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Abstract 

Syncope, or fainting, refers to a transient loss of consciousness caused by cerebral 

hypoperfusion. Syncope is highly prevalent, and difficult to diagnose, with many patients 

referred for extensive, costly clinical investigations, with a significant burden to healthcare 

resources. Managing syncope is similarly challenging, and often ineffective. Recurrent 

episodes impact daily life, and can lead to injuries and loss of independence. This thesis 

aims to advance understanding of the impact of syncope on quality of life (QoL) and 

provide new insights into underlying mechanisms, while exploring novel diagnostic 

techniques and innovative therapies to improve the assessment and management of 

syncope. In Chapter 3, I report the findings of a systematic review and meta-analysis, 

demonstrating that orthostatic syncope profoundly impairs QoL across physical and 

mental health domains. Increased syncopal event frequency, increased autonomic 

symptom severity, and the presence of mental health disorders and/or comorbidities were 

all associated with more severe QoL impairments. In Chapter 4, I characterize forearm 

vascular resistance responses to the Valsalva maneuver and explore their potential to 

discern syncope susceptibility. I demonstrate that maximal forearm vascular resistance 

responses to this stimulus increase with age, and small responses may indicate increased 

syncope susceptibility. Venipuncture is a potent stimulus for syncopal reactions; in 

Chapter 5, I describe the first double-blind, placebo-controlled cross-over study to 

examine the impact of intravenous instrumentation on syncope susceptibility. I show that 

pain plays a key role in predisposing to syncope following venipuncture, by reducing 

capacity to achieve maximal sympathetic activation. Topical anesthetics may be useful to 

prevent syncope during procedures requiring intravascular instrumentation. Gravitational 

fluid shifts are also a major contributor to orthostatic syncope susceptibility, and present a 

key therapeutic target for the management of recurrent episodes. In Chapter 6, I show 

that intermittent calf compression reduces gravitational fluid shifts, augments orthostatic 

cardiovascular control and improves tolerance of the upright posture, providing a 

promising novel intervention for the management of orthostatic syncope. Collectively 

these studies advance understanding of the impacts of syncope on QoL, elucidate 

underlying mechanisms, and highlight novel avenues for improved syncope diagnosis and 

management, with a goal of improving patient QoL. 
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Chapter 1.  
 
Introduction 

1.1. Syncope presents a significant healthcare burden and 
is associated with profound impairments to quality of life. 

Syncope, or fainting, is defined as a loss of consciousness and postural tone due 

to transient cerebral hypoperfusion, and is characterized by a rapid onset, short duration 

and a spontaneous complete recovery [1]. The lifetime cumulative incidence of syncope 

is estimated to be between 20-40% in the general population, with ~30% of these 

individuals experiencing recurrent episodes [2, 3]. Consequently, syncope accounts for 

~3% of emergency department visits and ~3-6% of hospitalizations, resulting in an 

overwhelming encumbrance on healthcare resources [4–8]. While most etiologies of 

syncope carry a benign prognosis, serious cardiac pathologies (cardiac arrhythmia, 

structural heart disease) underlie syncope in ~10-15% of cases [9, 10]. Syncopal disorders 

have a female predominance and while they are common at any age, incidence and 

prevalence follow a bimodal distribution (Figure 1.1), peaking during adolescence/young 

adulthood, and in the elderly (>70 years), where resulting falls and fall related injuries can 

be particularly problematic [1, 11–13].  

 
Figure 1.1. Frequency of syncope as a primary reason for visiting a general 

practioner in the Netherlands.  
Arrow indicates that a small peak that occurs between 6-18months (breath holding spells). Syncope 
is uncommon between ages 2-5 years. From Wieling et al., 2004 [12].  
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With a lack of diagnostic tests for syncope, investigations are largely aimed at the 

differential diagnosis, ruling out potentially life-threatening conditions that may have 

triggered the event. This often leads to over-investigation of patients with costly, 

unnecessary and inconclusive clinical tests [14]; in the United States alone, the total cost 

