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A B S T R A C T

Vasovagal reactions are conventionally understood as resulting from systemic changes in cardiovascular activity;
however, there exists a complementary perspective focused on specific changes in cerebral vasoconstriction
associated with hyperventilation-induced hypocapnia. The present study investigated the role of cardiovascular
and respiratory activity in self-reported pre-syncopal vasovagal reactions to a surgery video in a sample of 49
healthy women. Participants who indicated more previous real-life episodes of dizziness reported experiencing
significantly more symptoms in the laboratory consistent with a vasovagal response. They also showed lower
total peripheral resistance and higher pre-ejection period in general, suggesting lower sympathetic nervous
system activity. Significant decreases in end-tidal carbon dioxide (PETCO2) occurred during the surgery video
among susceptible participants, without significant increases in respiration rate. Further, participants who
experienced reductions from the neutral video in PETCO2, systolic blood pressure, or both, reported vasovagal
symptoms during the surgery video. The results suggest that patterns of respiration associated with decreases in
PETCO2 may contribute to vasovagal symptoms reported in non-clinical groups as well as those with blood-
injection-injury phobia and are associated with susceptibility to dizziness.

1. Introduction

Vasovagal reactions can produce a range of distressing symptoms
from pre-syncopal weakness, dizziness, and light-headedness to syn-
cope (France, Ditto, France, & Himawan, 2008; Lewis, 1932; Manolis,
Linzer, Salem, & Estes, 1990),1 and are most commonly provoked by
emotional events or stimuli (Brignole et al., 2004). For many years, it
has been assumed that emotion-related vasovagal responses are the
product of large, systemic changes in cardiovascular activity. For better
or worse, Lewis (1932) incorporated this idea into the term itself,
proposing that a temporary, functional decrease in cerebral blood flow
can be produced by the joint effects of vasodilation and vagally-
mediated heart rate deceleration on blood pressure. This view has lead
many to operationalize blood pressure or heart rate deceleration as

indicators of a vasovagal response as opposed to more difficult-to-
measure cerebral blood flow. Although this remains accepted practice
in many clinical and research settings, recent research suggests that the
response is more complex than once thought. For example, building on
previous research showing a lack of effect of atropine on the “vasova-
gal” response (Weissler, Warren, Estes, McIntosh, & Leonard, 1957),
more recent studies have generally failed to observe a greater increase
in high frequency heart rate variability (Gerlach et al., 2006;
Gilchrist & Ditto, 2015; Sarlo, Buodo, Munafò, Stegagno, & Palomba,
2008). Indeed, systemic decreases in blood pressure are not always
observed, even in the presence of strong blood donation-related
reactions (Ditto, Byrne, & Holly, 2009; Ditto, Gilchrist, & Holly, 2012;
Holly, Torbit, & Ditto, 2012).

While these results may indicate heterogeneity in the response (Ritz,
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1 To provide clarity to the reader we note that the term pre-syncope (or pre-syncopal symptoms) as it is employed in this manuscript refers to a state or set of symptoms which are
consistent with the prodrome of syncope but do not end in loss of consciousness. Though this usage is common in the literature, it is important to note that there exists a debate as to
whether the mechanisms involved in a symptomatic reaction that does not end in syncope and one that does are the same (Aydin, Salukhe, Wilke, &Willems, 2010; The Task Force for the
Diagnosis and Management of Syncope of the European Society of Cardiology (ESC), 2009).
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Meuret, & Ayala, 2010), they are also consistent with an emerging
complementary perspective focusing on more specific changes in
cerebral vasoconstriction, possibly associated with changes in respira-
tory activity (Folino, 2006). This concept is supported by recent
physiological studies of other types of syncopal reactions in individuals
undergoing orthostatic tolerance testing or engaged in voluntary
hyperventilation. Specifically, a decrease in carbon dioxide (CO2)
induced by hyperventilation can lead to cerebral vasoconstriction, a
reduction in cerebral blood flow and syncope when combined with
another stressor (Immink, Pott, Secher, & van Lieshout, 2014; Norcliffe-
Kaufmann, Kaufmann, & Hainsworth, 2008; Peebles, Ball, MacRae,
Horsman, & Tzeng, 2012).

