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Abstract

Objective—Technologies are not always successfully implemented into practise. We elicited
experiences of acute care providers with the introduction of technology and identified barriers and
facilitators in the implementation process.

Methods—A qualitative study using one-on-one interviews among a purposeful sample of 19
physicians and nurses within ten emergency departments and intensive care units was performed.
Grounded theory, iterative data analysis and the constant comparative method were used to
inductively generate ideas and build theories.

Results—Five major categories emerged: decision-making factors, the impact on practise,
technology's perceived value, facilitators and barriers to implementation. Barriers included
negative experiences, age, infrequent use, and access difficulties. A positive outlook, sufficient
training, support staff, and user friendliness were facilitators.

Conclusions—This study describes strategies implicated in the successful implementation of
newly adopted technology in acute care settings. Improved implementation methods and
evaluation of implementation processes are necessary for successful adoption of new technology.
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1. Introduction

While implementation science has been established for decades, this area of research has
become increasingly relevant due to the large and sometimes persistent gaps between the
appearance of medical evidence and its acceptance and use in practise. Much of this research
has focused on the implementation of practise guidelines or behavioural health programmes
[1-6]. Medical technology, however, is advancing at a rapid rate and requires equal attention
[7, 8]. Health care providers are inundated with new technology and devices at national
conferences and exhibitions, in the literature, and through colleagues or vendors [9].

Whereas adoption refers to the initial decision to use or purchase a technology,
implementation deals with the actual use of that technology in practise. Technology
adoption can be a challenge, entailing approval by individuals or committees and meeting
budgetary requirements [13, 14]. Systems or devices may be purchased for use in a specific
clinical setting, but fail to be successfully implemented or used to their full potential [10,
11]. It is not uncommon for the same technology to thrive in one institution yet fail in
another, perhaps due to differences in the implementation process [12]. Ideally, once a
technology is identified for adoption, the efforts expended and the capital invested to bring it
online should not be undermined by poor planning and execution of efforts to incorporate
such new devices into practise. Further, once a technology is adopted, it is not uyncommon to
find that a structured process that properly evaluates how well the technology has been
integrated has not been put into place [15]. In some cases, the newly adopted technology is
purchased and brought to a unit but not successfully integrated [13, 16].

In order to better understand how to implement newly adopted technology successfully in
the future, it is important to understand the reasons why implementation of newly adopted
technology may fail or succeed in the healthcare setting. Intensive care units (ICUs) and
emergency departments (EDs) are unique areas within the hospital. These units typically
have access to a wide array of technology and medical devices and utilize technology at high
rates.

This is the first study to examine the experiences and attitudes of physician and nurse
providers in acute care settings regarding the introduction and implementation of newly
adopted technology. Because, ultimately, providers make the final decision about what to
use and what not to use at the patient's bedside, it is vitally important to understand their
experience in implementing newly adopted technologies. Knowledge of what providers
perceive to be facilitators and barriers in the successful introduction of technology will allow
hospital administrators and staff to identify, purchase, and successfully adopt technologies
without wasting healthcare dollars and resources. This study provides key insights into both
successful implementation strategies and key pitfalls to avoid that will be of use to nurse and
physician leaders in the ICU and ED as they implement technology in these unique settings.
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2. Materials and Methods

2.1 Overview

A qualitative, exploratory study was conducted at five hospitals in Connecticut in order to
better understand the facilitators and barriers associated with the implementation of new
technology in ICUs and EDs. Sites were purposely selected to reflect a range of clinical
settings and included Yale-New Haven Hospital, an urban, tertiary care, academic center;
Yale-New Haven Children's Hospital, a non-freestanding, academic children's hospital;
Connecticut Children's Medical Center, a free-standing, academic children's hospital;
Bridgeport Hospital, an urban, private hospital; and Norwalk Hospital, a suburban,
community hospital [17]. Data collection ran from July 2012 through December 2012.

