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1. Summary and key messages 
An extensive review of published literature and other data associated with the inadvertent intrathecal 
injection of vincristine was undertaken to inform the development of the alert and the 
recommendations for risk-reduction.    

The aims of the literature search were to: 
§  review cases of this medication error and the contributing factors, 

§  determine risk reduction strategies that have been recommended and data on their uptake, 
and; 

§  review the applicability of these strategies to develop recommendations for the Australian 
setting and national dissemination via the alert notice.  

The review sources included the international medical, pharmaceutical and nursing literature; 
Australian incident reporting systems, adverse drug reaction and coroners’ databases; and websites of 
international medication and patient safety organisations.  Personal contact with health professionals 
involved with developing safe systems for vincristine was sought to follow up on recent activities. 

The main findings of the literature review are summarised below. 

1.1. Case reports of inadvertent intrathecal administration of vincristine 
Fifty-five cases of were found to have been reported since the first case in 1968 (2).  The most recent 
report was published in November 2005 and detailed the death of a young Californian man (73,74).  A 
summary of the detailed information published for thirty-three of these cases is included in the 
literature review, specific details for the other twenty-two cases were not available. 

There have been three cases reported in Australia, one in Adelaide in 1986 (51), one in Geelong in 
1995 (65) and the most recent case in Sydney in 2003 (27,28).   In two of the cases there was a fatal 
outcome and one resulted in permanent quadriplegia (65).    

In 85% of cases the outcome was fatal with devastating neurological effects in the few survivors.  
Adults and children were found to be at risk, with 50% of cases reported in each group.  Many of the 
cases involved patients in remission or with curable disease. 

In the majority of reported cases, the error was recognised immediately, usually within minutes of the 
injection.  Treatment approaches reported were typically very aggressive involving attempts at removal 
or dilution of the vincristine and administration of agents to counteract its neurotoxic effects.  There 
have not been consistently good results following any of the treatments and implementation of 
preventative strategies is critical.   

1.2. Contributing factors 
A number of key contributing factors were identified: 

§ The most common contributing factor is prescription of intravenous vincristine to be given at 
the same time or on the same day as doses of cytotoxic medications to be given intrathecally.  

§ Storage and transport of intravenous and intrathecal medications together.   

§  Product presentation specifically “look alike syringes” and inadequate labelling. 

§  Staff factors predominantly the level of experience and knowledge of chemotherapy and of 
local practices. 

§  Procedural issues including delegation of authority and checking procedures. 

1.3. Recommendations for prevention 
Given the almost invariably fatal outcome of this error, despite aggressive treatment, prevention is of 
the utmost importance and a number of the case reports provided recommendations for reducing the 
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risk of recurrence.  Even the early reports suggested approaches aimed at reducing system error  
and making it harder for, well intentioned but fallible, humans to make mistakes.   

Published recommendations for reducing the risks of inadvertent intrathecal vincristine administration 
were identified from medication/patient safety, professional and regulatory organisations from 
Australia, the United Kingdom, Canada and the United States of America.   

The table below summarises the current key recommendations made by country. 

 
 

Recommendation Australia UK USA Canada 

Only specifically trained and designated 

oncology staff should prescribe, prepare, 

dispense and administer cytotoxic medication. 

ü ü   

Medical staff must use a formal checking 

procedure, involving an oncology trained 

nurse, to ensure that the right drug is given at 

the right dose, by the right route, by the right 

method, to the right patient. 

ü ü ü ü 

Patients or their families may be involved in 

the checking process. 

 ü ü ü 

Intrathecal chemotherapy should only be 

administered in an area where no other 

cytotoxic drugs are available. 

ü ü ü ü 

Use specifically designated containers both for 

transportation of intrathecal drugs from the 

pharmacy and for storage on the ward. 

ü ü ü ü 

Intrathecal doses must be delivered separately 

and preferably administered after other drugs 

to be given by other routes are supplied to the 

ward and administered. 

ü ü ü ü 

All intrathecal drugs must be packaged 

separately and clearly labelled both on the 

syringe and on the outer container ‘For 

Intrathecal Use’ 

ü ü ü ü 

Vincristine should be clearly labelled both on 

the syringe and on the outer container “For 

Intravenous Use Only – Fatal If Given By 

Other Routes’.  Negative labels, such as ‘Not 

for Intrathecal Use’ must never be us ed. 

 

ü ü   

Vincristine should be prepared in a small-

volume intravenous bag rather than a syringe.   
ü Recommended 

after feasibility 

review.  Not 

currently in 

place 

 

ü ü 
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Recommendation Australia UK USA Canada 

Consideration should be given to developing 

novel methods for spinal drug delivery.  As a 

matter of design safety, standard intravenous 

syringes should not be able to be used for 

spinal administration. 

ü ü  ü 

1.4. Equipment and design solutions 
A design solution that would address potential mis-connection error would reduce the reliance on the 
various recommended human factors approaches and potentially totally eliminate the risk of 
inadvertent intrathecal injection.  The optimal approach would be modification of existing 
equipment whereby syringes for intravenous use and spinal connecters are incompatible.    

This approach has also been recommended in prevention of mis-connection error with oxygen and 
medical gases (76).  Of course eliminating the potential for connection error with medications does not 
remove all sources of potential error.  An error may still occur during the manufacturing process for 
example if the wrong syringe is inadvertently used or the incorrect medication is drawn up. 

Prototypes of new connectors/syringes have thus far been found not to be commercially viable.  

Note: As the optimum design solution is currently not available the vincristine alert focuses on 
preventing errors through achievable design solutions.   

1.5. Key messages 
The key messages from the literature review performed for vincristine were that: 

§ the catastrophic outcome of inadvertent intrathecal administration of vincristine is irreversible 
and usually fatal; 

§ both children and adults are at risk; 
§ the only way to prevent this error is to “design out” the potential for it to occur i.e. make it 

physically impossible to connect the vincristine injection to a spinal needle; 
§ there is a solution which is safe and is currently being used in Australia and the USA.  It  

requires no additional equipment, is relatively low cost and achievable; and 
§ due to the potential, irreversible and fatal outcomes, the risk of vincristine given intrathecally 

far out weighs the potential vesicant risks of using diluted solutions.  
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2. Methodology 
A review of National and international literature and data associated with the inadvertent intrathecal 
injection of vincristine was undertaken.  The aims were to: 

§ review cases of this medication error and the contributing factors, 
§ determine recommended risk reduction strategies that have been used, and; 
§ discuss the applicability of these strategies to develop recommendations for national 

dissemination via the alert notice.  

The literature review involved searching the following domains: 

§ Medline, Embase, Reactions 

§ Australian Incident Monitoring System (AIMS);  

§ Australian Adverse Drug Reaction Advisory Committee database; and 

§ National Coroner’s Information System 

§ overseas medication safety websites including www.ismp.org, www.jcaho.org, www.ismp-
canada.org, and www.npsa.nhs.uk; 

The data from the literature review was considered by the Steering Committee for the project in 
consultation with key stakeholders. 
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3. Background 
Medication errors involving inadvertent intrathecal injection of vincristine have been reported 
repeatedly overseas and in Australia.   In the vast majority of cases this error results in a fatal outcome 
for the patient.  All result in life changing and tragic effects on the families and on the hospital staff 
involved (1).    

These tragic errors continue to occur despite repeated warnings over many years and despite 
promulgation of risk-reduction strategies and in some cases, standards.  These errors are rare, 
catastrophic and very preventable. 

Not again! 

“Again a young patient with leukaemia is dying, not from his disease, but from an erroneous 
intrathecal injection of vincristine, intended for intravenous use.  Again, the newspapers express 
outrage…the hospital apologises, again …two doctors are suspended…and steps will be taken, again.  
How could this happen, again?” (37) 

Vincristine, a vinca alkaloid, is a naturally occurring chemical obtained from the periwinkle plant.   It 
has been used as a cytotoxic medicine for over forty years and is effective in a range of 
haematological malignancies and solid tumours in both paediatric and adult settings.  It is commonly 
used in combination with other cytotoxic agents for treatment of acute lymphoblastic leukaemia, non-
Hodgkin’s lymphoma, myeloma, Wilm’s tumour, Ewing’s sarcoma and some brain tumours.  The other 
vinca alkaloids, vinblastine, vinorelbine and vindesine, are also used in the management of various 
malignancies. 

All the vinca alkaloids must only be administered intravenously. They are classified as vesicant drugs, 
that is, they have the potential to cause local tissue injury and necrosis if extravasation occurs 
(leakage of an intravenously administered medicine from a vein into the surrounding tissue) (75).  
Vincristine extravasations typically cause pain, erythema and localised swelling within minutes.  
Blisters in the skin appear over the subsequent days and resolve slowly over several weeks.  
Fortunately, most extravasations from vinca alkaloids do not produce frank skin ulceration (72).  The 
extent of tissue injury is reduced by use of subcutaneous injections of hyaluronidase and warm 
compresses (78).    

Extravasation of cytotoxic agents rarely occurs when proper techniques are followed (54,72).    Whilst the 
incidence of extravasation associated with use of vincristine (or other vinca alkaloids) has not been 
widely studied, a recent survey of Australian hospitals showed rates of vincristine extravasation of 
0.03 – 0.041% in adults and 0.059% in paediatric practice (72).  An Australian database recording 
extravasations and their treatment received 162 reports, none of which involved vincristine (67).    

