
NEWSLETTER
THE OFFICIAL JOURNAL OF THE ANESTHESIA PATIENT SAFETY FOUNDATION

APSF.ORG	 1

©2024 Anesthesia Patient Safety Foundation. All rights reserved. Reprinted with permission from Anesthesia Patient Safety Foundation.   
Copying, use and distribution prohibited without the express written permission of Anesthesia Patient Safety Foundation.

DEFINITION AND RATES
A medication error is “a failure in the treat-

ment process that leads to, or has the potential 
to lead to, harm to the patient.”1 In general, peri-
operative medication errors are under-
reported. Rates of medication errors are difficult 
to accurately quantify as few studies have 
observed anesthesia professionals going 
through the process of medication ordering 
and administration. In one large, institutional 
study of adult patients, the self-reported inci-
dence of medication errors was 0.004% 
(10/280,488) whereas the direct observation 
incidence was 5.3% (193/3671), suggesting that 
only severe medication errors with sequelae 
may be reported.2 In pediatric anesthesia, the 
estimated incidence of medication errors using 
self-reports is between 0.01% (276/2,316,635) 
to 1.92% (37/1,925).3-4,7 Pediatric patients have 
large variations in body weight resulting in high 
variability in dosing calculations. This makes 
children both at higher risk of medication errors  
as well as higher risk for harm from these errors 
compared to adult patients.6 

COMMON CAUSES THAT LEAD  
TO MEDICATION ERROR

Anesthesia professionals work under high 
intensity conditions where multiple doses and 
classes of drugs are given during fast-paced 
clinical scenarios. This environment predis-
poses anesthesia professionals to medication 
errors. Moreover, anesthesia professionals rou-
tinely take ownership of the entire drug admin-
istration process, including prescribing, 
preparation, and administration. Hazards exist 
throughout this process (Figure 1).

Wake Up Safe, a national pediatric anesthesi-
ology quality collaborative, found that sedatives 
and hypnotics/opioids are the most common 
medications resulting in an error. 

It also found that the highest incidence of 
medication errors was during administration 
(N = 179), followed by prescribing (incorrect 
knowledge of dose, N = 67), then preparation 
(N = 30) (Figure 2), next page. The most 
common error type during administration was 
the wrong dose (N = 84), followed by syringe 
swap (accidental administration of the wrong 
syringe, N = 49). Fifty-seven incidents (21%) of 
reported medication errors involved medication 
infusions as opposed to bolus administrations. 
Of note, nearly all (97%) of the medication errors 
were deemed to be preventable.7
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HOW DO WE CONTROL THE  
RISK DURING MEDICATION 

ADMINISTRATION?
The critical step in medication administration 

occurs once the syringe is pushed or infusion 
started.8 Once the drug reaches the patient, 
there is potential for an immediate and irrevers-

ible change to their condition. This administra-
tion process comes with inherent possibility for 
error and harm. Some technological and pro-
cess-based interventions can help mitigate or 
even eliminate harm potentially caused by the 
error (Table 1). 

Table 1: Technological and Process-Based Interventions Reduce Medication Errors.

Technology-Based Interventions Process-Based Interventions

1.	� Barcode—assisted point of care 
documentation systems:
a.	 Barcode scanning and labeling 
b.	 Audible and visual feedback/cues

2.	Drug decision support:
a.	 EMR defaults for drug order sets
b.	� EMR defaults for dosages of 

routinely administered 
perioperative medications

c.	� EMR reminders for next dose due
d.	� EMR reminders/alerts of drug 

interactions with associated 
patient allergies

1.	� Formal and consistent way of organizing 
medications in the anesthesia workspace: 
a.	� Anesthesia Medication Template drug 

organization system9

2.	� Standardization of medication trays and 
drawers

3.	� Prefilled syringes (to mitigate dilution errors)
4.	� Preset medication infusion library
5.	� Altering time of documentation prior to 

administration: barcode scanners for 
identification and documentation of 
medication into EMR prior to administration

6.	� Connecting infusions to the most proximal 
intravenous (IV) port to avoid inadvertent 
boluses

7.	� Removal of high-risk medications from 
Electronic Medication Dispensing cart

8.	� Verification of drugs with another staff 
member prior to administration

9.	� Increase accessibility to easy nonpunitive 
drug error reporting

10.	�High-risk medication labeling
Common Preventive Barriers and Mitigation of Harm:9-12,15-17.