of syncope-related admissions is $2.4 billion annually, with the average hospitalization 

costing $5400 [15]. In the context of the Canadian healthcare system, syncope related 

hospitalizations between 2004 and 2015 are estimated to have cost $818.5 million, and 

annual hospitalization costs are projected to increase 27% by 2030 [7]. Despite extensive 

evaluations, in one-third to one-half of admitted patients, syncope cases remain 

unexplained at discharge [14, 16]. The process of investigating the etiology of syncopal 

events is costly, time consuming, and often inconclusive, which can cause unnecessary 

anxiety and uncertainty for patients and families. Accordingly, there is a need for novel, 

inexpensive, and efficient techniques that can accurately diagnose the etiology of 

syncope.  

The impact of chronic syncope on daily life can be devastating - individuals may 

suffer fall-related injuries, and recurrent events may cause fear and distress, and lead to 

decreased school attendance or community engagement, job loss and loss of 

independence [17]. The management of recurrent syncope is challenging, and often 

ineffective at preventing symptoms entirely. Further, the mechanisms underlying syncope 

remain poorly understood, posing a significant barrier to advances in diagnostic 

techniques, therapies, and patient care. Consequently, many studies have shown that 

quality of life is significantly reduced in patients with syncope [17–21]. Despite this finding, 

the global impact of syncope on quality of life remains somewhat unclear. Studies have 

used a wide variety of instruments to quantify quality of life impairments, making it difficult 

to reconcile their results. It is also unclear which quality of life domains are predominantly 

affected by syncope, and what key issues are causing these impacts. Holistic research 

evaluating how syncope impacts the many domains of quality of life is lacking, highlighting 

the need for a comprehensive review of this literature to identify literature gaps and direct 

future research and intervention.  

1.2. Syncope is a manifestation of autonomic dysfunction 

Syncope is a heterogeneous condition that can be sub-classified into a few broad 

pathophysiological categories: syncope due to orthostatic hypotension (OH), Postural 
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Orthostatic Tachycardia Syndrome (POTS), and reflex (neurally-mediated) syncope [1]. 

Despite the existence of these multiple forms of syncope, they share many common 

underlying mechanisms, usually involving the impairment of cardiovascular autonomic 

reflexes, be it an inability to increase cardiac output (CO), impaired control of vasomotor 

tone, or a combination of the two. These impairments lead to global cerebral 

hypoperfusion, which is ultimately the cause of loss of consciousness in all syncope 

subtypes. While cardiac syncope may arise from autonomic stimuli, it is not generally 

caused by underlying autonomic dysfunction, thus it will not be a focus of this thesis. 

However, its implications on the assessment and diagnosis of syncope are a key concern. 

The most common trigger for syncope and presyncope is the upright posture, so 

these conditions are often referred to as orthostatic intolerance syndromes, denoting that 

signs and symptoms of cerebral hypoperfusion present during orthostasis. This section 

will discuss the autonomic and cardiovascular physiology underlying the control of blood 

pressure and cerebral blood flow as it relates to syncope, with an emphasis on orthostatic 

cardiovascular control. 

1.2.1. The hemodynamic consequences of the upright posture 

Orthostasis is the most common trigger for syncope and presyncope (near-

fainting) because of the cardiovascular stress associated with the upright posture [22]. In 

the supine position, central thoracic blood volume is large and hydrostatic pressure 

remains relatively uniform from head to toe, allowing adequate cerebral perfusion to be 

easily maintained [22, 23]. Meanwhile, in the upright position, the hydrostatic effects of 

gravity cause cerebral perfusion pressure to be 15-30 mmHg lower than brachial arterial 

pressure, leaving the cerebral circulation particularly susceptible to arterial hypotension 

