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LEARNING	OBJECTIVES	

At the conclusion of this activity, participants should be  
able to: 
•  Explain medication safety considerations in dynamic patient 
care environments 
•  Review safety control mechanisms and regulations intended 
to prevent medication errors and healthcare acquired 
infections that may inadvertently increase costs and pollution 
•  Summarize effect of prefilled syringes on medication safety 



ANESTHESIOLOGY	MEDICATION	ERRORS:	
CONTEXT	

•  Anesthesiology	providers:	unique	medicaYon	management	
•  Bypassing	of	standard	safety	checks		
•  Time-sensiYve	care	
•  Dynamic	care	environment	
•  Complex	paYents	and	procedures	
•  Evolving	medical	therapies	
•  LimitaYons	of	standardized	labeling/packaging		
•  LimitaYons	of	standardized	protocols	
•  Large	number	of	medicaYons	
•  Large	potenYal	for	morbidity	and	mortality	
	













ANESTHESIOLOGY	MEDICATION	ERRORS:	
INCIDENCE	

•  Data:	self-reported,	chart	review,	observaYonal		
•  Increased:	longer	procedures,	more	administraYons	
•  ContribuYng	factors:	procedure,	paYent	comorbidiYes,	provider	

experience	
•  TradiYonal	esYmates:	one	in	133-450	paYents	
•  Latest	(2016)	esYmate:	one	in	20	administraYons	
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M EDICATION administration in the perioperative 
setting presents particular patient safety challenges 

compared with other hospital settings.1 Unlike in the inpa-
tient hospital ward setting, perioperative medication admin-
istration today often bypasses standard safety checks, such 
as electronic physician order entry with decision support, 
pharmacy approval of specific drugs before administra-
tion, and multiple nursing checks at the time of medication 
administration. Furthermore, the high-stress, time-sensitive 
nature of operating room care may lead to both higher rates 
of medication errors (MEs) and errors of high severity.

Perioperative syringe swaps, ampoule swaps, and wrong 
dose errors can all cause serious harm.2 In fact, the most fre-
quently cited critical incidents in anesthesia are drug admin-
istration errors.3 However, the literature on the perioperative 
ME rates is sparse and contains largely self-reported data,4–7 
consisting of either spontaneous self-reports of errors5,7 or 
facilitated incident reporting of whether an error occurred.1,6 
The validity and reliability of studies based on self-reporting 

of MEs in other patient care areas has been called into ques-
tion.8–10 For example, in a study of 2,557 doses of medica-
tions administered on hospital wards, Flynn et al.8 found 456 
MEs by direct observation, 34 by chart review, and only 1  

What We Already Know about This Topic

What This Article Tells Us That Is New

Copyright © 2015, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. All Rights Reserved. Anesthesiology 2016; 124:25-34

ABSTRACT

Background: The purpose of this study is to assess the rates of perioperative medication errors (MEs) and adverse drug events 
(ADEs) as percentages of medication administrations, to evaluate their root causes, and to formulate targeted solutions to 
prevent them.
Methods: In this prospective observational study, anesthesia-trained study staff (anesthesiologists/nurse anesthetists) observed 
randomly selected operations at a 1,046-bed tertiary care academic medical center to identify MEs and ADEs over 8 months. 
Retrospective chart abstraction was performed to flag events that were missed by observation. All events subsequently under-
went review by two independent reviewers. Primary outcomes were the incidence of MEs and ADEs.
Results: A total of 277 operations were observed with 3,671 medication administrations of which 193 (5.3%; 95% CI, 4.5 
to 6.0) involved a ME and/or ADE. Of these, 153 (79.3%) were preventable and 40 (20.7%) were nonpreventable. The 
events included 153 (79.3%) errors and 91 (47.2%) ADEs. Although 32 (20.9%) of the errors had little potential for harm, 
51 (33.3%) led to an observed ADE and an additional 70 (45.8%) had the potential for patient harm. Of the 153 errors, 99 
(64.7%) were serious, 51 (33.3%) were significant, and 3 (2.0%) were life-threatening.
Conclusions: One in 20 perioperative medication administrations included an ME and/or ADE. More than one third of the 
MEs led to observed ADEs, and the remaining two thirds had the potential for harm. These rates are markedly higher than 
those reported by retrospective surveys. Specific solutions exist that have the potential to decrease the incidence of periopera-
tive MEs. (ANESTHESIOLOGY 2016; 124:25-34)
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INJECTION	SAFETY	REGULATIONS	
•  WHO:	World	Health	OrganizaYon	
–  InjecYon	Safety	Guidelines	
–  hdp://www.who.int/injecYon_safety/global-campaign/injecYon-safety_guidline.pdf?ua=1	