Hyperventilation – a pattern of respiration marked by ventilation
which exceeds metabolic demand – can be elicited by breathing too
rapidly (increased respiration rate; RR, breaths per minute), too deeply
(increased tidal volume; VT, mL), or both (Bott et al., 2009; Brashear,
1983). The term minute ventilation (V′E) refers to the volume of air
inhaled (inhaled V′E) or exhaled (exhaled V′E) per minute, where V′E is
directly proportional to both respiration rate and tidal volume as
represented by the following equation, V′E = VT·RR (George, 2005).
The consequence of an increase in minute ventilation is the elimination
of CO2 at a rate greater than it is produced in tissues. This results in
decreased arterial partial pressure of CO2 (hypocapnia) and an increase
in the pH of the blood (respiratory alkalosis) (Brashear, 1983;
Hornsveld, Garssen, & van Spiegel, 1995; Malmberg,
Tamminen, & Sovijarvi, 2000). Hypocapnia produces increased cerebral
vascular resistance and decreased cerebral blood flow, known as
hypoperfusion (Willie et al., 2012).2 Capnometry can be used to
measure an individual’s end-tidal carbon dioxide – the partial pressure
of carbon dioxide (CO2) at the end of an exhaled breath.

The notion that hyperventilation may contribute to vasovagal
symptoms has existed for many years. In fact, the initial reference to
respiration in vasovagal syncope was the seminal Lewis (1932) paper:

“If vasovagal syncope is due to a disturbance of the same central
mechanism, respiration should become slow and shallow; but increase
appears to be the rule, though it is not invariable….” (Lewis, 1932; p.
875).

Subsequent reference to hyperventilation by Engel and Romano
(1947) indicated that they considered it a component of the vasovagal
response. However, until recently, aside from observational and case
studies (Elmore, Wildman Ii, &Westefeld, 1980; Foulds, 1993;
Steptoe &Wardle, 1988; Thyer & Curtis, 1985), the influence of change
in respiration preceding emotion-related vasovagal responses was
largely unexplored in favour of investigation of cardiovascular indices
(Ritz et al., 2010).

Several experimental studies involving Blood-Injection-Injury (BII)
phobia patients exposed to a surgery video indicated a significant
association between hyperventilation and vasovagal symptoms (Ritz
et al., 2010). BII patients have been found to experience increases in
minute ventilation and tidal volume irregularity (Ayala, Meuret, & Ritz,
2010; Ritz, Wilhelm, Gerlach, Kullowatz, & Roth, 2005; Ritz, Wilhelm,
Meuret, Gerlach, & Roth, 2009), as well as significant hypocapnia – a
reduction in mean end-tidal CO2 below 30 mmHg (Bass & Gardner,
1985) – during exposure and recovery periods (Ayala et al., 2010; Ritz
et al., 2005).

The present study is a follow-up to an investigation of physiological
activity in young adults susceptible to vasovagal reactions (Gilchrist,
Vrinceanu, Beland, Bacon, & Ditto, 2016), as well as studies by other
groups who have investigated cardiovascular and respiratory activity
associated with vasovagal reactions in susceptible individuals exposed
to vasovagal inducing videos (Ayala et al., 2010; Gerlach et al., 2006;
Ritz, Meuret, & Simon, 2013; Ritz et al., 2005, 2009; Sarlo et al., 2008).
In both the present study and Gilchrist et al. (2016) participants varying

in self-reported susceptibility watched a prototypical vasovagal re-
sponse-inducing video depicting portions of open-heart surgery (Ritz
et al., 2005) while measures of cardiovascular activity were obtained.
The primary physiological difference observed in the previous experi-
ment was in systolic blood pressure (SBP). Consistent with the results of
another study in which we observed evidence of lower sympathetic
nervous system activity and greater vasodilation among blood donors
who subsequently experienced vasovagal symptoms (Gilchrist & Ditto,
2015), participants with a history of fainting displayed lower SBP even
before the surgery video (Gilchrist et al., 2016). However, these
previous studies were limited by relatively primitive measures of
respiration. Also, while the physiological activity in high-risk partici-
pants seemed to “set the stage” for vasovagal symptoms, symptoms
were not linked closely with an acute physiological response to the
stimulus (either the surgery video or blood donation).

