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Vision statement

All critical care nurses provide the highest standard of patient-
and family-centred care through an engaging, vibrant, educated
and research-driven specialized community.

Mission statement

We engage and inform Canadian critical care nurses through
scholarship, education, and networking providing a strong uni-
fied national identity.

Values and beliefs statement

Our core values and beliefs:

o Excellence and Leadership
= Collaboration and partnership
= Pursuing excellence in education, research, and practice

« Dignity and Humanity
= Respectful, healing, and humane critical care environments
= Combining compassion and technology to advocate and

promote excellence

« Integrity and Honesty
= Accountability and the courage to speak up for our beliefs
= Promoting open and honest relationships

Pathways to success

1. Leadership:

« Lead collaborative teams in critical care interprofessional
initiatives

+ Develop, revise, and evaluate CACCN Standards of Care
and Position Statements

 Develop a political advocacy plan

LEADERSHIP

CACCN MEMBERSHIP
STRATEGIC
PATHWAYS PROFESSIONAL DEVELOPMENT
TO

SUCCESS

PARTNERSHIP

2. Education:
« Provision of excellence in education
o Advocate for critical care certification

3. Communication and Partnership:
 Networking with our critical care colleagues
+ Enhancement and expansion of communication with our
members

4. Research:
 Encouraging, supporting, facilitating to advance the field
of critical care

5. Membership:
« Strive for a steady and continued increase in CACCN
membership ¢
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From the Chief Editor

n preparation for this letter from the chief editor, I found
I myself reflecting on my nursing career, the role of the inten-

sive care unit (ICU) environment, and the people I had the
privilege of working with throughout my career in the ICU.
Two large celebrations took place in the last six weeks: the first
was the grand opening of a new ICU that had been more than
20 years in the making, bringing together present and past ICU
staff, and a celebration of life for an intensivist who lost his bat-
tle with myelodysplastic syndrome. Both events took me right
back to my days at the bedside, allowing me the space to reflect
on how those years have shaped me and my career.

I started in the ICU during a time when there were few new
graduates even allowed through the unit door. The ICU was a
place of prestige and honour, and I still feel a sense of pride from
working in that environment. The manager, Pam Holberton,
took a chance on me without any critical care experience and
placed me under the guidance of a nurse clinician named
Carol Logan and a senior nursing team. These two phenome-
nal leaders and nurses nurtured my self-esteem, entrusted me
to develop my skills and knowledge gradually and safely, chal-
lenged me to be better each shift, and led a community of other
nurses who took us young ones under their wings for protec-
tion and guidance. For the first time in 25 years, I was able to
express my gratitude to these two phenomenal women for the
profound impact they have had on my life and career.

The critical care environment has challenged all of us at some
point, and if we were open to it, it changed our perspective on
how we live our lives. Whether you are those who currently
work in the ICU, those who have left the environment for other
areas of healthcare, academia, policy, or another nursing role,
I hope you take a moment to thank the people who have sup-
ported you on your path.

Belonging to the ICU community is a gift, despite the changes
and difficult times over the past few years. You are a part of
something bigger than your role, and the impact you have
on the people you care for and work with can last for years to
come. I was reminded of how fortunate I was to work with the
people I did and the community that still comes together, even
during a celebration of new opportunities and remembering a
life well-lived.

Take a moment to thank the people who impacted you. You are
standing on the shoulders of giants. For me, I have had some
amazing shoulders lifting me over the years, and I hope that I
am providing the same support to others.

All my best,

Kara Sealock, EdD, MEd, RN, CNCC(C), CCNE
Chief Editor
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Nurses’ perceived feasibility and the clinical
utility of the Nociception Level (NOL™) Index for
pain assessment in critically ill adults

By SHIvA SHAHIRI T., MScA, RN, PATRICK LAVOIE, PHD, RN, MARC O. MARTEL, PHD, PHILIPPE RICHEBE, MD, PHD, DESAR,

AND CELINE GELINAS, PHD, RN, FCAN

Abstract

Introduction: The Nociception Level (NOL™) Index moni-
tors nociception and related pain using multiple physiologic
parameters through a non-invasive finger probe and is cur-
rently undergoing validation for pain assessment in the Intensive
Care Unit (ICU). This study aimed to describe its feasibility and
clinical utility from nurses’ perspectives, which is crucial for its
potential adoption in clinical practice.

Methods: This descriptive study involved ICU nurses who
received a brief training (5-minute video and handout) as part
of the validation process of the NOL Index in a medical-surgical
ICU. Trained nurses who used the NOL Index at the ICU bedside
completed a self-administered questionnaire on its feasibility and
clinical utility on a 4-point scale. Scores of 3 and 4 supported its
feasibility and clinical utility.

Results: Of the 21 trained nurses, nine (43%) used the NOL on
enrolled patients, but eight (38%) completed the questionnaire.

Their average age was 34 years, and 63% were female. Feasibility
indicators were endorsed by 95% of nurses supporting the NOLs
easy application, installation, and calibration, with clear usage
instructions. Training strategies (i.e., video and handout) were
rated positively with scores 2 3/4 by 95% of nurses. Nurses rec-
ommended adding more hands-on practice for the bedside use
of the NOL. Clinical utility indicators were endorsed by 87.5 %
of nurses suggesting it should remain an assistive, not a diagnos-
tic tool. Indeed, several factors including patient’s hemodynamic
instability and movements limit the NOL Index’s use in the ICU.

Conclusion: Nurses perceived the NOL Index as a potential alter-
native measure for pain assessment in mechanically ventilated
and sedated ICU patients unable to self-report.

Keywords: feasibility, clinical utility, nociception, pain
assessment, intensive care unit

Shahiri, S., Lavoie, P,, Martel, M. O., Richebé, P,, & Gélinas, C. (2025). Nurses’ perceived feasibility and the clinical utility of the Nociception Level (NOL™)
Index for pain assessment in critically ill adults. The Canadian Journal of Critical Care Nursing, 36(2), 6-17. DOI: 10.5737/23688653-3626

Implications for Nursing

o The Nociception Level (NOL) Index, a multiparametric tech-
nology initially developed for use during anesthesia, is being
validated for ICU pain assessment.

o During the validation process, it is critical to evaluate the
new tool’s usage feasibility and clinical utility from nurses’
perspectives.

o Nurses considered the NOL Index a potential alternative
measure for pain assessment in mechanically ventilated and
sedated ICU patients, contingent upon addressing clinical
factors (e.g., hemodynamic instability, and movements) that
limit its use.

Introduction
urses in the intensive care unit (ICU) provide complex
‘ \ ‘ care to critically ill adults who suffer from severe ill-
nesses, trauma, and surgery. These conditions expose
them to pain caused by nociception from tissue damage, inva-
sive interventions, and noxious stimuli from standard care
procedures (Devlin et al., 2018). While patient self-report is the
reference standard measure of pain, the use of sedative medi-

cations, mechanical ventilation, or clinical conditions affecting
brain functioning may hinder self-reporting (Devlin et al., 2018).

In such cases, nurses use behavioural assessment tools as alter-
native standard pain measures, such as the Behavioral Pain Scale
(BPS; Payen et al,, 2001) and the Ciritical-Care Pain Observation
Tool (CPOT; Gélinas et al., 2006). However, these tools cannot
be used in patients on high doses of sedatives or neuromuscular
blockers as they become unresponsive to stimulation (Chanques
etal,, 2020; Devlin et al., 2018; Herr et al., 2024). Thus, exploring
alternative pain assessment methods is necessary.

