Annals of Burns and Fire Disasters - vol. XXXI - n. 4 - December 2018

CARDIOVASCULAR RISKIN FIRE ACADEMY INSTRUCTORS
DURING LIVE-FIRE SIMULATION ACTIVITY
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SUMMARY. Firefighting is an extreme occupation with a risk of cardiovascular disease and sudden cardiac death due to
strenuous physical exertion and psychological stress during fire suppression activity. This study aimed to investigate the
vital signs (hemodynamic status) and biomarkers related to cardiac disease during live firefighting activity. In this pilot
case-controlled study, seven firefighting training instructors performed a live-fire simulation for 40 min in a multi-storey
training tower at the Gyenoggi-do Fire Service Academy Institute. Seven participants in the control group undertook
similar exercises while wearing personal protective equipment. Cardiovascular evaluation, including vital signs and related
biomarkers, was done before and after simulation until 24 h later. Nonparametric statistics were used to compare between
the two groups and within the simulation group. After live-fire simulation, pulse pressure, heart rate (HR) and body tem-
perature (BT) in the simulation group were higher than in the control group (pulse pressure 74.6 mmHg vs. 53.3 mmHg,
HR 110 beats per minute (bpm) vs. 77 bpm, and BT 37.6 °C vs. 36.0 °C, P < 0.05 for all). Inflammatory cytokines (IL-
6), coagulation protein (fibrinogen), and stress hormones (cortisol, adrenocorticotrophic hormone) were elevated imme-
diately after live-fire simulation, and IL-6 and fibrinogen remained elevated until 24 h after the simulation (all P < 0.05).
Our exploratory analysis found increased altered hemodynamic status and stress-related biomarkers in live-fire firefighting
simulations compared to controls. These markers have the potential to be used to decrease cardiovascular risk for fire-
fighters, and warrant further investigation.
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RESUME. L’attaque de feu est une activité épuisante physiquement et psychologiquement stressante augmentant le risque
cardio-vasculaire dont la mort subite. Cette étude pilote cas-témoin avait pour but d’étudier I’état hémodynamique et les
biomarqueurs de pathologie cardiaque pendant I’attaque de feu. Elle a été menée sur 7 instructeurs de I’institut de for-
mation du service d’incendie de la province de Gyenoggi-do, pendant un exercice de 40 mn en conditions réelles dans la
tour d’entrainement. Le groupe contréle effectuait un effort similaire, avec la méme tenue, hors incendie. Les évaluations
clinique et biologique étaient réalisées préalablement puis pendant 24 h. Des tests non paramétriques ont été utilises pour
les comparaisons entre groupes et au sein des groupes. En conditions réelles, la température corporelle (37,6/36°C), la
PAM (74,6/53,3) et la fréquence cardiaque (110/77) étaient statistiquement plus élevées (p<0,05) que dans le groupe
contréle. De la méme maniére, IL6, fibrinogene, cortisol et ACTH étaient plus élevées en conditions réelles, IL6 et fibri-
nogene restant élevés a h24. L’élévation de ces marqueurs cliniques et biologiques de risque cardio-vasculaire et de stress
nécessitent une étude plus poussée avant leur utilisation éventuelle pour évaluer la prévention.
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Introduction

Firefighting is an extreme occupation associated
with repeated exposure to a variety of harmful envi-
ronments. Over the past 10 years, 42% of deaths of
firefighters on duty have been a result of cardiovas-
cular disease.!

Even though fire suppression accounts for only
1-5% of a firefighter’s job responsibilities, cardio-
vascular death during fire suppression is 12 to 136
times higher than during non-emergent work situa-
tions.> The combination of strenuous physical exer-
tion and psychological stress during fire-suppression
activity may result in hypercoagulation and forma-
tion of thrombi, which can trigger cardiovascular
disease and sudden cardiac death.*

Physical and psychological stress elicits the re-
lease of inflammatory cytokines and various hor-
mones from the hypothalamic—pituitary—adrenal
axis and sympathoadrenal system,® which leads to
vasoconstriction and elevated blood pressure. Psy-
chological stress also induces endothelial dysfunc-
tion, which is an early indication of atherosclerosis.’

