporine
de troisieme génération utili-
sable par voie injectable (1).
Sa longue demi-vie rend pos-
sible une seule administration
quotidienne. Cet antibiotique
est largement utilisé dans
le traitement d’infections
graves, particulierement en
pédiatrie. Ses effets indési-
rables sont le plus souvent
bénins.

Prescrire 1997;17:506

3 ACCIDENTS MORTELS
+ SOUS CEFTRIAXONE
(ROCEPHINE® 1.V.)

Nous avons signalé I'exis-
tence de précipitations
biliaires (et rénaies) résolu-
tives (2). Deux types d'acci-
dents rares mais graves ont
par ailleurs été rapportés
chez des patients traités par
cet antibiotique.

Néonatalogie :
incompatibilité avec
d’autres médicaments
Une lettre de I’Agence
frangaise du médicament
(faisant suite a un courrier
des laboratoires Produits
Roche) a signalé trois décés
et un accident grave chez

des nouveau-nés hospitali-
sés en réanimation (3a5).
Ces accidents ont été

sions sur les cas rapportés.
On peut noter que dans le
dictionnaire Vidal, ces pré-

imputés a une
entre la ¢
d’autres méc
recevaient ce:
conate de cal
zépine, aminc
mine, macrolic

La lettre de
se que « dan
un précipité
élre visualisé
et/ou a été re
parenchyme
rénal) », et s
recommandé
ceftriaxone ¢
voie séparée.
mélanger les :
antibiotique a
caments ou é
contenant du «

Il ne nous
sible d’obteni

Intravenous Ceftriaxone and Calcium in the Neonate:

Assessing the Risk for Cardiopulmonary
Adverse Events

John 5. Bradey, MD®, Ronald T. Wassel, PharmD¥, Lucka Les, MCE, Sumathl Marmblar, MO, MPHA

Whet This Stud v Adds

ABSTRACT

CBIECTIVES. Unsalicited reporis regarding potentially serlous adverse drug reactions in
neonates and young infants were reported to the Pood and Drug Administration,
leading to changes in the package label for celtriaxone. This report describes and
summarizes the reported cases that led to safety concerns regarding the conoamrent
administration of intravenous ceftriaxone and caldum in this age group.

METHODS. Mine reported cases were assessed. The Pood and Drug Administration
Adverse Event Reporting System database was searched lor potential drug interac-
tons in patients who were recelving concomitant cefinaxone and calcum therapy.

FESULTE Eight of the reported % cases (7 were =2 months of age) represented possible
or probable adverse drug events. There were 7 deaths. None of the cases were
reported from the United States. The dosage of cefiaxone that was administered to
4 of & infants for whom this information was available was between 150 and 200
mg/kg per day. The rate of cccurrence of these serious adverse drug reactions cannot
be accurately determined from available data.

COMOLEONE The concummrent use of intmvenous cefiriaxons and caldum-containing
solutions in the newborn and young infant may result in a life-threatening adwverse
dmig reaction. Contributing factors for infanis in this report may include the use of
ceftriaxone at dosages higher than those approved by the Food and Drug Adminis-
tration, Intravenous “push® administration, and administration of the total datly
dosage as a single infusion. Padlairics 2009123 e609-8613

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




PEROXIDES

Toxic Hydroperoxides in Intravenous
Lipid Emulsions Used in Preterm Infants

Harold ]. Helbock, Paul A. Motchnik, Bruce M. Ames

+ Author Affiliations

ABSTRACT

The unsaturated fatty acids that make up a large component of the lipid
emulsion Intralipid are highly susceptible to peroxidation, and the products of
this reaction could explain the toxicity that has been associated with the
administration of some emulsions. Lipid peroxidation produces
hydroperoxides, which can alter arachidonic acid metabolism or react to form
organic free radicals, which then stimulate a cascade of damage to
endogenous lipids. The lipid hydroperoxides and their breakdown products are
also mutagens and carcinogens. To determine the degree of lipid peroxidation
in Intralipid, we measured the lipid hydroperoxide content of three lots of 20%
Intralipid using high-performance liquid chromatography  with
chemiluminescence detection. The average concentration was 290 = 29
pmol /L (SEM) lipid hydroperoxides (n = 15), a large portion of which was made
up of trilinoleate derivatives. Measurements made on Intralipid samples
collected from the end of the intravenous tubing after a 20-hour infusion
cycle were not significantly different from measurements made on newly
opened bottles. The lipid hydroperoxide content of some lipid emulsions may
represent a clinically significant risk to premature infants, particularly those
with preexisting lung disease.

