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ABSTRACT

Background: Prefilled syringes (PFS) have been recommended by the Anesthesia Patient Safety Foundation. However, aspects
in PES systems compared with self-filled syringes (SES) 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 SES 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 SES 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 SES 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)

NNOVATIVE technologies and medical devices may
improve the effectiveness, efficiency, and quality of
work in the anesthesia work systems, but it may also nega- e The frequency of medication errors in the perioperative envi-

tively impact the anesthesia providers’ cognition, behavior, ronment is unacceptably high

decision-makine. and therefore their work performance. 2 e The impact of using prefilled syringes compared with self-filled
& p ’ syringes on system safety and efficiency in the operating room

Human factors engineering (HFE) is a systems engineer- has not been carefully addressed
ing approach to improve the healthcare quality and patient
outcomes by investigating the fit of the implemented tech-

What We Already Know about This Topic

What This Article Tells Us That Is New

nology or device with human capacity, abilities, and limi- * Inawork system analysis using human factors principles con-
tations.” Through an integrated and systematic lens, the eluglize I (e pErEg, [BeiTiE e [ERAiEey Of 2 Bige (2ige

o X . academic medical center, prefilled syringes were associated
system components and their interactions within healthcare with simpler use and fewer system vulnerabilities compared
settings, such as the workers, patients, technologies, physical with self-filled syringes

Use of prefilled syringes might improve the safety of periopera-
tive medication delivery if these findings are confirmed in larger
multicenter studies

environments, tasks, and organization, can be examined and
optimized.

It is estimated that one significant medication error
occurs in every 133 medication administrations in the
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operating room (OR),’ including incorrect doses (36.5%), medication management process.*’ To address these con-
substitutions (25.0%), and omissions (19.2%).° Recently, cerns, prefilled Syringes (PFS) have been implemented in
investigators have estimated that this rate may be as high as  the OR as an alternative to the traditional self-filled syringes
1:20.7 Also, waste and unnecessary costs and workflow dis- (SES) drawing medication from a vial. PFS are believed
ruptiveness are contributing to the concerns of perioperative  to be superior to SES in many ways. Medications in PFS
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are prepared by pharmaceutical compounders beforehand
under standardized quality control.!® These syringes come
with enhanced labeling, ready-to-use dosage, and extended
beyond use dating in the OR.!! Theoretically, the opportuni-
ties for selecting and administering a wrong or expired medi-
cation are reduced.!? Therefore, the Anesthesia Patient Safety
Foundation has endorsed PFS as a tenant of safely delivering
medication in the OR."?

Despite the potential benefits, the PES superiority
in terms of medication safety and efficiency has not been
explored in a real-world study. We hypothesize that a system
that includes all commercially available PES is superior to a
system that uses only SFS. We sought to compare the system
vulnerabilities (SVs) in an SES system versus a PES system,
which can be indicative of the impact PFS can have on medi-
cation safety and efficiency, in the context of anesthesiology
medication delivery in ORs. We define SVs as an activity
or event that has the potential to reduce safety, efficiency of
provider workflow, or increase drug costs and waste.

Materials and Methods

This study was primarily a qualitative research design, with
a small quantitative portion. This research was conducted
in two phases in March 2013. First, a work system analysis
(WSA) was performed in the ORs and OR pharmacy. Sec-
ond, a proactive risk assessment (PRA) was conducted via
a focus group. Both phases were approved by the hospital’s
and university’s institutional review board, Charleston and
Clemson, South Carolina.

Phase 1: WSA

Two human factors engineers (Y.Y. and G.P) conducted
WSA observations at a 700-bed academic medical center in
Southeastern United States. A WSA is a qualitative research
method using HFE principles to analyze a complex socio-
technical work system based on naturalistic observation in the
real-world context.'* The two observers followed the WSA
procedure described by Karsh and Alper,14 using the shadow-
ing method to understand the anesthesia medication flows in
the OR settings. Observations began with the anesthesia pro-
viders receiving the medication from the pharmacy and con-
cluded upon the medication’s return to the pharmacy. During
the observations, the focus was on how anesthesia providers
interacted with the medication and how those interactions
were impacted by surrounding system components such as the
OR layout, workflow disruptions, wasting of medication, ec.

