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Summary

Objectives: The purpose of this study was to explore providers' perspectives on the use of a novel
technology, “Large Customizable Interactive Monitor” (LCIM), a novel application of the electronic
health record system implemented in a Pediatric Intensive Care Unit.

Methods: We employed a qualitative approach to collect and analyze data from pediatric intensive
care physicians, pediatric nurse practitioners, and acute care specialists. Using semi-structured inter-
views, we collected data from January to April, 2015. The research team analyzed the transcripts
using an iterative coding method to identify common themes.

Results: Study results highlight contextual data on providers' use routines of the LCIM. Findings
from thirty six interviews were classified into three groups: 1) providers' familiarity with the LCIM;
2) providers' use routines (i.e. when and how they use it); and 3) reasons why they use or do not
use it.

Conclusion: It is important to conduct baseline studies of the use of novel technologies. The im-
portance of training and orientation affects the adoption and use patterns of this new technology.
This study is notable for being the first to investigate a LCIM system, a next generation system im-
plemented in the pediatric critical care setting. Our study revealed this next generation HIT might
have great potential for family-centered rounds, team education during rounds, and family edu-
cation/engagement in their child’s health in the patient room. This study also highlights the effect
of training and orientation on the adoption patterns of new technology.
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1. Introduction

Health Information Technology (HIT) adoption and implementation have increased at a rapid pace
since the Health Information Technology for Economic and Clinical Health (HITECH) Act was
passed in 2009 [1-4]. Some studies have shown that HIT has the potential to improve overall care
and patient engagement, the latter a particular “hot topic” in recent healthcare research [5-7]. How-
ever, the potential of some technologies have not been realized. Simply implementing a technology
does not guarantee its use [8, 9]. Regardless of the purported quality of the technology or the fact
that a given HIT was installed, ultimately, it is the perceptions of those intended to use the technol-
ogy that determine both its use and whether potential benefits are realized [10, 11].

Studies have shown that even when clinicians recognize the value of HIT, they may report experi-
encing its undesirable impact on communication, workflow, and patient care [12-15]. Various steps
to decrease such problems and increase successful adoption and acceptance of HIT have been de-
scribed, such as understanding the needs of providers during the design process [16, 17], designing
and testing for usability [18, 19] and providing adequate training for those who are supposed to use
it [20]. These and other steps could enhance the perceived usefulness and ease of use of HIT, the two
factors most correlated with end-user acceptance, i.e. satisfaction and intent to use it in the future
[21].

The adoption and meaningful use of electronic health records systems (EHRs) has been reported
as one of the major priorities for improving the quality and efficiency of the healthcare system [4],
however the relationship between how EHRs are used by providers and healthcare quality remains
inconsistent [22, 23]. It is essential to explore and understand use routines, variations in use beha-
viors, characteristics, and functionalities of EHRs when implemented. Some studies explored the in-
dividual physician-level differences in EHR use patterns and identified the relationship between
EHR use patterns and some measures, such as physicians” perceived uncertainty, satisfaction, useful-
ness and information needs [23, 24]. Several studies have focused on the use of EHRs/HIT and de-
scribed the nature and functions of EHR system use after the implementation and adoption of the
system in various settings. For instance, the use patterns of EHR functionalities have been explored
in primary care settings [25-28], psychology clinics [29], and inpatient settings [4, 30]. One study
also explored the relationship between providers’ comfort with using computers and the number of
EHR features used [31]. In addition to mandated EHRs, there have been studies focusing on the de-
sign and use of novel applications of HITs that are not mandated, such as electronic white boards
[32], tablets [33], and mobile health applications [34, 35]. These novel systems have the potential to
enhance consumer engagement, and it is essential to understand the use of such technologies in
order to maximize their usefulness and contribute to future design improvements.

