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Abstract

The reported case, a spin-off of a wider ongoing national study investigating the individual stress reactions of police officers
during realistic police tactical training, highlights the eventuality that stress-induced paroxysmal arrhythmias might occur
and remain undetected without ECG monitoring as a standard practice. The ECG of a 41-year-old frontline police officer
(and professional athlete of the State Police’s rugby team) was monitored with a wireless, textile-based, wearable device
during stressful scenarios implying the use of force. ECG data were processed with the Kubios software to assess training-
induced time-varying changes of heart rate variability parameters and of the parasympathetic, sympathetic, and stress indices.
Multiparametric analysis of the heart rate variability quantified remarkable stress-induced increment of vagal withdrawal
and of sympathetic dominance, with exceptionally high-stress index and sudden occurrence of a wide-QRS paroxysmal
tachyarrhythmia (240 bpm) with concomitant operational failure. Subsequent exhaustive mandatory clinical assessment
excluded any structural and arrhythmogenic cardiac abnormality. Although exceptional and to the best of our knowledge so
far unique, the recording of a stress-induced paroxysmal wide-QRS arrhythmia occurring during realistic tactical training in
a healthy police officer and highly fit athlete is worth to be shared as a caveat about the potential risk if eventually occurring
in officers with unknown cardiovascular risk factors (e.g., for ischemic heart disease). Moreover, the demonstration that such
a high level of stress may occur even in an experienced, healthy, and highly fit officer altering the physiologic dynamicity of
brain—heart interaction with a negative consequence on the operational outcome strongly suggests that individual emotional
reactions induced by stressful duty events must be safely experienced and assessed with realistic training, to adopt preven-
tive coping strategies, to improve police officers’ efficiency in front of threats, and to lower the risk of inappropriate use of
force with dramatic consequences on the street.
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Background

It is widely recognized that operational police duties
require a multiplicity of professional skills and frequently
implies a high level of psychophysiological stress and risks.
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Moreover, in order to effectively perform high-risk tasks
(e.g. crowd/riot control, offenders’ containment), officers
must be prepared for sudden high-intensity psychologi-
cally and physically demanding situations, which enhance
the risk of personal injuries and potentially misuse of lethal
force (Andersen et al. 2018; Baldwin et al. 2019, 2022;
Nieuwenhuys and Oudejans 2010; Nieuwenhuys et al. 2015).

To safely guarantee officer’s operational stress manage-
ment capability enhancement (Staller et al. 2022) and opti-
mize outcomes on the street, it is fundamental to identify
objective methods to quantify individual stress response
(Fenici and Brisinda 2008; Fenici et al. 2011) aiming to
update police education standards based on more advanced
and realistic training strategies that take into consideration
the interconnections among stress, training, and performance.
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The role of realistic tactical training (RTT) to improve
police officers’ situational awareness and to reduce anxiety
with a lower risk of inappropriate use of force is nowadays
unquestionable. However, RTT may not be risk-free itself.

In fact, whereas RTT-induced traumatic injuries partially
preventable with adequate trainee’s fitness testing, physical
training, and appropriate use of protective equipment are
extensively investigated (Sawyer et al. 2021; Biggs et al.
2022), acute cardiac complications although potentially
lethal (Bozeman 2015) are underestimated.

The unicity of this case, an experienced police officer
(PO#1) and fitness-certified athlete of the national Police
Rugby Team, highlights the possibility that stress-induced
paroxysmal arrhythmias might occur silently during police
RTT (and eventually remain undetected until becoming
fatal), unless a systematic ECG monitoring of the trainees
during RTT is introduced as a standard practice.

In fact, ECG monitoring, now widely available, relatively
inexpensive, and easy to wear, has proven useful to assess
the level of individual stress reaction induced by RTT. The
investigational protocol used to exclude concealed cardiac
abnormalities and arrhythmogenic risk in an otherwise
healthy athletic police officer is described, which avoided a
misleading judgment regarding both the fitness for duty and
to continue agonistic sports.

Methods

A 41-year-old frontline police officer (active-duty 21 years),
attending a police academy specialization course to become
a police instructor for special tactical operations, volun-
teered to be monitored during a RTT session including two
scenarios implying high-risk situation and use of force. He
was also a professional player of the national Police Rugby
Team, undergoing periodical fitness certification for ago-
nistic activity released by a specialist in sports medicine,
according to national guidelines.

