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More isn’t always better: Technology in the intensive
care unit

Esther Olsen e Zhanna Novikov e Theadora Sakata ¢ Monique H. Lambert e Javier Lorenzo ® Roger Bohn e Sara J. Singer

Background: Clinical care in modern intensive care units (ICUs) combines multidisciplinary expertise and a complex
array of technologies. These technologies have clearly advanced the ability of clinicians to do more for patients, yet
so much equipment also presents the possibility for cognitive overload.

Purpose: The aim of this study was to investigate clinicians’ experiences with and perceptions of technology in ICUs.
Methodology/Approach: We analyzed qualitative data from 30 interviews with ICU clinicians and frontline managers
within four ICUs.

Results: Our interviews identified three main challenges associated with technology in the ICU: (a) too many
technologies and too much data; (b) inconsistent and inaccurate technologies; and (c) not enough integration
among technologies, alignment with clinical workflows, and support for clinician identities. To address these
challenges, interviewees highlighted mitigation strategies to address both social and technical systems and to
achieve joint optimization.

Conclusion: When new technologies are added to the ICU, they have potential both to improve and to disrupt patient
care. To successfully implement technologies in the ICU, clinicians’ perspectives are crucial. Understanding clinicians’
perspectives can help limit the disruptive effects of new technologies, so clinicians can focus their time and attention
on providing care to patients.

Practice Implications: As technology and data continue to play an increasingly important role in ICU care, everyone
involved in the design, development, approval, implementation, and use of technology should work together to
apply a sociotechnical systems approach to reduce possible negative effects on clinical care for critically ill patients.
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ntensive care units (ICUs) provide medical care to criti-
cally ill patients. Originally designed to treat failures of
single-organ systems (Weil & Tang, 2011), ICUs soon
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evolved to handle a wider range of acute conditions. Care
in modern ICUs now combines multidisciplinary expertise
and a complex array of equipment and technology
(Marshall et al., 2017). These technologies, which on
average generate over 1,000 data points daily per ICU
patient (Manor-Shulman et al., 2008; Meissen et al., 2022),
have clearly advanced clinicians’ ability to care for patients
by enabling precise monitoring for early complication
detection, facilitating efficient treatment strategies, and
providing advanced life support systems and real-time data
analysis (Weil & Tang, 2011).

Although ICU technologies hold promise for advancing
patient care, their potential to hinder it arises when these
technologies lack adequate usability or generate excessive in-
terruptions (National Academies of Sciences, Engineering,
and Medicine et al., 2019). Having so much equipment can
facilitate sensory and cognitive overload (Wung et al.,
2018) and contribute to what some describe as “the hostile
environment of the ICU” (Donchin & Seagull, 2002, p.
316). Prior ICU studies have raised concerns related to alarm
fatigue (Lewandowska et al., 2020) and increased documen-
tation time because of electronic health record (EHR) adop-
tion (Osajiuba et al., 2021), one result of which is increased
clinician burnout (Melnick et al., 2021). This burnout re-
duces clinician satisfaction and their ability to provide quality
patient care (Hodkinson et al., 2022; Jun et al., 2021).
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Considering the plausible advantages and disadvantages
involved is critical to understanding the role of technology
in ICUs. To learn more about how technology impacts clini-
cians and the patient care they provide, we interviewed 30
clinicians to better understand their experiences with and
perceptions of technology in ICUs and to provide insights
into what works for technology implementation and where
there are opportunities for improvement. Although our inter-
views acknowledged positive aspects of technology and the
value technologies contribute to patient care in [CU settings,
we focus in this study on clinicians’ concerns and recommen-
dations for how to mitigate them. Our interviews suggest that
the amount of technology ICU clinicians confront is so great
that it may create problems. Although some challenges with
technology in the ICU arise from problematic design of indi-
vidual technologies, such as poor human-centered design,
many problems result from lack of integration among tech-
nologies, often because each is designed as if it will stand
alone yet is deployed into complex, tightly coupled systems
(Sutclifte, 2011). In addition, learning to use each new technology
requires time and attention from clinicians, who are heavily cogni-
tively burdened and time constrained (Laxmisan et al., 2007). The
widely anticipated arrival of more artificial intelligence-enabled
technologies could ameliorate or exacerbate these issues depending
on how they are designed, developed, implemented, and main-
tained within the ICU. In this article, we apply a sociotechnical
systems (STS) framework (Trist, 1981) to understand clinicians’
concerns and suggestions to improve technology implementa-
tion and adoption in ICUs.

Theory

Implementing a new technology in complex systems depends
on its successful integration into existing workflows (Karsh,
2004). In health care, not considering clinician—technology
and technology—technology interactions can adversely im-
pact patient safety (Ruppel & Funk, 2018). STS theory, first
introduced in the 1950s and subsequently updated and ex-
tended to a variety of disciplines and domains, addresses these
concerns (Trist, 1981). STS theory emphasizes that organiza-
tions consist of both social (people, attitudes, culture, rela-
tionships, experiences, and management/leadership) and
technical (knowledge and tools used to undertake work) sys-
tems and that these two systems and interactions within each,
between them, and with their environment impact organiza-
tional outcomes. The same technology can produce different
results based on how well it aligns with the social system of
the organization in which it is introduced (Mumford, 2006;
Pasmore & Khalsa, 1993; Trist et al., 1963).

To balance the needs of social and technical systems, re-
search suggests that organizations should strive to achieve
“joint optimization,” meaning that both social and technical
systems are designed and operated to maximize a unified goal
or set of goals. Optimizing social and technical systems indi-
vidually will lead to suboptimization of the entire system
(Di Maio, 2014; Emery, 1959; Trist, 1981).