The major dose-limiting side effect of vincristine in therapeutic use is peripheral neurotoxicity.  This is 
manifest predominantly as a mixed sensory motor neuropathy characterised by symmetrical 
distribution of signs and symptoms and is largely reversible following cessation of treatment.  Effects 
on the autonomic system and cranial nerves may also occur. The neurotoxic effects are the result of 
interference with microtubule function resulting in blocked axonal transport and subsequent 
degeneration.   Central nervous system toxicity following intravenous administration is rare and limited 
by the poor penetration of the blood brain barrier. 

The characteristic clinical course, which follows intrathecal administration of vincristine, is a slow and 
painful paralysis reflective of the progressive, ascending myeloencephalopathy that occurs.  First 
signs are often meningism with lower limb or back pain followed by lower limb weakness, urinary 
retention (or frequency), absent reflexes and gradual loss of nerve and muscle function, culminating in 
respiratory failure and brain stem death.    
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4. Case reports 

4.1. Summary 
The first case report of accidental intrathecal injection of vincristine was published in 1968 (2).  This 
case involved a two and a half year old girl with acute lymphocytic leukemia (ALL) being treated with a 
number of cytotoxic medications including intrathecal methotrexate and intravenous vincristine.  She 
had been diagnosed for 15 months, and following treatment experienced two episodes of remission, 
when 3mg of vincristine was accidentally administered into her spine.  Despite an attempt to remove 
the vincristine via exchange of her cerebrospinal fluid (CSF) with saline, the little girl experienced 
catastrophic neurological toxicity. On the second day she developed opisthotonic posture and 
thrashing movements.  On the third day respiratory paralysis occurred and she became comatose and 
died. 

Since this report, a further 31 similar cases have been documented in the literature 3-22, 27,31,51,65, 68,73,74.  
These reports are summarised in Appendix 4.   

A number of the reports have only been document ed via the lay press (27,51,65,73,73), legal news items (22-

25), in editorials (28), in medication alerts (18,31,74,77) or via letters from pharmaceutical companies (9).   

Many of the reported cases have occurred in the United Kingdom (UK). The National Patient Safety 
Agency reports fourteen cases between 1975 and 2001 (29).   

There have been three cases reported in Australia, one in Adelaide in 1986 (51), one in Geelong in 
1995 (65) and the most recent case in Sydney in 2003 (27,28).   Two were fatal and one resulted in 
permanent quadriplegia (65).   

Of the 32 reported cases associated with vincristine, it can be confirmed that at least 16 (50%) 
occurred in children or teenagers and, in 11 (69%) of these, the patients were 10 years old or younger.  
All patients were being treated for either leukaemia; most commonly ALL, or lymphoma and many 
were in remission or had curable disease.   Two cases involved intraventricular administration via an 
Ommaya reservoir (13, 15). 

An assessment of the true incidence of inadvertent intrathecal injection of vincristine is not possible as 
there are numerous cases referred to which have not been published in the international medical 
literature (5, 23,27, 29, 30, 45,68) and it is likely that there are many more which have not been documented 
further than the institutional level.   One independent review in the USA identified 54 cases since 1968 
(45,66).  Another case occurred subsequent to this in California in late 2005 (73,74). 

Accidental intrathecal administration instead of intravenous administration has also been reported with 
other chemotherapeutic agents, including the vinca alkaloids, vindesine and vinblastine (68) and 
anthracyclines, daunorubicin (70) and doxorubicin (69).    In a number of these cases, vincristine was 
also part of the treatment regimen and was appropriately given intravenously.  

Whilst most of the errors were recognised within minutes or hours and, many involved aggressive 
attempts at treatment, death followed within days to weeks in all but five cases (84%).    One patient 
(9), had minimal lower extremity neuropathy however succumbed to their primary disease after three 
months.  Those who survived extended periods were left with severe neurological complications 
including quadriplegia and paraplegia (13, 15, 19, 65).  In another case (11), the patient was noted to be 
brain dead 29 days after the injection, however was sustained with supportive care for a long period 
until this was withdrawn and death occurred due to the primary disease on day 348 (For this review, 
this patient is considered a fatality).   

Salient points 

§  Three cases of accidental administration of vincristine by the intrathecal route have been 
reported in Australia, the most recent in 2003.   

§  Two of these were fatal and one resulted in permanent quadriplegia. 

§  Fifty five cases have been reported internationally since 1968, the most recent in the USA in 
late 2005. 

§  There is likely to be many more cases that have not been published.  
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§  Whilst relatively uncommon, this error results in a slowly fatal outcome in the vast majority of 
cases (84%) and in the few survivors, has resulted in devastating neurological damage.  

§  50% of cases involve children or teenagers, 69% aged 10 years or less Many of the cases 
involved patients in remission or with curable disease. 

4.2. Treatment approaches 
In the majority of reported cases, the error was recognised immediately, usually within minutes of the 
injection.  One patient may have been saved via recognition of the error prior to completion of the 
injection resulting in only a small fraction of the dose being administered and early treatment instigated 
(19).   Another similar case in 1991 ended in fatality, when the error was detected prior to completion of 
the administration, the mis-placed fluid aspirated and the patient sent home ‘as no ill effects were 
anticipated’ (10).   In a number of cases however, the error was not identified for several hours to days 
(8, 12, 14, 27) and in one recognised quite early, treatment was not commenced until four and half hours 
later (7).    

Treatment approaches reported in most cases were typically very aggressive involving attempts at 
removal or dilution of the vincristine and administration of agents to counteract its neurotoxic effects.  
Exchange of the cerebrospinal fluid (CSF), the fluid surrounding the brain and the spine, with normal 
saline was used in the early cases (2,  3, 7).  Following a report of a patient in whom progressive 
paralysis was arrested (9), a more aggressive form of continuous ventriculo-lumbar CSF lavage with 
lactated Ringers solution and fresh frozen plasma usually in combination with intravenous and oral 
glutamic acid was adopted (4, 10, 11, 13-17, 26).  This approach was subsequently recommended in a 
number drug information sources including product information (35,36). 

 Intrathecal, intravenous and/or oral corticosteroids have also been used (3, 4, 12, 8, 11).  Various other 
agents have been tried as antidotes including high dose intravenous folinic acid (7,8, 11-15,17) and 
pyridoxine, vitamin B12 and thiamine. Hypochlorous acid is also under investigation as a possible 
beneficial treatment (37).   The value of the individual agents is difficult to assess due to the 
combination with other treatments.   

There have not been consistently good results following any of the treatments and implementation of 
preventative strategies is critical.  It appears that early recognition of the error and immediate 
treatment with aggressive CSF washout may promote the best chances of survival once the error has 
occurred.  The dose (as a factor of body weight) administered may also be a factor.   

Salient points 

§ No treatment has been consistently successful in improving outcomes 

§ Immediate use of aggressive CSF washout appears to be the optimal approach 

§ An aggressive form of continuous ventriculo-lumbar CSF lavage with lactated Ringers solution 
and fresh frozen plasma in combination with intravenous glutamic acid may have prevented 
death in one patient 

§  The dose of vincristine and early recognition and treatment are the major factors which appear 
to reduce the level of neurotoxicity 

§  Implementation of strategies for prevention are critical 

4.3. Contributing factors  
Most of the case reports do not contain details of the factors found to contribute to the inadvertent 
administration of vincristine by the intrathecal route.  As is often the case the errors occurred due to a 
number of interacting factors involving a combination of system and human errors.  These have 
occurred on the background of the complexities of hospital-based care and the complexities of 
chemotherapy and cancer treatment and protocols.  One case in the United Kingdom resulted in an 
external enquiry that explored the events leading to the error in detail (32) and details of the Australian 
case were also made available (33).  Listed below are the main factors, which appeared to be involved 
in the case reports. 
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4.3.1. Concomitant prescription of an intrathecal medication  
By far the most common factor in the case reports was the prescription of intrathecal doses of other 
cytotoxic medications to be given at the same time or on the same day as intravenous vincristine.  
This provided opportunity for mistakes in selection and substitution of syringes of drugs and in 
assumptions that vincristine syringes were to be co-administered with intrathecal therapy.  The drugs 
most frequently implicated were methotrexate or cytarabine or triple therapy with methotrexate, 
cytarabine and hydrocortisone (2-4, 7, 8, 11-18, 21, 22, 26, 27, 31,32).  Many of these patients were likely to have 
been receiving standard national or international protocols that, to this day, require these combinations 
be given on the same day (34). 

The fact that methotrexate solution is a yellow colour whilst vincristine is a clear solution appears not 
to have prevented these mix-ups (2,8, 11, 13,14,31). 

4.3.2. Storage and delivery locations of chemotherapy  

Storage of intrathecal and intravenous medications in the same cupboard or refrigerator in ward areas 
or in the Pharmacy contributed to the selection of the incorrect drug for administration (21, 32).  This 
included the selection of the incorrect syringes of chemotherapy from an Oncology/Haematology ward 
to another location for administration (17,27).  Supply of individually packaged medications in the same 
outer package was reported in on case (32).  In some cases the intrathecal and intravenous 
medications were to be given at the same location and hence were delivered to together to the 
treatment room (12, 14, 21).    Differences in practices for delivery of medications across local institutions 
contributed to a case, where a new doctor was familiar with procedure of delivering all intrathecal 
medications in one coloured container, which was not the policy of his new employer (32). 

4.3.3. Location of administration 
Administration of chemotherapy at a location other than a specialist cancer ward or unit contributed to 
errors in several cases (8,17, 25). 

4.3.4. Labelling issues  
Particularly in the early case incidents syringes of chemotherapy were prepared and not labelled (3, 5).  
Instead the unlabelled syringes were placed in protective outer wraps and labels attached to these.  
Just prior to injection, the syringes were all removed from the protective packaging and placed on a 
tray.    As cytarabine, hydrocortisone and vincristine are all clear solutions, mix-ups were prone to 
occur.  

