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Abstract
BACKGROUND: It is well known that health status of paramedics may be altered by their job demands. However, it is
unknown whether health conditions have a negative impact on occupational performance. The goal of this study was to
explore whether a paramedic’s health status affects performance during a patient-care simulation. More precisely, this
paper aims to identify which health conditions (i.e., cardiovascular diseases (CVD), musculoskeletal disorders (MSD),
post-traumatic stress disorders (PTSD), generalized anxiety disorders (GAD)) could be associated with negative
performance.

METHODS: Nineteen paramedics aged 38.2 ± 8.6 years old with 15.0 ± 8.7 years of paramedic experience participated in
this study. Participants completed two assessments: i) health conditions measurements and ii) patient-care simulation.
Heart rate variability (HRV), an indicator of vagal activity was collected during the patient-care simulation. The simulation
was used in order to challenge experienced paramedics in a realistic setting.  Based on the provincial standard of New
Brunswick, an experienced paramedic instructor graded (passed or failed) the patient-care simulation using the provincial
standard charts, videos and data from manikin.

RESULTS: The current study suggests that only paramedics with self-reported elevated symptoms of PTSD were less
likely to successfully complete the simulated patient-care scenario. An inhibition of the vagal activity was noted during
the patient-care simulation among individuals identi�ed with PTSD. No link was observed between physical health
conditions (CVD, MSD) and simulated patient-care performance. Overall, paramedics who passed the patient-care
simulation presented higher vagal activity during the patient assessment.

CONCLUSIONS: This research suggests that the presence of self-reported elevated symptoms of PTSD negatively
impacts paramedics’ performance during a stressful work task simulation. Therefore, to help paramedics maintain
optimal performance, it may be important to ensure that paramedics have access to appropriate resources to monitor and
improve their psychosocial health. Future studies should investigate more complex work tasks with larger sample sizes
and more complex simulations.

Background
Paramedics’ duties are characterized as highly demanding which can have a negative in�uence on workers’ health status.
It was documented that the demands of paramedics’ duty represent a key factor in�uencing the workers’ health status
over both the short [1–4] and long term [5–10]. More precisely, organizational, physical and psychosocial work-related
demands were identi�ed as catalysts causing or accelerating the deterioration of health status among paramedics [1–4].
However, it is only recently that research has explored the potential links between the in�uence of health status on job
performance.

Models relating work-related demands and health status have been published over the years (e.g. Job Demand-Control
model, Job Demand-Control-Social model, Pearlin’s Stress Process model, Job Demands-Resources model) [11–14]. Only
a few models have theorized the impact of health status on occupational performance. The Job Demands-Resources
model (JDR) [14] appears most appropriate in understanding the link of how job demands in�uence workers’ health
status, and consequently the link between health impairment and diminished job performance. For a detailed explanation
of JDR model the reader is referred to Bakker and Demerouti [14]. JDR model has been developed in a work-related
approach, and established an important link between “demands”, “strain” and “performance”. Bakker and Demerouti,
considered that high job “demands” might have a negative impact on health workers. The term “strain” refers to health
impairment (e.g. fatigue, depression, anxiety, health complaints), which in turn increases the job “demands” over time [14].
As such, health impairments represent a “strain” that might impair job “performance” [14]. For example, organizational
demands (e.g. overnight duty, rotating schedules, irregular work hours) can cause fatigue and sleepiness among
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paramedics. Bentley et Levine [15], documented that twenty-�ve percent of paramedics reported di�culty remembering
protocols during a patient-care intervention, because of fatigue and sleepiness. Patterson et al. [16] identi�ed that odds of
perceived compromised safety were approximatively �ve times higher among fatigued paramedics when compared to
non-fatigued paramedics. Pyper & Paterson [17] suggest that safety issues may include: errors with drug calculations and
administration, poor concentration and impaired decision making; which would contribute to adverse safety outcomes for
patients and paramedics [15–17].

Psychosocial demands are an important concern for paramedics since they must frequently perform their duty under
stressful conditions [18]. Time pressure, multiple and frequent traumatic event exposures, responsibility for patient life,
progression of patient condition have been associated with elevated psychosocial demand [19]. High psychosocial
demand can result in elevated risk of psychosocial disorders such as post-traumatic stress disorders (PTSD), generalized
anxiety disorders (GAD), depression, eating disorders as well as drug and alcohol addiction [7, 19]. A study from Regehr
and LeBlanc [20] documented the in�uence of PTSD symptoms severity on the occupational performance among four
groups of emergency workers (i.e. paramedics (n = 22), police recruits (n = 84), dispatchers (n = 113) and child protection
workers (n = 96)). Regehr and LeBlanc used distinctive and stressful simulation for each profession. Regehr and LeBlanc
[20] observed that the occupational performance was not associated with PTSD among paramedics and police recruits.
In contrast, dispatchers and child protection workers showed a decrease in work-related performance. More speci�cally,
dispatchers had worse and longer complex chart task, and child protection workers were less able to �nd a child at risk
during the simulation. To explain their results, Regehr and LeBlanc [20] suggested that the stress level during the
simulations might be too low, and insu�cient to observe the in�uence of PTSD among paramedics and police recruits,
but su�cient for the two other groups. In other words, the relationship between severity of PTSD symptoms and work-
related performance impairment might be related to the level of stress exposure. Additionally, the level of stress exposure
also impairs the occupational performance of paramedics. LeBlanc’s team [21, 22] have observed that drug calculation
and memory recall (reporting information or action after an event) were impaired when paramedics experienced stressful
patient-care simulation. Overall the relationship between high work-related demands and health-impairment is well-known
in the paramedic literature, however the link between health-impairment and job performance seems complex and needs
further investigation.