In total, 17 cases were observed over 7 days totaling
48.5h. The participants of the WSA were anesthesia pro-
viders—the main end users of SFS/PFS who have inter-
actions with the medication, including anesthesiologists,
anesthesiology fellows, anesthesiology residents, certified
registered nurse anesthetists, and OR pharmacists. Anes-
thesia providers were first shadowed during general surgery
cases in which all medications were provided in the form
of vials. In those cases, anesthesia providers had to draw up
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medications from the vial into the SFS before administra-
tion. Observations continued for eight cases until data satu-
ration was reached at which point no significant variability
was noted. Then, anesthesia providers were observed during
general surgery cases during which all commercially avail-
able PFS were incorporated into the system, which meant
almost all medications in the OR were PFS. All the vials or
PFS were prepared and stored in special cassettes and kits
specifically for this study by the OR pharmacists before the
cases. Observations continued for nine cases until data satu-
ration was reached. A list of the SFS medications and PFS
medications is shown in table 1.

An open coding process was conducted.!® This process
was completed in multiple rounds. First, two researchers
(Y.Y. and G.P), trained in qualitative analysis, combined
their observation notes and coded the data independently,
generating a list of descriptive codes that were related to the
research aim. Second, the two researchers met together to
put descriptive codes together based on their similarity and
created themes of SVs. Third, two researchers selectively
attached observational events to themes and modified the
coding structure accordingly. Reliability checks were con-
ducted throughout the process reaching acceptable inter-
coder reliability of higher than 0.85. Moreover, a third senior
qualitative researcher (A.J.R.), who was not involved in data
collection, made decisions for any discrepancy between the
two coders. Finally, the coding process produced a list of SVs
of both the SES process and the PES process. To enhance
the validity of the identified SV, the SV list was reviewed by
a group of subject-matter experts.'®!7 On the basis of their
feedback, iterative refinements were made before developing

the final list of SVs.

Phase 2: PRA Focus Group

Based on the results of WSA, a PRA was conducted viz a
focus group. The PRA focus group had two purposes: first, it
served as a member checking process to validate whether the
observational data analysis was congruent with participants’
real experiences'®; second, it followed an HFE methodology
to rate the risk of SVs.!” We followed the PRA procedure
described by Faye et a/*° Following the guidance of Morgan,?!
we recruited six participants from those who participated in
phase 1 representing the different roles of anesthesia providers,
including attending anesthesiologists, residents, certified regis-
tered nurse anesthetists, and OR pharmacists. The PRA focus
group lasted 90 min in a conference room at the hospital.

After presenting each SV to the participants, they were
asked to rate the failure mode of this SV by assigning a likeli-
hood score (1 to 4) of its occurrence, severity, and disruptive-
ness. The rating instruction document is in the appendix.
Free discussion facilitated by the research team followed the
rating process.

The risk of each SV was determined by multiplying the
scores (e.g., occurrence x severity x disruptiveness).?’ We
determined an overall score higher than 16 as a high-risk

Yang et al.
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Table 1. Medications Used in Each System of the Study

Medications in Self-filled Syringes System

Medications in Prefilled Syringes System

Atropine 0.4 mg/ml 1 ml vial

Calcium chloride 1g/10ml vial
Cefazolin 1g vial

Diphenhydramine 50 mg/ml 1 ml vial
Droperidol 5mg/2 ml ampule
Dexamethasone 10mg vial
Ephedrine 50mg/ml 1 ml vial
Epinephrine 1:1,000 (1 mg/ml) 1 ml ampule
Esmolol 10mg/ml 10 ml vial
Fentanyl 250 pg/5ml vial

Flumazenil 100 mg/10ml vial
Furosemide 100 mg/10ml vial
Glycopyrrolate 0.2 mg/ml 5ml vial
Heparin 1,000 unit/ml 10 ml vial
Hydromorphone 2 mg/ml 1 ml vial
Ketorolac 30 mg/ml 1 ml vial
Labetalol 20 mg/4 ml carpuject
Lidocaine 2% preservative-free 10ml ampule
Metoprolol 1 mg/ml 5ml vial
Midazolam 2 mg/2 ml vial