Although STS research is relatively well recognized in fields
such as engineering (Di Maio, 2014), information technology
and systems (Lee et al., 2008), and manufacturing (Mumford,
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20006), it has only recently become popular in health care. Re-
cent applications include using an STS approach to help im-
prove EHR usability and decrease clinician burnout (Carayon
& Salwei, 2021), to better understand interruptions in the emer-
gency department (Werner & Holden, 2015), and to inform the
design of a personal health information management system for
patients (Wemer et al., 2020). Despite growth in applying an
STS approach in health care, most research has focused on spe-
cific technologies solely (e.g., EHR systems; Carayon & Salwei,
2021) or a single phenomenon (e.g., interruptions; Werner &
Holden, 2015). There has been limited research utilizing an
STS lens to consider the entirety of the technologies present
in a setting like the ICU. Addressing this gap is important be-
cause as critical care continues to evolve, technologies are
playing an increasing role in ICUs, and how they are imple-
mented and integrated within the social and technical systems
of the ICU will be increasingly important. With this study, we
begin to fill this gap, and in doing so, we show how applying
an STS approach can support implementation of new technol-
ogies in critical care.

Method

Study Design and Setting

This study is part of a National Science Foundation-funded
project studying the clinical, behavioral, operational, and eco-
nomic impacts of technology in ICUs to inform development
of innovative hardware, software (algorithms), and organiza-
tional and operational methods to assist workers in safety—
critical daily work. Our study was approved by the Stanford
School of Medicine institutional review board. Our study team
is multidisciplinary, including two physician-scientists and five
nonclinicians with expertise in health care innovation, organi-
zations, and operations research.

Data for the present study come primarily from semistructured
interviews with clinicians and frontline managers who work
in four ICUs at a large, academic medical center in the
United States that has been an early adopter of technology
(Rogers, 1995). Informal observations (100+ hours) in the
work units provided essential contextual background for
leading and understanding interviews.

A key aspect of the STS approach is to give those involved
with and affected by the technologies a voice in design and
decision-making processes (Mumford, 2006). Because we sought
to understand how clinicians describe their experience with and
perspectives of technology, a qualitative approach focused on
clinicians who use technologies in the ICU is appropriate.

Study Sample

We studied four medical/surgical ICUs, two of which were
scheduled for future installation of video-monitoring tech-
nology, which could be used for computer vision and artificial
intelligence activities. We invited clinicians, managers, and
administrators from the four ICUs to participate in inter-
views. We sought a diverse sample, targeting nurses more
than other clinician roles because of their physical presence
and interactions with the technologies of interest. We
interviewed a total of 30 ICU clinicians and frontline
clinician-managers, enough to achieve theoretical saturation
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(Vasileiou et al., 2018), consisting of 11 nurses, six physi-
cians, four advanced practice providers (physician assistants
and nurse practitioners), two physical and one respiratory
therapists, one pharmacy resident, four nursing patient care
managers, and one administrator. Interviewees experience
level ranged from less than a year to over 30 years. Most of
our interviewees were assigned to and worked in a single ICU.
The division of interviewees among the four I[CUs was nine,
eight, six, and two, with five interviewees who floated among
multiple units. We invited ICU personnel to participate via
e-mails sent by their managers. We also identified potential vol-
unteers during ethnographic observations. In addition, we used
a snowball approach, inviting interview subjects to identify ad-
ditional interviewees (Goodman, 1961). When we noted gaps
in our study sample or data, we conducted additional interviews
using a focused interview guide to explore specific themes more
deeply. We continued the interviews until we reached theoret-
ical and data saturation based on the consistency and similarity
of experiences reported (Saunders et al., 2018).

Data Collection and Instrument

Participation in interviews was voluntary, and all participants
provided informed consent. Pairs of research team members
conducted most interviews, with one asking questions and
another taking notes. We conducted interviews via Zoom
using written interview guides. We developed an initial inter-
view guide based on current literature on technology adop-
tion and implementation. We designed questions to promote
discussion around interviewees’ typical work shift, what sup-
ports or hinders them in work, their recommendations for im-
proving ICU work, and their experience with new technolo-
gies in the ICU. We asked additional probing questions about
a hypothetical future of video-monitoring technology that
could detect and support clinicians at work.

After reviewing the data and findings from 20 initial inter-
views, we created a supplemental interview guide and con-
ducted a second round of interviews to achieve theoretical
saturation (Vasileiou et al., 2018). The supplement aimed
to explore the specific themes of technology integration and
disruption more deeply, better understand how technology
supports clinicians, and gather more information on factors
to consider when adopting technology, which were raised
by interviewees in the first round. Interviews lasted between
30 and 80 minutes (mean = 55 minutes).

Data Analysis

We conducted data analysis using two approaches in se-
quence. Both used principles of thematic analysis (Braun &
Clarke, 20006) to identify common themes, and they produced
similar findings, enhancing their dependability (Guba &
Lincoln, 1994; Lincoln & Guba, 1985).

First, one author reviewed the first round of 20 interview
transcripts, applying an open coding approach, naming and
organizing codes into thematic categories. Authors met with
clinician-experts beyond the set of authors multiple times to
better understand and discuss insights from the findings. We
presented findings to ICU and hospital clinicians and admin-
istrators in multiple meetings (e.g., Patient Care Services
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Research and Innovation Council, ICU quality improve-
ment committee, [CU management) to solicit feedback
and assess credibility (Guba & Lincoln, 1994; Lincoln &
Guba, 1985). The various meetings included some of the in-
dividuals who were interviewed, but the majority of at-
tendees were not included as research subjects.

