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I n this month’s issue of Anes-

thesiology, Nanji and cowork-
ers1 present a landmark study that 
should stimulate discussion and 
prompt improvements in medi-
cation safety in the operating 
room. The authors performed a 
prospective, observational clini-
cal trial in a tertiary-care teach-
ing hospital, which measured the 
frequency of medication errors 
and adverse drug events during 
the perioperative period. They 
reported the numbers of errors 
and adverse events as percentages 
of the total number of medica-
tions administered. In addition, 
a retrospective chart review was 
performed to capture medication 
errors and adverse events that 
were missed during the obser-
vation period. On the basis of 
their results, the authors devel-
oped recommendations that they 
believe would have prevented the 
particular errors and adverse events that were observed 
during the study.

A total of 277 operations were observed, during which 
a total of 3,671 medications were administered. About 
1 in every 20 medications administered involved a drug 
error and/or an adverse drug event. Specifically, a total of 
153 medication errors occurred, about one third of which 
caused an observable adverse drug event (33.3%). A total 
of 193 medication errors and/or adverse drug events were 
observed, of which 153 (79%) were preventable and 40 
(21%) were not preventable. No medication-related deaths 
were observed; however, 133 (68.9%) of the observed or 
potential adverse drug events were serious and 3 (1.6%) were 

life-threatening. The single most 
common type of error was a label-
ing error (37 events; 24.2%). There 
was no difference in event rates for 
patients who underwent general 
anesthesia (227 cases, 82.0% of the 
total, 3,297 medications adminis-
tered, 5.3% event rate) and those 
who underwent sedation only (37 
cases, 13.4% of the total, 374 med-
ications administered, 4.6% event 
rate). One third of the anesthe-
sia care providers were house staff  
(n = 93, 33.6%); however, no differ-
ences in event rates were observed 
among house staff (68 events, 5.1% 
event rate), nurse anesthetists (111 
events, 5.5% event rate), and staff 
anesthesiologists (14 events, 4.5% 
event rate).

The high error and adverse 
event rates reported by Nanji and 
coworkers are surprising and raise 
several important questions. Why 
were the rates of medication events 

substantially higher than those reported in previous stud-
ies?2,3 Did observers include trivial events or events that 
simply reflected a difference in opinion (e.g., choice of drug 
dose)? Despite the uncertainties, several attributes of the 
study suggest the high event rates are accurate. First, events 
were detected by direct third-party observation rather than 
by self-reporting or facilitated incident reporting (e.g., where 
reports are completed whether a drug error has occurred). 
The incidence of errors is typically much higher when events 
are detected by impartial observers rather than through self-
reporting or surveys.4,5 Second, the observers who detected 
the events were fully trained, experienced anesthesia care 
providers, not less experienced research personnel. Third, 
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the authors reported good interrater reliability in the study. 
These factors could account for the high event rates reported 
by Nanji and coworkers, compared with previous studies.2,3

For several reasons, medication errors and adverse event 
rates may be even higher in other care settings such as out-
of-hospital or office-based anesthesia care sites and commu-
nity hospitals. The study was performed at the Massachusetts 
General Hospital (Boston, Massachusetts), a world-leading 
medical center in medication safety. Several of the coauthors 
have published sentinel reports on medication error in hospi-
tal inpatients.6 This local expertise could heighten awareness 
about medication safety throughout the institution. In addi-
tion, the hospital utilizes a bar code–assisted syringe-labeling 
system in its operating rooms. The bar-code devices are used to 
scan medication ampules or vials and print user-applied, color-
coded, self-adhesive labels that contain critical drug informa-
tion. The device also provides audiovisual feedback of the drug 
name and concentration. The likelihood of errors resulting 
from mislabeling a syringe or misidentifying an ampule or vial 
may be higher in institutions that do not use this technology. 
The hospital also uses an electronic information management 
system that automatically records anesthesia information into 
the electronic health record, which may reduce transcription 
errors. Finally, the anesthesia care providers involved in the 
study consented to be observed. The act of consent and pres-
ence of observers in the operating room could increase vigi-
lance and reduce error rates. Notably, it will be important to 
independently confirm the event rates reported by Nanji and 
coworkers in other tertiary-care centers because the criteria 
used to categorize events were somewhat subjective.1

Despite limitations, the best available data indicate that 
drug errors are not rare, inconsequential events caused by 
distracted or inexperienced care providers. The results sug-
gest that the first step to reduce errors is to heighten aware-
ness and revise education curriculum regarding drug safety in 
the operating room. Education is essential but not sufficient 
to reduce drug errors, as the problem of anesthesia medica-
tion safety has been recognized for years. For example, an 
analysis of closed medical–legal claims against anesthesiolo-
gists in Canada for the period of 1998 to 2002 showed that 
52% of the adverse events (and 62% of the lasts) resulted 
from medication-related adverse events.7 Despite mounting 
evidence, few interventions have been developed to improve 
drug safety in anesthetic practice.