Morphine 10mg/1 ml vial

Naloxone 0.4 mg/ml 1 ml vial
Neostigmine 0.5mg/ml 10ml vial
Ondansetron 2mg/ml 1 ml vial
Phenylephrine 10mg/ml 1 ml vial
Phenylephrine 10mg/ml 1 ml vial
Propofol 10 mg/ml 20 ml vial
Rocuronium 10mg/ml 5 ml vial
Succinylcholine 20 mg/ml 10ml vial
Vecuronium 10mg/10ml powder vial

Atropine 0.4 mg/ml 2ml syringe
Calcium chloride 1g/10ml vial
Cefazolin 2g 20ml syringe
Diphenhydramine 50 mg/ml 1 ml vial
Droperidol 5mg/2 ml ampule
Dexamethazone 10mg vial

Ephedrine 50 mg/ml 5ml syringe
Epinephrine 10 png/10ml 10ml syringe
Esmolol 10mg/ml 10ml syringe
Fentanyl 50 pg/ml 5ml syringe
Flumazenil 100 mg/10ml vial
Furosemide 100 mg/10ml vial
Glycopyrrolate 0.2 mg/ml 5ml syringe
Heparin 1,000 unit/ml 10ml vial
Hydromorphone 0.2 mg/ml 10 ml syringe
Ketorolac 30mg/ml 1 ml vial

Labetalol 5mg/ml 5 ml syringe
Lidocaine 1% (10 mg/ml) 5ml syringe
Metoprolol 1 mg/ml 5ml vial
Midazolam 1 mg/ml 2ml syringe
Morphine 1 mg/ml 10ml syringe
Naloxone 0.4 mg/ml 1 ml vial
Neostigmine 1 mg/ml 5ml syringe
Ondansetron 2mg/ml 1 ml vial
Phenylephrine 10 pg/ml 10ml syringe
Phenylephrine 80 ng/ml 10ml syringe
Propofol 1% 20ml syringe
Rocuronium 10mg/ml 5 ml syringe
Succinylcholine 20 mg/ml 10ml syringe
Vecuronium 10mg/10ml syringe

SV to workflow or patients. We used 16 as the cutoff criteria
because that score represents two out of the three categories
(occurrence, severity, and disruptiveness) being rated a four
(e.g., 4x4 x 1). We conducted a descriptive statistical analy-
sis, calculated each SV’s mean and SD.

The focus group discussion was transcribed verbatim, and
a thematic analysis was conducted using NVivo 10° (QSR
International Pty Ltd., Australia). We highlighted the data
chunks and labeled them using one descriptive phrase. This
process was repeated until meanings and insights of these
descriptive phrases were described using several higher-level
themes.”? After the coding schemes were developed, one
researcher (Y.Y.) selectively attached the data chunk to the
themes. To enhance the validity of the thematic analysis,
another researcher (A.J.R.) reviewed the coding structure
and discussed any disagreement with the research team.

Results
Work System Map and Flow Charts

Based on the combined observation data of the two observers,
we created a work system map and a flow chart (fig. 1). The
figures depict the entire anesthesia medication flow process,
starting from where medications are picked up by an anesthesia

Anesthesiology 2016; 124:795-803 797

provider at the OR pharmacy and progressing in a stepwise
manner from where they are prepared presurgery in an OR
to where they are administered to a patient in preoperative
holding room, to their preparation and administration to the
patient during the surgery, to their transport to the postanes-
thesia care unit, and finally back to the OR pharmacy where
they are returned. The work system map reflects the layout of
the OR floor and the locations of the 11-step physical sequence
of the perioperative medication management process. The flow
chart explains the 11-step physical sequences of the medication
flow and anesthesia providers’ tasks in each step.

