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SAFETY FOR THE PATIENT

SAFETY FOR THE STAFF

QUALITY =  SAFETY
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1. Why Quality ? Chemical - staff

Occupational exposure to cytotoxic drugs is
associated with health risks for health care
professionals

• As well during preparation as during administration.
• Prevention is possible, protection is needed
• Hierarchic order in prevention / protection
• All routes of contamination into account
• All sources of contamination into account (patient)
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Environmental contamination

Uptake in body

Effect on DNA           Effect on pregnancy 
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Contamination risk

CHEMO MAB NIB
Dermal + - +

Ingestion + - +
Evaporation + - ?
Inhalation 

aerosol + + +
Needlestick

injury + + -
Active 

Transport - ? -
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External contamination of vials 
Production and packaging 

Drug preparation 
Preparation techniques (spills) 

Drug administration 
Administration techniques (spills)

Patients excreta

Waste

Pure product 
High conc

1° Dilution

2° Dilution

Pure, 1° & 2° Dilution
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DRUG RECONSTITUTION 
WITH NEEDLE AND SYRINGE

DRUG TRANSFER WITH 
NEEDLE AND SYRINGE

Slides from Tom Connor

Visualisation
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1. (Replace by a substance not or less dangerous)
2. Use closed systems

1 & 2 = PREVENTION
3. Evacuation local extraction or general ventilation

= BSC, isolators, …
4. Individual protection measures = PPE

3 & 4 = (partial) PROTECTION

Hierarchic order
(European Council Directive  90/394/EEG )
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NIOSH: Closed System (Drug) Transfer device = CSTD

A device that mechanically prohibits 

- the transfer of environmental contaminants into the 
system and 

- the escape of hazardous drug or vapour 
concentrations outside the system

www.cdc.gov/niosh

ISOPP = Air tight & leak proof
USE CLOSED SYSTEMS FOR PREPARATION AND ADMINSTRATION !!
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Basic research vapour pressure

Pressure
Melting point

liquid state

Boiling point

Solid state
Gas state

Sublimation point
Temp

The presence of a product in gaseous state depends on 
pressure and temperature.
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Possible way out : 
Reduction of human activity ???
Engineering controls = Enclose the exposure 
(temporally) ??

It does not help 
It gives a false sense of security

WHY  ????

THERE IS NO PREVENTION !
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A Benigne, I Krämer – EJOP vol 8, 
2014-issue 2 14-17,
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Evaluation of CSTD in a 
pharmaceutical isolator
Vyas, Turner, Sewell –
JOPPP on line July 2014
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Microbiologically closed
Physically open

Microbiologically closed
Physically closed

CSTD
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ONB – FDA new category

1. No escape of hazardous drug or vapour 
concentration

2. No transfer of environmental contaminants 
3. Prevention of microbial ingress

PhaSeal = first product approved by FDA as ONB
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Recognition of safe handling guidelines:

 3 States in USA passed a law that healthcare facilities must 
comply with safe handling guidelines of NIOSH 
(recommends the use of CSTD).

 The current draft of USP Chapter <800> Hazardous Drugs -
Handling in Healthcare Settings recommends the use 
CSTDs during preparation but mandates their use during 
administration

 Mandatory use of CSTD in Israel

 Mandatory European directive
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2. Why Quality ? Microbiology - patient

Patients have an compromised immune system by?
• chemotherapy,
• radiation
Much more need for sterile preparations then for e.g. TPN

Wrong conception as if chemo would kill microorganism
• Depends on organism
• Depends on product
• No short term activity
• Selected activity on long term
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Irene Kramer
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Microbiological challenge of four 
protective devices for the reconstitution 
of cytotoxic agents
De Prijck, D’Haese, Vandenbroucke

2008



22
22

CONTAMINATION OF VIAL DOP

PSEUDOMONAS 
AEROGINOSA

4 X 103 (= R.C.)
 4 X 105 (= W.C.) 
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WORST CASE SCENARIO
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Need for good decontamination protocol
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CONTAMINATION OF TRANSFER DEVICE 
with Pseud.Aer.

=



25
25

RESULTS MULTIPLE CONNECTIONS
( N = 10 ) W.C.
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Procedure:
24 Vials with growth medium (20T + 2P + 2N)
PhaSeal use in class B conditions
5 activations / vial
Whole immersion of inverted vials in E coli susp for 
30 minutes
Incubation for 14 days at 30 -35 °C

Results:
20 Test vials = all negative
2 positive test vials  = all positive
2 negative test vials = all negative

Microbial integrity test  - Wickham Lab UK
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Second Look at Utilization of a CSTD
E. Thomas Carey Am J Pharm benefits 2011; 3: 311- 318

The 1°objective was to assess the ability of the PhaSeal system to 
maintain product sterility given current USP <797> and ISO 
guidelines for use. 

