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Abstract

Background—Medication safety presents an ongoing challenge for nurses working in complex,
fast-paced, intensive care unit (ICU) environments. Studying ICU nurse's medication management
—especially medication-related events (MREs)—provides an approach to analyze and improve
medication safety and quality.
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Objectives—The goal of this study was to explore the utility of facilitated MRE reporting in
identifying system deficiencies, and the relationship between MREs and nurses' work in the ICUs.

Methods—We conducted 124 structured four-hour observations of nurses in three different ICUs.
Each observation included measurement of nurse's moment-to-moment activity and self-reports of
workload and negative mood. The observer then obtained MRE reports from the nurse using a
structured tool. The MREs were analyzed by three experts.

Results—MREs were reported in 35% of observations. The 60 total MREs included four
medication errors and seven adverse drug events. Of the 49 remaining MREs, 65% were
associated with negative patient impact. Task/process deficiencies were the most common
contributory factor for MREs. MRE occurrence was correlated with increased total task volume.
MREs also correlated with increased workload, especially during night shifts.

Discussion—The majority of these MRES would not be captured by traditional event reporting
systems. Facilitated MRE reporting provides a robust information source about potential
breakdowns in medication management safety and opportunities for system improvement.
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Facilitated Nurse Medication-Related Event Reporting to Improve

Medication Management Quality and Safety in Intensive Care Units

Medication safety presents an ongoing challenge for clinicians working in complex, fast-
paced, critical care environments. Prior research suggests that medications are involved in a
majority of intensive care unit (ICU) patient safety incidents. In one study, Rothschild et al.
(2005) found medications were responsible for 78% of serious errors in the ICU. Reported
rates of ICU medication-related errors that either caused patient harm (i.e., preventable
adverse drug events [ADES]) or had the potential to cause patient harm (i.e., near misses)
range from 9.2 to 12.8 per 1,000 patient-days and 116.8 to 276 per 1,000 patient-days,
respectively (Carayon et al., 2014; Rothschild et al., 2005). Carayon et al. (2014) found an
average of 2.9 preventable or potential ADEs per ICU patient admission.

The complexity of the ICU work environment and associated high nursing workloads may
contribute to medication errors and vice versa. Critical care nurses routinely juggle multiple
cognitive and physical tasks, reflected in different dimensions of workload (e.g., physical,
cognitive, emotional) under time pressure. Increased workload can adversely affect
providers' quality of work life as well as the quality and safety of care in the ICU (Carayon
& Gurses, 2005). Seynaeve et al. (2011) reported a significant association between ICU
nursing workload and the occurrence of ADEs. Increased nursing workload is an important
factor associated with medication administration errors (Frith, 2013).

An important patient safety intervention is the creation of robust reporting systems to enable
the healthcare system to learn from its mistakes (World Health Organization [WHO], 2005).
However, traditional quality assurance programs and voluntary medication event reporting
systems have important limitations. For example, most of these reporting systems only
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capture events that led to the occurrence or near occurrence of adverse outcomes, ignoring
myriad other events that may also be harbingers of unsafe processes or conditions (Slagle et
al., 2015). An alternative is the construct of “non-routine events” (NRESs) that affords an
efficient method for capturing a broad range of potentially dangerous conditions and process
improvement opportunities (Oken et al., 2007; Weinger & Slagle, 2002). An NRE is defined
as, “any event that is perceived by care providers or skilled observers to be unusual, out-of-
the-ordinary, or atypical” (Weinger & Slagle, 2002). NRE reporting has been established as
a valuable methodological approach for identifying patterns of patient quality and safety
risks, as well as guidance on what might have gone awry (Oken et al., 2007; Weinger &
Slagle, 2002; Weinger, Slagle, Jain, & Ordonez, 2003). It allows for the capture and analysis
of additional information about the underlying clinical system and work processes without
the negative connotations and biases associated with “medical errors;” thus, increasing the
likelihood of such events being reported and providing opportunities for problem
identification and proactive solutions or interventions to prevent future-related suboptimal
deviations or events (Weinger & Slagle, 2002). In fact, contemporaneous reporting of NREs
yield far more events and a higher incidence of injury events than do traditional hospital
reporting systems (Oken et al., 2007).