Helbock H et al. Pediatrics 1993;91;83-7

10



Drug
incompatibility

pH AND DRUGS

Acidic drugs Basic drugs

low pH <7 high pH > 7

Amiodarone (Cordarone®) Aciclovir (Zovirax®)

Adrenaline Cotrimoxazole (Bactrim®)
Dobutamine (Dobutrex®) Furosemide (Lasix®)
Midazolam (Dormicum®) Ganciclovir (Cymevene®)
Morphine HUG Omeprazole (Antra®)

Vancomycine (Vancocin®) Phenytoin (Phenhydan®)

11
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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

From: KIK 2.1, BBraun, 2002

furosemide sodique (pH 9) furosemide sodique (pH 9)
+ vancomycine HCI (pH 3) + midazolam HCI (pH 4)

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

12
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SOLVENT (DILUENT)

Solvent pH Appropriate for

Glucose 5%-20% H=4.0-6.0 ) amiodarone, amphotericine B
NaCl 0,9% pH=/7.0-75 aciclovir, phenytoin, furosemide

From: KIK 2.1, BBraun, 2002

Be careful with solvent pH!
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HEPARIN FLUSHING

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

heparine + caspofungine

=» precipitation

Ask careful what has been added to the solution !



SOLUBlLlTY incompatibDirI:Jt?/
« Pastis effect »

Co-solvent and/or adjusting pH can increase

the solubility of drugs in solution

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

Dilution of drugs =» dilution of co-solvents
= pHchange
= Risk of precipitation !

15
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COMPLEXATION

Formation of insoluble calcium-ceftriaxone complex

5. Department of Health & Human Services

[FDA u.s. Food and Drug Administration A-ZIndex | Search | oo}

Home | Food | Drugs | Medical Devices | Vaccines, Blood & Biologics | Animal & Veterinary | Cosmetics | Radiation-Emitting Products | Tobacco Products

Drugs [ Share Email this Page (& Printthis page [ S Change Font Size
Home = Drugs = Drug Safety and Availability = Postmarket Drug Safety Information for Patients and Providers

Drug Safety and Availability Informs!tion for Hea_lthcare Professionals: Ceftriaxone (marketed as
S e Rocephin and generics)

Information for Patients Last updated: 4/21/2009
and Providers

This Alert highlights important revisions to the Warnings, Dosage and Administration,

Drug Safety Information for Contraindications, and Clinical Pharmacology sections of the full prescribing information for
Healthcare Professionals ceftriaxone (Rocephin and its generics). This information updates a previous Alert and addresses
|| the interaction of ceftriaxone with calcium-containing products, based on previously reported fatal
cases in neonates. At the request of FDA, the manufacturer of ceftriaxone (Roche) conducted
two in vitro studies to assess the potential for precipitation of ceftriaxone-calcium when

Communications about Ongoing
Safety Reviews

Early Communications About ceftriaxone and calcium-containing products are mixed in vials and in infusion lines. These two in
Ongoing Safety Reviews vitro studies were conducted in neconatal and adult plasma to assess the potential for

— || precipitation of ceftriaxone-calcium using varying ceftriaxone and calcium concentrations,
Healthcare Professional Sheets including concentrations in excess of those achieved in vivo.* Based on the results from these

studies, FDA has the following updated recommendations:

« Concomitant use of ceftriaxone and intravenous calcium-containing products is contraindicated in
neonates (<28 days of age). Ceftriaxone should not be used in neonates (<28 days of age) if they
are receiving (or are expected to receive) calcium-containing intravenous products.

Public Health Advisories (Drugs)

In patients =28 days of age, ceftriaxone and calcium-containing products may be administered
sequentially, provided the infusion lines are thoroughly flushed between infusions with a compatible
fluid.

» Ceftriaxone must not be administered simultaneously with intravenous calcium-containing solutions
via a Y-site in any age group.

= FNA now recommends that ceftriaxone and calcinm-containing nroducts mav he used concomitantiy

No administration of calcium and ceftriaxone by the
same |V line !