Inflammatory cytokines and sympathoadrenal hor-
mones (epinephrine and norepinephrine) can provoke
a vulnerable plaque to rupture.® In the coagulation
process, platelets play a pivotal role in thrombus for-
mation, which is directly related to the development
of occlusion in the coronary arteries. This may result
in acute coronary syndrome or sudden cardiac death.’
Clearly, pathophysiology during active firefighting
can contribute to sudden cardiac death.

Fire suppression for live-fire instructors is a
major part of their job responsibilities, and they are
exposed to several bouts of firefighting activity each
day. Among 740 on-duty firefighter fatalities in the
US between 2008 and 2017, 87 (11.85%) were fire-
fighters who died during training activity.' It has
been verified that live-fire drills cause heavy physi-
cal exertion and psychological stress that results in
platelet activation.® Therefore, live-fire instructors
during fire suppression simulation are at risk of sud-
den cardiac death by acute coronary syndrome.
There have been many studies using various live-
fire drill programs to demonstrate cardiovascular
risk during fire suppression.'*'

We hypothesized that live-fire firefighting activ-
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ity causes changes in various biomarkers related to
acute coronary disease, such as coagulability, stress
hormones, inflammation cytokines, and cardiac
markers.

The purpose of this study was to investigate how
the risk factors affecting cardiovascular disease
change during fire-suppression simulation with
changes in vital signs (hemodynamic status) and bio-
markers related to physical exertion, psychological
stress and cardiac disease. Biomarkers examined in-
cluded IL-6 for inflammation, cortisol and adreno-
corticotrophic hormone (ACTH) for stress, and
troponin I and N-terminal pro-brain natriuretic pep-
tide (NT-proBNP) for cardiac injury.

Materials and methods

Setting

Gyenoggi-do Fire Service Academy was the fa-
cility for live-fire firefighting training between 2010
and 2014. The facility encompassed five live-fire
simulation structures within an area of 5,882 m?, in-
cluding a general building fire, plant fire, hazmat
fire, special fire (backdraft, flashover and multi-
storey) and ventilation fire. The special fire simula-
tion facilities were reinforced with refractory panels
and steel plates, and they replicated real-world sce-
narios for a firefighter to experience the actual fire
phenomenon.

Protocol

In multi-storey fire suppression simulation, the
trainers wore personal protective equipment (PPE)
including gloves, hood, gear, helmet, boots and a
self-contained breathing apparatus (SCBA) (Scott
501) with a 30 min carbon-fibre air cylinder weigh-
ing 20 kg, with the fire hose (15 m % 4 = 60 m) con-
nected to the pump car. The simulation facility was
divided into a training room and an ignition room.
During the simulation, the instructor had new fire-
fighters observe the phenomenon of rollover and
flashover and explosion or fire from gas ignition.
Three-dimensional firefighting techniques were
demonstrated, including pulsing, painting and pen-
ciling. Then, the trainer passed a cylindrical obstacle
(diameter 80 cm, length 4 m) and an “II”’-shaped ob-



stacle inside the facility. The instructor reached the
front of the ignition room, which was 25 m from the
entrance with a maximum 116°C temperature at
waist level. At this point, firefighters were training
for the initial response against fire, and observed the
fire phenomenon (fire development, smoke, air flow,
flame behaviour, and neutral zone of the fire) with
the ignition room closed. Then the firefighters en-
tered the ignition room after predicting the situation
in the room and suppressed the fire using short
pulses under 285°C near the ignition point with a
maximum temperature of 915°C. Live-fire training
was performed for 40 min to train firefighters to
judge a situation through fire phenomenon, fire sup-
pression and rescue.