Second, authors applied a more formal approach to quali-
tatively coding the full set of 30 interview transcripts. Because
the supplemental interview guide asked questions that probed
deeper into themes discussed in the initial interviews, we in-
cluded the relevant data from the interviews in our analysis.
For the second more formal analytical approach, the authors
developed coding guidelines based on (a) the findings from
the initial coding process and (b) the feedback on those ini-
tial findings that we received from the clinician-experts we
met with and the ICU and hospital clinicians and managers
from the various meetings. A research associate used the cod-
ing guidelines to create an initial coding structure, which was
updated iteratively by the team. We utilized MAXQDA 2022
software (VERBI Software, 2021) to code the interviews. The
team then pulled the MAXQDA codes out of the software, re-
viewed the codes and data to identify common patterns and
ideas, and grouped the codes into themes and subthemes. To
establish confirmability (Guba & Lincoln, 1994; Lincoln &
Guba, 1985), authors met regularly to discuss the data, ques-
tions, and coding decisions and interpretations and, after cod-
ing the interviews, to review the data, refine the themes into
additional subthemes as needed, and discuss findings. To dem-
onstrate research authenticity (Guba & Lincoln, 1994), we in-
clude an array of rich quotations in our results.

Results

When interviewees discussed technologies, they focused on in-
formation and communication technologies that support infor-
mation sharing. Some of the technologies commonly discussed
included the EHR, an encrypted text messaging platform for cli-
nician and clinical team communication, wearable sensors for
patient position monitoring, medication dispensing and admin-
istration systems, electroencephalogram video monitoring of
brain activity, a monitor for time-synchronized multimodal data,
and a tele-sitting device for remote audio/visual patient moni-
toring. Below, we (a) characterize the connection between so-
cial and technical systems in the ICU, (b) outline challenges as-
sociated with providing critical care in a complex STS, and (c)
outline strategies that ICU workers offered to mitigate chal-
lenges and jointly manage social and technical issues.

Importance of Social Over Technical
Aspects in the ICU’s STS

Interviewees consistently emphasized the importance of
social versus technical factors, that is, the “human aspect”
of ICU care. Many interviewees emphasized that their
team members are the thing that supports them most at
work. They also discussed how technology will never be
able to replace some aspects of ICU care, such as the ability
to understand the clinical context and patient-specific nu-
ances and the empathy clinicians must be able to provide
to patients and their families:
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T would just say that alot of the work in the ICU that is
not captured by machine, that is not captured by
charting, that is not captured by protocols is the human
side [...] How do you talk to a family member that has
a family member in the ICU? [...] having the skill set
to communicate and guide some goals of care discussion,
or be empathetic, or be sensitive to that heightened state
[...] that's the work that takes years to master. And
that's something that unfortunately machines are never
going to be able to do... (Physician, Int. 3)

Challenges Associated With Providing
Critical Care in a Complex STS

The overarching theme across interviews was that, although
technology can be very useful in caring for patients and gen-
erally supports ICU clinicians in their work, many technolo-
gies cause frustration, can be overwhelming, and can ad-
versely impact clinicians’ ability to provide patient care. As
one clinician described, “This [technology] could have been
helpful, but it’s also now interfering with other aspects of
care” (Physician, Int. 9).

We categorized clinician frustration with new technologies
in the ICU into three challenges: (a) too many technologies
and too much data; (b) inconsistent and inaccurate technolo-
gies, especially when compared with clinicians’ abilities and
decision-making skills; and (c) not enough integration among
technologies, alignment with clinical workflows, and support
for clinician autonomy. Table 1 summarizes these challenges
and their impacts on ICU care. We discuss each in turn.

AB alienge < DI10(Q < < <

Challenge 1: Too many technologies and too
much data. The number of distinct technologies and data
available in the ICU can lead to information overload and
disruptions, which impacts clinicians’ ability to complete
their work and care for patients. There was a feeling that
when it comes to technology in patient care, more is not
always better: “I just don’t necessarily feel like you need to
add more things [devices] on the patient. You need to take
things off, not keep adding stuff on” (Nurse, Int. 22).

Clinicians reported that too many technologies in the
ICU cause significant complexity and make providing care
harder. Provider preference contributes to this challenge
when individual clinicians insist on using certain devices that
only they use: “We have a ton of portable medical equipment
[...] And so we only use that when this doctor is here [...] we
literally have carts that are named after physicians that use
them” (Administrator, Int. 1). As technologies accumulate,
clinicians (especially nurses) must specialize in order to use
the ones required for their patients. Pure physical excess of
technology, that is, too many wires and tubes connected to
patients, also raised concerns.

Information overload occurs when clinicians are inun-
dated with too much data from technology. Clinicians strug-
gle to translate the available data, all of which they are theo-
retically supposed to absorb into coherent information. This
substantial amount of data available for each patient is partic-
ularly difficult for physicians who oversee care for many pa-
tients. “I’s already an immense amount of data. [...] we live
in a very data rich environment in the ICU. And so I'm
like... I can’t possibly take in more data on 12 to 14 really
complex patients” (Physician, Int. 24).

Challenges with technology in the ICU

Description of challenge

Impact of challenges on ICU work

Too many technologies and too much data

There are too many technologies that
are not universally useful, are provider
specific, or require specialized staffing.
Technologies often provide too much
data, provide it in a way that is difficult
for clinicians to process, and lead to
disruptions and alarm fatigue.

The quantity of technologies and data
can be overwhelming and disruptive
and can lead to information overload,
which in turn impacts clinicians’
cognitive capacity and ability to
complete their work and care for
patients.