We sought to investigate the incidence and nature of nurse-reported, medication-related
events (MRES) in the ICU. MREs are a subset of NREs defined as, “any event involving the
medication process that deviated from optimal care for a specific patient.” Conceptually,
MREs include medication errors (i.e., any preventable event that may lead to inappropriate
medication use, which may result in patient injury (Gandhi, Seder, & Bates, 2000) and
ADEs (i.e., any patient injury resulting from drug-related medical intervention (Gandhi et
al., 2000); see Figure 1. MREs may also include events that do not meet the definition of
either medication errors or ADEs. Examples of such events include: a medication may be
not available in the automated dispensing machine within the scheduled time due to a delay
in medication delivery from the pharmacy; and the computer system may temporarily lose
Internet connection so that the nurses are not able to obtain up-to-date patient information.
These events are not “near misses” as they do not have a clearly identifiable path for patient
injury. Nonetheless, capture and analysis of such MREs can yield information about system
latent errors that in the future could cause patient injury under other circumstances (Kohn,
Corrigan, & Donaldson, 2000; Weinger et al., 2003).

The overall goal of this study was to explore the utility of facilitated MRE reporting in
identifying system deficiencies and the relationship between MREs and nurses' work in the
ICU. Facilitated MRE reporting means that the MRE data are collected via interviews by
trained interviewers using a survey instrument (Oken et al., 2007). We investigated nurses'
work in terms of the activities that the nurses performed and the nurses' perception about
that work. This study investigated the relationship between the occurrence of MREs and
workload, since workload is considered to be a major contributor to patient safety in the ICU
among various work factors (Carayon & Alvarado, 2007; Carayon & Gurses, 2005; Ream et
al., 2007). The potential association between MRE occurrence and nurses' negative moods
was also examined since negative moods have been reported to affect nurses' teamwork
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(Chang, Teng, Chu, Chang, & Hsu, 2012), job performances (Stewart & Barling, 1996), and
burnout (He, Chen, Zhan, & Wu, 2014). The study was designed to answer four specific
research questions (RQs):

1 What is the frequency of nurse-reported MRES in the ICU?

2. What are the characteristics (e.g., medication management phases in which they
occurred, contributory factors, and reported immediate patient impacts) of the
reported MRES?

3. What is the relationship between MREs and nurses' activities, including task
volume and percentage time spent on different tasks?

4, Is there an association between MREs and nurses' perceived workload and
negative moods?

This was an observational study where a single trained researcher observed and collected
data from nurse participants in the ICU. A nurse researcher who was experienced in the
research method used in this study trained the observer in 10 guided 2-hour practice
observations.

Power analysis was conducted based on the sample size needed to detect a “medium” (d=
0.5) (Cohen, 1992) difference in a continuous variable for observations with and without
MREs. The percentage of observations that would contain at least one MRE was estimated
to be 35% based on previous research (Oken et al., 2007; Slagle et al., 2015). The results
from G*Power software (Faul, Erdfelder, Lang, & Buchner, 2007) recommended a sample
size of N=152.

This study was conducted in three ICUs in three different teaching hospitals located in
California: two medical-surgical adult ICUs (AICUs) and one medical-surgical pediatric
ICU (PICU). The two AICUs had 18 and 13 beds; the PICU had 24 beds. All of the ICUs
had nurse-to-patient staffing ratios of at least 1:2, with 1:1 ratios for complex patients.

Nurses were recruited by communications disseminated by unit leadership prior to data
collection and by the observer on the day of observation. Data were collected over a 7-month
period. Purposeful sampling was used to ensure that the observations were conducted across
different times of day (morning, afternoon, and after-hours) and observation sites. The
observer strived to observe as many different nurses as possible. Each hospital's Institutional
Review Board (IRB) approved the protocol of this study.