Participants were recruited by sending study in-
formation and letters to firefighter training instruc-
tors working at Gyeonggi Fire and Rescue Service.
Basic demographics of all trainers were collected.
Participants included firefighter training instructors
who worked at Gyenoggi-do Fire Service Academy.
Subjects who had cardiovascular disease, hyperten-
sion, diabetes mellitus, asthma, renal or hepatic dis-
order, infectious illness or regularly took medication
were excluded. Live-fire simulation was performed
in a multi-storey training tower at the Gyeonggi-do
Fire Service Academy Institute. Subjects abstained
from smoking, alcohol use and beverages with caf-
feine from 24 h before the activity until the end of
the study, and fasted for 4 h before the study.

In a training course for new firefighters, 14 out
of 20 instructors were recruited and randomly di-
vided into the control and simulation groups
(n = seven per group). Subjects in the simulation
group performed fire suppression simulation for
40 min. The special fire training facility included
multi-storey containers where new firefighters were
able to observe backdraft and flashover phenomena
and participate in a variety of comprehensive tactical
training activities in an area of 1,594 m?. Subjects in
the control group undertook exercises including step
climbing and push-ups wearing PPE at room tem-
perature for the same amount of time. Subjects in the
simulation group were exposed to high temperatures
(200-300 °C) and a smoke-filled environment while
wearing PPE. Once the simulated firefighting activ-
ities were completed, the subjects immediately
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moved to the clinical research facility that was main-
tained at 24.0°C. Vital signs were measured before
and immediately after simulation, and every 30 min
until 5 h after the simulation. Cardiovascular evalu-
ation using related biomarkers was performed before
instructors donned their PPE, immediately after sim-
ulation, 4 h later, and 24 h later.

Data collection and measurement

Blood samples were drawn from the antecubital
vein using a 21-gauge needle, by two trained para-
medics. Samples of 3 cc were collected in Vacutainer
tubes (Becton, Dickinson and Company, Franklin
Lakes, NJ, USA) containing tripotassium ethylene
diamine tetra acetic acid (EDTA) for complete blood
count (CBC) analysis, and in Vacutainer tubes con-
taining 3.2% sodium citrate for fibrinogen analysis.
Each sample was stored at 4°C. For ACTH analysis,
EDTA tube was centrifuged at 3,000 rpm for 5 min,
plasma was separated in serum separator tubes, and
it was stored refrigerated below 0°C. For lactate
analysis, 2 cc samples were collected in Vacutainer
tubes containing sodium fluoride 3 mg and disodium
EDTA 6 mg. It was centrifuged at 3,000 rpm for
5 min. Plasma, which was separated in serum sepa-
rator tubes, was stored refrigerated at 4°C. For the
proBNP and troponin I analysis, 8.5 cc samples were
collected in serum separator tubes, allowed to clot
for 30 min at room temperature, centrifuged at
3,000 rpm for 10 min, and stored refrigerated at 4°C.
CBC analysis was performed using an ADVIA 21201
Hematology System (Siemens Healthcare Diagnos-
tics, Tarrytown, NY, USA) for flow cytometry.
ACTH analysis was performed with an IMMULITE
2000 XPi Immunoassay System (Siemens Health-
care Diagnostics), lactate analysis was done
with a COBAS INTEGRA® 800 System (Roche Di-
agnostics, Basel, Switzerland System), NT-proBNP
analysis was done with a COBAS 8000 ¢602 Im-
munology Analyzer (Roche Diagnostics), and tro-
ponin I analysis was done with an ADVIA Centaur
XP Immunoassay System (Siemens Healthcare Di-
agnostics).

Ethics statement

This study was reviewed and approved by the In-
stitutional Review Board of Korea National Univer-
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sity of Transportation (IRB No. knutirb2018-02).
Written informed consent was obtained from all par-
ticipants before initiating the study.

Statistical analysis

Study participants were divided into simulation and
control groups. Categorical variables were expressed
as numbers, and continuous variables were expressed
as mean =+ standard deviation and as median and inter-
quartile range (IQR).

Differences between the two groups were compared
using the Mann—Whitney test and Wilcoxon signed-
rank test. Differences of four values within each group
were compared using the Kruskal-Wallis test.

The criterion for p-value was defined as a two-sided
significance level of 0.05. All statistical analysis was
performed using SPSS (ver. 23, IBM Corp., Armonk,
NY, USA).