One case reported ‘mislabeling of syringes’ lead to the methotrexate dose being administered 
intravenously and the vincristine intrathecally (8).  

In later cases, whilst the syringes themselves were labelled, the details and in particular, the route of 
administration and relevant warnings, were in too small a font, were not clear or not prominently 
highlighted (21, 32).  In the recent Australian case, an incomplete warning label was reportedly noted (28).  
The fact that the volumes of vincristine injection used are often very similar to those for cytarabine and 
methotrexate also pre-disposes to error due to ‘look a like’ presentation of the syringes and packaging 
(32).  

4.3.5. Staff training, experience and rostering  

Inexperience of nursing, pharmacy and medical staff in the supply and administration of chemotherapy 
and in the related policies and procedures contributed to a number of case reports (8,14,22,24,25, 27,31, 

32,33,51).   In a number of cases, junior or new staff were not closely supervised by more experienced, 
senior practitioners.  This was for a number of reasons including rostering issues or inappropriate 
institutional practices whereby junior doctors were the designated staff to administer intrathecal 
chemotherapy  (14, 24, 25, 51) .   Differences in practice across institutions and lack of formal orientation and 
training also contributed to at least one case (32).  In one case a doctor had been on duty for 30hours 
when he accidentally picked up a syringe of vincristine instead of methotrexate (24).  In a number of 
cases, the staff member administering the chemotherapy was an experienced medical officer however 
not an oncologist or other specialist in cancer (8,27) and hence may not have been aware that 
vincristine should only be administered intravenously.   

Changeover of staff, due to interruptions and planned breaks, during the preparation of the patient or 
between checking and administration of medications also occurred (21,33).  A well intentioned nurse, 
who was possibly not familiar with the reasons behind scheduling of vincristine and intrathecal 
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medications on consecutive days of a protocol, disregarded the protocol to reduce the time the patient 
had to spend at the hospital by organising administration at the same time (32). 

4.3.6. Checking procedures 

Procedures adopted for unpacking and checking of medications prior to administration were an issue 
in a number of cases.  In one example, the chemotherapy was assembled and checked off by two 
staff members prior to removal from outer packaging by one of the personnel.  The medications were 
placed on a tray and administered without a second check of the syringes and labels by the 
administering staff member (17).  Not reading the medication labels carefully and checking them against 
the prescription or administration order was also reported (17, 28,32,51).  

4.3.7. Presentation of vincristine for administration 
All cases reported in the literature involve presentation of vincristine in a syringe for intravenous 
administration.  At least three of the cases reported, involved preparation of the vincristine dose in 
syringes in a ‘diluted’ form, one in 6.8ml (7); one in 10ml (16) and one in 20ml (26) of normal saline.  One 
of these cases involved intraventricular administration via an Ommaya reservoir (16).  These findings 
are important as it is commonly thought that presentation of vincristine in syringes in volumes of 10-
20ml will prevent accidental intrathecal administration. 

Salient points 

§ Errors have occurred due to a combination of system and human error 

§ A number of key contributing factors can be identified: 

Ø Prescription of intrathecal doses of cytotoxic medications to be given at the same time 
or on the same day as intravenous vincristine is the most common contributing factor 

Ø Product presentation e.g. ‘Look alike syringes’ and inadequate labelling and 
highlighting of route of administration 

Ø Staff factors predominantly the level of experience and knowledge of chemotherapy 
and of local practices; and rostering 

Ø Procedural issues including delegation of authority and checking procedures 

Ø Errors occurred with use of vincristine diluted to 10 and 20ml in syringes 
 

4.3.8. Recommendations for prevention  
Given the almost invariably fatal outcome of this error, despite aggressive treatment, prevention is of 
the utmost importance and a number of the case reports provided recommendations for reducing the 
risk of recurrence.  It should be noted that these are generally based on the observations of the 
author’s and are not necessarily proven strategies.  Given the dates of the early reports, some of the 
recommendations have already been addressed for example; some recommendations for improving 
dispensing and labelling of syringes have now been addressed via preparation of all cytotoxic 
products within Pharmacy departments rather than by the physician or at the ward level.  
Encouragingly, even the early reports suggested approaches aimed at reducing system error and 
making it harder for, well intentioned but fallible, humans to make mistakes.  Only one concluded that 
the onus is on the physician to prevent occurrence (10).   

4.4. Suggested strategies for prevention (from case reports) 

4.4.1. Labelling  
§ Syringes must be clearly labelled with drug name and dosage (3, 4,8,19) 
§ Each syringe should be carefully labelled with the patient's name, drug, dose, route of 

administration, and date (12, 16,17) 
§ All syringes containing vincristine must be labelled: Warning: Vincristine - for intravenous use 

only (5,21,23,26) 
§ Include warning labels on intrathecal medications "Intrathecal Use only' (5,17) 
§ Labels should have the route of administration in the largest font size and in bold (32) 
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§ Place the warning label on the barrel and plunger ie so it cannot be missed (5) 
§ Label syringes and outer wraps (5,17) 
§ Use different colour or distinctive labelling and packaging of syringes and outer wraps (5,32) 
§ All syringes and over-wraps containing vinca alkaloids will have additional warning label “For 

intravenous use only – fatal if injected intrathecally” (31) 

4.4.2. Equipment 
§ Intrathecal syringes should have a different sized fitting from that of intravenous ones (26) 
§ Intrathecal syringes will be slip tip (not luer lock) (17) 
§ The use of physical methods to prevent confusion is being explored including unique LP 

needles that can only be connected to special intrathecal syringes that are color-, size-, or 
shape-coded (17,32) 

4.4.3. Presentation of vincristine for injection  
§ Standard mechanism to distinguish intrathecal medications from other parenteral medications 
§ Different sizes of syringes for intrathecal and intravenous medications (2) 
§ Vincristine should be given as a short infusion not as a bolus (17,21) 
§ The dose of vinca alkaloids should be diluted to at least 10ml to help distinguish it from drugs 

intended for intrathecal injection, for which such a large volume is rarely given (23,26) 
§ Dose of vincristine should be diluted to at least 20ml for adult patients to help reduce 

confusion (32) 
§ Multiple intrathecal drugs should be prepared in a single syringe (26) 

4.4.4. Documentation and protocols/procedures 
§ All dosage calculations should be documented in the permanent charts (12) 
§ Two qualified medical personnel (physicians and or nurse) will identify the patient, check the 

drug orders, read the drug labels out loud, and only the responsible physician will place the 
chemotherapy on the lumbar puncture tray (16,17,26) 

§ Immediately before administration of the intrathecal drug, the physician will again read out 
loud the drug labels to the nurse (17) 

§ The orders should include the name of the specific treatment protocol and the dosages 
recommended (17) 

§ Intrathecal chemotherapy may only be ordered by an oncology physician, and the orders must 
be co-signed by a similarly qualified second physician or oncology pharmacist (17) 

§ Specific institutional protocols must be developed and adhered to for the administration of all 
chemotherapy including vincristine and intrathecal therapy (17) 

§ Checking of drug names and other details on labels (69) 

4.4.5. Separation of medications 
§ Intravenous and intrathecal medications should not be placed together in the treatment room 

(2) 
§ Separate the preparation, delivery and administration of intravenous and intrathecal 

chemotherapy; give intravenous therapy first (2,12,16,21,23,26,66)  
§ Intrathecal drugs should be administered in a designated area for example, an operating 

theatre (23) 
§ Drugs for intrathecal use should be delivered to the point of use from the pharmacy at a 

different time and packed separately from other drugs.  No other cytotoxic drugs should be 
delivered to or stored in such a designated area (17,23,26) 

§ Intrathecal drugs should be administered in a special treatment room, where only the 
intrathecal drugs and those used for analgesia/sedation are allowed (17, 26) 

§ The administering physician will be responsible for bringing the intrathecal chemotherapy to 
the procedure room. 

§ Separation in time within the protocol of intrathecal and intravenous chemotherapy would 
contribute to reduced risk but carries with it the burden of extended hospital or clinic stays (17) 

4.4.6. Staff training and experience 
§ Physicians, nurses and pharmacists involved in chemotherapy preparation, ordering, 

dispensing and administration should be completely familiar with the drugs' standard dosages, 
routes of administration, pharmacological actions and side effects (12,14,21,23,32) 

§ Medical personnel administering intrathecal medications should be required to review the case 
reports on intrathecal administration (16) 
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§ Intrathecal chemotherapy may only be ordered by an oncology physician, and the orders must 
be co-signed by a similarly qualified second physician or oncology pharmacist (17) 

§ Intrathecal chemotherapy may only be administered by an experienced physician certified in 
the procedure and the risks of chemotherapy.  Uncertified physicians must be directly 
supervised.  A nurse certified in chemotherapy administration must be present for intrathecal 
injections (17) 

Salient points 

Suggested preventive strategies have focused on system changes and design solutions 

§  Labelling – to include all patient/treatment details and highlight/warn regarding route of 
administration 

§  Separation of intravenous and intrathecal medications – in preparation, delivery, storage and 
timing of administration 

§  Staff training – only appropriately trained and experienced staff should be involved in 
prescribing, dispensing and administering chemotherapy 

§  Procedural issues – institutional policies should be developed and adhered to for all aspects of 
chemotherapy use including documentation and checking procedures  

§  Product presentation – vincristine should be prepared in ‘diluted’ form to reduce confusion with 
other syringes and the route of administration (*) 

§  Design solutions – different fittings and connectors for intrathecal injections and intravenous 
injections will prevent this error altogether 

(*) Note: two fatalities have occurred despite use of vincristine diluted to 10-20ml in syringes. 