2.2 Participants

Purposeful and snowball sampling was employed in an effort to enroll participants that were
likely to have had an opportunity to use newly adopted technology for patient care [17, 18].
Unlike random sampling, purposeful sampling refers to the deliberate selection of
participants who have unique insights, are willing to share their opinions, and have the
experiences necessary to discuss the topic of interest. In snowball sampling, individuals
identify potential subjects who they feel would provide new or useful information to the
study. Departmental heads and nurse managers from each unit were contacted by the
principal investigator (ML) and asked to identify eligible participants. These were team
members who spent the majority of their time in a clinical role. At least one doctor and one
nurse from the ED and ICU of each hospital were targeted for enrollment. Participants also
were asked to identify other key decision makers or technology users to be included in the
study. Individuals were contacted by telephone or email and a written information sheet was
provided. Demographic information was collected from all participants.

2.3 Data Collection Techniques

Interviews took place within the participants’ own institution. A research associate with
experience in qualitative interviewing (PS) performed all interviews. The institutional
review board of each participating hospital approved the study prior to the interviews and
waived the need for written consent. A semi-structured interview guide was used and piloted
with one nurse and one physician [17]. The interview explored providers’ experiences with
and attitudes toward using newly adopted technology and assessed facilitators and barriers
that may impact the implementation of newly adopted technology [18]. Technologies
discussed were chosen by the participants and not restricted based on degree of evidence for
use or length of time available on the market.

The interviews, which lasted an average of 30 minutes, were audio-recorded and
professionally transcribed. Missing text from the transcriptions was compared to the original
audio recordings and re-transcribed for completeness. The interview guide was subsequently
modified in an iterative process based on new understanding from successive interviews. All
subjects received a small monetary incentive at the end of the interview.
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2.4 Data Analysis

3. Results

The principles of grounded theory were applied, including iterative data analysis and the
constant comparative method, such that the data was used to inductively generate ideas and
build theories [17, 19]. Grounded theory centers around the generation of hypothesis or
theories without first determining a theoretical construct. Data analysis is iterative, or
repetitive, in that data is being collected and analyzed simultaneously over time and the
same methods are repeated with each cycle. The constant comparative method involves
examining and refining concepts that emerge from the data by comparing codes that are
being newly assigned to the text to previously assigned codes and assessing whether the
concepts are congruent or a new theory is emerging. Three investigators (ML, AR, JK) read
and independently coded each transcript. The coding team then met and reviewed each
transcript line-by-line. Discrepancies in coding were discussed until group consensus on the
data was established. Data collection and coding occurred simultaneously, thus the list of
codes was iteratively revised and applied to incoming data. When the coding process was
complete, related concepts were combined into categories and developed into themes
consistent with a grounded theory approach in order to describe key issues and experiences
discussed by the participants [17, 20, 21] . An iterative process of data analysis occurred
such that codes were revised, added, and deleted as the code structure was refined [22].

Changes to the initial interview guide based on the inductive analysis were justified and
explained in order to assure reliability and reproducibility [17]. Recruitment and interviews
continued until data reached theoretical saturation, that is that no new themes emerged [18].
Once the code structure was finalized, the primary author reviewed all transcripts to ensure
that the data was coded consistently and the senior author (AA) reviewed selected transcripts
in the process of triangulation [17]. An audit trail was created to provide systematic and
detailed documentation of analytical decision-making during this process (Appendix 1).
HyperResearch (ResearchWare, Inc.), a qualitative analysis software tool, was used as an
organizational tool to support the analysis of data. This allowed for collating of data by type
of participant, unit, and hospital.

Nineteen acute care providers from ten hospital units were interviewed (table 1). Five major
categories and 35 codes emerged from the interview transcripts (table 2). In talking about
newly adopted bedside technology, participants used an array of examples such as electronic
medical records, bedside ultrasound, point of care testing devices, and venous catheters.