•  CDC:	Centers	for	Disease	Control	and	PrevenYon	
–  Safe	InjecYon	PracYces	CoaliYon	and	the	One	&	Only	
Campaign	

–  hdp://www.oneandonlycampaign.org/	

•  The	Joint	Commission	
– NaYonal	PaYent	Safety	Goals	and	perioperaYve	
medicaYon	labeling	

–  hdps://www.jointcommission.org/assets/1/6/2016_NPSG_HAP.pdf	

•  USP:	United	States	Pharmacopeial	ConvenYon	



	
	
	
Effect	of	prefilled	syringes	on	the	anesthesia	
care	environment	and	incidence	of	
intraoperaYve	medicaYon	errors?	
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I NNOVATIVE technologies and medical devices may 
improve the effectiveness, efficiency, and quality of 

work in the anesthesia work systems, but it may also nega-
tively impact the anesthesia providers’ cognition, behavior, 
decision-making, and therefore their work performance.1,2 
Human factors engineering (HFE) is a systems engineer-
ing approach to improve the healthcare quality and patient 
outcomes by investigating the fit of the implemented tech-
nology or device with human capacity, abilities, and limi-
tations.3 Through an integrated and systematic lens, the 
system components and their interactions within healthcare 
settings, such as the workers, patients, technologies, physical 
environments, tasks, and organization, can be examined and 
optimized.4

It is estimated that one significant medication error 
occurs in every 133 medication administrations in the 
operating room (OR),5 including incorrect doses (36.5%), 
substitutions (25.0%), and omissions (19.2%).6 Recently, 
investigators have estimated that this rate may be as high as 
1:20.7 Also, waste and unnecessary costs and workflow dis-
ruptiveness are contributing to the concerns of perioperative 

medication management process.8,9 To address these con-
cerns, prefilled Syringes (PFS) have been implemented in 
the OR as an alternative to the traditional self-filled syringes 
(SFS) drawing medication from a vial. PFS are believed 
to be superior to SFS in many ways. Medications in PFS 

What We Already Know about This Topic

-

What This Article Tells Us That Is New

-

-
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ABSTRACT

Background: Prefilled syringes (PFS) have been recommended by the Anesthesia Patient Safety Foundation. However, aspects 
in PFS systems compared with self-filled syringes (SFS) systems have never been explored. The aim of this study is to compare 
system vulnerabilities (SVs) in the two systems and understand the impact of PFS on medication safety and efficiency in the 
context of anesthesiology medication delivery in operating rooms.
Methods: This study is primarily qualitative research, with a quantitative portion. A work system analysis was conducted to 
analyze the complicated anesthesia work system using human factors principles and identify SVs. Anesthesia providers were 
shadowed: (1) during general surgery cases (n = 8) exclusively using SFS and (2) during general surgery cases (n = 9) using all 
commercially available PFS. A proactive risk assessment focus group was followed to understand the risk of each identified SV.
Results: PFS are superior to SFS in terms of the simplified work processes and the reduced number and associated risk of SVs. 
Eight SVs were found in the PFS system versus 21 in the SFS system. An SV example with high risk in the SFS system was 
a medication might need to be “drawn-up during surgery while completing other requests simultaneously.” This SV added 
cognitive complexity during anesthesiology medication delivery. However, it did not exist in the PFS system.
Conclusions: The inclusion of PFS into anesthesiology medication delivery has the potential to improve system safety and 
work efficiency. However, there were still opportunities for further improvement by addressing the remaining SVs and newly 
introduced complexity. (ANESTHESIOLOGY 2016; 124:795-803)
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HUMAN	FACTORS	STUDY	
FDA	DefiniYon	

•  UYlizes	representaYve	users	
•  Assesses	adequacy	of	the	product	user	interface	design	
to	eliminate	or	miYgate	potenYal	use-related	hazards	