Continuous bedside monitoring provides immediate access
to vital signs. ICU nurses use vital signs for various purposes
including pain assessment (Damico et al., 2016; Gnass, 2015;
Rose et al., 2012). However, evidence has demonstrated that
individual vital signs lack validity for ICU pain assessment pur-
poses (Devlin et al., 2018; Herr et al., 2024; Shahiri & Gélinas,
2023). Studies in the field of anesthesia have shown that the
combination of multiple physiologic parameters (e.g., heart
rate, blood pressure) may be superior to their individual use
for nociception monitoring (Ben-Israel et al., 2013; Edry et
al., 2016; Martini et al., 2015; Renaud-Roy et al., 2019; Stockle
et al., 2018). The developed Nociception Level (NOL™) Index
(Medasense Biometrics Ltd., 2025) simultaneously incorporates
multiple physiologic parameters captured from a non-invasive
finger probe to monitor nociception and pain in anesthetized
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patients (Ben-Israel et al., 2013). The finger probe incorporates
a disposable sensor that extracts several physiologic parameters,
including heart rate, heart rate variability, photoplethysmog-
raphy pulse wave amplitude (an indicator of arterial blood
pressure), and skin conductance and temperature (Ben-Israel
etal., 2013; supplementary file A). Values exceeding 20-25 were
found to be indicative of nociception and pain (Coulombe et
al,, 2021; Gélinas et al., 2021; Ledowski et al., 2021; Meijer et al.,
2020; Renaud-Roy et al., 2019). Since a tool can only be valid
for a specific population and in a given context (Streiner et al.,
2024), the validation of the NOL Index for pain assessment in
critically ill adults in the ICU setting was necessary. We con-
ducted two initial pilot studies in 54 conscious postoperative
ICU cardiac patients and 15 conscious mechanically ventilated
ICU patients able to self-report (Gélinas et al., 2021; Shahiri et
al., 2020). Our findings supported the NOL Index’s ability to
detect pain using standard pain measures including self-report-
ing (reference standard) and CPOT (alternative standard). Our
findings also supported the NOL Index’s ability to discriminate
between non-nociceptive (e.g., taking blood pressure using cuff
inflation) and nociceptive procedures part of ICU standard care
(e.g., chest tube removal, endotracheal/tracheal suctioning;
Gélinas et al., 2021; Shahiri et al., 2020).

Evaluating feasibility and clinical utility in the early stage of
the validation process is crucial to ensuring comprehensive
consideration for future development and implementation
(Eysenbach et al., 2018). Feasibility refers to the ease of tech-
nology’s clinical application, while clinical utility pertains to
the relevance of technology’s use for clinical practice purposes
(Duhn & Medves, 2004; Smart, 2006; Weiner et al., 2017).
Evidence supports that frontline clinicians such as nurses,
should play a role in designing, developing/validating, pur-
chasing, implementing, and evaluating healthcare technologies
(Lambert et al., 2023; Schoville & Titler, 2015; Weiner et al.,
2017), as neglecting their involvement may hinder future adop-
tion in clinical practice (Schoville & Titler, 2015). Therefore,
the evaluation of the NOL Index’s feasibility and clinical utility
during the validation process could guide technology adop-
tion decisions and evidence-based clinical recommendations
(Weiner et al., 2017). This study aimed to describe the feasibil-
ity and clinical utility of the NOL for ICU pain assessment from
nurses’ perspectives.

Methods and materials

Study design and setting

A descriptive design was used to achieve the study purpose.
This study was conducted as a complementary objective of
a larger research project focused on validating the NOL for
ICU pain assessment across three medical-surgical ICUs of
university-affiliated hospitals in Montreal, Canada. The pres-
ent study was conducted in one of these ICUs, which has a
30-bed capacity. However, due to nursing shortage caused by
the COVID-19 pandemic, the number of available beds was
reduced to 20, with 15 nurses per shift during the study period.
On average, the ICU admits between 1,000 and 1,500 patients
annually. The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) checklist was used for the

description of the study and the reporting of the results (von
Elm et al.,, 2007).

Participants

Two populations were recruited for the larger research project:
nurse and patient participants. The present study focuses exclu-
sively on nurse participants. The eligibility criteria for patient
participants are provided because they were under the care of
the nurse participants who tested the NOL Index on them.

Convenience sampling was used to recruit nurse participants,
which was well aligned with our aim to obtain an overview of
the perspectives and insights from ICU nurses involved in the
NOL Index validation study. Nurses with part-time and full-
time positions and a minimum experience of 6 months were
eligible, as this period is required to complete orientation and
probation.

Enrolled ICU patients under the care of the nurse participants
were: 218 years old, English, or French speaking, and mechan-
ically ventilated. They were excluded if they had conditions
that could affect the NOL Index signal, such as hemodynamic
instability (e.g., cardiac arrhythmias, severe peripheral vascular
disease, state of hypoperfusion, or receiving high doses of vaso-
pressors) or movements or agitation.

Recruitment procedures

Ethical approval was submitted in February 2022 and approved
in June 2022 (project # MP-05-2022-2988). The research trainee
(SS) presented the study to ICU nurses during staff meet-
ings. The study description and invitation were also emailed
to all ICU nurses by the nurse clinical consultant. Nurses who
expressed interest during the staff meeting, on the unit during
the data collection, or via email were contacted by the research
trainee for additional study details. The research trainee
confirmed eligibility, addressed questions, and provided expla-
nations about the study and consent form. A screening log was
maintained, documenting the number of nurses who agreed to
participate, and reasons for refusal or withdrawal.

Data collection procedures

Training of nurse participant for NOL study procedure

The research trainee provided the training to nurse participants
before the NOL study procedure at the ICU bedside. Nurse
participants watched a 5-minute training video in mp4 format
prepared by the research trainee and reviewed by the princi-
pal investigators (CG and PR), which was accompanied by a
handout detailing the NOL Index’s description, function, and
measurement method. These materials were sent to the nurses
via email. The training video encompassed all information cov-
ered in the handout, along with a demonstration of NOL Index
device setup, including finger probe placement and calibration.
The research trainee addressed any questions, provided a con-
cise review of the steps, and offered additional clarification as
needed until the nurse participant felt prepared to proceed. A
checklist was provided to assist in the NOL procedure, and the
research trainee completed it during the process. Throughout
the data collection of the NOL study procedure, the research
trainee was present and available to address any questions from
the nurse participants.
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NOL Index procedure by nurse participants

The data collection of the NOL study procedure took place from
July 2022 to March 2023. Once an ICU patient was enrolled
and under the care of a nurse participant, the research trainee
informed the nurse about the start of the data collection pro-
cedure. First, the NOLs training content and the procedure
steps were reviewed with the nurse participant. Then, the nurse
installed the disposable sensor in the finger probe and placed it
on the patient’s index finger or any available finger. Subsequently,
the nurse performed bedside calibration of the NOL device and
observed NOL values before and during mouth/endotracheal/
tracheal suctioning. This intervention was selected as the noci-
ceptive procedure because it is known to induce moderate to
severe pain (Dale et al., 2020; Dale et al,, 2018; Kurt & Zaybak,
2022; Ozsaban et al., 2023; Puntillo et al., 2014) and is part of
standard care for mechanically ventilated ICU patients. The
suctioning procedures were performed by respiratory thera-
pists based on patients’ care needs. Considering that the NOL
is still in the validation process, it was emphasized that NOL
values should not influence nurses’” decision-making regarding
the administration of analgesia during this study. The research
trainee was present to verify proper probe placement and device
calibration, ensuring accurate device application by the nurse
participants (Bialocerkowski et al., 2010). The nurse participants
had the opportunity to address questions to the research trainee
during the procedures, if required.