In this study, we focus on a novel HIT application that has the potential to become a next gener-
ation system, but to our knowledge has no previous IT research published in the literature. This is a
Large Customizable Interactive Monitor (LCIM), a 42” inch (diagonal) flat panel touch screen
monitor that displays validated patient information including vital signs, laboratory results, medi-
cations and interventions recorded in the EHR. The LCIM is located in each patient room. In
contrast to traditional HIT that requires a secure log-in by providers, the LCIM can be used by pro-
viders as well as patients and their families without repeated login. The purpose of this qualitative
study, which is a part of a larger mixed-methods study, was to understand providers’ baseline use as
well as use characteristics and routines of the LCIM technology in the PICU.

2. Research Methods

2.1 Overview

We used qualitative semi-structured, in-person interviews to collect data from critical care providers
in the PICU, including physicians, pediatric nurse practitioners and acute care specialists. We col-
lected contextual data on providers’ use of the LCIM, which was installed in November 2012. Inter-
views were performed January to April, 2015. The study hospital’s institutional review board ap-
proved this study.
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2.2 Setting

The setting for the study was the PICU of a freestanding children’s hospital in a mid-sized Midwest-
ern city. The PICU is a 72-bed unit comprised of three 24-bed floors, which provides highly special-
ized care to critically ill children and neonates and admits over 3000 patients a year. The first floor
primarily admits children that have congenital heart defects. Services provided include monitoring
of assist devices, extracorporeal membrane oxygenation, post-heart surgery and post-organ trans-
plant. The second floor is a mix of surgical and medical patients, such as body trauma, transplants
and innovative surgical procedures. The third floor also is a mix of surgical and medical patients but
focus on children with medical life threatening illnesses such as sepsis, burns and oncologic dis-
orders. Each patient room in the PICU was equipped with a wall mounted LCIM at the time of the
implementation of a new commercial EHR. Informal observations (by YY) indicated a wide variety
of actual use of the LCIM by providers.

2.3 Technology

The study hospital implemented a commercially available EHR system in November of 2012. The
EHR was in use in all inpatient environments, the emergency department, the operating room en-
vironment (including anesthesia services), and health system associated primary and subspecialty
ambulatory care settings. As a part of the implementation package, PICU management decided to
install the LCIM in each PICU patient room. This LCIM installation was the third in the U.S. and
the first in a pediatric setting. The LCIM is an interactive “view only” technology with no ability to
enter data. The LCIM technology utilized the Epic Monitor (v 2010, Epic Systems Corporation, Ve-
rona, WI). The institution ensured that the LCIM was HIPAA compliant.

The LCIM is an additional software tool that works with the Epic EHR and allows the creation of
customized review widgets for display of a patients chart. The principal use of the tool is to display
information about one patient on a large touch-screen monitor near the patient. The customizable
nature of the software has the potential to display data from multiple patients, whether as a “tracking
board” or in an overview of a patient care unit. While the tool is limited to display only those el-
ements available in the EHR, the nature of the LCIM software creates additional limitations in
which patient data can be displayed and in what manner. As a result, our evaluation reflects the use
of the LCIM as an interactive window to the EHR.

At the time of observations and data collection, data viewable using the LCIM included discrete
and trend vital sign information validated by bedside nurses; the patient problem list; lab test results;
a list of medications and infusions with doses, routes, frequency and last administration time; docu-
mented fluid “ins and outs; ventilator settings; and all indwelling lines, drains and airways with date/
time of placement. Finally, there was no specific LCIM training or orientation for providers during
the Epic implementation.

2.4 Recruitment Process and Participants

During the data collection period, potential participants of the study were 39 critical care medical
providers working in the PICU. Recruitment flyers were posted in the units with the contact infor-
mation of the research coordinator. The research coordinator attended several provider meetings to
announce the study and encourage participation. Providers who wished to participate voluntarily
contacted the research coordinator for an interview appointment. Interviews were completed with
36 participants out of the 39 (92%) providers in the unit, of whom, 19 were attending physicians, 16
were pediatric nurse practitioners, and one was an acute care specialist. Most participants were
white, non-Hispanic (97%). Four (11%) of the participants were between 18-29 years old, 13 (36%)
between 30-39, 11 (31%) between 40-49, 7 (19%) between 50-59, and one (3%) was older than 60
years. Participants’ average tenure at the hospital was 17 years (mean), and average tenure in their
current role was 9 years (mean). Additionally, participants had an average 8 years” experience with
EHR/CPOE systems, and specifically using the Epic system of the hospital for approximately 3 years
(mean).
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2.5 Interviews

