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CARRILLO AE, CHEUNG SS, FLOURIS AD. Autonomic nervous system
heat-stressed individuals remains unknown. Moreover,
modulation during accidental syncope induced by heat and orthostatic
the changes in autonomic nervous system (ANS) modustress. Aviat Space Environ Med 2013; 84:722–5.
lation that, ultimately, regulates heat dissipation and
Background: Heart rate variability (HRV) indices (LF, HF, LF/HF, RMSSD,
blood pressure have not been examined during the occurand pNN50) under combined heat and orthostatic stress leading up to
and during accidental syncope (EXP group: one man, two women; age:
rence of accidental syncope. Thus, the investigation of
23.7 6 2.9 yr) were compared with data collected from subjects who
changes in the activity of ANS subsystems (i.e., paradid not experience syncope (CON group: one man, two women; age:
sympathetic and sympathetic nervous systems) during
22.3 6 1.5 yr). Methods: Minute averages of HRV indices were colaccidental syncope is a logical progression toward unlected during 5 min at baseline (Base), 5 min leading up to syncope
(PRE), and 5 min during syncope (Syncope) (i.e., 2 min leading up to,
derstanding the cardiovascular complications that occur
1 min during, and 2 min post-syncope). Data were individually analyzed
during syncope induced by heat and orthostatic stress. In
as 1-min means during Syncope as well as 5-min means during Base,
this retrospective investigation we examined ANS modPRE, and Syncope. Results: Between-group results revealed that LF and
ulation via heart rate variability (HRV) under combined
LF/HF were significantly higher and HF was significantly lower in EXP
compared to CON subjects at minutes 1, 2, and 3 during Syncope. Furheat and orthostatic stress leading up to and during acther, RMSSD (CON: 161.1 6 37.0 ms; EXP: 17.5 6 13.3 ms) and pNN50
cidental syncope. Given that combined heat and ortho(CON: 26.4 6 36.3%; EXP: 1.3 6 1.2%) were significantly lower in EXP
static stress is a model of acute hemorrhage (5), these
compared to CON subjects at minute 3 during Syncope. During Syncope,
5-min averages of LF (CON: 46.1 6 13.9 nu; EXP: 77.5 6 6.6 nu) and
results will also have important implications for heat loss
LF/HF (CON: 1.0 6 0.5; EXP: 3.8 6 1.7) were significantly higher, and
and blood pressure regulation in hyperthermic or hemHF (CON: 53.9 6 13.9 nu; EXP: 22.5 6 6.6 nu) was significantly lower
orrhagic patients.
in EXP subjects compared to CON. Discussion: Our findings show that
autonomic nervous system modulation leading up to and during acciMETHODS
dental syncope induced by heat and orthostatic stress is characterized by
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pNN50 may represent risk factors for accidental syncope.
Previously
obtained data (2) were examined to assess
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indices
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subjects who experienced accidental synpathetic nervous system, hot conditions, orthostatic intolerance, fainting.
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cope (EXP group: one man, two women) compared to
three randomly selected sex-matched subjects who did
not experience syncope (CON group: one man, two
women). All procedures were approved by the Dalhousie
University Ethical Review Board and are described in
detail elsewhere (2). Written informed consent was
obtained from all subjects. Subjects were screened for
Raynaud’s phenomenon and high blood pressure. Female
subjects were also screened for pregnancy and their testing was conducted during the early follicular phase of
the menstrual cycle.

YNCOPE IS A spontaneous temporary loss of consciousness resulting from a reduction in cerebral
perfusion and is quickly reversible with minimal intervention (9). Approximately 1 to 3% of visits to the emergency room and 6% of total hospital admissions are
syncope related (6). Syncope has a lifetime cumulative
incidence of . 35%, it is associated with significant costs
to the healthcare system (4), and its risk is particularly
high during heat and orthostatic stress due to hemodynamic alterations that result in hypotension (10). Indeed,
combining heat and orthostatic stresses creates a competition between cutaneous vasodilation for heat dissipation and cutaneous vasoconstriction for blood pressure
regulation; a recent study using a protocol designed to
induce symptoms of syncope suggested that heat dissipation takes priority over blood pressure regulation (1).
The mechanism responsible for inadequate blood
pressure regulation during orthostatic challenges in
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Procedures
Prior to water immersion, all subjects were asked to
sit for 15 min in a ventilated and air-conditioned thermoneutral environment (ambient temperature: 25°C; relative humidity: 40%). Following baseline data collection,
subjects entered a water tank maintained at 42°C and
passively rested until their rectal temperature increased
by 0.5°C above baseline. Thereafter, they exited the water
tank and entered another water bath maintained at 12°C
until their rectal temperature decreased by 0.5°C below
baseline. During each immersion, subjects were rested
in a semisupine position up to their chest. Their arms
and head were not immersed in the water at any time.
The procedure was repeated twice (i.e., hot-cold-hot-cold).
Accidental syncope occurred in all EXP subjects while
exiting from the second ‘hot’ condition.
Equipment