3.1 Decision-Making Factors

The methods and reasons for adoption of new technologies described by our subjects were
often varied and poorly understood by clinical staff, but new technology was more often
supported when providers were involved on the ground level. The driving force for the
decision to adopt a technology could arise from an individual level (when an individual has
an interest in a technology) or a unit level (when the technology is being introduced to fill a
gap or solve a problem). Both nurses and physicians described their ability to initiate the
introduction of technology. When a newly adopted technology is introduced in an acute care
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setting, there are often discussions that guide the use of that technology, or implementation
decisions. These decisions could include specific guidelines and instructions for use or rules
about supervision. Overall, however, there was a lack of awareness about the process
involved in the adoption and implementation of new technology by all participants.
Comments by staff often referred to people at a higher level in the organizational chain or
participants made educated guesses about the details involved in these decisions.
Respondents mentioned a variety of venues for information on technology ranging from
people within their unit or within their institution, regional and national colleagues,
conference settings and evidence-based literature.

A key finding related to decision-making was the contrast observed in participant
receptiveness when a staff buy-in process was in place versus a mandated change. In
general, physicians and nurses appreciated being a part of the decision-making process
instead of having decisions thrust upon them without any apparent input. Buy-in, including
the ability to trial technology, was seen as a positive factor in adoption and implementation.
This is contrasted with an unexpected change or mandate to use newly adopted technology,
which is typically seen as frustrating and stressful in the workplace. These feelings typically
came about when discussing technology that was frequently used and had a major impact on
practise. Staff champions, or early adopters, helped to initiate the adoption of technology.
These individuals typically spearheaded the introduction of a device and were enthusiastic
about its presentation. However, the presence of positive influences such as buy-in or early
adopters did not always ensure the successful adoption and implementation of technology.
Illustrative quotes are provided in table 3.

3.2 Impact on Practise

Newly adopted technology impacted practise variably; however no single factor consistently
applied to all technologies among our participants. Technology could be perceived as
leading a major change in overall practise or only a minor change in practise. These impacts
were independent of how often a technology was used, and could have either a positive or a
negative impact. However, even when technology had a perceived benefit, it was not always
enough of an impetus to impact practise. Participants mentioned how specific technologies
on the unit are only used by certain providers or in certain patient populations, as compared
to other technology that is used by all providers or is applied to all patients, such as
electronic medical records or patient monitors. These limitations may be a function of the
technology itself or due to limitations in knowledge about the applications of the
technology.

Team dynamics such as who decides when or how a newly adopted technology should be
used were also discussed. There were two facets to this concept: provider decision-making
and policies for the use of technology. In some cases, a decision was made that technology
should be used as a standard of practise. This is in contrast to an individual provider's
decision to use a technology when they feel it is warranted, when it would be beneficial, or
when they are comfortable using the device. Another concept that was established was the
adaptation of technology. Some technologies grew in functionality over a period of time
within a unit or crossed between units, providers or patients. However, if adaptation
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occurred without evidence of benefit in these other settings, for example in children versus
adults, it may not prove as useful (table 3).

3.3 Positive Value of Technology

Technology was typically perceived in a positive light if it was felt to be beneficial to
providers, to patients, or to trainees. Benefits covered numerous aspects of patient care and
job satisfaction, such as workflow, safety, and communication. Physician participants also
discussed the benefits of additional patient information, improvements in diagnostic
accuracy and procedural skills. These advantages were balanced against the perceived
disadvantages of a device such as size of the device, pain for the patient, or difficulty with
use. Benefits that are clearly visible may make staff more enthusiastic about implementation
(table 3). The perceived value of newly adopted technology had to also exceed the actual
cost of the technology itself.

As science advances and evidence accumulates, it is sometimes the case that technology or
devices become the standard of care. Implementation of newly adopted technology seems to
be particularly difficult when there is a lack of perceived value or minimal perceived value
by staff (table 3).

3.4 Technology Facilitators and Barriers

The last major categories related to how technology facilitators and barriers played a role in
successful implementation. Implementation of new technology was facilitated when a strong
educational foundation and support system was available. This included initial training on a
device, the availability of superusers and technology support staff to assist providers, and
later on the availability of a jumpstart guide or annual validation to refresh a user's memory
on operating the technology. Most often support personnel supplied by the company
producing the technology was available for only a limited amount of time. On the other
hand, superusers were typically people on the unit with advanced knowledge of and comfort
with the device (table 3).

