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Introduction: In the last decade, clinical alert systems were developed for clinical use, including patient deterioration and other
urgent clinical situations. However, investigations focusing on digital pain alert systems to assess and manage pain on time in in-
hospital patients are scarce. The objective of the study was to assess the implementation of digital pain alerts in the various
departments of a community hospital.

Methods: Administrative data from the year 2020 to 2023 were collected. Only data from cases when pain alert was activated were
included. Data included pain alert activation frequency, pain alert response duration (time from pain alert activation to alert stop when
medication was administered), the department from which the pain alert was activated.

Results: There was a steady significant decrease in the mean pain alert response duration over time from 2020 to 2023. The
department with the shortest pain alert response duration was the Department of Surgery, and Cardiology (252.76 + 4.712). The
longest time delay was in the ICU (463.27+2.73 min) and at the Mental Health Department (440.59+ 5.46 min) (p < 0.01). The pain
alert response duration gradually decreased from 2020 to 2023, with decreases from the first year in all of the units/departments, except
for the ICU. NPS scores at the start of the alert to 30 minutes after alert stop decreased significantly.

Conclusion: Management of pain improved over time across the hospital, and in most of the departments, suggesting that with
experience, digital pain alert systems have the potential to improve pain management by providing timely pain intervention.
Keywords: digital pain alert, community hospital, pain management, command centre

Introduction

Pain is one of the chief complaints of hospital patients." Moreover, the prevalence of acute pain and acute-on-chronic
pain is high in patients treated in the hospital.”® Inappropriate pain management of patients has negative consequences
including increased length of stay and associated costs as well as decreased patient satisfaction and quality of life.°
Perioperative pain is also a major risk factor that can lead to the development of chronic pain, increased complications,
increased morbidity and increased mortality.'®'* Across many hospital settings, pain is often under-assessed and
therefore under-treated.>%'*'¢

In the last decade, clinical alert systems have developed for clinical use, including patient deterioration,'” "

20-24

sepsis

detection, and other urgent clinical situations®. These automated digital alerting systems have leveraged predictive

algorithms and machine learning to provide early warnings to clinical staff that action may need to be taken.”* %
Nevertheless, in-hospital alert systems for pain are not commonly used. Tools have developed to detect and assess pain
via medical devices and wearable sensors.”* 2’ However, investigations focusing on digital pain alert systems to assess
and manage pain on time in in-hospital patients are scarce. A digital pain alert system was implemented in Humber River
Health (HRH) to decrease the time delay from pain alert activation to pain medication administration. This pain alert

system was implemented as part of the command center—a centralized management system—supported by information
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technology and real-time data to assess and manage pain. The objective of the study was to assess the implementation of
digital pain alerts in the various departments of a community hospital.

Methods

Study Design

A descriptive, retrospective study was conducted at Humber River Health (HRH), in Toronto, Ontario, Canada. HRH is a
fully digital hospital and one of Canada’s largest community hospitals, based in the northwest Greater Toronto Area. As a
digital hospital, HRH utilizes the most advanced digital healthcare technologies, which are integrated within many types
of medical devices, communication tools, and other information systems. The study was approved by the Veritas
Institutional Review Board (IRB) Inc., an independent ethics review board (IRB Number: 2024-3316-16,805-1). This
retrospective study, using administrative data, was performed in accordance with ethical guidelines. Informed consent
was waived by Veritas IRB Inc ethics review board since administrative data was used (https://www.veritasirb.com/
index.html).

Command Centre’s and Risk of Harm Screen

The command centre at HRH supports the monitoring and coordination of many aspects of patient care and hospital
operations (GE HealthCare Technologies, Inc. Chicago, Illinois, USA). At HRH, the command centre integrates with the
hospital electronic medical record (EMR) (Meditech, Medical Information Technology, Inc. MA, USA) to present the
latest information entered by the clinicians managing patient care, providing clinical information within 30 seconds to 2
minutes after entry. The Command Centre application is deployed as a web application delivering quality performance.