Upon completion of training and all steps of the NOL study pro-
cedure for an enrolled patient, the nurse participants were asked
to fill out demographic, and feasibility and clinical utility ques-
tionnaires and returned them in a sealed envelope to the research
staff within a 72-hour period. A small compensation of 40 CAD
was offered to nurses for their participation upon returning their
completed questionnaire. It is noteworthy that prior to being
part of the present study, nurse participants also had exposure to
observing other instances in which the research staff performed
data collection during the validation study, including any chal-
lenges encountered during the NOL study procedure.

Instruments

Socio-demographic information from nurse participants

The socio-demographic questionnaire included information
on participants’ age, sex, gender, and educational level. The
following data on professional experience were also collected:
ICU position, current employment status, years in the current
ICU position, and total years of experience in nursing.

Feasibility and clinical utility questionnaire

The self-administered Feasibility and Clinical Utility ques-
tionnaire comprised 13 closed-ended questions presented on a
descriptive scale ranging from 1 to 4, where 1 indicates “Not at
all’, 2, indicates “A little”, 3 indicates “Sufficiently” and 4 indicates
“Very”. Therefore, we considered scores of 3 and 4 as endorse-
ments of feasibility and clinical utility. The questionnaire was
adapted from prior versions assessing CPOT feasibility and clini-
cal utility (Gélinas, 2010; Gélinas et al., 2011; Richard-Lalonde et
al., 2019) which was initially developed by Puntillo et al. (2002)
for their pain assessment tool (Pain Assessment and Intervention
Notation [P.A.LN.]). Feasibility indicators (n = 5) included

duration of training, quickness of use, clarity in NOL applica-
tion, comprehensibility, and simplicity of completion. Clinical
utility indicators (n = 3) addressed the recommendation of the
NOL:s use, its helpfulness, and its potential influence on clini-
cal practice. Additional questions (1 = 5) were created to assess
specific aspects of the training, such as the effectiveness of the
training handout and video, as well as the support provided by
the research team. Each question allowed for short comments to
provide additional context to ratings. Furthermore, open-ended
questions were included to gather insights for potential future
implementation of the NOL into practice. The questionnaire was
available in both English and French to accommodate partici-
pants’ language preferences.

NOL Index procedure checklist

A checklist was designed to guide the NOL study procedure. It
included six steps for the nurse participants to follow: 1) instal-
lation of disposable sensor on the finger probe; 2) placement
of the non-invasive finger probe on any available finger of the
patient; 3) turning on the NOL Index device; 4) calibrating the
NOL Index by pressing the calibration button; 5) obtaining the
NOL Index signal; 6) reading the NOL Index value.

Data analysis

Descriptive statistics, including frequencies and medians (inter-
quartile intervals), were reported using SPSS 27 to characterize
the study sample and nurses’ responses to the questionnaires.
The frequency and percentage of nurses who provided a score
of 3 or 4 for each aspect of the NOLs use (i.e., feasibility, train-
ing, and clinical utility) were also calculated. Written responses
were categorized by topics and arranged in the order of occur-
rence frequency.

Results

All 21 ICU nurses who were interested and approached agreed
to participate and were trained to use the NOL. The participant
flow diagram is provided in Figure 1.

Out of the 21 nurses trained to perform the NOL study pro-
cedure, 12 (57%) did not complete the bedside data collection
procedure during validation testing. Among them, nine never
had the opportunity to perform the NOL study procedure at the
ICU bedside since no patient under their care was enrolled in the
validation study. For the remaining three nurses, the NOL Index
signal failed to generate in two cases, potentially due to factors
such as sudden changes in cardiac rhythms during the proce-
dure or cold fingers. In the third case, the nurse was on a break
during the suctioning procedure, but the replacement nurse, also
a nurse participant, completed the procedure. Consequently,
those three were unable to complete the NOL study procedure
at the bedside and, therefore, were not asked to fill out the feasi-
bility and clinical utility questionnaire. None of these nurses had
the opportunity to retry with another patient participant.

Nine nurses (43%) successfully completed the NOL study proce-
dure at the bedside. Among them, two achieved successful data
collection on a second attempt with another patient participant
due to initial signal loss on their first patient participant. For one
of the nurse participants, the patient participant experienced

8 THE CANADIAN JOURNAL OF CRITICAL CARE NURSING o CANADIAN ASSOCIATION OF CRITICAL CARE NURSES



Figure 1

Nurse Participants Flow Diagram

Assessed for
eligibility
n=21

Excluded (Total = 0)

Total Recruited
n=21

Y

Total Trained to use
the NOL
n=21

h 4

Eligible but not recruited (n = 0)

participants’ bedside
n=12

Total nurse participants used the NOL at the patient

Excluded (n = 3)
For two, the NOL signal did not

L 4

Y

generate, one was on break during
the data collection, leading nurse
participants to wait for the next
opportunity.

n=9

Total nurse participants successfully used the NOL at
the patient participants’ bedside

Excluded (n=1)

Y

Total data collection
n=2_8

Note. NOL = Nociception Level Index

sudden onset of irregular cardiac rhythm at the time of proce-
dure, leading to the NOL signal not generating. This condition
was also an exclusion criterion due to its impact on heart rate
variability, a parameter crucial to the NOL algorithm. Therefore,
the patient participant was excluded. For the other nurse par-
ticipant, signal loss may have been due to the patient’s cold
finger. One nurse participant left the hospital prior to returning
the completed questionnaire and was unreachable. Thus, eight
nurses returned their completed questionnaire.

Socio-demographics of nurse participants
The sociodemographic information of the nurse participants
is presented in Table 1. The nurses’ median age was 39 years

L\ J

Did not return the completed
guestionnaire and left the position
at the hospital

(range = 25-60). As a complementary analysis, we performed
the Mann-Whitney U test to examine if age, number of years
in the current ICU position, and total years of experience in
nursing were different between nurses who completed the NOL
Index procedure at the bedside and those who did not. The age
of nurses who completed the NOL study procedure (n = 8) ver-
sus those who did not (n = 9) was not significantly different
(U =48.00, p = .277). Educational level was similar for nurses
who used the NOL and those who did not. However, they were
significantly different in their number of years in the current
ICU position (U = 45.00, p = .036) and total years of nursing
experience (U = 59.50, p = .021), indicating that nurses who
completed the NOL study procedure were less experienced.
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Table 1

Sociodemographic Information of Nurse Participants (n = 21)

Variable Used the NOL (n=9)" Did not use the NOL (n = 12)* Total (n=21)

Age 34 (24-44) 40 (34-47) 39 (28-46)
Sex

Female 5 (55.5%) 7 (58.3%) 12 (57.1%)

Male 3(33.3%) 2 (16.7%) 5(23.8%)
Gender

Woman 5 (55.5%) 7 (58.3%) 12 (57.1%)