The aim of the present study was to investigate changes in
cardiovascular and respiratory measures in a healthy sample exposed
to a vasovagal-stimulating surgery video, with a primary focus on end-
tidal CO2 before and during presentation of the video. The relationship
between participant tendency towards dizziness and end-tidal CO2

output, and the capacity of changes in PETCO2 to predict self-reported
vasovagal symptoms during the surgery film were the central questions
addressed in the study. It was hypothesized that greater susceptibility to
dizziness would be associated with hyperventilation, evidenced by a
decline in PETCO2 during the surgery video. Furthermore, it was
predicted that a decline in PETCO2 levels would be associated with
increases in self-reported pre-syncopal symptoms.

2. Method

2.1. Participants

Potential participants between 18 and 35 years old were recruited
using posters and online announcements in a university psychology
department. Since the large majority of students in this department and
corresponding majority of respondents were female, the likelihood of
recruiting a very unbalanced sample in regards to sex was high. As a
result, for the present purpose, it was decided to recruit a more
homogenous sample consisting only of women. Women who reported
any history of diabetes, neurological, cardiovascular, or respiratory
illness, uncorrected vision or hearing loss, regular medication use, or
for whom English was not a first or second language were excluded
from the study. To help ensure clear physiological measures, partici-
pants were asked to refrain from vigorous physical activity and alcohol
consumption the day of the study, and to avoid caffeine and cigarette
smoking for four and two hours prior to testing, respectively. No
participants withdrew during or following testing. For ethical reasons,
precautions were taken to prevent participants from fainting, i.e., they
could pause or discontinue the videos. Accordingly, no participants
fainted during the study session, thus self-reported vasovagal symptoms
represent pre-syncope or near-syncope states that did not continue to
loss of consciousness. Data from one participant was excluded for
technical reasons. The remaining 49 healthy women were aged 18–29
(M= 20.9, SD = 2.4 years).

2.2. Measures and materials

2.2.1. Video stimuli
As part of a larger protocol that included some other stimuli (not

discussed in the present paper) participants watched a neutral control
video and a brief documentary of one patient’s open-heart surgery. Both
were approximately five minutes in duration and presented on a 17-
inch computer monitor placed 1 m in front of the participant at
approximate eye-level. The neutral control video was a brief documen-
tary of a campus environmental sustainability project that was pre-
viously observed to produce no emotional response (Gilchrist et al.,2 For more detail on mechanisms in respiratory psychophysiology see Ritz et al. (2002).
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2016). The surgery video depicts one patient’s experience with open-
heart surgery including an initial blood draw, opening the chest with a
scalpel and saw, and sewing a coronary artery. While narrated in a non-
emotional, educational manner, previous experience with participants
in this and other laboratories indicates that most find this and similar
surgery videos quite intense and vasovagal symptoms of varying
severity are common (Ayala et al., 2010; Ritz et al., 2005; Sarlo
et al., 2008; Sarlo, Palomba, Angrilli, & Stegagno, 2002;
Steptoe &Wardle, 1988; Vogele, Coles, Wardle, & Steptoe, 2003).

2.2.2. Demographic and medical history questionnaire
A demographic questionnaire requested some medical history

information as well as age, height, weight, etc. Most important,
participants were asked to rate the frequency with which they fainted
or experienced dizziness to the point where they felt they might faint in
daily life on separate six-point scales with anchors of “never” and
“daily”. Most participants (67%) reported no life history of syncope. In
contrast, 82% reported that they had experienced previous instances of
significant pre-syncopal symptoms (severe dizziness) with differing
frequency. Since there was more variability in this measure reflecting
susceptibility to vasovagal reactions, it was decided to focus on
tendency to experience dizziness as the primary individual difference
variable.

2.2.3. Blood donation reaction inventory (BDRI)
Vasovagal symptoms within the session, including symptoms of

dizziness, lightheadedness and weakness, were measured using the
Blood Donation Reaction Inventory (BDRI). On this well-validated
survey, participants specified on six-point scales the degree to which
they experienced symptoms from “not at all” to “an extreme degree”
(France et al., 2008; Meade, France, & Peterson, 1996). The BDRI has
high internal consistency (Cronbach's α= 0.93–0.96) and has been
shown to correspond with phlebotomist ratings of donor reactions
(France et al., 2008; France, France, Roussos, & Ditto, 2004; France,
Rader, & Carlson, 2005).