The infrastructure design of the Command centres support proactive operations management and best practices by
team colocation (clinical decision team members are located in the same room with a global view), real-time data
collection, predictive analytics, and clear protocols.*® The command centres were shown to improve the integration of
multiple services into the day-to-day operation, communication and coordination, as well as the employment of
prediction and an early warning system.’' It acts as a centralized hub where hospital staff from multiple clinical
departments and support services are co-located with a set of 33 screens — LCD video screens displaying a wall of
analytics (decision support applications within the Command Centre Software Platform). These display screens show
analytic insights from a series of analytics in an easy-to-read format, enabling staff to quickly respond to and act on vital
information. Large screens are located in both the inpatient units and command centre. The visual display of real-time
data on these large screens provides clinicians with concurrent information, which is paired with defined protocols, and
workflows, to support decision making.>> The data is continuously monitored 24-hours a day, seven days a week by
Command Centre staff, including the Clinical Expeditor, a senior nurse that monitors the quality and safety-related alerts.
The Risk of Harm screen displays alerts including pain, pressure injuries, falls, and delirium. The screen increases the
visibility of key harm risks in real-time and alerts when risks are high or when mitigating actions are not taken, enabling
prompt responses that reduce the likelihood of adverse events.

The Command Centre utilizes a software package deployed via a web-based application, designed to provide real-
time insights into patient care and hospital workflow, in order to allow faster intervention and reduced risks. The Risk of
Harm application alert occurs when the nurse documents patient’s pain on the electronic medical record and subsequent
medication administration does not align with hospital protocols (in the case of pain alert, there is time delay from pain
alert activation to pain medication administration). Frontline nurses hold primary responsibility for following hospital
protocols, while unit-based charge nurses provide immediate oversight when the Command Centre application signals a
deviation. If the issue persists, the Clinical Expeditor in the Command Centre intervenes to ensure compliance, either via
direct mobile communication or in-person follow-up.

Clinical staff members were trained on all aspects of the alerts. Training includes 3 phases: familiarization in phase
one, an education day in phase two, and reinforcement and validation in phase three (Table 1).
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Table | Phases and Description of Staff Training

Phases of Staff Training Description of Staff Training

In Phase | — Familiarization Clinical staff members were familiarized with the algorithms, nursing documentation screens, new format of data
entry, and working with a simplified and defined escalation of care system. Leadership team visited the units to
introduce the related concepts. Nursing staff received 45—60 min in-service training at the unit by their program
leadership and professional practice nurses, responsible for training and clinical monitoring. Physicians received 30

in-service training.

In Phase 2 — Education Day All staff participated in a formal 7.5 hour education day, focusing on the alert concepts. The learning activities
included simulation-based exercises to demonstrate competency, which was led by the program leadership and

professional practice nurses of the unit/departments.

Phase 3 — Reinforcement and | Staff competency with alert concepts was monitored and validated on ongoing basis. The mechanisms for

Validation reinforcement and validation included weekly audits, as well as clinical and program leadership meetings.

Pain Alert System

A pain alert algorithm was implemented as part of the command centre operation. The pain alert was launched on Dec
18™ 2019. The numeric pain scale (NPS) was used to assess pain, 11-point NPS ranges from 0 — representing no pain, to
10 — representing extreme pain. The bedside nurse inputted the NPS score after asking the patients to rate their pain on
the NPS. Alerts are activated: (1) when the pain score is NPS > 6 (pain exceeds the set threshold), and (2) when patient’s
“pain goal is not met” (For example, if the patient set a goal of 3 on the NPS after a clinical procedure, and the pain score
is 4, the alert is activated). For cases when the “pain goal is not met” patients can set the goal to any number on the NPS.
The NPS scores were recorded when alert started and 30 minutes after the alert stopped. The alert stops when pain
medications are administered or the “pain goal was met”. If no action has been taken within 1 hour of an alert being
activated, the unit nurse lead follows up with the bedside nurse. If no action has been taken 2 hours after an alert is
activated (“red alert”), a clinical expeditor in the Command Centre follows up with the bedside nurse. The clinical
expeditor provides a summary of all red alerts from the previous 24 hours to clinical staff at morning bed meetings.

