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BACKGROUND: Many anesthetic drug errors result from vial or syringe swaps. Scanning the
barcodes on vials before drug preparation, creating syringe labels that include barcodes, and
scanning the syringe label barcodes before drug administration may help to prevent errors. In
contrast, making syringe labels by hand that comply with the recommendations of regulatory
agencies and standards-setting bodies is tedious and time consuming. A computerized sys-
tem that uses vial barcodes and generates barcoded syringe labels could address both safety
issues and labeling recommendations.

METHODS: We measured compliance of syringe labels in multiple operating rooms (ORs) with
the recommendations of regulatory agencies and standards-setting bodies before and after the
introduction of the Codonics Safe Label System (SLS). The Codonics SLS was then combined
with Smart Anesthesia Manager software to create an anesthesia barcode drug administration
system, which allowed us to measure the rate of scanning syringe label barcodes at the time of
drug administration in 2 cardiothoracic ORs before and after introducing a coffee card incentive.
Twelve attending cardiothoracic anesthesiologists and the OR satellite pharmacy participated.
RESULTS: The use of the Codonics SLS drug labeling system resulted in >75% compliant
syringe labels (95% confidence interval, 75%—98%). All syringe labels made using the Codonics
SLS system were compliant. The average rate of scanning barcodes on syringe labels using
Smart Anesthesia Manager was 25% (730 of 2976) over 13 weeks but increased to 58% (956
of 1645) over 8 weeks after introduction of a simple (coffee card) incentive (P < 0.001).
CONCLUSION: An anesthesia barcode drug administration system resulted in a moderate rate
of scanning syringe label barcodes at the time of drug administration. Further, adaptation of the

system will be required to achieve a higher utilization rate. (Anesth Analg 2014;XXX:00-00)

care and patient safety has accelerated in recent years
due to pressures from government, insurance groups,
and consumers. The process of implementing new technolo-
gies is challenging and dependent on a number of variables
including organizational, technological, and individual
factors.! One of those technologies that has the potential to
reduce medication errors and improve patient safety is bar-
code medication administration (BCMA) technology.>*
Hospitals are increasingly adopting the BCMA technology
on nursing floors to improve safety, efficiency, and expand
the use of the electronic health record as part of the Medicare
Stage 2 “meaningful use” rules.” Although the specialty of

The adoption of technologies that improve quality of
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anesthesiology is at the forefront of adopting new technolo-
gies to improve patient safety, little has been done to introduce
BCMA technology in the operating room (OR) outside work
published by Merry et al.>>” They developed a multimodal
drug administration system that includes specific methods
to organize the anesthesia workspace, prefilled syringes with
colored and barcoded labels, and a computer system for iden-
tifying, recording, and confirming the syringe barcode with
auditory and visual cues before drug administration. There is
evidence that this system may reduce errors based on a subset
analysis of users who used all the system features.?

The Safe Label System SLS 500i (Codonics Inc.,
Middleburg Heights, OH) is a new computerized drug label-
ing system designed for use at the anesthesia point-of-care.
It scans the drug vial barcode and generates a compliant
color-coded syringe label that is adaptable to the recommen-
dations of regulatory agencies and standards-setting bodies
(Methods and Table 1). The user can modify the syringe label
contents to generate a label that is compliant with any label-
ing standards. Drug manufacturers have been required to
include barcodes on drug vials in the United States by the
Food and Drug Administration since 2004." The Codonics
SLS system recently received FDA 510(k) clearance.

"Centers for Medicare and Medicaid Service (CMS): Stage 2 Overview
Tipsheet. Available at: https://www.cms.gov/Regulations-and-Guidance/
Legislation/EHRIncentivePrograms/Downloads/Stage2Overview
Tipsheet.pdf. Accessed January 22, 2014.

"Food and Drug Administration. Bar code label requirement for human drug
products and biological products. Available at: http:/ /www.gpo.gov/fdsys/
pkg/FR-2004-02-26/ pdf/04-4249.pdf. Accessed January 22, 2014.
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Table 1. Summary of Syringe Label Content and Color Coding Guidelines

Label element Notes

Drug name

Regulation
The Joint Commission NPSG.03.04.01¢
The Joint Commission standard MM.05.01.09°
ACSQHC recommendations®
USP <797>¢
CMS standard §416.48(a)?
The Joint Commission NPSG.03.04.01
The Joint Commission standard MM.05.01.09
ACSQHC recommendations
The Joint Commission NPSG.03.04.01
The Joint Commission standard MM.05.01.09
ACSQHC recommendations
USP <797>

Strength or concentration

The Joint Commission standard MM.05.01.09
requires amount “if not apparent from the container”

Quantity or amount

Diluent The Joint Commission NPSG.03.04.01 The Joint Commission standard MM.05.01.09 requires
The Joint Commission standard MM.05.01.09 diluent “for all compounded IV admixtures and
parenteral nutrition formulas”
Volume The Joint Commission NPSG.03.04.01 The Joint Commission NPSG.03.04.01 requires volume

“if not apparent from container”