Man 3(33.3%) 2 (16.7%) 5(23.8%)
Ethnicity

North American Indigenous origin 0 1(8.3%) 1(4.8%)

Other North American origin 3(33.3%) 0 3 (14.3%)

European origin 3 (33.3%) 3 (25%) 6 (28.6%)

Caribbean origin 0 1(8.3%) 1(4.8%)

Asian origin 0 2 (16.7%) 2(9.3%)

Middle eastern origin 2 (22.2%) 2 (16.7%) 4 (19.1%)
Highest level of education

Bachelor’s degree in nursing 6 (66.6%) 8 (66.7%) 14 (66.6%)

Master’s degree 2 (22.2%) 1(8.3%) 3(14.3%)
Employee status

Permanent full-time 7 (77.7%) 7 (58.3%) 14 (66.6%)

Temporary full-time 1(11.1%) 2 (16.7%) 3(14.3%)
Work shift

Evening 1(11.1%) 0 1(4.8%)

Night 0 1(8.3%) 1(4.8%)

Rotation 7 (77.7%) 8 (66.7%) 15 (71.3%)
Work hours

8-hour shift 2 (22.2%) 3 (25%) 5(23.8%)

8 or 12-hour shift 6 (66.6%) 6 (50%) 12 (57.1%)
Years of experience as an ICU nurse 2.8 (1.8-12) 14 (8-16.5) 11 (2.8-16)
Years of experience as a nurse 7 (2.5-14.3) 17 (10.5-22) 13 (5-19)
Missing 1(11.1%) 3 (25%) 4(19.1%)

Note. Values are median (IQR) or # (%).

*One nurse left the hospital and did not complete the questionnaire.
#Three nurses left the hospital without completing the NOL procedure, having only filled out the socio-demographic

questionnaire.

NOL = Nociception Level Index; ICU = intensive care unit.
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Socio-demographics of patient participants under the care
of nurse participants

Thirteen patients were cared for by nurse participants over the
course of the study. Among these, a NOL signal was success-
fully generated in nine patients, but not in four. For the nine
patients for whom the NOL signal was generated, the median age
was 71 years (range = 46-79, IQR = 61-74). The majority were
male (n = 7) and mechanically ventilated (n = 8). One patient
participant was extubated at the time of the nurse participant’s
data collection; however, mouth suctioning was performed, and
the nurse participant was able to complete the NOL procedure.
Patient participants were admitted to the ICU with a medical
(n =2) or a surgical (n = 7) diagnosis. Six patients had no alter-
ation of consciousness (Glasgow Coma Scale [GCS] = 13-15;
Teasdale & Jennett, 1974), while three had an altered level of con-
sciousness (GCS = 6-11). For the four patient participants for
whom the NOL Index signal did not generate, the median age
was 72 (range = 59-75, IQR = 65-74). Two were female. All four
were conscious (GCS = 13-15), mechanically ventilated, and
admitted to the ICU with a surgical diagnosis.

Table 2

NOL Index feasibility and clinical utility

All the steps of the NOL study procedure checklist were suc-
cessfully achieved per nurse participants (n = 8). On three
occasions, the nurse participants asked the research trainee
to turn on the NOL device or press the calibration button,
because they were on the other side of the bed and away from
the device. Results from the evaluation of feasibility and clinical
utility of the NOL are presented in Table 2 and written com-
ments provided by the nurse participants are presented in Table
3. All nurse participants completed the English version of the
questionnaire.

Feasibility indicators and training strategies were endorsed
by 95% of nurses, indicating easy application of the finger
probe, installation, and calibration of the NOL. Nurses indi-
cated that the support from the research staff during training
and their presence during the NOL study procedure were the
most helpful training strategies. Moreover, they stated the
real-time demonstration was a better training strategy than
the recorded video. More exposure and practice with the NOL
were also requested.

Nurse Participants’ Responses to the Questionnaire Regarding Feasibility, Training Evaluation, and Clinical Utility of the NOL (n = 8)

Questions Notatall  Alittle  Sufficiently Very Median IQR
Feasibility =~ Was the length of time sufficient to train 0 1 3 4 35 3-4
you to use the NOL accurately?
Is the NOL quick to use? 0 0 3 5 4 3-4
Were the directives about the use of the 0 0 3 5 4 3-4
NOL clear?
Is the NOL simple to understand? 0 1 3 4 3.5 3-4
Is the NOL easy to apply? 0 0 3 5 4 3-4
Training Did the training help you understand 0 0 5 3 3 3-4
Evaluation =~ how the NOL can help you better care for
your patients?
Did the training facilitate the 0 0 3 5 4 3-4
understanding of the NOLs use?
Was the training handout useful? 0 1 3 4 3.5 3-4
Was the training video useful? 0 1 4 3 3 3-4
Was the support from the research team 0 0 0 8 4 4-4
helpful when setting up the NOL device
at the bedside?
Clinical I would recommend using the NOL 0 2 2 4 3.5 2.5-4
Utility routinely
The NOL would be helpful for practice. 0 0 4 4 3.5 3-4
Using the NOL could influence my 0 1 3 4 3.5 3-4

practice

Note. NOL = Nociception Level Index.
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Table 3

Nurse Participants’ Comments on Feasibility and Clinical Utility of the NOL for ICU Pain Assessment

Comments Frequency

The NOL Index is quick and easy to use

Easy and quick installation, application, and calibration 4
Directive about the use of the NOL

Very clear directive 2
Most helpful training strategies

Actual practice on a real patient/Hands on learning 2

Observing the monitoring process at the bedside 1

The presence of research staff during the procedure 3

The training is convenient; however, a real time demonstration is more beneficial 1
Reasons for recommending the use of the NOL

Provides an alternative pain measure for non-communicative ICU patients who are non-agitated and sedated 8
Reasons for not recommending the use of the NOL

Inaccurate readings on restless ICU patients or during movement 1

The NOL Index is not suitable during acute phase of a shock (e.g., sepsis) or on patients with edema on their fingers 1

There is a concern whether the NOL detects only pain or other emotions such as fear and anxiety 1
The NOL is helpful for practice

The NOL provides another quantitative measure of pain other than vital signs 1

The NOL seems to be a helpful alternative measure of pain in non-communicative, sedated, and mechanically 5

ventilated patients

The NOL is helpful to evaluate the effectiveness of treatment in sedated and mechanically ventilated patients 1
The NOL is not helpful for practice

Anxiety seems to influence the NOLs reading; the NOL Index values increased on an awake patient who self-re- 1

ported being anxious but not being in pain

The NOL signal does not generate on ICU patients with complex clinical conditions (e.g., state of shock, cardiac 1

arrhythmias, edema).
Using the NOL in the study has influenced my practice in assessing the patient’s pain

The NOL would enable clinicians to optimize pain management and to avoid over-/under treatment 4

The NOL would help decreasing the length of mechanical ventilation and ICU stay and subsequently lower the 1

incidence of delirium
Using the NOL in the study has not influenced my practice in assessing the patient’s pain

The NOL would remain a tool and not to diagnose pain 1
How to improve the use of the NOL

Integrate the NOL into the ICU beside VS monitoring device 1

Provide different types/sizes for the finger probe 1

Unsure at this point 1

Note. NOL = Nociception Level Index; ICU = intensive care unit.
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Clinical utility indicators were endorsed by 87.5 % of nurses.
Nurses indicated that the NOL, if found valid, could provide
an alternative measure for pain assessment and guide analgesic
effectiveness evaluation in mechanically ventilated and sedated
ICU patients. They further mentioned that by optimizing anal-
gesia, the NOL may help to decrease the length of ICU stay and
improve patient outcomes. However, they also pointed out that
impeding factors, such as agitation, cardiac arrhythmias, edema,
state of shock, and movements may hinder its utility in the ICU
context. Another concern was raised regarding whether the NOL
Index detects only pain or related emotions, such as fear and anx-
iety. Lastly, they suggested that the NOL should remain as an
assistive technology and not a diagnostic tool.

