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Purpose: Intensive care unit (ICU) nurses work in a demanding environment and face repeated encounters with traumatic and ethical
issues, which may negatively impact their psychological and physical health, patient care, and hospitals’ bottom line. The purpose of
this study was to investigate stress among ICU nurses performing workplace activities/events by measuring fluctuations in heart rate
variability (HRV), a reliable indicator of stress-related physiological changes.

Methods: Real-time HRV was measured using a wearable, wireless electrocardiogram for 30 ICU nurses while at work in this cross
sectional, observational study. Workplace events were categorized (Routine Care, Stat (urgent) Care, and Interpersonal) and assigned
numerical code labels. HRV time- and frequency-domain indices of SDNN, RMSSD, HF, and LF were calculated and accurately
linked to participants’ corresponding physiological HRV responses to workplace events on an observational data collection tool,
accessed on a portable electronic tablet. The association of HRV with ICU workplace events and psychological and clinical outcomes
was explored.

Results: Nurses’ HRV parameters of SDNN, RMSSD, and HF tended to have the greatest reduction to both Stat (urgent) and Routine
care events. New nurses tended to have lower HRV than experienced nurses. We found high rates of perceived stress and peritraumatic
dissociative experiences and low resilience in the ICU nurses.

Conclusion: HRV can be used as a contemporary index of workplace stress and trauma in ICU nurses. Study nurses were vulnerable
to potential long-term physiological and psychological health issues. Understanding stress and trauma ICU nurses face at work will
allow for strategies for interventions to reduce the development of post-traumatic stress disorder, peritraumatic dissociation, and other
psychological outcomes.
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Introduction

Intensive care unit (ICU) nurses are repeatedly exposed to stressful and traumatic situations in the workplace including
cardiopulmonary resuscitation of patients, violent patients or family members, witnessing patients suffer, and performing
futile care.'™ Due to the repetitive exposure to psychological stress and trauma, ICU nurses are at high risk for
developing post-traumatic stress disorder (PTSD).® PTSD may occur after nurses witness or experience a traumatic
event(s) at their job with symptoms lasting longer than one month and is characterized using four symptom clusters: (a)
reexperiencing intrusive memories of the traumatic event(s); (b) avoidance of similar situations or reminders of the

traumatic event(s); (c) negative alterations in cognition and mood; and (d) hyperarousal symptoms. '’

When ICU nurses suffer from symptoms of PTSD, it can adversely impact the nurse, patient care, and hospitals. >
Physiological consequences for ICU nurses with PTSD can include increased risk for the development of cardiovascular
disease, diabetes, hypertension, cognitive dysfunction, and sleep disturbance.'"™'> There is also increased risk for
substance and alcohol abuse, anxiety, and depression.”'®!® Recent literature revealed ICU nurses who cared for

COVID-19 patients experienced unprecedented psychological stress, high rates of PTSD, suicidal thoughts, and in dire
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cases, even suicide.”?* % Stress is one of the major reasons contributing to nurses leaving their jobs.”**> Shortages of
ICU nurses have been a critical global problem, now intensified since the COVID-19 pandemic.?** In the US alone,
there is a 10% shortage of registered nurses, equivalent to approximately 350,000 unoccupied positions, which has
a direct impact on quality care and patient outcomes.*>*

The measure of heart rate variability (HRV) can offer an objective measure of stress and PTSD and is superior to
using purely subjective measures, which are prone to response bias.*”** The aim of this study was to investigate a major
gap in the literature regarding fluctuations in HRV among ICU nurses while performing workplace activities/events and
whether their HRV was associated with PTSD. This paper is based on the thesis of Paula Miller Levi. It has been

published on the institutional research repository website: https://digitalcommons.library.uab.edu.

Heart Rate Variability as a Measure of Stress and PTSD

HRYV, the variation in time intervals between adjacent heartbeats, is influenced by fluctuations of the sympathetic nervous
system and the parasympathetic nervous system and reflects an individual’s ability to adapt to stress.”’ >° Higher HRV
can indicate better self-regulation and adaptation to stress, while reduced (or low) HRV can indicate poor ability to
respond to stress and suggest health problems (eg, cardiovascular disease, PTSD, chronic stress).”® 3 In other words, the
quicker HRV returns to normal after a stressor (higher HRV), the better the adaptation to stress. Individuals with PTSD

can have alterations in autonomic nervous system (ANS) function reflecting poor adaptation to stress.>**

Methods

Recruitment and Sample

This observational study utilized a convenience sample of ICU nurses working in a large academic health science center.
As this was a pilot study, the sample size was determined by the feasibility and precision of the estimates, rather than
statistical power.33 Four ICUs were included: the Medical ICU, Medical Critical Care Unit, Cardiothoracic ICU, and
Trauma Burn ICU. Female ICU nurses, 35 years old or younger, were eligible to ensure differences detected in HRV
measurement of participants were not due to known differences between men and women or large differences in age.***
HRYV, in general, decreases with age, and can be affected by age-related factors (eg, comorbidities, menopause). Further
inclusion criteria included: (a) working at their jobs at least 6 months, for at least 24 hours/week; and (b) working
strictly day shift. Exclusion criteria included conditions that may affect HRV, such as: traumatic brain injury, psycho-
logical trauma experienced outside of the ICU workplace lasting longer than one month, treatment for any psychiatric
conditions, significant cardiovascular or respiratory comorbidities, diabetes, medications/drugs known to affect HRV (eg,
beta blockers, anti-cholinergic agents, sedatives, antidepressants, illicit substances), working night shift, pregnancy,
menopause, and post-menopause. Thirty eligible ICU nurses were included in this study. We think it is important to
acknowledge that during the screening process, 27% (n=_8) of potential and willing participants were excluded due to
drug treatment with antidepressant or antianxiety medications. The ethnic composition of the study sample was similar to
that of the nursing population in the state of Alabama.>® A summary of participant characteristics can be found in
Table 1.