Technologies can be inconsistent and inaccurate

Technologies fail technically, are not
sensitive enough, and have inherent
biases.

Technologies are unable to
understand patient-specific nuances,
adapt to patients’ needs, or identify
when there is a need to deviate from a
protocol.

Technologies’ inconsistencies and
inaccuracies increase clinicians’
workloads and need for workarounds
and lead to a distrust that technology
will make the right decision.

Lack of tech—tech and socio-tech integration

Not all technologies integrate with the
electronic health record or other
technologies.

Clinicians perceive that the way
technology is currently integrated
impacts their autonomy and decision-
making.

Technologies’ lack of full integration
with other technologies and into the
clinical workflow creates more work
for clinicians and introduces the
opportunity for errors. It is also
perceived to negatively impact clinician
autonomy.
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Information overload and the potential it raises for cognitive
oversights and errors are recognized problems (Nijor et al.,
2022). Many technologies include methods to address them,
such as alerts and alarms to warn when an input is out of the
normal range and may be erroneous or dangerous. Alarms are
built into technologies assuming that busy clinicians may not al-
ways notice problems. However, several interviewees said that
the alarms can be too sensitive and not patient specific, which
sometimes leads to clinicians ignoring them: “There are so many
[alarms] that sometimes people just stop paying attention to it.
They're just like, okay, where do I need to click to? I want this
order, I don’t care what this says, I'm just going to click on it
so I can get through it” (Physician, Int. 9).

Another source of disruptions are communication tech-
nologies, such as phone and texting apps. These are helpful
in facilitating conversations among care team members, but
they can interrupt clinicians’ train of thought, take up time,
and pull clinicians away from other tasks. “There’s this con-
stant interruption, [...] you may have been in a very deep
thought over here about what's going on with your patient
and this constant interruption keeps you from ever finishing”
(Nurse Practitioner, Int. 11).

Challenge 2: Inconsistent and inaccurate technologies.
This challenge arises when technologies do not work well
technically, break or glitch, have inherent biases, or do not take
into account patient- and context-specific nuances. These
problems impact clinicians’ trust in technologies and the amount
of work clinicians need to do to compensate for shortcomings.

New technology may not deliver the functionality it
claims. The time spent implementing and troubleshooting
technologies can also take up a lot of time that could be spent
on patient care. It is especially frustrating when a technology
breaks or glitches.

Clinicians also recognized inherent biases that can affect al-
gorithmic decision-making, such as bias in underlying data
used to train machine learning algorithms or not considering
the status of terminal patients when recommending doses of
analgesics. Interviewees voiced general concern that technol-
ogy alone is unable to adapt to different circumstances and to
understand truly what is going on with the patient. Some re-
ported less willingness to use technologies that do not adapt
for patient-specific nuances and contextual factors that impact
ICU care the way that experienced clinicians do. Interviewees
described not wanting to be misled by technologies, and some
felt that current technologies are not yet sophisticated enough
to discern the nuances that clinicians use to make decisions in
the ICU. Overall, there was a belief that the human aspect of
clinical decision-making cannot be replaced by purely techni-
cal solutions because “what you do with patients is very, very
personal and individual. And it’s hard to generalize that with
code” (Nurse Practitioner, Int. 19).

Challenge 3: Not enough integration among tech-
nologies, alignment with clinical workflows, and
support for clinician autonomy. The third problem
that interviewees frequently discussed was that as new
technologies are layered one on top of the other, they often
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do not get integrated with each other or with the EHR, and
they do not integrate well with clinical workflows or support
clinician autonomy. Lack of integration among technologies
and the EHR leads clinicians to spend additional time with
documentation:

A lot of information which is on the machines [...] it
does not get translated into documentation, so we
[...] start digging into the chart, because somebody
reads those monitors, enters them into Epic, and we
open the Epic and read the same data and then put it
in our note. There are like five steps to something that
[should] just flow very nicely. (Physician, Int. 17)

This lack of integration also leads to clinicians needing to
check different locations or even verbally ask for information,
which adds time, tasks, and opportunities for error to their
work. In addition, even after a technology has been inte-
grated with the EHR, clinicians report having to double
check it to confirm accuracy.

We sometimes get lab values that are automatically
loaded into the system that don't make any sense what-
soever. And it's just something that the computer is au-
tomatically transmitting. Even if the machine is un-
plugged, it continues to transmit data. [...] And so
you always have to double-check that those readings

that are outside the range of normal limits are real.
(Pharmacy Resident, Int. 14)

Not only are technologies poorly integrated with other
technologies, but technologies have also not been integrated
well into clinicians’ standard workflows and therefore create
more work for clinicians. By adding more work to clinicians’
workload, technologies can limit the time clinicians have to
focus on providing care to patients. Technologies create more
work when they add tasks that are perceived not to be help-
ful, are not intuitive, and require clinicians to modify their
workflow to meet the needs of the technology. As explained
by one nurse, “The way that technology is made, it’s not ef-
fective in what it’s trying to do. And it just creates more mun-
dane tasks” (Nurse, Int. 2).

Advancements in technology have also enabled clinicians
to extend their workflow and take work home with them,
which allows them to work long hours, contributing to burn-
out: “They call it ‘work after work.” So you have your whole
workday and then you have a few hours to yourself and then
you're doing more work because you’re back on Epic from
home [...] your work day is never ending” (Physician, Int. 18).