The second step is to recognize that the operating 
room remains one of the last areas in the hospital where 
“redundancy” or multiple checking, a hallmark of medica-
tion safety, is not a common practice. We need to consider 
adopting new technologies that have been implemented in 
error-prone environments. For example, bar code scanners 
allow an electronic double check that could supplement 
other more error-prone strategies, such as the use of dis-
tinct syringe sizes for different medications and placement 
of different drug items at specific locations on the drug 
cart. Bar code systems have been successfully implemented 

in approximately 90% of the hospitals in the United 
States.8 In settings outside the operating room, these sys-
tems have improved medication safety.9 For example, in 
the emergency department, bar code–assisted administra-
tion systems reduced the incidence of medication errors by 
80.7%.10 In hospitalized patients, bar code systems caused 
a 41.4% relative reduction in nontiming-related errors and 
50.8% relative reduction in potential nontiming adverse 
drug events.11 One study showed 58% reduction in events 
in medical and surgical units but no reduction in the 
intensive care unit.12 Another study showed that bar code–
assisted medication systems reduced error rates in an adult 
intensive care unit by 56%.13

The effectiveness of major new technologies, particularly 
bar code scanners, needs to be studied specifically in the con-
text of anesthesia care in the operating room. The operating 
room is a complex environment, and introducing technolo-
gies that alter workflow may distract from other tasks. Interest-
ingly, the study by Nanji and coworkers showed that labeling 
errors were the single most common error even when bar code 
scanners were available. Also, some anesthesia providers failed 
to use the bar code devices, suggesting that the devices were 
viewed as cumbersome or ineffective. The authors of the study 
recommended reducing the opportunity for workarounds 
such as removing manual sticker labels from the immediate 
workspace when bar code syringe labeling systems are avail-
able. However, we cannot assume that innovations, even those 
that “force function” and change behavior, actually improve 
safety. The effectiveness of bar code scanners needs to be 
assessed in the operating room before they are widely adopted.

Finally, Nanji and coworkers comment that “the periop-
erative areas are among the only remaining patient care areas 
that have not had rigorous assessment of medication events 
to guide proposed solutions.” This study has set the stage for 
future studies and effective interventions. Anesthesiologists 
have previously helped to develop a self-assessment checklist 
to improve medication safety in the operating room.14 These 
examples illustrate how anesthesiologists can and should 
lead change in the operating room. Leadership is essential 
to avoid situation where accreditation organizations, regu-
lators, and others (e.g., those demanding cost-containment 
measures) impose interventions that have not been ade-
quately assessed.

In summary, Nanji and coworkers are to be commended 
for performing the largest, observational study of anesthesia-
related medication events available to date. Their results have 
confirmed a problem that anesthesiologists have suspected 
for years.15,16 We must now promote change by doing what 
anesthesiologists do best: breaking down a tough problem 
into manageable pieces and then a building safer system for 
patients undergoing anesthesia.

Acknowledgments
The authors thank Robert Byrick, M.D., F.R.C.P.C. (Depart-
ment of Anesthesia, St. Michael’s Hospital, Toronto, Ontario,  

Downloaded from anesthesiology.pubs.asahq.org by guest on 06/30/2019



Copyright © 2015, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Anesthesiology 2016; 124:1-3	 3	 Orser et al.

EDITORIAL VIEWS

Canada), for his comments and constructive criticisms of 
the manuscript.

Competing Interests
Dr. Orser is not supported by, nor does she maintain finan-
cial interests in, any commercial activity that may be associ-
ated with the topic of this article. Dr. Orser is a cofounder 
of the Institute for Safe Medication Practices Canada (ISMP-
Canada; Toronto, Ontario, Canada) and serves on its Board 
of Directors. Mr. U is a cofounder of ISMP-Canada and is 
employed as its president and chief executive officer. Dr. 
Cohen is the founder of the ISMP (Horsham, Pennsylvania) 
and is employed as its president and declares no financial 
conflicts of interest. Dr. Bates serves as a volunteer on the 
Board of Trustees of ISMP (Horsham, Pennsylvania).