Data Collection

In each observation, the observer shadowed one nurse participant for data collection. At the
beginning of the observation, written informed consent and self-reported workload, negative
mood, and demographic information were obtained from the nurse.
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The observation was conducted based on behavioral task analysis (BTA), a formal structured
observation technique that provides quantitative measures of work processes and other
attributes of clinical performance (Fraind, Slagle, Tubbesing, Hughes, & Weinger, 2002).
The BTA was conducted according to a categorization scheme, which defined nurses'
activities as 59 different tasks in 12 task categories (including medication, direct patient
care, documentation/reading, administration, observation, conversation, assistance, teaching/
learning, housekeeping, transportation, personal, and miscellaneous). The scheme was
generated based on prior schemes used in the ICU (Wong et al., 2003) and the operating
room (Fraind et al., 2002; Slagle, Weinger, Dinh, Brumer, & Williams, 2002; Weinger,
Herndon, & Gaba, 1997). Through an iterative process—which refined and validated each
task, task definition, and category—the final task categories were specific to ICU nursing
tasks. The observer continuously recorded the times and durations of all of the nurse's
activities on a touch-screen tablet computer via custom BTA software. The software
automatically logged the task and time initiated. The software also supported the recording
of multitasking by allowing the observer to specify a period of time when concurrent tasks
were performed.

The intended duration of the observations was four hours. At the end of the observation
period, the nurse reported their workload, negative mood, and any MREs that had occurred
as described in more detail below.

MRE (MRE occurrence and MRE reports)—At the end of each observation, MRE
information was collected via a structured interview with the nurse participants (see
Supplemental Digital Content 1). The brief interview guide—modified from a more general
previously used instrument (Oken et al., 2007)—consisted of open-ended probes designed to
elicit information about any MRE that might have occurred. MRE occurrence was a binary
variable that was positive regardless of the number of MREs reported in an observation.
MRE reports were the participants' narrative responses that were used for further qualitative
analysis of the nature of the MREs.

Task volume (TV)—TV of a task (or a task category) is defined as the number of tasks
performed per hour, and was calculated as the observed number of instances of a task (or all
the tasks within a task category) divided by observation duration.

Total task volume (TTV)—TTV was the sum of the TVs of the 12 task categories. TTV
was used as an indicator of observed workload on the situational level (i.e., workload within
a certain time period), which is different from workload on the unit level (i.e., nurse/patient
ratio), the job level (i.e., workload required by the job characteristics of ICU nursing), or the
patient level (i.e., general care requirements based the condition of a patient) (Carayon &
Gurses, 2005).

Percentage of time on task (PT)—PT spent on a task (or a task category) was

calculated as the total time that a nurse spent on a task (or all the tasks in a task category)
divided by the observation session duration.
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Perceived workload (pre-observation workload, postobservation workload,
and workload change—Nurse's perceived workload at the beginning and the end of each
observation was measured by the NASA Task Load Index (TLX), a well-validated, six-item
workload scale based on a robust conceptual model (Hart & Staveland, 1988), and has been
used extensively to measure clinicians' workloads (e.g., Horner et al., 2011; Mazur et al.,
2013; Mohammadi, Mazloumi, Kazemi, & Zeraati, 2015). The TLX includes six dimensions
of workload: mental demand, physical demand, temporal demand, performance, effort, and
frustration. For each dimension, the nurses rated their current status from 0 = fowestto 9 =
highest. An overall score is calculated by summing the ratings of the six dimensions. The
score indicates perceived workload on the situational level (Carayon & Giirses, 2005).
Workload change was calculated by subtracting the pre-observation from the
postobservation workload score.

Mood (pre-observation negative mood, postobservation negative mood, and
negative mood change)—Pre- and postobservation negative mood was measured using a
13-item modified version of the Profile of Mood States scale (Fraind et al., 2002; Slagle et
al., 2002). Eleven of the items were negative dimensions (e.g., stressed) and two items were
positive dimensions (e.g., relaxed). The two positive mood items are reverse scored. The
final score of the measure indicates negative mood. For each item, the subject rated their
current status on that dimension on a 10-point scale from 1 = not at allto 10 = very much.
Mood change was calculated by subtracting pre-observation from the postobservation
negative mood score.

