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Biological Response to Stress During Battlefield Trauma Training:
Live Tissue Versus High-Fidelity Patient Simulator

Henry T. Peng, PhD*; Catherine Tenn, PhD†; Oshin Vartanian, PhD*; Shawn G. Rhind, PhD*;
Jerzy Jarmasz, PhD*; COL (Ret.) Homer Tien, MD‡; LTC Andrew Beckett, MD§║;

For the LT-SIM study group

ABSTRACT Introduction: Tactical Combat Casualty Care (TCCC) training imposes psychophysiological
stress on medics. It is unclear whether these stress levels vary with the training modalities selected. It is
also unclear how stress levels could have an impact on medical performance and skill uptake. Materials
and Methods: We conducted a pilot study to compare the effects of live tissue (LT) with a high-fidelity
patient simulator (SIM) on the level of stress elicited, performance, and skill uptake during battlefield
trauma training course in an operating room (OR) and in a simulated battlefield scenario (field). In the
report, we studied the effects of training modalities and their changes on stress levels by measuring different
biomarkers (salivary amylase, plasma catecholamines, and neuropeptide Y) at various time points during the
trauma training course. Results: We found that the training resulted in significant psychophysiological stress
as indicated by elevated levels of various biomarkers relative to baseline immediately after both OR and
field assessment (p < 0.05). Compared with pre-OR levels, the LT training in the OR resulted in significant
increases in the plasma levels of epinephrine, norepinephrine, and neuropeptide (p = 0.013, 0.023, 0.004,
respectively), whereas the SIM training in the OR resulted in significant increases in the plasma levels of
norepinephrine and neuropeptide (p = 0.003 and 0.008). Compared with pre-field levels, we found signifi-
cant increases in plasma epinephrine concentration in the SIM group (p = 0.016), plasma norepinephrine
concentration in the LT group (p = 0.015), and plasma neuropeptide Y concentration in both LT (p =
0.006) and SIM groups (p = 0.029). No differences in the changes of biomarker levels were found between
LT and SIM groups in the OR and field. Compared with pre-field levels, the testing on the same modality
as that in the OR in the simulated battlefield resulted in significant increases in norepinephrine and neuropeptide
levels (p = 0.013 and 0.015), whereas the testing on different modalities resulted in significant increases in amy-
lase, epinephrine, and neuropeptide levels (p = 0.016, 0.05, 0.018, respectively). There was a significantly larger
increase in plasma norepinephrine concentration (p = 0.031) and a trend toward a greater increase in the salivary
amylase level (p = 0.052) when the field testing involved a different modality than the OR compared with
when OR and field testing involved the same modality. Although most of the biomarkers returned to baseline
levels after 24 h, plasma norepinephrine levels remained significantly higher regardless of whether field testing
occurred on the same or different modality compared with OR (p = 0.040 and 0.002). Conclusion: TCCC
training led to significant increase in psychophysiological stress, as indicated by elevated levels of various
biomarkers. The training modalities did not result in any differences in stress levels, whereas the switch in
training modalities appeared to elicit greater stress as evidenced by changes in specific biomarkers (amylase
and norepinephrine). A comparative study with a larger sample size is warranted.

INTRODUCTION
Both live tissue and simulator have been used for medical
training including trauma skills acquisition.1–3 However, the

use of live animals in medical education has been controver-
sial for more than a decade.4 Although ethical issues and
advances in simulator technologies have led to a decline in
the use of live animals, there is currently insufficient evi-
dence for its replacement. A recent study suggested com-
bined live tissue and simulation training for emergency
procedures5 given that the replacement of live tissue with
simulation remains in debate.6,7 This ongoing debate also
attributes to the lack of studies on the differences in stress
response and its relationship with skill uptake between the
two methods for trauma training. On the other hand, the
medical training may impose a broad spectrum of stressors
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on health care personnel;8 however, it is unclear if there are
any differences in the stress response to medical training
using different methods and how the stress response may be
associated with medical performance and skills uptake.
Daglius et al reported that psychological stress was increased
as measured by the changes in salivary amylase levels dur-
ing emergency care training in a real medical situation, but
not in a simulated scenario.9 Ingacio et al found no signifi-
cant differences in acute stress and performance between
high-fidelity simulators and standardized patient modality
for preparing students for managing deteriorating patients.10

Generally, studies have shown that stress could enhance per-
formance and retention of skills in medical training,11,12 but
excessive stress may impair performance and learning out-
comes.13 This is in agreement with the inverted U-shape the-
ory for stress–performance relationship.14 On the other hand,
the learners’ perception of their competence and perfor-
mance during training may modify their stress.13 For exam-
ple, novices may be unaware of their skills or performance
gaps and thus may show a different stress response from
learners with prior knowledge. There may exist a personal
task-dependent threshold above which stress becomes detri-
mental to medical performance.15 As a result, combined LT
and SIM training was warranted to utilize the best aspects of
each training model in a procedure-specific approach.