Neonates: no calcium infusion if ceftriaxone has been
administered (48h wash out period) !
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LIPID EMULSION
. e "%'!ﬂ_-_'ag'grega_ﬁo_n-- | _
Aol W | Mecoviaten - Increased risk of
o coalescence:
__ & 'cr'e;rﬁ:.i_hg ; = W pH
o°,- . ' = Y conc. AA
o/w";‘f,iiis;; o 5 .cbaa;scenpe_ = electrolytes with

state

high valence (Ca?*,
M92+’ PO43-)

| cracking
i (oiling ocut)

————

Lipid emulsion is not water !

17



LIPID EMULSION

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

Lipofundin or Disoprivan

+ Garamycine

= Phase separation over 24h
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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)

19
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CORDARONE AND LIGHT

Variation de concentrations obtenues pour différentes
dilutions du lot D

= 120
==
E 100 __ — J— —e—dilution a
= = ————— —m— dilution b
° 30 =-5mgfmi = iUt
*E-; dilution ¢
o 60 dilution d
g a0 = —*—dilution e
c U.6 IIIC]7II|| _—
9 B : - —e—dilution f
‘g‘ 20 —+— référence
m D I I I I

0 10 20 30 40 50

Temps (h)

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

20
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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
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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
EXx. phenobarbital

22
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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 ail,
Cremophor, polysorbate 80

Ex: Taxol, Sandimmun, Prograf

DEHP-free material (NoDEHP) ! %% T



Health ¢Care

PVC and Phthalates

Without Harm

Potential exposures to DEHP from medical procedures a
in a neonatal intensive care unit

LEACHING

Source of Exposure Unit Total Exposure or Source  TI/dose* I n C r eaS e W I t h -
DEHP Exposure (mg DEHP/kg Concentration in .
body weight) Product
Artiﬁciat ventwLation in preterm NR HouT . 0.001-4.2 mg(est. 1 b Tel I l pe ratu re
infants (PVC respiratory tubing; (inhalation) total exposure)
not polyethylene) . .
- Lipid content
Neonatal blood replacement 0.3 (0.14-0.72)  treatment NR 2 2 I p I CO n e n
transfusion; short-term, acute period .
Neonatal blood replacement 1.8 (0.84-3.3)  treatment NR 3 0.3 © C O n ta Ct tl l I Ie (Sto ra g e )
transfusion; double volume; short period
term, acute .
- Amount of fluid

Platelet concentrates in newborns 1.9 treatment NR 4 0.3 O u n O u I
Extracorporeal oxygenation in 14-140 treatment NR 5 0.04-0.004
infants
Extracorporeal oxygenation in 4.7-34.9 Treatment NR 6 0.12-0.02 = h = k .
High — risk:
Congenital heart repair 1-4 hours 0.3-4.7 7 . . .
(neonates) ug/ml/hr(change in P t t d t I I I I t t

e i reterm neonates ana critcally 1l patien

during procedure)
IV crystalloid selution 0.03 From tubing NR 8 20 — IV th e ra py
Total parenteral nutritional 2.5 NR 3.1 pg/ml (concentra- 9 0.2 .
formula (TPN), with lipid tion in TPN formula); — P t I d t I f d

iy arenteral and enteral reedings
TPN/IV Tubing 5 day 10 mg/2-kg baby/day 10 0.12 Ve n ti Iati O n
Multiple IV Sources: packed red 5 day 10 mg/2-kg baby/day 11 0.12
blood cells, platelet rich plasma, .
fresh frozen plasma, and medications —_— B Iood tra n Sfu S I 0 n
Breast milk 0.0015-0.0165  Day 0.01-0.11 mg/kg (con- 12 27-2.4

centration in breast L h 't I t I d th H

ilk; —_—

il ong nospital stay , proilonge erapies
Infant formula 0.015 Day 0.004-0.06 mg/kg wet 13 2.6

weight
Infant formula 0.0087-0.035 NR a:‘;lh(igs mg/kg dry 14 4.5-1.1 Schetﬂer T. 2002

— http://www.noharm.org/lib/downloads/pvc/DEHP_Exposure_of_Infants.pdf
NR = Not Reported *TI/dose: based on FDA's TI of 0.6 mg/kg,/day for parenteral exposures and 0.04 mg/kg/day for intestinal — -
exposures; TI/dose ratios < 1 imply that the TI has been exceeded for the given source of exposure 24
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Frequence