Data Analysis

Missing data—Muissing data occurred in the workload and negative mood data: 35
observations (28%) had missing data on at least one of the four pre- or postobservation
variables. A multiple imputation procedure was applied to the dataset using the Amelia Il
package (Honaker, King, & Blackwell, 2011) in R (R Core Team, 2017). Thirty-five
imputations were performed based on the rule of thumb that the number of imputations
should be at least equal to the percentage of observations with incomplete data (White,
Royston, & Wood, 2011).

Statistical models—All the statistical analyses were conducted using the R platform (R
Core Team, 2017). Linear mixed effects (LME) and generalized linear mixed-effects
(GLME) models incorporating random intercepts of study sites and nurses were used in
order to account for the random effects of those two variables (Bates et al., 2017; West,
Welch, & Galecki, 2014). For the fixed effects, all the variables were centered and all the
possible two-way interaction terms were included. The Satterthwaite approximation for
degrees of freedom was used to assess statistical significance in the LME models
(Kuznetsova, Brockhoff, & Christensen, 2014). When missing data were involved, the LME/
GLME model was fitted to each imputed dataset and the results were combined using
Rubin's rules (Rubin, 1987).
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Analysis for RQ1—Observations that contained at least one reported MRE were identified
as MRE-containing observations. Number of MREs reported in each MRE-containing
observation was also counted.

Analysis for RQ2—The MRE reports were qualitatively analyzed and event category,
event type, medication management process phase, contributory factors, patient outcome,
and patient impact severity level was coded for each event based on the reports. Three
subject matter experts (SMEs; including a board-certified anesthesiologist and patient safety
expert, an experienced registered nurse, and a human factors engineer) independently coded
the data and then consensus was achieved. Event category and patient outcome was coded
inductively with the aim of organizing data into meaningful groups while maintaining
essential details. Other codings were done in a deductive fashion with predefined coding
schemes. Medication management phases were based on a previously published scheme
(Carayon et al., 2014; Pingenot, Shanteau, & Sengstacke, 2009): ordering (i.e., physician
orders the medication); dispensing (i.e., pharmacy prepares and delivers the medication to
the 1CU); stocking (i.e., medication become available in the medicine cabinet or automated
dispensing machine); administering (i.e., nurse prepares and administers the medication to
the patient); and monitoring (i.e., nurse or other providers monitor the patient for effects of
the medication). The types of medication events included medication errors, adverse drug
events, near misses, and MREs that were neither medication errors nor ADEs. Contributory
factors were coded using elements of the healthcare work system (Carayon et al., 2006):
patient (e.g., unexpected reaction to therapy); provider (e.g., pharmacists and physician
actions or inactions); team (e.g., communication failures); task/process (e.g., deficiencies in
medication dispensing and stocking); technology (e.g., usability and technical issues with
electronic health record systems or infusion pumps); environment (e.g., distracting noises);
and organization (e.g., lack of training provided by the organization). Patient impact severity
level was coded as five categories: none, mild, moderate, severe, and death.

Analysis for RQ3—Quantitative indicators of nurses' activities, including TTV and each
task category's TV and PT, were calculated. The correlations between these indicators and
MRE occurrence were tested with LME models, controlling for shift type, and pre-
observation workload and negative mood.

Analysis for RQ4—First, the effects of pre-observation workload and negative mood on
MRE occurrence were tested using a GLME model, controlling for shift type. Second, the
effects of MRE occurrence on workload change and negative mood change were tested in
LME models, controlling for shift type and pre-observation workload and negative mood.

More details on the statistical analysis and outputs are available in Supplemental Digital
Content 2.