Before the beginning of the RTT session, baseline physi-
ological and psychological measurements were collected.
Health status was assessed with a clinical interview, com-
plete physical examination, including blood pressure, and
rest ECG recordings. PO#1 was medication-free and no-
smoker. Caffeine and/or alcoholics were avoided in the 24-h
period before the training session.

The psychological assessment included State-Trait
Anxiety and Anger, with the STAI Y1-Y2 and STAXI2
(Spielberger 1988; Spielberger 1983), and Zung’s self-
rating depression scale (SDS) (Zung 1965) questionnaires
administrated before the onset of the training session. Sub-
jective stress perception and feelings of fear and/or anger
during RTT were rated (scale 0—4) with the perceived stress
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scale (PSS) questionnaire (Cohen et al. 1983), administered
immediately after the end of each tactical scenario.

The Realistic Training Scenario

The purpose of the realistic scenarios (implying car patrol-
ling, radio dispatch, high-speed driving to the target, build-
ing search, and confrontation to arrest drug dealers) was to
challenge the squad (four officers) involved in typical active
duties inducing psychophysiological pressure of a real-life
police call (Andersen et al. 2018). According to the investi-
gational protocol, the same scenario was repeated twice to
check for reproducibility and learning effect.

The realistic scenarios were designed by professional
police instructors to induce high levels of stress and to
objectively test skills like the cover of the partner, continu-
ous communication, control and handcuffing of suspects,
and appropriate use of non-lethal and lethal force when
required as previously reported by other authors (Andersen
et al. 2016; Brisinda and Fenici 2019; Nieuwenhuys and
Oudejans 2010).

The police officers and the experienced instructors play-
ing the role of criminals carried service firearms modified
to allow efficient cycling, and firing of special ammunition
ejecting paint bullets, while safely impeding the chamber-
ing of live rounds. The reported case was responsible for the
squad and acting as the first one to get in contact and interact
with aggressive suspects. An overview of the training setup
is shown in Fig. 1.

Before the scenarios, a “briefing” informed the officers
that they had to behave as during a real police call. At the
end of the RTT, a debriefing session revised the events com-
paring subjective officers’ reporting of the events with objec-
tive individual operational behavior during the scenarios,
recorded by multiple video cameras (located in the patrol
car, in the building, and hand-operated).

ECG Data Recording and HRV Analysis

Our standardized protocol, parameters, and metrics for
real-time assessment of operational stress during realistic
police tactical training were previously detailed (Fenici
et al. 2011; Brisinda, Venuti et al. 2015; Brisinda, Fioravanti
et al. 2015). The rationale to accept the heart rate variability
(HRV) as the proxy to assess brain—heart psychophysiologi-
cal interactions and to monitor transient psychophysiologi-
cal reactions to acute stress was provided by Thayer et al.
(Thayer and Lane 2000; Thayer et al. (2012).

Two ECG leads (bandwidth 0.05-100 Hz) were digitally
recorded (sampling frequency: 250 Hz) with a wireless,
textile-based, wearable device with three-axis accelerom-
eter (Nuubo, Spain). Raw ECG data were post-processed
and analysed with the Kubios software (version 4.0.1)
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Fig. 1 A Overview of the train-
ing facility and the scenarios
setup. B Driving to the scene
(sample 2). C Starting building
search (sample 3). D PO#1
confronting the suspect (first
scenario, sample 4)

~_Sample 3

(Tarvainen et al. 2021) to calculate heart rate (HR) and
HRYV parameters in the time domain (TD), in the frequency
domain (FD), and with non-linear (NL) methods from ten
selected time segments (nine of 120 and one of 11 s), as
well as continuously with time-varying algorithms.

Although Kubios provides automatic removal of tech-
nical artifacts (muscle or movement noise) and detection
of the QRS complex, two cardiologists independently
reviewed the recordings to accept or correct the auto-
matic editing and to check for the presence of arrhythmic
events.