Results

Comparison of general characteristics between
the simulation and control groups were 37 vs. 35
(age, years), 8.3 vs. 7.0 (career as a firefighter,
years), and 2.5 vs. 2.0 (career as firefighting trainer,
years) (all P> 0.05, Table I).

Table | - General characteristics of study subjects (n=14)

Fig. 1 shows the changes in vital signs during this
study. After fire suppression simulation, pulse pres-
sure, heart rate (HR) and body temperature (BT)
were higher in the simulation group than in the con-
trol group (74.6 mmHg vs. 53.3 mmHg, HR
110 beats per minute (bpm) vs. 77 bpm, and BT
37.6°C vs. 36.0°C, respectively, P < 0.05). There
were no differences in vital signs between the two
groups at 30 min after fire-suppression simulation
(P > 0.05 for all; Fig. 1). Cell counts, including
platelets, showed no difference between the two
groups (Table II).

Fig. 2 shows the changes in biomarkers between
the two groups and within each group. There was no
difference in lactate between the two groups during
this study. Immediately after live-fire simulation,
there were increases in ACTH, IL-6, and NT-
proBNP in the simulation group in comparison with
the control group (all P <0.05).

Within the simulation group, lactic acid, cortisol,
ACTH, IL-6 and fibrinogen were elevated immedi-
ately after live-fire simulation (P < 0.05), and IL-6
(peak at 4 h) and fibrinogen remained elevated at
24 h after live-fire simulation. NT-proBNP and tro-
ponin I were elevated after simulation (immediately
and at 4 h, respectively), but there were no signifi-
cant differences (P > 0.05).

Variables Simulation group Control group P
(n=7) (n=7)
Age (years), median (IQR) 37 (34-46) 35(33-47) 0.738
BMI (kg/m?), median (IQR) 25.2 (24.2-25.8) 24.4 (24.0-26.9) 0.915
EMS career (years), median (IQR) 8.3 (4.0-18.1) 7.0 (5.0-15.0) 0.709
Instructor career (years), median (IQR) 2.5 (1.0-2.5) 2.0 (0.2-2.0) 0.315
Life habit
Smoking (n) 2 0.388
Drinking (n) 6 1.000
Exercise (frequency/week), IQR 3 (3-5) 2 (1-4) 0.167
Education 0.592
High school (n) 2
College or above (n) 5
Income (million won), median (IQR) 3(2.37-3.50) 3.5(3-6) 0.094
Marital status (n) 3 1.000

IQP = inter-quartile range; BMI = body mass index; EMS = emergency medical service. All values are median (interquartile range 25-75%)
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Fig. 1 - Changes in vital signs during study activity.

Group
/x=-\ Control group
B—8 Simulation group

0 = before simulation, 1 = immediately after simulation. All values are reported as mean + 95% CI. *P < 0.05 and **P < 0.001 indicate differences

between control and simulation groups

Table Il - Comparison of blood cell count between simulation group and control group during study activity (n=14)
Simulation group (n=7) Control group (n=7)
Variables Before After ih 2ih b Before After ah sih b
exposure exposure exposure exposure
WBC 63+12 71+19 72421 70+18 0.856 56+1.1 53+1.4 6.0+0.8 6.6+23 0.392
(Thous/uL)

(,\/Ffiﬁfl_) 49402 50£02 48402 49+02 0.294 49403 49403 47403 47402 0412
He’(g‘;gl'_o)b'” 153408 | 15408 14.9+0.9 153+0.7 0.533 154407 | 153408 | 148+07 | 150+06 | 0.041%
He”(‘oa/(t);’”'t 452422 | 463+27 443£29 458+25 0427 | 463+17 | 459+18 | 440+13 | 454+14 0.076

"("ff;/ 92926 92.9+3 93.1+2.7 933+3.1 0907 | 945+34 | 946+35 | 943+35 | 966+13 0911
'\("l)%')" 31308 | 309+0.8 31.4+09 312+07 0468 | 31.4+08 | 315+08 | 31.6+08 | 31.9+02 0.869