To improve the clinical utility of the NOL in the ICU setting,
nurses recommended integrating the NOL into the ICU bed-
side monitoring device. In some instances, nurses had difficulty
placing the finger probe. Thus, they also recommended provid-
ing different sizes and shapes of the NOLs finger probe as it
exists for oxygen saturation finger probes. Finally, the strategies
for potential future NOLs implementation into ICU clinical
practice were described in Table 4.

Discussion

Nurses’ perceived feasibility and clinical utility of the NOL
was evaluated for the first time within the context of its vali-
dation process. Almost half of the nurse participants who were
trained had the opportunity to perform the NOL procedure at
least once at the ICU bedside. They also observed the research
staff performing NOL data collection during the validation
study, which could have influenced their evaluations. The
majority of nurses who completed the NOL procedure in this
study are considered as expert in their professional develop-
ment (Benner, 1982). Research has shown that greater clinical
experience is associated with a higher likelihood of utilizing

Table 4

Nurse Participants’ Recommended Implementation Strategies
of the NOL Index for ICU Pain Assessment

Comments Frequency
Provide an information session to describe 1
the NOL Index, its utility, and benefits for
the patient
Include a training and hands on practice, as 2
was conducted by the research staff
Include the training as one of the ICU’s 1
mandatory trainings
Include a nurse champion or a resource 1
nurse for the implementation
Include a trouble-shooting mechanism, as 1
with more practice, issues may arise
Involve the engaged partners, such as ICU 1

leadership teams, to ensure their buy-in

Note. NOL = nociception level; ICU = intensive care unit.

technology at the bedside (Brown et al, 2020). Thus, nurses
with greater clinical experience may be more likely to incorpo-
rate bedside technology effectively into patient care.

Most ICU nurse participants agreed with all feasibility indi-
cators assessed. The NOL was perceived as easy and quick to
use and understand, and simple and quick to apply with clear
directives for application. While support from the research
staff was considered the most helpful training strategy, nurses
recommended incorporating real-time demonstrations and
multiple opportunities for practice with the NOL into training
sessions.

Nurses pointed out several factors that may limit the clinical
utility of the NOL for ICU pain assessment, including patient
movement, agitation, cardiac arrhythmias, and edema. Our
previous findings also highlighted the potential impact of
patient movements on NOL signal quality, which was mitigated
by instructing participants to limit finger movement during
data collection, as they were all awake and conscious during
these pilot studies (Gélinas et al., 2021; Shahiri et al., 2020). Yet,
in agitated ICU patients who are not sedated, the NOLs clini-
cal utility is likely to be compromised. Given that most patient
participants in this study were conscious, nurses likely found it
easier to identify issues primarily related to patient movement.
Cardiac arrhythmias, although an exclusion criterion from the
validation study, are common in critically ill patients and can
affect heart rate variability (one of the parameters of the NOL
algorithm), potentially leading to signal loss and limiting its use
in the ICU. Similarly, edema can affect photoplethysmography
outputs, posing challenges for patients with swollen fingers.
Similar findings regarding NOL signal issues compromising its
clinical utility in the ICU were also reported in our pilot stud-
ies. These issues included variability in the shapes and sizes of
patients’ fingers, as well as patient movements (Gélinas et al.,
2021; Shahiri et al., 2020). According to the nurses’ suggestions,
some of these challenges could be addressed by enhancing the
finger probe design to accommodate a wider range of finger
sizes and shapes.

To address nurses’ concerns about whether the NOL detects
only pain or other distressful feelings, our pilot study with post-
operative ICU cardiac patients found associations between NOL
values and pain intensity, but not anxiety (Gélinas et al., 2021).
Mechanically ventilated ICU patients often experience distress-
ing symptoms, such as anxiety and fear (Guttormson et al,,
2023). Certainly, the coexistence of pain, fear, and anxiety high-
lights the necessity for using assessment tools that exhibit greater
sensitivity and specificity to pain (Gélinas et al., 2014). Further
validation results may elucidate this concern.

Implementation strategies suggested by nurses could assist
in determining suitable implementation frameworks in ICU
clinical practice for the NOL (Moullin et al., 2020). The sug-
gested strategies in this study align with the refined Expert
Recommendations for Implementing Change in the ICU frame-
work, which include conducting ongoing and dynamic
training sessions, educational meetings, identifying and pre-
paring champions, offering interactive assistance, and involving
executive boards (Mosch et al., 2022).
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Limitations

This study had some limitations. Firstly, the participation rate
was lower than anticipated compared to the total number of
ICU nurses who received training. This was primarily due to
trained nurses not being assigned to enrolled patients and one
being on break during data collection. Secondly, the group of
nurse participants who did not have the opportunity to per-
form the NOL study procedure at the bedside had more clinical
experience than those who did, potentially affecting additional
comments or insights. However, this assignment occurred
randomly as the nurse and patient assignments were not con-
trolled in this study but were determined by the assistant nurse
manager. Thirdly, nurses could only complete the question-
naire after all steps of the NOL study procedure, so no data is
available for instances where the NOL signal did not generate,
and these nurses did not have a second opportunity. Fourthly,
missing data occurred due to nurses leaving their positions in
the ICU post-pandemic crisis. Finally, the questionnaire relied
on quantitative evaluation of specific feasibility and clinical
utility indicators, with the option to provide additional writ-
ten comments. Further research with qualitative methods, such
as semi-structured interviews could allow nurses to expand on
their perspectives on the use of the NOL in the ICU.

Conclusions

During the validation process of the NOL Index, nurse par-
ticipants positively evaluated the feasibility of using the NOL
Index in the ICU setting. However, the clinical utility of the
NOL Index was hindered by factors such as cardiac arrhyth-
mias, edema, and the state of shock as experienced by ICU
nurse participants in enrolled ICU patients. As the NOL Index
validation process for ICU pain assessment is still ongoing,
feedback from bedside clinicians, such as ICU nurses, can
inform improvements to the NOL Index device to address
these challenges. If NOL Index is found to be valid for ICU pain
assessment, further implementation studies are warranted to
evaluate the feasibility and clinical utility of this technology in
routine clinical practice, its effects on pain management proto-
cols, and patient outcomes.
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Exploring long-term impacts on ICU survivors:
A concept analysis of post-intensive care

syndrome

By BROOKELYN Hussey, MN, RN, AND CONNIE SCHUMACHER, PHD, RN

Abstract

Post-intensive care syndrome (PICS) has emerged as a concern
for intensive care unit (ICU) survivors, particularly in the con-
text of the increasing survival rates of patients with severe illness.
This syndrome encompasses a range of physical, cognitive, and
psychological impairments that can continue long after ICU dis-
charge. PICS impacts survivors’ quality of life, with common
manifestations including muscle weakness, memory deficits, and
depression. Despite growing awareness, PICS remains under-
explored in clinical practice, with ongoing research focused on
identifying its risk factors and effective management strategies.
Risk factors such as prolonged mechanical ventilation, extended
ICU stays, and delirium contribute to its development, partic-
ularly among older adults who face heightened vulnerability to
long-term complications. This concept analysis, using the Walker
and Avant (2011) method, aims to clarify the defining attributes,
antecedents, and consequences of PICS, offering a framework to

improve understanding, clinical management, and intervention.
Through an extensive review of literature from 2012 to 2024, key
elements of PICS are identified, and their implications for both
healthcare providers and patients are discussed. The analysis
highlights the need for standardized care pathways, including
psychological support, physical rehabilitation, and follow-up
care, and highlights the importance of early detection and inter-
vention in the ICU and post-ICU settings. This paper contributes
to the growing body of knowledge on PICS, offering a solid foun-
dation for further research, clinical guidelines, and care protocols
that will improve the long-term recovery, quality of life, and over-
all well-being of ICU survivors, ultimately improving patient
outcomes and enhancing recovery strategies for all.