Sample Characteristics

A total of 153 observations were collected from 109 nurses. Twenty-nine observations were
excluded because nurse shift-to-shift handoffs occurred during these observations so that
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they had unique characteristics and complexities. Thus, we analyzed 124 observations
conducted during either the day shift (7= 98; 8am-5pm) or night shift (7= 26; 10pm—4am).
The mean observation duration was 194 minutes (range: 125-248; SD = 30). Eighty-six
nurse participants were included in the analysis. The numbers of participants in each of the
three ICUs were 17, 36, and 34 (with one nurse working at two sites). All the participants
were registered nurses. The mean years of experience of the nurses were 12.7 (range: 0.3 to
35; SD=9.3). Sixty-six nurses were female (77%). The mean age of the nurses was 38.5
years (range: 23-59; SD = 8.9). Sixty (70%) nurses were observed only once, 23 (27%) were
observed on two or three separate occasions, two nurses were observed on four separate
occasions, and one nurse was observed five times.

RQ1: Frequency of MRE-Containing Observations

MREs were reported in 44 out of 124 observations (35%). MREs were reported at similar
rates on day shift (37%) compared to night shift (31%) (Adjusted odds ratio = 0.45, 95% ClI
[0.10, 2.08], p=.30; See Table 1, Model 1 for model estimates for this analysis). A total of
60 MREs were reported in the 44 MRE-containing observations (1.4 MREs reported per
MRE-containing observation). In the 36 day-shift observations with MREs, a total of 50
MREs were reported (1.4/observation). On the night shift, 10 MREs were reported in the 8
MRE-containing observations (1.3/observation).

RQ2: MRE Descriptions, Contributory Factors, and Patient Impact

Table 2 provides a summary of the results from the qualitative analysis. Table 3 shows five
examples of MRE report summaries and their corresponding coding. Iterative coding of
MRE event descriptions yielded 19 event categories. The most frequent MRE categories
were medication not available (30%), unexpected response to therapy (18%), and medication
delivery route disrupted (12%). All other MRE categories occurred in less than 10% of the
MREs.

MREs occurred in all five phases of medication management, although they were most
common (33% of all MRESs) during the medication administration phase. Other medication
management phases with a substantial amount of the MREs were stocking (25%) and
monitoring (20%). All but one of the MREs categorized as occurring in the monitoring
phase were unexpected responses to therapy (11 events); the other was a medication delivery
route disruption due to infusion pump problem.

Eleven MREs (18%) were either ADEs (n=7) or medication errors (n7=4). None of the
ADES appeared to be preventable. All four medication errors were reported during day shifts
and categorized as wrong orders (i.e., occurring during the medication ordering phase).
None of these errors had any patient impact.

The top healthcare work system contributory factors for the MRESs were task/process (43%),
technology (23%), provider (22%), and patient (18%). For MRESs in which task/process
factors were rated as contributors, 22 (85%) of them involved the pharmacy with 18 (69%)
occurring in the dispensing or stocking phases. When technology was a contributory factor,
MREs were related to issues with health information technology (8 events, or 62%) or
infusion pumps (5 events, or 38%).
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The most frequent patient outcome of the MREs was delay of therapy (42% of all the MREs;
see Table 2). Seventeen (34%) MREs during the day shift had no patient impact. In contrast,
only 10% of the MREs on the night shift did not negatively affect the patient. In 23 out of 25
of the delayed therapy MREs, the level of patient impact was not assessable and these were
coded as unknown impact.

Of the 49 MREs that were neither medication errors nor ADEs, 32 (65%) had negative
patient impact. The majority of these MREs led to delay of care (25 out of 49, or 51%).
Other negative patient outcomes included inadequate pain control (4%), hemodynamic
instability (4%), and other (6%) outcomes (e.g., thrombus). In terms of identifiable level of
patient impact, 8 (16%) events had levels that ranged from mild (= 2), moderate (1= 5), to
severe (n=1).