(Figure 1.2). Upon standing, there is also an immediate gravitational redistribution of the 

blood volume, with 300-800mL shifting from the chest and abdomen into the compliant 

capacitance veins of the legs and splanchnic circulation [24–26]. Termed “venous 

pooling”, this redistribution significantly reduces the effective circulating volume, reducing 

venous return, stroke volume (SV), and CO (Figure 1.3) [22]. With prolonged quiet 

standing, this fluid loss is exacerbated as the increased venous volume and the increased 

hydrostatic pressure below heart level promotes capillary filtration into the lymphatic 

system [25]. In this second or “slow” phase of the orthostatic blood volume shift, studies 

have reflected that 11-16% of plasma volume is lost from the vascular compartment within 
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the first 20 minutes of standing [27]. The rate of plasma loss, however, decreases 

progressively throughout the first 30 minutes of orthostasis [27, 28]. It has been suggested 

that this decreased filtration rate is a result of local autoregulatory adjustments in pre- and 

postcapillary resistance, especially due to the constriction of arteriolar smooth muscle [27, 

28].  

 
Figure 1.2. The impact of gravity on arterial and venous pressures in humans 

during orthostasis.  
Gravity and associated fluid shifts cause arterial and venous pressures to be increased below heart 
level, and decreased above heart level during orthostasis. Figure from Hainsworth, 2004 [22]. 

Despite this gravitational stress, there is usually very little impact on mean blood 

pressure and cerebral blood flow, as autonomic reflexes, chiefly the arterial baroreflex and 

cerebrovascular regulation mechanisms, swiftly compensate for orthostatic fluid shifts by 

increasing heart rate (HR) and peripheral vascular resistance [22, 23]. These 

compensatory mechanisms do, however, have a limit, and with intense and/or prolonged 
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gravitational stress, the compensation may eventually become inadequate, leading to a 

fall in blood pressure and cerebral hypoperfusion, accompanied by presyncopal symptoms 

(e.g. light-headedness, nausea, fatigue, pallor, sweating, palpitations, visual blurring, 

hearing disturbances, “coat-hanger” pain) that, without intervention, may culminate in 

syncope [22, 29]. This fall in arterial pressure may occur gradually, as the compensatory 

mechanisms approach their limit, or it may be sudden, due to an abrupt reversal of 

compensatory reflexes [22].  

It is important to note that abnormal or impaired autonomic reflexes are not a 

prerequisite for syncope. With sufficient orthostatic or cardiovascular stress, anyone can 

experience a faint, however a much greater degree of stress is generally required to 

provoke a syncopal response in healthy controls compared to recurrent fainters [22]. The 

term orthostatic tolerance (OT) refers to the ability to tolerate gravitational stress, maintain 

cardiovascular homeostasis, and defend blood pressure in order to maintain 

consciousness when upright. 

 

 
Figure 1.3. Volume changes in the leg during a 10-minute passive orthostatic 

challenge (head-up tilt) in healthy young adults.  
Adapted from Brown and Hainsworth, 1999 [25]. 
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1.2.2. The arterial baroreflex is crucial for the homeostatic control of 
blood pressure 

The arterial baroreflex is the principal adaptive mechanism involved in the acute 

regulation of beat-to-beat blood pressure, accordingly, this reflex is crucial for 

counteracting orthostatic fluid shifts and maintaining cardiovascular homeostasis while 

upright [30, 31]. Located in the adventitia of the carotid sinus, coronary arteries and aortic 

arch, the arterial baroreceptors are stretch-activated mechanoreceptors that are mainly 

activated by rapid increases in arterial pressure [32, 33]. Baroreceptor firing frequency is 

proportional to the blood pressure stimulus [34]; increased distension of the vessel wall, 

observed with an increase in arterial pressure, increases the frequency of baroreceptor 

action potentials [31]. The glossopharyngeal nerve conveys afferent baroreceptor 

impulses from the carotid sinus, while the vagus nerve transmits neural baroreceptor 

signals from the aortic arch and coronary arteries, synapsing in the nucleus tractus 

solitarius of the medulla [32]. From the nucleus tractus solitarius, excitatory interneurons 

synapse with parasympathetic efferents in the nucleus ambiguus, facilitating control of HR 

through the modulation of vagal tone [32]. Meanwhile, projections from the nucleus tractus 

solitarius also excite inhibitory interneurons in the caudal ventrolateral medulla, which 

modulate the tonic inhibition of sympathoexcitatory neurons located in the rostral 

ventrolateral medulla, facilitating control of vascular tone and sympathetic drive to the 

heart [32]. It is through this pathway, demonstrated in Figure 1.4, that changes in 

baroreceptor firing evoke rapid reflex adjustments, contesting the changes in arterial blood 

pressure in a negative-feedback system [29]. 