2.2.4. Medical fears survey-short form (MFS-SF)
The MFS-SF (Olatunji et al., 2012) was used to assess fears (on a

four-point scale from “no fear or concern” to “intense fear”) associated
with five subscales: injections and blood draws, sharp objects, exam-
ination and symptoms, blood, and mutilation. The short version of the
MFS has strong psychometric properties, having comparable conver-
gent/discriminant validity and subscales highly correlated with the
original (Olatunji et al., 2012).

2.3. Apparatus

2.3.1. Blood pressure
Measurements of systolic and diastolic blood pressure (SBP, DBP)

were obtained using an Accutorr Plus™ (Datascope Corp., Montvale, NJ,
USA) oscillometric monitor with a cuff attached to the upper non-
dominant arm. One discrete measurement was recorded during the last
30 s of each condition.

2.3.2. Impedance cardiography and electrocardiogram
A Biopac® MP150 system (Biopac Systems Canada, Montreal, QC,

Canada) sampling at 1000 Hz was used to obtain continuous electro-
cardiogram (ECG) and impedance cardiography data. The ECG, used to
derive heart rate (HR), was obtained with electrodes attached on the
lower ribcage. The impedance signal was obtained using a tetrapolar
configuration of spot electrodes. One recording and one current
electrode were attached 3 cm apart on the dorsal surface of the base
of the neck. A similar pair of electrodes were attached over the spine at
the level of the xiphoid process. The impedance signal was used to
derive measures of stroke volume (SV), cardiac output (CO), total
peripheral resistance (TPR), and pre-ejection period (PEP). PEP is the

interval between electrical stimulation of the heart and the opening of
the aortic valve, and is considered a good noninvasive measure of
cardiac sympathetic activity (Burgess, Penev, Schneider, & Van Cauter,
2004; Newlin & Levenson, 1979).

2.3.3. Capnometry
Repeated measurements of respiration rate (RR) and end-tidal CO2

(PETCO2) in 5 s windows were obtained using an Oridion Microcap™
Plus capnometer (Covidien, Mansfield, MA, USA). Disposable Smart
Capnoline Plus™ lines were used allowing sampling of air expired from
the mouth as well as nose.

2.4. Procedure

Upon arrival at the laboratory, the participant was seated in a
testing room that could be observed through a one-way mirror. They
provided written informed consent for the experiment. The consent
form included brief descriptions of all study procedures, including
physiological measures and the nature of the videos to be presented; no
deception was used in the study. The participant was notified of their
right to withdraw at any time. The physiological recording equipment
was connected, after which they completed the demographic and
medical history questionnaire and the MFS-SF. They were then asked
to sit quietly for five minutes while resting physiological activity was
recorded. Afterward, the neutral control video was presented followed
by some other activities, including the surgery video, all separated by
five-minute recovery periods.

The participant was asked to watch the videos in their entirety and
refrain from averting their gaze. After the surgery film they rated the
experience of vasovagal symptoms by completing the BDRI. At the end
of the study, all participants were reimbursed $20 CAD for their time.
The McGill University Research Ethics Board approved all procedures.

2.5. Data reduction and analysis

The primary dependent variables in the study were cardiovascular
and respiratory measures. The primary independent variables were
Condition (baseline, neutral video, surgery video) and Susceptibility to
Dizziness (treated as continuous variable). Although preliminary re-
gression analyses showed no significant associations between order of
stimulus presentation and any predictor variables, as a precaution,
order was retained as a model covariate to account for any variance
that could be attributed to time differences between the presentation of
the neutral and surgery videos in all analyses. To score the impedance-
based cardiovascular measures, a 30 s artifact-free segment approxi-
mately 1 min to 30 s before the end of each condition was selected.
Values of HR, SV, CO, TPR, and PEP were calculated using Biopac
AcqKnowledge® software according to current standards (Sherwood
et al., 1990). For each physiological measure except blood pressure,
average values during the baseline condition, neutral video, and
surgery video were obtained, as well as maximum and minimum
values. Given the focus on the inhibitory vasovagal response and the
sometimes fast-moving nature of the response, statistical analyses
reported below focused on the minimum values for HR, SV, CO, TPR,
and PETCO2, and the maximum values of PEP (since lower sympathetic
nervous system (SNS) activity is associated with longer PEP) and RR
(given its association with hyperventilation). Since just one discrete
measure of SBP and DBP were obtained during each period the average
and minimum values could not be distinguished and only these values
were analyzed.