4.5. Australian Data 
There are three documented cases in Australia of inadvertent injection of vincristine via the intrathecal 
route (27, 51,65).  All were reported in the press rather than the medical literature.  To determine if any 
further incidents have been reported, the Australian Drug Reaction Advisory Committee (ADRAC), 
National Coroner’s Information System (NCIS) and the Australian Incident Monitoring System (AIMS) 
were contacted.   

The Australian Patient Safety Foundation (APSF) agreed to search the National AIMS database and 
the South Australian database was also searched.  No incidents were reported in either of these.   

A search of the ADRAC database revealed one incident involving suspected intrathecal administration 
of vincristine reported in 2003.   This case was subsequently confirmed to be one of the cases already 
identified (27) . 

The Monash University National Centre for Coronial Information (MUNCCI) conducted a data 
extraction from the NCIS database of coroner’s findings for vincristine related death.  The search used 
the keyword search term “vincristine” being included either in the medical cause of death or where the 
primary or secondary object was coded as P Drugs with a description of “other specified”. 

A search of the NCIS from 1st July 2000 to the present time did not identify any closed cases in which 
vincristine was a factor in patient deaths, where those deaths had been reported to the coroner.  
There was one closed case involving vincristine accidentally administered intrathecally to a patient 
with Burkitt’s lymphoma however it appears that an inquest was not held in relation to the death.  

MUNCCI also undertook a search of the TOPIC system, a local case management system that 
contains, inter alia, Victorian coronial findings from 1989 to 2000. The ‘TOPIC’ search also did not 
identify any cases.   

The South Australian Coroner’s database was also searched electronically, however, no further cases 
were found.  

It is not possible to determine the ‘true’ incidence of harm related to inadvertent intrathecal injection of 
vincristine within our health system, or even make a best estimate. Not all deaths will be reported to 
the coroner and not all vincristine related incidents will be reported to AIMS or recorded in other 
medication incident reporting systems.  Data on medication incidents relating to vincristine may be 
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available in local hospital incident reporting systems.  However, it is not within the scope of this project 
to investigate these incidents or determine the incidence of vincristine related adverse events.  

It is important to note that many acute care facilities in Australia, both public and private, have already 
implemented risk reduction strategies for preventing administration errors with vincristine, this is 
discussed further below. 
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5. Medication alerts and recommended risk reduction strategies 

5.1. United Kingdom (UK)  
The greatest concentration of work on reducing the risks of inadvertent administration of vincristine 
via intrathecal injection has occurred in the UK.  This has occurred within a wider framework of 
improving patient safety that is ongoing under the auspices of the National Patient Safety Agency 
(NPSA) and includes several key reports.   

5.1.1. An Organisation with a Memory (38) 
This report was commissioned by Health Ministers and published by the Department of Health in 
2000.  It reported on the findings of an expert group who, under the chairmanship of the Chief 
Medical Officer, reviewed the scale and nature of serious failures in the National Health Scheme 
(NHS), examined the extent to which the NHS had the capacity to learn from failures and 
recommended measures that could help to ensure that the likelihood of repeated failures would be 
minimised. 

The group found that since 1985, 13 incidents involving inadvertent intrathecal administration of 
medications intended to be administered by the intravenous route have been reported in the medical 
literature or to the Committee on Safety of Medicines.  Of these, 12 involved administration of a vinca 
alkaloid and ten of these were fatal.  They estimated the rate of maladministration of vinca alkaloids to 
be 3 per 100,000 intrathecal chemotherapy treatments.   

Recommendation 10 of the report, ‘Identify and address specific categories of serious recurring 
adverse health care event’ includes the recommendation that the Department of Health should 
establish a group to work urgently to achieve the following aim:  

“By 2001, reduce to zero the number of patients dying or being paralysed by maladministered spinal 
injections”.  

5.1.2. External Enquiry into the incident at Queen’s Medical Centre (32) 

Unfortunately, another fatal incident involving injection of vincristine by the intrathecal route occurred 
in January 2001, this time at the Queen’s Medical Centre in Nottingham (23).  This case, in an eighteen 
year old man, prompted an external enquiry into the incident and the events surrounding it.  The 
findings of this enquiry also contributed to the development of national guidelines. 

5.1.3. The Prevention of Intrathecal Medication Errors. A report to the Chief 
Medical Officer (39) 

This review was commissioned to take forward the recommendation arising from an Organisation with 
a memory.  It was conducted by individual consultation and adopted a systems approach to identify 
factors contributing to intrathecal errors and possible measures to reduce risk.  The findings in relation 
to preventive strategies were broadly distinguished as those relating to human factors including 
training and education and, ward and pharmacy procedures and protocols; and those relating to 
equipment design (see summarised recommendations below).   

Many Trusts had adopted good risk reduction strategies in relation to the human factors approach 
including procedures for separating the preparation, delivery and storage of intrathecal medications; 
separating the time, place and person administering intrathecal and intravenous medications; hazard 
warnings on labels and; dilution of vinca alkaloids in syringes to at least 10ml.   

Limitations to the effectiveness of these were reported to be largely due to latent conditions within the 
system for example lack of experience and knowledge of staff, variance from procedures due to 
communication failures and understanding of the background to their development; the complexity and 
intensity of work and service pressures.   

It was also noted that a lack of shared learnings across the Trusts resulted in staff having to become 
familiar with new protocols as they move across the system.   
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Vinca Alkaloids 

The report referred to a number of possible additional ‘pharmaceutical precautions’ and in particular 
with reference to the presentation of vinca alkaloids the suggestion of dispensing in 50ml or 100ml 
bags for intravenous infusion.   

It was noted that if implemented safely this modification to practice would be equivalent to a design 
solution for the intrathecal hazard i.e. it would be physically impossible to connect the infusion bag to a 
spinal needle. 

Suggested potential problems were the need to ensure drug stability at this dilution (*) and additional 
time taken to give the medication may increase nursing time and might result in a lower level of 
nursing supervision for possible extravasation.  

(*) Note: this point has since been addressed (44). 

The author noted that, for the following decade at least, the NHS would be attempting to develop safe 
systems in an environment, which for historical reasons, is ill suited to the human factors approach.  In 
consideration of this, risk management strategy must: 

§ be developed with minimal impact on stretched resources, notably staff time 
§ be efficient, implementing those changes with the greatest yield 
§ seek, where possible, to develop design solutions which will prevent human error in 

preference to human factors solutions which only reduce the likelihood of error 
§ be system-wide, with careful consideration of all consequences of change. 

 

 ‘The Prevention of Intrathecal Medication Errors.  A report to the Chief Medical Officer’  - 
 Summary of recommendations  

 

1. An immediate action plan be developed, implemented by a national guidance and reinforced 
by clinical governance at the Trust level.  Key elements are: 

§ Formal designation within each Trust of medical staff competent to give intrathecal 
chemotherapy 

§ Steps to ensure that intrathecal and intravenous cytotoxic drug treatments are given at 
different times, by different people and in different clinical locations. 

2. There should be an urgent assessment of the feasibility and safety of dispensing vinca 
alkaloids in an infusion bag or in a non-Luer syringe allowing intravenous administration only.  
This would add a level of design safety to the measures above. 

3. Drug prescribing and administration errors occur with unacceptable frequency, particularly 
among recently qualified doctors.  Steps should be taken with the Medical Schools to ensure 
that therapeutics and risk management are thoroughly covered in core curricula. 

4. Intrathecal injection errors belong to a wider class of misconnection hazard arising from use of 
Luer connectors for a wide range of medical devices.  Expert opinion is divided on the value of 
a major design initiative to achieve physical incompatibility of devices used for different routes 
of access.  More data are required upon which to base risk-benefit and cost-benefit analyses.  
Key issues should be explored further with users, designers, manufacturers and international 
standards organisations.   

  

5.1.4. National Guidance on the Safe Administration of Intrathecal 
Chemotherapy 

Drawing on the learnings from these reports (32, 39) and after a consultation process, the Department of 
Health issued the ‘National Guidance on the Safe Administration of Intrathecal Chemotherapy’ in 
November 2001 (40).  Following review of compliance in early 2003, an updated guidance was 
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released(41).  The updated guidance sets out detailed minimum requirements for NHS Trusts providing 
intrathecal services.   

The key requirements are summarised below. 

The guidance also provides an update on other relevant work including development of a competency 
framework for chemotherapy service delivery as whole and options for equipment as a further 
measure to reduce risk of harm to patients through mis-connection errors. 

Implementation of the guidance was supported by an audit programme, which included development 
of a compliance checklist and a training pack and video (42, 43).   