•  Design	driven	by	complexity	of	combinaYon	product	
and	the	nature	of	the	safety	consideraYons	

•  Evaluates:	
–  1.	the	ability	of	a	user	to	perform	criYcal	tasks	
–  2.	the	ability	of	the	user	to	understand	supplied	
informaYon	that	informs	the	user’s	acYons	and	that	is	
criYcal	to	the	safe	and	effecYve	use	of	the	product	

hdp://www.fda.gov/downloads/RegulatoryInformaYon/Guidances/UCM484345.pdf	
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•  QualitaYve	research,	small	quanYtaYve	component	
•  Comparison	of	system	vulnerabiliYes	between	use	of	prefilled	

(n=8)	and	self-filled	(n=9)	syringes	in	the	anesthesia	care	
environment	

•  System	vulnerability:	an	acYvity	or	event	that	has	the	potenYal	to	
reduce	safety,	efficiency	of	provider	workflow,	or	increase	drug	
costs	and	waste.	

•  Work	system	analysis	observaYons,	proacYve	risk	assessment		
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I NNOVATIVE technologies and medical devices may 
improve the effectiveness, efficiency, and quality of 

work in the anesthesia work systems, but it may also nega-
tively impact the anesthesia providers’ cognition, behavior, 
decision-making, and therefore their work performance.1,2 
Human factors engineering (HFE) is a systems engineer-
ing approach to improve the healthcare quality and patient 
outcomes by investigating the fit of the implemented tech-
nology or device with human capacity, abilities, and limi-
tations.3 Through an integrated and systematic lens, the 
system components and their interactions within healthcare 
settings, such as the workers, patients, technologies, physical 
environments, tasks, and organization, can be examined and 
optimized.4

It is estimated that one significant medication error 
occurs in every 133 medication administrations in the 
operating room (OR),5 including incorrect doses (36.5%), 
substitutions (25.0%), and omissions (19.2%).6 Recently, 
investigators have estimated that this rate may be as high as 
1:20.7 Also, waste and unnecessary costs and workflow dis-
ruptiveness are contributing to the concerns of perioperative 

medication management process.8,9 To address these con-
cerns, prefilled Syringes (PFS) have been implemented in 
the OR as an alternative to the traditional self-filled syringes 
(SFS) drawing medication from a vial. PFS are believed 
to be superior to SFS in many ways. Medications in PFS 

What We Already Know about This Topic

-

What This Article Tells Us That Is New

-

-
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ABSTRACT

Background: Prefilled syringes (PFS) have been recommended by the Anesthesia Patient Safety Foundation. However, aspects 
in PFS systems compared with self-filled syringes (SFS) systems have never been explored. The aim of this study is to compare 
system vulnerabilities (SVs) in the two systems and understand the impact of PFS on medication safety and efficiency in the 
context of anesthesiology medication delivery in operating rooms.
Methods: This study is primarily qualitative research, with a quantitative portion. A work system analysis was conducted to 
analyze the complicated anesthesia work system using human factors principles and identify SVs. Anesthesia providers were 
shadowed: (1) during general surgery cases (n = 8) exclusively using SFS and (2) during general surgery cases (n = 9) using all 
commercially available PFS. A proactive risk assessment focus group was followed to understand the risk of each identified SV.
Results: PFS are superior to SFS in terms of the simplified work processes and the reduced number and associated risk of SVs. 
Eight SVs were found in the PFS system versus 21 in the SFS system. An SV example with high risk in the SFS system was 
a medication might need to be “drawn-up during surgery while completing other requests simultaneously.” This SV added 
cognitive complexity during anesthesiology medication delivery. However, it did not exist in the PFS system.
Conclusions: The inclusion of PFS into anesthesiology medication delivery has the potential to improve system safety and 
work efficiency. However, there were still opportunities for further improvement by addressing the remaining SVs and newly 
introduced complexity. (ANESTHESIOLOGY 2016; 124:795-803)
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ANESTHESIOLOGY	MEDICATION	ERRORS:	
ERROR	TYPES	
•  Dose	omission	
•  Improper	dose	
•  Wrong	strength/

concentraYon	
•  Wrong	drug	
•  Wrong	dosage	form	
•  Wrong	technique	
•  Wrong	route	
•  Wrong	rate	
•  Wrong	duraYon	
•  Wrong	Yme	
•  Wrong	paYent	
•  Monitoring	Error	