In addition, the way technologies are currently integrated
in workflow is perceived to hinder clinicians’ professional au-
tonomy and decision-making ability. Interviewees expressed
concerns that new technologies would be used to monitor
them and hold them accountable internally and even exter-
nally in legal cases. Interviewees expressed concerns about
how the increase in accountability associated with an in-
crease in video-monitoring technologies could lead to a de-
crease in clinician autonomy by calling into question the
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decisions they make. When their decisions are questioned af-
ter the fact, in the best case, it is a hassle, and in the worst
case, it could have major repercussions to their medical ca-
reer. In the end, interviewees value their ability to be clinical
decision-makers and are concerned that technology could
impact this aspect of their role.

I think it [camera monitoring] would create more dis-
trust within the hospital. Now your employers are spy-
ing on you, and there's no longer autonomy because
Big Brother is watching you. Your whole point of being
an independent practitioner is that's your judgment
call. You were trained, it's your license [ .. .] to do those

things. (Nurse, Int. 12)

It is not just nurses who are concerned about the impact
technologies may have on their autonomy and decision-mak-
ing. One physician explained how technology that records
clinician and patient/family interactions can sometimes im-
pact clinician autonomy in that it can also change clinician
behavior. There is a concern that this impact on autonomy
will change the clinical environment by leading to punitive
measures:

It changes the feeling in the room, and it changes the in-
teractions between the family and the care team. The
care team gets very nervous that they're going to make
a mistake and inhibited in communication because they
don't want to say the wrong thing. And that also takes
away from the doctoring, I think, in some cases. So how
we find the balance in this I think is really a challenge for
the next 50 years. (Physician, Int. 24)

Strategies for Mitigating Challenges and
Jointly Optimizing Social and

Technical Systems

To address the three technology-related challenges described
above, clinicians offered suggestions for mitigation that re-
volved around improving either the social or technical sys-
tems, that when implemented together could lead to im-
proved joint optimization of both systems. One nurse
explained why considering both the social and technical sys-
tems is so important. When discussing the liability associated
with the increase in technology that monitors nursing work, a
nurse explained: “Nursing isn’t [...] structured to be cut and
dried the way that our technology is” (Nurse, Int. 29), mean-
ing that sometimes technology falsely alarms or is incorrect,
and nurses need to deviate from care guidelines. This is not
something that technology is currently able to do or under-
stand. However, because nursing is structured to pull in ad-
ditional information from interactions with other clini-
cians and with patients and their families, it is more
person-centered and relies on inherently human interac-
tions that technology is not currently able to emulate.
Therefore, utilizing information from the social and tech-
nical systems is important for mitigating challenges associ-
ated with technology in the ICU.
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Mitigation strategies for too many technologies
and too much data. Table 2 lists one technical solution
and three social solutions for addressing the first challenge.

Ensure new technologies do not contribute to information overload

There are several ways to prevent new technologies from
contributing to information overload. One way is to avoid
adding new technologies to address problems, instead finding
ways of modifying current technologies to accomplish tasks or
utilizing technologies that perform multiple tasks. Another
way to help with the vast amount of data and technologies
is to use technologies in ways that are helpful for clinicians,
such as monitoring patients and identifying trends in their
data, to support better informed medical decision-making.
Presenting the data in this way could reduce the cognitive
load on clinicians. “I would like it to tell me how my patients
are continuing in their continuum of care. Are these patients
getting better? Are these patients getting worse? Is this pa-
tient likely to die or survive? I would like it to tell me how this

patient’s going to be doing in 48 hours so I can act on that”
(Physician, Int. 3).

Ensure clinicians understand how to interpret data

Sometimes clinicians feel there is too much data because they
are unable to understand, interpret, and use all the data. This
concern can be mitigated by helping clinicians interpret the
data correctly. Training clinicians both about the use and lim-
itations of a technology and how to interpret its data is one way
to make sure this happens: “We have to make sure that the
people who are using it [a new technology] know how to deal
with those numbers, know what they mean, what they don’t
mean, and just interpret it carefully” (Physician, Int. 9).

Ensure new technologies do not increase disruptions to

clinical workflows

Interviewees expressed the importance of considering the im-
pact of disruptions to their workflows. To ensure that new
technologies do not unnecessarily increase disruptions, inter-
viewees requested that thresholds be tailored to ensure alarms
are for big problems and are customizable for patients. In addi-
tion, it would be helpful if when alerts were set up, they were
created to go to the person who could respond to them. The
current alert process with the nurse as a “middle-man” disrupts
the nursing workflow, and impacts nurses’ satisfaction.

If there was some way we could take the nurse out of
there as the middleman, and just put the reminder di-
rectly to the physician [...] I think that would help a
lot with nurse satisfaction. Just making sure that the
alert goes to the person who can redlly resolve it, and
not involve people that just have to be a messenger to
go tell someone. (Patient Care Manager, Int. 6)

Although removing the nurse as the intermediary may im-
prove nurse satisfaction, it is unclear how it would impact
physician workflows and so would need to be investigated
prior to implementation. Also, clinicians reported value in
allowing flexibility when it comes to alerts, because they
sometimes need to go off protocol as part of the patient care
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Type of solution Recommendation theme

010dIe c U 00 Udld

Recommendation description

Technical system

solutions information overload

Ensure new technologies do not contribute to

Instead of always adding new technologies, try to find ways to
modify existing technologies

Use technologies to present trends in an intuitive way and
predict patient health status

Use technologies to monitor other technologies

Social system

solutions the data

Ensure clinicians understand how to interpret

Train clinicians to understand the limits of a technology and
how to interpret its data

Ensure new technologies do not increase
disruptions to clinical workflows

Tailor thresholds for alerts for big misses, important
information (i.e., medications), or patient-specific values

Set alerts to go to the correct person

Provide information while still allowing flexibility

Provide the “why" for the alert

Incorporate technologies into the clinical
workflow

Set up workflows for use of new technologies

process. They also reported that knowing the “why” or reason
behind a warning could decrease frustration with the warning
itself.