Ethical Considerations

Ethical approval was obtained from the University of Alabama at Birmingham Institutional Review Board (IRB-
300007663). All participants provided written informed consent. All procedures performed involving human participants
were in accordance with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.

Measures and Instruments

The CamNtech Actiheart 5

The CamNtech Actiheart 5 (CamNtech Ltd., Cambridge, United Kingdom), a combined single-lead ECG and activity
recorder, was used to collect HRV data. We analyzed the four most commonly used indices of HRV to examine PNS and
SNS activation (see Table 2). Brage et al’” evaluated the accuracy between the Actiheart, ECG, and Polar™
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Table | Study Population Demographics and Lifestyle

Characteristics

Characteristic

Total Population
(n=28) n (%)

Age

2| to 25 14 (50%)

26 to 30 8 (29%)

31 to 35 6 (21%)
Race

Caucasian 20 (71.5%)

Black 2 (7%)

Hispanic 4 (14.5%)

Asian 2 (7%)
Marital Status

Married 9 (32%)

Single 18 (64%)

Widowed 1 (4%)
Education

Bachelor of Science in Nursing 23 (82%)

Associate Degree in Nursing 3(11%)

Master of Science in Nursing 2 (7%)
Years ICU Nurse

<| year 2 (7%)

| to 2 years 14 (50%)

>2 years 12 (43%)
New Nurse 8 (28.6%)
Experienced Nurse 20 (71.4%)
Years at Job

<| year 5 (18%)

| to 2 years 16 (57%)

>2 years 7 (25%)
Job Satisfaction

Very Satisfied 4 (14.3%)

Somewhat Satisfied 18 (64.3%)

Neutral 2 (7.1%)

Somewhat Dissatisfied 4 (14.3%)

Very Dissatisfied 0 (0%)
Thoughts of Leaving Job

Yes 2| (75%)

No 7 (25%)
Alcohol Consumption (Drinks/VWeek)

None/Nondrinkers 7 (25%)

| to 4 18 (64.3%)

5t09 3 (10.7%)

10 or more 0 (0%)
Caffeine Consumption

Caffeine consumption 25 (89%)

No caffeine 3 (11%)
Average Daily Sleep Hours

5 hours or less | (3.6%)

6 to 7 hours 22 (78.6%)

8 to 9 hours 4 (14.3%)

>9hours | (3.6%)

(Continued)

Nursing: Research and Reviews 2025:15

https:

93



Levi et al

Table | (Continued).

Characteristic

Total Population
(n=28) n (%)

Practice Meditation

6 (21%)
22 (79%)
Table 2 Heart Rate Variability Indices Collected and Description
HRV Parameter (unit) Description
Time-domain
SDNN (ms) Standard deviation of normal RR (normal-to-normal intervals, NN) intervals; demonstrates overall HRV
RMSSD (ms) Root mean square of successive differences between consecutive RR intervals; demonstrates parasympathetic activation
Frequency-domain
HF (ms?) Absolute power of the high-frequency band (0.15-0.4 hz); demonstrates parasympathetic activation
LF (ms?) Absolute power of the low-frequency band (0.04-0.15 hz); demonstrates both sympathetic and parasympathetic activation

Abbreviations: RR, the interval(s) between two successive R waves of the QRS signal on the electrocardiogram; ms, milliseconds; Hz, Hertz.

measurements, as well as intra-instrument reliability and validity and concluded that the Actiheart was a reliable and

valid tool for measuring HRV at rest, during walking, and running.

Observational Data Collection Tool

An observational data collection tool, accessed on a portable electronic tablet, was utilized to document workplace

events the ICU nurses experienced in real-time. The tool, originally developed for observation in a cardiovascular

ICU,*® was modified to capture ICU workplace events (eg, communicating with provider, administering pain
medication; see Table 3). The events were placed into categories (Routine Care, Stat Care, and Interpersonal),

Table 3 Events and Their Categories

ROUTINE

Routine Patient Care

Category for care that is not stat care (urgent) or unexpected.

Receiving Report

Giving Report

Discharging Patient to Floor Unit

Discharging Patient to Home

Causing Discomfort or Pain/Wound Care

Blood Administration

Multiple Orders

Assisting Provider with Procedure

Assisting with Telemedicine

Repositioning an Unstable Patient

Withdrawing Life Support

End-of-Life Care

(Continued)
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Table 3 (Continued).

Environmental occurrences that happen in the ICU environment.

Personal Protective Equipment Breakdown

Supply Need Problem

Isolation Supply Need

INTERPERSONAL

Interpersonal Communication

Category for the act or process of using words or behaviors to express or exchange information.

Communicating with Family/Update

Bad News to Family

DNR Counseling with Patient or Family,

Palliative Care and Hospice Counseling

Communicating with Provider

Communicating with TelelCU

Frustration with Coworker

Frustration with Family

Frustration with Provider

Frustration with Administration

STAT

Category for care that must be addressed immediately and may or may not be unexpected.

Stat/Unexpected Care

Emergent Care (Other Than Medications)

Receiving Emergent Orders

Stat Medication

Pain Medication

Patient Code

Behavioral/Violence - actions by patients who are delirious, troubled in mind, disturbed, and upset. Also includes being agitated
to the point of using harmful physical force.