The individual interview sessions were conducted in a private office in the PICU by the first author
(OA). We used a semi-structured guide that served as a checklist of topics to explore during the in-
terview. The interview guide was developed by the study team based on specific study objectives and
following the Technology Acceptance Model (TAM) [36]. It was also informed by 10 hours of pilot
observations of the use routines conducted in the PICU (YY). The interview guide included ques-
tions regarding physicians use routines, how and when they use the LCIM, training and familiarity
as well as perceived usefulness and ease of use questions (P Table 1). The interview guide was re-
viewed by two Human Factors Engineers (OA,RH) and one methodologist (KF). It was then piloted
with a pediatric intensivist (MS) to test: a) whether the questions in the interview guide were clear
and understandable; b) whether interviewees would interpret the questions in a manner consistent
with the researcher’s conceptualizations; ¢) that the right healthcare terminology was used; and d)
the appropriateness of probes or need for additional probes. The interview guide was revised based
on the feedback obtained in the pilot interview.

Interviews were audiotaped and transcribed verbatim for analysis. Each interview lasted 20-35
minutes (mean = 24 minutes). Four researchers (OA, LA, YY, KF) met after reading eight interview
transcripts to discuss initial themes and definitions of each theme. A coding book was developed to
guide the coding process [37]. We used NVivo 10 to facilitate coding and analyses [38]. The first
round of thematic coding process was completed by two independent coders (LA, YY). A third in-
dependent coder (OA) served as a judge to adjudicate any disagreements. Reliability checks were
conducted throughout the coding process and the two main coders achieved acceptable Cohen’s
Kappa inter-coder reliability of higher than 0.85. Then, a second round of coding was completed
using a condensed meaning analysis for each quote coded by the two coders. Appropriate revisions
of the themes and codes were made until consensus was achieved between the two coders. The third
independent coder reviewed all the condensed codes, adjusted any discrepancies, and categorized
the codes into a sociotechnical systems model. Finally, we held a group meeting with the addition of
a human factors expert (RH) to discuss emergent themes and develop the reports.

3. Results

The findings from the thematic analysis were classified into three groups; a) providers’ familiarity
with the LCIM, b) providers use routines, i.e., when and how they use the LCIM, and c) reasons
why they use or do not use the LCIM.

3.1. Providers’ familiarity with the LCIM

Providers’ familiarity with the LCIM varied widely and appeared to be affected by a perceived lack of
training. Most providers stated there was no formal training on how to use the LCIM or its features,
functions, reason for implementation, and purpose. Some providers reported being very familiar
with the LCIM and its features. These providers reported becoming familiarized on their own or
learning from other users, as demonstrated by this comment,

“Itis a touch screen. | just played with it, I've watched other people use them.”

All providers stated they were aware of the LCIM, but it was clear providers did not know all the
existing content and features. We categorized providers into three groups based on familiarity ob-
tained from their responses: high (20%), moderate (60%), and low/no (20%). High-familiarity pro-
viders reported knowing most, though clearly not all, the available functions and features. A com-
ment typical of providers in this group was,

“| am very familiar with it, I've been using it since we installed them, there might be things | don't know about it
but I know most of the functionality of it”.
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Moderate-familiarity providers are aware of some specific features or content and wanted to learn
more about other specific functions or features available, such as,

“| don't know if a consult’s note is there. I'm guessing it probably is, but | have no idea how to access that”.
Low/no-familiarity providers often mentioned lack of training, i.e.,

“I'am not familiar. | have never been shown how to use it and so do not know the functionalities and features
on that”.

Across all three groups, providers were unfamiliar with certain features, for example, how to power
up a turned-off LCIM.