In contrast, the implementation of newly adopted technology was hindered if staff felt there
was insufficient support available to them or inadequate knowledge acquisition. A lack of
technical support to address difficulties with use was also problematic as was the timing of
education and support, for example if education occurred too far in advance or if support
personnel were only available at certain times of the day when the technology was not in use
(table 3).

Some providers were self-aware of inadequate knowledge acquisition and hesitant to use
newly adopted technology for this reason. Other providers discouraged the use of
technology because they feared staff members did not fully understand how to use a device
correctly or interpret the data they received and may become inappropriately reliant on this
information (table 3).

Some facilitators and barriers were related to personal characteristics of the users.
Facilitators included the users’ baseline abilities with technology and having a positive
outlook, whereas barriers included age, learner fatigue, and negative emaotions such as
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resistance to change, fear of errors, and anxiety related to performance. A provider's feelings
about technology in general can influence their ability to trial a newly adopted device and
the implementation process (table 3). However, despite a positive attitude about newly
adopted technology and change, providers sometimes experienced learner fatigue from
being repeatedly introduced to new technologies or other institutional changes.

Other characteristics have to do with the technology itself, such as the ramp up period or its
learning curve, its user friendliness, or negative experiences with the device. Although most
people described the ramp up period as the learning curve needed to feel comfortable using a
device, some respondents also discussed how the length of this period could inhibit use and
implementation (table 3). The user friendliness of a device also seemed to impact
implementation and use. Providers did not use devices that are more complex as readily as
more simplistic, less time consuming technology. In contrast, once providers have had a
negative experience with a newly adopted device, implementation may be impacted (table
3).

Whether a newly adopted technology had a high frequency of use or a low frequency of use,
as well as it's availability or lack thereof as might be seen with storage problems, could also
impact implementation. For example, when a device was not used often it could lead to lack
of comfort (table 3). This low frequency of use led to a problem with availability.

4. Discussion

The continual influx of innovative, technological advances is a predictable and inevitable
characteristic of working in acute care settings. Acute care providers have a range of
attitudes and beliefs about the adoption and implementation of these new tools. This study
provides useful information to nurse and physician leaders of ICUs and EDs regarding
successful implementation of newly adopted technology in these settings. In particular, our
data suggest several key strategies to improve the implementation process including input
from staff regarding the newly adopted technology, appropriate education about the
technology, assuring accessibility to the technology, and early evaluation and feedback to
staff (figure 1).

Certain traits that have been shown to be pertinent to the adoption process did not emerge as
strong factors for implementation in our study, whereas others continued to be important.
For instance, many of Rogers’ well-known attributes of innovation that have been correlated
with rates of adoption were not as strongly linked to implementation among our participants
[23]. Of Rogers’ principles, compatibility and complexity paralleled the category of positive
value of technology and the codes for baseline abilities and user friendliness, respectively.
Unlike in other reports, the presence of an early adopter or staff champion was not
frequently mentioned by our subjects as being influential in the success or failure of newly
adopted technology implementation, but was helpful in decision-making or adoption
[24-26]. This may suggest that further research needs to be performed on implementation
factors separate from adoption characteristics.
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Clinical pathways or practise guidelines have been assessed in acute care settings and have
identified similar barriers to those noted by our study subjects [1, 27-29]. Cabana
categorized barriers to uptake as being internal, such as lack of awareness, or external, such
as lack of support [30]. In contrast to Cabana, newly adopted technologies are typically
physical devices and our subjects described awareness of their presence whether or not they
were successful. However, inadequate knowledge about a technology's functions and
applications remained a barrier. Likewise, most newly adopted technology necessitated
some form of education; inadequate support after this introduction was problematic. Our
results suggest that continuous and timely education and feedback about newly adopted
technology is a key factor in successful implementation. Seen here and in a prior study of
neonatal ICU technology implementation, staff feelings of unease without sufficient
education and knowledge of newly adopted technology applications and functions can be
addressed with various educational programmes or through support personnel [13]. The
need for support and education is typically balanced with the complexity of a device and the
frequency with which it is used. Education needs to be thoughtful in order to be effective
and reach the audience, and standard methods often fail [29, 30]. Adult learning theory,
clinical case-based formats and problem solving techniques may be beneficial in education
for newly adopted technology [31]. While older adults are increasingly using technology in
their personal lives, age emerged as a barrier to use in this study [32]. Older individuals may
be specifically targeted with technological support and efforts to reduce resistance or fear.