occurred (i.e., 2 min leading up to, 1 min during, and
2 min post-syncope), a time period henceforth referred
to as Syncope (Fig. 1A). Specifically, syncope occurred at
the beginning of the third minute during the Syncope time
period. Between-group differences were assessed using
the Mann–Whitney U-test of two independent samples,
while within-group differences (i.e., change across time)
were examined via Friedman test of k related samples.
In order to confirm the findings of the first data analysis and to comply with the recently proposed requirement of 4 min of HRV recording (7), the second part of
data analysis used three sets of 5-min HRV data: 5 min
at baseline (Base), 5 min leading up to syncope (PRE),
and Syncope (Fig. 1B). Between- and within-group differences were assessed using the Mann–Whitney U-test
of two independent samples and the Friedman test of k
related samples, respectively. Post hoc tests were conducted using the Wilcoxon signed-rank test in which a
Bonferroni adjustment was applied. All statistical analyses were completed using PASW Statistics (version 18,
SPSS Inc., Chicago, IL) statistical software package with
the level of significance set at P , 0.05.

HRV data were continuously collected via Polar S810
(Kempele, Finland), previously validated for HRV measurements (3). Examined HRV indices included the low
frequency (LF) band in the range of 0.04–0.15 Hz, high
frequency (HF) band in the range of 0.15–0.4 Hz, their
RESULTS
ratio (LF/HF), the square root of the mean of squared difAge (CON: 22.3 6 1.5 yr; EXP: 23.7 6 2.9 yr), height
ferences between successive RR intervals (RMSSD), and
(CON: 168.0 6 5.6 cm; EXP: 173.7 6 9.0 cm), bodyweight
the percentage of successive normal-to-normal intervals
(CON: 64.3 6 4.0 kg; EXP: 70.2 6 6.8 kg), and percent body
greater than 50 ms (pNN50). HRV indices were analyzed
fat (CON: 16.9 6 2.5%; EXP: 18.9 6 12.5%) were similar
using the HRV Analysis Software V1.1 (Biomedical Signal
between groups (P . 0.05). Furthermore, immersion time
Analysis Group, University of Kuopio, Finland; 2002).
during the second ‘hot’ condition (CON: 37.3 6 10.6 min;
Cutaneous finger blood flow was assessed using laEXP: 40.7 6 5.5 min) was not significantly different beser-Doppler velocimetry (PeriFlux System 5000, main
tween groups (P . 0.05). For the first part of data analycontrol unit; PF5010-LDPM, function unit; Perimed,
sis, between-group results revealed that LF, HF, and LF/
Stockholm, Sweden) at the pulp of the right-hand index
HF were significantly different during Syncope at minfinger. Cutaneous finger blood flow data sampled at
utes 1, 2, and 3 (P , 0.05; Fig. 2). Further, RMSSD (CON:
32 Hz were averaged per minute and expressed in per161.1
6 37.0 ms;
EXP: 17.5
6 13.3 ms) and pNN50 (CON:
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self-inserted flexible probe [2 mm
diameter (Mon-AbetweenAssociation
groups at minute 3 (P , 0.05). Within-group analCopyright: Aerospace Medical
Therm Core, Mallinkrodt Medical, St. Louis, MO)] to a
ysis during Syncope demonstrated a statistically signifidepth of 15 cm beyond the anal sphincter.
cant main effect of time for heart rate [x2(2) 5 9.867, P 5
Statistical Analysis
Group differences in anthropometric variables were
assessed using the Mann–Whitney U-test of two independent samples. Two separate data analyses were conducted to assess the current research question. The first
part of data analysis used 1-min means while syncope

0.04] in EXP. Post hoc tests, however, revealed no differences between minutes in either group (P . 0.05).
Table I illustrates between-group and within-group
results for rectal temperature, heart rate, finger blood
flow, and respiratory rate. Rectal temperature was different between groups at baseline (P 5 0.05). No other
between-group differences (P . 0.05) were observed