Upon assuming an upright posture, orthostatic fluid shifts will cause an intraluminal 

pressure drop, which is most pronounced at the carotid sinus baroreceptors due to the 

height of the carotid sinus above the heart [30, 32]. The reduced distention of the vessel 

walls decreases the baroreceptor firing rate, resulting in decreased excitation of vagal 

efferents and decreased inhibition of sympathetic outflow tracts [29]. Together, the vagal 

withdrawal and increased sympathetic tone increase HR and cardiac contractility while 

inducing widespread peripheral vasoconstriction to increase blood pressure [29, 35]. The 

baroreflex response is undeniably crucial for counteracting the orthostatically triggered 

reduction in mean arterial pressure (MAP); when functioning appropriately blood pressure 

stabilization is usually achieved in 1 minute or less and adequate cerebral perfusion is 

maintained, thus preventing an episode of syncope [29].  
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Figure 1.4. The arterial baroreflex. 
Arterial baroreceptors are located in the carotid sinus, aortic arch and coronary arteries. Blood 
pressure fluctuations are detected as changes in the distension of the arterial wall, which in turn 
alters baroreceptor firing rate. The glossopharyngeal and vagus nerves carry afferent signals 
(represented in blue) to the brain stem, where modulation of sympathetic and parasympathetic 
activity evoke rapid reflex adjustments of heart rate, cardiac contractility and vascular tone, 
contesting the changes in arterial blood pressure in a negative-feedback system. Sympathetic and 
parasympathetic efferents are represented in red and in green, respectively. Abbreviations: nucleus 
tractus solitarius (NTS); nucleus ambiguus (NA); caudal ventrolateral medulla (CVLM); rostral 
ventrolateral medulla (RVLM). Adapted from Low and Singer, 2008 [36]. 

It is important to note that the arterial baroreflex does not operate in isolation from 

the rest of the central nervous system. There is a large degree of central integration, 

allowing baroreflex sensitivity to be modulated in response to certain stimuli [30, 32]. For 

example, projections from hypothalamic nuclei are known to reset or modify baroreflex 

sensitivity during exercise and stress [32]. Circulating hormones, neurotransmitters, and 

signalling molecules, including angiotensin II, arginine vasopressin, and locally released 

nitric oxide, have also been shown to modulate different components of the baroreflex 

[32]. 

While the arterial baroreflex is a key factor in stabilizing blood pressure acutely 

following postural change, additional mechanisms critically contribute to orthostatic blood 
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pressure homeostasis, including the skeletal muscle and respiratory-abdominal pumps, 

neuro-humeral responses, and the vestibular sympathetic reflex. 

1.2.3. The skeletal muscle and respiratory-abdominal pumps 
counteract venous pooling and increase venous return. 

The activation of the lower limb muscles is a key factor for the counteraction of 

venous pooling and capillary filtration while standing. Rhythmic skeletal muscle 

contractions effectively “pump” stored blood up through venous one-way valves to provide 

an intermittent, unidirectional flow, mobilizing pooled fluid and increasing venous return 

[23, 29]. Furthermore, the mobilization of the pooled venous blood reduces venous 

hydrostatic pressure in the lower limb, decreasing capillary filtration pressure and the 

resulting fluid loss. The skeletal muscle pump is similarly crucial for lymphatic transport; 

contractions greatly enhance the propulsion of lymph up through one-way valves towards 

the heart, reducing any established edema [37]. The impact of skeletal muscle pumping 

on postural blood pressure control is considerable, in fact, physical counter-pressure 

maneuvers such as leg crossing and squatting are key management recommendations 

for individuals with syncopal disorders [1]. Interestingly, individuals with poor orthostatic 

blood pressure control, but who do not normally experience faints, demonstrate an 

increase in postural sway [38]. This engagement of the skeletal muscle pump is likely to 

explain, at least in part, why they do not experience recurrent syncope in daily life. 