	
	

Human	Factors	 System	Factors	



Yale	University:	Anesthesiology	CQI	Database		
ANALYSIS	CODES	AND	DEFINITIONS	

HUMAN	FACTORS	
H-CF	 CommunicaYon	failure	
H-DD	 Data	disregarded	
H-IDS	 Inadequate	data	sought	
H-IK	 Inadequate	knowledge	
H-IT	 Improper	technique	
H-OE	 Operator	error/Equipment	misuse	
H-SR	 Supervisory	responsibility	not	met	
H-LR	 Lack	of	professionalism	

SYSTEM	FACTORS	
S-CF	 CommunicaYon	failure	
S-EF	 Equipment	failure	
S-LDS	 LimitaYon	of	diagnosYc	standards	
S-LR	 LimitaYon	of	available	resources	
S-LTS	 LimitaYon	of	therapeuYc	standards	

S-OE	 Operator	Error/Equipment	misuse	
S-SR	 Supervisory	responsibility	not	met	
S-TA	 Technical	accident	
S-LR	 Lack	of	professionalism	



Yale:	CQI	Database	MEDICATION	ERRORS	
INDICATOR	CODES	AND	DEFINITIONS	

ME010	 Problem	related	to	dosing	

ME020	 Problem	related	to	use	

ME030	 Adverse	drug	reacYon	(not	anaphylaxis)	

ME040	 Anaphylaxis	

ME050	 Problem	related	to	preoperaYve	medicaYon	

ME060	 Ampule	or	syringe	swap	

ME080	 Incorrect	controlled	substance	count	

ME090	 Persistent	neuromuscular	blockade	

ME100	 Failed	conscious	sedaYon	

ME110	 Failed	documentaYon	of	uncontrolled	medicaYon	usage	

ME120	 Problems	related	to	drug	shortages	



2010	 2011	 2012	 2013	 2014	 2015	
All	ME	 2	 35	 27	 36	 35	 15	
Human	 1	 16	 13	 13	 15	 13	
System	 1	 25	 25	 37	 30	 7	
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Yale:	CQI	Database	MEDICATION	ENTRIES	
	
	

150	Entries	(25	linked)	
125	MEDICATION	CASES	

23%	

51%	

26%	

MEDICATION	CASES		
ANALYSIS	BY	FACTOR	TYPE	

Human	

System	

Both	



Acetaminophen	 Epinephrine	(2)	 Methylergonovine	(2)	 Phenytoin	(2)	

Alemtuzumab	 Fentanyl	(12)	 Methylprednisolone	(2)	 Propofol	(5)	

Alfentanil	(2)	 Fluconazole	 Metoprolol	 Protamine	(2)	

Benzocaine	 Glycopyrrolate	(2)	 Metoclopramide	 Remifentanil	

Bupivacaine	(11)	 Hemabate	 Metronidazole	 Rocuronium	(10)	

Calcium	chloride	(2)	 Heparin	(2)	 Midazolam	(6)	 Ropivacaine	(5)	

Cefazolin	(5)	 Hydromorphone	(10)	 Morphine	(4)	 Scopolamine	(2)	

Cesriaxone	 Insulin	(2)	 NeosYgmine	(3)	 Sodium	Bicarbonate	

Chloraprep	 Keppra	 Nitroglycerine	 Succinylcholine	(7)	

Cisatracurium	(3)	 Ketamine	(2)	 Nitroprusside	(2)	 Sufentanil	(2)	

Clindamycin	 Ketorolac	(3)	 Normal	Saline	(2)	 TXA	

Contrast	(3)	 Lactated	Ringers	(2)	 Ondansetron	(2)	 Vecuronium	

Dexmedetomidine	(2)	 Lidocaine	(13)	 Oxycodone	 Vicodin	

Dopamine	 Lorazepam	 Oxytocin	

Droperidol	 Methohexital	 Phenylephrine	(3)	
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ME010	 Problem	related	to	dosing	