3.2. Providers’ use routines — how and when they use the LCIM

> Table 2 lists different major ways of using the LCIM and situations in which providers reported
using it. We found three main uses: 1) Using the LCIM as a snapshot of the current data, that is, gaz-
ing at it to view overall data; 2) Touching and interacting with the screen to get more detailed data,
perhaps zooming in on a specific section; and 3) Using it as a teaching tool for families or other pro-
viders. Common situations when the LCIM was used were: 1) During rounds,

"At minimum, | use it at the time that we round during the pre-rounding, rounding with the team, and then
when we do sign out rounds”;

2) When providers walk in the patient room,

“| use it as a snapshot as | walk into the room. First of all just to remind me of the patient name and age and —
because sometimes you forget walking in — and then as a snapshot of some of the things going on in the last bit
of time, like the vital signs and the urine output”;

and 3) When interacting with a family member or a team member,

“If | think there’s an interesting point to either show the house staff or families. It's a very big projection screen
and | can like show, “’X" happened and here you see the response of what happened” using it more as a teach-
ing tool than as a rounding tool”.

In addition to »>Table 2, some providers also reported some specific use characteristics. A few pro-
viders reported that they use LCIM when they assess a concern for the patients” health. It was also
reported that they use LCIM as a reference point rather than computer desktop when they respond
specific questions from families. Further, several providers reported using LCIM more often if the
patient has severe illness and the parents are more computer savvy. In addition, providers who are
on—call for the night expressed a benefit of using the LCIM to get very quick overview once they are
called to a room.

3.3. Reasons for using or not using the LCIM

When asked why providers used the LCIM, common categories of answers were: a) It is there
(simply the existence of LCIM in the room is listed as a reason to use it); b) It is readily available as a
quick reference point; and c) they do not need to log into the computer to access data, they can just
walk in and glance at it. One provider mentioned all three reasons in their answer:

“"because it is there, it's very accessible. It's easy to get the data without logging into the computer. If I'm with a
group of people it's easy to look at the information together. Visually it's far more appealing than the computer.”
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We obtained several reasons from non-user providers regarding why they did not use it. The most
common reason was lack of familiarity with the LCIM and feeling more comfortable with using a
desktop computer instead, e.g.

"I think because I'm not that familiar with it <LCIM> and | am more familiar with how to find the information
on a computer and that's more comfortable for me so that's what | do”.

A few providers thought that LCIM was not embedded in their workflow

“I could do without it because | have done without it. I'm not used to using it you know. It hasn't been em-
bedded in my brain to use enough to say I really need that”.

Other reported reasons were: 1) Not knowing what type of information the LCIM provides; 2) Pre-
ferring to use Computers on the Wheels (COWSs) and rounding outside of the room in the hall; 3)
Finding it easier to use other technologies to get data some specific visual data, such as in room vital
monitors. As one provider described,

"My work flow is different. My workflow — I get here in the morning and | open the charts of the patients and |
do a quick view of what | want to review very quick. And so whatever is on the LCIM, | usually get it from myself
opening the charts. And during rounds | don’t need them either because as | do rounds | get information from
whoever is presenting the data, but again doesn’t work in my workflow".

3.4. Contents used and not used in LCIM

Providers who were moderate or high users also reported the most and least commonly used fea-
tures. Most respondents reported the two most commonly used features are viewing lab results, and
I's and O’s (Ins and outs). More than half of the providers also stated they use vital trends. The rest of
the features/contents used at some degrees are ventilator settings, medication list, problem list,
weight for dosage, and respirator for children. On the other hand, three providers reported using
only the lab values features. Several providers reported specific contents they did not use including
respiratory components, drops, medication list and vital trends. Some providers preferred to use
desktop computers over the LCIM for certain contents:

“Well, probably the data | gravitate to the most include the I's and O's, the weight, the lab results, | don't use the
respiratory component, vital sign trends | use but not to the degree | would go to the computer for, it's a little bit
too crude of a trend data, and medications”, or as another provider reported “I usually don't use it for ventilator
settings because | just look at the ventilator”.