The time-varying estimate of the parasympathetic
(PNS), of the sympathetic (SNS) indices, and of the stress
index calculated, according to Baevsky and Chernikova
(Baevsky and Chernikova 2017; Tarvainen et al. 2021),
provided a quick overview of transient changes of the sym-
patho-vagal modulation, induced by acute stress. The last
Kubios software user guide summarizes and explains all
HRYV parameters (Tarvainen et al. 2021). The PNS index
(integrating mean HR, RMSSD, and the NL Poincare Plot
D1 parameter) and SNS index (integrating mean HR, the
non-linear Poincare Plot D2 and the stress-index) assess
respectively the PNS and SNS tone compared to the resting
values of a normal population (Nunan et al. 2010).

A: Training facility

C: Building yse~arch

B: Live tactical driving

Sample 4

D: Force - on - force

Results

The miniaturized wearable device was efficient to obtain
continuous ECG recordings of good enough quality for a
reliable post-processing and advanced HRV analysis, dur-
ing the whole monitoring period of more than 2 h.

All basal psychological test scores were within the nor-
mal range. The subjective perception of stress during RTT
was rated 2 out of 4 in the PSS questionnaire’s stress scale,
thus moderate-high.

Heart Rate Variability, PNS, SNS, and Stress Indices

An overview of the time-varying analysis of the whole
experiment and of some relevant HRV parameters, as
graphically summarized by Kubios, is shown in Fig. 2,
where the light blue vertical bars on the tachogram (RR
time series) indicate the time segments selected (nine of
120 s, one of 11 s).

The values of the most relevant HRV parameters, calcu-
lated at each selected interval, are summarized in Table 1.

From the data, it is immediately evident that the ANS
modulation of PO#1 was unbalanced toward a net prevalence
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Fig.2 Example of a standard overview of time-varying HRV analy-
sis of the whole monitoring session, provided by Kubios. The light
blue bars on the tachogram (upper strip) indicate the time segments

are detailed in Table 1)
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of SNS already before the beginning of the realistic sce-
nario (sample 1), as demonstrated by a PNS index that sig-
nificantly decreased (— 1.7 SD) compared to resting normal
values and a stress index above 10 (Fig. 3).

Moreover, after the dispatcher call, during high-speed
driving to the scene (sample 2), PO#1’s HR raised to
114 bpm, with enhanced unbalance of the sympathy-
vagal modulation due to further decrease of the vagal tone
and increase of the stress index from 14.5 to 18.8. Those
changes, considerably significant, were mostly induced by
psychological stress, because it occurred in the absence of
any other significant physical effort (PO#1 not driving).

While searching the building (sample 3) and approaching
an aggressive drug dealer shouting and resisting the arrest,
PO#1 had difficulty, despite his physical superiority, to take
the suspect to the ground, to control, and to handcuff him
(sample 4). His HR reached 174 bpm, with the emergence
of isolated supraventricular and ventricular extrasystoles.
PNS, SNS, and stress indices (—4.3, 17.9, and 61.6, respec-
tively) were consistent with remarkable vagal withdrawal
and sympathetic dominance (Fig. 3, sample 4). Immediately
after, while trying to secure the arrested offender out of the
room, the officer was shot by the handcuffed offender with a

A Baseline

hidden (and undetected!) handgun. His HR suddenly raised
to 240 bpm for the occurrence of an unsustained (12.5 s)
wide-QRS paroxysmal tachyarrhythmia (W-QRS-TA) (sam-
ple 5—Fig. 3B). During the W-QRS-TA, the PNS, SNS, and
stress indices (calculated from an 11-s interval) were out of
scale (—5.14, 55.4, and 225, respectively).

During the recovery period between the two repetitions
of the same scenario (sample 6), all indices were consistent
with persistent dominance of the sympathetic modulation.
When the scenario was repeated for the second time (sam-
ples 7-9), a reproducible behavior of the PNS, SNS, and
stress indices was observed compared with the first scenario,
however, with lower peak HR, without the occurrence of sig-
nificant arrhythmias (only isolated ventricular extrasystoles)
and a with positive operational outcome.