MEDICATION ERRORS

Adult ward

3%"' incompatible drug combinations
Adult ICU

7.2 - 18.6%%* incompatible drug combinations, 26.3%?
potentially life-threatening, 29% no information*

Pediatric ICU
3.6%° incompatible combinations
Neonatal ICU

14.9%° incompatible combinations, 59.3% no
iInformation

1 Westbrook JI. BMJ Qual Saf 2011; doi10.1136/bmijgs-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

4Vogel Kahmann | 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 26



PRIORITY FOR QUALITY
IMPROVEMENT

Risk score for observed errors
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Prevention: ward
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Prevention: ward

TOOLS

Reference and its abreviation

Trissel handbook 14" ed.

Tools and their abreviations

CHUV 9.0 cross-table CHUV ° i i

— — Evaluatlon_by 2 pharmams_ts

King 2008 cross-table King * 40 drug pairs usually used in NICU
Neofax 2007 handbook NeoF

Perfysi 2 database Perf and PICU

pH 2007 cross-table pH « Trissel’s as gold reference

Stabilis 3 database Stab

Thériague 2007 database Thé

Table 4 Tool-evaluation summary

Tool Accuracy score® Completeness score” Comprehensiveness score® Applicability score® Global score®
Ref 250 250 250 250 1000
Thé 234 200 218 188 840
pH 175 200 134 3 807
CHUV 213 150 174 803
Perf 230 138 218 776
NeoF 190 181 116 191 678
King 192 131 108 211 642
Stab 179 144 149 112 584
KIK 105 156 157 105 523

Ref Trissel’s Handbook

The Thériaque database, Perf Perfysi database, CHUV CHUV's cross-table King King cross-table wall chart, NeoF Neofax handbook, Stab
Stabilis database, pH pH cross-table, KIK software

De Giorgi | et al. PWS 2010;32520-9 30



Prevention: ward

TOOLS

@ Assessment = interpretation

adapted cross-tables (charts)

pH- color code (Schaffhausen
Model)

@ Main problems: - exhaustiveness

- assessment of
drug pairs




CROSS-TABLES

SOINS INTENSIFS ET CONTINUS DE PEDIATRIE - COMPATIBILITES DES MEDICAMENTS INJECTABLES ADMINISTRES EN Y

b Trissei LA, Letsing NC. Trissefs iables of comptilly. linois: Motimart; 139€.
@K JC =t al, Guie 1o Darenieral sa=itures [oninel. St-Lows: Hudrel 2008,
d Micremedexf Henthoare Series [inteme: deabaze]. Greewocd Vilage: Thomson Heathcars: 2009,

du tatricant,

T Comuments specrques ;5 Fedals Pramacs Ther 2005113255 (SErsacL
Yaung M, Mangum 2. Nest 1 1th Ed Ralelg Azarm. 2005 fapresiach).

a s
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Prevention: ward

pH COLOR CODE

@ Adult ICU in Schaffhausen (Switzerland) since 10 years

Taballe 1
Beispiele der Farbzuordnung einiger Medikamente

Adrenalin Furasamid Imipenem/Cilastatin Blutprodukte
Morphin Heparin Cefazalin TPN
Acetylsalicvlat Insulin Amaxicillin Propofal
Midazalam Natriumbicarbonat Spironolacton Diazepam
LL5.W. LS. W. L1.5.W. L1.5.W.

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

33



Prevention: ward

pH COLOR CODE

I:I.‘Ejzj- ——_.h n:ualﬂﬂ'ﬁ?"ﬂﬁ;—i

= 'HEFZOL i

On IV-lines

Vogel Kahmann . et al. Anaesthesist 2003;52:409-12
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 Prevention: ward
pH COLOR CODE

@ About 78 drug combinations (636 different drugs)

74%73%
70%

60%

;-1996
1 @ 1997
{ lm@2002

40% 4+ e

30%

ﬁ 15%

10% A

4%, 25%

2% 2%

0%

inkompatibel kompatibel keine Literatur

WV Y-site infusion of potentially incompatible drugs

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

HUG NURSE EVALUATION

MATERIALS & METHODS

Assessment of two tools (fig.2) by 48 nurses in 5 units (PICU, adult
and geriatric intensive care, surgery, onco-hematology) using a
standardized form?.