Correlations and linear regression were used to examine possible
associations between Susceptibility to Dizziness and other demographic
and behavioural variables. The primary analyses were repeated mea-
sures General Linear Models (GLM, to accommodate a continuous
independent variable) (Cohen, Cohen, West, & Aiken, 2002), i.e., 3
Condition (baseline, neutral video, surgery video) x Susceptibility to
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Dizziness (treated as continuous) GLMs. This approach was used to
prevent the loss of variance in the continuous IV (Susceptibility to
Dizziness) that would result from dichotomizing participants into
groups (MacCallum, Zhang, Preacher, & Rucker, 2002). Greenhouse–-
Geisser (GG) corrected p-values are reported along with uncorrected
degrees of freedom, and GG epsilon (ε), where Mauchly's test of
sphericity indicated a violation of the assumption of sphericity. Post-
hoc analyses of significant main effects of the repeated-measures
variable were conducted with Bonferroni adjustment for multiple
comparisons. Parameter estimates were used to evaluate significant
between-subjects effects (regression line slope and intercept for con-
tinuous independent variables). Follow-up ANOVAs using change
scores between levels of the repeated measure were used to evaluate
significant interactions between Condition and Susceptibility to Dizzi-
ness. Partial eta squared (η2p) statistics were reported for effect size
estimates as it is a commonly used statistic that accommodates multi-
variate designs and excludes systematic variance which is not asso-
ciated with the effect being measured (Tabachnick & Fidell, 2007).

Finally, multiple linear regression models were used to examine the
capacity of the decrease in PETCO2 (using calculated change scores) to
predict pre-syncopal vasovagal symptoms. In addition to overall results,
the Results section presents data from an individual participant who
reported and displayed significant pre-syncopal symptoms.

3. Results

3.1. Psychological correlates of susceptibility to dizziness

There were no significant associations between Dizziness
Susceptibility and age or body mass index, though it significantly
predicted self-reported vasovagal symptoms (BDRI score) during the
surgery video (R2 = 0.095, F(1, 45) = 4.71, p < 0.05). To better
understand the dizziness variable, pairwise correlations were con-
ducted between it and all Medical Fear Survey-short form (MFS-SF)
items. The strongest correlation by far (r = 0.45, p < 0.001) was
between frequency of dizziness and the participant’s rating of the fear
they experience “having blood drawn from your arm”.
Correspondingly, participants’ scores on the MFS injection subscale
significantly predicted their self-reported dizziness tendency
(R2 = 0.16, F(1.45) = 8.65, p < 0.01).

3.2. Physiological correlates of susceptibility to dizziness

Repeated-measures GLMs were conducted for each physiological
variable over three Conditions (baseline, neutral video, surgery video),
where Susceptibility to Dizziness was treated as a continuous indepen-
dent variable.

3.2.1. Cardiovascular measures
The GLM of HR(min) produced a significant main effect of Condition,

F(2, 78) = 52.56, p < 0.001, η2p = 0.57. In general, HR(min) dropped
significantly from the Baseline condition to the Neutral video, and
decreased further during the Surgery video (Fig. 1). Similarly, for SBP,
there was a significant main effect of Condition, (ε= 0.88), F(2, 86)
= 11.00, p < 0.001, η2p = 0.20, where SBP decreased significantly
from baseline to both the Neutral and the Surgery video (Fig. 1). The
patterns of physiological variables over conditions can been seen in
Table 1.

There were no significant effects in the analyses of DBP, SV(min), and
CO(min). However, there was a significant main effect of Dizziness
Susceptibility on TPR(min), F(1, 40) = 4.85, p < 0.01, η2p = 0.10. In
general, as dizziness tendency increased, TPR(min) decreased through-
out the study, as indicated by negative correlation between TPR(min)

and Dizziness Susceptibility in each condition. This lower TPR(min) is
indicative of lower SNS activity and vascular tone associated with
greater dizziness susceptibility.