4. Discussion

There is increasing attention to the role of HIT in patient-centered, high quality care. While the lit-
erature on how EHR systems affect quality and patient-centered care has grown substantially, this is
not the case for so-called novel, next generation HIT systems. Implementing a next generation tech-
nology can be accompanied by unintended consequences, unforeseen use patterns, and various im-
plementation challenges that influence system use and usefulness [18, 20]. Therefore, it is important
to conduct baseline studies of the use of such technologies after implementation. This study is no-
table for being the first to investigate a LCIM system, a next generation system implemented in the
pediatric critical care setting.

First, our results showed a general lack of familiarity with the system among providers, com-
pounded by the lack of formal training, which meant learning was accomplished by self-exploration
or observing colleagues using the system. Some reported not even knowing the purpose of the sys-
tem. Lack of meaningful or systematic training for a newly impelemnted HIT/EHR was reported by
several other studies in the literature [18, 20]. Organizations generally have a 2-3 hour one-time
training session on EHRs, but most users are not trained on how to incorporate the technology into
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their workflow, patient visits, and communication with patients or families [39, 40]. In this study,
several providers reported lack of training as the main reason for low or no use of the LCIM. Train-
ing is reported elsewhere as a factor that impacts actual use [41] so a better and meaningful training
may increase the initial use of such novel technologies when implemented. Given the lack of system-
atic training, it was not surprising to find that providers had various familiarity levels with the
LCIM. Indeed, most stated that they likely did not know all of the available functions. This also indi-
cates lost opportunity for providers to realize all advertised benefits of this HIT.

The second main emerging theme is providers’' LCIM use routines. Our study revealed that the
LCIM might have great potential for family-centered rounds, team education during rounds, and
family education about and engagement in their child’s health. Providers reported mostly using the
LCIM during rounds as a teaching tool, since it provides a large-screen overview of useful data that
is simultaneously visible to multiple people. Family-centered rounds have been recommended by re-
cent studies due to several benefits, including their positive impact on family engagement [42, 43].
Having families available during rounds and visually showing them the values using the LCIM may
be a key part of future family-centered rounds and might improve family engagement. Furthermore,
there has been significant attention to the family-centered health care model with an appropriate
focus on family engagement and patient-provider communication (often parent-provider com-
munication in pediatrics) [44, 45]. Optimal communication strategies are essential for a successful
provider-parent relationship and effective exchange of information and understanding of care. The
use of the LCIM as a tool to communicate and educate parents in the patient room, as was reported
by some of our providers, might be an effective way to empower families and improve their under-
standing of the care.

Third, the needs of providers are likely related to easy and quick “just-in-time” access to informa-
tion needed for clinical care [32]. This is particularly true in the ICU setting, since it is critical to ac-
cess timely information to have a better assessment of patients [46]. The main reason why providers
reported using the LCIM was indeed “just in time” access to information. One of the main advan-
tages of the LCIM is the fact no password is required for use, unlike traditional HIT. Furthermore,
being able to have a snapshot of patient status in one view was reported as a reason to use LCIM. Of
the available features, providers were most likely to access lab results and I's and O’s, not surprising,
as both functions give a quick overall snapshot of the patient’s status that is very critical in ICU set-
tings. The system generates nine widgets so nine different data types can be displayed at once on the
screen, giving an overview of the patient when providers walk into the room. This design, having
readily available information and a snapshot of the patients current status, would have implications
for providers continuous awareness regarding patient’s status. It may also facilitate the anticipation
of future patient needs and clinical activities, a function necessary for bedside pediatric intensive
care [17].

Fourth, our results reveal some reasons for providers not using the LCIM, including lack of train-
ing and lack of familiarity. In addition, some providers thought that the LCIM was not embedded in
their workflow. Previous studies also showed this as a reason to resist using newly implemented
technologies [40]. Furthermore, providers stated they use other alternative technologies instead of
the LCIM in the room, especially for some specific functions, such as using COWs during the
rounds or the in-room vitals monitor to look at the vital trends in detail.