——

Evaluation by determining the compatibility of five
. drugs pairs (fig.2): rate of correct answers
accuracy according to the Trissel's Handbook on Injectable
Drugs 15" ed, chi-square test.

Scientific

Ergonomics Evaluation using visual analogue scales (VAS 0-
Applicability 10; 0 = null, 10 = excellent). Results are
= Design expressed as the median and interquartile range
Reliability (IQR) for 25% and 75% (Wilcoxon rank sum test).

-

Gschwind L et al. ESCP 2010. http://pharmacie.hug-ge.ch/rd/posters/ESCP2010_Ig_incompat.pdf 36



Prevention: ward

HUG NURSE EVALUATION

sexcelent

: \

WS 0-10, 0=nul, 10=excelent

< L _p= 0.025J_ p=0.047

) Cross-table Colour-fable ) Cross-table Colour-table
Fig.3 : Ergonomics Fig.4: Applicability
8 — 8 |
8 & 8
e .| 5

| _p=0.002 2 * p>0.05

\ Cross-table olourtable Cross-table Colour-table

Fig.§; Design Fig.6: Reliability

Gschwind L et al. ESCP 2010. http://pharmacie.hug-ge.ch/rd/posters/ESCP2010_Ig_incompat.pdf 37



Prevention: ward

CHOICE OF NURSE TOOL

@ Should be adapted to the hospital
= [ype of patients
» [ype of medications
= Clinical pharmacist presence
» Language

= Computerization of prescription, electronic
medical record

= « Individualized » tool for each hospital



Prevention: ward

IN-LINE FILTERS

Potential difficulties
for implementation

« at least two types of filters (0.2 and 1.2 ym)
» technical aspects (priming, flushing)
 aseptic risks

* no filtration for some products

* blocked filters

=» Teaching, operating procedures and
follow-up are essential

39



 Prevention: ward
BLOCKED FILTERS

@ Drug incompatibility:

Nexium® + Dormicum® +
Morphine®

=» Esomeprazole discoloration
+ precipitation in acidic solutions

40



MAIN POINTS

@ What are drug incompatibilities?
@ How frequent in the ICU?
Q

@ How can we treat them?
@ \What should you know?



IN VITRO STUDY

= B dug A

drug B
M cug

g. 2 — Drug compatibility tests realised in the quality control laboratory

4 tests for each pair of drugs :
1:1 mix with agitation 1:4 mix with agitation

4:1 mix with agitation 1:1 mix without agitation immikieg = vse
edminksiraion whane miing i not neoes sarly homogenecus|

Fig. 3 — Visuval incompatible drugs (left) or compatible drugs (right)

a

Prevention:

pharmacy
AREN
£

Fig. 5 — Evaluation of (injcompatibilities between
drugs administered in the same VL,
based only on literature data (pink
dotted bars) and after laboratory tests
(purple streaksd bars)

Humbert Delaloye V et al. ESCP 2009. http://files.chuv.ch/internet-docs/pha/recherche/pha_poster 2009escp _compatibilites.pdf 42



Prevention:
pharmacy

IN VITRO STUDY

Compatibility lipid emulsions and drugs

i & moyen
Granulometry
- mean size < 500 nm & 100%
. % globule > 5um < 0.4% | —a A
Zeta potential measurement ¥ t
& >1um &> 5um

pH measure
Visual inspection (microscope)

Pl
7. Ay %
wtte| = | s "] o —
Chaid s

Emulsion Floculation Crémage | Coalescence @ Séparation
' ' de phases

43



Prevention:
pharmacy

NUTRIFLEX LIPID SPECIAL

Concentration IS s
DCI tested Compatibility | Compatibility
with NPT / 1h | with NPT / 4h

Heparin 417 Ul/ml C C
Furosemide 10 mg/ml

Esomeprazole ——_

Octreotide 25 pug/mi
Cyclosporine 2.5 mg/ml

Cefepime 100 mg/ml

Meropeneme 50 mg/ml
Co-Amoxicilline 50 mg/ml (amox.)