Contrary to other reports, once adopted, the cost of a device did not often influence its use
among our participants [26]. However, negative experiences with technology, such as
malfunctions or inaccuracies, were cited by both physicians and nurses and present a
particular challenge. Such negative events can thwart implementation efforts once
experienced by a user [33]. It may be difficult to overcome other barriers to uptake such as
negative emotions or resistance, and to find ways to incorporate newly adopted technology
into the current practise patterns of healthcare providers [26, 28, 29]. Jones focused on the
role of management in reducing resistance through facilitation of employee participation
[34]. While this is one approach, it may not be as feasible within a disjointed and
continuously running healthcare system when not all providers work under the same
management team, such as the physicians and nurses studied here. Alternative methods will
need to be studied. Rycroft-Malone noted that skepticism is natural due to the inconclusive
nature of much of scientific evidence, but that providers should reflect upon their own
practise to determine what is working and what requires change or innovation [35]. The
patient experience and their preferences can also be valuable in this process [30]. To that
end, our pediatric providers discussed potential resistance to newly adopted technology on
behalf of the patients and parents, which has emerged in other pediatric studies as well [26].
Overall, the ability to clearly state the problem being addressed and the potential benefits of
the newly adopted technology to staff members will help pave the path for successful
implementation.

One interesting concept that emerged in this study was whether the use of newly adopted
technology was part of a standardized policy or based on an individuals personal preference.
Administrators may feel that developing or incorporating newly adopted technology into
patient care policies may automatically ensure effective implementation, however this does
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not negate the barriers to implementation and is not always successful [36-39]. A poorly
thought-out approach may also lead to wasting of resources if providers fail to use the
information generated by newly adopted technology or if unanticipated negative
consequences occur unchecked. While clearly written policies are found to be helpful by
some, they may also invoke resistance if staff members feel that use is being mandated [26,
40]. The use of incentive programmes has been described to balance these decisions [38].
Enabling early trial periods, eliciting staff feedback and facilitating staff buy in during the
initial decision making process was a key implementation strategy that emerged in our
study.

The ability to evaluate and monitor the implementation process is a valuable, and often
missed, opportunity to enhance the adoption process [13, 15, 25, 28]. Early and continued
evaluation of technology implementation could be an invaluable opportunity to address
potential problems or institute further education before failure or dis-adoption occurs [30,
41]. Similar to how buy-in and trial periods are valuable to the decision-making process,
early input on provider experiences, impact on practise, and consideration of practical issues
such as storage can improve the chances of success of implementation [12]. The issue of
storage is unique to technology and guidelines that utilize technology. To avoid this
potential barrier, devices must be frequently stocked and easy to locate [29]. Similarly, it is
valuable to enlist peers as superusers to be a source of continuous support and knowledge on
the unit.

Implementation is a complex process and is not completely understood [42, 43]. Methods to
improve implementation and knowledge translation specific to the ED and ICU are just
beginning to be explored [42, 44-46]. Physicians and nurses naturally function in different
roles and may use technology in different ways. Similarly, the way representatives of these
professions approach newly adopted technology, solicit evidence or opinions, and work in
teams may vary [12, 28, 47]. To that end, a multidisciplinary approach will be necessary in
the creation of a sound and successful implementation process in order to target the learning
objectives, baseline abilities and priorities of different healthcare providers [1]. Further
research in effective implementation strategies will be necessary to promote the use of
newly adopted technologies in acute care settings.