Lastly, one of the main concern regarding this technology is privacy and security due to the no
log in requirement. Each of the 24-bed floors in the PICU is a locked unit with control of all visitors
and staff. Beyond the security of the PICU, each patient room is a private room with the LCIM
monitor displayed within the privacy of the room. As the only people accessing a patient’s room
(and thus potentially able to view data) are: 1) family members, 2) direct care providers, and/or 3)
invited guests of the family. There is no more than minimal risk of a random person seeing pro-
tected health information. While there is the potential to display trend lines of information such as
heart rate over time, the individual data values are too small to be viewed from any distance without
entering the patient room and approaching the mounted display.

This study had both strengths and weaknesses. We had a very high response rate (90%). Thus
maximizes variability in reported experiences and perceptions allowing a relatively large sample size
for an interview study. However, it investigated a single pediatric hospital and therefore the results
may have limited generalizability. Since our the findings are consistent with studies of other technol-

© Schattauer 2016 0. Asan et al.: Provider Use of a Novel EHR display in the ICU

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Research Article a Applied Clinical Informatics 689

ogies, we suspect similar implementations in other settings may result in similar findings. Related to
this, because the setting was a 72-bed ICU that had a dedicated cardiac, surgical and medical floors,
the broad range of patient populations in this single ICU may result in findings that would apply to
other organ center specific ICUs, even perhaps in the adult setting. The interviews occurred 2 years
after the implementation due to the funding issues, however it would be better to assess such tech-
nologies within the first year of implementation. Finally, we urge additional studies to investigate the
use of this technology and similar technologies, including longitudinal, quantitative, objective as-
sessment and patterns of use.

5. Conclusions

This study contributes to an understanding of providers” use characteristics of a novel, next gener-
ation HIT systems in pediatric critical care. Our findings demonstrate that providers’ style of use as
well as use characteristics of this novel HIT may vary for several reasons. A main message is to
understand the importance of training on and orientation for this type of novel technology regard-
ing its goal, purpose of implementation, functions and potential contribution to patient care. These
findings can also be used to improve understanding of physicians’ information needs in the context
of novel HIT-enabled healthcare delivery.

Clinical Relevance Statement

Implementing a next generation health information technology is accompanied by unintended
consequences, unforeseen use patterns, and various implementation challenges that influence sys-
tem use and usefulness. It is therefore important to conduct baseline studies of the use of such tech-
nologies as soon as they are implemented. This study is notable for being the first to investigate a
LCIM system, a next generation system implemented in the pediatric critical care setting.
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Table 1 Sample interview questions

How familiar are you with the “Large Epic Monitor” in the ICU?
Do you use the “Large Epic Monitor” while working in the PICU?
If yes, when and how frequently do you use it?
If yes, how do you use it? What information do you use it to access?
If yes, why do you use it?
If no, what prevents you from using it? (or why not?)
How do you use the Large Epic Monitor with families?
Do you know what type of information, functionalities and features the “Large Epic Monitor” provide?
If yes, please list them
If no, why did not you feel the need to learn it
Did you receive any training for using the “Large Epic Monitor” in ICU rooms?
If yes, tell me about the training you received.
If no, how did you learn to use it?

Table 2 Providers’ LCIM Use Routines (when and how they use it)

Theme Situations of the use (# of participants mentioning)

Source of Information « To get a summary of patient’s status and progress (11)
o To access specific lab or vital results (11)

Interaction with families e To address patient families’ specific questions (8)
o To proactively scroll through it and share information with the family (7)

690

o To educate families using labs, I's and O's, vital trends and graphs and interpret

the data (10)
Team Communication/ o To use for information sharing and discussion points between providers (17)
Education o To educate medical students/interns (4)
Use times/frequencies o During the rounds (21)

o During pre-rounds (5)

o A couple of times during the day (9)

o Minimum/no use (9)

o Avoiding use during the night (4)

e Using LCIM if other computers are occupied in the room (4)
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