M(E/SC 337408 | 333+07 337408 335407 0551 | 333+06 | 334+07 | 33.6+08 | 33.0+06 0.601

Platelet 248.9+33 | 297.9+47.6 | 26234359 | 261.6+33.9 | 0212 | 2423115 | 252.7+9.1 | 240.0+7.9 | 251.7+58 | 0.052
(Thous/uL)

WBC = white blood cell; RBC = red blood cell; MCV = mean corpuscular volume; MCH = mean corpuscular hemoglobin; MCHC = mean corpuscular

hemoglobin concentration. All values are mean =+ standard deviation

Discussion

During a 40 min fire suppression simulation by
live-fire instructors, vital signs (pulse pressure, HR
and BT), biomarkers related to physical exertion,
and psychological stress show changes immediately

after the fire-suppression activity. Physical exertion
in a stressful environment with high temperatures
causes the increase in pulse pressure, HR, BT, lac-
tate, inflammatory cytokine (IL-6), coagulation pro-
tein (fibrinogen), and stress hormones (cortisol,
ACTH). However, these changes do not elicit the el-
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Fig. 2 - Comparison of biomarkers between simulation group and control group during study activity.

ACTH = adrenocorticotrophic hormone; IL-6 = inflammatory cytokines 6; NT-proBNP = N-terminal pro-brain natriuretic peptide. All values
are reported as mean £ 95% CI. P value indicates differences of four values within each group using the Kruskal-Wallis test. *P < 0.05 and **P
<0.001 indicate differences from previous value by the Mann-Whitney test.

evation of biomarkers related to cardiac injury.

After the fire suppression simulation, pulse pres-
sure, HR and BT increased. Hypotension after fire
suppression is due to the removal of sympathetic
tone, vasodilation and dehydration after exertional
heat exposure.'® The difference in all vital signs be-
tween the simulation and control groups is not sig-
nificant at 30 min after the activity. It is reported that
a 30 min rest that includes active cooling and rehy-
dration is not enough to recover baseline vital signs
after fire suppression, and core temperature is not
restored until 60 min after a treadmill test in protec-
tive clothing.!”!® Therefore, time and vital signs are
not appropriate indicators for instructors to restart
the live-fire simulation.

Platelets play a key role in the formation of
thrombi and the development of coronary vascular
disease, which can subsequently cause sudden car-
diac death."**
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Platelet hyperactivity can be induced by heat-
ing.?!

Smith et al. reported that live-fire simulation re-
sults in increased number of platelets and aggrega-
bility, even with a short bout of simulated
firefighting activity, which is not consistent with our
results.’ In a 20 min repeated simulation for Aus-
tralian firefighters, platelet count was significantly
elevated until 24 h following heat exposure." In this
study, platelet count is elevated immediately after
fire suppression simulation, but there is no signifi-
cant difference when comparing values before and
after the simulation. Strenuous exercise can lead to
an increase in platelet count; however, regular exer-
cise mitigates platelet activation following acute
strenuous exercise.?? Instructors in this study may be
acclimatized to the activity of the fire suppression
simulation, thus an increase of platelet activation is
not triggered.



I1-6, which is one of the pro-inflammatory cy-
tokines secreted from skeletal muscle and adipose
tissue by type 2 T cells and macrophages, is elevated
when someone is psychologically and physiologi-
cally stressed.?2

IL-6 serves an anti-inflammatory function by af-
fecting the release of anti-inflammatory cytokines
(IL-1recepter antagonist, IL-10) and cortisol in hu-
mans.”’ Increased IL-6 can affect platelet reactivity,
endothelial function, the release of fibrinogen and
C-reactive protein, and arterial vasoconstriction;
thus, IL-6 is related to the pathogenesis of
artherosclerosis by elevated oxidative stress and
stress hormones.**!

Psychological stress can contribute to the patho-
physiology of cardiovascular disease.’' In this study,
IL-6 is elevated immediately after live-fire simula-
tion and remains elevated at 24 h. Huang et al. found
that IL-6 did not increase within the first hour after
intense exercise like firefighting.'? Steptoe et al.
demonstrated that IL-6 was elevated at 2 h after
acute mental stress.* In this study, the value of IL-6
was the highest at 4 h after simulation.