Tactical Combat Casualty Care (TCCC) training provides
trainees with the particular stress of performing lifesaving
operations on a patient under battlefield conditions. There
could be technically two stressors in one: battlefield condi-
tions and the emotional strain of potentially losing or being
unable to help a patient. It is generally believed that the
above stressors are desirable and should be experienced by
trainees during training and that live tissue training delivers
this stress better than simulator. A subjective assessment of
medical students during their surgical clerkship showed that
students perceived increased stress levels in a live tissue ani-
mal laboratory compared with a trainer-based simulation
workshop.16 It is thus important to confirm using objective
assessment if the TCCC training actually induces stress as it
is intended to do and if there is a difference in stress levels
between LT and SIM training, and how the training-induced
stress affects medical performance and learning.

Biomarkers have been used to measure stress levels during
medical training. For example, salivary cortisol and amylase
were used as stress markers during pre-hospital emergency
medicine training using either high-fidelity simulation or stan-
dardized patients17 and different simulators.18 Furthermore,
higher cortisol levels were associated with greater knowl-
edge acquisition in a birthing simulation training model,19

whereas blood cortisol levels showed no association with perfor-
mance during simulated cardiopulmonary resuscitation.20 In addi-
tion, salivary amylase was not associated with performance
levels during human-based anesthesia simulator training.21

Recently, we conducted a pilot study comparing live tis-
sue (LT) model with a high-fidelity patient simulator (SIM)

for battlefield trauma training of Canadian Armed Forces
(CAF) medics. In a previous paper, we reported that there
was no difference in performance between medics trained on
LT and SIM, even though medics preferred the LT model
over SIM as indicated in their exit surveys and interviews.22

We also studied hypothalamic–pituitary–adrenal (HPA) responses
as measured by salivary cortisol and dehydroepiandrosterone and
found a positive correlation between stress and cognitive func-
tion during training, but no associations of training modalities
with stress levels or cognitive function in the study participants.23

In addition to the activation of HPA axis, training-induced acute
stress may activate the sympathetic nervous system. Therefore,
this article extends our investigation of the psychophysiological
stress response as measured by changes in sympathetic bio-
marker levels of salivary amylase, circulating catecholamines,
and neuropeptide Y during the battlefield trauma training. The
main objective of this article was to elucidate various sympa-
thetic components of stress response during a combat casualty
care training course on two different training modalities in the
OR and in a simulated battlefield scenario and determine if stress
levels would be affected by training modalities and modality
changes.

MATERIALS AND METHODS

Participants
Twenty healthy CAF Medical Technicians (medics) were
recruited from military bases across Canada for a combat
casualty lifesaving training course. The participants were all
naïve to this training course and were screened to ensure that
they were free from psychotropic medication, steroids or
drug abuse, and any transitory or chronic conditions (e.g.,
Addison and Cushing syndrome). A written informed con-
sent was obtained from all the participants. The study was
approved by the Human Research Ethics Committee at
Defence Research and Development Canada. In addition,
while conducting this research, the authors adhered to the
“Guide to the care and use of experimental animals” and
“The Ethics of Animal Experimentation” published by the
Canadian Council of Animal Care.