JDR model provides a conceptual framework that overviews the in�uence between work-related- “demands, “health status
and job performance, without understanding of the underlying mechanisms. Vagal models (e.g. polyvagal theory,
neurovisceral integration model) [23–28] from the neuroscience �eld of research provided a justi�cation. Instead of
comparing models, the current paper focus on their common points and generalized them to an occupational context.
These models are built around the brain-heart relationship via autonomic nervous system modulation, more precisely
through the monitoring of vagus nerve activity. The vagus nerve is the main nerve of the parasympathetic nervous system
and its activity is identi�ed as vagal tone. The vagal tone could be monitoring e�ciently by the Heart Rate Variability
(HRV) and its measure is related to emotional state, cognitive performance and health status [29–31]. These models
show that a higher vagal tone, re�ected by high HRV, represents better emotional self-regulation, executive functioning
(e.g. reasoning, memory, attention) and health status. Inversely a lower vagal tone, re�ected by low HRV has been
associated to a poor emotional self-regulation (e.g. rigid, fear, treat, hypervigilance), a decline of executive functions and
health impairments [29–32].

More precisely, several health impairments such as pain, in�ammation, fatigue, diseases (e.g. CVD, diabetes,
hypertension, obesity), disorders (PTSD, GAD, MSD) and cancers, have been reported to impair the vagal function by
decreasing the vagal tone. This low tonic activity is also related to prefrontal cortex inhibition (low executive functions,
lack of attention, working memory impairment) as well as an amygdala hyperactivity (increasing threat and fear
perception, hypervigilance). By contrast, healthy vagal function has been related to better prefrontal control over an
inhibition of amygdala function, resulting in a better adaptation to stressful situations [27, 29–33]. For example, it was
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observed by Hansen et al. [34] among a cohort of sixty-�ve military navy sailors, divided into low HRV and high HRV
groups, that the group with low HRV had worse performance to cognitive tasks (i.e. lower true positive responses and
slower reaction time to the CalCAP test (a continuous performance task); higher false positive responses to the WMT (a
working memory task) test). Even though the authors did not investigate the potential causes of that “low HRV group”
(e.g. PTSD, anxiety, CVD, low level of physical �tness), the �ndings of Hansen et al. [34] study related individuals with a
low vagal tone to have taxed cognitive functions. Individuals with health impairments have an elevated risk to have lower
vagal tone and thus have lower HRV values than their “healthier” counter parts [29, 30] as well as individuals with high
tone (“healthy”) performed complex cognitive tasks involving executive functions better than those with lower HRV [27,
34, 35].

It is known that cognitive functions are essential in paramedic duties to performed adequate patient-care. Paramedics
must assess the patient condition, be aware of the safety issues, makes decisions based on evidence, provide adequate
cares as well as demonstrates clear and concise communication abilities, which are all dependant on optimal cognitive
functional workers. Consequently, it is reasonable to assume that paramedics with health impairments may experience a
negative impact on the patient-care intervention, resulting in inferior quality of care or an unfortunate “adverse event”. An
adverse event “[…] is a harmful or potentially harmful event occurring during the continuum of EMS care that is potentially
preventable and thus independent of the progression of the patient’s condition” [36].

Nevertheless, the majority of the literature that has studied the in�uence of health impairments or low vagal tone on
cognitive functions (e.g. executive functions, working memory, attention, �exibility) have used single health measures.
Only a few studies (and work-related ones) have used occupational simulations. In order to capture the outcomes of
health impairments, the current project selected the occupational simulation as methodological approach. Therefore, it
stands to reason that paramedics health impairments could alter their ability to perform a stressful patient-care scenario.
The aim of the project was to describe the performance to stressful patient-care simulated scenario of experienced
paramedics with elevated risk of health impairment (CVD, MSD, PTSD, GAD). Furthermore, HRV was collected during the
patient-care intervention in order to document vagal tone. It was anticipated that a higher proportion of individuals
identi�ed with elevated risk of health impairments would perform the patient-care simulation poorly and would
demonstrate a lower vagal tone.

Methods

Design
A quasi-experimental design was used to explore the in�uence of health status on the vagal tone and on patient care
simulation performance. This study received institutional research ethics board approval.

Participants
In collaboration with Ambulance New Brunswick (ANB), recruitment emails were sent out across the province of New
Brunswick (NB, Canada). Twenty-�ve NB paramedics responded positively to participate. Four participants left the study
during the data collection indicating scheduling con�icts. In addition, two were excluded from the analysis, due to
recording problems during the data collection (video and task simulation �les were not recorded properly). Overall
nineteen paramedics, including six women and thirteen men aged 38.2 ± 8.6 (mean ± standard deviation) years old with
an average of 15.0 ± 8.7 years of paramedic experience, participated to this study.

Procedures
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All testing took place in the University’s laboratory. All participants were on their day off and were asked to have a full
night of sleep in order to be rested prior to participating in this study. Upon arrival, each participant was briefed on
experimental procedures. All participants read and signed a university research ethics committee approved informed
consent. A demographic questionnaire (age, years of experience, sex) was administered to each participant. Afterwards,
two assessments were performed: i) health measurements; and ii) simulated patient-care intervention.

The health measurements were based on a previous study by our research team [37], where health impairments were
assessed among this cohort of experienced paramedics. The methodology used self-reported questionnaires and
physical tests in order to reduce mono-measure bias, by combining at least two positive health measurements per health
impairment. Health measurements are detailed in the next section. 

Before the patient-care simulation started, the participants were familiarized with the simulation (patient simulator
characteristics, room and equipment). After that, the participants remained seated comfortably on a chair, in a quiet and
dimly lit room for a 5-minute baseline recording. Following the baseline period, participants were briefed about the history
and the information of their �ctitious patient (context and medical conditions of patient simulator). The clinical
simulation occurred on a patient simulator located in 4m2 room.