ME060	 MedicaYon	swap	

ME020	 Problem	related	to	use	

ME110	 Failed	documentaYon	of	uncontrolled	medicaYon	usage	

ME030	 Adverse	drug	reacYon	(not	anaphylaxis)	

ME090	 Persistent	neuromuscular	blockade	
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ME080	 Incorrect	controlled	substance	count	
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LEARNING	OBJECTIVES	

At the conclusion of this activity, participants should be  
able to: 
•  Explain medication safety considerations in dynamic patient 
care environments 
•  Review safety control mechanisms and regulations intended 
to prevent medication errors and healthcare acquired 
infections that may inadvertently increase costs and pollution 
•  Summarize effect of prefilled syringes on medication safety 



 

Effect of prefilled syringes on the anesthesia care 
environment and incidence of intraoperative medication 
errors?  
 

The switch to PFS is predicted to reduce medication 
swaps by 53%, dosing errors by 13%, medication human 
errors by 25%, main OR medication human errors by 31%, 
and overall total reported medication events by 13%. 
 
 
 



POTENTIAL	COST	SAVINGS	

•  Unplanned	hospital	admissions	
•  Unplanned	ICU	admissions	
•  Unplanned	addiYonal	monitoring	
•  Unplanned	addiYonal	therapy		
•  OperaYng	room	turnover	Yme	
•  Legal	charges/malpracYce	suits	
•  InfecYon	control	
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I NNOVATIVE technologies and medical devices may 
improve the effectiveness, efficiency, and quality of 

work in the anesthesia work systems, but it may also nega-
tively impact the anesthesia providers’ cognition, behavior, 
decision-making, and therefore their work performance.1,2 
Human factors engineering (HFE) is a systems engineer-
ing approach to improve the healthcare quality and patient 
outcomes by investigating the fit of the implemented tech-
nology or device with human capacity, abilities, and limi-
tations.3 Through an integrated and systematic lens, the 
system components and their interactions within healthcare 
settings, such as the workers, patients, technologies, physical 
environments, tasks, and organization, can be examined and 
optimized.4

It is estimated that one significant medication error 
occurs in every 133 medication administrations in the 
operating room (OR),5 including incorrect doses (36.5%), 
substitutions (25.0%), and omissions (19.2%).6 Recently, 
investigators have estimated that this rate may be as high as 
1:20.7 Also, waste and unnecessary costs and workflow dis-
ruptiveness are contributing to the concerns of perioperative 

medication management process.8,9 To address these con-
cerns, prefilled Syringes (PFS) have been implemented in 
the OR as an alternative to the traditional self-filled syringes 
(SFS) drawing medication from a vial. PFS are believed 
to be superior to SFS in many ways. Medications in PFS 
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ABSTRACT

Background: Prefilled syringes (PFS) have been recommended by the Anesthesia Patient Safety Foundation. However, aspects 
in PFS systems compared with self-filled syringes (SFS) systems have never been explored. The aim of this study is to compare 
system vulnerabilities (SVs) in the two systems and understand the impact of PFS on medication safety and efficiency in the 
context of anesthesiology medication delivery in operating rooms.
Methods: This study is primarily qualitative research, with a quantitative portion. A work system analysis was conducted to 
analyze the complicated anesthesia work system using human factors principles and identify SVs. Anesthesia providers were 
shadowed: (1) during general surgery cases (n = 8) exclusively using SFS and (2) during general surgery cases (n = 9) using all 
commercially available PFS. A proactive risk assessment focus group was followed to understand the risk of each identified SV.
Results: PFS are superior to SFS in terms of the simplified work processes and the reduced number and associated risk of SVs. 
Eight SVs were found in the PFS system versus 21 in the SFS system. An SV example with high risk in the SFS system was 
a medication might need to be “drawn-up during surgery while completing other requests simultaneously.” This SV added 
cognitive complexity during anesthesiology medication delivery. However, it did not exist in the PFS system.
Conclusions: The inclusion of PFS into anesthesiology medication delivery has the potential to improve system safety and 
work efficiency. However, there were still opportunities for further improvement by addressing the remaining SVs and newly 
introduced complexity. (ANESTHESIOLOGY 2016; 124:795-803)
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• Ready-to-use syringes and infusions should 
have standardized fully compliant machine–
readable labels.