Although the work system map and flow chart show
similarities for both SFS and PFES systems, it is important
to highlight some differences. For example, step 2, step 5,
and step 7 are less complicated in the PES system than in the
SES system. In steps 2 and 5, for the SFS system, anesthe-
sia providers need to draw up medication from vials using a
syringe, dilute and, when needed, reconstitute the medica-
tion, and finish the medication preparation process by label-
ing the SES. In contrast, for the PFS system, these steps are
unnecessary. Moreover, during an operation, the anesthesia
provider often prepares medications for the current case and
the next case. During step 7 in the SES process, as shown in

Yang et al.
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i
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i
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i
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i
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New narc Kit is picked up and carried
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Fig. 1. (A) The work system map. Numbers refer to individual steps in the work system. Step 7 is delineated in subsequent fig-
ures. (B) The flow chart of medications in the operating suite. Numbers correspond to numbered locations in the work system
map. Steps in the self-filled syringes (SFS) system that are different from the prefilled syringes (PFS) system are highlighted in
italics. ADC = automated medication dispensing cabinet; CART PREP = case cart and prep stand room; DECONTAM = de-
contamination room; EQUIP = equipment room; IT = computer room; Narc kit = narcotic kits containing controlled medication;
OR = operating room; PACU = postanesthesia care unit; PERF = perfusion.

figure 2, if a medication has not been prepared beforehand,
dilution and reconstitution is a complicated, operational
process. There are also different labeling requirements of the
syringes depending on whether the provider intends to give
the entire dose immediately or in divided doses. In contrast,
in the PES process, as shown in figure 3, even if the PFS has
not been prepared beforehand, there are fewer, less compli-
cated steps to administer a medication. Preparing medica-
tions for the next case is also much more straightforward.

SVs
Four overarching themes of SVs were identified in the SFS
system: the potential causes of medication errors, quality

Anesthesiology 2016; 124:795-803

and efficiency, waste, and cognitive complexity during
medication preparation. In comparison, only three themes
were identified in the PES system: the potential causes of
medication errors, quality and efficiency, and waste. There
were a total of 21 SVs identified under the four themes in
the SES system and 8 SVs under the three themes in PFS
system (tables 2 and 3).

Failure Mode Scores

During the PRA focus group, each of the SVs was pre-
sented and rated by the participants. The combined
scores of each SV are shown in tables 2 and 3. The SV
with the highest score (41.0) in the SES system is 21: OR

Yang et al.
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|

Administration
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Fig. 2. Step 7 (medications are managed during surgery)
in the self-filled syringe (SFS) process. Note the relative
complexity of figure 2 compared with figure 3. As shown in
figure 2, the needs for dilution, the process for drawing up,
labeling, and signing, for preparing the medications used
for the current surgery case and the next case contributed
the complexity. ADC = automated medication dispensing
cabinet.

pharmacist may need to manage medication products
unfamiliar to them based on a product switch (concen-
tration or manufacturer) or drug shortage. The SV with
the highest score (20.5) in the PES system is 7: OR phar-
macist needs to check the expiration date of PES more
frequently because PFS have a shorter shelf-life com-
pared with vials. There are 11 SVs in the SFS system that
received a score higher than 16. Six of these highly rated
SVs were categorized in the theme of cognitive complex-
ity during medication preparation. There is only one SV
(7) with a score above 16 in the PFS system.
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Anesthesia provider Anesthesia
obtains PFS from provider opens the
ADC counter drawer of the ADC
surface
Anesthesia provider et
double-checks P p
ki PFS from the
medication name
cassette and narc
and dose .
kit
Anesthesia provider Anesthesia
unwraps the provider checks
package of PFS the name and
l dose of each PFS
Administration Anesthesia
provider stores
needed PFS

together in ADC
for next case

Fig. 3. Step 7 (medications are managed during surgery) in
the prefilled syringe (PFS) process. Note the relative simplicity
of figure 3 compared with figure 2. As shown in figure 3, the
process for preparing the medications used for the current
surgery case and the next case is straightforward, without the
needs for drawing up, labeling, signing. Anesthesia provid-
ers have more opportunities to double-check the medication
is in correct name and dose. ADC = automated medication
dispensing cabinet.