EMR = Electronic Medical Record

Figure 1: Primary pediatric medication errors in the perioperative setting during different phases of handling: 
preparation, prescribing, or administration. Adapted and modified with permission from Lobaugh LMY et al. Anesth 
Analg. 2017; 125:936–942.7

MEDICATION ERRORS: PHASES OF HANDLING

Administration Error:
•	 Wrong Dose
•	 Syringe Swap
•	 Duplicate Administration
•	 Omission
•	 Overdose
•	 Wrong Infusion Rate
•	 Wrong Time/Route/Patient
•	 Expired Medication

Prescribing Error (Provider Knowledge 
Gap):
•	 Wrong Dose/Dose
•	 Allergy

Preparation Error (Non-Prefilled):
•	 Labeling Error
•	 Vial Swap

CITATION: Lu-Boettcher, Koka R. Pediatric 
perioperative medication errors. APSF Newsletter. 
2024:84-86.
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A FOCUS ON  
PEDIATRIC MEDICATION ERRORS:

For the pediatric population, specific evi-
dence-based mitigation techniques should be 
considered (Figure 3).

The Anesthesia Medication Template (AMT) 
drug organization system is a formal and stan-
dardized method of organizing medications in 
the anesthesia workplace. This tool lessens 
cognitive burden and has been shown to facili-
tate the selection of correct syringes from the 
anesthesia workspace as well as correct drug 
dose administration.9 During simulation at a 
freestanding pediatric academic hospital, use of 
an AMT reduced incidence of overall drug 
dosing errors from 10.4 to 2.4 per 100 medica-
tion administrations. During phase 2 implemen-
tation, use of the AMT decreased the mean 
monthly error rate that reached pediatric 
patients from 1.24 to 0.65 errors per 1000 anes-
thetics. Of the errors that reached the patient, 
the AMT helped reduce the rate of medication 
swaps, miscalculation, and timing errors from 
0.80 to 0.26 per 1000 anesthetics.9 

Another mitigating technique is using pre-
filled syringes. Multiple patient safety groups 
including the APSF and Wake Up Safe advocate 
for prefilled syringes, which can provide stan-

dardized and enhanced labeling, along with 
ready-to-use medication doses.10-12 This prac-
tice can mitigate ampule/vial swap errors and 
may also decrease the risk of syringe swap.11 In 
a 2016 qualitative research study, System Vul-
nerabilities (SVs) compared provider-filled and 
prefilled syringe systems. SV is defined as an 
“activity or event that has the potential to 
reduce safety, efficiency of provider workflow, 
or increase drug costs and waste.”12 More SVs 
were identified in the provider-filled system 
compared to the prefilled syringe system, 
including errors due to illegible handwriting and 
errors due to similar medication packaging.12 
Despite its safety profile, reports of medication 
errors related to look-alike prefilled syringes 
have been published involving select manufac-
turers. These reports emphasize the impor-
tance of selecting prefilled pharmaceuticals that 
meet standards set by the American Society for 
Testing and Materials as well as being visually 
distinguishable once assembled for use.13-14

A third modality is the use of point-of-care 
barcode scanning systems.15-17 An observa-
tional study investigating the efficacy of bar-
code medication-verification technology 
implementation in an inpatient adult population-
suggested a 41% reduction in dose, route, doc-
umentation, and administration errors and a 
51% reduction in potential adverse drug 
events.15 In a 2022 study out of a quaternary 
academic children’s hospital, implementation of 
an electronic labeling system demonstrated a 
3.6% reduction in the average daily medication 

discrepancy rate. Pre-implementation, the aver-
age daily medication discrepancy rate was 
9.7%, decreasing to a statistically significant 6.1% 
(X2

1 = 43.9; P < .0001) post-implementation.16 
Limitations to these technologies include user 
feasibility, compliance, cost, and availability.15-17 
Technology, while it can be incredibly useful, 
needs to be used in the manner for which it was 
intended to function in a way to mitigate medi-
cation errors. When functioning outside of 
intended purposes, technology can pose a risk. 
For example, barcode scanning only works well 
provided that the systems link with the EMR and 
that the barcode provided registers appropri-
ately. In addition, utilization of point of care bar-
coding technology requires partnership with 
pharmacy for system updates, label changes, 
and medication shortage management.

CONCLUSION
Direct observation via published studies of 

adult and pediatric anesthesia providers in the 
operating room estimates a medication error 
rate of up to 5%.2 The harm caused by medica-
tion errors is reported to be as high as three 
times more in pediatric patients than adults. 
The adverse event drug rate is highest among 
neonates. Potential medication error mitigation 
strategies include utilizing prefilled syringes, 
EMR decision support, medication organization 
aides, and barcode scanning systems.
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Majority of Medication Errors Are Preventable
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Figure 2: Phase of handling and incidence of 
perioperative medication errors in pediatric patients: 
administration, prescribing, and preparation. 

Adapted and modified with permission from Lobaugh 
LMY et al. Anesth Analg. 2017; 125:936–942.7

MEDICATION ERRORS:  
PHASE OF HANDLING

POC = Point-Of-Care
Figure 3: Bow-tie Analysis of Intraoperative Medication Errors.
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