Patient Self-Harm

Agitated/Violent Patient

Agitated/Violent Family Member

Alarm - alarms, false alarms, malfunctioning equipment, and dangerous non-patient related events.

Alarm Due to Patient Condition

Troubleshooting/False Alarm

Troubleshooting/Equipment Malfunction

Dangerous Non-Patient Event

Abbreviation: DNR, Do not resuscitate.
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assigned numerical code labels, and programmed into a computerized template on Microsoft Access software for
rapid documentation on the tablet. Observational data collected included: category of event, event, time of event,
and duration of event. An important feature included the capability of activating the Start Time button first, and then
the type of event, for rapid and precise timing of events, and accurately linking workplace events to participants’
corresponding physiological HRV response. For complete details on the modification of the tool, please visit the
institutional research repository website: https://digitalcommons.library.uab.edu/etd-collection/185/

The PTSD Checklist-5
The PTSD Checklist-5 (PCL-5) was used to assess PTSD symptoms. The PCL-5 contains 20 items in four subscales that

5.3 Respondents rate how much they have been bothered by each

correspond to the four symptom clusters of PTSD in DSM-
item over the past month on a 5-point Likert scale ranging from 0 (not at all) to 4 (extremely). Total symptom severity scores
can be obtained by summing the scores for each item (ranging from 0 to 80). A provisional diagnosis of PTSD can be made

1.40

using a preliminary cutoff score of 31.*° Garcia et al*' demonstrated the PCL-5 had strong internal consistency (o = 0.94) with

a sample of 392 registered nurses. Cronbach’s alpha for the PCL-5 in this study ranged from 0.8 to 0.92.

Perceived Stress Scale 10-ltem

The Perceived Stress Scale 10-item (PSS-10) measures stress perception, or the degree to which situations in an
individual’s life are perceived as stressful.*? Participants rate each item using a 5-point Likert scale. There are six
negatively worded items which measure an individual’s feelings of a lack of control over their circumstances or their own
emotions or reactions (Items 1, 2, 3, 6, 9, and 10); the four positively worded items (Items 4, 5, 7, and 8) measure an
individual’s perceived inability to handle problems.*® Totals are achieved by reversing the scores on the four positive
items and then summing all scale items. Scores range from 0 to 40. Internal consistency was found satisfactory (o = 0.82
and 0.72) in a population of 229 nurses working in hospitals.** Cronbach’s alpha for the PSS-10 in this study was 0.83.

The Peritraumatic Dissociative Experiences Questionnaire

The Peritraumatic Dissociative Experiences Questionnaire (PDEQ) assesses retrospective reports of depersonalization,
derealization, amnesia, out-of-body experience, and altered time perception at the time of the traumatic event.¥
Peritraumatic dissociative experiences (PDEs) are believed to occur when an individual’s ability to cope with trauma is
overwhelmed. Participants rate each item using a 5-point Likert-type scale. Higher scores indicate greater peritraumatic
symptomatology. A cutoff score greater than 15 suggests significant peritraumatic dissociation. Van der Mei et al*® determined
that the PDEQ demonstrated good test-retest reliability (= 0.85, p <.01) and internal consistency (o.=0.81) in a sample of 647
trauma victims after emergency department admission. Cronbach’s alpha for the PDEQ in this study was 0.88.

Brief Trauma Questionnaire

The Brief Trauma Questionnaire (BTQ) was used to determine whether participants had experienced a traumatic event
that met the DSM-5 Criterion A for PTSD. Questions asked about possible traumatic events (eg, serving in a war zone,
having witnessed someone being seriously injured or killed). Respondents report whether traumatic events occurred,
whether they felt their life was in danger, or if they were seriously injured from the event. Scores range from 0 to 10. The
BTQ is considered a reliable and valid measure of trauma exposure.47 McCanlies et al*® determined the BTQ had
excellent internal consistency (o = 0.89) with a sample of 328 police officers.

Connor-Davidson Resilience Scale-10 Item (CD-RISC-10)

The Connor-Davidson Resilience Scale-10 item (CD-RISC-10) short form was used to measure resilience over the past
30 days.*” The CD-RISC-10 consists of 10 items structured on a 5-point Likert-type scale. Scores range from 0 to 40,
with higher scores indicating higher levels of resilience.*” Kim et al*® found the CD-RISC-10 demonstrated good internal
consistency (a = 0.86) with a sample of 320 nurses. Cronbach’s alpha for the CD-RISC-10 in this study was 0.89.

Patient-Reported Outcomes Measurement Information System (PROMIS) on Sleep Disturbance 4-Item
Dimensions of the PROMIS Sleep Disturbance (SD) 4-item short form include perceived sleep quality, depth, and
difficulties falling asleep over the past 7 days.’' Participants complete the scale using a 5-point Likert-type scale, with
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higher scores reflecting greater sleep disturbance. PROMIS measures generate 7-scores that can be compared to the US
general population. A 7-score of 50 is the average, with a standard deviation of 10; higher 7-scores represent greater sleep
disturbance.” Satisfactory internal consistency (a=0.85) was found by Green et al>® in a sample of 121 law enforcement
officers. Cronbach’s alpha for the PROMIS-SD 4-item in this study was 0.89.