Interestingly, when evaluating the correlation among the
PNS, SNS, and stress indices and HRV parameters not used
to calculate those indices, but by themselves, sensitive to
the effects of acute stress, some unexpected findings were
observed. In fact, a time-varying progressive increment of
the VLF power (almost overlapping the trend of the stress
index) was observed in both scenarios, before its decrement
coincident with the maximum HR peak, and was the most

Parasympathetic tone (recovery)

Sympathetic tone (stress)

5 PNS Index = 1.72 SNS Index = 2.06
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Paroxysmal tachyarrhythmia

Fig.3 Detailed analysis of the stress-induced psychophysiological
reaction during Scenario 1. A Upper strip: baseline ECG in sinus
rhythm (sample 1, blue arrow on the tachogram), and peak stress
ECG (lowest strip, showing marked sinus tachycardia 174 bpm
(sample 4)), followed by sudden onset of the wide-QRS paroxysmal
arrhythmia, at 240 bpm (sample 5, thin red arrow on the tachogram).
Concomitant time-varying changes of the heart rate (HR), parasym-
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HIGH  HIGH

pathetic (PNS), and sympathetic (SNS) nervous system indices dur-
ing the whole session are also shown (strip below the tachogram).
B Graphic display of PNS (green squares) and SNS (red squares)
indices (and of related HRV parameters) at baseline (sample 1), and
at peak stress (sample 5), when the PNS index is abnormally low
(—5.14) and the SNS and stress indices are abnormally high (out of
scale)
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relevant component of the total power, while the LF and HF
powers decreased to almost zero during the first scenario
(Fig. 2, lowest strip) (Table 1).

Clinical Work-Up to Assess Fitness for Duty
and Agonistic Activity After the Arrhythmic Event

Although the wide-QRS morphology of the paroxysmal
arrhythmia could be a ventricular tachycardia, its onset
modality (two narrow-QRS supraventricular beats of the
same cycle length) and the wide-QRS morphology different
from that of spontaneous ventricular extrasystoles suggested
a supraventricular origin with aberrant conduction. How-
ever, although PO#1 was completely asymptomatic during
the event, the unexpected occurrence and ECG-documented
W-QRS-TA during the RTT session created a serious prob-
lem from the point of view of the medical evaluation of the
physical fitness as required by our national law for both the
frontline police duty and for the agonistic sports activity.
Thus, an exhaustive clinical work-up was needed to exclude
any structural heart disease and/or electrophysiological vul-
nerability to life-threatening arrhythmias.

Luckily, besides the negative clinical history, the absence
of structural abnormalities and excellent physical condition-
ing was confirmed by echocardiography at rest and during
effort. The 12-lead ECG was normal and without the occur-
rence of any arrhythmia during and after a strenuous effort
test, carried out until muscular exhaustion. No arrhythmia
occurred during prolonged (1 week) ECG Holter monitor-
ing, including several physical training sessions.

In addition, a transoesophageal electrophysiological study
(TEPS) was carried out, at rest and during maximal effort, to
evaluate the inducibility of the arrhythmia observed during
the RTT, its electrophysiological mechanism, and eventual
reproducibility of the wide-QRS morphology.

The TEPS documented physiologic dual Atrio-Ventricular
Nodal (AVN) conduction pattern, without inducibility of
sustained arrhythmias at rest and under effort, with the
S1-S2-S3 paired protocol until the shortest cycle of drive
pacing, which reproduced only two AVN eco-beats, with
transient Right Bundle Branch Block (RBBB) consistent
with the wide-QRS observed during the realistic scenario.
With aggressive burst pacing, a short run of unsustained
narrow-QRS AVN re-entry tachycardia (AVNRT) was
inducible only at the peak of effort test at 84% Tmx HR
(i.e., during 3’ at a load of 200 watts) that spontaneously
reverted to sinus thythm. All the findings of the TEPS were
in good agreement with the interpretation of the spontaneous
arrhythmia being of supraventricular origin with transient
intraventricular conduction aberrancy. The absence of induc-
ibility with very aggressive atrial burst pacing excluded the
alternative diagnosis of atypical atrial flutter.

PO#1 was considered fit for duty and for agonistic sports
activity and was thereafter followed up (at today for 7 years)
with periodical clinical visits including effort ECG, 24-h
ECG Holter monitoring (always including at least one train-
ing session), and echocardiography, confirming full healthy
conditions and absence of arrhythmias. In the last 2 years,
PO#1 was assigned to a highly demanding police special
squad for riot and crowd control, with optimal performance.
After leaving the rugby competitions at the age of 45, he
is still performing semi-agonistic athletics (half marathon)
training, with good age-related performance.