The simulation started when the participant entered the room. During the simulation, the participant was alone with the
patient simulator. Therefore, there was no possibility of communication with their partner or dispatcher on the radio. Close
to the patient simulator were three bags typically used by Ambulance New Brunswick paramedics (airway, cardiac
monitor-de�brillator and medication). This ten-minute patient-care simulation was developed by a paramedic instructor in
order to challenge paramedics. The simulation sequence was:

minute 0 to 2: unconscious, breathing di�culty, high blood pressure, high heart rate, low oxygen saturation

minute 2 to 3: deterioration of the patient until to ventricular �brillation

minute 3 to 10: at this point if the participant does not provide adequate care, the patient will deteriorate until the
patient dies after 7 minutes. If the participant provides the minimal care (which is de�brillation and CPR), the patient
will stay unconscious but stable with irregular heartbeat. After 10-minutes, the scenario is stopped.

Apparatus
Electrocardiogram (ECG): Prior to the health measurements and the patient-care simulation, a 3-lead electrocardiogram
(ECG) was placed on the participants. The electrode placement used LEAD II con�guration according to Einthoven’s
triangle [38]. The heart signals were recorded using the Bio Amp unit (FE132) and an eight channel PowerLab unit
(PL3508) (AdInstruments, USA) and LabChart software (version 7, AdInstruments, USA). The ECG signal data collected
were conditioned (i.e. 1 to 45 Hz band pass �lter and normalized) using LabChart software (i.e. LabChart software version
7, AdInstruments, USA) before calculation. The ECG signal was collected to obtain heart electrical activity during the
YMCA step test (cardiovascular �tness level), the baseline period and patient-care simulation. The baseline values were
used to assess the cardiovascular health of the participant (i.e. if they represent an elevated risk to develop CVD) as well
as to measure the tonic vagal activity, and also measure the phasic vagal activity during the patient-care simulation in
order to document the reactivity (vagal tone difference between patient-care simulation and baseline period).

Health measurement tools
Questionnaires
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Self-reported health problem diagnosis. Self-reported surveys were used to obtain self-reported symptoms related to
musculoskeletal disorders (MSD), cardiovascular diseases (CVD), post-traumatic stress disorders (PTSD) or generalized
anxiety disorders (GAD).

Nordic questionnaire (NQ). NQ is a self-report validated tool measuring the history of MSD in the last 12 months and its
occupational impact [39–41].

Civilian version of PTSD check list (PCL-C). PCL-C is a self-administered questionnaire for screening symptoms of PTSD
in seventeen items that correspond to the symptoms of PTSD [42,43]. The National center of PTSD of US Department of
Veterans’ Affairs, suggested “36” as the lowest normative cut-off point for specialized medical clinics like paramedics.
The PCL-C questionnaire is a valid and a reliable tool (Cronbach α-value = 0.94; ICC r-value = 0.96) [42,43].

22-item Responses to stressful experiences scale (RSES-22). RSES-22 is a self-reported questionnaire measuring the level
of resiliency. Low level of resiliency is associates to the severity of PTSD symptoms [44]. The score “0 to 49” is
associated to understand better low level of resilience [44]. The RSES-22 has been shown to be valid and reliable
(Cronbach α-value = 0.91 - 0.93; ICC r-value = 0.87) [44].

13-item Sense of coherence (SOC-13). The SOC-13 is a self-reported questionnaire used to measure sense of coherence.
Low sense of coherence is associated negatively to the severity of PTSD symptoms [45–49]. Ibrahim et al. [49] indicated
that the score “0 to 49” is categorized as a low sense of coherence. The SOC-13 is a valid and reliable questionnaire
(Cronbach α-value = 0.70 - 0.92; ICC r-value = 0.69 - 0.78) [45–48].

Generalized Anxiety Disorders (GAD-7). GAD-7 is a self-report tool assessing the severity of anxiety disorders with seven
items. [50] demonstrated a strong validity and reliability for identifying anxiety (Cronbach α-value = 0.92; ICC r-value =
0.83), which has been cited one of the most common psychosocial illnesses. GAD-7 provides a global score “0 to 21”,
where value superior to nine is associated with anxiety disorders [51].

Physical measurements

Functional Movement Screen (FMS™). Participants performed a FMS consisting of a series of seven movements as
developed by Cook et al. [52]. The summed FMS score can range from “0 to 21” [52–54]. A systematic review and meta-
analysis found that FMS has excellent inter-rater and intra-rater reliability, including a pass/fail cut-off of 14 points being
valid in predicting a higher risk of injury [55].

YMCA step test. The YMCA step test is a submaximal cardiovascular �tness test for individuals with a low exercise
capacity or at risk of CVD [56]. This step-test is a 3-min single-stage test, which is used to predict �tness levels using the
number of heart beats following the first minute of recovery. Heart rate was continuously monitored by ECG. Following
exercise, participants were asked to sit quietly (without moving) for 1 minute. Beutner et al. [56] and Kasch et al. [57], have
shown the YMCA step-test as a strong predictor of VO2 max (r-value = 0.83). It was well-documented that a low level of
cardiovascular �tness is associate with an elevated risk of mortality from CVD [58,59].

Patient-care simulation
Patient simulator: The “Kelly” Advanced Life Support (ALS) manikin (Laerdal Medical, ON, Canada) was used for this
project. Kelly manikin is used for paramedics training. It can reproduce many signs and symptoms similar to a real
patient and the paramedic can practice many invasive medical interventions on it, such as needle puncture, chess
compression, intubation, insu�ation, and de�brillation. Also, the patient simulator was connected wirelessly to an
electronic tablet interface (SimPad; i.e. touchscreen patient’ monitor from Laerdal Medical, ON, Canada). The SimPad
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records information of the patient simulator state, and the medical intervention from the paramedic. For example, the
system detects and records chest compression, ventilation, head tilt, or if the paramedic has checked the carotid pulse.
The simulation was programmed by an ANB paramedic instructor.