The Joint Commission NPSG.03.04.01 and standard
MM.05.01.09 require expiration date “when not used
within 24 h”

ACSQHC recommendations

The Joint Commission NPSG.03.04.01

The Joint Commission standard MM.05.01.09
CMS standard §416.48(a)

USP <797>

The Joint Commission NPSG.03.04.01

The Joint Commission standard MM.05.01.09
USP <797>

The Joint Commission standard MM.05.01.09
CMS standard §416.48(a)

CMS standard §416.48(a)

CMS standard §416.48(a)

USP <797>

1ISO 26825:2008¢

ASTM international D4774"

ASA statement’

Expiration date®

The Joint Commission NPSG.03.04.01 and standard
MM.05.01.09 require expiration time “when expiration
occurs in <24 h”

Expiration time”

Preparation date

Preparation time
Preparer’s initials

Color coding

aThe Joint Commission. Hospital National Patient Safety Goals NPSG.03.04.01. Available at: http://www.jointcommission.org/assets/1/6/HAP_NPSG_
Chapter_2014.pdf. Accessed January 22, 2014.

bThe Joint Commission. Standard MM.05.01.09 for anesthesia drug labels is not freely available and can be purchased online at http://store.jcrinc.com.
cAustralian Commission on Safety and Quality in Health Care. National Recommendations for User-applied Labeling of Injectable Medicines, Fluids and Lines.
Available at: http://www.safetyandquality.gov.au/wp-content/uploads/2012/02/Labelling-Recommendations-2nd-edition-February-2012_PRESS.pdf. Accessed
January 22, 2014.

9US Pharmacopeia. USP-NF General Chapter <797> Pharmaceutical Compounding - Sterile Preparations. Available at: http://www.usp.org/store/products-
services/usp-compounding. Accessed on January 22, 2014.

eCMS addresses the labeling of medications for hospitals under standard §482.25(b)(3), but does not specifically address the operating room setting. CMS
standard §416.48(a) addresses the labeling of medications for ambulatory surgery centers and specifically addresses the operating room setting.

"According to Joint Commission NPSG.03.04.01 requirement “the date and time are not necessary for short procedures, as defined by the hospital.”

€The full version of the ISO standards is not freely available, but can be purchased online at 1ISO.org

"The full version of the ASTM D4774 standards is not freely available, but can be purchased online at ASTM.org (an abbreviated version of ASTM D4774 is freely
available at: http://www.astm.org/Standards/D4774.htm; accessed January 22, 2014). Interestingly, while specifying label colors, the ASTM D4774 also states
“the user may alternatively use black and white labels rather than these colored labels.”

'American Society of Anesthesiologists. Statement on Labeling of Pharmaceuticals for Use in Anesthesiology. Available at: http://www.asahq.org/for-members/
standards-guidelines-and-statements.aspx. Accessed January 22, 2014.

Several commercially available anesthesia information
management systems (AIMS) are currently capable of scan-
ning syringe label barcodes. However, to the best of our
knowledge, none of the currently available AIMS are capa-
ble of scanning the drug vial barcode and generating a cor-
responding syringe label containing a barcode in the OR. A
point-of-care BCMA system that is capable of scanning the
barcodes on vials before drug preparation, creating syringe
labels that include barcodes, and scanning the syringe label
barcodes before drug administration would be necessary.

We created such a system by combining the commer-
cially available Codonics SLS computerized drug labeling
system and our in-house decision support software, Smart
Anesthesia Manager (SAM).? Subsequently, we performed a
study to measure compliance of syringe labels with the rec-
ommendations of regulatory agencies and standards-setting
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bodies before and after introduction of the system. In addi-
tion, we measured the rate of utilization of the syringe label
barcode scanning at the time of drug administration. We
also described a few of the human factors issues that were
encountered when the new system was introduced into the
anesthesia workflow.

METHODS

The study was conducted at a single academic center
with 27 ORs and an OR satellite pharmacy. Our satel-
lite pharmacy prepares about 50% of the drugs used in
the ORs. The study was granted exempt status by our
IRB and was conducted in 2 parts (Supplemental Digital
Content Figure 1, http://links.lww.com/AA / A874, which
illustrates the study timeline). The first part was an audit
of syringe labels in multiple ORs to determine the level
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Figure 1. The Codonics SLS drug labeling system mounted on the
side of the anesthesia cart.

of compliance with the label color and selected content
that was most clinically relevant to our practice set-
ting. We selected the following labeling requirements of
the Joint Commission (TJC) in order for the label to be
considered compliant: (a) correct drug name, (b) con-
centration, (c) date and time of expiration when expi-
ration occurs in <24 hours, and (d) color scheme per
American Society of Anesthesiologists recommenda-
tions, which are based on International Organization for
Standardization (ISO) 26825:2008¢ and American Society
for Testing and Materials D4774 standards® (Supplemental
Digital Content, Figure 2, http://links.lww.com/AA/
AB876, which illustrates standard background colors). It
is important to understand that there is no single uni-
versally accepted standard for syringe label content and
color because several regulatory agencies and standards-
setting bodies, including TJC, Centers for Medicare and
Medicaid Services, US Pharmacopeial Convention, ISO,
American Society for Testing and Materials, American
Society of Anesthesiologists and Australian Commission
on Safety and Quality in Health Care (Table 1) have pub-
lished guidelines. In the United States, TJC label content
requirements are the most relevant because member
hospitals can be sanctioned if syringe labels do not meet

‘American Society of Anesthesiologists. Statement on Labeling of
Pharmaceuticals for Use in Anesthesiology. Available at: http://www.asahq.
org/for-members/standards-guidelines-and-statements.aspx. Accessed
January 22, 2014.