Our study has several limitations. The goal of qualitative inquiry is to generate ideas and
hypotheses, which may later be used to inform quantitative studies. While the categories and
codes generated in this study reflect the experiences of our participants, they are not meant
to be generalizable to all acute care providers. However, we purposefully sampled both
physicians and nurses who provide direct patient care in a variety of hospital settings such
that a wide array of experiences and beliefs might be captured. While we solicited
participants who primarily provided patient care, we did not ask participants to quantify
their clinical hours and we did not exclude staff members who also held administrative
positions, such as medical directors. Similarly, we did not statistically evaluate the
differences in opinions between the different types of providers and different units, as this is
not the objective of qualitative research.
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5. Conclusions

Physicians and nurses in the ED and ICU described substantial variability with their
experiences surrounding the introduction of newly adopted technology. This study describes
several key strategies implicated in the successful implementation of newly adopted
technology in acute care settings, such as preemptive staff buy-in, continual education and
support, and gathering and promotion of encouraging local data. These strategies can be
developed to meet the unique needs of the staff and the technology to be introduced in order
to improve the likelihood of a successful implementation period. Improving implementation
methods and enhancing evaluation of the implementation process are necessary for
successful adoption of technology.
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Appendix: Audit Trail
8.28.12
» Participants: M. Langhan, A. Riera, A. Asnes, P. Schaeffer
e Reviewed interview transcripts 1-3
» Discussed Interview Guide:

O lce breaker question revised to ask about a person's role on the unit to warm up
to technology questions

O Decision to not rephrase question on non-use based on ICU RN response
»  Plan for completion of interviews at Yale
10.12.12
« Participants: ML, PS, AA, AR
»  Review of transcripts 11 and 12.
* Interview Guide:

O Rephrasing question 5 — changed term “abandoned” and framed as technology
that is present but not used (“Think of all the technologies that are available to
you, which do you use the least”).

O Decision to split “easier/harder” into 2 questions.
» Coding:

O Discussion of major themes emerging from transcripts and initial concepts for
codes
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O Discussion of initial code structure development

O Leads to development of initial code structure with 6 main themes and 30
codes.

11.16.12
»  Participants: ML, J. Kurtz
e Transcripts 1-4 reviewed.
»  Code discussion:

O Should we add code for ethical pressure? Stems from reps, but this has more to
do with adoption and not implementation so will not include a code at this point.

O Intended use vs. actual use — is there a code for this?
O Perception of use- not needed. Where does this tie in?
O New codes added: 3c Initial training as a technology facilitator

O Code for negative consequences (5b) merged into code for emotions such as
fear/anxiety (5a)

11.28.12
»  Participants: ML, AR, JK
e Transcripts 7 and 8 reviewed.
»  Code discussion:
O Code 1 clarified as relating to ADOPTION of technology vs. implementation.
O 1d (Mandates) split into 2 separate codes — 1d Buy in and 1e Mandates.

O New theme 6 specific to capnography — reasons for non-use of this
technology.

O Code 4g (misunderstanding or lack of understanding of how technology is
used) incorporated under theme 6.

O Code 6a for high frequency use moved to facilitator code 3g.
O Code 6b for low frequency use moved to barrier code 5e.

O Expanded definition of 5a (negative emotions) to include general resistance,
skepticism and culture change.

O Code 4d (Major vs. Minor) split into two codes, 4d Major impact and 4e
Minor impact.

O Overall perception of value added to theme 2.

O Differentiation between brand new vs. improved technology incorporated into
3b and 3f.