Video camera: One webcam (QuickCam Pro for notebook, Logitech, Switzerland) was installed on the ceiling of the room
for recording (transverse view) the clinical simulation. The resolution and the frequency of video recording were 640x360
pixels and 15 images per second (Hertz).

Patient-care assessment tool: A posteriori patient-care intervention assessment was performed by an experienced
paramedic instructor from ANB. The instructor evaluated the patient-care simulation using the videos recorded from the
webcam and the SimPad data. The instructor based the evaluation on the provincial standard of New Brunswick. Five
components were assessed: 1) patient assessment, 2) situational awareness, 3) decision making, 4) technical skill, 5)
integration (detailed components are presented in Appendix A). Each component was assessed on a scale of one to six
points, where 1 is “Performance caused harm to the patient”; 2 is “Performance indicated cause for concern and had
potential to cause harm to the patient”; 3 is “Performance did not meet NB standards”; 4 is “Performance was satisfactory
and met NB standards”; 5 is “Performance exceeds some NB standards”; and 6 is “Performance exceeds most NB
standards”.

Outcomes

Health impairments
Based on Tremblay et al. [37] participants were considered to have a health condition if they had two positive measures.
Possible combinations of positive measures were: i) individual had self-reported diagnosis of adverse health impairments
that should be con�rmed by another health measurement or, ii) individual had at least two health measurements obtained
by questionnaire and/or physical measure.

Elevated risk to develop future musculoskeletal disorders (MSD). Participants were considered as having elevated risk to
develop MSD if they:

self-reported being diagnosed with MSD AND had been positively screened with the NQ (work-related history of MSD
in the last 12 month) OR with the FMS (scored below the cut-off point of fourteen) [55].

OR

did not reported MSD diagnosis, but the participant had been positively screened with NQ AND

Elevated risk to develop future cardiovascular diseases (CVD). The baseline period was used as health measure in order
to evaluate the risk of developing cardiovascular diseases (CVD). When the standard deviation time between inter-beat-
interval (from HRV calculation) was lower than 50 milliseconds (SDNN50), the participant was considered to have low
HRV. Low HRV represents an increased risk of cardiovascular morbidity and mortality [60,61]. Therefore, participants were
identi�ed as having elevated risk of developing CVD if they:

self-reported being diagnosed with CVD AND had scored “below the average” on the YMCA step test [56] OR SDNN50
[60].

OR

did not reported CVD diagnosis but the participant had been positively screened with YMCA AND SDNN50.
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Elevated symptoms of post-traumatic stress disorders (PTSD). Participants were considered to suffer of elevated
symptoms of PTSD if they:

self-reported being diagnosed with PTSD AND had been positively screened for PCL-C (scored higher than 36) [42,43]
OR had scored a low level of resilience (0 to 49) at the RSES-22 [44]; OR, had scored a low level of sense of coherence
(0 to 55) at the SOC-13 [49].

OR

did not reported PTSD diagnosis but had been positively screened with PCL-C AND RSES-22 OR had been positively
screened with PCL-C AND SOC-13.

Elevated symptoms of generalized anxiety disorders (GAD). Participants were considered to suffer of elevated symptoms
of GAD if they self-reported being diagnosed with GAD AND had scored nine and higher at GAD-7.

Vagal activity
The vagal activity was divided into two components: i) baseline and patient-care simulation. The baseline is the resting
HRV value, known as tonic vagal value. The patient care simulation was also divided into two parts: 1) the patient
assessment and ii) the intervention. The patient assessment was considered cognitively demanding, compared to the
patient-care intervention which was expected to involve the participant executing a CPR maneuver, which is considered a
moderate to high physical demand [62,63]. The participant was considered in the “intervention”, when she/he started the
CPR maneuver. The phasic vagal activity referred to the HRV reactivity while the patient-care simulations parts were
performed. For this study, phasic vagal was calculated as a ratio from the difference between the HRV value during to the
patient-care simulation and HRV value during the baseline period. For instance, a value of “-0.5” means that the patient-
care simulation elicited 50 % more activity than the physiological baseline period. The higher the ratio, the more reactivity
was considered.

Poincaré plot analysis are used to obtained HRV values, and describe the vagal activity [29,64,65]. SD1 (standard
deviation of points perpendicular to the line-of-equality) measured the short-term HRV and is associated with the
in�uence of parasympathetic activity. Moreover, it is similar to RMSSD (root mean square of successive IBI differences)
and associated positively to HF power (power of high-frequency band: 0.15 - 0.4 Hz) [29,64,65].

Patient-care simulation performance
To succeeded the patient-care simulation performance, the participants needed to obtain at least 3 points on a scale of 6,
on each �ve components. A score lower than 3 indicated a potential to cause harm to the patient or resulting in an
adverse event, that could lead to the death of the patient.

Descriptive analysis
Descriptive statistics (frequency, percentage, mean ± 95 % con�dence interval) were used to present the participants
health impairments (MSD, CVD, PTSD, GAD), simulated patient-care intervention performance as well as the vagal activity.
Microsoft Excel version 1808 (Microsoft Corporation, USA) was used to conduct statistical analysis.

Results
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Thirty-seven percent of participants presented an elevated risk for MSD, 37% of participants had an elevated risk to
develop CVD and 16% of participants had elevated symptoms of PTSD. No individual was identi�ed with elevated
symptoms of GAD. Table 1 summarizes for each participant results on each health measure (MSD, CVD, PTSD, GAD).