 

 

National Guidance on the Safe Administration of Intrathecal Chemotherapy – summary of key 
requirements 

Leadership and risk assessment 
§ The Chief Executive, should identify a ‘designated lead’ to oversee compliance  
§ Risk assessments should be undertaken to ensure the safety of the service 
§ A written local protocol should be produced reflecting both national guidance and local 

information 

Training and credentialing 
§ A register must be established and maintained which designates the personnel who have 

been trained and authorised to prescribe, dispense, issue, check or administer intrathecal 
chemotherapy 

§ Annual reviews of competence are required along with a formal induction programme for new 
staff including training appropriate to their role 

§ Staff moving between hospitals will take with them their certification in a training logbook, 
however automatic inclusion on the new hospital’s register should not occur 

§ Intrathecal chemotherapy must only be prescribed by a Medical Consultant or 
associate/specialist registrar whose name is on the register 

§ Intrathecal chemotherapy must only be dispensed/issued by pharmacy staff on the register 
and must only be transported from the Pharmacy by administering doctor or pharmacy staff 
(on the register) 

§ Only Consultants and specialist/associate registrars can administer intrathecal chemotherapy.   
§ Under normal circumstances, intrathecal chemotherapy may only be administered during 

normal working hours 

Documentation and checking procedures 
§ A purpose designed intrathecal chemotherapy chart or section within a regular chemotherapy 

chart must be used 
§ Checks should be made throughout the administration including involving the patients in the 

process 

Separation of intravenous and intrathecal chemotherapy 
§ Intrathecal chemotherapy must be stored in a dedicated lockable refrigerator in the pharmacy 

and in the ward area (when they cannot be administered immediately) 
§ Intrathecal chemotherapy must be administered after intravenous chemotherapy and only 

following written confirmation of this 
§ An area should be designated for administration of intrathecal chemotherapy  
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National Guidance on the Safe Administration of Intrathecal Chemotherapy – summary of key 
requirements for vinca alkaloids: 

Labelling of vinca alkaloids (vincristine, vinblastine, vindesine and vinorelbine) 

For vinca alkaloids, labels should have patient name, name of product, route of administration and a 
clear warning of the consequences of administration by other routes – for example, “For Intravenous 
Use Only – fatal if given by other routes” .   

Negative labelling (i.e. “Not for …….use”) should never be used. 

Dilution of vinca alkaloids for intravenous use 

For patients over the age of 10 years, the pharmacy should dilute the volume of intravenous 
vincristine to a maximum concentration of 0.1mg/ml and dispense it in a 10ml syringe as a 
minimum. 

For patients over the age of 10 years,  the pharmacy should dilute the volume of intravenous 
vinblastine, vindesine or vinorelbine to a minimum volume of 20ml. 

For children under the age of 10 years, intravenous vincristine, vinblastine, vindesine or vinorelbine 
can be given at a higher concentration (*). 

 

(*)  Note:  The only exception to this applies to UKCCSG (United Kingdom Children’s Cancer Study 
Group) Centres.  These centres may choose, after a risk assessment, to give intravenous vinca 
alkaloids to children of any age at concentrations higher than those specified above.  This practice 
must be covered by a waiver signed by the Chief Executive, Medical Director, Director of Nursing and 
Chief Pharmacist.  Where a waiver is in operation, the NHS Trust must notify, in writing, the SHA 
Medical Director of their decision.  The waiver must be reviewed annually, if renewed, resigned by all 
parties.  

5.2. United States of America (USA) 
Review of the published literature indicates that the USA has not been as prescriptive as the UK in 
implementation of approaches to reducing the risks of inadvertent injection of vincristine via the 
intrathecal route.   

5.2.1. Institute for Safe Medicine Practice (ISMP) 
The ISMP has published four Medication Safety Alerts that refer to inadvertent intrathecal 
administration of vincristine (18,31, 74, 77).   

The first reported on problems with accidental administration of intravenous medications by the 
intrathecal route (18).  The second in 2000 outlined a fatal case of intrathecal vincristine administration 
involving a former police chief and questioned why such tragedies continue to happen when they are 
so readily preventable (31).   The Alerts highlight the United States Pharmacopoeia’s requirements for 
specific warning  labels when dispensing vincristine and recommendations for safe practice (see 
below).    

The Alerts published in 2003 (77) and 2005 (74) refer to further reports of fatalities associated with 
inadvertent intrathecal administration of vincristine.  They both promote the preparation of vincristine in 
minibags as an additional and more fail-safe risk-reduction strategy.  It is noted that this strategy: 

• ensures intravenous vincristine looks very different from a syringe containing an intrathecal 
medication and; 

• utilises a larger volume of fluid and different administration device (infusion from a bag via IV 
tubing), neither of which lends itself to intrathecal administration. 
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Institute for Safe Medicine Practice (ISMP) – Medication Safety Alert (18,31) 

Specific cautionary labelling must be used when dispensing vincristine and labelled overwraps.  This 
labelling must state: 

 “FATAL IF GIVEN INTRATHECALLY. FOR IV USE ONLY. DO NOT REMOVE COVERING UNTIL 
MOMENT OF INJECTION”. 

 

 

Institute for Safe Medicine Practice (ISMP) – Medication Safety Alerts  

‘Safe practice recommendation 1998’  (18) 

§ All extemporaneously prepared syringes of vinca alkaloids should have warnings about 
intrathecal administration. 

§ Total segregation of intrathecal medications to ensure they are not prepared, delivered or 
administered at the same time and not administered or stored in the same location  

§ At least two health professionals should independently verify and document the accuracy of all 
intrathecal doses before administration. 

§ Administering personnel should review the published case reports about fatal errors with 
vincristine 

§ Medications should be provided in the most ready-to-use form to minimise the potential for 
error 

‘Safe practice recommendation 2000’ (31) 

ISMP and FDA will be increasing efforts to alert healthcare industry about this problem and suggest 
solutions and urges readers to take the following steps to prevent intrathecal administration of IV 
medications: 

§ The list of intrathecal drugs that are administered for any disease is very small.  Cytarabine, 
methotrexate, thiotepa, gentamicin, vancomycin, and hydrocortisone are among those used 
for cancer patients.  Establish a list of drugs that can be administered intrathecally (or 
epidurally) and ban all other injectable drugs from rooms where lumbar punctures are 
performed. 

§ Require at least two health professionals to independently verify and document the accuracy 
of all intrathecal doses before administration.  In some cases, a family member might help in 
the checking process. 

§ Wrap intrathecal drugs within a sterile bag which is then wrapped again in a sterile towel or 
another bag labeled for intrathecal use. Do not unwrap the package until immediately prior to 
injection. 

§ Accrediting and regulatory bodies should provide oversight to assure that facilities where 
chemotherapy is given have policies and procedures in place that being followed to prevent 
accidental intrathecal injection of IV drugs. 

‘Error-reduction strategy 2003 & 2005’ (77, 74) 

Dilute vincristine in a plastic minibag of IV fluids for slow, continuously supervised (observed) infusion 
to deter confusion with intrathecal syringes. 
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5.2.2. Joint Commission for Accreditation of Healthcare Organizations 
(JCAHO) 

The most recent information was published in a Sentinel Event Alert entitled ‘Preventing vincristine 
administration errors’ by the Joint Commission on Accreditation of Healthcare Organizations 
(JCAHO) in July 2005 (45).  The alert refers to the fact that there is little data reported in the USA 
medication alert/event databases regarding administration of vincristine via the intrathecal route, 
noting that four cases have been reported to the Joint Commission Sentinel Event Database or the 
USP’s MedMarx database, three of which were intercepted prior to administration and one resulting 
in permanent paralysis.  The USP-ISMP MER has received information on eight cases, which 
resulted in five deaths, two injuries including quadriplegia, and one unknown outcome.  It also 
noted that numerous cases have been reported in the US media in recent times, indicating that 
healthcare organisations may be not voluntarily reporting these fatal errors possibly due to 
concerns over legal discovery of the related information.   

The Joint Commission recommendations are similar to those of the 2000 ISMP Alert (31), however they 
also include dilution of vincristine in a minibag as the ideal. 

 

JCAHO Recommendations for preparing dispensing and administering intravenous vincristine 
(and other vinca alkaloids): 

1. Dilute intravenous vincristine in a volume – ideally for IV infusion in a minibag – that precludes 
administration via the intrathecal route. 

2. If vincristine is administered via a syringe, clearly label each syringe “FATAL IF GIVEN 
INTRATHECALLY. FOR IV USE ONLY. DO NOT REMOVE COVERING UNTIL MOMENT OF 
INJECTION”.  Each syringe must also be placed in an over wrap carrying the same warning 
label. 

3. Do not dispense intravenous vincristine (or any IV medication) in a manner that would permit it 
to be administered at a time and location where intrathecal medications are administered.  If a 
dedicated location for intrathecal administration is not possible, the pharmacy should not 
dispense IV vincristine to a location where intrathecal medications are administered until it 
receives confirmation that intrathecal drug administration is not imminent or has been 
completed. 

4. Conduct a “time out” with at least two qualified health care professionals to independently verify 
and document the drug, dose, and route at the time of pharmacy preparation of intravenous 
vincristine and before each administration of intravenous vincristine. 

 

 

JCAHO Recommendations for drugs that are intended for intrathecal use: 

1. Prepare intrathecal medications in the pharmacy as close as possible to the time of administration, 
label them with an appropriate short expiration time (eg eight hours), and then deliver them to and 
administer them in a designated (ideally separate) location, at a regular, specified time of the day 
or week. 

2. Establish a list of drugs that can be administered intrathecally, designate specific locations where 
intrathecal administration may be done, and ban all other injectable drugs from those physical 
locations during times when intrathecal injections are being administered. 

3. Conduct a “time out” with at least two qualified health care professionals to independently verify 
and document the drug, dose, and route at the time of pharmacy preparation of drugs for 
intrathecal administration and before each intrathecal administration of such drugs. 

4. Wrap intrathecal drugs within a sterile bag, which then wrapped again in a sterile towel or another 
bag labeled: “FOR INTRATHECAL USE ONLY”. Wraps or packages must be removed 
immediately prior to injection only by the person administering the medication. 
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Interestingly, the JCAHO’s Proposed 2006 National Patient Safety Goals and Requirements and 
Rationale Statements (46) included 4 requirements aimed at reducing the risks of errors with 
intrathecal chemotherapy and vincristine in particular.  These were not adopted and despite contacting 
the relevant body, there was no indication provided as to the reasons for their exclusion.  