PROMIS Emotional Distress-Anxiety and -Depression 4-Iltem Short Forms

The PROMIS Emotional Distress-Anxiety (ED-A) and -Depression (ED-D) 4-item short forms were used to measure
symptoms of anxiety and depression in the past 7 days. Participants completed the scales using a 5-point Likert-type
scale of “never”, “rarely”, “sometimes”, “often”, and “always”. Higher 7T-scores indicated greater anxiety and depression
severity. Cronbach’s alpha for PROMIS-ED-A was high (a= 0.97) in a sample of 402 frontline healthcare providers.>
Cronbach’s alpha for PROMIS-ED-D in a predominantly veteran sample (n = 651) ranged from 0.89 to 0.95.°

Cronbach’s alpha for the PROMIS-ED-A and -ED-D 4-item in this study was 0.85 and 0.92, respectively.

Procedures

To minimize participant burden at work, participants completed demographic information, a health information ques-
tionnaire, questions on job satisfaction, and the majority of surveys (PCL-5, BTQ, CD-RISC-10, and three PROMIS
measures) on Qualtrics, an online survey platform, one to two days before on-unit participation (see Table 4). Participants

Table 4 Measure and Instrument Scores

Measure Total Population
(n=28) n (%)

Criterion A Trauma

None 12 (43%)

One 6 (21%)

Multiple 10 (36%)
PCL-5 (PTSD)

Score 2 31 3 (10.7%)

20-30 5 (17.9%)

10-20 7 (25%)

0-10 13 (46.4%)
PROMIS ED-Depression

None 19 (67.9%)

Mild 7 (25%)

Moderate 2 (7.1%)
PROMIS ED-Anxiety

None 12 (42.8%)

Mild 11 (39.3%)

Moderate 4 (14.3%)

Moderately Severe 1 (3.6%)
PROMIS Sleep Disturbance

None 18 (64.3%)

Mild 9 (32.1%)

Moderate 1 (3.6%)
PSS-10 (Perceived Stress)

Mild 10 (35.7%)

Moderate 18 (64.3%)
PDEQ (Peritraumatic Dissociation)

Score >15 15 (53.6%)

Score =I5 13 (46.4%)

(Continued)
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Table 4 (Continued).

Measure Total Population
(n =28) n (%)

CD-RISC-10 (Resilience level)

Lowest (0-29) 14 (50%)
Low (30-32) 5 (18%)
Moderate (33-36) 7 (25%)
Highest (37—40) 2 (7%)

were contacted before their day of on-unit participation and reminded to prepare for the study by abstaining from alcohol
use and extreme physical exercise for a minimum of 24 hours, getting a good night’s sleep, limiting caffeine intake to 12
ounces (or 80 mg) that morning, and to arrive 40 minutes before the start of their 12-hour shift (6:30 am) for application
of the heart rate variability monitor and baseline measurement. All participants reported that they complied with the pre-
study instructions before baseline HRV was taken.

The PI placed the Actiheart on each participant per CamNtech guidelines.’® Baseline measurement (5 minutes
acclimatization/10-minute measurement) was taken after placement of the Actiheart. Baseline measurement included
participants’ pre-study activity (before 6:30 am) of sitting, standing, and walking, limited to non-engagement with unit-
specific activities (eg, sitting in a chair, walking to nurses’ station). Each participant was observed between 6:30 and
10:30 am. The PI was the sole observer; only one nurse participated on any given day. At the end of the study period,
participants completed two questionnaires in a private setting to obtain information on perceived stress (PSS-10) and
peritraumatic dissociative experiences (PDEQ) related to their encounters that morning.

Data Analysis

Many participants experienced numerous consecutive events with little to no time for recovery. We created a new
category, “Combined Events”, to accommodate these rapid, short-timed events (eg, addressing an alarm repeatedly going
off) and evaluated HRV parameters from the start time of the first event until the end time of the last event that allowed
enough time to evaluate the recovery period (5 minutes).

Data processing of HRV parameters followed recommendations of the Task Force of the European Society of
Cardiology and the North American Society of Pacing and Electrophysiology.?” Kubios Premium software 3.5.0°” was
utilized for analyzing HRV data. HRV data were first visually inspected and low-quality data were manually removed.
Data were inspected manually using a piecewise cubic spline interpolation method to identify and correct missed beats,
extra and misaligned beats, and real artifact. The approach demonstrated 96.9% accuracy in detecting real artifact and
99.9% accuracy in identifying normal beats.”® Artifact correction was performed with an artifact identification threshold
of 0.35s to minimize overcorrection.”’”” Data were pre-processed using a smoothness priors method for detrending RR
intervals (Lambda = 500, fc = 0.035 hz), eliminating very low frequency components.® Variations of autoregressive
integrated moving average (ARIMA; vector, exogenous, etc). modeling was used to validate baseline (sitting/standing/
mobile), events, and stress-recovery of dynamic HRV output data. The ARIMA modeling was used to detrend select time
intervals until non-stationary trends were absent from the final time series (confirmed with Augmented Dickey-Fuller
test) and supported use of “best” analysis windows, fit, and suitability (of residuals and autocorrelations) within selected
time intervals.®’ A Fast Fourier algorithm was used to compute power in the LF and HF spectra using Welch’s (1967)
periodogram method (150 s Hanning window and overlapping segments at 50%). Because HF HRV data is influenced by
breathing, these data were analyzed taking breathing frequency into account in accordance with previous studies to
provide more comparable data.®*

Demographic descriptive statistics, health information, and survey measure scores were summarized using frequency,
proportion, mean, and standard deviation, where appropriate. General linear mixed models (GLMM) were used to
examine associations between HRV parameters (SDNN, RMSSD, HF, and LF) and types of events (Interpersonal,
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Routine Care, Stat, and Combined Events). GLMM were also used to examine associations between HRV parameters and
experience of the nurse (new nurse [<2 years], experienced nurse [>2 years]). Spearman correlation coefficients were
used to determine correlations between HRV outcomes and survey scores. Survey scores were also dichotomized
according to the criteria of symptom severity for subgroup comparison. The Wilcoxon rank sum test was used to
compare HRV between nurses in different groups, such as work experience (>2 years vs <2 years), with and without
PTSD, etc. All analyses were performed using R Software version 4.1.0.°> All tests were two-sided and employed
a significance level of .05.