RQ3: Nurse Activities and Correlations with MREs

Nurses averaged 133 tasks per hour (i.e., TTV). More tasks were performed during the night
(150.3) than the day (128.4) shift (b= 18.94, 95% CI [2.72, 35.16], p = .02). After
controlling for shift type, pre-observation workload was positively associated with TTV (b=
1.34,95% CI [0.37, 2.30], p=.007), but pre-observation negative mood was not (& = -0.08,
95% CI [-0.70, 0.54], p=.80); see Table 1, Model 2 for model estimates. The nurses spent
the most time performing conversational tasks (30.3%), direct patient care tasks (24.7%),
documentation/reading tasks (18.5%), and medication tasks (10.9%). These tasks were also
the most commonly performed tasks at 39.7, 42.1, 13.6, and 15.6 instances per hour,
respectively. The PT spent on all other task categories was relatively low (<6%). In addition,
the nurses spent an average of 4.7% of their time multitasking (range: 0.3-14.5; SD = 3.2).

There was significantly more TTV in observations with MREs (141.5) than with those
without MREs (128.4) after controlling for shift type, pre-observation workload, and
negative mood (b= 24.27, 95% CI [6.51, 42.03], p=.008; see Table 1, Model 3).

Table 4 compares the TV and PT in observations with and without MREs for each of the
task category. MRE-containing observations were associated with more direct patient care
tasks and more documentation/reading tasks. Although time spent on all types of medication
tasks was unrelated to the occurrence of MREs, both the obtain/confirm medication and
medication documentation/review tasks were more common in MRE-containing
observations.

RQ4: MREs and Change in Workload and Negative Mood

Neither pre-observation workload (AOR = 1.07, 95% CI [0.99, 1.15], p=.11; see Table 1,
Model 1) nor pre-observation negative mood (AOR = 0.95, 95% CI [0.88, 1.02], p=.16)
was significantly associated with MRE occurrence.

There was a significant MRE occurrence x shift-type, two-way interaction effect (4 = 8.65,
95% CI [0.70, 16.60], p=.03), after controlling for pre-observation workload and negative
mood (see Table 1, Model 4). Specifically, while workload increased significantly compared
to pre-observation workload in MRE-containing observations overall (when all the other
variables were held at their mean; 6= 4.57, 95% CI [0.39, 8.75], p=.03), the increase in
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workload was more prominent in night shift observations (when night shift was used as the
reference level (b= 8.89, 95% CI [1.67, 16.11], p= 0.02; see Figure, Supplemental Digital
Content 3 for a visualization). Additional exploratory analyses were conducted to
understand these findings. First, no nurse participant characteristics (age, gender, self-
reported years of training, hours of sleep before the shift, or difficulty falling asleep the rest
cycle before the shift) explained the shift observation differences. Second, neither pre-
observation workload nor postobservation workload was significantly associated with shift

type.

No significant relationship was found in the LME model, which was fitted to test the
association between occurrence of MREs and negative mood change.

Discussion

In this study, there was a high incidence of facilitated MRE reports—more than one third of
the four-hour observations periods contained at least one MRE. This is a far higher incidence
than that seen with traditional reporting of medication errors or medication-related adverse
events. MRE reporting captured rich information about the medication management system
that occurred in all phases of the medication management process and identified potential
latent failure modes that can cause patient harm. Various system deficiencies involving
tasks/processes, technology, and care providers were identified through analysis of the MRE
reports. Observations containing MRESs were associated with nurses doing more tasks,
reflected in higher TTV, and specifically performing more direct patient care tasks,
documentation/reading tasks, and some types of medication tasks (i.e., obtain/confirm and
document/review medications). MRE-containing observations were also associated with
higher nurse self-reported workload, which increased significantly during the observation
period when the MRE occurred—notably during the night shift. MREs did not correlate with
nurses' mood states.

MRE Reporting

There is ample literature on the potential for worse patient outcomes when medication errors
or ADEs occur (Frith, 2013; Martins, Giordani, & Rozenfeld, 2014). However, as seen in the
present study, a majority of medication-related NREs (or MRES) are neither medication
errors nor ADEs. This is the first study we are aware of that describes ICU nurse reported
MREs and their potential for patient impact. The repercussions of delayed therapy—the
most frequent consequence of our MREs—may not be immediately observable but can still
pose a serious safety threat in critically ill patients. For example, delayed antibiotic
administration is associated with increased mortality in septic patients and those with
pneumonia or meningitis (Cartmill et al., 2012). Delays in dispensing also predispose
patients to omitted doses and resulting undertreatment (Carayon et al., 2014). Inadequate
pain control was another frequent MRE patient outcome. Pain is rated by patients as one of
their top worries in the ICU (Turner, Briggs, Springhorn, & Potgieter, 1990).