Procedures
The study participants were instructed to refrain from eating
or drinking 1 hr before the study starting so as not to interfere
with biomarker evaluation. The study details have been
described in our previous papers.22,23 Briefly, the study
began with a single day of classroom pedagogical instruc-
tion and collection of demographics. Baseline biological
samples (i.e., saliva and blood) were collected on Day 2 in
the morning before the commencement of didactic training.
Additional salivary samples were collected in the afternoon in
order to calibrate for circadian variation of salivary amylase
levels. After completing baseline sample collection, partici-
pants were randomly assigned to one of the two training
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modalities: anesthetized porcine model (Live Tissue; LT) or a
high-fidelity patient simulator (CAESAR; CAE Healthcare,
Saint-Laurent, Quebec, Canada; SIM). The participants had
never been exposed to these modalities before this study.
They were initially trained on five different TCCC lifesaving
procedures, that is, open cricothyrotomy, needle decompres-
sion of a tension pneumothorax, packing of a junctional,
exsanguinating wound, tourniquet application on an injured
extremity, sternal intraosseous insertion, using either the LT
(designated as LT group) or the SIM model (designated as
SIM group), and then evaluated on that modality in a con-
trolled operating room (OR) environment. Both saliva and
blood were collected immediately before and after the OR
assessment. The next day, the study participants were tested
in a simulated combat field environment involving simulated
gun fire, explosion, and smoke. The participants were again
tested on the same five lifesaving skills, but using either the
same (designated as the same modality group) or different
modalities (designated as the different modality group) as
they were tested in the OR. As a result, half of the participants
ended up being tested in the field on the same modality as
they were tested on in the OR (static model) and the other
half switched to the other modality (dynamic model). All
groups were exposed to the same training environment not
specific to an individual procedure. Both saliva and blood
were collected immediately before and after the field assess-
ment. The study ended 24 hr after the field testing with recov-
ery sample collections of saliva and blood. Each sample was
analyzed in duplicate and the difference between duplicate
results of a sample was less than the coefficient of variation of
each biomarker assay as detailed below.

Measurement of Salivary Amylase
Saliva was collected using Salivette (SARSTEDT Inc., Montreal,
Quebec, Canada). The participants were instructed to chew on a
synthetic swab gently for 45 s and then to allow the swab to soak
in their mouths for another 45 s. The swab was spat into a
Salivette and was immediately centrifuged at 2700 × g at 4°C for
5min to yield clear saliva. The saliva samples were frozen and
stored at −70°C until analyses were conducted.

The frozen saliva samples collected using Salivette were
thawed at room temperature, vortexed, and centrifuged at
1500 × g for 15 min. The saliva sample was analyzed for
amylase activity using a standard laboratory kinetic enzyme
assay kit (Salimetrics, LLC, State College, PA, USA) as per
manufacturer’s instructions. The assay possesses intra- and
inter-assay coefficients of variation of ≤7.2% and ≤5.8%,
respectively, and analytical sensitivity of 3.28 U/mL, accord-
ing to the manufacturer’s technical note.

Measurement of Plasma Catecholamines and
Neuropeptide Y
Blood was drawn via phlebotomy from each participant into
BD vacutainers containing EDTA (Fisher Scientific, Nepean,

Ontario, Canada). The blood sample was centrifuged at 1300 ×
g for 10min at 4°C and plasma was aliquoted into Eppendorf
tubes and kept frozen at −70°C until analyses were conducted.

Plasma catecholamines (epinephrine and norepinephrine)
were analyzed using an enzyme immunoassay kit (ALPCO
Diagnostics, Salem, NH, USA) as per manufacturer’s instruc-
tions. The assay possesses intra- and inter-assay coefficients
of variation of 15.0% and 13.2% for epinephrine and 16.1%
and 8.5% for norepinephrine, respectively, in the low concen-
tration range and analytical sensitivity of 10 pg/mL for epi-
nephrine and 50 pg/mL for norepinephrine, according to the
manufacturer’s technical note.

Plasma neuropeptide Y was analyzed using an enzyme
immunoassay kit (EMD Millipore, St. Charles, MO, USA)
as per manufacturer’s instructions. The assay possesses intra-
and inter-assay coefficients of variation of ≤4.3% and ≤4.5%,
respectively, and analytical sensitivity of 2 pg/mL, according
to the manufacturer’s technical note.

Data Analysis
Changes in biomarker levels were calculated by subtracting
baseline or pre-testing values from values at other time
points (post-OR, post-field, and recovery), respectively, for
each biomarker for the same participant.24,25 For salivary
amylase, the baseline values at either the morning or after-
noon were used in correspondence to the time (morning or
afternoon) when salivary samples were collected in the OR
and field to account for circadian variations. In such a way,
each participant acted as their own control. One-sample
t-test was used against a value of zero (0) to determine if
any changes in biomarker levels relative to baseline were
significant.8 Independent t-test was performed to compare
the changes between the two groups at the same time points.

All data were presented as mean ± standard deviation
(SD) and were analyzed using IBM SPSS Statistics 21 (IBM
Corporation, Armonk, NY, USA). For all statistical analyses,
p ≤ 0.05 was considered significant.