Results

HRV data were collected from 30 participants; however, data from two participants were excluded due to an unaccep-
table amount of artifact (defined in the data analysis section). Regarding job satisfaction, 64% (n = 18) reported being
merely “somewhat satisfied” with their job, with only 14% (n = 4) “very satisfied”. Reflecting retention problems in the
US, 75% (n = 21) of the nurses in this sample thought of leaving their job in the past 6 months. See Table 1 for
demographic and lifestyle characteristics.

The majority of participants in this sample (78.5%; n = 22) reported a mean sleeping time of 6 to 7 hours per night;
18% (n = 5) more than 7 hours; one nurse (3.5%) reported less than 6 hours sleep per night. In this sample, 64% (n = 18)
of participants scored within normal limits, whereas 18% (n = 5) reported mild sleep disturbance, and 5 (18%) described
moderate sleep disturbance. A complete list of survey measure scores can be found in Table 4.

More than half of participants (57%; n = 16) reported experiencing a previous trauma, with 36% (n = 10) having
experienced multiple traumas. Based PCL-5 score >31, 3 (11%) participants were identified as having probable PTSD.
Nearly two-thirds of participants (64%; n = 18) reported moderate stress (PSS-10), with 36% (n = 10) answering
positively to mild stress. Perhaps one of the most insightful findings was that of the PDEQ, in that 54% (n = 15) of
participants had previous peritraumatic dissociative experiences, or experiences where “what was happening seemed
unreal to me, like I was in a dream, or watching a movie or play”.

For anxiety, one participant (3.5%) scored as having moderately severe anxiety, 29% (n = 8) moderate anxiety, and
25% (n = 7) mild anxiety. Depression scores indicated 7% (n = 2) had moderate depression and 25% (n = 7) mild
depression. Resilience scores using CD-RISC-10 resulted in a mean score of 30.11 (SD 5.08) indicating low overall
resilience for the sample. Lastly, 21% (n = 6) of the ICU nurses in this sample practiced some type of meditation.

Workplace Events and HRV Parameters
In total, there were 111 events recorded for the 28 participants after merging combined events into the Combined Events
category. HRV parameters in RMSSD, HF (reflecting parasympathetic activity), and SDNN (demonstrating overall HRV)
tended to have the greatest reduction from Baseline to Stat or Routine events (see Table 5 and Figure 1). Trends of less
decrease in RMSSD and HF to Interpersonal or Combined Events, with an increase in SDNN were observed. For LF
(reflecting both sympathetic and parasympathetic activity), the largest increase from Baseline tended to be seen for
Interpersonal Events, with a lesser increase for Routine and Stat events.

When differentiating HRV parameters between new and experienced nurses, new nurses tended to have reduced
Baseline HRV compared to experienced nurses. New nurses also had reduced RMSSD, SDNN, and HF and greater
increases in LF to events and recovery than experienced nurses (see Figure 2 and Table 6). Experienced nurses appeared

Table 5 Change in ICU Nurses’ HRV Parameters from Baseline to Events

Change in HRV SDNN Mean (95% ClI) | RMSSD Mean (95% CI) HF Mean (95% CI) LF Mean (95% CI)
Baseline - Routine 2.92 (-0.67, 6.51) 5.05 (1.38, 8.72) 215.76 (98.16, 33336) | —21.5 (~323.34, 280.34)
Baseline - Stat 2.73 (-2.07, 7.53) 4.62 (-0.28, 9.52) 245.05 (88.25, 401.85) | —66.3 (—466.14, 333.54)
Baseline - Interpersonal 0.76 (~3.98, 5.5) 2.26 (-2.52, 7.04) 185.98 (28.02, 343.76) | —288.6 (—680.6, 103.4)
Baseline - Combined 2.09 (-2.71, 6.89) 3.3 (~1.56, 8.16) 176.26 (19.26, 333.26) 69.5 (~330.34, 469.34)

Abbreviation: Cl, confidence interval.
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Figure | Change in HRV Parameters From Baseline to Events and Recovery.

to have a larger reduction to events from Baseline than new nurses in SDNN (2.51 vs 0.81, respectively) and HF (220.1
vs 143.1, respectively); however, this was largely due to new nurses reduced Baseline HRV. In LF, a greater increase
tended to be seen in new nurses vs experienced nurses (88.5 vs 56.5, respectively). Regarding recovery from the events,
experienced nurses tended to recover closer to Baseline post event than new nurses for SDNN (2.46 vs 0.97, respectively)
and RMSSD (2.31 vs 0.86, respectively). In HF, a slight beneficial recovery post event tended to be seen in new nurses
(35.9 vs 66.6, respectively). An even greater increase in LF was seen post event in both groups, with a tendency for
experienced nurses to have a lesser increase post event (42.1 vs 131.6, respectively). None of the above comparisons
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were statistically significant, possibly due to the small sample size. No significant association of HRV and psychometric

study variables was found by subgroup comparisons using Wilcoxon Rank Sum Test (see Table 7) or Spearman

correlation analysis (see Table 8).
Table 6 Change in HRV Parameters in ICU Nurses by Work Experience