“The ISO 26825:2008 standards are not freely available, but can be purchased
online at ISO.org.

The full version of the ASTM D4774 standards is not freely available, but can
be purchased online at ASTM.org (an abbreviated version of ASTM D4774
is freely available at: http:/ /www.astm.org/Standards/D4774.htm; accessed
January 22, 2014).
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Figure 2. An example of Codonics SLS screen displaying all the
compliant label elements, following a fentanyl vial scan.

TJC specifications. In addition, we recorded whether the
syringe was prepared by the anesthesia provider or the
pharmacy, whether the label was legible, and whether it
contained abbreviations. The time period of the syringe
audits was 5 weeks. The investigator auditing syringe
labels examined all the syringes in a given OR before the
first case of the day while the anesthesia provider was
away from the OR, preparing the patient. The anesthesia
providers were not aware that the audit was being con-
ducted. The investigators entered ORs as they became
available and examined each syringe found on the top
of the anesthesia cart. We did not collect any patient or
provider identifiers. Commercially boxed, prefilled emer-
gency drug syringes (epinephrine and atropine) were
excluded from the audit.

In the second part of the study, we introduced the
Codonics SLS drug labeling system (software version 1.2.1,
Codonics Inc., Middleburg Heights, OH) in 2 cardiotho-
racic ORs and the OR satellite pharmacy. The Codonics SLS
drug labeling system in the satellite pharmacy was used to
make labels for those drugs that are traditionally drawn and
labeled by the pharmacy, which included lidocaine, succi-
nylcholine, epinephrine, ephedrine, phenylephrine, hepa-
rin, and calcium chloride syringes. The anesthesia providers
were urged to exchange the traditional pharmacy prefilled
and labeled syringes for the ones containing Codonics SLS
labels for each case in the 2 cardiothoracic ORs. The Codonics
SLS units in the 2 ORs were mounted on the side of anesthe-
sia carts (Fig. 1) to optimize the drug preparation workflow
and clear the space on top of the anesthesia cart. To create a
syringe label, anesthesia providers scanned their identifica-
tion barcode to “log in” (only necessary to perform once per
day while using the unit) and then scanned the drug vial.
Before printing a syringe label, auditory feedback confirmed
the drug name and concentration while the name of the
drug and concentration were displayed on the Codonics SLS
screen with the appropriate color background corresponding
to the drug as per American Society of Anesthesiologists rec-
ommendations (Fig. 2). The Codonics SLS unit printed labels
in 14 seconds (the current software version requires only 7
seconds), which was usually the time needed to draw the
drug into a syringe. Printed labels bearing the color scheme
per American Society of Anesthesiologists recommendations
contained the name of the drug, concentration, date/time of
preparation, expiration date/time, and the preparer’s initials
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(Fig. 3). Subsequent reference to these labels in this article will
describe them simply as “compliant” labels. Although the
Codonics SLS drug labeling system has multiple features, the
only other feature used in the study was the dilution feature
for making vasopressin labels/ Cardiothoracic anesthesiol-
ogy faculty and residents on their cardiothoracic anesthesia
rotation were given a brief training tutorial on using the
Codonics SLS units.

After the introduction of Codonics SLS units, a repeat
syringe audit was performed in the 2 cardiothoracic ORs to
measure the level of compliance with selected label elements
and color scheme per American Society of Anesthesiologists
recommendations. The syringe audit was conducted in
the same manner as the audit before the introduction

/To make a dilution label, the provider first pressed the “dilute” button on
the main touchscreen to turn the dilution function on. Next, the drug vial
barcode was scanned. After the drug name was confirmed with auditory
feedback, the dilution screen presented the provider with common dilution
concentrations and diluent options. After the provider selected appropriate
dilution concentration and diluent for the drug, the label was printed.