Correspondence
Address correspondence to Dr. Orser: beverley.orser@ 
utoronto.ca

References
	 1.	 Nanji KC, Patel A, Shaikh S, Seger DL, Bates DW: Evaluation 

of perioperative medication errors and adverse drug events. 
Anesthesiology 2016; 124:25–34

	 2.	 Orser BA, Chen RJ, Yee DA: Medication errors in anesthetic 
practice: A survey of 687 practitioners. Can J Anaesth 2001; 
48:139–46

	 3.	 Fasting S, Gisvold SE: Adverse drug errors in anesthesia, and 
the impact of coloured syringe labels. Can J Anaesth 2000; 
47:1060–7

	 4.	 Flynn EA, Barker KN, Pepper GA, Bates DW, Mikeal RL: 
Comparison of methods for detecting medication errors in 
36 hospitals and skilled-nursing facilities. Am J Health Syst 
Pharm 2002; 59:436–46

	 5.	 Merry AF, Webster CS, Hannam J, Mitchell SJ, Henderson R, Reid 
P, Edwards KE, Jardim A, Pak N, Cooper J, Hopley L, Frampton 
C, Short TG: Multimodal system designed to reduce errors in 
recording and administration of drugs in anaesthesia: Prospective 
randomised clinical evaluation. BMJ 2011; 343:d5543

	 6.	 Bates DW, Cullen DJ, Laird N, Petersen LA, Small SD, Servi 
D, Laffel G, Sweitzer BJ, Shea BF, Hallisey R: Incidence of 
adverse drug events and potential adverse drug events. 
Implications for prevention. ADE Prevention Study Group. 
JAMA 1995; 274:29–34

	 7.	 Orser BA, Byrick R: Anesthesia-related medication error: 
Time to take action. Can J Anaesth 2004; 51:756–60

	 8.	 Pedersen CA, Schneider PJ, Scheckelhoff DJ: ASHP national 
survey of pharmacy practice in hospital settings: Prescribing 
and transcribing—2013. Am J Health Syst Pharm 2014; 
71:924–42

	 9.	 Poon EG, Cina JL, Churchill W, Patel N, Featherstone E, 
Rothschild JM, Keohane CA, Whittemore AD, Bates DW, 
Gandhi TK: Medication dispensing errors and potential 
adverse drug events before and after implementing bar 
code technology in the pharmacy. Ann Intern Med 2006; 
145:426–34

	10.	 Bonkowski J, Carnes C, Melucci J, Mirtallo J, Prier B, Reichert 
E, Moffatt-Bruce S, Weber R: Effect of barcode-assisted medi-
cation administration on emergency department medication 
errors. Acad Emerg Med 2013; 20:801–6

	11.	 Poon EG, Keohane CA, Yoon CS, Ditmore M, Bane A, 
Levtzion-Korach O, Moniz T, Rothschild JM, Kachalia AB, 
Hayes J, Churchill WW, Lipsitz S, Whittemore AD, Bates 
DW, Gandhi TK: Effect of bar-code technology on the 
safety of medication administration. N Engl J Med 2010; 
362:1698–707

	12.	 Paoletti RD, Suess TM, Lesko MG, Feroli AA, Kennel JA, 
Mahler JM, Sauders T: Using bar-code technology and medi-
cation observation methodology for safer medication admin-
istration. Am J Health Syst Pharm 2007; 64:536–43

	13.	H elmons PJ, Wargel LN, Daniels CE: Effect of bar-code-
assisted medication administration on medication adminis-
tration errors and accuracy in multiple patient care areas. Am 
J Health Syst Pharm 2009; 66:1202–10

	14.	 DeYoung JL, Vanderkooi ME, Barletta JF: Effect of bar-code-
assisted medication administration on medication error rates 
in an adult medical intensive care unit. Am J Health Syst 
Pharm 2009; 66:1110–5

	15.	 https://www.ismp-canada.org/operatingroomchecklist/
index.php. Accessed July 30, 2015

	16.	 h t t p : / / w w w. a p s f . o r g / n e w s l e t t e r s / h t m l / 1 9 9 9 /
spring/05apsfsurvey.htm. Accessed July 30, 2015

Downloaded from anesthesiology.pubs.asahq.org by guest on 06/30/2019

mailto:beverley.orser@utoronto.ca
mailto:beverley.orser@utoronto.ca
https://www.ismp-canada.org/operatingroomchecklist/index.php
https://www.ismp-canada.org/operatingroomchecklist/index.php
http://www.apsf.org/newsletters/html/1999/spring/05apsfsurvey.htm
http://www.apsf.org/newsletters/html/1999/spring/05apsfsurvey.htm