The tables 1 and 2 show that 53% of participants had success in the patient-care simulation, and 60% of them had
elevated risk of health impairments (i.e. MSD, CVD). In contrast, 47% of participants failed the patient-care simulation, and
67% had elevated risk of health conditions (i.e. MSD, CVD, PTSD). Also, 100 percent of the participants who had elevated
symptoms of PTSD failed the patient-care simulation. In Table 2, show that participants with the best performance in
patient-care (i.e. 23, 24, 25), also did not have an identi�ed health impairment.

The Fig. 1 presents the tonic activity (baseline), where it was observed that the participants who were successful in the
patient-care simulation had lower tonic values than their counterparts who failed the patient-care simulation (All passed
20.01 ± 5.84 ms. vs. failed 27.06 ± 16.62 ms.; Healthy passed 26.28 ± 4.47 ms. vs. failed 42.55 ± 25.02 ms.; MSD Passed
11.42 ± 4.73 ms. vs. failed 22.49 ± 12.00 ms.); except for participants identi�ed with an elevated risk of CVD that was
inverted (14.39 ± 6.00 ms. vs. 8.97 ± 2.07 ms.). In addition, the Fig. 1 show less variability among the participants who
had succeed than the participants who failed.

Regarding the patient-care simulation, all participants who had succeeded in the patient-care simulation had higher
phasic activity (reactivity) during the assessment period than the participants who failed the simulation (Fig. 2). However,
when comparing healthy participants (passed and failed combined), they have similar phasic activity (passed − 0.73 ± 
0.15; failed − 0.68 ± 0.06), which is higher than participants identi�ed with health impairments (CVD, MSD, PTSD) (CVD
passed − 0.44 ± 0.29 vs. CVD failed 0.69 ± 0.22; MSD passed − 0.32 ± 0.29 vs. MSD failed − 0.17 ± 0.61; PTSD failed 0.19 
± 0.60). In addition, participants who had failed the simulation and had elevated risk of CVD or elevated symptoms of
PTSD show an inverted phasic activity during the assessment period (CVD failed 0.69 ± 0.22; PTSD failed 0.19 ± 0.60).
Figure 2 shows less variability among the participants who had succeed than the participants who failed.

Figure 3 presents that during the intervention period all participants who had succeeded in patient-care simulation had a
greater phasic activity when comparing with participants who failed the simulation (-0.77 ± 0.10 vs. -0,57 ± 0.27,
respectively). Regardless if they succeeded or not in the simulation, healthy participants had similarly high phasic activity
(passed − 0.83 ± 0.04; failed − 0,79 ± 0.09). In addition, participants had failed the simulation and had elevated risk of CVD
demonstrated the lowest phasic activity during the intervention period (-0.19 ± 0.26). Figure 3 shows that there was less
variability among the participants who had succeeded than the participants who failed.

Discussion
The simulated patient-care intervention was developed to be stressful and challenging for experienced paramedics, where
the participants needed to assess the patient condition correctly and provide appropriate primary medical care. It was not
anticipated that almost half of the experienced paramedics' cohort would fail the simulation. The authors of the current
paper hypothesize that the unexpected fail rate might be caused by the in�uence of the evaluation itself. More precisely, it
was documented that participants who are observed are more stressed and thus would change their behaviours
(voluntary or involuntary) and have an increase of their blood pressure [66].

Furthermore, LeBlanc’s team [21, 22] have documented that paramedics who experienced stressful and challenging
patient-care simulation are inclined to have impaired work abilities (e.g. calculation, memory recall). Considering the fact
that the participants who failed the patient-care simulation did not have a speci�c weakness (most of all participants who
failed have one point between the highest and lowest score; see Table 2), but an overall in�uence of the stress. Therefore,
it did not appear that the current cohort had competency or skills issues, but rather they seem to be more in�uenced
globally by the stress caused by the evaluation of patient-care simulation performance.
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Health impairments
Based on the JDR model, it was hypothesized that the presence of a health impairment would lead to decrement in
occupational performance. The �ndings of this research partially con�rm this existence of this link among paramedics.
Bakker and Demerouti [14] modelized health impairment as “strain” that could potentially alter occupational performance.
This was only partially the case. The difference in performance are measures between success and failure were small.
Although more paramedics with elevated risk of CV and MSD did fail the patient-care simulation, it was not consistent for
all participants with a health impairment. An interesting �nding was that all participants identi�ed with elevated
symptoms of PTSD failed the patient-care simulation. Thus, it seems that only elevated symptoms of PTSD had a
negative in�uence on the paramedics’ ability to effectively perform prehospital emergency care.

Additionally, it was proposed by Regehr and LeBlanc [20] that among the paramedics, the relationship between
occupational performance impairment and PTSD might be related to the level of stress exposure of the work-related
simulation. Considering that all paramedics identi�ed with elevated symptoms of PTSD who failed the patient-care
simulation, it seems that the current study has triggered su�cient level of stress exposure.

It has been documented that PTSD plays a role in the reduction of cognitive performance e�ciency, and more speci�cally
of cognitive functions [27,67,68]. Therefore, it is reasonable that paramedics with elevated symptoms of PTSD may
experience a negative impact on the patient-care intervention, resulting in inferior quality of care or an unfortunate
adverse event [36]. However, this link seems not to be clear among the emergency workers, because the results of the
current study seem to contradict the result of Leblanc et al.[69], who did not observe that �rst responders with elevated
symptoms of PTSD perform differently during a stressful occupational simulation. LeBlanc et al. [69] compared two
groups of police o�cers (high and low symptoms of PTSD) and they observed no signi�cant difference between both
groups during simulated emergency response. However, there are some methodological differences between this study
and the current research. For example, the current study evaluated experienced participants compared to Leblanc’s
recruits (15.0 ± 8.7 vs. 0.18 ± 0.31 years of experience), who were younger, and in better physical and psychosocial
condition. LeBlanc’s participants were fresh-out of the academy and had less exposure to chronic and major traumatic
events in their professional life. It is also surprising that young individuals might suffer from severe PTSD symptoms.
However, it was documented that younger age and higher �tness level (physical and mental) are associated positively to
better cognitive performance performed and conversely, ageing and low level of physical �tness tend to reduce cognitive
performance [70–72]. Regarding the second methodological aspect, the current study performed double-positive health
screening compared to Leblanc’s single method to identify the participants’ symptoms. This aspect may have caused an
in�ation of individuals identi�ed with high symptoms of PTSD, and therefore would not be able to discriminate the
participants properly (high vs low symptoms).