O Decision-making pulled out into new code 4f: Who decides?
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O 5e Negative experiences — Supply/demand issues incorporated here.
12.4.12
e Participants: ML, AR, JK
» Reviewed transcript 5 and 6.
»  Code discussion:
O Code 2 is defined as POSITIVE comments only
O Added 6e — Reference to literature or evidence for non-use of capnography
O Added 1f adapter code — early adapters vs. late adapters
12.12.12
» Participants: ML, AR, JK
» Reviewed transcripts 13 and 14.
e Code discussion:
O Added code 3h: Positive outlook.
O Added code 3i: Jump start guide.
1.4.13
» Participants: ML, AR, JK
e Reviewed transcripts 15 and 16.
e Code discussion:
O Created code 2f: “So What” when no value to new technology is implied
O More clearly defined cost in 2e as actual monetary issue ($3$)

O Collapsed codes 3a (Superusers) and 3d (Tech support) into one category as
these were frequently double coded

O Included other sources of info in 3i such as refreshers, articles, etc.
1.9.13
O Participants: ML, AR, JK
O Reviewed transcripts 17 and 18.
O Code discussion:
O Clarified code 2f to include failure to meet expectations
O Added code 5h: Insufficient support (education, training)
1.31.13
O Participants: ML, AR, JK

O Reviewed transcripts 9, 10 and 19.
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Prior to Adoption:
Publicize purpose and benefits of technology
Initiate trial period for device to establish staff buy-in

|

Immediately Prior to Implementation:
Educate staff using adult learning theory
Ensure comfort by all providers
Enlist superusers on unit
Establish easy access and availability of the technology

|

After Implementation:
Evaluate early to address barriers
Capitalize on local data by publicizing positive experiences and value of technology
Maintain continuous education and feedback

Figure 1.
Strategic plan for implementation of new technology
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Participant characteristics

Variable n (%)
Unit and Provider Type
Emergency Department 9 (47)
Physician 5 (26)
Nurse 4 (21)
Intensive Care Unit 10 (53)
Physician 5 (26)
Nurse 5 (26)

Mean Age in years, n (Min, Max) | 43 (27, 62)

Mean Years on Unit, n (Min, Max) | 9.5 (1, 40)
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Table 2

Major categories that emerged from the transcripts.

Theme

1. Decision-making factors in adoption
2. Impact of technology on providers' practice
3. Perceived positive value of technology

4. Facilitators of technology implementation

5. Barriers to technology implementation
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Table 3

Illustrative quotes are provided for several codes in each major category

Category

Ilustrative Quote

Decision-Making Factors

Driving force behind the adoption
of new technology

Implementation decisions
surrounding newly adoped
technology

Staff buy-in prior to adoption of
technology

Mandated use of newly adopted
technology

Early adopters promote new
technology

Sometimes if there's an error, that prompts an action. So they now have bedside screening; the nurses
are playing with a device now to barcode the labs (at the) bedside, because to avoid the error of
somebody's labs getting mislabeled. So lab mislabeling would be the problem; what's the solution?
Well, let's try and do bedside barcoding.

| wrote a three-page statement about (how to) use this is in the medical ICU, what it would be used for,
what the expectations would be in terms of training and oversight.

She does involve the staff in a lot of decision-making for, ‘Let's trial this, tell me what you think of this
technology. What do you think? Do you think we should use it?” New defibrillator pads, new whatever,
whatever it is, small or big. She always involves the staff and values their opinion. And I think that's
huge in us being receptive to new technology.

It seemed like | worked on Friday, | was off for a weekend, | didn't hear anything about new Vs, and |
came back on Monday and all the old 1Vs were gone and there were new IVs. And they said, ‘These
are the new IVs. There is an instruction hour at 12:00 to 1:00. You're going to learn how to use

them’ ...but the issue is when you've been using other IVs for four years and you have a patient come in
who is hemodynamically unstable with no access, and you're trying to learn how to use new IVs, when
previously you could put a 16 gauge in a rock and now you're fumbling around with new IVs and the
patient is unstable. And you had no warning that you were getting new 1Vs. That could be a little
frustrating.

There was an individual within our division, a physician who was very excited about this and felt that
it held a lot of promise. So, this one individual sort of reached out to the company, reached out to some
other intensivists who speak on behalf of the company in the field who came and visited, did an in-
service, talked about it. We ended up trialing it. Some people felt that it was reasonably useful, so we
bought the monitor, but we just don't use it that much.