Data Collection

Administrative data from the year 2020 to 2023 were collected. Data included pain alert activation frequency, pain alert
response duration (time from pain alert activation to alert stopping when medication was administered), and the
department from which the pain alert was activated. Only data from cases when pain alert was activated were included.
Data were collected from the Intensive Care Unit (ICU), the Surgery Departments, the Mental Health Department,
Cardiology, Nephrology, Mental Health Department, Paediatrics Unit, Mother-Neonatal Units, and the Medicine
Department. Data from patients unable to indicate their pain levels, including patients who are unconscious, somnolent,
intubated, as well as neonates/infants were excluded.

Statistical Analysis

The IBM SPSS statistics software (IBM SPSS Statistics for Windows, Version 23.0. Armonk, NY: IBM Corp) was used
for analysis. Descriptive statistics were performed, and the data were presented as meantstandard error (SE) or
percentages as appropriate. One-way analysis of variance (ANOVA) was performed with Scheffe as a post Hoc test to
assess the differences in the pain alert response duration in different units/departments and different years. Repeated
measure ANOVA was performed to assess the differences between NPS scores when alert started and 30 minutes after
the alert stopped from 2020 to 2023. The correlations between pain alert response duration and pain score difference
(time from pain score at activation to score at alert stop) was assessed using the Spearman correlation coefficient. A

p-value of <0.05 was considered significant.
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Table 2 The Time Delay From Alert Starts to Drop at Different Departments

Hospital Units/Departments Number of Pain Pain Alert Response
Alert Activation (n) Duration (min)
Mother and Neonatal ICU 2630 325.2345.17
Paediatrics Unit 350 307.70+14.94
Medicine Department 13650 285.90+2.28
ICU 950 463.27+2.73
Cardiology 2894 252.76+2.73
Nephrology 1766 300.38+6.585
Surgery Departments 8798 233.68+2.73
Mental Health Department 2652 440.59+ 5.46

Results
The total number of pain alerts activated between 2020 and 2023 was 33690, with 14701 in 2020, 8927 in 2021, 6974 in
2022, and 3088 in 2023 (Table 2).

Pain Alert Response Duration
The mean pain alert response duration from 2020 to 2023 was 290.65+1.480 min. There was a steady and significant
decrease in the mean pain alert response duration, with 352.54+2.35 min in 2020, 287.40+2.85 min in 2021, 219.27+
2.798 min in 2022, 166.64+3.52 min in 2023 (p<0.001), (Figure 1). From 2020 to 2023, the department with the shortest
pain alert response duration was the Department of Surgery (233.68 + 2.735), and the department of Cardiology (252.76
+ 4.712) (p < 0.01) (Figure 2). The longest pain alert response duration was in the ICU (463.27+2.73 min) and the
Department of Mental Health (440.59+ 5.46 min) (p < 0.01). The pain alert response duration gradually decreased from
2020 to 2023, with decreases from the first year in all of the units/departments, except for the ICU (Figure 3). Table 3
presents mean pain alert response duration for each department from 2020 to 2023.

In a subgroup analysis, 50.6% of the cases were “pain exceeding the threshold”, and for 49.4% cases the “pain goal
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Figure | Mean pain alert response duration from 2020 to 2023.
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Figure 2 Pain alert response duration in different units/departments from 2020 to 2023.
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Figure 3 Pain alert response duration from 2020 to 2023 in different units/departments.

not met”. In the subgroup of cases with pain exceeding the threshold, the mean pain alert response duration was 131.8
+2.7, while in the subgroup of cases with the “pain goal not met”, the mean duration was 447.0+2.1. In all units/
departments, cases with pain exceeding the threshold subgroup, the mean pain alert response duration was shorter than
the subgroup of cases with “pain goal not met”, with Mother-Neonatal Units 139.6+£7.0 vs429.5+12.4 (p<0.01),
Paediatrics 138.9+13.6 vs 543.3+69.8 (p<0.01), Medicine 149.0+1.8 vs 464.5+£6.6, ICU 199.1£23.4 vs 502.7+22.0
p<0.01), Cardiology 141.8+4.1 vs 438.8+13.5 p<0.01), Nephrology 135.2+ 5.2 vs 521.7422.2, and Surgery 112.3£2.0
vs 512.8+£13.4. In the Mental Health Department, an alert based on “pain goal not met” was not implemented (Figure 4).
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Table 3 Mean Pain Alert Response Duration for Different Unit/Department From 2020 to 2023