RESULTS
Significant increases (above 0) were observed in all bio-
marker levels relative to baseline after the testing in the OR
and field, as shown in Figures 1 and 2. Specifically, there were
significant increases in salivary amylase activity (p = 0.003 and
0.001), plasma epinephrine concentration (p = 0.014 and 0.002),
plasma norepinephrine concentration (p = 0.001 and < 0.001),
and plasma neuropeptide Y concentration (p = 0.004 and 0.015)
in both LT and SIM groups in the OR (Fig. 1). There were no
significant differences in the changes of salivary amylase level
(p = 0.42), plasma epinephrine concentration (p = 0.93),
plasma norepinephrine concentration (p = 0.47), and plasma
neuropeptide Y concentration (p = 0.58) between the LT and
SIM groups in the OR.

Similarly, in the field, there were significant increases (larger
than 0) in salivary amylase level (p = 0.010 and 0.008), plasma
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epinephrine concentration (p = 0.021 and 0.033), plasma nor-
epinephrine concentration (p = 0.002 and 0.001), and plasma
neuropeptide Y concentration (p = 0.013 and 0.025) in both
LT and SIM groups. There were no significant differences in
the changes of salivary amylase level (p = 0.45), plasma epi-
nephrine concentration (p = 0.37), plasma norepinephrine con-
centration (p = 0.53), and plasma neuropeptide Y concentration
(p = 0.72) between the LT and SIM groups.

Furthermore, significant increases in post-field biomarker
levels relative to baseline were observed in the same and dif-
ferent modality groups for salivary amylase (p = 0.037 and
0.002), plasma epinephrine (p = 0.030 and 0.016), plasma

norepinephrine (p < 0.001 and = 0.001), and plasma neuro-
peptide Y (p = 0.025 and 0.014), respectively (Fig. 3). There
were no significant differences in the changes of salivary
amylase level (p = 0.11), plasma epinephrine concentration
(p = 0.18), and plasma neuropeptide Y concentration (p =
0.37) between the same and different modality groups in the
field. However, there was a significant difference in plasma
norepinephrine (p = 0.031) between the same and different
modality groups in the field.

Further analyses indicated no significant differences in
the biomarker changes relative to baseline between OR and
field for amylase (p = 0.059), epinephrine (p = 0.52), norepi-
nephrine (p = 0.66), and neuropeptide Y (p = 0.97).

Figures 4 and 5 depict changes in biomarker levels rela-
tive to pre-testing levels in the OR and the field, respec-
tively. Compared with pre-OR testing, we found significant
increases in epinephrine, norepinephrine, and neuropeptide
levels in the LT group (p = 0.013, 0.023, and 0.004) and in
norepinephrine and neuropeptide levels in the SIM group
(p = 0.003 and 0.008) (Fig. 4). There were no significant dif-
ferences in the changes of amylase (p = 0.98), epinephrine
(p = 0.66), norepinephrine (p = 0.40), and neuropeptide
(p = 0.40) between the LT and SIM groups.

Compared with pre-field testing, we found significant
increases (larger than 0) in plasma epinephrine concentration
in the SIM group (p = 0.016), plasma norepinephrine con-
centration in the LT group (p = 0.015), and plasma neuro-
peptide Y concentration in both LT (p = 0.006) and SIM
groups (p = 0.029), but no significant changes in salivary amylase
level in the LT group (p = 0.055) and SIM group (p = 0.14),
plasma epinephrine concentration in the LT group (p = 0.153),
and plasma norepinephrine concentration in the SIM group

Biomarkers

Amylase

Epinephrine

Norepinephrine

Neuropeptide Y
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FIGURE 1. Post-OR changes in biomarker levels relative to baselines in
the live tissue (LT) and simulator (SIM) groups. Data represent mean ± SD
(n = 10). Significant increases in all biomarker levels relative to baselines
were observed after the testing in the operating room (OR) (p < 0.05).
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FIGURE 2. Post‐field changes in biomarker levels relative to baselines in
the live tissue (LT) and simulator (SIM) groups. Data represent mean ± SD
(n = 10). Significant increases in all biomarker levels relative to baselines
were observed after the testing in the battlefield scenario (field) (p < 0.05).
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FIGURE 3. Post‐field changes in biomarker levels relative to baselines in
the same and different modality groups. Data represent mean ± SD (n = 10).
Significant increases in all biomarker levels relative to baselines were
observed after the testing in the battlefield scenario (field) (p < 0.05). A sig-
nificant difference was observed in the levels of plasma norepinephrine
(p = 0.031) between the same and different modality group.
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(p = 0.43). In addition, a comparison between the LT and
SIM groups found no significant differences in the changes of
salivary amylase level (p = 0.87), plasma epinephrine concen-
tration (p= 0.84), plasma norepinephrine concentration (p= 0.23),
and plasma neuropeptide Y concentration (p = 0.62).