The notion of lower sympathetic activity was also supported by a
significant main effect of Dizziness Susceptibility on PEP(max), F(1, 38)
= 7.35, p < 0.01, η2p = 0.16. Positive correlations between dizziness
tendency and PEP(max) indicated that, in general, participants who
reported greater dizziness tendency had higher PEP(max) in all condi-
tions.

While there were no significant effects on respiration rate, the GLM
of PETCO2(min) produced a significant Dizziness Susceptibility x
Condition interaction effect (ε= 0.83), F(2, 84) = 3.93, p < .05,
η2p = 0.09. Between the neutral and surgery video, for each unit of
increase in participant Susceptibility to Dizziness the drop in
PETCO2(min) increased by a factor of 1.42 (β = −1.42, F(1, 46)
= 5.72, p < 0.05, η2p = 0.11). The regression equation estimated a
decrease between the neutral and surgery videos in PETCO2(min) in the
range of hypocapnia if susceptibility to dizziness was greater than the
mean (Bass & Gardner, 1985; Ritz et al., 2010), (Fig. 2) .

A secondary series of analyses was conducted where fainting history
was entered as an additional covariate to address the possibility that the
effects of susceptibility to dizziness may have differed depending on
fainting history. However, this produced no changes in significant
results.

Fig. 1. Mean participant heart rate and systolic blood pressure during baseline, neutral
and surgery videos.

Table 1
Estimated marginal means (M) corrected for susceptibility to dizziness and order with
standard deviation (SD).

Physiological Measure Units Baseline Neutral Surgery
M (SD) M (SD) M (SD)

Respiratory
PETCO2(min) mmHg 33.4a 33.6b 31.9c

(4.6) (3.4) (2.60)
RR(max) breaths/min 23.1a 22.4a 21.3a

(3.4) (3.2) (6.2)

Cardiovascular
SBP(mean) mmHg 107.9a 103.8b 102.8b

(10.8) (8.9) (8.4)
DBP(mean) mmHg 65.1a 64.6a 63.13a

(8.6) (7.6) (8.2)
HR(min) beats/min 70.7a 65.2b 61.2c

(12.4) (9.4) (10.5)
PEP(max) ms 349.9a 315.3a 302.5a

(242.9) (261.4) (232.6)
SV(min) ml/beat 28.9a 32.9a 32.4a

(14.8) (14.5) (29.3)
CO(min) l/min 2.2a 2.4a 2.5a

(1.1) (1.1) (1.9)
TPR(min) dynes*s/cm5 1070.3a 1194.2a 1140.3a

(529.3) (652.9) (683.4)

Note. Column means without common superscript are significantly different (p < 0.05.).
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Similarly, a parallel set of analyses was conducted using mean
values obtained during each of the three conditions (Baseline, Neutral
Video, Surgery Video) to compare with the results of minimum values.
With one important exception, the pattern of results was identical. For
example, there was a clear main effect of condition on heart rate, F(2,
80) = 4.88, p < 0.05 related to a significant decrease in HR from
baseline during the neutral video and a further significant decrease
during the surgery video (M = 78.7 vs. 75.7 vs. 70.0 bpm). The main
difference was the absence of a significant Dizziness Susceptibility x
Condition interaction in the GLM of average end-tidal CO2 during the
periods.

3.3. Prediction of vasovagal symptoms from physiological response

The decrease in PETCO2(min) during the surgery video was consistent
with the idea that hyperventilation plays a role in the dizziness and
other vasovagal symptoms that some experience in such circumstances.
To examine the capacity of the decrease in PETCO2(min) to predict self-
reported vasovagal symptoms, change scores were calculated by
subtracting the neutral video value from the surgery value and used
in a regression equation to predict BDRI score. To compare the relative
ability of decrease in PETCO2(min) and blood pressure to predict BDRI,
SBP during the neutral video was subtracted from SBP during the
surgery video and these values were also added to the regression
equation along with the interaction effect and the baseline values of
these change scores, i.e., the neutral video values. The results of the
regression indicated the predictors explained 17.8% of the variance
(R2 = 0.18, F(5,43) = 3.071, p < 0.05) in reported vasovagal symp-
toms during the surgery video.