Units/Departments 2020 2021 2022 2023 P value

Mother and Neonatal | 357.1£7.0 | 304.5:87 | 286.8+14.5 | 187.6x26.6 | p<0.0I*" + T #
Paediatrics 356.5420.3 | 300.2+30.4 | 281.9429.1 | 168.3+41.9 | p<0.0l*t 8§ T #
Medicine 3349434 | 285.8+4.1 | 2302448 | 1915472 | p<0.0l*t+ ST #

ICU 469.9+12.6 | 466£12.9 | 441.8£24.6 | 393.6255.1 | n.s

Cardiology 304.3£7.5 | 228.1£10.2 | 2182%9.0 | 189.5£15.9 | p<0.05" p<0.01* +
Nephrology 341489 | 311.8+12.3 | 242.3+13.9 | 1704214 | p<0.05* p<0.0l T+ § . #
Surgery 317.2445 | 2412456 | 166754 | 113.9£75 | p<0.ol*h+ & T #

Mental Health 479%6.1 | 361.5£10.7 | 352.5%18.1 | 378.1%28.9 | p<0.0I*" *

Notes: *Significant differences between 2020 to 2021. 'Significant differences between 2020 to 2022. *Signiﬁcant differences between
2020 to 2023. SSignificant differences between 2021 to 2022. 1TSigniﬁcant differences between 2021 to 2023. *Significant differences
between 2022 to 2023.

NPS Scores at Alert Start and Stop
The mean NPS score at the start of the alert to 30 minutes after the alert stopped decreased significantly (3.9+0.02 vs 2.8
+0.01, p<0.001).

In the subgroup of cases with pain exceeding the threshold, the mean NPS score from the years 2020 to 2023
significantly decreased from the alert start to 30 minutes after alert the stop (6.5£0.01 to 4.7£0.02, p<0.001). In the
subgroup of cases with pain exceeding the threshold, NPS scores significantly decreased for alert start to alert stop in
each year from 2020 to 2023 (Figure 5a, Table 4).
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Figure 4 Pain alert response duration in the subgroups of cases with “pain exceeding the threshold” and cases with “pain goal not met” in different units/departments.
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Figure 5 (a) NPS scores at pain alert start and after alert stop for subgroup of cases with “pain exceeding the threshold”. (b) NPS scores at pain alert start and after alert
stop for subgroup of cases with “pain goal not met”.

In the subgroup of cases with “pain goal not met”, the mean NPS score from the years 2020 to 2023 decreased from
alert start to 30 minutes after alert stop (1.04=0.01 vs 0.89+0.01) (p<0.001). In the subgroup of cases with pain exceeding
the threshold, NPS score significantly decreased for alert start to alert stop in each year from 2020 to 2023 (Figure 5b).

There was a significant moderate correlation between pain alert response duration and pain score difference (r=0.45,
p<0.001).

Medications that were administered after pain alert activation included Acetaminophen, Acetaminophen/Codeine/
Caffeine, Celecoxib, Codeine, Diclofenac, Diclofenac/Misoprostol, Fentanyl, Gabapentin, Hydromorphone, Ibuprofen,
Indomethacin, Ketamine, Ketorolac, Meloxicam, Meperidine, Methadone, Morphine, Morphine HCL, Naproxen,

Oxycodone, Oxycodone/Acetaminophen and Pregabalin.

Table 4 Differences in NSP Scores at Alert Start to
Alert Stop From 2020 to 2023

Alert Type | Alert Start | Alert Stop P value

Pain exceeding the threshold

2020 6.5+0.03 4.6+0.04 (p<0.05),
2021 6.6+0.04 5.0+0.05 (p<0.05),
2022 6.5+0.03 4.4+0.04 (p<0.05),
2023 6.6+0.04 4.9+0.06 (p<0.05)

Pain goal not met

2020 1.07£0.025 0.93+0.022 (p<0.001)
2021 0.85£0.033 0.78+0.03 (p<0.01)

2022 1.17+0.056 0.85£0.05 (p<0.001)
2023 2.85+0.14 1.50+0.12 (p<0.001)
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Discussion

The major finding of the study was the steady and significant decrease in pain alert response duration as the years
progressed, suggesting that there was an improvement with experience over time in addressing pain. There were
differences between units/departments. Different factors may account for the variability in pain alert response-time in
different units/departments, including differences in implementation strategies of the pain alert system, staff training,
procedures, patient volume and flow, and clinical practices. Furthermore, despite the improvement in most units/
departments, these factors may also be responsible for the delay in pain alert response time.