Focus Group Discussion

We identified two overarching themes in the focus group
discussion: (1) SFS advantages and disadvantages and (2)
PFES advantages and disadvantages. SES advantages included
flexibility and autonomy to prepare medication and reduced
waste in some circumstances. SFS disadvantages included
illegible handwriting on labels and similar vial packaging.
For example, one participant described like this, “I have ter-
rible handwriting, like I can read it. But can the next person
who comes in and relieves me read it? Maybe not.” Another
participant described it like this, “They [vials] had the same
color top, a blue top. So I went to pull up Zofran, and, I
mean, I checked, but it was Vasopressin.”

PES advantages included standard dosage and time sav-
ing. PFS disadvantages included similar colored packag-
ing for different medications, complex wrapper removal
process, and increased possibility for arbitrary storage. For
example, one participant described like this, “the red pack-
age of both succinylcholine and vecuronium [PES] look
alike.” Another participant described it like this, “It [the

Yang et al.
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wrapper of PFS] is actually very hard to remove. If you had ~ Discussion

to do it in a hurry, and the little tiny tab is not pulled.... When comparing the two work processes, results showed

Another participant described it like this, “some people will  that PES simplified the work processes and reduced the
grab them, and then tuck them in the drawer and not turn ~ number and associated risk of SVs. The results support
them in [to pharmacy].” our hypothesis that a PES system is superior to an SFS

Table 2. Themes and Descriptions of System Vulnerabilities in the Self-filled Syringe System

No. System Vulnerabilities Description Rating (Mean, SD)

Theme 1: Potential causes of medication errors

Theme description: aspects in the system that may create the opportunities for anesthesia providers to commit
an error while preparing or administering a medication.

1 Anesthesia provider completes the process in an incorrect sequence: placing medication sticker first, then (8.8,5.2)
drawing-up medication, and finally labeling self-filled syringes (SFS).

2 Anesthesia provider forgets to label, or purposely does not label, or inappropriately labels nonimmediate (18.8, 9.5)
administered medication.

3 Each anesthesia provider organizes syringes on automatic medication dispensing cabinet (ADC) surface (5.8, 2.6)

based on personal preferences, such as grouping similar types of syringes together (e.g., emergency,
induction, muscle relaxation, etc.), creating the opportunities of errors especially when other providers
take over shifts.

4 During the case, while many providers draw up medication for next case facing the current patient, other (16.5, 1.0)
providers complete this process on the ADC surface (not facing the operating table/patient), creating
the opportunity to miss an event.

5 Anesthesia provider assumes concentrations in vials are standard and, therefore, does not double- (17.3, 8.6)
check.

6 Few anesthesia providers double-check SFS drug name and dose before administration. (13.2, 6.7)

7 Anesthesia providers keep “just in case” syringes for up to a whole day or the length of a case and do not (16.0,17.3)

throw away drawn-up, expired syringes.
Theme 2: Quality and efficiency
Theme description: aspects in the system that may delay the workflow or had a negative impact on the quality.

8  There are two different locations that providers obtain syringes from: ADC counter surface (most common) (13.5, 4.4)
and the ventilator surface, increasing the searching time for a particular medication.

9 Multiple teaching methods by attending anesthesiologists result in different medication delivery styles and (7.5, 3.4)
administration quality by residents.

10 Operating room pharmacists rely on small font size on vial packaging to check the names of the medica- (36, 17.0)
tions and expiration dates slowing down the refilling process.

11 When preparation is complete, anesthesia provider leaves syringes on the ADC counter surface, instead (4.8, 2.4)
of storing them in the drawer of ADC, increasing the exposure time to air.

12 Providers’ handwriting makes reading labels on SFS difficult especially when other providers take over (12.2, 6.8)
shifts.

13 Itis not easy for anesthesia providers to read the medication name and expiration date due to the small (11.2,7.7)

font size on the vials’ packages, resulting in longer look at the packaging in order to make sure they are
reading it correctly.

Theme 3: Waste
Theme description: Aspect in the system that may generate unnecessary medication waste that increases the cost.
14  SFS generate waste because the medication volume in the vial is generally much more than the needed (8.1, 5.0
amount. Also anesthesia providers must draw up “just in case” medications that are often not used at
all during a case.
15 Itis difficult to determine amount of waste for narcotics, especially when drug requires dilution or (7.8,8.2)
reconstitution.
Theme 4: Cognitive complexity during medication preparation
Theme description: aspects in the system that may require the anesthesia provider’s cognitive efforts to complete
certain tasks that exceed the limitation of human capability.
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16 Anesthesia providers must manage and select from many different medications in vials that have different (24.5,13.0)
concentrations.