Interestingly, the interaction effect of change in PETCO2(min) and SBP
significantly predicted BDRI score (β = −.47, t(43) = −2.78,
p < 0.01) due to the fact that participants who did not experience a
decrease in either SBP or PETCO2(min) reported no vasovagal symptoms

on the BDRI (M= 0), whereas those who experienced a drop in SBP,
PETCO2(min), or both during the surgery video all reported symptoms
(M= 2.6, 2.4, and 2.4, respectively). While the sample was not large
enough for detailed sub-group analyses, this suggests that both systemic
and local (cerebral) vascular effects may play a role in emotion-related
vasovagal reactions.

3.4. Case example

Another limitation of the study related to sample size is that few
participants displayed overt signs of a vasovagal reaction. Combined
with the fact that cardiovascular change was modest, this raises the
possibility that the physiological responses and symptoms elicited by
the surgery video were more a reflection of some other state such as
panic or disgust than vasovagal reactions. This idea will be discussed in
more detail in the Discussion section. However, one participant in
particular exhibited overt symptoms exclusively during the surgery
video including strong flushing, fidgeting, and placing her fist over her
mouth. The research assistant intervened by stopping the video and
giving the participant some fruit juice; she did not vomit or faint,
though this video has elicited several brief faints in other studies in this
laboratory. The participant’s self-report results also suggested a pre-
syncopal vasovagal response. Her report of faintness, dizziness, light-
headedness, and weakness (BDRI score) was 9 of possible a 16.
Although she said that she had never actually fainted before, she
indicated a common tendency to experience dizziness – 4 on a 0–5
scale. Her MFS rating of the fear she experiences during blood draws
was also high – 3 on a 0–3 scale. At the same time, her blood pressure
during the experiment was 107/76, 104/70, and 105/72 mmHg during
the baseline, neutral video, and surgery video conditions, respectively.
Similarly, her heart rate remained stable between the neutral (M= 62
bpm) and surgery videos (M= 62 bpm). In contrast, the RR and PETCO2

signals (Fig. 3) revealed signs of hyperventilation, including a notice-

Fig. 2. End-tidal carbon dioxide (PETCO2) output of participants during baseline condition, neutral and surgery videos as evaluated at maximum, minimum and mean of participant
susceptibility to dizziness ratings according to regression equation from each Condition. Error bars represent SEM.

Fig. 3. Case example shows near simultaneous decrease in end-tidal carbon dioxide (PETCO2) and increase in respiration rate (RR).
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able increase in respiration rate from an already high value at the
beginning of the surgery video (her average RR during the baseline and
neutral video conditions was 18.3 and 16.1 breaths/min), and a
significant drop in PETCO2.

4. Discussion

The present results are consistent with a number of previous studies
of the psychophysiology of emotion-related vasovagal reactions. For
example, the importance of vasodilation was highlighted by Sarlo et al.
(2008), who found greater decreases in TPR among participants with
BII phobia in response to a surgery video. Our results revealed that
participants who reported greater susceptibility to dizziness generally
had higher PEP(max) and lower TPR(min) throughout the study, suggest-
ing reduced sympathetic activation and lower vascular tone. The
findings are also consistent with results of our previous laboratory
experiment (Gilchrist et al., 2016) and naturalistic study of blood
donors (Gilchrist & Ditto, 2015). In the blood donor study, donors who
subsequently experienced vasovagal symptoms had lower TPR even
before they arrived at the donation chair, similar to the present results.

While susceptibility to dizziness in the present study was associated
with some systemic cardiovascular measures, the results suggest an
additional influence of reduced arterial CO2. Participants prone to
dizziness displayed a significant decrease in PETCO2(min) during the
surgery video, often to the level of hypocapnia. Likewise, participants
who experienced decreases from the neutral video in PETCO2(min),
systolic blood pressure or both, reported symptoms consistent with a
vasovagal response during the surgery video.

Similarly, several studies have found that BII phobics exposed to a
surgery video often experience hypocapnia that is associated with
measures of hyperventilation and vasovagal symptoms (Ayala et al.,
2010; Ritz et al., 2013, 2005, 2009).