Event - Recovery Experienced Nurse | —2.46 (—4.54, —0.38)
0.81 (—4.89, 6.51)

~0.97 (-4.87, 2.93)

~231 (~452, -0.1)
3.72 (-2.38, 9.82)
~0.86 (~4.98, 3.26)

Baseline - Event New Nurse
Event — Recovery New Nurse

~35.9 (~106.66, 34.86)
143.1 (—47.02, 333.22)
~66.6 (—196.35, 63.15)

Change in HRV SDNN Mean RMSSD Mean HF Mean LF Mean
(95% CI) (95% CI) (95% CI) (95% CI)
Baseline - Event Experienced Nurse 2.51 (-0.94, 5.96) 3.78 (0.1, 7.46) 220.1 (105.24, 334.96) —56.5 (—358.93, 245.93)

-42.1 (-225.36, 141.16)
~88.5 (~590.65, 413.65)
~131.6 (~475.19, 211.99)

Abbreviation: Cl, confidence interval.
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Table 7 Heart Rate Variability Parameters and Psychometric Measures by Subgroup

HRV Outcomes (Change from Idle Baseline to Events) PCL-5 (Mean t SD) P value*
Yes (n=25) No (n=3)
SDNN —1.42 £1.91 —0.32 £6.89 0.5628
RMSSD —1.97 £0.9 0.75 £9.77 0.2975
HF —14.95 £256.82 82.94 +349.65 0.8819
LF 9.63 + 143.85 —101.77 + 466.1 0.5038
HRV Outcomes (Change from Idle Baseline to Events) PDEQ (Mean * SD) P value*
Yes (n= 15) No (n =13)
SDNN —2.28 (£7.27) 1.53 (£5.14) 0.1667
RMSSD —1.94 (£11.37) 3.0l (¢5.57) 0.1666
HF —4.44 (£371.38) 161.18 (+284.26) | 0.08003
LF —151.2 (£442.75) | —19.03 (+406.69) 0.1533
HRV Outcomes (Change from Idle Baseline to Events) PSS (Mean * SD) P value*
Yes (n = 18) No (n =10)
SDNN 0.3 +6.8 —1.71 £6.12 0.5637
RMSSD 1.47 +8.7 -1.3 £10.32 0.366
HF 9441 £353.64 32.93 £323.39 04014
LF —64.67 £ 41479 | —135.12 £458.75 0.8667
HRV Outcomes (Change from Idle Baseline to Events) PROMIS-ED-A (Mean * SD) P value*
Yes (n =9) No (n=19)
SDNN 0.38 £5.11 —-0.86 £7.21 0.7773
RMSSD 1.12 +4.85 0.11 £10.91 0.8977
HF 185.17 +288.29 19.06 £354.2 0.1684
LF —42.25 £319.03 —112.37 471.79 0.9216
HRV Outcomes (Change from Idle Baseline to Events) PROMIS-ED-D (Mean  SD) P value*
Yes (n = 2) No (n = 26)
SDNN —4.6 141 —0.11 £6.66 0.2472
RMSSD —2.96 £2.84 0.72 £54 02113
HF —189.69 +162.28 92.62 +341.6 0.1185
LF —56.59 £325.72 —92.39 £435.54 0.6881
HRYV Outcomes (Change from Idle Baseline to Events) PROMIS-SD (Mean iSD) P value*
Yes (n = 5) No (n = 23)
SDNN -0.31 £2.08 —-0.47 £7.19 [
RMSSD 0.92 £2.79 0.34 £10.2 0.9006
HF 33.9 £202.21 80.84 +£364.26 0.9045
LF —1.76 £102.86 —108.98,465.21 0.3078
HRV Outcomes (Change from Idle Baseline to Events) CD-RISC-10 (Mean £SD) P value*
Yes (n = 14) No (n = 14)
SDNN 0.65 (£7.72) —1.62 (£4.93) 0.3198
RMSSD 1.65 (£9.68) —0.84 (£9.68) 0.4816
HF 69.49 (£395.06) 75.42 (£285.88) 0.9817
LF —40.9 (£522.03) | —110.89 +227.83 03714

Note: *Wilcoxon rank sum test.

Abbreviations: PCL-5, Post-traumatic Stress Disorder Checklist-5; PDEQ, Peritraumatic Dissociative Experiences
Questionnaire; PSS, Perceived Stress Scale; PROMIS, Patient-Reported Outcomes Measurement Information System;
ED, Emotional Distress; A, Anxiety; D, Depression; SD, Sleep Disturbance; CD-RISC-10, Connor-Davidson Resilience
Scale-10 item.
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Table 8 Spearman Correlations Between Heart Rate
Variability Parameters and Psychometric Measures

SDNN | RMSSD HF LF
PCL-5 —0.0759 | —0.0940 | —0.0153 0.094
PDEQ —0.1959 | —0.1501 | —0.0145 | —0.1021
PSS —0.1136 | 0.018I —0.1111 | —0.0697

PROMIS-ED-A | —0.1016 | —0.1275 | —0.1016 | 0.1895
PROMIS-ED-D | —0.3355 | —0.3564 | —0.3355 | —0.1322
PROMIS-SD —0.0306 | —0.0945 | —0.184 0.0978
CD-RISC-10 0.3182 0.1456 0.1244 0.2945

Abbreviations: PCL-5, Post-traumatic Stress Disorder Checklist-5; PDEQ,
Peritraumatic Dissociative Experiences Questionnaire; PSS, Perceived Stress
Scale; PROMIS, Patient-Reported Outcomes Measurement Information
System; ED, Emotional Distress; A, Anxiety; D, Depression; SD, Sleep
Disturbance; CD-RISC-10, Connor-Davidson Resilience Scale-10 item.