Incorporate technologies into the clinical workflow

Finally, concerns about too much data and too many technol-
ogies can be ameliorated if the social system surrounding new
technologies were considered and the technologies were bet-
ter incorporated into clinician workflows. Several examples
illustrated opportunities for enhancements. First, clinicians
sought integration of spontaneous breathing trial data into
the EHR; despite technical capacity, the connection for in-
formation transfer had not been established. Second, al-
though wearable sensors notified nurses that patients’ posi-
tion needed adjustment, it did not provide the assistance that
would enable the nurse to accomplish the task. Third, new
in-room video-monitoring technology enabled providers out-
side a patient room to speak to a patient or provider in the
room, and clinicians described a desire to enable family mem-
bers outside the institution to use the technology.

Mitigation strategies for inconsistent and inaccurate
technologies. Table 3 refers to one technical and one social
solution for addressing the second challenge.

Ensure that new technologies work, are consistent, and can adapt
to patient specific needs

To address the challenge of inconsistent and inaccurate tech-
nologies, health care managers need to ensure the technolo-
gies they are implementing work and work well. One caution-
ary tale shared explains:

They tweaked the technology somehow and [...] it
didn't work great. [...] We were collecting all of them
to return [...] They were not really available for

Technology in the ICU

weeks. Then trying to get everyone back up and run-
ning on [technology] has been painful. [...] They were
unreliable, then they weren't available. People never
liked them anyway, so when they disappeared, not a
single person shed a tear, from a manager to a bedside
nurse. [...] (Patient Care Manager, Int. 30)

In addition, interviewees reported wanting technologies
to be able to meet the needs of their specific patients by (a)
creating technology that adapts to patient needs and (b) set-
ting exclusion criteria that ensure patients who do not need a
new technology are not forced to use it.

Adoption and use improve as clinicians begin to trust

the technologies

Consistency and accuracy are important for new technologies
because if technologies consistently make the right call, inter-
viewees believe that clinician adoption will increase.

Mitigating the integration challenges. Table 4 lists
two technical and two social solutions that could address

the third challenge.

Integrate technologies with the EHR and other technologies

To address concerns about lack of integration, interviewees
requested that new technology be integrated with (a) the
EHR to reduce duplicative work and (b) other technologies
already in the ICU. If all technologies could respond to the
signals of other technologies, providers felt the technologies
could help offload their patient care tasks.

I think technology that is integrated, but also technol-
ogy that speaks with other... like speaks with all the
machines in the room. Like the Internet of things
[...] everything that's integrated will offload the
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TABLE 3: Mitigation strategies for inconsistent and inaccurate technologies

Type of solution Recommendation theme

Recommendation description

Technical system
solution

Ensure new technologies are consistent and
can adapt to patient-specific needs

Technologies should work and fit patients’ needs: Allow
exclusion criteria based on patients' condition and/or adjust to
patients' current situation

Social system
solution

Adoption and use improve as clinicians
begin to trust the technologies

Adopt technologies that prove to be reliable

provider better. So I think that to an extent, integrating
all the different sensors in the ICU room so theyre
connected to one another and can then respond to
one another. (Physician, Int. 3)

Increase automation and integration of technologies to decrease
work and workarounds

Integration also improves as automation of manual tasks in-
creases. When discussing their work tasks within the ICU, inter-
viewees consistently reported that documentation occupies a
large portion of their day, and documentation support was most
commonly discussed as a way that technologies could better
support clinicians in their daily activities. Interviewees
discussed using voice/dictation, artificial intelligence/algorithms,

and computer vision as methods of relieving their documen-
tation. They were especially interested in finding a way to au-
tomate documentation by integrating technologies with the
EHR, which could remove some of the duplicative work they
do, stating: “Nurses would appreciate any kind of automation
that you could do, that didn’t require them having to go in
and do it, but somehow gathered the information and put it
in directly” (Patient Care Manager, Int. 6).

Automation can also improve the nonclinical aspects of
documentation, including identifying billing codes for physi-
cians and reducing time spent auditing patients’ charts. Inte-
grating tasks into technologies through automation could
greatly offload clinicians’ current work and free up their time
for patient care. Automation is not only beneficial for docu-
mentation purposes; it can also minimize errors in patient

TABLE 4: Mitigation strategies for integration challenges

Type of solution Recommendation theme

Recommendation description

Technical system

solutions record (EHR) and other technologies

Integrate technologies with the electronic health

Integrate technologies with the EHR to reduce
duplicative work

Integrate technologies with each other and
incorporate data gathering into current technologies

to decrease work and workarounds

Increase automation and integration of technologies

Integration can help automate
documentation-related tasks

Integration of standards/guidelines within
technologies can help automate double checks for
safety

Integrated technologies will be a better able to
provide information and assistance when needed

Social system

solutions integration into workflow

Ensure work is easier for clinicians to improve

Ensure the work is worthwhile and will be easier or
add value in the long run

Address privacy and autonomy concerns to improve
integration in clinical workflow and clinician identity

Enable mechanisms to protect patient privacy with
video-monitoring technologies

Show providers the output from monitoring
technologies

Use the output from monitoring technologies to
improve work but not to punish clinicians

Demonstrate the technologies are necessary for
patient care

Over time, concerns decrease
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care. When technologies are integrated with each other, they
will be better able to automatically provide clinicians with ei-
ther information or assistance when they need it.