Fibrinogen, which is an acute-phase coagulation

protein converted to fibrin by thrombin, is associated
with the development of coronary heart disease.*
Fibrinogen has many roles, including blood viscos-
ity, artherogenesis, platelet crosslinking, coagulation
activation and thrombus formation.**3*
Plasma fibrinogen is elevated as part of the process
of artherosclerosis, so it can be a risk factor for ath-
erosclerosis-induced coronary vascular disease.*®3’
Cortisol, which is a hormone released from the ad-
renal cortex by ACTH, is produced from the anterior
pituitary in response to biological stress. It shows a
typical diurnal cycle with peak cortisol values im-
mediately after awakening in the morning, changing
to decreased values in the late evening.*® Compared
with teachers, firefighters show a lower level of
morning cortisol, which means an unbalanced state
because of chronic stress, anxiety, poor digestion
and lack of sleep.®

Firefighters show a reduced reactivity for cortisol
in the diurnal slope due to adaptation to distress.*’
In this study, cortisol and ACTH are not changed by
physical strain but are elevated immediately after
fire suppression. Smith at el. also reported that
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plasma levels of cortisol and ACTH were elevated
when responding to a strenuous live-fire drill.*

It has been verified that hyperthermia influences
sympathoadrenal activation, causing increased cor-
tisol.*! Psychological stress in addition to physical
strain can increase the cortisol level, and fire sup-
pression is stressful work that potentially contributes
to coronary heart disease.*

NT-proBNP and troponin I are biomarkers that
are useful in assessing the risk of cardiovascular
mortality and coronary heart disease.*

NT-proBNP is a prohormone that is released in
response to ventricular stretch and ischemic injury.
It is used to assess cardiovascular disease as well as
to diagnose heart failure.*** In this study, NT-
proBNP is elevated immediately after simulation,
which is not significant.

Cardiac troponin I is a specific marker of cardiac
injury and is released at 4 to 9 h after myocardial
damage.*® In the simulation group, troponin I is in-
significantly elevated at 4 h after live-fire simula-
tion, which may be evidence of cardiac stress.

Burgess et al. did not detect troponin I in 44 fire-
fighters during a live-fire drill.

In their study, firefighters were exposed for only
12 min of strenuous activity in a hot environment."
In our study, even though the value of troponin I is
within normal range and is minimally changed, car-
diac injury may be induced by live-fire drills.

This study has several limitations. First, the num-
ber of subjects enrolled in this study was small and
no conclusive conclusions can be drawn from this
data. Second, our study examined markers associ-
ated with cardiovascular risk; hence it is unclear if
these changes result in cardiovascular disease, par-
ticularly for younger age fire fighters. However, it
nonetheless yields valuable information that pro-
vides a hypothesis for the increased sudden cardiac
events seen in fire fighters, and warrants further in-
vestigation. Third, BT was measured by infrared
tympanic temperature measurement in a clinical re-
search facility.

Tympanic thermometers may be unreliable in
measuring core BT for firefighters wearing PPE
compared with gastrointestinal temperature meas-
urement.*’ Fourth, we cannot be sure if the level of
exertion was the same between the two groups as
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maximal oxygen consumption (VO2Max) was not
measured.

However, lactate levels did not differ between the
two groups, suggesting they likely had similar levels
of exertion. Lastly, all changes in biomarkers were
within normal ranges even after fire suppression
simulation.

However, the amount of physiological and psy-
chological stress that causes cardiac injury may be
seen by repeated live-fire simulation activities for a
short time or in real fire suppression situations.

Conclusions

Live-fire firefighting training with fire academy
instructors may cause changes in various biomarkers
found to be related to acute coronary disease and
sudden cardiac death.

While further investigation is needed, once con-
firmed, these changes may be used to enhance the
safety of firefighters, such as determining the appro-
priate simulation/rest cycles necessary to minimize
the cardiovascular risk.
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