Interestingly, individuals with orthostatic intolerance also often
exhibit hyperventilation-related decreases in PETCO2 during postural
change which appears to contribute to pre-syncopal symptoms and
syncope, as well as reduced cerebral blood flow (Carey, Eames,
Panerai, & Potter, 2001; Lagi, Cencetti, Corsoni, Georgiadis, & Bacalli,
2001; Norcliffe-Kaufmann et al., 2008; Novak et al., 1998; Porta,
Casucci, Castoldi, Rinaldi, & Bernardi, 2008). Finally, such findings
are in line with physiological studies that have shown a reduction in
CO2 can trigger both local cerebral vasoconstriction (Claassen, Zhang,
Fu, Witkowski, & Levine, 2007) and vasodilation in the periphery
(Norcliffe-Kaufmann et al., 2008).

While we did not find a significant effect of dizziness susceptibility
on respiration rate, several studies of BII phobics have found evidence
of decreased PETCO2 without a significant increase in RR (Ayala et al.,
2010; Ritz et al., 2013, 2009). In these cases, tidal volume and minute
ventilation, but not respiration rate, were associated with vasovagal
symptoms. Although measures of respiratory activity in the present
study were limited to respiration rate and PETCO2, given the relation-
ship between hypocapnia and respiration patterns, it is likely that
additional assessment of breathing patterns may have yielded some
indication of hyperventilation, specifically, increases in tidal volume or
minute ventilation (Ritz et al., 2002, 2010). In general, the present
study extends the literature by suggesting that associations among
hyperventilation, PETCO2, and susceptibility to dizziness are not limited
to individuals with especially strong fears of blood and injury.

That said, the study had a number of limitations. A significant
methodological limitation was the limited measurement of blood pressure
at discrete time points rather than continuous blood pressure monitoring.
While a common procedure, this reduced ability to detect transient change
in blood pressure if resolved before the oscillometric reading. Similarly,
participants rated their symptoms immediately following, not during, the
surgery video when symptoms may have abated; also since the ratings
referred to their experiences during the video, they could not be compared
to physiological activity in the post-video period.

Relatedly, the use of minimum (for HR, SV, CO, TPR, and PETCO2)
and maximum (for PEP and RR) values in the primary analyses of the
continuously measured physiological variables had both advantages
and disadvantages. In contrast to blood pressure, this allowed the
analyses to reflect possibly phasic fast-moving levels of the physiolo-
gical variables that contribute to vasovagal symptoms. On the other
hand, by definition, minimum/maximum values are less representative
of typical levels during a period and thus need to be viewed with
caution.

Further limitations of the study were the modest all-female sample
and the retrospective self-report questionnaires used to gather partici-
pant history. While the use of only women may limit the general-
izability of the findings to women, in view of evidence suggesting
women are more likely to experience emotion-related vasovagal reac-
tions (France et al., 2005; Newman, 2004; Newman, Pichette,
Pichette, & Dzaka, 2003), they remain important both in terms of
expanding understanding the possible role of respiration in vasovagal
responses in general and the nature of vasovagal responses in a group at
elevated risk. As far as the retrospective assessment of susceptibility to
dizziness and related characteristics, this could be improved if partici-
pants were asked to record vasovagal symptoms prospectively. Never-
theless, the fact that ratings of susceptibility to dizziness predicted
laboratory measures supports their validity to some degree.

Finally, perhaps the most important limitation relates the modest
cardiovascular responses observed in the study. Despite the use of a
stimulus commonly used to elicit vasovagal responses, it is possible that
the results are more a reflection of some non-vasovagal state such as
panic or disgust that lead to hyperventilation. Rather than suggesting
that hyperventilation is one mechanism of the effects of vasovagal
reactions, the results may point to the importance of hyperventilation in
determining individual differences in susceptibility to dizziness without
any particular connection to the vasovagal process. Regardless of the
issue of vasovagal responses, dizziness and lightheadedness are symp-
toms of hyperventilation in general (Meuret, 2010).

This problem cannot be resolved easily with the current results and
will be an important focus for future research, in part due to the
treatment implications. For example, is respiration control a useful
strategy to reduce vasovagal reactions, or just specific instances of
hyperventilation? Based on previous findings indicating that respira-
tory mechanisms can contribute to vasovagal symptoms in BII phobics,
respiration control seems like a potentially useful strategy to reduce risk
for vasovagal responses in individuals with especially strong fears of
blood and injury. However, it is unclear whether it would help
individuals like those in the present non-clinical “susceptible” group
if they were presented with a stronger real-life vasovagal stimulus such
as blood donation. It will be useful to clarify this issue given that
respiratory dysregulation is behaviorally targetable.
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