Keywords: post-intensive care syndrome, ICU survivors,
long-term recovery, critical care, concept analysis
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Nursing implications

o Early identification and assessment: Nurses should remain
alert in identifying early signs of post-intensive care syn-
drome (PICS) in intensive care unit (ICU) survivors.
Implementing screening tools and regular assessments in the
post-ICU follow-up phase can facilitate early intervention.

« Multidisciplinary collaboration: Addressing PICS requires a
collaborative approach among healthcare teams. Nurses have
an important role in coordinating care and advocating for
adequate treatment plans.

« Patient and caregiver education: Nurses should educate ICU
survivors and their caregivers about the potential-long term
effects of critical illness, including PICS.

« Advocacy for policy development: Nurses should advocate
for healthcare policies that prioritize long-term follow-up
care for ICU survivors, including regular screening for PICS
and access to rehabilitation services.

Background

n recent years, rising survival rates for intensive care unit
I(ICU) patients have highlighted the long-term conse-

quences of critical illness. Post-intensive care syndrome
(PICS), characterized by impairments in cognition, psychology,
and physical health, is among the most concerning outcomes
(Smith & Rahman, 2023). PICS significantly impacts survi-
vors’ quality of life, necessitating multidisciplinary care beyond
ICU discharge (Voiriot et al., 2022). Despite its recognition as

a distinct condition, PICS remains underexplored (Smith &
Rahman, 2023).

PICS encompasses symptoms that extend beyond the acute
care phase, often lasting weeks to years post-ICU. Symptoms
include muscle weakness, memory and concentration defi-
cits, anxiety, depression, and post-traumatic stress disorder
(PTSD; Hiser et al., 2023). Cognitive impairments similar
to moderate traumatic brain injury and Alzheimer’s demen-
tia have been seen in patients up to one-year post-ICU stay
(Pandharipande et al., 2013). Studies estimate 50%-70% of
ICU survivors experience some form of PICS (He et al., 2024;
Schwitzer et al., 2023; Wang et al., 2018). Care challenges
are exacerbated by limited screening tools and insufficient
follow-up care (Pant et al., 2023; Wang et al., 2022). PICS
demands standardized approaches to prevention, early detec-
tion, and management.

Risk factors for PICS include prolonged mechanical venti-
lation, extended ICU stays, delirium, and sedative exposure
(Needham et al., 2012). A Canadian study identified a lack of
care availability, which would typically be provided in post-
ICU follow-up clinics (Stapleton et al., 2020). Addressing ICU
survivors’ long-term challenges is increasingly relevant. This
concept analysis explores the complex nature of PICS, focusing
on its implications for survivors and care needs, particularly in
older adults. By clarifying the defining attributes, antecedents,
and consequences of PICS, this analysis aims to inform clinical
practice and future research.
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Design/methodology

This concept analysis followed Walker and Avant’s (2011)
framework. First, the concept was selected, and relevant litera-
ture was reviewed to define its purpose. Key elements, including
defining attributes, antecedents, and consequences were identi-
fied. Model, borderline, and contrary cases were developed to
illustrate the concept. Empirical referents were identified, and
research gaps highlighted.

Data collection

Relevant literature was sourced from CINAHL, PubMed, and
Google Scholar. Search terms included “post-intensive care
syndrome,” “PICS,” and “ICU survivors.” Articles from 2012 to
2024 were prioritized. Only peer-reviewed studies in English
focusing on PICS’ long-term effects were included. Studies on
pediatric populations or unrelated interventions were excluded.
A total of 43 articles were analyzed.

Results

Examining the applications of the concept

Examining the applications of the concept of PICS reveals its
role in enhancing the care of ICU survivors. PICS, as a concept,
informs healthcare providers about the diverse challenges ICU
survivors face, guiding interventions (Hiser et al., 2023). For
instance, PICS is applied in creating care pathways that facilitate
psychological support and rehabilitation, addressing the cog-
nitive and emotional needs of survivors (Renner et al., 2023).
In clinical settings, the concept is often used to develop edu-
cational programs aimed at equipping healthcare professionals
with the knowledge to recognize and manage PICS (Zhang et
al., 2023). Furthermore, PICS informs policy decisions regard-
ing follow-up care, advocating for integrated healthcare models
that promote long-term recovery (Schwitzer et al., 2023).

Defining attributes

In conducting a concept analysis of PICS using the Walker and
Avant (2011) framework, the defining attributes represent the
characteristics that distinguish this concept. A literature review
revealed three key attributes consistently associated with PICS:
neurocognitive impairment, physical debilitation, and emo-
tional disturbances.

Neurocognitive impairment, a defining attribute of PICS,
includes memory loss, attention difficulties, and executive
functioning challenges. These deficits can significantly impact
ICU survivors’ daily lives, as studies have shown declines in
concentration, information recall, and decision-making abili-
ties post-ICU (Alro et al., 2022; Kohler et al., 2019; Pereira et
al., 2024). Mart et al. (2022) noted that cognitive difficulties
often persist long after discharge, sometimes resembling early
dementia.

Physical debilitation encompasses fatigue, muscle weakness,
weight loss, pain, and functional impairment (Boelens et al.,
2022; Makinen et al., 2020; Wischmeyer & San-Millan, 2015).
Prolonged immobility, combined with sedation and mechani-
cal ventilation, often leads to muscle atrophy and diminished
physical endurance (Boelens et al., 2022; Lad et al., 2020).
Goddard et al. (2024) documented challenges with activities

like walking or climbing stairs months or years post-discharge.
Recovery through physical rehabilitation is critical, though
outcomes vary based on illness severity and length of ICU stay
(Boelens et al., 2022).

Emotional disturbances including anxiety, depression, and
PTSD are a third key attribute (Abdelbaky & Eldelpshany,
2024; Hatch et al., 2018). Survivors often experience distress
from life-threatening situations, invasive procedures, and iso-
lation during their ICU stay (Vrettou et al., 2022). Abdelbaky
& Eldelpshany (2024) identified PTSD-like symptoms prev-
alent in patients who underwent prolonged sedation or
mechanical ventilation, exacerbating their emotional chal-
lenges. These psychological aspects of PICS significantly affect
survivors’ quality of life and engagement in rehabilitation (He
et al.,, 2024).