Discussion

Operational law enforcement duties imply a high level of
psychophysiological stress, especially in conditions where
the amount of individual control may be overwhelmed by the
sudden unexpected use of violence by the offenders, which,
anyhow, police officers are required to be able to contain and
manage as safely as possible, with graded and appropriate
use of force (Vickers and Lewinski 2012; Andersen et al.
2018).

However, as pointed out in a recent Urgent Issue Paper,
promoted by the British Psychological Society (Bennell
et al. 2021), the matter of appropriateness in the police use
of force is very complex and yet far from being univocally
solved, despite research related to police use of force has
grown considerably.

In fact, also in that paper, suggestions given separately
by police practitioners and academic researchers, address-
ing the problem from different points of view, were some-
how diverging. However, all experts agree that police
officers must receive RTT, to learn modulating their physi-
ologic response to operational stress (Andersen et al. 2016;
Andersen et al. 2018) by implementing, in police as in mili-
tary training, real-world stressors in the practice of required
skills, to safely inoculate positive stress, to favour the adap-
tation of the individual skills to the tactical needs (Cafal-
Bruland 2010), and to reduce the negative impact that stress
can have on officers’ decision-making, tactical performance,
and event memory (Bennell et al. 2021).

HRV Markers of Acute Threat-Induced
Psychological Stress

A problem still unsolved is how to measure objectively
the amount of individual reaction to high-level of stress
induced by highly demand and potentially life-threatening
street encounters. It is clear that the first necessary step
is to ideally provide officers with wearable non-intrusive
monitoring sensors alerting them in real time to recognize
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the symptoms associated with ANS imbalance and to teach
them during RTT how to regain a better parasympathetic
control through simple techniques like the “reset (or tacti-
cal) breath” (Andersen et al. 2018; Bennell et al. 2021).

Thanks to technological advances, continuous monitor-
ing of HR is nowadays possible with relatively inexpensive
wearable devices, and several of them are also validated
as CE-marked medical devices by comparison with ECG
Holter monitoring (Hinde et al. 2021). However, previous
research has provided evidence that the absolute value of
maximum peak HR may be uncorrelated to operational
efficacy and cannot be assumed as a univocal index to
quantify individual stress (Meyerhoff et al. 2004; Fenici
et al. 2011). Therefore, following the seminal work of the
pioneers of its application in psychophysiology (McCraty
and Tomasino 1999; Kreibig 2010; McCraty and Atkinson
2012; and referenced therein), HRV analysis has been
proposed as a more advanced method to study also car-
diac autonomic reactions induced by acute survival stress
in police officers during RTT (Fenici et al. 2011). Since
then, multiple studies have used HRV analysis to measure
the stress induced by tactical manoeuvres (McCraty and
Atkinson 2012; Brisinda, Venuti et al. 2015; Brisinda,
Fioravanti et al. 2015; Head et al. 2017; Baldwin et al.
2019, 2022; Giessing et al. 2019; Gancitano et al. 2021).

As pointed out recently (Laborde 2017), the application of
HRYV in psychophysiology should focus on the fact that the
HRYV is mostly representative of the vagal tone that should
be always quantified at least with the RMSSD, pNN50, and
HF power (absolute value) parameters (Malik 1996; Thayer
and Lane 2000; Porges 2009; Thayer et al. 2012).

In this case report, the PNS and SNS indices were also
available and demonstrate that, despite PO#1’s normal psy-
chological profile and optimal physical fitness for sports
activity, the baseline ANS modulation was unbalanced
toward a net prevalence of SNS already before the beginning
of the RTT session (sample 1) (Fig. 3A). The baseline PNS
index was already low (i.e., almost—2 SD, compared with
resting normal values) and decreased markedly under the
stress induced by the first scenario, reaching —4 SD when
PO#1 had difficulty handcuffing the suspect. Coherently,
also, the HF power was low and decreased to almost zero
(Table 1, sample 4).