MREs provide a “window” on potential system failure modes of a healthcare facility's
medication management system (Reason, 1997). Even when MREs do not cause harm, they
represent probabilistic opportunities to cause harm, and their underlying contributors should
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be addressed systematically. In analyzing the MRES, we identified process, technology, and
system problems across the different medication management phases in the three different
ICUs in three hospitals. System redesigns targeting these factors could help prevent future
MREs and/or reduce their risk for patient harm.

Traditional event reporting systems do not include NREs that are not adverse events or near
misses (Weinger et al., 2003). Research also showed that underreporting is a ubiquitous
problem for error/event reporting systems, whether voluntary or “mandatory” (Flynn,
Barker, Pepper, Bates, & Mikeal, 2002). The use of the NRE (and MRE) framework
broadens the scope of what clinicians consider reportable “events” (Weinger & Slagle,
2002), reduces the stigma of reporting “errors” or adverse consequences, focuses more on
processes than people, and provides ample data to inform system improvement (Weinger et
al., 2003). Further, the use of a low-cost nonclinician “facilitator” to collect the reports
substantially increases reporting (Oken et al., 2007). Documentation and analysis of NREs
has helped improve the safety of care in pediatric cardiac surgery (Schraagen et al., 2011).
This study demonstrates the potential value of NRE reporting to improve medication
management in ICUs.

MREs and Nurses' Work

The ICU nurses' mean TTV was similar to the results of Douglas et al. (2013), who found a
mean TTV in four ICUs of 125 tasks per hour. However, these numbers may not be directly
comparable since the task lists were not identical. Nevertheless, the 10% increase in TTV (to
142 tasks per hour) in the MRE containing observations was significant. Due to our
methodology of capturing multitasking, this increase could reflect a combination of more
tasks or more task switching; both could contribute to increased workload.

The occurrence of MREs correlated with increased nursing workload. In routine care, ICU
nurses use adaptive work strategies such as activity stacking to reprioritize tasks (Ebright,
Patterson, Chalko, & Render, 2003). For example, moving to other activities when they
cannot complete a current task, or when new information or necessary tasks arise (Ebright et
al., 2003). When an MRE occurs, the nurse may need to allocate extra cognitive and manual
resources to deal with the event and prevent or minimize patient impact. For example, in one
MRE, the nurse was unable to scan the new 1V medication bag delivered from the pharmacy.
This medication task and all associated patient care were delayed while the nurse paged the
pharmacy and waited for them to deliver a new label. In addition to delays in therapy,
depending on the MRE, additional tasks might be required such as troubleshooting alarming
infusion technology or calling the computer help desk. Because many of the MREs required
the nurse to seek additional information or assistance, we were surprised that
communication tasks did not increase in MRE-containing observations. However, because
the task data covered the entire observation period, and the MRESs occurred at variable times
during the observations, we cannot distinguish between task patterns that preceded the MRE
and those that followed.

In addition to workload, there appeared to be a variety of other contributory factors to MRE
occurrence. Contributors to MREs included all of the healthcare work system components
described by Carayon et al. (2006): task/process, providers, patient, and technology. With
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only 60 MREs and circumscribed postobservation interviews, we could not identify all types
of potential contributory factors. Previous studies have identified additional factors that
could contribute to clinician workload and MRE occurrence, for example, staffing levels
(Dang, Johantgen, Pronovost, Jenckes, & Bass, 2002), and patient acuity (Kiekkas et al.,
2007).