Antecedents

Several factors contribute to the development of PICS in ICU
survivors. Prolonged mechanical ventilation is a key anteced-
ent, linked to physical and cognitive declines post-ICU (Bulic
et al., 2020; Huang et al., 2022; Jubran et al., 2018). Extended
sedation, often required for ventilated patients, frequently leads
to delirium, another contributor to PICS (Ceric et al., 2024).
Patients with ICU delirium are at increased risk for long-term
cognitive impairment, highlighting the importance of sedation
management (Goldberg et al., 2020; Schwitzer et al., 2023).

The length of ICU stay is another critical factor, with long stays
correlating to greater risks of physical, psychological, and cog-
nitive impairments (Fiani et al., 2022). Prolonged exposure to
invasive procedures, immobility, and stress in the ICU environ-
ment exacerbates these risks (Inoue et al., 2019). Additionally,
pre-existing comorbidities in older adults increase their sus-
ceptibility to PICS due to underlying frailty and functional
declines (Green et al., 2021; Inoue et al.,, 2019). Understanding
these antecedents is essential to reducing PICS incidence and
improving outcomes for ICU survivors.

Consequences

Consequences are the outcomes resulting from the concept of
PICS (Walker & Avant, 2011). While primarily adverse, some
positive outcomes have been observed. A notable positive con-
sequence is that some ICU survivors adapt to a “new normal”
and become advocates for others transitioning out of the ICU
(Hirshberg et al., 2020).

Adverse consequences are more common, including
diminished quality of life due to physical, cognitive, and psy-
chological impairments (Geense et al., 2021; Hofhuis et al,,
2021). PICS often leads to long-term issues, such as muscle
weakness, memory loss, anxiety, and depression, impacting
survivors’ health-related quality of life (Smith & Rahman,
2023). These challenges also extend to caregivers, many
of whom face significant emotional and physical burdens.
Nearly 50% of caregivers report feeling overburdened when
caring for PICS survivors (Van Beusekom et al., 2016; Van
Sleeuwen et al., 2020). These outcomes emphasize the wide-
spread impact of PICS on individuals, their support networks,
and healthcare systems.
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Figure 1

Antecedents, Attributes, and Consequences of PICS
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Model case
This model case illustrates the concept of PICS and serves as an
example for understanding and explaining it.

John, a 70-year-old man, is discharged from the ICU after
being treated for severe pneumonia. After his discharge, he
experiences physical weakness, memory loss, and depres-
sion. His wife, overwhelmed by his needs and behavioural
changes, struggles as his primary caregiver. Despite follow-up
care, John’s recovery is slow, and his quality of life declines.
Eventually, John and his wife join a support group for ICU
survivors, where they gain tools for managing symptoms and
supporting others. Over time, John adapts to his “post-normal”
life. This case demonstrates the key attributes of PICS and its
impact on patients and caregivers.

Additional cases

Examining borderline, related, and contrary cases clarifies PICS
attributes. Borderline cases exhibit most, but not all attributes,
related cases share some similarities, but lack critical features,
and contrary cases lack PICS entirely (Walker & Avant, 2011).

Borderline case

A 68-year-old man, recently discharged from the ICU following
a cardiac event, experiences fatigue and occasional confusion,
but retains physical function and manages daily activities inde-
pendently. His memory issues cause minor frustrations but do
not require formal rehabilitation. While his symptoms align

partially with PICS, they are mild and manageable, missing the
severity and functional impact characteristic of the condition.

Related case

A 74-year-old woman is discharged from the hospital after a
lengthy stay for pneumonia, but was never admitted to the ICU.
She experiences fatigue and a reduced quality of life. Although
she finds daily tasks more tiring, she has no cognitive impair-
ments and can still perform her routine activities with minimal
physical assistance. Her symptoms stem from post-hospital
syndrome rather than PICS, lacking ICU-specific factors and
the significant impairments of the syndrome.

Contrary case

A 55-year-old man is admitted to the ICU for several days after
a traumatic accident, but makes a full recovery upon discharge,
with no cognitive, physical, or psychological complications.
He returns to his pre-ICU routine without assistance or lasting
symptoms. This case contrasts with PICS, as it involves a com-
plete recovery without residual challenges.

Empirical referents of PICS

Empirical referents are measurable indicators that confirm
a concept’s real-world presence (Walker & Avant, 2011). For
PICS, they translate the concept into observable terms, aiding
in developing valid assessment tools.

Existing assessments often measure isolated aspects of PICS,
such as physical limitations or psychological distress, but lack
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the breadth required for a holistic evaluation (Pant et al., 2023).
Tools like the Medical Research Council Scale for Muscle
Strength and Activities of Daily Living (ADL) measure phys-
ical dysfunction (Edemekong et al., 2023), while the Hospital
Anxiety and Depression Scale (HADS) and Posttraumatic
Stress Symptoms-14 (PTSS-14) assess psychological symptoms
(Milton et al., 2018). However, these tools rarely address the
interplay between PICS domains, limiting their ability to cap-
ture the full scope of its impact.

The Post-Intensive Care Syndrome Questionnaire (PICSQ)
uses an 18-item, four-point Likert scale to evaluate cognition,
physical function, and psychological status (Jeong & Kang,
2019). While it addresses core cognitive concerns, it insuffi-
ciently accounts for the social and community impacts critical
to understanding PICS. This highlights a gap in current tools,
which restricts providers’ ability to assess the syndrome’s com-
plete effects on survivors’ lives.

Discussion

This concept analysis highlights PICS as a multidimensional
phenomenon profoundly impacting ICU survivors’ quality of
life. Defined by neurocognitive impairment, physical debil-
itation, and emotional disturbances, PICS presents diverse
challenges that persist after ICU discharge (Boelens et al., 2022;
Mart et al., 2022). Older adults are particularly vulnerable, as
age-related factors exacerbate recovery challenges, under-
scoring the need for specialized interventions (Fiani et al,,
2022). Antecedents such as prolonged mechanical ventilation,
extended ICU stays, and sedation exposure increase the risk
of PICS, emphasizing opportunities for preventative strategies
(Green et al., 2021; Huang et al., 2022; Schwitzer et al., 2023).

PICS consequences extend beyond patients, significantly
impacting caregivers and healthcare systems. Caregivers often
face emotional and physical strain, while healthcare systems
bear costs related to extended rehabilitation (Van Sleeuwen
et al., 2020). Interdisciplinary follow-up care and referrals to
post-ICU clinics are essential for supporting survivors and
their caregivers, ensuring adequate treatment and rehabilita-
tion (Stapleton et al., 2020). This concept analysis underscores
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Caregiver needs in and after the ICU: A call to
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espite increasing illness severity and patient complex-
D ity, intensive care unit (ICU) and hospital mortality

continue to decline (Prescott et al., 2024). At the same
time, the long-term physical, cognitive, and mental health
challenges experienced by ICU survivors are becoming better
understood and more frequently recognized as post-intensive
care syndrome (PICS; Needham et al., 2012; Schwitzer et al.,
2023). In contrast, the experiences and needs of family mem-
bers, who often transition into unpaid caregiving roles after
discharge, remain underrecognized in the ICU setting. These
family caregivers frequently experience post-intensive care
syndrome-family (PICS-F), a cluster of emotional, psycholog-
ical, physical, and social symptoms that can impair their health
and caregiving capacity (Davidson et al., 2012).

