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Case 1

(CMAJ 1983;129:721-3)

 A newborn infant with pallor and 
bradycardia (50/min)

 2 hr. after receiving a loading dose of 
digoxin (.01 mg/kg)

 Resuscitation failed

 Measured level: 27ng/ml (therapeutic:0.5-
2)

 Erring nurse identified.



Calculation test for staff

 Errors in more than 25% of participants 

(including MDs)

 8% tenfold errors

 More errors among senior nurses

 Error rates- negatively correlate with 

hands on experience



Sources/types of errors

 At any step in the drug chain: from writing 
prescription to administering to the wrong 
child

 Human errors: wrong   calculation, 
identification of drug or patient

 System errors: work overload, poor 
communication, poor remedial processes, 
fear of punitive action



Why are children at higher risk?

 Small doses= smaller volumes of 

stock solution=even a double/tenfold 

error may still “look” small 

 (e.g. 1 ml instead of 0.1 ml)

 Dose varies by body weight (0.5-

200kg)



Case 2
(J Clin Pharmacol 1994;34:1043-5)

 A 2.5 y.o. child with Down’s

 Digitalized in the ICU

 Nurse who double checked believed dose 
was excessive

 Staff MD was “tie breaker” : confirmed the 
first calculation without checking (“big 
child”)

 Child succumbed during the injection



Dangerous drugs

 Insulin, digoxin, heparin, morphine, K+,

 Removal of Dangerous drugs from wards unless 
need is proven

 Allowing pharmacy calculating and dispensing  
drugs-eliminating ward stocks

 Example: digoxin is hardly needed immediately 
in most wards

 Pharmacists also commit, although less, errors 
(workload) 



Computational skills of 

residents(1)(Arch Dis Child 1998;78:56-8)

 Two tests: 1993 and 1995

 Unlimited time

 Calculators

 Questions similar to drug orders in children

 10% tenfold errors

 Not a random phenomenon: Those committing 

tenfold errors committed more errors in general





Computation skills of residents(2)

 “A substantial proportion of pediatric 

trainees make mistakes….

 “Some trainees commit 10 fold errors 

which may be life threatening

 “…testing of calculation skills should be 

mandatory…

 Appropriate remedial steps …”



Computational Skills(3)

 In nursing schools: computational skills 
are taught and tested.

 At HSC computation skills of nursing are 
examined at orientation

 If not appropriate- remedial steps

 If not improved- nurse is not hired.

 NO similar programs for in-training 
physicians



Trends in Reported Medication 

Errors ; HSC 1990-99(J Clin Pharmacol 

2002;110:337-42)

 Starting in 1993- several initiatives:

 1) Removal of dangerous drugs

 2) Better Error reporting

 3) Educational programs

 4) ICU-calculation program

 Non accusing, non finger-pointing climate

 Pre and post 1993: total  errors by nurses and 

physicians decreased by 50%; pharmacists-by 

75%(p<0.001)



Epidemiology of 10 fold errors
(N Engl J Med 2002;346:1175-6)

One in 22,500 doses at HSC are reported 
as tenfold errors

How many are not reported?

In auditing in Emergency department- we 
found unreported tenfold errors at 1:1000

An estimated 85% of major errors are not 
reported



Medication errors in Ped. 

Emergency(Pediatrics 2002;110:737-42)

 Auditing of 1532 charts in June /July 2000

 Prescribing errors in 10.1%

Risk factors: 

Univariate  4-8 a.m.             OR 2.45 (1.1.-5.5)

 severe illness    OR 2.53 (1.18-5.41)

 trainee               OR 1.41 (1.03-2.11)

 weekends          OR 1.48 (1.04-2.11)

 July vs. June      OR 1.67 (1.06-2.52)

 Multivariate: Trainee OR 1.64 (1.06-2.26)

 Serious illness    OR 1.55 (1.06-2.26)



Simulated resuscitation in 

Pediatric Emergency.

 Mock resuscitation sessions

 Videotaped, transcribed, all orders reviewed, 
fluids analyzed for drugs

 21/125 (16.8%) of orders-exact dose not given

 10 dosing errors during ordering

 4 tenfold errors

 In 9/58 (15%) of syringes analyzed-
deviation>20%

 In 4/58(7%)-large deviation(50%<)



Conclusions

 Medication errors are a major source of 
morbidity/mortality in pediatrics

 Human errors: testing and remedial 
actions

 System errors: computerized system that 
does not accept errors (based on body 
weight , creatinine ect.)

 Non punitive-remedial approach