It is possible that in some departments pain management was a priority, while other departments have the opportunity
to further address pain indicators.

During the design of the pain alert system, a pain level of “6” was chosen as a healthcare quality indicator based on
patient feedback, a level requiring intervention. Many patients are complex cases requiring multimodal analgesia — the
use of more than one pharmacological class of analgesic medication. While pain alerts below “6” are expected to be
managed on the in-patient units at the bedside, the command centre’s alert system is a monitoring tool providing a
centralized safety net, and triggering a dialogue for intervention or change in treatment plan when the score is 6 and
above.

Alerts are activated in two cases: when pain exceeds the set threshold (NPS > 6), and when the patient’s “pain goal is
not met”. In this study, only cases when the pain alert was activated were included. We presume that in cases when the
alert was not activated, treatment of pain was timely. For cases where the pain alert was activated, the delay in pain
management could be due to a shortage of staff, a large volume of patients, suboptimal workflow, staff turnover (new
staff are not fully trained). This delay could be investigated in future studies to optimize the management of pain.

In addition, the pain alert response duration was much shorter in the subgroup of cases with pain exceeding the
threshold compared to the subgroup of cases with “pain goal not met”. Moreover, in the subgroup of cases with “pain
goal not met”, the alert started at low pain levels when alert started, while in the subgroup of cases with pain exceeding
the threshold, the pain levels were much higher when alert started. Patients set their pain goal at every staff shift and it is
possible that the clinical staff deemed that the pain levels require more urgent response in the subgroup of patients with
pain exceeding the threshold, while in the subgroup of patients with “pain goal not met” the pain level goal was set to
low levels, which may consider by the clinical staff not necessitating urgent response and immediate intervention. In both
cases, further improvement in time responses is warranted to achieve optimal management of pain.

Another interesting finding is that the number of pain alerts activated between 2020 and 2023 decreased. It is possible
that with the implementation of the pain alert system, staff awareness of pain management improved. Nevertheless, even
though the number of pain alerts activation decreased over the years, in the cases when the pain alert was activated,
management of pain can be further improved by ideally shortening the time of alert activation to pain medication
administration by even a few minutes.

In our hospital, the digital pain alert system was implemented to decrease the time from pain alert activation to pain
medication administration. The aim was to decrease the time delay from pain alert identification and activation to pain
medication administration, in order to address pain early within a hospital setting. In the last few decades, most research
has focused on pain detection and assessments using technological innovation, but the majority of studies did not assess
tools to address pain after the assessment. Sensors and algorithms have developed to detect and assess pain using medical
devices and wearable sensors.”® A systematic review presented several wearable electronic devices such as wristbands,
smartwatches, and belts for assessment of chronic pain intensity, reflecting physiologic or biometric parameters,
including psychomotor and sleep patterns, space and time mobility, heart rate variability, and skeletal muscle electrical
activity.”” Wearable electronic devices can reliably reflect physiologic or biometric parameters correlated with pain. A
previous investigation showed that a smartphone-based system developed for real-time pain measurement using a wrist-
worn electrodermal activity sensor was able to accurately detect pain®® Similarly in a recent study, algorithms were
developed for the detection of pain in real-time, using a physiological dataset associated with acute pain induction in
healthy adults. Study participants were exposed to acute pain while being monitored using electrocardiography for the
measurements of a series of respiratory and heart rate variability features.”” These technological alert system algorithms
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have the potential to automatically detect pain in both a controlled environment and the real world. However, in these
studies, pain was not addressed and managed.