Ensure work is easier for clinicians to improve integration

into workflow

Another way to improve the social system is to ensure that
new technology does not generate additional workload. In-
terviewees recognized that improving patient care often in-
volves adopting new technologies that may add to their work.
But with clinicians at or beyond the brink of tolerance for be-
ing overwhelmed and burning out, interviewees implored
managers to emphasize time and effort saving technology
over anything that added to their workload. Clinicians are
more likely to “like new things if it’s going to make our lives
easier” (Nurse, Int. 8). By communicating how technologies
can make frontline work easier or patient care better, man-
agers can also facilitate greater acceptance of technologies
within the social system of the ICU.

Address privacy and autonomy concerns to improve integration in
clinical workflow and clinician identity

When it comes to new technologies, interviewees expressed the
importance of integrating technologies with their views about
privacy and autonomy. Interviewees believe in the importance
of protecting patient and clinician privacy, and they expressed
concerns with technologies that monitor patient care activities,
especially video-monitoring technologies. For concerns about
patient privacy, one method of mitigation includes integrating
guidelines about when a camera could be turned off into the
standard of care when using monitoring technologies.

To address concerns related to how technology impacts
clinician autonomy, managers can show clinicians the output
from technologies and how it will be used to help clinicians
understand what is being monitored and why there is value
in monitoring it. Setting clear guidelines for how outputs of
technologies will be used can impact the willingness of clini-
cians to use the technologies and the culture surrounding the
technologies. Ensuring that technologies will be used for im-
provement, but not individual punishment, is key to integrat-
ing technologies into a safety culture. “I think education
around what the output is, what it looks like, and then what
you all are going to do with it. [ think again, privacy concerns
are just going to be the biggest thing. Then also making sure
that, that doesn’t get translated into penalties for anybody,
God forbid there’s a bad outcome” (Physician, Int. 18).

Privacy concerns are also ameliorated when clinicians un-
derstand that the technologies are necessary for improving
patient care, “If it’s needed [...] what do we do?[....] If it’s nec-
essary for patient care, if it’s going to relieve some of the on-
going issues that you have, and it’s going to help alleviate
those issues by having this implemented, then I don’t have
any issues with those” (Nurse, Int. 4).

Finally, it may just take time to assuage clinicians’ con-
cerns about privacy.

General mitigation strategies. In addition to the
strategies offered to mitigate the specific challenges described,

Technology in the ICU

clinicians also identified general ways that technologies could
improve their work. One way technology can better support
clinicians is by providing logistical data and support, such as
tracking clinician movements and actions to provide objective
data to identify appropriate staffing levels based on patient
acuity. Interviewees also explained that improvements could
be made in the design process to improve the technology by
talking with frontline staff about what their needs are. This
would mean actively engaging clinicians in design and
implementation decisions.

Many interviewees recommended commonly known best
practices to consider when incorporating new technology.
These included finding champions for the technology and its
implementation, training staff on how to use the technology,
creating tip sheets and making it easy to find help with the
technology, doing phased rollouts/pilots with technical teams
on site, and finally ensuring everyone uses the technology.

Finally, to improve buy-in and use of new technologies,
interviewees stressed the value of ensuring the technologies
not only improve patient outcomes but also that those results
get shared back with those using the technologies. In this
case, communication between frontline staff, frontline man-
agers, and quality improvement teams is key. Doing this could
increase clinician willingness to use the technologies, and not
doing so can lead to discontent and lack of use.

If there is actual information [ ... ] that it's truly helping
our patients, that's not getting disseminated back to the
bedside nurses [...] I think a lot of us would shut up
about complaining about it, if we actually had data
that validated that this really does improve patient out-
comes [...] I have not heard any of that information.

(Nurse, Int. 12)

Discussion

In this study, we sought to better understand clinicians’ expe-
riences with and perceptions of technology in ICUs. New
technologies are essential to ICUs’ ability to manage severe
illness, injuries, and complications and indeed were one ratio-
nale for the early use of ICUs (Meissen et al., 2022). New
technologies have clearly improved care and saved lives
(Weil & Tang, 2011). However, our research identified a par-
adox: While acknowledging benefits of technology, many in-
terviewees also viewed some technologies as problematic and
somewhat detracting from their ability to care for patients. By
applying an STS approach, this study characterizes strategies
that could mitigate technology-related challenges and opti-
mize potential benefits of technologies in the ICU.

Like many health care delivery organizations, the large ac-
ademic medical center in which we conducted this study of-
ten resolved issues that arose in its [CUs by seeking a techni-
cal or technology solution. However, when interviewees
discussed what supports them most in their work in the
ICU, they consistently emphasized their social systems, that
is, the role their team and team members play in assisting
them. This discrepancy suggests that the inclination to fix
problems by adding to the technical systems (but not the
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social system), while disregarding the integration of technol-
ogy with existing workers and workflows, may be a subopti-
mal approach to achieving sociotechnical balance. In fact,
adding new technologies can lead to frustration and feeling
overwhelmed. These findings highlight the significance of in-
tegration for jointly optimizing social and technical systems
and supporting clinicians’ satisfaction (Emery, 1959; Trist,
1981). To achieve joint optimization, ICU leadership should
consider a range of potential ways to use technologies, includ-
ing as supplemental, adjunctive aides rather than seeking to
supplant clinician judgment.