Despite the fact that the current study did not observe the link between physical health impairments (CVD, MSD) and
patient-care performance impairment, this does not mean that they don’t have any effect. Considering that individuals
identi�ed with physical health impairments (CVD, MSD) underperform while occupational activities without stressful
condition [73–75], it is reasonable to assume that they should have some impact when they perform in a stressful
environment. Therefore, in the current study, only paramedics identi�ed with PTSD have shown negative consequences
on paramedics’ occupational performance, the in�uence of other health impairments seems divided or mitigated.
However further research is needed to identify the causes and its triggers, especially in order to provide a better
understanding of the age, years of experience, level of exposure to chronic and major traumatic, stress level exposure.

Vagal activity
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Neuroscience research has documented that individuals with a high tonic activity (vagal baseline at resting) are
associated with better cognitive performance and adaptation to stressful environments [27,29–33]. By contrast,
individuals who have low tonic activity show lower cognitive performance and they presented a lack of adaptation in
stressful situations [27,32,76]. The results of this study suggest the opposite, where individuals who failed the patient-
care simulation presented with higher tonic activity. A reason that might explain that difference, is based on the fact that
most of cognitive performance assessed in the literature has been measured individually, where each variable is
controlled and the groups of participants are homogenous. In contrast, the patient-care simulation is a complex task, but
already known, as paramedics are trained in this manner. The within and between groups variability highlighted that the
cohort was not homogenous, as most variables are di�cult to control (e.g. age, year of experience, gender, education,
incomes, health impairments, level of exposure to chronic and major traumatic, stress level exposition, perception).
Considering that the current project has used a complex occupational simulation, the tonic activity did not appear to be
related to the patient-care simulation among this cohort of experienced paramedics. 

Regardless of the success of the patient-care simulation or the presence of health condition, the phasic activity (vagal
reactivity to the patient-care simulation) revealed that the assessment segment was more cognitively demanding (due to
evaluation of the situation and the patient), and the intervention segment was more physically demanding (due to the
CPR maneuver). CPR maneuver is considered as moderate to high physically demanding task [62,63]. In addition, phasic
activity appears more linked the occupational performance than the vagal activity among this cohort of experienced
paramedics. Paramedics who successfully completed the patient-care simulation presented higher phasic activity during
both segments (assessment, intervention). The participants identi�ed with elevated risk of CVD and elevated symptoms
of PTSD presented an inhibition of the vagal activity during the assessment segment of the simulation. Thus, it seems
that low phasic activity and a performance impairment present some relationships during the more “cognitive” segment
of the simulation, among experienced paramedics identi�ed with elevated symptoms of PTSD. Furthermore, because of
the wide variability during the assessment segment among participants with elevated PTSD symptoms, it is di�cult to
speculate on the causes of that difference. Gillie and Thayer [77] suggested that this individual difference might be
caused by various cognitive control abilities and symptom severity, where individuals could re-experience intrusive
memories and thoughts.

The work of Thayer’s team [26–28] helps in understanding the link between PTSD and patient-care performance. Thayer
et al. identi�ed that the stress (cognitive, emotional, physical) as a cause a vagal inhibition resulting in a deactivation of
the brain’s prefrontal cortex, suggesting that the patient-care simulation might produce stress among paramedics who
were already weakened by their psychosocial health condition (i.e. PTSD). Thayer et al. suggest also that emotional
stress had more negative consequences than other stresses on an individual identi�ed with psychosocial issues cognitive
tasks [27,28]. Important cognitive skills are controlled by the prefrontal cortex. This area oversees the cognitive executive
functions, such as staying focus, switching attention, remembering details, time and task management, problem-solving,
multitasking, decision making, task execution based on experience and training [27,67,68]. Thus, cognitive executive
functions are essentials for paramedics’ duty such for patient-care interventions. Therefore, it might be plausible that
experienced paramedics with PTSD could have experienced emotional stress caused by a simulated patient-care
scenario, provoking thus an inhibition of vagal activity limiting their cognitive ability to perform an adequate patient-care
assessment and its proper intervention. Consequently, this might be resulting in adverse events that could lead to the
death of the patient. However, further research is needed to con�rm this hypothesis.

Practical implications
The current study has shown that paramedics identi�ed with elevated symptoms of PTSD failed the patient-care
simulation task, and this was coupled with a unique vagal activity during the assessment segment. Considering, the high
rate of PTSD among the paramedic population [5], the need for professional associations, paramedic schools and EMS
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agencies should pay increased attention and provide additional resources regarding personal management and
awareness on the potential impact negative impacts to patient care.

Additionally, as military, special forces or airline pilots, paramedics must be trained frequently and prepared for the
“worst”, in order to provide them the tools on how to deal with and cope with the physical and mental stress if these
di�cult situations. It has been documented, that simulation training performed in stressful conditions improved clinical
performance and non-technical skills among health professional [78,79]. The second type of training that has been
identi�ed with bene�cial in�uence is �tness training. Frequent aerobic and resistance exercises were well known to
improve and maintain good health status but also increase the vagal activity in response to physical and mental stress
[80]. It has been observed that physical activity had bene�cial effects on PTSD symptoms [81] and that individuals who
suffered of PTSD and regularly practice physical activity showed better cognitive performance [82].