4 www.anesthesia-analgesia.org

of Codonics SLS units except for the longer time period
(7 weeks) and being limited to 2 cardiothoracic ORs.
Anesthesia providers were urged to scan the barcode of
each syringe immediately before administration. Because
the AIMS in our institution does not have built-in sup-
port for scanning Codonics SLS syringe label barcodes,
we used an off-the-shelf barcode scanner and our own
software, SAM.® SAM was developed at our institution to
work in conjunction with our AIMS (Merge AIMS, Merge
Healthcare Inc., Hartland, WI) to perform a variety of tasks
that are not provided by the AIMS software alone.”® For
this study, SAM was programmed to detect Codonics SLS
syringe label barcodes and to provide auditory® and visual
feedback of the drug name.® SAM “speaks” the name of the
drug, and displays a “pop-up” window on the screen of the
AIMS with the drug name, the time of administration, and

SAF. Merry and C.S. Webster were the first to use a recorded voice to
announce the drug name following scanning the barcode on the syringe in
the anesthesia workplace.
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Figure 4. The workflow in Smart Anesthesia Manager (SAM) for barcode identification of a syringe with a Codonics Safe Label System (SLS)
label. The dose of the drug is manually entered onto the touch screen of the Anesthesia Information Management System (AIMS) display.
The time of scanning the drug appears in the medication administration time field by default; however, this time can be adjusted if necessary.

a provision allowing the dose of the drug to be entered into
the anesthesia record. The workflow of drug administration
with syringes bearing Codonics SLS labels containing bar-
codes is shown in Figure 4 and in the Supplemental Digital
Content 3, video, http://linkslww.com/AA/A875. An
internal computer log was kept of all drug administrations
and syringe barcode scans.

After the introduction of the system, we prospectively
measured the use of the SAM drug scanning system in the
2 cardiothoracic ORs. The AIMS and SAM databases were
interrogated to determine the bolus drugs given during
a case. For each bolus drug, the presence or absence of a
corresponding barcode scan in the SAM audit logs was
verified. A drug administration was deemed to be success-
fully scanned if a documented drug in the AIMS record
had a corresponding entry in audit logs, indicating that
the anesthesia provider scanned the drug barcode at the
time of administration. If the time stamp of the barcode
scan was later than the drug administration time entered
in the AIMS by the provider, this was not considered a suc-
cessfully scanned drug administration because barcode
scanning is intended to occur immediately before drug
administration, not after administration. The overall rate
of scanning was computed by dividing the number of suc-
cessfully scanned barcoded drugs by the total number of
bolus drugs. The rate of scanning was determined for each
attending anesthesiologist. Syringes prepared by drawing
the drug from an infusion bag could not be barcoded and
were therefore excluded from the utilization calculation.

XXX 2014 e Volume XX © Number XX
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Utilization reports were generated weekly and e-mailed to
the anesthesia faculty to provide performance feedback.

After 13 weeks using the Codonics SLS and the SAM bar-
code scanner, we found that the rate of scanning the syringe
barcode at the time of drug administration was disappoint-
ingly low. Therefore, we offered an incentive, in the form of
coffee gift cards in the amounts of $100, $50, and $25 for the
attending anesthesiologists with the 3 highest cumulative
rates of barcode scanning (excluding the 2 coauthors, S] and
AB) after an additional 8 weeks of data collection.

Data and Statistical Analysis

Continuous, discrete, and categorical data were described
as the mean, range, and standard deviation (SD) where
appropriate. To account for clustering effects within each
surgical case and anesthesiologist, we chose a generalized
estimated equation logit model using the exchangeable
(equal) correlation structure, specifying anesthesiologist as
the unit of clustering." This approach provides standard
errors for parameter estimates, which account for cluster-
ing and from which appropriate confidence intervals (Cls)
and significance tests can be computed. Cls are provided
for estimates of percent compliance with labeling standards.
However, testing was not performed to compare the rates
of compliant labels before and after the introduction of the
Codonics SLS system because the sampling frame was not
comparable at the 2 times. Hypothesis testing was per-
formed to compare the rate of scanning of syringe barcodes
before and after the coffee card incentive since the same

www.anesthesia-analgesia.org 5
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ORs and providers were involved in the 2 time periods.
The overall pre-post comparison was tested, and since that
was significant, further pre-post analyses were conducted
within each of the 12 providers. All P values are reported
uncorrected for multiple comparisons. P values <0.001 were
considered statistically significant with correction. All sta-
tistical comparisons were performed using STATA version
11.0 (StataCorp LP, College Station, TX).

RESULTS

Use of the Codonics SLS drug labeling system in 2 cardio-
thoracic ORs and the satellite pharmacy resulted in >75%
compliant syringe labels (95% CI, 75%-98%). All syringe
labels made using the Codonics SLS system were compli-
ant. Before the introduction of the Codonics SLS drug label-
ing system, we audited 327 syringes that were prepared
by either the satellite pharmacy or anesthesia providers in
multiple ORs. The anesthesia providers prepared 127 (39%)
syringes, while the satellite pharmacy prepared 200 (61%)
syringes. Twelve percent (n = 15) of anesthesia provider-
prepared syringes were without a label. Of the 15 unlabeled
syringes, 13 contained propofol while 2 had a drug vial
taped to the syringe. Of the remaining 112 syringes with
labels prepared by anesthesia providers, 21% (n = 24) were
missing drug concentration, 41% (n = 46) were missing expi-
ration date and time, 7% (n = 8) had incorrect label color,
4% (n = 4) were illegible, and 1% (1 = 1) used abbreviations
(Fig. 5). Fourteen percent had at least 2 label elements miss-
ing (Fig. 6). There were only 46 syringes (36%) prepared
by clinicians that were compliant. Of the 200 syringes pre-
pared by the satellite pharmacy, all were compliant except
3% (n = 6) that had incorrect label color (all were lidocaine
syringes with white labels instead of the recommended
gray labels, which were out of stock).