Previous research suggests that involving future users in
the design, development, and implementation of new tech-
nologies can increase the likelihood of successful integration
into the existing work flows (Ruppel & Funk, 2018). Using
an STS approach that balances between the technical and so-
cial systems to integrate technology can improve clinician
workflow and decrease the number of unique devices clini-
cians engage with to find information needed for patient care.
By involving end users, ICU managers can ensure added
technologies are consistent and accurate enough to be trust-
worthy in patient care. Improving clinician trust in new tech-
nologies, including those incorporating artificial intelligence,
is key to improving adoption and utility (Asan et al., 2020).
ICU clinicians perform complex, high-stress work, and adding
new technologies without integrating them means adding to
their workload. Interestingly, the hospital in which we con-
ducted interviews generally uses pilot studies and solicits feed-
back from frontline clinicians before rolling out new technol-
ogy. However, interviewees expressed frustration with technol-
ogies that had gone through that process. Therefore, feedback
from users should continue after implementation to ensure
technologies continue to meet clinician and patient needs
without adding undue burden.

In addition, this study occurred in the United States,
where medical devices are regulated by the U.S. Food and
Drug Administration’s (FDA) Center for Devices and Radio-
logical Health (FDA, 2020b). As part of the device develop-
ment process, medical devices undergo a thorough process to
help ensure that the devices are both safe and effective and to
ensure that device developers follow appropriate manufactur-
ing procedures (FDA, 2020a). In addition, the FDA provides
guidelines for considering human factors and device usability,
which includes guidance for considering device users, use en-
vironments, and user interfaces (FDA, 2016). However, even
with the FDA'’s regulatory process and human factors guide-
lines, technologies and medical devices can cause frustration
when implemented within a complex STS like an I[CU. Perhaps
this is exacerbated because the FDA focuses primarily on an in-
dividual medical device and its function, instead of evaluating
the entire STS first and then considering the device’s role.

It is important to recognize that our analysis also found
that new technologies can add value in the ICU, especially
when new technologies support patient care by providing cli-
nicians with assistance in their routine daily tasks, helpful in-
formation for treating patients, or trends in patient data.
Building on what works with technology implementations
and following the mitigation strategies to jointly optimize
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social and technical systems can help improve patient care
and clinician satisfaction while decreasing costs associated
with failed technology rollouts and clinician burnout.

Managing technologies in the ICU is crucial for ICU cli-
nicians and managers (Meissen et al., 2022). Our qualitative
research gathers ICU clinician and manager perspectives to
shed light on how to ensure technologies are relevant and
useful, while not overburdening clinicians.

Limitations

Our research has several limitations. First, we studied a single
academic medical center known for its research and early
adoption of technological innovation. Similarly, the volume
of technology implemented in ICUs tends to be greater than
noncritical care units because of the complexity of the patients’
conditions and the care associated with treating these patients,
and therefore, our findings are limited to ICUs. However,
technology adoption is already a business (Meinert et al.,
2018) and moral (Hofmann, 2002) imperative in health care,
and as technology continues to be introduced at an increasing
rate to ICUs, we anticipate that many of the concerns and
mitigation strategies expressed by our interviewees will be
shared by their colleagues at other locations. Second, we
asked interviewees about technology generally and probed
for monitoring technologies (especially video-monitoring
technologies). Given professionals’ different roles and experi-
ence, there was variation in the technologies they had in
mind when answering our questions, albeit most focused on
information and communication technologies. Third, we
did not measure actual behavioral effects of technologies,
but only subjective reactions of users to them. Fourth, we un-
derstand that different clinical positions have different roles
and tasks within the ICU and therefore different goals, ex-
pectations, and perceptions of how a given technology helps
them achieve their work. In our interviews, we did not ask
about role-specific technology, although some role differ-
ences did arise (e.g., providers who spent more time at the
bedside expressed greater concern for video-monitoring tech-
nologies in patient rooms). We recommend that future re-
search stratify and contrast clinical roles, apply an STS lens
in the ICU and other health care settings focused on different
technologies, and, recognizing that incremental change may
not suffice, consider applying an STS approach to a
zero-based redesign of the ICU. Finally, although our subjects
were very patient-oriented, we did not investigate patient
perspectives, outcomes, or experiences. Nor did we investi-
gate perspectives of technology implementers or technology
decision-makers, for example, Chief Medical Information Of-
ficers, whose perspectives might make a useful comparison.

Practice Implications

Our study findings suggest important implications for a vari-
ety of stakeholders, including technology developers and
manufacturers, government officials regulating new medical
devices, ICU managers, hospital technology purchasing and im-
plementation teams, clinicians using new technologies for pa-
tient care, and patients whose care relies on successfully merging
social and technical aspects of ICU care. None of these groups
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alone can solve the challenges we identified. All will need to
contribute to truly improve the design, adoption, and use of
new technologies in the ICU. The salience of these issues may
increase as new algorithms incorporating artificial intelligence
are introduced in a potentially haphazard manner.

Those developing and implementing technologies in the
ICU should seek feedback from end users while also recogniz-
ing that not all of the suggestions provided by end users are
practical and some may result in unintended consequences
(e.g., removing the nurse as intermediary for alarms may in-
crease physician alarms and alarm fatigue). Therefore, it is im-
portant to evaluate user feedback and provide transparency
when suggestions are not implemented. In addition, sugges-
tions from interviewees often focused on either social or tech-
nical system solutions. To achieve joint optimization, both
systems should be considered and continuously evaluated at
all stages of design through use. This will become increasingly
important for health care leaders who could use an STS ap-
proach to evaluate how new technologies contribute to or de-
tract from critical illness care.

As new technologies are added to the ICU, they have po-
tential to both improve and disrupt patient care. Using an
STS approach to jointly optimize the social and technical
systems will be key to the future of ICU care. Understanding
clinicians’ perspectives can help identify strategies for opti-
mizing both systems concurrently, which could help limit
the disruptive nature of new technologies, so clinicians can
focus more time and attention on caring for patients.
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