17 If a needed medication is not drawn-up during the preparation process, it needs to be drawn-up during (26.0, 16.8)
surgery while completing other requests simultaneously.

18 During dilution, there are many different steps and are very cognitively complex requiring calculations. (21.5, 14.5)

19 During reconstitution, there are many different steps and these steps are very cognitively complex (19.5,10.3)
requiring calculations.

20 To reduce turn-over time, the anesthesia provider prepares for the next case by drawing up medications (20.0, 4.6)
while monitoring the current case.

21 Pharmacist may need to manage medication products unfamiliar to them based on a vendor switch, (41.0,12.1)

vendor promotions, or drug shortages.
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Table 3.

Themes and Descriptions of System Vulnerabilities in the PreFilled Syringe System

No. System Vulnerabilities Description

Rating (Mean, SD)

Theme 1: Potential causes of medication errors

Theme description: aspects in the system that may create the opportunities for anesthesia providers to commit

an error while preparing or administering a medication.

1 Although tall-man lettering is used, similarly colored packaging is used for completely different

medications.

2 Anesthesia provider keeps unwrapped prefilled syringes (PFS) for an entire case that may have expired.
3  Each anesthesia provider organizes syringes on automatic medication dispensing cabinet (ADC) surface

(11.4, 5.3)

(7.6, 4.1)
(9.0, 4.3)

based on personal preferences, such as grouping similar types of syringes together (e.g., emergency,
induction, muscle relaxation, etc.), creating the opportunities of errors especially when other providers

take over shifts.
Theme 2: Quality and efficiency

Theme description: aspects in the system that may delay the workflow or had a negative impact on the quality.

4 There are three different places that providers obtain syringes from: ADC counter surface (most

(11.5, 5.3)

common), ventilator surface, and ADC top drawer, increasing the searching time for a particular

medication.

5  Multiple teaching methods by attending anesthesiologists result in different medication delivery styles

and administration quality by residents.

6  Anesthesia provider stores cassette and narc kit in ADC directly without working on necessary preparation

(8.4, 5.4)

(8.5, 6.4)

and organization for current case, creating workflow delays when patient arrives at the operating room

(OR).

7 OR pharmacists need to check the expiration of PFS more frequently because PFS have a shorter

expiration date.
Theme 3: Waste

(20.5, 4.1)

Theme description: aspect in the system that may generate unnecessary medication waste that increases the

cost.

8  PFS generate waste because the volume of a PFS is more than needed.

5.2,1.7)

system with respect to medication safety and efliciency.
Figure 1, A and B, established a clear understanding of
the process of anesthesiology medication preparation and
administration and the ORs context.?? As shown in these
figures, with PFS implemented into the system, anesthe-
sia providers did not need to draw up medications into
a syringe, label the syringe, or perform complex calcula-
tions for dilution and reconstitution. Rather, they simply
organized the syringes on their work surface. The reduced
attentional demands required of the task may improve
the anesthesia provider’s work performance and quality
of care, especially during the time-pressured situations
or when engaged in multiple tasks simultaneously dur-
ing surgery as shown in figures 2 and 3.* In addition,
with less mental resources required for medication prepa-
ration and administration in the PFS system, anesthesia
providers may be able to make better decisions and com-
plete tasks with fewer opportunities of errors, stress, and
fatigue during their work.?