 At the 168-hour mark, there was a probability of failure of 0.3%.
 In other words, there is a 99.7% probability that the vial would 

not be contaminated with bacterial growth if the same 
procedures were utilized under the same environmental 
conditions

The 2° objective was to determine whether the vials could be used 
over an extended period of time while maintaining sterility.

 This study demonstrates the CSTDs utility in expanding shelf life
 Therefore reducing waste of viable pharmaceuticals.
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Use for longer period according to 
• Chemical and Physical stability
• National / local guidelines (7 days USA)
• In situ situation of infrastructure
• Acceptance of responsible Pharmacist

 Save costly medication (increase income)

 Reduced waste (High incineration cost)
 Save essential medication (drug shortage)

If product meets ONB criteria 

3. Cost reduction ?
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Economical impact of the preparation 
scenario for cytotoxic drugs: an 
observational study

Vandenbroucke, Robays – UZ Gent / Belgium

2008, volume 14; issue 5
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dose/patient vials used  reimbursment dose/day vials used  reimbursment dose/day vials used  reimbursment

187 mg 1 X 100 1 X 100 625 mg  6 X 100 1 X 100 625 mg 7 X 100 1 X 100
1 X 50 1 X 50 3X10 1 X 50 1 X 50
4 X 10 4 X 10 4 X 10 4 X 10

235 mg 2 X 100 2 X 100 2 X 100 2 X 100
4 X 10 4 X 10 4 X 10 4 X 10

203 mg 2 X 100 2 X 100 2 X 100 2 X 100
1 X 10 1 X 10 1 X 10 1 X 10

202 mg 2 X 100 2 X 100 343 mg 3 X 100 2 X 100 343 mg 3 X 100 2 X 100
1 X 10 1 X 10 1 X 50 1 X 10 1 X 10

141 mg  1 X 100 1 X 100 1 X 100 1 X 100
1 X 50 1 X 50 1 X 50 1 X 50

total 8 X 100 8 X 100 total 9 X 100 8 X 100 total 10 X 100 8 X 100
2 X 50 2 X 50 1 X 50 2 X 50 2 X 50
10 X 10 10 X 10 3 X 10 10 X 10 10 X 10

968 968 968
1000 980 968
32 12 0
1000 1000 1000
20 13 10

mg needed
mg used

drug waste
mg reimbursed
Nr vials used

drug waste
mg reimbursed
Nr vials used

mg needed
mg used

drug waste
mg reimbursed
Nr vials used

scenario 1 scenario 2 scenario 3

32 mg recup next day

da
y 
1

da
y 
2

mg needed
mg used
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In total 3086 
preparations are 
evaluated.
In the observation 
period, 39 
different products 
were used with a 
top 10 of most 
used products :

product number of preparations

FLUOROURACIL 718

CYCLOPHOSPHAMIDE 229

ETOPOSIDE 182

CISPLATINE 178

DOXORUBICINE 177

CYTARABINE 166

GEMCITABINE 151

VINCRISTINE 133

OXALIPLATINE 116

IRINOTECAN 103

Remark : No Mab’s in top 10 at that time
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Results : Total cost difference
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% costs due to CSTD (PhaSeal)

 MINIMUM CSTD Cost = 4.6% OF DRUG COST

 MAXIMUM CSTD COST = 6.3% OF DRUG COST

Scenario 1 Scenario 2 Scenario 3
CSTD €54,668 €40,684 €34,567

6,3% 5,0 % 4,6 %
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Cost 4,6 % to 6,3 %

CSTD

Staff is secured (CHEMICAL)

Enhanced safety for Product  (MO)

Savings (7 % to 15 %)

What is the cost of safety ?
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Economics – beyond use extension
Rowe, Savage, Eckel - UNC Health Care 
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Waste associated with implementation of the 
USP <797> SDV 6-hour BUD recommendation 
is substantial and our waste log reiterates this 
with an annual cost of $770,888. 

The evaluation of extending vial life beyond 6 
hours was demonstrated with a microbiologic 
study (up to 14 days). 

Economic and Microbiologic Evaluation of Single-
Dose Vial Extension for Hazardous Drugs 
Erinn C. Rowe, JOPP 2012; 4, 45-49
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Edwards, Solimando & all  - JOPP 2013; 0: 1-10

Study:
25 drugs with minima 48 H stability
296 vials used in 50 days period
Mean potential % of drug waste = 57%

Results:
Actual saving in test period = $96,348
Yearly drug saving = $703,047
Yearly cost PhaSeal = $106,556

Cost saving realized by PhaSeal
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A CSTD – ONB approved product can assure

Security for the staff 
Security for the environment
Security for the product – particulate contamination
Security for the product – microbial contamination
Reduction of medication cost
Reduction of waste cost
Saving essential medication in case of drug shortage

5. Conclusion