Future research
Patterson et al. [83] noted that “the impact of patient workload, intensity or duration patient-care“ remains limited,
suggesting that “ future studies are needed that capture detailed measures of workload”. Despite the increase in research
over the last decade, more investigation is needed, to better understand the impacts of psychosocial health on
paramedics’ occupational performance. Similar to Coffey et al. [84], where they quanti�ed the physical demands of
paramedics across Canada, quantifying and describing psychosocial demands of the paramedics’ duty is important.
Establishing a complete list of standards, not only physical, but also psychosocial, of Canadian paramedics’ duty is
needed, as suggested by Paramedic Chiefs of Canada (PCC)[85], Canadian House of Commons [86] and Canadian
Standards Association (CSA) group [87].

Study limitations
Volunteer recruitment was di�cult for this project. Over one-thousand emails were sent out to all New Brunswick
paramedics. From those emails, only twenty-�ve paramedics responded positively. This number of volunteers limited the
sample size of this project. One hypothesis that might help to explain this lack of participation, was identi�ed as the
assessment of health status and occupational performance. Some paramedics mentioned their fear of being branded as
“not �t for duty” or “not enough competent to work” and therefore might be at risk of losing their job. Even if it was stated
that the employer would never be informed of such results. Consequently, it is understood that the participation in this
study is a limited sample and it would have been ideal to have a stronger representation to generalize the results.

Simulation allow us to repeated and controlled some of the experimental conditions, the vagal activity obtained from this
cohort of experienced paramedics might be limited by the simulation. It might be interesting to compare and validate our
results with a “on the �eld” study.

Conclusions
This exploratory research observed that PTSD was related to negative patient-care performance among experienced
paramedics. It quanti�ed the physiological activity during a simulated occupational task performed under stress
condition (divided into two periods: assessment and intervention including CPR maneuver). As observed in the literature,
individuals who successfully passed the patient-care task had higher vagal activity during the patient assessment. During
the same period of the simulation, paramedics with elevated symptoms of PTSD did not show the same tendencies,
instead presenting a wide variability of activity. Also, compared with other participants, paramedics with elevated
symptoms of PTSD while performing the patient-care simulation, presented an unbalance activity due to a reduction of
vagal activity. Emotional stress was suggested to be triggered by patient-care, causing an inhibition of vagal activity
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restraining their cognitive skills translated potentially by substandard quality of care and adverse event. Considering the
potential impacts of PTSD, we suggest that professional associations, paramedic schools and EMS should consider to
ensure that paramedics have access to appropriate resources to monitor and improve the psychosocial health among
paramedics. More research is needed to provide a better understanding of the in�uence psychosocial health status on
paramedics.
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Table 1.
 
Results of 19 experienced paramedics on health measurement tools, health impairments and simulated
patient-care intervention performance. 

ID Physical Psychosocial

CVD MSD PTSD GAD  
Diag YM CA SD NN50 Diag FMS NQ Diag PCLC RSES22 SOC 13 Diag GAD7  

Failed patient-care simulation  
1 1 1 1 . 1 1 . 1 . 1 . 1  
4 . . . . . 1 1 1 1 . . .  
6 . . . . . . . . . . . .  
8 . 1 1 . 1 . . . 1 . . .  

10 . 1 1 . . . . . . . . .  
12 . 1 . . . . . . . . . .  
13 . . 1 . . . . . . 1 . 1  
14 . 1 . . 1 1 . 1 1 1 . .  
18 . 1 . 1 1 1 . . . . . 1  

Sum
(%)

1
(11)

6
(67)

4
(44)

1
(11)

4 
(44)

4
(44)

1
(11)

3
(33)

3
(33)

3
(33)

0
(0)

3
(33)  

Passed patient-care simulation   
2 . 1 1 . . . . . . . . .  
3 1 1 1 . 1 1 . . . . . .  
5 . 1 . . . . . . . . . .  
7 . 1 . . 1 . . . . . . .  
9 1 1 1 . 1 1 . . . . . .  

11 1 1 . . . . . . . . . .  
15 . 1 . . . . . . . . . .  
16 . 1 . 1 1 1 . . . . . .  
17 . . . . . . . . . . . .  
19 . . . 1 1 1 . . . . . .  

Sum
(%)

3
(30)

8
(80)

3
(30)

2
(20)

5
(50)

4
(40)

0
(0)

0
(0)

0
(0)

0
(0)

0
(0)

0
(0)  

Total
(%)

4 
(21)

14 (74) 7
(37)

3
(16)

9 
(47)

8
(42)

1 
(5)

3
(16)

3 
(16)

3
(16)

0 
(0)

3
(16)  

(Value of 1) Participant identified positively with a tool; (Highlighted gray) Participant considered with
a at-risk of health condition (CVD, MSD, PTSD or GAD); (SIM) Patient-care simulation; (Diag) Self-
reported diagnosis; (CVD) Elevated risk of cardiovascular diseases; (MSD) Elevated risk of
musculoskeletal disorders; (PTSD) Elevated symptoms of post-traumatic stress disorders; (GAD)
Elevated symptoms of generalized anxiety disorders. (NQ) Nordic questionnaire; (FMS) functional
movement screen; (YMCA) step test; (SDNN50) SDNN value below 50 ms; (PCL-C) civilian version of
PTSD check list; (RSES-22) responses to stressful experiences scale; (SOC13) sense of coherence;
(GAD-7) generalized anxiety disorders.
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Table 2.
 