Discussion

The main objectives of this study were twofold: to investigate and quantify the association of HRV to workplace events
ICU nurses experience, as well as to examine the association between HRV and PTSD and associated measures of
psychological stress.

HRV and Workplace Events

We found ICU nurses” HRV parameters of SDNN, RMSSD, and HF tended to have the greatest reduction from Baseline
to Stat and Routine Events. Greater reduction from Baseline to these events suggests that, overall, these were more
stressful for the ICU nurses. An increase in LF to events was also observed. Increases in the HRV parameter of LF can
reflect an increase in SNS activity. The reduction of HRV from Baseline to Stat events was expected. These are the events
that require prompt attention, and include urgent care (ie, if care were not given, would likely result in physical danger or
grave disability) or unexpected care events (eg, an unexpected drop in blood pressure requiring an immediate intravenous
vasopressor). What was not expected was that even though reductions in HRV parameters were observed with Combined
Events (those that occurred in rapid succession, allowing little to no time for recovery), Routine events tended to cause
more of a reduction in HRV parameters. Therefore, routine events were stressful for the ICU nurses, not just urgent or
multiple events in succession. This suggests that even though routine in this environment, job actions causing moral
distress, performing care that causes discomfort or pain, withdrawing life-support, repositioning an unstable patient, or
providing end-of-life care, can be as stressful for nurses as responding to a Stat or urgent event.***> The day—to—day
workplace environment (eg, poor control over workload, excessive electronic record charting) can also induce significant
stress.®

Our HRV findings are in accordance with others in the scientific literature. Kim et al®’

meta-analysis and review also
found psychological stress caused a decrease in the HF band and increase in the LF band, and further noted that these
were the most frequently reported factors in their review. Jarvelin-Pasanen et al®® study with a sample of female nurses,
which investigated the differences between and within normal and extended work shifts, also determined lower mean
RMSSD and HF, and higher LF values of HRV. Goffeng et al*® study used similar time-domain HRV as this study and
found a reduction in SDNN and RMSSD parameters in a sample of health care workers during extended work shifts. Li

170

et al” study investigated workplace stress in nurses using HRV parameters of RMSSD and LF. They, too, found

reductions in RMSSD and increases in LF during the nurses’ work shift.

New Nurses Versus More Experienced Nurses

Of particular interest, we found new ICU nurses tended to have lower Baseline HRV and reduced HRV to events and recovery
than experienced ICU nurses. One explanation is that new nurses’ HRV parameters may be more reduced because the work
environment is more unpredictable for them, and they may possibly have been thinking harder about the uncertainty of their
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workday. Previous literature has determined that increased mental tasks can result in reduced HRV.”' The American Nurses
Foundation 2023 Pulse on the Nation’s Nurses Survey found that a significant relationship exists between younger age and
emotional health. Younger nurses, and those with less experience, were disproportionally impacted by workplace stress factors
than those with more experience.®® Mentorship programs with experienced nurses on the unit, peer support groups, and access to
good communication with leadership are strategies administration and nurse managers should support to provide a solid

foundation for new nurses.”>”?

Psychometric Findings

This sample of ICU nurses reported symptoms of PTSD (mean PCL-5 score 14.25, SD 11.97), with 3 (11%) participants
meeting the threshold for a provisional diagnosis of PTSD. Schuster and Dwyer’s’* pre-COVID-19 pandemic integrative
review of PTSD prevalence in nurses reported 8.5-20.8% of registered nurses and 18.2-24% of ICU nurses met criteria
for PTSD. Of consideration, in our study approximately 25% of potential participants were excluded due to use of
antianxiety or antidepressant agents, perhaps reducing the number of participants potentially reporting symptoms of
PTSD.

More than half (54%) of the ICU nurses described having substantial dissociative symptoms. For example, some ICU
nurses answered positively to questions such as, “I had moments of losing track of what was going on”, or “Things
seemed to be happening in slow motion”, or “ I felt as though I were spectator watching what was happening to me, as if
I were floating above the scene or observing it as an outsider”. Individuals who experience dissociation at the time of the
traumatic event, or soon after, report alterations in time, place, person, and a sense of unreality to the event.* It is
thought that dissociation functions as a protective mechanism for the individual, reducing conscious awareness of the
traumatic event, and ultimately blocking painful emotions.”> Repetitive exposure to witnessing pain, suffering, and
traumatic incidents places ICU nurses at high risk for peritraumatic dissociative states.”® Prior research has identified
peritraumatic dissociation as a significant antecedent or predictor of PTSD.””’8

Perceived stress of the ICU nurses was measured by the PSS-10, with nearly two-thirds (n = 18; 64.3%) reporting
moderate stress and approximately one-third (n = 10; 35.7%) having low stress. Mean score for the group was 15.57 (SD
5.56). Higher levels as measured by the PSS-10 have been associated with increased cortisol levels and suppressed
immune function.”” The high levels of stress reported in this group could lead to multiple physiological and psycholo-
gical issues long-term.