100% 7
90% A
80% A
70% A
60% A
50% -
40%
30% A

20% A

Syringes with Missing Label Information (%)

10% 1

After the introduction of the Codonics SLS drug label-
ing system in 2 cardiothoracic ORs and the OR satellite
pharmacy, a repeat audit found 312 syringes, of which 101
(32%) had been prepared by anesthesia providers, and 211
(68%) by the satellite pharmacy. All these syringes had a
label. All the syringe labels prepared by the satellite phar-
macy and 93% of the syringe labels prepared by the anes-
thesia providers were compliant. Anesthesia providers
prepared 88% (89 of 101) of the syringe labels using the
Codonics SLS system, which were all compliant. Twelve
percent (12 of 101) of the syringe labels prepared by anes-
thesia providers were still made by hand, of which only
42% (5 of 12) were compliant. Of 12 syringe labels manu-
ally prepared by anesthesia providers, 50% (n = 6) were
missing drug concentration, 17% (1 = 2) were missing
expiration date and time, and 8% (1 = 1) had incorrect label
color. Seventeen percent (n = 2) of syringe labels manu-
ally prepared by anesthesia providers had at least 2 label
elements missing. None of the syringe labels prepared
by anesthesia providers were illegible or used abbrevia-
tions. The OR satellite pharmacy prepared all the syringe
labels using Codonics SLS system. Anesthesia providers
exchanged 91% (192 of 211) of the usual pharmacy pre-
filled syringes containing traditional labels for the spe-
cial pharmacy prefilled syringes containing Codonics SLS
labels for the use in this study.

The average rate of scanning barcodes on syringe labels
using SAM was 25% (730 drugs scanned out of 2976 drug
administrations) over 13 weeks but increased to 58% (956
drugs scanned out of 1645 drug administrations) over
the subsequent 8 weeks (P < 0.001) after introduction of
a simple (coffee card) incentive (Figs. 7, 8 and 9). Nine
anesthesia faculty members had significant differences in
their rate of barcode scanning at the time of drug admin-
istration after the incentive (Fig. 7). There were relatively

[ Pre-Intervention Anesthesia
Provider Labelled

H Post-Intervention Anesthesia
Provider Labelled

B = —

0% - | -
Missing Drug Missing Expiration Date/
Concentration Time

Incorrect Label Color

lllegible Writing Abbreviation Used

Figure 5. The percentage of anesthesia provider-prepared syringes with missing label elements before and after introduction of the Codonics
SLS system. The syringes with missing elements following introduction of the Codonics SLS system had handmade labels that were not made

with the Codonics SLS system.
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Figure 6. The percentage of syringes with various numbers of missing label elements, as prepared by anesthesia providers or the operating
room satellite pharmacy, before and after the introduction of the Codonics SLS system in both the operating room and the pharmacy. Syringes
that were prepared by anesthesia providers that were not compliant, following introduction of the Codonics SLS system were made by hand,
not with the Codonics SLS system. The missing label elements and no label category data are represented by the left-sided vertical axis while
the compliant label category data is represented by the right-sided vertical axis as indicated by the horizontal axis break mark. *Syringes
without labels were not included in the “missing label elements” categories.
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Figure 7. The percentage of bolus drugs that were entered with the SAM barcode scanners at the time of administration for each of 12 attend-
ing anesthesiologists, for the first 13 weeks of the study (preincentive) and for the subsequent 8 weeks following an simple incentive consist-
ing of a contest with coffee gift card awards for the top 3 performers (postincentive). Following the simple incentive, 9 anesthesia faculty had
significant differences in their rate of barcode scanning at the time of drug administration. Attendings 1 and 2 reported technical issues and
infrequent presence in 2 cardiothoracic ORs as reasons for low rate of syringe barcode scanning. Attending 10 already had relatively high rate
of barcode scanning before the incentive. Asterisk above the P value indicates statistically significant difference. All P values are reported
uncorrected for multiple comparisons. The P value < 0.001 is significant with correction.
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Figure 8. The number of bolus drugs that were scanned (light gray and black) or were not scanned (white and striped) at the time of administra-
tion, before (left hand column) and after (right hand column) intervention of a coffee gift card contest are shown for each of the 12 attending
anesthesiologists. The percentage of bolus drugs that were scanned is shown at the top of each column.

high and low performing attending physicians before and
after the incentive. Before the coffee card incentive, 9%
(65 of 730) of syringe barcode scans in the SAM database
occurred after the drug administration time was recorded
in the AIMS database, based on the time stamp of the bar-
code scan and the time of administration entered by the
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provider, and were not counted as successful scans in the
rates reported above. Similarly, 10% (96 of 956) of syringe
barcode scans after the coffee card incentive occurred after
the drug administration time was recorded in the AIMS
database and were not counted as successful scans in the
rates reported above.
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Figure 9. The rates of scanning syringe label barcodes at the time of drug administration on a weekly basis during 13-week preincentive and

8-week postincentive period.
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Table 2. Issues Encountered with Codonics SLS

Units During the Study

No. instances

7 Drug NDC was not found in the formulary (fentanyl,
rocuronium, midazolam, and propofol)?

Issue

2 Printer ink cartridge empty

S Paper jam

& Printer paper roll ran out

2 System stopped responding and required reboot

NDC = national drug code, which is specific to drug manufacturer, drug
strength, and package; SLS = Safe Label System.