Impact on Practice

Major changes to overall practice
due to new technology

Who decides to use the
technology

Adaptation of technology for
different purposes or populations

I think the one that has had the biggest impact on care is this mobile heartbeat phone that we've
started to use on the clinical units, and that allows us to communicate with each other, provides us
with text messages to each other about patient updates...It was something that was really a major
change in how we communicate with each other.

Generally speaking, everybody has things that they prefer to use and others don't. Some find certain
information more reliable than other information. And you just find trends of staff. This one doctor
might use this technology more often, but the other ones don't.

A lot of the technology that makes its way to the PICU has originally started in the adult unit....the
studies and data supports use in adults, but then when you look at controlled trials, if there are any
kids, there's really not a whole lot of data. So, then when you go and try to start using them, it doesn't,
the technology is not necessarily the same for kids as it is for adults. And so, some of these things, they
just don't work, and | don't know why, but it's kind of the nature of the beast

Positive Value of Technology

Perceived positive value of
technology

Lack of perceived value of
technology

A day after the training we actually had an indication for use, and we used it very successfully, and it
was received very well. The patient was resuscitated really because of it... it was kind of exciting to see
a patient benefit from it. Now everybody's kind of ‘Let's go, let's use it, we want to use it now’.

They gave us a lot of clinical support, but the machine... | don't think the staff saw the value. That was
really the key.

Technology Facilitators

Superusers and technology
support during introduction of new
technology

Ramp up period needed to
become facile with new technology

Positive outlook on technology in
general

1 think you really become an expert user and then train other people. | think it's peer to peer at that
point. You're getting other people up and running with a new product.

1 don't use it for ocular measurements of the nerve sheath...there is a learning curve that | don't
anticipate getting good at quickly enough to make it useful.

I love it. | like new technologies that are useful, that fill a role, fill a need, and especially if they
enhance patient safety. It's exciting. We're in ICU, we're tech junkies. We love that stuff. We like our
new toys.
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Category

Illustrative Quote

Technology Barriers

Negative emotions surrounding
newly adopted technology

Older age impacting perception
and use of technology

Low frequency use of technology
is a barrier

Negative experiences with
technology discourage future use

Inadequate knowledge acquisition
is a concern to practitioners

Insufficient support during
introduction negatively impacts use
of technology

The nurses just didn't like it. | thought it was a wonderful idea. It made a lot of sense. It seemed to be a
safer way to do things. It seemed likely that it would save money by not requiring the use of X-rays
after you place these tubes. And the nurses just consistently said they didn't like it, they didn't trust it.
They had to get X-rays anyways...And we stopped.

I think that the younger group is definitely much quicker to embrace the technology and they seem to
just adapt to it much more rapidly. The more senior group is a little bit slower, but we come along. A
good example is the iPhones - we're using these mobile heartbeat iPhones. If you don't own your own
personal iPhone, it was a little hard to adapt.

It's usually more anxiety-provoking because especially if it's not something you use a lot. You might
get trained in it, but you might not use it for a couple months or something. And then to try and do that
in a moment where maybe it's an emergency, that's anxiety-provoking, because you don't feel
proficient at it.

I just refused to use it, because every time I tried to get one of those phones during the pilot process, |
couldn't sign in. I don't know if my code didn't work, but there was always something wrong with it.
There was always something wrong where it wasn't a smooth transition to using it. So I didn't.

In all of clinical medicine, but in the ICU especially, we have this tendency to employ technology that
we understand quite poorly. And then when we don't understand the technology well we are likely to
commit a lot of errors in the interpretation of the data that those technologies generate. And when we
do that I think we start providing bad care... Pulse oximetry is a great example of that...I see pulse
oximetry poorly used almost every day, and that is a genuinely dangerous thing, because we just make
treatment decisions based on bad data. And when you start to do that then | think you're going to make
a lot of mistakes, and | think that is a potentially dangerous thing to start to do.

1 will say that sometimes some tools or machines show up and no one really knows how to use it, and
that doesn't start a new technology off on the right foot.... It just kind of appeared. So, when that
happens, people get frustrated and | think it probably doesn't lead to it being accepted well.
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