According to the Neurovisceral Integration Model
(Thayer and Lane 2000), this dysfunctional loss of parasym-
pathetic modulation has locked the officer’s “brain—heart-
body system” capability to be flexible, leading to insufficient
rational control of the scene and consequent loss of atten-
tion in searching the suspect for possibly hidden firearms,
with unavoidable dramatic failure of his operational perfor-
mance. Moreover, the PNS index remained very low along
the whole interval between the first and the second scenario,
indicating a lack of recovery.

@ Springer

The calculation of the time-varying SNS and stress indi-
ces was useful to provide a quick graphical overview of
acute and persistent stress-induced prevalence of the sym-
pathetic drive during RTT (Fig. 3). Interestingly, also the
time-varying increment of the VLF power observed during
both RTT scenarios (Fig. 2, lowest strip), mimicking the
trend of the HR and of the stress index, seems in agreement
with the interpretation of VLF power as a marker of stress-
induced enhancement of intrinsic cardiac sympathetic activ-
ity suggested by experimental research in the dog’s heart
(Armour 2008; Shaffer et al. 2014) and by its correlation
with physical activity (Bernardi et al. 1996; Lu et al. 2016),
although the VLF spectral component is usually considered
expression of slower physiological mechanisms (Taylor et al.
1998; Lampert et al. 2008; Shaffer et al. 2014; Shaffer and
Ginsberg 2017), sympatho-vagal balance, vagal tone, and
its decrement during mental stress (Usui and Nishida 2017).

However, the calculation from selected time segments
has shown that also in this case, after the increase observed
at a medium level of stress (samples 3 and 7), the VLF
power markedly decreased (below the baseline value) in
concomitance with maximum stress (samples 4, 8, and 9).
This observation reinforces the fact that HR oscillations of
a healthy heart are complex and nonlinear and that, while
increased VLF power in 24 h HRV assessment is consist-
ent with health status, the same change during short-term
assessment may be an indicator of excessive effort (Shaffer
and Ginsberg 2017). At the moment, it is still difficult to
differentiate at what extent the effect of the psychologi-
cal and physical stress may interact (Brindle et al. 2014)
and affect individual performance during RTT, although
a good discrimination accuracy obtained with non-linear
HRYV parameters has been reported (Brisinda, Fioravanti
et al. 2015).

The significant progressive decrement of the LF power
(especially during the first scenario), in evident contrast
with the concomitant marked increase of the independently
calculated SNS index, may reinforce the debate about the
interpretation of the LF spectral component as an index of
sympathetic activity (Goldstein et al. 2011).

Time-varying changes of non-linear parameters were only
partially consistent with the increment of the SNS index. In
fact, whereas as expected, the Recurrence Plot parameters
(RPA Mean and Max) progressively increased with stress,
the Entropy parameters (ApEn and SampEn), progressively
decreased at medium stress (samples 3 and 7), and showed a
paradoxical although only mild increment at the peak stress
(samples 4 and 8).

The HRV analysis during the ultra-short interval (11 s) of
the W-QRS-TA (sample 5, Fig. 3B) provided a reasonable
estimation of enhanced PNS withdrawal (PNS index — 5, 14)
(Table 1, sample 5) and the overall results were consistent
with a “crescendo” effect of stress induced by the situational
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difficulty, ending in operational failure. However, the
extremely high HR and concomitant null HRV might have
affected, although mathematically correct, the calculation of
the SNS and stress indices, which were extremely high. It
should be noted that the HR of the W-QRS-TA was 240 bpm
under RTT psychological stress despite minimal physical
effort, whereas the HR of the AVNRT induced clinically
with TEPS did not exceed 200 bpm during maximum effort.

Interestingly, at the repetition of the scenario, despite the
high-stress index at baseline (sample 6) and its further rise
(samples 8 and 9), the increment of the SNS index and of
the HR was lower compared with the first one, indicating
that the PO#1 had a better (learning-induced) emotional
and situational control. In fact, the operational outcome was
positive.

Tactical Training and Arrhythmias

The reported case confirms that RTT should be widely
applied, but with adequate monitoring of individual psy-
chophysiological response at least as shown here. In fact,
without the ECG monitoring, the unexpected exceptional
individual stress reaction of this experienced frontline police
officer would have not been proven as the most reasonable
cause of the operational failure. Even more importantly,
since the arrhythmic event was asymptomatic, it would have
remained undetected. Luckily, being the officer healthy and
an optimally fitting athlete, the arrhythmia was self-limiting
within few seconds without any consequence. However, the
same event could have had dramatic consequences if the
officer involved was for instance affected by a silent coro-
nary artery disease as the case occurred in North Carolina
(Bozeman 2015).