“Fentanyl, rocuronium, midazolam and propofol NDC were in the Codonics
formulary when the study began, but changes in drug manufacturer or
packaging during the study required new NDCs to be entered. Therefore,
regular routine maintenance of the Codonics formulary is necessary.

Technical issues that interfered with normal function of
the Codonics system were tracked and are shown in Table 2.

DISCUSSION

Compliance of syringe labels prepared by anesthesia pro-
viders with the previously described recommendations
from various regulatory agencies and standards-setting
bodies (Table 1) has not been well studied. Our preinter-
vention syringe audit demonstrated poor compliance, con-
sistent with 2 previous reports.'*'* The use of the Codonics
SLS drug labeling system resulted in complete compliance
with labeling requirements when used by the anesthesia
provider; the only labeling failures pertained to labels that
were made by hand. The most likely reason for using hand
labeling after introduction of the Codonics SLS system was
technical issues we encountered with the system during
the study (Table 2), although we did not specifically track
the reasons for not using the Codonics SLS system. In addi-
tion, restriction of the second part of the syringe audit to the
subset of the anesthesia providers and cardiothoracic ORs
(because only 3 Codonics SLS units were available to us)
may have introduced a selection bias. There are no prospec-
tive randomized studies showing that drug labeling prac-
tices directly reduce drug administration errors. However,
human factors research suggests that strategic use of labels
may reduce errors.'

While scientific validation of the labeling recommen-
dations of the regulatory agencies and standards-setting
bodies listed in Table 1 would be desirable, it is impor-
tant to understand that hospitals may be held account-
able for meeting certain regulatory requirements, even
in the absence of scientific validation. For example, many

"Advice contained in package inserts regarding expiration times for propofol is
not entirely consistent. Expiration times of both 6 and 12 hours may be found
in these documents. We reviewed current FDA approved package inserts for
propofol found on a US government website: http://dailymed.nlm.nih.gov/
dailymed/search.cfm?startswith=propofol&x=14&y=11. Applicable package
inserts included those from AstraZeneca Pharmaceuticals, Fresenius Kabi USA,
and APP Pharmaceuticals. AstraZeneca’s package insert (dated “Rev 08/05”)
recommends propofol that has been drawn from a vial into a syringe should be
discarded within 6 hours, whereas vials used for continuous infusion should
be discarded within 12 hours. Fresenius Kabi USA does not make any distinc-
tion between propofol drawn into syringes and propofol vials used for con-
tinuous infusion, stating that both should be used within 12 hours (April 2013,
pertaining to their product that does include an antimicrobial retardant). A
“Health Care Provider Letter” issued by APP Pharmaceuticals (June 19, 2012)
regarding Fresenius Propoven 1%, which does not contain any anti-microbial
retardant, states that Fresenius Propoven 1% should be discarded within 6
hours of being drawn into a syringe, and that “propofol 1% used for IV infu-
sion” should be discarded within 12 hours, along with the infusion system.

XXX 2014 e Volume XX © Number XX

American hospitals are subject to the requirements of TJC,
whose syringe labeling recommendations are shown in
Table 1. Hospitals are likely to expect their anesthesia pro-
viders to take a shared interest in meeting the necessary
requirements.

Establishing the appropriate date and time of expira-
tion for syringes prepared by anesthesia providers warrants
further discussion. TJC standards do not require a date and
time of expiration unless the expiration occurs before 24
hours from preparation. The Food and Drug Administration
“package insert” for propofol states that propofol has a
6- or 12-hour" expiration time after being drawn up into
a syringe. However, the United States Pharmacopeia
[USP] Chapter <797> (standards for compounding sterile
solutions)’ states that drugs prepared outside an ISO Class
5 environment,/ such as an OR, should be administered
within 1 hour. Interestingly, only 65% of hospital pharma-
cies use USP <797> compliant cleanrooms according to a
recent survey.'> Nevertheless, any organization wishing to
be in compliance with USP <797> with respect to a 1-hour
expiration of provider-prepared syringes would require a
robust method for applying the date and time of expiration.