In addition, currently medical devices and wearable sensors that monitor physiological parameters to assess pain are
not part of the pain alert systems. Future studies should incorporate medical devices and wearable sensors within pain
alert systems, and assess the effectiveness of pain management and the effect on pain levels. Incorporating medical
devices and wearable sensors that detect pain levels using physiological parameters within the pain alert system in the
future can benefit patients especially those who are unconscious, somnolent, and intubated.

In recent years, clinical alert systems have been developed for many clinical settings, including hospitals, for the
management of urgent and high-risk situations that require expeditious interventions. These include the identification of

17-19 2024

deteriorating patients, sepsis and other severe events.”” These automated digital alerting systems have been used

to provide early warning, increase staff awareness, and improve patient management.”>** Since inappropriate manage-

19713 and quality of life of patients,® it is important

ment of pain has severe negative consequences to the health outcomes
to address pain early and provide timely intervention.

In this study, we observed a significant decrease in the pain scores from the pain alert start to 30 minutes after the pain
alert stopped. Nevertheless, the average pain levels remain moderate. Future studies should investigate additional
strategies to improve pain management, including improving organizational culture, staff education and training.

The major limitation of the study is that it is a single centre and observational study. Furthermore, although our
findings suggest that the implementation of a digital pain alert system improves pain management; it is possible that the
improvement in pain alert response duration is due to improvement in medical care over time. This study was a
descriptive study that did not follow up with patients and assess patient-reported outcomes. In addition, in most units/
departments the pain alert response duration gradually decreased over time. However, we cannot generalize the findings
to all clinical settings. Further research is warranted to assess the effect of digital pain alert in different clinical settings
and medical institutions. Longitudinal studies should assess additional variables such as patients’ satisfaction.
Reassessments of pain scores were completed 30 minutes after administration of pain medication, which was part of
our hospital clinical protocol. In many hospital settings, pain is reassessed between 30 and 60 minutes after medication
administration. In this study, we did not assess pain based on the medication’s onset of action, peak effectiveness, and the
duration of the medication that produces the effect. Future studies may thoroughly investigate the effects of the alert
system on pain levels based on the specific medication and their effects.

The lag between the time the nurse enters the pain and the administration of analgesia is often attributed to obtaining
an order and dispensing the medication. In more complex cases requiring multimodal analgesia, the nurse may consult
with other members of the clinical team. In addition, there are many reasons for the delay in response time, including
factors that may be related to the shortage of staff, heavy workload, suboptimal protocols and workflow, and/or misuse of
resources. These factors were beyond the scope of the current study. The Command Centre has the potential to mitigate
some of these factors to some extent; nevertheless, these factors can affect the management of pain and should be
addressed in future.

The Effects of the Pain Alert Operation on These Factors Should Also Be Assessed in

Future Studies
Future studies should assess new technologies in conjunction with a digital pain alert system, such as sensors and
algorithms that can detect and assess pain in real-time using medical devices and wearable sensors, which can improve
much further pain management. In our study, patients who were unconscious, somnolent, intubated, as well as neonates/
infants were excluded since they were unable to indicate their pain levels. New technology and algorithms for the
detection of pain using physiological parameters may be useful in these patient populations.

The pain alert system’s role is limited to providing alarms and promptly recognizing warning signs from patients’
pain levels. It is important to note that although the system alerts for the need to address pain, medication administration
to the patient was based on the judgment of the clinical staff.
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Conclusion

Pain alert systems are not widely used in the clinical setting, especially in hospitals, where many patients suffer from
pain.”"? In this study, we temporally assessed a digital pain alerting system in different departments across a community
hospital. We observed a decrease in both the mean pain alert response duration in most of the departments, and the total
number of pain alerts activated over the years. Despite that, the management of pain can be further improved, especially
in cases where the “pain goal was not met”.

It is important to emphasize that the digital pain alert system, which has the potential to improve pain management,
can be implemented along with strategies for improved organizational culture, staff education and training. More
research is needed to confirm the findings and determine whether other digital pain alert systems affect the response
time for pain alerts and other patient outcomes.

Disclosure
The authors LGR, LJ, JC, ST, DK, JS, BEC, and PW have no competing interests to disclose.
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