Family members of ICU patients report anxiety, depression,
sleep disturbances, fatigue, and even post-traumatic stress dis-
order (PTSD) during and after the ICU stay (Davidson et al.,
2012; Choi et al., 2018). Many take on caregiving roles with lit-
tle preparation, encountering complex discharge planning and
fragmented outpatient care (Law et al., 2021). Although nearly
50% of ICU survivors rely on family caregivers at home after
discharge (Avgeri et al., 2023), few ICU settings offer formal
assessment or support for these caregivers.

Currently, family-centred care in the ICU emphasizes fam-
ily involvement in patient care and decision-making, but
does not systematically assess or support caregiver well-being
(Grieshop, 2023). In contrast, Caregiver-Centred Care recog-
nizes caregivers as individuals with their own distinct health
and informational needs (Parmar et al., 2021). This model
advocates for identifying, engaging, and supporting caregivers
as an integral part of the critical care recovery process.

ICU clinicians, especially nurses, are well-positioned to
intervene early to support family caregivers. Proactive com-
munication, early involvement of social work and spiritual
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care providers, and routine screening for caregiver distress
can help reduce the impact of PICS-E. Post-ICU recov-
ery clinics and community organizations (e.g., Caregivers
Nova Scotia, Caregivers Alberta, and the Ontario Caregiver
Organization) offer valuable support to family caregivers.
However, consistent referral practices are needed to ensure
access to these resources. Simple tools, such as family needs
checklists or caregiver strain indices can be incorporated
into clinical workflows to support caregiver assessment and
enhance discharge planning (Watland et al., 2023; Mistraletti
etal., 2017).

Future clinical quality improvement and research efforts
should prioritize interdisciplinary education, the integration of
caregiver needs into ICU recovery pathways, and policy-level
recognition of caregivers as essential to improving long-term
patient outcomes. It is time to extend our critical care thinking
beyond the bedside—to care truly for those who care.
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No drug selected: Nurses report safety risks
when programming smart pumps
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In this regular column, ISMP Canada will feature a critical care-related
medication story and share practical learning for critical care nurses.

alongside a tailored library of medications with dosing

guidelines can support organizations to detect dosing and
programming errors that may harm patients (ISMP Canada,
2023; Joint Commission, 2021).

Implementation of dose error reduction software (DERS)

Incident examples

An infusion for a diuretic was ordered. The pump library had no
entry for the specified medication, so the “no drug selected” mode
was chosen. The concentration was entered as 1 mg/mL, even
though the actual concentration was 10 mg/mL. As a result, the
patient received 10 times the prescribed dose during the infusion
period.

A medication was ordered for infusion at a rate that exceeded the
hard upper limit permitted by the pump. The prescriber confirmed
that the dose and rate were correct as ordered. A suggestion was
made to set up two pumps, with the dose split between them, such
that neither pump exceeded the upper limit. An alternative work-
around using the “no drug selected” option was later proposed to
allow the medication to be infused with a single pump.

Methodology and analysis

Over the 5-year period between December 2019 and November
2024, 210 reports of safety incidents were submitted to the
Canadian Medication Incident Reporting and Prevention
System (CMIRPS) that involved bypassing the DERS in smart
pumps. Of these incidents, about two-thirds occurred in crit-
ical care areas. Although errors reached the patients in some
incidents, the overwhelming majority of reports described con-
cerns about having to use the “no drug selected,” “basic mode,”
or “IV fluids” option to infuse drugs at a rate outside the limits
set by the drug library. Numerous medications or medication
classes were reported (Table 1), including many high-alert
medications.

Discussion

Reasons for bypassing the DERS (e.g., through use of the “no

drug selected” option) included:

+ Medication was not found in the drug library or not found in
the drug library for the specific clinical care area.

« Medication profile in the drug library was not specific to the
population served.

« Concentration of medication to be infused did not match the
concentration in the drug library.

o Medications were ordered according to units or rates not
present in the drug library.

o Preprinted order sets, IV medication monographs, and the
medication profile in the drug library were misaligned, a sit-
uation that was reported to occur after a change to an order
set.

« Care provider was unable to enter patient weight accurately
due to limits in the weight parameter of the medication
profile.

From the reports analyzed, it was clear that the nurses intended
to use the DERS within the pump library but encountered one
or more of the barriers described above, which made it impos-
sible to run the infusion safely. Dealing with the barriers led
to deviation from policies and protocols and subsequent use
of workarounds to administer the medication. When nurses
choose a workaround, they may unintentionally compromise
safety (McCord et al., 2022).

Table 1

Medications/Classes Reported to Require Bypass of the Drug
Error Reduction Software, in Descending Order of Frequency

Vasopressors

Anticoagulants (e.g., heparin)

Sodium bicarbonate

Chemotherapeutic agents

IV solution containing concentrated electrolytes (e.g.,
potassium phosphate)

Anti-infective agents

Monoclonal antibodies

Opioids

Neuromuscular blocking agents (e.g., cisatracurium)

Sedatives (e.g., dexmedetomidine)
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The narratives in the safety reports also demonstrated that
nurses were uncomfortable with using workarounds. In par-
ticular, choosing the “no drug selected” option necessitates
manual programming of the infusion dosing parameters, out-
side the DERS. When the DERS is bypassed, the smart pump
cannot identify pump programming errors (Giuliano & Ruppel,
2017; ISMP Canada, 2023).

Reporters described communicating their concerns to pre-
scribers, charge nurses, or pharmacists. They also described
performing double and triple checks with nursing colleagues
and alerting other team members to the situation. Most strik-
ing was the time spent submitting safety reports even when an
error did not occur; such reports were intended to flag a gap in
the DERS or library with the goal of a timely resolution.

Key practice tips for critical care
nurses

 Continue to report missing, incorrect, or misaligned drug
entries in the DERS or drug library to clinical leaders and/or
pharmacy; share examples at safety huddles.

« Ask colleagues to provide an independent double check if
programming pumps with “no drug selected” is required,
particularly for high-alert medications.

Recommendations for nursing
leadership

Develop an organizational process to provide just-in-time
support (e.g., formalized line of priority communication
with the smart pump informatics team) to nurses when they
identify missing, incorrect, or misaligned drug entries.

o Frequently solicit feedback from nurses about the use of the
“no drug selected” option.
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« Collaborate with the multidisciplinary team responsible for

the oversight of smart infusion pumps to

= ensure that drug libraries reflect current evidence, as well
as local prescribing practices for each specialty area

= standardize drug concentrations, dosing, and infusion
rates (e.g., units/min, units/h, mcg/min, mcg/kg/min),
where applicable, across the medication-use system

= ensure that the indication for the entry is discernible in
the library, where a drug has different dosing parameters
for different indications (e.g., oxytocin, N-acetylcysteine)

= update drug libraries in a timely manner to ensure align-
ment across medication resources

= analyze data from pumps to identify and address situa-
tions when users are choosing “no drug selected”

Conclusion

Critical care nurses need robust DERS and libraries that
align with prescribing practices and organizational protocols
and resources to ensure that medications are safely admin-
istered to patients. Use of the “no drug selected” option in
the DERS is a workaround that affects medication safety.
Nurses are flagging this risk through safety incident reports.
Organizations can support nursing teams by addressing gaps
identified, by providing timely clinical support when barriers
are encountered, and by proactively analyzing data to ensure
that the DERS and library content are continuously evaluated
and updated.
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