Route of administration is not addressed by any of the
labeling recommendations in Table 1. Color labeling stan-
dards have been proposed to designate the intended route of
administration (e.g., blue for IV and yellow for neuraxial);*
however, to the best of our knowledge, these have not been
reconciled with the internationally accepted syringe label
colors pertaining to drug class. Confusion between neur-
axial and IV injections ports is a potentially very serious
route of administration error in anesthesia practice. There
has been an effort to develop unique syringe connectors that
would prevent a syringe containing a drug intended for the
neuraxis to be connected to an IV port and vice versa.l61”

There are other possible methods for producing bar-
coded labels for syringes. Vials can be provided with peel-
off or “flag” labels that can be transferred to the syringe.
Preparation and expiration date/time and name of the
preparer would have to be added by hand. The main dis-
advantage of this approach is that commercial drug vials
are not usually available with flag labels, requiring the end-
user to produce and add the labels. Another approach is to
use commercially prefilled syringes with compliant labels.
The main disadvantages for prefilled syringes are higher
cost (Supplemental Digital Content 4, Table, http://links.
Ilww.com/AA/A877, which compares the cost of drug vial
acquisition at our institution and commercially available
prefilled syringes) and limited availability. Finally, tradi-
tional anesthesia drug labels, usually supplied in rolls,
could include a barcode; all other information except for the
name of the drug would have to be entered by hand. The

‘US Pharmacopeia. USP-NF General Chapter <797> Pharmaceutical
Compounding - Sterile Preparations. Available at: http://www.usp.org/
store/products-services /usp-compounding. Accessed on January 22, 2014.

/The air in an ISO Class 5 environment must contain no more than 100 par-
ticles per cubic foot (3520 particles/m?) and typically requires a “biological
safety cabinet” or “clean room” in which the air is filtered.

¥Australian Commission on Safety and Quality in Health Care. National
Recommendations for User-applied Labeling of Injectable Medicines,
Fluids and Lines. Available at: http://www.safetyandquality.gov.au/
wp-content/uploads/2012/02/Labelling-Recommendations-2nd-edition-
February-2012_PRESS.pdf. Accessed July 22, 2014.
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main disadvantage of traditional anesthesia drug labels is
that the label is not physically associated with the vial, so
vial swap or label swap errors can still occur.

We deliberately did not attempt to determine whether
our system actually prevented errors. Measuring the inci-
dence of drug administration error is difficult and requires
a very large number of drug administrations to obtain ade-
quate statistical power. Two previous studies of anesthetic
drug error found that 30% of drug errors typically involved
the misidentification of a drug vial or a syringe, either due to
mislabeling or to a “swap” (correct label that is not read or is
misread).'®!” Prevention of these types of errors may be pos-
sible by scanning the vial barcode, generating a correspond-
ing syringe label containing a barcode, and then scanning
the barcode on the syringe label immediately before drug
administration. The evidence that scanning the barcode of a
syringe just before drug administration reduces errors is not
extensive.3* Several studies found significant reduction in
drug administration errors after implementation of barcode
technology in the intensive care units and hospital wards.2*
2 Merry et al.? conducted a prospective randomized trial of a
comprehensive anesthesia drug safety system that included
scanning the barcodes of syringes before drug administra-
tion but did not find a statistically significant difference
between the rate of drug administration error when the
drug safety system was used compared with that of conven-
tional practice. However, they did note that the rate of error
was lower when anesthesia providers consistently scanned
the drug barcode before administration and kept the voice
prompt active (6.0% vs 9.7%; P = 0.004). Unfortunately, the
compliance with these 2 features was only 18%. Other stud-
ies of drug errors after the implementation of BCMA in the
intensive care unit and hospital wards did not find reduction
in errors,?*? and some have identified unintended adverse
consequences of barcode technology.**? A consensus group
convened by the Anesthesia Patient Safety Foundation has
recommended the use of barcode scanners in anesthesia
practice.”” However, the results of our study and the study
by Merry et al. suggest that consistent system use is a major
obstacle to successfully implementing systems designed to
improve safety, and that the ultimate effectiveness of such
systems cannot be conclusively assessed without finding
measures to insure a high level of use. In addition, unin-
tended consequences and workarounds will have to be
addressed and eliminated.

Convincing anesthesia providers to alter their work
habits will generally require deliberate effort. Systems
designed to improve safety will be accepted more readily
and implemented more easily if they also improve effi-
ciency. Recommended procedures are more likely to be fol-
lowed if the staff members find that their job is made easier
or more satisfying.**=? Our syringe audit showed that our
staff quickly adopted the routine use of the Codonics SLS
drug labeling system, resulting in a high level of syringe
labeling compliance. However, consistent use of scanning
the barcode on the syringe at the time of drug administra-
tion was more difficult to achieve. Interviews with staff
did not reveal any objection to the rationale for scanning
the barcode or major problems with the process itself. The
reasons for the low rate of barcode scanning appeared to
be difficulty remembering to use the new process or lack
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of motivation. Belief that barcode scanning is not necessary,
helpful, useful, or that it does not promote safety may be
detractors.