5.2.3 Food and Drug Administration (FDA) 
The FDA Oncology Tools Product Label Details for Preparing Vincristine (35) refers to the same 
requirements for labelling of vincristine products as the ISMP Alerts. 

5.2.4 Current Practice 
The MD Anderson Cancer Centre has provided vincristine doses in 25ml minibags for more than 25 
years.  In an Editorial, the Director of Pharmacy highlights the positive and negative aspects of this 
approach as compared to syringes (36) and recommends that all Institutions utilise minibags. 

‘On the minus side’: 

§ May take a little longer to prepare 
§ Will be bulkier 
§ May take a little longer to administer 
§ Will cost a little more 

‘One the plus side’ – you can nearly eliminate: 
§ Patient deaths or serious harm from vincristine given intrathecally in error 
§ The resulting grief of patient’s families 
§ Health professionals quitting their profession or experiencing emotional problems because 

they have harmed patients through this error 
§ Damage to the institution’s reputation or liability issues arising from this error 

Consultation with representatives of the MD Anderson regarding the success of use of 
minibags and issues with extravasation and paediatric patients resulted in the following 
comments (62):  

“ ..we have been working on revising our Chemotherapy Policy and have discussed the vincristine 
issue at length.   For years on the “adult” services we had converted to administration via mini IV bag. 
  However, the paeds unit was still using the syringe approach.  After our review of the other 
institutional policies from places like City of Hope, Dana Farber, NCI/NIH, ASHP, etc, and a very 
lengthy discussion – we recommended paeds also switch to IV minibag.    

Due to the potential, irreversible and fatal outcomes if given IT, this risk far out weighed the potential 
vesicant risks.    I think it’s safe to say that in most institutions in the US it’s become standard practice 
to give vincristine/vinblastine in IV minibag, specifically because of the safety concerns.”    

Policy and protocol for administration of vincristine in minibags has also been provided from the City of 
Hope Medical Center, Duarte, California (71). 

The 2005 ISMP Medication Safety Alert (74) reports that since use of minibags was first recommended 
as an error-prevention strategy in 2003:  

“some healthcare providers have successfully adopted its use. Others have voiced concern, citing the 
risk of extravasation as a significant deterrent, especially if IV vincristine is administered via a 
peripheral vein. Use of a peripheral vein may be fairly common, for example, in children who have had 
their central lines removed after the initial phase of chemotherapy, and are now receiving monthly 
treatments.  

Some healthcare practitioners, particularly nurses and physicians, have expressed that giving a 
vesicant into a peripheral vein warrants a smaller volume of solution so the nurse can continually 
validate venous access patency.  

And yet, diluted IV vincristine can be administered at a rate of infusion similar to the undiluted form, 
and the patient can be monitored in the exact same manner, even if vincristine has been diluted in a 
small volume of fluid.  

Thus, there has been some controversy regarding the safest way to administer the drug to reduce the 
risk of intrathecal administration without increasing the risk of harmful extravasations.” 
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The ISMP has recently conducted a preliminary survey involving 35 US children’s hospitals to 
determine the practices used to prepare and administer intravenous vincristine (74).  The results 
showed that 23% of those survey ed were diluting vincristine in a minibag and that this approach had 
been adopted, ostensibly without an increase in harm from extravasation.  This survey has now been 
expanded to include all paediatric and adult healthcare providers who administer intravenous and 
intrathecal chemotherapy.  The survey will also seek feedback on what additional error-reduction 
strategies have been taken to prevent intrathecal administration of intravenous vincristine.  The 
findings of this survey are to be reported early in 2006.  

5.3  Canada 

In August 2000, ISMP Canada featured that ISMP Medication Safety Alert published earlier 
(31,49).  A subsequent ISMP Canada Safety Bulletin reported on the publication of data 
supporting the dispensing of vincristine in minibags as a system safeguard (50).  The Bulletin 
referred to the publication of data demonstrating the stability of vincristine diluted in 
minibags and syringes (44) and, to an editorial in the same journal, which indicated that the 
MD Anderson Cancer Center in the USA has been administering vincristine in 25ml of 
normal saline in minibags for more than twenty years (36).   

The ISMP Canada noted that ‘ until such time as there are separate drug administration 
systems for IV versus intrathecal administration, the preparation of vincristine in minibags, 
instead of syringes, is a medication safety practice recommendation to be considered by all 
facilities preparing chemotherapy’.   

 

5.4  Australia 

5.4.1 The Society of Hospital Pharmacists of Australia (SHPA) 
In 1995, the SHPA Committee of Specialty Practice in Oncology published recommendations for the 
preparation and supply of vincristine by pharmacy departments (52).  The recommendations were 
aimed at reducing the possibility of incorrect substitution of an intravenous dose for an intrathecal 
dose.  These recommendations were updated and their scope broadened to include recommendations 
for risk reduction strategies for medical (47) and pharmacy staff (28,48) in 2004.  

The suggested strategies are very similar to those recommended by the UK NPSA, with the addition 
of the recommendation to dispense vincristine diluted in minibags for both adult and paediatric 
patients (see below).  This recommendation has also been made by other Australian oncology 
practitioners (53).   

The authors note that while this method has been criticised as potentially increasing the risk of 
extravasation injury, this outcome has not been reported in the literature.  Extravasation rarely occurs 
(< 1 in 1000 intravenous administrations) when proper techniques are followed (54) and the 
consequences are significantly less than those of intrathecal administration.  It is noted that some 
hospitals provide vincristine in syringes diluted to 10 or 20ml as it is thought that this would prevent 
potential intrathecal administration.  Fatalities have been reported with this approach (16,26).   
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Summary of Committee of Specialty Practice in Oncology recommendations (2004)  
1. Only specifically trained and designated oncology staff should prescribe, prepare, dispense 

and administer cytotoxic medication. 

2. Medical staff must use a formal checking procedure, involving an oncology trained nurse, to 
ensure that the right drug is given at the right dose, by the right route, by the right method, to 
the right patient.   

3. Intrathecal chemotherapy should only be administered in an area where no other cytotoxic 
drugs are available. 

4. Use specifically designated containers both for transportation of intrathecal drugs from the 
pharmacy and for storage on the ward. 

5. Intrathecal doses must be delivered separately and preferably administered after other drugs 
to be given by other routes are supplied to the ward and administered. 

6. All intrathecal drugs must be packaged separately and clearly labelled both on the syringe and 
on the outer container ‘For Intrathecal Use’. 

7. Vincristine should be clearly labelled both on the syringe and on the outer container “For 
Intravenous Use Only – Fatal If Given By Other Routes’.  Negative labels, such as ‘Not for 
Intrathecal Use’ must never be used. 

8. Consideration should be given to developing novel methods for spinal drug delivery.  As a 
matter of design safety, standard intravenous syringes should not be able to be used for spinal 
administration. 

9. Vincristine should be prepared in a small-volume intravenous bag rather than a syringe.  For 
adults, vincristine can be prepared in 50ml of sodium chloride 0.9% and administered over 5 
to 10minutes.  A smaller volume of fluid and slower rate of administration are suggested for 
children. 

 
 

5.4.2  Current Practice and Extravasat ion 

The incidence of extravasation with chemotherapy treatments has been estimated to be in the range 
of 0.1-6.5% of cases  (68) and is minimised with good administration techniques and monitoring.  The 
incidence of extravasation associated with use of vincristine (or other vinca alkaloids) has not been 
formally studied.  An Australian database recording extravasations and their treatment received 162 
reports, none of which involved vincristine (67).    

To investigate current practices in dispensing vinca alkaloids and the incidence of extravasation 
following administration by syringe and minibag, a survey was conducted in Australian hospitals (72).   

Of 228 hospitals surveyed, 68 (29.80%) responded with 26% able to provide data, including most of 
the major cancer centres.  In relation to vincristine, the study found that minibags were used in 43% of 
hospitals with dilution in 50ml sodium chloride 0.9% most common (85%).  Syringes diluted to 10ml or 
greater were in use in 34% (20ml most common at 76%) and syringes undiluted (concentration 
1mg/ml) in 20%.   The major paediatric centres (6 respondents) tended to provide vincristine undiluted 
in syringes, however, one centre was providing vincristine in 20ml syringes.   

The average length of time that vincristine had been provided in minibags was 38months (range 
weeks to 150months).  From a total of over 44,300 administrations, the reported incidence of 
extravasation of vincristine from minibags was 0.041% (3 in 7,255) compared to the incidence with 
syringes of 0.03% (11 in 37,084).  The data from the six paediatric centres was low however there 
were no cases of extravasation with minibags (0 in 42) reported.  The incidence in syringes was 
0.059% (8 in 13,543).   

The authors noted, that there appears to be a perception, amongst some Australian oncology 
practitioners, particularly in the paediatric setting, that the risk of extravasation injury with syringes is 
less than that with infusions.  Extensive literature searches and consultation with Australian 
practitioners have not provided information to support this.  Advances in knowledge, equipment, 
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training and techniques have decreased the overall risk of extravasation in recent years.    Further, 
dilution to a 50ml volume reduces the concentration of drug and hence increases the possibility of 
detection, and reduces the impact, should an extravasation occur.  In addition, the time taken to 
administer a 50ml minibag would be comparable to that required for a 20ml syringe. 

In conclusion, it was stated that vinca alkaloids can safely be given as a low volume, short infusion via 
minibag and that the adoption of policies ensuring stringent monitoring of short infusional therapy will 
further reduce untoward effects.  

Salient points 

§ In Australian hospitals, it is common practice to administer vincristine to adults in a mini-bag.  
A volume of 50ml is commonly used.  

§ Paediatric centres most commonly provide vincristine undiluted in syringes, however, one 
paediatric centre is diluting vincristine to 20ml in syringes. 