Although we did not find a correlation between pre-observation workload and the
occurrence of MREs, MREs could still be caused by workload increases prior to the actual
MRE during the observation. Increased workload has been described as an important
contributor to the occurrence of medication and other types of medical errors (Carayon &
Gurses, 2005; Douglas et al., 2013). Under high workload, there may not be sufficient time
to appropriately conduct clinical procedures or provide sufficient staff supervision or patient
monitoring (Tarnow-Mordi, Hau, Warden, & Shearer, 2000). If increased workload
predisposes to an MRE, the effort and resources needed to cope with the MRE could make
the situation worse. Future research should measure workload continuously in real time
(Weinger et al., 1997) using sensitive physiological measures, such as clinician heart rate
(Weinger, Reddy, & Slagle, 2004), or intermittently with sufficient frequency using validated
tools, such as the Borg workload scale (Weinger et al., 1997).

Increased workload of nurses associated with MREs was more prominent during night
shifts. In contrast to previous studies (Armstrong et al., 2015), overall workload was not
lower in night shifts as compared to day shifts. Differences in staffing might be a possible
explanation of the greater workload increase when MREs occurred at night; lower nurse-to-
patient or physician-to-patient ratios can increase workload (Neuraz et al., 2015). Yet, we
have no direct evidence for staffing differences, nor other possible differences between
nurses on these two shift schedules.

In a prior study using similar methods (Cao et al., 2008), anesthesia residents working at
night spent significantly less time on manual tasks and more time on monitoring tasks, and
had more negative moods but similar workload, than during the day. While this older study
was in a different clinical domain (and no NREs were reported), together the two studies
suggest that the methods are sufficiently sensitive to capture potentially important
differences in clinician behavior under different working conditions. Other BTA studies have
further validated these methods in ICU settings (Carayon et al., 2015; Douglas et al., 2013).

First, MREs as well as workload and mood were collected at the end of each observation
through nurse self-report. This might lead to response bias. For example, after observation
periods that contained MREs, nurses might be more likely to report higher workloads. The
use of BTA enabled us to address this limitation by showing that both TTV and the PT on
tasks were different throughout MRE-containing observations compared with observations
that were not followed by an MRE report. In addition, nurses' moods were not different
between MRE-containing observations and those that did not contain an MRE. Second, the
time of the MREs was not reliably captured. We cannot ascertain if task activity (or
workload) occurred before, during, or after the MRE occurrences. Given the incidence of
MREs, in future research, one could videotape care and capture these events in real time.
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This would facilitate event verification, as well as provide rich data to understand timing,
contributing factors, and consequences of the event and its management. In studies in the
operating room, videotaping NREs has been shown to be feasible and have merit (Oken et
al., 2007; Slagle et al., 2015). Third, the identification and coding of MREs were based
solely on the nurse's report without corroborating with other sources of data (e.g., the
medical record). While a review of clinical documentation might have informed some of the
coding, particularly patient impact severity level; for most of the MREs, if they appeared in
the documentation at all, it would not typically include information about why the MRE
occurred (e.g., IV medication delivery interrupted by the patient's inadvertent occlusion of
the 1V tube). Fourth, we did not collect information about patients in this study. More
information such as patient acuity would have facilitated our ability to understand the MREs
and their impact. Some of the effect of these variables may have been partially controlled by
measuring nurses' pre-observation workload and negative mood. Finally, although we strived
to obtain an even distribution of observations across different times, sites, and nurses,
logistical constrains (e.g., observer availability in late night hours) led to an imbalanced
sample. We controlled for potential effects of site and repeated measurement of the same
nurse statistically whenever possible, but these and other unknown factors may still bias the
results.

This observational study collected and analyzed ICU nurses' self-reported MREs. MRES
occurred in all phases of the medication management process, and had contributory factors
that reflected system level latent errors. The majority of MREs were associated with
degraded care processes that either contributed to or could have caused adverse patient
outcomes. This study also explored the relationships among reported MRESs and nurses'
activities, workload, and moods. MRE-containing observations correlated with nurses'
higher task volume, changed task distribution, and increased workload. The capture and
analysis of MREs can provide valuable information for optimizing ICU clinical work,
quality of care, and patient safety.
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Figure 1.
Conceptual relationships among non-routine events (NREs), medication-related events

(MREs), medication errors, and adverse drug events (ADES).
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