Improving the drug preparation and administration
workflow is an important consideration when implement-
ing BCMA technology. The Codonics units were mounted
on the left side of the anesthesia cart, which is next to the
syringe preparation area without impacting the amount of
space on top of the anesthesia cart. The Codonics software
version used in the study required 14 seconds to print the
labels (the current software version takes only 7 seconds).
Although we did not measure the time required to draw
a drug into a syringe, 14 seconds is sufficiently fast in our
experience that the steps necessary to draw a drug into a
syringe can be completed while the label is printing. Fraind
et al.®® described 27 different steps in the process of IV bolus
drug preparation including 2 steps for labeling a syringe
(obtaining and attaching the label to the syringe). The new
process using the Codonics units would replace the step
of “obtaining a label” with scanning the vial and print-
ing a label. However, the steps outlined by Fraind et al.
do not include locating the drug label roll, peeling off the
label and writing additional information on a label, which
would have to be added to their list to produce compliant
labels. Those additional tasks would not be necessary with
the Codonics unit, because all the required information is
printed automatically, therefore improving the workflow of
drug preparation.

Fraind et al.® also documented 14 steps in the process of
administering an IV drug. Scanning the syringe with a bar-
code scanner would add another step to their list. However,
the current drug documentation process using the AIMS
at our institution without barcode scanning consists of 4
steps including selecting the drug menu on the main screen,
scrolling through the list of drugs, selecting the drug, and
entering the dose. Scanning the bar code with SAM actu-
ally shortens this process to 2 steps, scanning the barcode
and entering the drug dose, because the drug entry screen
is automatically brought up on the AIMS screen when the
syringe bar code is identified.

Because some anesthesiologists and surgeons did not like
the voice prompt that is intended to occur when a syringe
label is scanned, staff members sometimes muted the sound
on the workstation that is used for the AIMS. We believe
that the voice prompt is important, because it enables the
anesthesia provider to scan and administer the drug with-
out constantly looking at the AIMS display screen. Without
a voice prompt, wrong drug errors may go unrecognized if
the anesthesia provider does not look at the display screen
before administering the drug. Merry et al.? also found that
the voice prompt of the barcode scanner system was fre-
quently disabled during their prospective evaluation of their
multimodal drug safety system. Interestingly, while voice
prompts have been widely used in airplane cockpits and for
certain medical applications such as defibrillators, there are
apparently no studies of voice prompts in the ORs. However,
Botney and Gaba* have discussed auditory prompts in gen-
eral. There is evidence that alarms using voice are more
effective than traditional alarms using sounds.*®

To further improve the rate of syringe label barcode
scanning, we tried a simple intervention that consisted of a
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contest in which we offered coffee cards to the attending staff
with the highest rate of scanning syringe labels. The inter-
vention was immediately and dramatically effective. While
this approach of using an incentive may be useful, clearly a
more sustainable approach is needed that will result in con-
sistent use of bar coding at a rate of >90%. We can envision
2 alternative approaches that could be used, both of which
would require alteration of our AIMS software. The first
approach would be to make scanning the barcodes man-
datory; drug menus would not be accessible without scan-
ning a barcode. On rare occasions when a barcode was not
available for a drug, open text entry could serve as a backup
method of recording the drug in the record. The second
approach would be to make the drug menus more difficult
to access except by scanning a barcode; drug menus could be
accessed from the AIMS screen manually but would be “bur-
ied” under several layers of selection keys, making barcod-
ing a much easier method of entering a drug into the record.

Introduction of any new technology into clinical practice
has the potential for causing unintended consequences. We
were not aware of any particular unintended consequences
during this study. Hypothetically, taking the time to make
a syringe label could result in a delay in therapy during an
emergency. However, it should be noted that TJC and other
agencies allow for omitting the syringe label for a drug that
is going to be administered immediately by the provider
who has prepared the syringe. We did encounter 7 drug
vials with barcodes that were not included in our Codonics
barcode formulary and other minor systems issues (Table 2).
Technical failures can affect the success of an otherwise well-
conceived system. The barcode formulary does need to be
maintained and updated regularly, because drug products
are constantly changing. A backup method for producing
compliant labels by hand should be immediately available
during use of the Codonics system, because occasional fail-
ures are possible with any equipment.

A major limitation of our study is that we did not observe
the staff to determine whether the syringe barcodes were
scanned before or after drug administration. Some drugs
were probably administered before scanning the barcode
on the syringe while the anesthesia provider did not record
the correct time of administration, in which case the barcode
scan time stamp would be recorded as the time of adminis-
tration. This is clearly a critical issue because only scanning
the barcodes before drug administration provides an oppor-
tunity to avoid a syringe swap type of error. Studies with
direct observation are needed to determine the true rate of
appropriate scanning before drug administration; however,
such studies are logistically difficult and expensive.

In conclusion, the anesthesia barcode drug adminis-
tration system that we have described, consisting of the
Codonics SLS drug labeling system and the SAM, could
be used to achieve compliance with a set of syringe label-
ing requirements and to identify the drug by scanning the
barcode at the time of drug administration. Obtaining high
levels of compliance with scanning syringe label barcodes
will probably require configuring the AIMS so that scan-
ning the barcode on the syringe is much more convenient
than entering drugs from a menu, or so that scanning the
barcode is mandatory. Strong support from departmental
leadership for safety initiatives may also be helpful. Testing
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the hypothesis that using barcode scanners to identify drug
vials and syringes will actually reduce drug administra-
tion errors will require a large prospective randomized trial
in which there is a high level of compliance with the pre-
scribed use of the barcode scanners.
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