§ The rate of extravasation reported with vincristine is low and was similar in minibags and 
syringes (0.04% versus 0.03%). 

§ The adoption of policies ensuring good administration techniques and stringent monitoring of 
short infusional therapy will further reduce untoward effects. 
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6. Literature on equipment and design solutions 
A number of reports and expert committees have called for research into the options and viability of 
equipment, which would reduce or prevent the risks of inadvertent intrathecal injection of medications 
intended for intravenous use (28,39, 55, 56).  

A design solution that would address mis-connection error would reduce the reliance on the various 
recommended human factors and potentially totally eliminate the risk of inadvertent intrathecal 
injection.  The optimal approach would be modification of existing equipment whereby the syringes for 
intravenous use and spinal connecters are incompatible.  This approach has also been recommended 
in prevention of mis-connection error with oxygen and medical gases (76).  Of course eliminating the 
potential for connection error with medications does not remove all sources of potential error.  An error 
may still occur during the manufacturing process for example if the wrong syringe is inadvertently used 
or the incorrect medication is drawn up. 

Approaches suggested in the literature have included improvements in syringe packaging to clearly 
identify intravenous therapy over-printed syringes or purpose built syringe caps incorporating shape or 
colour-coding (39,57), attachment of filters to identify intrathecal medications (58), use of non-removable 
needles (39) and unique connectors (59,60).   

Unfortunately, a number of these approaches would still leave the possibility of error in the dispensing 
process via selection of the incorrect syringe and prototypes of new connectors/syringes have thus far 
been found not to be commercially viable.  

A risk assessment of spinal procedures with current safeguards and proposed new connector design 
solutions has been published by the NPSA (61).  The recommendations arising from this assessment 
included to focus further development via pilot studies and staged implementation of a non-luer 
compliant spinal connector for all spinal procedures i.e. not just those used for intrathecal 
chemotherapy. 

Salient points 
§ A design solution, which would prevent mis-connection error, would potentially totally eliminate 

the risk of inadvertent intrathecal injection.  

§ The optimal approach would be modification to render the syringes for intravenous use and 
spinal connecters incompatible.   

§ This approach has been effective in prevention of mis-connection error with oxygen and 
medical gases. 

§ Prototypes of new connectors/syringes have thus far been found not to be commercially 
viable. 

§ Further development and review is underway. 

 

 



High-risk medication alert for vincristine  injection 
    

 
The Society of Hospital Pharmacists of Australia (SHPA)  25  

7. References 
1. Turner P, Thornton N.  Medical misadventure = human tragedy.  Axone. 2001 Jun; 22(4): 30-5.  

2. Schochet SS Jr, Lampert PW, Earle KM.  Neuronal changes induced by intrathecal vincristine 
sulfate.  J Neuropathol Exp Neurol. 1968 Oct; 27(4): 645-58.  

3. Shepherd DA, Steuber CP, Starling KA, Fernbach DJ.  Accidental intrathecal administration of 
vincristine.  Med Pediatr Oncol. 1978; 5(1): 85-8.  

4. Slyter H, Liwnicz B, Herrick MK, Mason R.  Fatal myeloencephalopathy caused by intrathecal 
vincristine.  Neurology. 1980 Aug; 30(8): 867-71.  

5. Solimando DA, Wilson JP.  Prevention of accidental intrathecal administration of vincristine 
sulfate.  Hosp Pharm. 1982 Oct; 17: 540-542. 

6. Manelis J, Freudlich E, Ezekiel E, Doron J.   Accidental intrathecal vincristine administration. 
Report of a case.  J Neurol. 1982; 228(3): 209-13.  

7. Gaidys WG, Dickerman JD, Walters CL, Young PC.   Intrathecal vincristine. Report of a fatal case 
despite CNS washout.  Cancer. 1983 Sep 1; 52(5): 799-801.  

8. Williams ME, Walker AN, Bracikowski JP, Garner L, Wilson KD, Carpenter JT.  Ascending 
myeloencephalopathy due to intrathecal vincristine sulfate. A fatal chemotherapeutic error.  
Cancer. 1983 Jun 1; 51(11): 2041-7.  

9. Dyke RW.  Treatment of inadvertent intrat hecal injection of vincristine. 

N Engl J Med. 1989 Nov 2; 321(18): 1270-1.  

10.  Bain PG, Lantos PL, Djurovic V, West I.   Intrathecal vincristine: a fatal chemotherapeutic error 
with devastating central nervous system effects.  J Neurol. 1991 Jul; 238(4): 230-4.  

11.  Bleck TP, Jacobsen J.  Prolonged survival following the inadvertent intrathecal administration of 
vincristine: clinical and electrophysiologic analyses.  Clin Neuropharmacol. 1991 Oct; 14(5): 457-
62.  

12.  al Fawaz IM. Fatal myeloencephalopathy due to intrathecal vincristine administration.  Ann Trop 
Paediatr. 1992; 12(3): 339-42.  

13.  Zaragoza MR, Ritchey ML, Walter A.  Neurourologic consequences of accidental intrathecal 
vincristine: a case report.  Med Pediatr Oncol. 1995 Jan; 24(1): 61-2. 

14.  Lau G. Accidental intraventricular vincristine administration: an avoidable iatrogenic death. Med 
Sci Law. 1996 Jul; 36(3): 263-5.  

15.  Michelagnoli MP, Bailey CC, Wilson I, Livingston J, Kinsey SE.  

Potential salvage therapy for inadvertent intrathecal administration of vincristine.  Br J 
Haematol. 1997 Nov; 99(2): 364-7. Erratum in: Br J Haematol 1998 May; 101(2): 398.  

16.  Meggs WJ, Hoffman RS.   Fatality resulting from intraventricular vincristine administration.  J 
Toxicol Clin Toxicol. 1998; 36(3): 243-6.  

17.  Fernandez CV, Esau R, Hamilton D, Fitzsimmons B, Pritchard S.   Intrathecal vincristine: an 
analysis of reasons for recurrent fatal chemotherapeutic error with recommendations for 
prevention.  J Pediatr Hematol Oncol. 1998 Nov-Dec; 20(6): 587-90.  

18.  Institute for Safe Medication Practice.  Accidental administration of IV meds intrathecally.  ISMP 
Medication Safety Alert.  1998 September 23. Available at 
http://www.ismp.org/MSAarticles/Intrathecal.html 

19.  Al Ferayan A, Russell NA, Al Wohaibi M, Awada A, Scherman B.    Cerebrospinal fluid lavage in 
the treatment of inadvertent intrathecal vincristine injection.  Childs Nerv Syst. 1999 Mar; 15(2-3): 
87-9.  

20.  Kwack EK, Kim DJ, Park TI, Cho KR, Kwon IH, Sohn YK.   Neural toxicity induced by accidental 
intrathecal vincristine administration.  J Korean Med Sci. 1999 Dec; 14(6): 688-92.  



High-risk medication alert for vincristine  injection 
    

 
The Society of Hospital Pharmacists of Australia (SHPA)  26  

21.  Dettmeyer R, Driever F, Becker A, Wiestler OD, Madea B.  Fatal myeloencephalopathy due to 
accidental intrathecal vincristine administration: a report of two cases.  Forensic Sci Int. 2001 Oct 
15; 122(1): 60-4.  

22.  Dyer C.  Junior doctor charged with manslaughter after medical error.  BMJ.  2002 Sep 21; 
325(7365): 616. 

23.  Dyer C.  Doctors suspended after injecting wrong drug into spine.  BMJ. 2001 Feb 3; 322(7281): 
257. 

24.  Brahams D.  Manslaughter and reckless medical treatment.  Lancet. 1991 Nov 9; 338(8776): 
1198-91 

25.  Dyer C. Doctors cleared of manslaughter.  BMJ. 1999 Jan 16; 318(7177): 148. 

26.  Alcaraz A, Rey C, Concha A, Medina A.  Intrathecal vincristine: fatal myeloencephalopathy despite 
cerebrospinal fluid perfusion.  J Toxicol Clin Toxicol. 2002; 40(5): 557-61.  

27.  ABC Television.  The 7.30report. 2004; 5 May. Hospital Mistakes. Available at 
http://www.abc.net.au/7.30/content/2004/s1102214.htm  

28.  Gilbar PJ, Dooley M, Brien J.  Inadvertent intrathecal administration of vincristine: are we fulfilling 
our roles as oncology pharmacists?  J Oncol Pharm Practice 2004; 10:187-189.  

29.  National Patient Safety Agency, Department of Health UK.  Administering vincristine.  2001 April 
1. Available at http://npsa.nhs.uk/health/display?contentId=2396 

30.  Cousins D.  European Initiatives for Improving Medication Safety.  Committee of Experts on Safe 
Medication Practice Council of Europe.  March 2005.  Available at 
http://www.vub.ac.be/MICH/eafp/ppt2005/12maart/RTD5 - Cousins - Safe medication 
practices.ppt. 

31.  Institute for Safe Medication Practices.  Pain, paralysis, and knowledge of impending death marks 
intrathecal vincristine.  ISMP Medication Safety Alert, 2000 April 5.  Available at Institute for Safe 
Medication Practices http://www.ismp.org/MSAarticles/IntrathecalVinca.html 

32.  Toft B.  External inquiry into the adverse incident that occurred at Queen’s Medical Centre, 
Nottingham, 4th January 2001.   

Available from http://www.dh.gov.uk/assetRoot/04/08/20/98/04082098.pdf 

33.  St George Hospital & Community Health Service, Kogarah NSW.  Accidental injection of 
vincristine by intrathecal route in March 2003.  Information for the wider health community about 
how this error occurred and corrective action taken to eliminate the risk of re-occurrence.  June 
2004. 