Fig. 1. The experimental protocol showing: A) the 5-min period of Syncope; and B) the 5-min periods for Base, PRE, and Syncope.
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DISCUSSION
We found that the ANS modulation of individuals
experiencing accidental syncope induced by heat and
orthostatic stress is characterized by elevated sympathetic and suppressed parasympathetic activity. More
importantly, despite noticeable within-group differences
in ANS modulation, we did not observe any statistically
significant changes across time leading up to, during,
and following accidental syncope. Combining heat and
orthostatic stress leads to a greater risk of syncope because
positional changes can cause a 300- to 800-ml redistribution of blood volume to the lower extremities, reducing
cerebral perfusion (11). Recent evidence suggests that
cutaneous vasodilation for heat dissipation takes priority
over cutaneous vasoconstriction for blood pressure regulation during a heat and orthostatic challenge designed
to induce symptoms of syncope (1). Interestingly, the
latter study (1) also reported no paradoxical cutaneous
vasodilation at the onset of syncopal symptoms that
would indicate a suppression of sympathetic activity,
unlike what is often reported in normothermic subjects
(11). Our data collected during actual accidental syncope confirm that no changes in sympathetic nerve activity take place during baroreceptor unloading in heat
stressed individuals. Thus, it may be cautiously postulated that the heat-induced increased risk for accidental
syncope during orthostatic stress is due to an inadequate
neural response to the skin relative to the hypotensive
perturbation, resulting in no adjustments to cutaneous
vasoconstriction.
Our results suggest that characterization of individuals who are at risk for accidental syncope due to heat
and orthostatic stress may be improved with the inclusion of HRV measurements. Such guidelines, however,
should be confirmed in larger groups of subjects given
Delivered by Ingenta to: University
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Library
theoflow
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to the clinical utility of HRV measureCopyright: Aerospace Medical Association
ments (7,8). Furthermore, in the current study, subjects
from each group were only matched for sex. Future
studies should consider also matching for height and
overall body surface area, which may influence the intensity of orthostatic stress, water immersion time, and
body heat content. All nonsyncopal subjects from the
Fig. 2. Means 6 SEM of 1-min low (LF) and high (HF) frequency
bands, and their ratio (LF/HF) at Syncope (i.e., 2 min leading up to, 1 min
previous study (2) were not included in this analysis
during, and 2 min post-syncope). aSignificant difference between groups,
due to some variation in anthropometry (e.g., bodyP , 0.05. Time of accidental syncope is shown by the gray bar; the white
weight) as well as age. Water immersion time, however,
circle represents the CON group and the black circle the EXP group.
was similar between the nonsyncopal subjects included
in the current study versus the nonsyncopal subjects
during Base and Syncope, while a significantly lower
who were not included. Moreover, given that combined
heart rate was observed in the CON subjects during PRE
heat and orthostatic stress has often been used as a model
(P , 0.05). Between-group comparisons of HRV indices
of acute hemorrhage (5), the present findings may be
(Fig. 3) demonstrated higher LF and LF/HF as well as
beneficial toward the treatment of hemorrhagic heatlower HF in EXP compared to CON (P , 0.05). Withinstressed individuals, as can occur in athletic events, milgroup comparisons revealed a statistically significant
itary combat, or industrial accidents. Our data suggest
main effect of time for rectal temperature in CON
that treatment to stabilize blood pressure in hyperther[x2(2) 5 6.000, P 5 0.05] and EXP [x2(2) 5 6.000, P 5
mic patients will be more challenging compared to nor0.05] subjects as well as heart rate [x2(2) 5 6.000, P 5 0.05]
mothermic or cooled patients.
in EXP subjects only. Post hoc tests, however, did not deIn conclusion, the ANS modulation of individuals
tect differences in rectal temperature or heart rate beexperiencing accidental syncope induced by heat and
tween time points in either group (P . 0.05).
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TABLE I. RESULTS (MEAN 6 SD) FOR HEART RATE, BLOOD FLOW, AND RESPIRATORY RATE FOR BOTH GROUPS
DURING BASE, PRE, AND SYNCOPE.
Group
CON (N 5 3)
EXP (N 5 3)

Time Point

Rectal Temperature (°C)

Heart Rate (bpm)

Blood flow (PU)

Respiratory rate (breaths z min21)

Base
PRE
Syncope
Base
PRE
Syncope

37.1 6 0.1†
38.1 6 0.3†
38.4 6 0.3†
37.5 6 0.1*†
38.3 6 0.6†
38.6 6 0.4†

75.8 6 5.2
103.7 6 6.9
114.3 6 43.5
86.1 6 6.0†
111.6 6 2.8*†
133.2 6 15.6†

202.5 6 134.3
381.7 6 37.8
355.1 6 57.1
171.2 6 139.1
414.9 6 98.9
400.1 6 44.8

15.8 6 2.2
16.5 6 4.6
15.8 6 3.9
17.2 6 2.8
12.6 6 4.1
15.5 6 6.1

* Significant group difference (P , 0.05). †Significant main effect of time (P , 0.05). PU, perfusion units; Base, 5 min at baseline; PRE, 5 min leading
up to syncope; Syncope, 2 min leading up to, 1 min during, and 2 min post-syncope.

orthostatic stress is characterized by elevated sympathetic and suppressed parasympathetic activity with no
changes across time leading up to, during, and following

accidental syncope. Moreover, our findings suggest that,
during heat stress, elevated LF and LF/HF, and lower
HF, RMSSD, and pNN50 may represent risk factors for
accidental syncope and should be investigated in future
patients to refine preventative strategies.
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Fig. 3. Means 6 SEM of 5-min low (LF) and high (HF) frequency
bands, and their ratio (LF/HF) at Base, PRE, and Syncope. aSignificant
difference between groups, P , 0.05. The white circles represent the
CON group and the black circles the EXP group.
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