Our sample of ICU nurses reported mostly mild symptoms of sleep disturbance, (n = 9; 30%), with only 1 (3%) nurse
reporting moderate sleep disturbance. The pooled prevalence of sleep disturbance among “frontline” nurses (comprising
18 studies) in Al Magbali et al'® systematic review and meta-analysis was 43%. Our sample of ICU nurses reported
mostly mild anxiety symptoms (n = 11; 39.3%), with 4 (14.3%) participants having moderate anxiety symptoms, and
only 1 (3.6%) answering positively for severe anxiety symptoms. For depression, 7 (25%) ICU nurses reported mild
symptoms, while 2 (7.1%) had moderate symptoms. These values are much reduced from the peak of the COVID-19
pandemic, when nearly a third of ICU nurses (31.1%) in Guttormson et al' study met the criteria for moderate to severe
anxiety, while 44.6% met the criteria for moderate to severe depression. Our study’s lower depression finding may likely
be due to study exclusion criterion excluding ICU nurses with a diagnosis of depression and/or taking antidepressants.
The pooled prevalence of anxiety and depression among “frontline” nurses in Al Magpbali et al'® systematic review and
meta-analysis was 37% and 35%, respectively.

In this sample of ICU nurses, the total mean CD-RISC-10 score was 30.11, which, according to the suggested
interquartile cut-off points,®® is the lowest point in the second quartile of the average score distribution. Half of the ICU
nurses’ (50%) total score was <29, which falls in the lowest quartile, meaning lowest resilience, and suggests difficulties
in coping with stress. Similar results using the CD-RISC-10 were found with a sample of US nurses working during the
COVID-19 pandemic,®' with nearly half of the respondents’ (46.4%) total score <29.

No significant association of HRV and psychometric study variables (PTSD, PDEs, perceived stress, anxiety,
depression, sleep, and resilience) was found. Possible explanations for the absence of a relationship between psycho-
metric study variables and HRV could be due to limitations of self-report measures. Also, most study findings relating to
PTSD and HRV have been conducted among participants with an associated chronic condition, whereas our sample was
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comprised of healthy, young females. Nurses in this study showed low HRV (higher stress) in response to performing not
only stat events, but routine events for nurses in an ICU (but not routine in most environments), and many were
experiencing dissociative experiences. All this combined could be responsible for the low resiliency reported in these
nurses, leaving them even more vulnerable for stress-related issues in the future. In our sample of nurses, only 78%
reported being “somewhat” to “very satisfied” with their job, which reflects broader trends in hospital-based nursing. Job
satisfaction data from the National Sample Survey of Registered Nurses (NSSRN) found that job satisfaction among
hospital-based registered nurses declined by 11.8%, from 89.0% to 77.2%, since the previous NSSRN survey in 2017.%
This trend emphasizes the need for addressing workplace factors (eg, inadequate staffing, stressful work environment,
burnout, and unsatisfactory management or leadership) that contribute to job dissatisfaction in hospital settings. Given
that 75% of study nurses had thoughts of leaving their job, and that job dissatisfaction is a key factor in hospital nurses

83

deciding to leave their jobs,”” significant and relentless policy interventions are called for to create healthy work

environments and foster a more resilient nurse workforce.

Limitations

The nature of the cross-sectional design of this study means we cannot infer causality. Also, the cross-sectional nature of
our study may not reflect the true direction of relationships between survey measures, as symptoms and/or responses may
be transient. This was a convenience sample, so there may be selection bias. Furthermore, we had a small sample size in
this pilot study, limiting detection of true relationships. Our sample was comprised of young, healthy female participants;
therefore, our results may not generalize to other populations. One possible explanation of new nurses having lower HRV
than experienced nurses we cannot rule out, is that nurses who had experienced increased workplace stress left their job
and more resilient experienced nurses in our study site remained. Lastly, approximately 25% of potential participants
were excluded from participation due to antidepressant or antianxiety medication use; this could have skewed our results

toward a less stress-affected population of ICU nurses.

Conclusion

Study nurses showed high levels of dissociative symptoms, perceived stress, and anxiety, low resilience, and moderate
levels of depression, regardless of excluding those known (>25%) to having medication for these issues. Despite the lack
of association to other study variables, the ICU nurses experienced reductions in HRV to events at work and are
vulnerable to potential related long-term physiological and psychological health issues. Stress is regulated by the ANS,
increasing sympathetic modulation and the fight-or-flight response to stressors. It is important to identify ICU nurses with
symptoms of PTSD, perceived stress, and PDEs, as individuals with chronic stress (and PTSD) have been observed as
having alterations in ANS function.® Chronic stress can lead to adaptations (allostasis) and pathophysiology due to
allostatic load or overload.® These adaptations to stress over time can result in a blunted response to stress and adverse
long-term pathophysiology.*® Screening nurses for psychological stress early, including dissociative experiences could
lead to a change in practice toward the initiation of interventions to mitigate potential issues that lead to health, patient
care, and institutional staffing problems.

The findings from our study have several potential clinical implications. Indicators of stress and recovery of ICU
nurses at work, such as HRV parameters, are useful for early identification and prevention of stress. Information on types
of work-related events that reduce HRV (cause stress) can help identify strategies to reduce stress, which is beneficial for
health promotion at work. The PDEQ may be a useful early indicator of PTSD and demonstrates the need for
intervention in this population. Future prospective, longitudinal designs, measuring HRV over at least 24 hours, and
with a large sample size are needed to evaluate the relationship between HRV and both workplace stress and PTSD in
ICU nurses. Furthermore, research with ICU nurses given a diagnosis of depression and/or taking medications versus
those with no depression is needed. Lastly, more research is needed to investigate HRV and stress differences in new

nurses versus experienced nurses.
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