The detection of the spontaneous unsustained wide-QRS
arrhythmia during RTT placed a serious unpredicted prob-
lem of mechanistic and of clinical interpretation of such
finding, because in some nations like ours, fitness evaluation
for law enforcement and military duty, as well as for agonis-
tic sports activity, is mandatory and would have implied a
negative judgment and suspension from active duty until the
given demonstration that there was no structural or electro-
physiological cardiac pro-arrhythmic abnormality.

Luckily, the arrhythmogenic mechanism in the reported
case was somehow “physiologic” and could be found in the
correlation between the exceptional level of stress-induced
sympathetic activation, cardiac afferent signalling to the
brain, and efferent “central command” processes controlling
the cardiac function (Thayer and Lane 2000; Porges 2009,
2022; Shaffer et al. 2014) (in this case, a critical autonomic
modulation of dual AVN conduction properties, with the
casual triggering of an unsustained AV-nodal tachycardia,
by a couple of supraventricular extrasystoles).

Limitations

Although exceptional and, to the best of our knowledge,
so far unique finding occurred during RTT, it is obvious
that the results of a single case cannot be extrapolated to a
general police or military population. However, we believe
that it is worth to be shared with other colleagues involved
in military medicine, as caveat about the potential risk
of unexpected arrhythmias as the one described if occur-
ring in an officer with unknown coronary artery disease
(Bozeman, 2015).

From our side, the reported findings have triggered our
attention to revise our data (so far acquired to answer con-
fidentially to the volunteers’ request to know their own
cardiac performance during RTT) and to design a more
structured prospective study checking systematically for
the eventual occurrence of arrhythmias to attempt a bet-
ter understanding of the mechanistic correlation with the
level of individual stress quantified with advanced HRV
analysis.

Conclusions

In conclusion, the frontline police officer is “de facto”
required to be a top-ranking performer, with multiple skills
and high psychophysiological resilience.

As in sports medicine, we need to learn from research.
In fact, this case report demonstrates that even a highly
physically fit athlete, having a negative stress-induced psy-
chophysiological reaction during a dangerous intervention,
although surviving a high-rate paroxysmal arrhythmia,
can lose situational control, act wrongly, and get killed.
We strongly believe that such kind of research should be
improved and applied on a larger scale to gather more and
more new knowledge about how acute stress during police
critical incidents may affect the appropriate operational
officer’s behavior, leading to avoidable death of police
officers and/or inappropriate use of force, with dramatic
outcome on the street.

To improve resilience, not only individual self-regulation
strategies that promote recovery and protect against addi-
tional negative effects of work-related fatigue and sleep dep-
rivation but also institutional strategies for stress assistance
should be seriously implemented (van Peer 2019). In fact,
although PO#1 was a highly fit agonistic athlete practic-
ing a sport requiring strength, courage, strategy and tactical
skills, and heavy physical confrontation, this personal strat-
egy was evidently not enough to help manage the different
levels of psychological stress induced by a potentially life-
threatening police confrontation.

@ Springer
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Practical Implications

e Police tactical training must be as much realistic as possi-
ble, considering that the physiologic dynamicity of brain-
heart interaction may be altered by the high level of stress
induced by life-threatening events and that such a hard
emotional experience must safely occur during training
and not dangerously on the street.

e Stress-induced arrhythmias can occur during RTT even
in healthy police officers. Thus, ECG monitoring is rec-
ommended to improve training safety and to better assess
individual fitness evaluation.

¢ Since unknown or underestimated cardiovascular risk
factors might induce life-threatening arrhythmias and
even SD in frontline police officers under RTT stress
(Bozeman 2015), they should be periodically checked
for fitness.

° All POs should be trained in CPR and to the use of AED (which
must be available at the training facility), to help their peers in an emer-
gency (Bozeman 2015).Funding Open access funding provided by Uni-
versita Cattolica del Sacro Cuore within the CRUI-CARE Agreement.
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