Technology
• Every anesthetizing location should have a mecha-

nism to identify medications before drawing up or 
administering them (bar code reader) and a mecha-
nism to provide feedback, decision support, and 
documentation (automated information system).

Pharmacy/Prefilled/Premixed
• Routine provider-prepared medications should be 

discontinued whenever possible.
• Clinical pharmacists should be part of the periop-

erative/operating room team.
• Standardized pre-prepared medication kits by 

case type should be used whenever possible.

Culture
• Establish a “just culture” for reporting errors (includ-

ing near misses) and discussion of lessons learned.
• Establish a culture of education, understanding, and 

accountability via a required curriculum, CME/CE,  
and dissemination of dramatic stories in the APSF 
Newsletter and educational videos.

• Establish a culture of cooperation and recognition of 
the benefits of STPC within and between 

Overview
On January 26, 2010, the Anesthesia Patient Safety 

Foundation (APSF) convened a consensus conference 
of 100 stakeholders from many different backgrounds 
to develop new strategies for “predictable prompt 
improvement” of medication safety in the operating 
room. The proposed new paradigm to reduce 
medication errors causing harm to patients in the 
operating room is based on Standardization, 
Technology, Pharmacy/Prefilled/Premixed, and 
Culture (STPC). This new paradigm goes far beyond 
the important but traditional emphasis on medication 
label format and the admonition to “always read the 
label.” Small group sessions on each of the 4 elements 
of the new paradigm (STPC) debated and formulated 
specific recommendations that were organized and 
prioritized by all the attendees. The resulting 
consensus recommendations include: 

Standardization
• High alert drugs (such as phenylephrine and 

epinephrine) should be available in standardized 
concentrations/diluents prepared by pharmacy in 
a ready-to-use (bolus or infusion) form that is 
appropriate for both adult and pediatric patients. 
Infusions should be delivered by an electronically 
controlled smart device containing a drug library. 

institutions, professional organizations, and accredi-
tation agencies.

It was agreed that anesthesia professionals will 
likely surrender some of their “independence,” 
adapting their medication preparation and delivery 
preferences and habits into more standardized prac-
tice patterns (involving guidelines and checklists), 
utilizing more standardized and premixed medica-
tions (input and supply by pharmacy services), and 
relying more on technology. Facilities and their 
administrators that are sensitive to the economic 
value of safety (return on investment) are critical to 
the effort, for both moral support to do the right thing 
and for provision of financial support for change. 
Practitioners in the operating room may take some 
convincing, but culture and patient safety can 
improve and medication errors causing morbidity 
and mortality can be dramatically reduced—just as 
happened with intraoperative monitoring years ago. 

CONFERENCE REPORT
Persistent reports of medication accidents occur-

ring in the operating room with resultant harm or 
potential harm to patients prompted the APSF to con-
vene a consensus conference of 100 stakeholders from 
many different backgrounds on January 26, 2010, in 

APSF Hosts Medication Safety Conference
Consensus Group Defines Challenges and Opportunities for Improved Practice

by John H. Eichhorn, MD
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APSF Medication Safety Recommendations 
2010 

•  Routine provider-prepared medications should be 
discontinued whenever possible. 

•  Clinical pharmacists should be part of the 
perioperative/operating room team. 

•  Standardized pre-prepared medication kits by case 
type should be used whenever possible. 



Learning	ObjecYves	

At the conclusion of this activity, participants should be  
able to: 
•  Explain medication safety considerations in dynamic patient 
care environments 
•  Review safety control mechanisms and regulations intended 
to prevent medication errors and healthcare acquired 
infections that may inadvertently increase costs and pollution 
•  Summarize effect of prefilled syringes on medication safety 



Contact	InformaYon	
Dr.	Jodi	Sherman	

Jodi.Sherman@yale.edu	
	

Dr.	Elena	Bukanova	
Elena.Bukanova@yale.edu	

	
	
	
	

October	2016	

©	HCWH	Europe	2016	



Copyright	noYce	
	

This	presentaYon	is	protected	by	InternaYonal	Copyright	laws.		
ReproducYon,	distribuYon,	display	and	use	of	the	presentaYon	

without	wriden	permission	of	the	speaker	is	prohibited.	
	
	
	
	

©	HCWH	Europe	2016	

	
	

3rd	August	2016	