34.  Seale JRC.  Erroneous intrathecal injection results from a problem with protocols.  Letter.  BMJ. 
2001 Mar 3; 322(7285): 548. 

35.  U.S. Food and Drug Administration, Center for Drug Evaluation and Research.  FDA Oncology 
Tools Product Label Details for Preparing Vincristine.  July 1999.  Available at Product Label 
http://www.accessdata.fda.gov/scripts/cder/onctools/prepare.cfm?GN=vincristine 

36.  Davis, NM.  The preparation of vincristine in minibags will prevent deadly medication errors.  Hosp 
Pharm. 2001; 36:707. 

37.  Berwick DM.  Not again! BMJ. 2001 Feb 3; 322(7281): 247-8. 

38.  UK Department of Health.  An Organisation with a memory.  London; 2000. 

Available from http://www.dh.gov.uk/assetRoot/04/08/89/48/04088948.pdf 

39.  Woods K.  The prevention of intrathecal medication errors.  A report to the Chief Medical Officer.  
Department of Health, London; 2001.   

Available from http://www.dh.gov.uk/assetRoot/04/06/50/49/04065049 

40.  Chief Medical Officer, Department of Health, UK.  National Guidance on the safe administration of 
intrathecal chemotherapy.  HSC 2001/022.  Available at 
http://www.dh.gov.uk/PublicationsAndStatistics/LettersAndCirculars/HealthServiceCirculars/Health
ServiceCircularsArticle/fs/en?CONTENT_ID=4004769&chk=9Z/cH2 



High-risk medication alert for vincristine  injection 
    

 
The Society of Hospital Pharmacists of Australia (SHPA)  27  

41.  Chief Medical Officer, Department of Health, UK. Updated National Guidance on the Safe 
Administration of Intrathecal Chemotherapy. 2 October 2003 HSC 2003/010.  Available at  

HSC 2003/010 - Updated national guidance on the safe administration of intrathecal 
chemotherapy : The Department of Health - Pubs and stats: Letters and circulars  
http://www.dh.gov.uk/PublicationsAndStatistics/LettersAndCirculars/HealthServiceCirculars/Health
ServiceCircularsArticle/fs/en?CONTENT_ID=4064931&chk=JA/pnL 

42.  Chief Medical Officer, Department of Health UK.  Annual report of the Chief Medical Officer 2002 
– 6. Intrathecal chemotherapy: keeping up the pressure for safe administration.  Available at 
http://www.dh.gov.uk/assetRoot/04/08/18/60/04081860.pdf  

43.  Root T.  Letter to the editor. J Oncol Pharm Practice (2005) 11:35. 

44.  Trissel LA, Zhang Y, Cohen MR. The stability of diluted vincristine sulfate used as a deterrent to 
inadvertent intrathecal injection.  Hosp Pharm. 2001; 36:740-5. 

45.  Joint Commission on Accreditation of Healthcare Organizations.  Preventing vincristine 
administration errors.  Sentinel Event Alert, Issue 34, July 14 2005. Available at Sentinel Event 
Alert, Issue 34, July 14, 2005 Print Version 
http://www.jcaho.org/about+us/news+letters/sentinel+event+alert/print/sea_34.htm 

46.  Joint Commission on Accreditation of Healthcare Organizations.   Proposed 2006 National Patient 
Safety Goals and Requirements and Rationale Statements – Hospital & Critical Access Hospital 
Programs. Accessed June 2005 at http://www.jcipatientsafety.org 

47.  Gilbar PJ, Carrington CV.  Preventing intrathecal administration of vincristine. 

Med J Aust. 2004 Oct 18; 181(8): 464.  

48.  Gilbar PJ, Carrington CV.  Inadvertent intrathecal administration of vincristine.  J Pharm Practice 
and Research.  2004; 34 (2): 159.  

49.  ISMP Canada.  Pain, paralysis, and knowledge of impending death marks intrathecal vincristine.  
ISMP Canada Medication Safety Alerts 08/00, 2000.  Available at Medication Safety Alerts 08/00 
http://www.ismp-canada.org/mia0008.htm 

50.  ISMP Canada.  Published Data supports dispensing vincristine in minibags as a system 
safeguard.  ISMP Canada Safety Bulletin 2001 Oct 3.  Available at http://www.ismp-
canada.org/download/ISMPCSB2001-10Vincristine.pdf  

51.  The Sydney Morning Herald.  Girl died after being given wrong drug.  1987 August 13:5.  

52.  Davis J.  Intrathecal drug administration. Letter. Aust J Hosp Pharm.  1995; 25:174 

53.  Stefanou A, Dooley M.  Simple method to eliminate the risk of inadvertent intrathecal vincristine 
administration. J Clin Oncol. 2003 May 15; 21(10): 2044; author reply 244.  

54.  Mullin S, Beckwith MC, Tyler LS. Prevention and management of antineoplastic extravasation 
injury.  Hosp Pharm. 2000; 35:57-74. 

55.  Crotty GM.  Simple methods of preventing cytotoxic disasters.  Br J Haem. 2000 Sep; 110 (3): 
753. 

56.  Laws D. The time has come for non-interchangeability of spinal and epidural equipment with 
intravascular access ports.  Br J Anaesth.  2001 Jun; 86(6): 903. 

57.  Palmieri C, Barron N, Vigushin DM.  The Vinco-tube System: A design solution to prevent the 
accidental administration of intrathecal vinca alkaloids.  J Clin Oncol. 2004 Mar1; 22(5): 965. 

58.  Anderson RA, Wolff JE, Egeler RM, Coppes MJ.  Infallible measures needed to prevent errors in 
the administration of chemotherapeutic agents.  Med Paediatr Oncol. 1999 Mar; 32(5): 401-2. 

59.  Minimising medication error by developing the right tools. Australian Resource Centre for 
Healthcare Innovations., 2002.  Available from 
http://www.archi.net.au/content/index.phtml/ItemId/119298/fromItemId/117104 

60.  Lanigan CJ.  Safer epidural and spinal connectors.  Anaesth. 2002; 57:567-71. 



High-risk medication alert for vincristine  injection 
    

 
The Society of Hospital Pharmacists of Australia (SHPA)  28  

61.  Department of Health UK.  Risk assessment of spinal procedures with current safeguards and with 
proposed new connector design options for the Department of Health.  National Patient Safety 
Agency.  Feb 2004.  Available at http://www.dh.gov.uk/assetRoot/04/08/36/07/04083607.pdf 

62.  Personal communication – Prof. Judith Smith, Director, Gynaecologic Oncology Pharmacology 
Research Program, and William J. Dana, Director, Drug Use Policy Division of Pharmacy, MD. 
Anderson Cancer Center 

63.  Personal communication, Prof. David Cousins, Head of Safe Medication Practice, National Patient 
Safety Agency, London UK. 

64.  Dyer C. Doctor’s manslaughter trial halted owing to defendant’s health.  BMJ. 2003 Jul 19; 
327(7407): 123. 

65.  The Age. Victims pay the price of a lost lifestyle. 1995 November 11:8. 

66.  Personal communication, Dr Andrew Seger, Institute for Safe Medication Practice, USA. 

67.  Root T; British Oncology Pharmacy Association.   Medical errors. Appropriate training should 
avoid accidental intrathecal injection of vincristine.  BMJ. 2001 Jun 9; 322(7299): 1423. 

68.  Goebel F.  Accidental intrathecal administration of vinca alkaloids: risk of death.  Vigilances 2005; 
28:3. 

69.  Jordan B, Pasquier Y, Schnider A.  Neurological improvement and rehabilitation potential following 
toxic myelopathy due to intrathecal injection of doxorubicin.  Spinal-Cord. 2004; 42: 371 – 373. 

70.  Mortensen ME, Cecalupo AJ, Lo WD, Egorin MJ, Batley R.   Inadvertent intrathecal injection of 
daunorubicin with fatal outcome.  Med Pediatr Oncol. 1992; 20(3): 249-53. 

71.  City of Hope Medical Center.  Chemotherapy/Biotherapy Drugs Ordering, Preparation, 
Dispensing, Verification, And Administration.  Revised 11/2004. 

72.  Gilbar P, Carrington C. The incidence of extravasation of vinca alkaloids supplied in syringes or 
mini-bags. Support Care Cancer (submitted for publication). 

73.  The Mercury News. Terrible error, then a death. 2005 November 3. 
http://www.mercurynews.com/mld/mercurynews/news/local/states/california/the_valley/13069153.
htm (accessed on 8/11/05) 

74.  Institute for Safe Medication Practice.  Fatal misadministration of IV vincristine.  ISMP Medication 
Safety Alert.  2005 December 1. Available at 
http://www.ismp.org/Newsletters/acutecare/articles/20051201.asp 

75.  Door RT &Von Hoff DD.  1994, Cancer Chemotherapy Handbook, 2nd edn, Appleton and Lange, 
USA. 

76.  Institute for Safe Medication Practice.  Fatal gas line mix up: How to avoid making this “gastly” 
mistake. ISMP Medication Safety Alert.  2004 December 16. Available at 
http://www.ismp.org/Newsletters/acutecare/articles/20041216_2.asp 

77.  Institute for Safe Medication Practice.  Worth Repeating... Again! ISMP Medication Safety Alert.  
2003 May 1.  Available at http://www.ismp.org/Newsletters/acutecare/archives/May03.asp 

78.  2003, Australian Medicines Handbook.  Australian Medicines Handbook Pty Ltd Adelaide, South 
Australia. 

 

 