Comparing changes in the biomarker levels relative to pre-
testing levels indicated no significant differences between OR
and field for amylase (p = 0.13), epinephrine (p = 0.16), nor-
epinephrine (p = 0.46), and neuropeptide Y (p = 0.87).

Furthermore, we found significant increases in norepi-
nephrine and neuropeptide levels in the same modality group
(p = 0.013 and 0.015) and in amylase, epinephrine, and neu-
ropeptide levels in the different modality group (p = 0.016,
0.05, and 0.018) (Fig. 6). There was no significant difference
in plasma epinephrine (p = 0.38), norepinephrine (p = 0.73),
and neuropeptide Y concentration (p = 0.45) between the
same and different modality groups.

Figure 7 shows significantly higher levels of plasma nor-
epinephrine (p = 0.001 and < 0.001) in both same and dif-
ferent modality groups and lower plasma neuropeptide Y
(p = 0.006) in the same modality group. There were no sig-
nificant differences between recovery and baseline levels of
amylase (p = 0.16, 0.87) and epinephrine (p = 0.30, 0.68) in
both same and different modality groups and neuropeptide
(p = 0.84) in the different modality group. Comparing the
same and different modality groups indicates no significant dif-
ferences in the changes of recovery levels of salivary amylase
(p = 0.34), plasma epinephrine (p = 0.49), and plasma norepi-
nephrine concentration (p = 0.36), but a significant difference
in plasma neuropeptide Y (p = 0.037).

DISCUSSION
As expected, the data clearly showed that regardless of the
training modality (LT and SIM) or the settings (OR and
field), medics experienced significant acute stress immedi-
ately after the OR and field testing and recovered well at the
end of the training course (next day after the field testing).
The sympathetic stress response as indicated by elevated
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FIGURE 4. Changes in biomarker levels relative to pre‐testing in the
operating room (OR). Data represent mean ± SD (n = 10). *Significant
increases in epinephrine, norepinephrine, and neuropeptide levels in the live
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vary amylase levels (p = 0.052) between the same and different modality
groups.
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salivary and plasma biomarker levels was consistent with
other studies investigating stress response in army nurses
during combat casualty simulation25 and human-based anes-
thesia simulator training,21 where the salivary amylase activ-
ity was shown to increase. Our study demonstrated that
plasma neuropeptide Y levels increased in medics after the
trauma training, which is consistent with the increased neu-
ropeptide Y concentrations observed in humans exposed to
military survival training.26 Second, the medics might have
experienced anticipatory stress immediately before the OR
and field testing, leading to increased levels of certain bio-
markers. Such anticipatory stress has been reported by others
who studied the impact of acute stress on medical residents’
performance during simulated resuscitation.27 Therefore, we
also evaluated the stress response based on the changes in
biomarker levels relative to pre-OR and pre-field and further
confirmed the elevated stress levels by the training. However,
unlike the changes relative to baselines, not all biomarker
levels significantly changed relative to pre-OR and field. This
may be due to increased stress level before the testing from
anxiety. The training modality in the OR and field had no fur-
ther impact on the changes in stress levels relative to either
baseline or pre-testing. This finding is consistent with our pre-
vious report from the same study where the stress responses
were measured by salivary cortisol, dehydroepiandrosterone,
and self-report.23 Although higher levels of stress were
expected in the field than in the OR due to the inclusion of
external stressors such as fear, loud, and noises, the compara-
ble changes in the biomarker levels between the OR and field
imply that acclimatization in the OR may have occurred
resulting in the attenuation of stress response in the field.

Importantly, it appears that the switch of training modali-
ties in the field could lead to more stress, which was eluci-
dated by the increase in plasma norepinephrine and salivary
amylase levels. The lack of compatibility between LT and
SIM had the effect of making the task more difficult for trai-
nees whose training modalities were switched. Thus, it could
be reasonably expected that this switch could also induce
more stress. This is consistent with our previous findings
that the modality changes led to a higher fail rate for some
of individual TCCC skills/steps.22 These results suggest that
the skills learned in one modality did not transfer well to the
other modality, likely because of the wide difference in
respective perceptual cues and behaviors provided by each
model. However, it is unclear whether the drop in perfor-
mance was because of more stress or mainly incompatibility
between the two modalities. In addition, it is difficult to eluci-
date the exact source of stress. It may be not only from the
scenario difficulty but also from emotions, noises, fear of the
simulated combat environment, the subjective perception of
being appraised, or anxiety due to the presence of the evalua-
tors. It should be noted that acclimatization in the OR might
influence the stress response in the field. To our knowledge,
we are the first to investigate the effects of training modalities
on specific adrenergic stress biomarkers and to demonstrate
increased stress levels when changing training modalities.