Metronidazole 5 mg/ml
Paracetamol 10 mg/ml
Vancomycine 10 mg/ml
Midazolam 2.5 mg/ml
Ondansetron 2 mg/ml

OO0 OO0 O0O0

Bouchoud L et al. SFNEP 2009. http://pharmacie.hug-ge.ch/ens/conferences/lb_incomp_sfnep.pdf 44



Incompatible Drugs

Amikacine SOmosinl CAmiking)

Cailcl2 Famginl [Cacl2 HUGE)
Gentamycin BOmgM Sml (Saramycing)
HCI ¥ ,25% (Salzsdure 7 ,25% Braun)
fg =04 100mgsml (Bichszel

fg =04 S00mgiml (Bichszel
“ancamycin S0mgiml (Sandoz)
Dapamin 2amgiml (Sintetica)
Probably Incompatible Drugs
Adrenalin 1mgfml (Sirtetica)
Ciprofloxacin 2mofiml [Ciproxineen
Dobutarmin Smofml (Fresenius)
Silicon Gil (Hanzeler)

Lidocain 20mg/ml (RapidocainE)
Phenytoin S0mgiml (Fhenydanen
Suxametonium S0mgiml (LysthenonEn)
“Yecuronium 2mgiml (MorcuronEn
Ganciclovir 30mgf ml (CymeveneEn
hetronidazol Smodml (HUG)
Miclazolam Smofsml (DormicurmEn

=l = kR

o0 0O kg = = W= =0

LW o0 w o o O

o o o o oo o0 O W o W

DISOPRIVAN

10
10
10
10
10
10
10

oo oo m oo oo oo

10

10 ftrigxon sO0mgiml (RocephineEn
10 Ephedrin HCL 10mgfiml (Bischel)
10 Flucoxacilin (Floxapenen

Meropenem S0maiml (MeranemE)

Mitroglycerin 1maanl (Ferlinganit&)

Phenylephrin HCL 1 0mgsfiml (Bizchel)

Thiopertal S0moinl (PenthotalEn

Trimethworzulfamet 400550morsml (BactrimE)
Compatible Drugs

Amoxicilinefacid clavulanic 1, 2g.20ml (AugmentinE)
Water far injection (Braun)
Fentanyl S0ug/ml (Sinteny &N
Furosemid 40mgfdml (LasixEn
radrenalin 1 mg/ml (Sintetica)

—
o™

1]

Lo e Y e s e e s Y

hoth @ (h W mom

oo o o o o oo o

Prevention:
pharmacy

Appearance pH Feta p

= o oo o o 9 0k

=R R RN ]

Stucki C et al. ESCP 2009 http://pharmacie.hug-ge.ch/rd/posters/escp09poster_cs.pdf
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PN: reduced risk of precipitation

Intermediate
Zone

Prevention:
pharmacy

Use of organic calcium and
phosphates salts

Phosphate mmol/L (G1P)

Precipitate
Zone

Bouchoud L et al. JPEN J Parenter Enteral Nutr. 2010;4:542-5 46



MAIN POINTS

@ What are drug incompatibilities?
@ How frequent in the ICU?

@ How can we prevent them?

Qo

@ What should you know?



Treatment

CATHETER RESCUE

Non—thrombotic catheter occlusions In

pediatric patients:

Drug precipitates Lipid Residue
/

0.2to 1 ml Tml 0.1 N
0.1 N HCI NaOH or Na -

0.55 mi/kg

70% ethanol ,
max 3 ml

bicarbonate

Kerner J et al. JPEN 2006;30: S73-S81 48



MAIN POINTS

@ What are drug incompatibilities?
@ How frequent in the ICU?

@ How can we prevent them?

@ How can we treat them?

Qo



TO REMEMBER

Basic drugs

Solvent +
excipients

Glucose 5 9%,

Solvent +
excipients



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

WHICH DRUGS?

@ 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

51



CASE STUDY: resolution

Lumen 1 Lumen 2 Lumen 3

(nutrition) (basic pH) (acidic pH)

e Nutriflex « Nexium  Trandate
continuous . Sandimmun

!

| | e Bactrim « Cymevene « Cellcept
Intermittent . Cancidas (stop  Lasix « Solumedrol
l Nutriflex) « Tazobac
- * |n-line filter * |n-line filter
0.2 ym 0.2 ym

 Blood (stop
Nexium for 1h,
no filter)

Reserve drugs

52



TAKE HOME MESSAGE

Hospital and clinical
pharmacists can
help!
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