The reduced SVs and their failure mode scores (as
shown in tables 2 and 3) also supported the notion of PES
being superior with regard to medication safety and effi-
ciency. One SV theme in the SFS process, “cognitive com-
plexity during medication preparation,” was eliminated
in the PFS system. This theme contained six separate SVs
in the SFS process, and each of these scored higher than
16, indicating a high likelihood of occurrence and high
risk to the patients and/or workflow. This result is consis-
tent with previous research, which identified anesthesia
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providers commonly experienced high mental workload
in the SES system due to the cognitive complexity.?> High
mental workload may be correlated to performance dete-
rioration and potential errors.2%?” The PFS system, with
reduced cognitive complexity, may have enhanced system
resiliency thereby creating a work environment in which
fewer human errors may occur.?®

However, the full potential of PES has not been real-
ized. Based on the SV list, among the eight SVs in the
PES system, four of them were similar to SVs found in
the SES system (table 3; nos. 3, 4, 5, and 8), and the other
four were SVs that were newly introduced into the system
(table 3; nos. 1, 2, 6, and 7). This implies that although
a large number of SVs have been eliminated in the PFS
system, several remain as ineradicable SVs in the anesthe-
sia medication management process.?’ Furthermore, PFS
have introduced new complications into the system. Addi-
tional challenges for using PFS were identified during the
focus group discussion, such as the packaging issues.

PES product improvement, including multiple modal-
ity labels, distinguishing fonts, colors, symbols, and raised
dots and dashes, may be useful to address these SVs.?
However, based on the Systems Engineering Initiative
for Patient Safety model, a sociotechnical system is com-
posed of components such as persons, tasks, tools, and
technologies, the physical work environment, and orga-
nizational structures. Therefore, we must take a macro-
ergonomics approach to address these issues to ensure
the compatibility among PFS with other components in
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the work system.>*3! Therefore, the interventions may
need to go beyond the product level.*? Organizational-
level interventions may be necessary to reconcile many of
the SVs in the PES system. Possible organizational inter-
ventions include standardizing processes, hospital-wide
training, and communication between hospitals and the
PES vendors. With both anesthesia medication product
improvement and the organizational-level interventions,
the remaining SVs and the newly introduced complica-
tions may be resolved.

The limitations of this study include the following:
(1) this is not a muldisite study and this hospital may not
be representative, so the results from this study may not
be directly generalizable to other hospital settings. How-
ever, as this was primarily a qualitative research study, the
transferability can be determined by the readers who can
tailor the results that are applicable to their own work
environment. (2) There were only six participants in
the focus group PRA; although this number meets the
requirement for a focus group, the risk rating did not
have enough power to perform inferential statistics based
on the scores. However, the value of this study is that
we presented human factors research using a WSA and
PRA focus group to examine the SVs in the systems of
anesthesiology medication delivery with SES wversus PFS.
These methods are helpful in identifying SV, which may
help propose effective interventions at both the product-
and organizational-level for successful implementation of
new technologies or medical devices. Proactively applying
these methods to other work systems in health care may
save money and energy by avoiding the full implementa-
tion of new technologies/devices that are not compatible
with other elements within the system.

Conclusions

In this research, using human factors methods, that is, work
systems analysis and PRA focus group, we compared PFS
systems to SFS systems. We conclude that with PES, work
processes have been simplified; and the number and associ-
ated risk of SVs were also reduced. Therefore, many aspects
related to medication safety and work efficiency in the PFS
system are superior to those in the SFS system. However,
PES do also introduce new complications, which need to
be addressed by improvements to the PFS product design,
as well as organizational-level interventions. Orser et a/.%
articulately urge that we build better systems. PES are a
component of that safer medication delivery system.
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(2) severity on patient (how serious is the potential effect
of the SV on the patient), and (3) disruptiveness ro work-
Sflow (how disruptive is the SV to the provider’s workflow).

Assign a 1 to 4 rating in the spaces allotted in the rating

document.

Ratings Occurrence Severity on Patient Disruptiveness to Workflow
1 This SV rarely occurs (e.g., 0-3 times This SV results in no injury to the This SV has no influence on provider’s
per year) patient. workflow
2 This SV sometimes occurs (e.g., roughly  This SV results in moderate injury to This SV results in a slight but recover-
one to two times per month) the patient able disruption to provider’s workflow
3 This SV often occurs (e.g., daily/weekly)  This SV results in major but recover- This SV results in a moderate but
able injury to the patient recoverable disruption to provider’s
workflow
4 This SV always occurs (e.g., one to three  This SV results in permanent loss of This SV results in an severe and
times per case) function or catastrophic death of unrecoverable disruption providers’
the patient workflow
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