In our previous paper, stress levels were measured by corti-
sol and dehydroepiandrosterone levels based on the activation
of the HPA axis.23 In this article, amylase and catecholamines
(epinephrine and norepinephrine) were used as biomarkers for
objective measures of stress that activates the sympathetic ner-
vous system.28,29 Compared with cortisol, amylase reacts
more rapidly to a psychological stressor with no carryover
effect.30 Furthermore, amylase provided a more sensitive mea-
sure of the stress response than cortisol during pre-hospital
emergency medicine training.17 In contrast, catecholamines
have not been widely used for stress measures in medical
training, whereas neuropeptide Y is relatively unknown for its
role in stress response. These findings support the use of sym-
pathetic biomarkers as objective measures of stress response
to TCCC training in future studies.

Although both biomarkers decreased significantly at
recovery, plasma norepinephrine concentration remained
higher than baseline values, suggesting sustained stress after-
ward, whereas plasma neuropeptide Y concentration was
below baseline value in the same modality group. These
findings are consistent with those reported by Morgan III et
al who showed that plasma norepinephrine concentration
remained significantly higher at recovery than at baseline
while plasma neuropeptide Y was below baseline.24

Although not always statistically significant, the increases
in biomarker levels in the different modality group were gen-
erally larger than in the same modality counterpart following
the battlefield scenario. This consistent trend suggests that
switching of modalities could contribute to a larger stress
response in trainees – an important finding particularly in

R
ec

ov
er

y 
bi

om
ar

ke
r 

le
ve

ls
re

la
tiv

e 
to

 b
as

el
in

e

–100

0

100

200

300

400
Same modalities 

Different modalities 

P = 0.037

*

*

*

Biomarkers

Amylase

Epinephrine

Norepinephrine

Neuropeptide Y

FIGURE 7. Recovery biomarker levels relative to baselines 24 h after the
testing in the field. Data represent mean ± SD (n = 10). *Significantly high-
er levels of plasma norepinephrine (p = 0.001 and < 0.001) were seen in
both same and different modality groups. In addition, a lower plasma neuro-
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0.037) between the same and different modality groups.

6 MILITARY MEDICINE, Vol. 00, 0/0 2018

Stress During Battlefield Trauma Training



light of our low sample size (and associated statistical
power). In addition, the sensitivity and specificity of each
biomarker in response to stress may be different. As a result,
the increased stress resulting from the modality changes in
the field did not reach significance as measured by all bio-
markers. A larger sample size is required to further confirm
the finding.

Out study has a number of limitations. First, the sample
size is relatively small. Larger sample size would have given
us more statistical power to probe biomarker responses and
explore their relationships with performance in the combat
trauma training on different modalities. With larger sample
size, we may have also been able to compare the stress
response to the medical training among the four conditions
in the study (OR training modality field testing modality:
LT-LT, LT-SIM, SIM-LT, and SIM-SIM) to show the
effects of OR modality and its transition in the simulated
battlefield. Second, stress was not measured by biomarkers
during the training course to avoid interning with the med-
ics’ activities while they were being evaluated on their per-
formance. Physiological measures with minimal interference
with the training (e.g., heart rate) could provide more infor-
mation about the relationship between real-time stress and
each specific skill during the training. Furthermore, the influ-
ence of other stressors such as fear due to the simulated
combat environment or intimidation by the evaluators could
be explored.

CONCLUSION
This study provides new information to support previous
findings that medical training including battlefield trauma
training on either living tissue or simulator models imposes
stress and activates the sympathetic nervous system as evi-
denced by the elevation of multiple sympathetic biomarkers,
both in saliva and plasma. The training modality might not
make any difference in the effect on the degree of stress, but
changing modalities could lead to more stress and increases
in biomarker levels. Integrating the biomarker measures of
stress in combat trauma training may help to understand an
individual’s stress management and help optimize training
programs for medical care providers. Future studies with a
larger sample size and real-time stress measures are warranted.
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