Table of occupational performance of 19 experienced paramedics on simulated clinical task. Patient-
care performance are ranked from lowest to highest on total score. 
  Patient-care performance outcomes Health impairments
ID Patient

Assessment
Situational
awareness

Decision
making

Technical
skill

Overall
Integration

Total Score CVD MSD PTSD

8 1 1 1 1 1 5 Failed 1    
12 1 1 1 1 1 5 Failed      
14 1 1 1 1 1 5 Failed   1 1
13 2 2 1 1 1 7 Failed      
10 1 2 2 2 2 9 Failed 1    
18 2 2 2 1 2 9 Failed   1  
6 2 2 2 2 2 10 Failed      
1 3 3 1 2 2 11 Failed 1 1 1
4 4 2 3 3 3 15 Failed     1
7 4 3 4 3 4 18 Passed      
9 4 3 4 3 4 18 Passed 1 1  
11 4 3 3 4 4 18 Passed 1    
3 4 4 4 3 4 19 Passed 1 1  
19 3 4 4 4 4 19 Passed   1  
2 4 4 4 4 4 20 Passed 1    
16 4 5 4 3 4 20 Passed   1  
17 4 4 5 5 5 23 Passed      
15 4 5 5 5 5 24 Passed      
5 5 5 5 5 5 25 Passed      

Note. The table is ranked in an increasing order, from the lowest to the highest total score. The total
scores were calculated from the 5 criteria assessed while the patient-care intervention. (Highlighted
gray) Participants who had failed the criteria (cut-off point is 3/6); (Value of 1) participant considered
with at-risk of health impairment (CVD, MSD, PTSD); (CVD) Elevated risk of cardiovascular diseases;
(MSD) Elevated risk of musculoskeletal disorders; (PTSD) Elevated symptoms of post-traumatic stress
disorders; 

Appendix A
A summary of the criteria assessed are described as follow:

Patient assessment: organized approach; selects appropriate assessment strategy; focused assessment is thorough
and complete; evaluates and interprets assessment �ndings; obtains comprehensive associate history; completes
timely follow-up assessment.

Situational awareness: recognizes routine situations and settings in which safety problems may arise; exercises
vigilance on safety issues; gathers the appropriate amount of information; recognizes actionable information;
continually observes the whole environment; adapts to task demands and changes effectively; demonstrates safety
practices that reduce the risk of adverse events.

Decision making: selects the most appropriate solution for a given context; responds effectively by means of e�cient
task and process management; displays critical thinking, including situational awareness and an awareness of
cognitive biases in decision making; demonstrates a process of sound decision-making, understanding where the
process can be challenged and corrected; makes decisions based on evidence.

Technical skill: practices within scope of practice for level; does not attempt skills that they are unfamiliar or
incompetent in despite scope of practice; follows safe work procedures for all skills; obtains consent as appropriate
for all skills; displays technical competency in all skills; assesses e�cacy of intervention and modi�es plan as
necessary; initiates skill in timely fashion and appropriate setting; adequately prepares all necessary resources prior
to initiating skill; performs skills in logical order; selects appropriate skills.
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Overall integration: performance is consistent with professional standards; patient safety is main priority in all
decisions and interventions; displays con�dence in decision making; technically competent in skills; demonstrates
clear and concise communication abilities in all settings; effectively utilizes resources both human and technical.

Figures

Figure 1

Tonic HRV value. Illustration of means and 95% con�dence interval errors bars of vagal activity during the baseline
period. (Dark grey) Participants who passed the patient-care simulation; (Light grey) Participants who failed the patient-
care simulation. (All) All participants; (Healthy) Participants without health impairments; (HC combined) All participant
with health impairment combined; (MSD) Participants identi�ed with elevated risk of musculoskeletal disorders; (CVD)
Participants identi�ed with elevated risk of cardiovascular diseases; (PTSD) Participants identi�ed with elevated
symptoms of post-traumatic stress; It is noted that no participant identi�ed with PTSD had succeed the patient-care
simulation.
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Figure 2

Phasic HRV values for the assessment part of patient-care simulation. Phasic HRV (or reactivity HRV) was calculated
from the difference between the HRV values during the assessment part of the patient-care simulation and baseline
period. The values are presented in ratio, where negative values mean that the simulation parts created a higher activity
than the physiological baseline period. Illustration of means and 95% con�dence interval errors bars. (Dark grey)
Participants who passed the patient-care simulation; (Light grey) Participants who failed the patient-care simulation. (All)
All participants; (Healthy) Participants without health impairments; (HC combined) All participant with health impairment
combined; (MSD) Participants identi�ed with elevated risk of musculoskeletal disorders; (CVD) Participants identi�ed with
elevated risk of cardiovascular diseases; (PTSD) Participants identi�ed with elevated symptoms of post-traumatic stress;
It is noted that no participant identi�ed with PTSD had succeed the patient-care simulation.
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Figure 3

Phasic HRV values for the intervention part of patient-care simulation. Phasic HRV (or reactivity HRV) was calculated
from the difference between the HRV values during the intervention part of the patient-care simulation and baseline
period. The values are presented in ratio, where negative values mean that the simulation parts created a higher activity
than the physiological baseline period. Illustration of means and 95% con�dence interval errors bars. (Dark grey)
Participants who passed the patient-care simulation; (Light grey) Participants who failed the patient-care simulation. (All)
All participants; (Healthy) Participants without health impairments; (HC combined) All participant with health impairment
combined; (MSD) Participants identi�ed with elevated risk of musculoskeletal disorders; (CVD) Participants identi�ed with
elevated risk of cardiovascular diseases; (PTSD) Participants identi�ed with elevated symptoms of post-traumatic stress;
It is noted that no participant identi�ed with PTSD had succeed the patient-care simulation.