The respiratory-abdominal pump can also enhance venous return during 

respiration. During deep inspiration intrathoracic pressure decreases as the diaphragm 

descends and the lungs expand. This reduced intrathoracic pressure is transmitted across 

the cardiac chambers and the thoracic superior and inferior venae cavae, causing them 

to expand. As a result, right atrial pressure and intravascular venous pressures fall, 

creating a pressure gradient that promotes right atrial filling and increased venous return 

[39]. Intra-abdominal pressure increases simultaneously, compressing both the iliac and 

femoral veins and reducing retrograde flow, further supporting venous return [29]. 

However, the respiratory pump is a double-edged sword. While the increased ventilation 

improves venous return, continuous deep breathing reduces the partial pressure of CO2 

(PaCO2) in the arterial circulation, which consequently results in vasoconstriction of the 

cerebral vasculature and reduces cerebral perfusion [40]. 
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1.2.4. Additional mechanisms supporting postural blood pressure 
homeostasis: neurohumoral responses and the vestibular 
sympathetic reflex 

Due to the resulting decrease in perfusion of the hypothalamic osmoreceptors and 

the renal juxtaglomerular apparatus, as well as the unloading of arterial baroreceptors, the 

upright posture causes alterations in neurohumoral activity [27]. Plasma concentrations of 

catecholamines and arginine vasopressin are increased and the renin-angiotensin-

aldosterone system is activated, while plasma levels of atrial natriuretic factor are 

decreased [27, 41]. These hormonal changes support the maintenance of arterial pressure 

through the initiation of cascades that promote widespread vasoconstriction and minimize 

fluid loss. In contrast to the arterial baroreflex, these neurohumoral responses are 

activated more gradually and, therefore, play a relatively minor role in the acute 

hemodynamic response to changes in posture [27, 40]. These hormones instead exert 

their effects in response to prolonged orthostatic challenge and the magnitude of these 

adjustments appears to be largely dependent on the adequacy of the individual’s effective 

circulating volume [29, 40]. During severe gravitational stress, the renin-angiotensin 

system is highly active and levels of arginine vasopressin will increase sharply to 

concentrations that exert profound vasoconstrictor effects, in addition to promoting water 

reabsorption by the kidneys [40, 41].  

The vestibular system, which detects the position of the head in space, has been 

conclusively shown play a role in the regulation of sympathetic nerve activity and postural 

blood pressure control [42]. The two otolithic organs of the vestibular apparatus, the utricle 

and the saccule, detect changes in linear acceleration; the utricle mainly senses changes 

in the horizontal plane, while the saccule mainly detects changes in the vertical plane [42]. 

Changes in head position with respect to gravity, for example during a posture change 

from supine to standing, involves changes in linear acceleration of the head in space and 

thus activates the otolith organs. This produces a surge in sympathetic nerve activity, 

causing widespread vasoconstriction and an increase in total peripheral resistance (TPR) 

[43]. Moreover, experiments in animals and humans have shown that the vestibular-

sympathetic reflex interacts with baroreceptor responses in such a manner that the 

vestibular-sympathetic reflex is enhanced when baroreceptors sense that blood pressure 

is low and decreased when baroreceptors sense that blood pressure is high [42]. This 

highlights the interdependence of cardiovascular control processes and the importance of 
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each individual mechanism functioning appropriately to generate a coordinated and 

effective hemodynamic response to orthostatic challenge. The cerebral circulation also 

has a role to play in this coordinated response; a number of unique adaptive mechanisms 

contribute to cerebral blood flow regulation to protect the brain from hypoperfusion.  

1.2.5. The regulation of cerebral blood flow 

Cerebral metabolism is almost exclusively reliant on aerobic glucose oxidation, which 

requires a continuous and substantial supply of oxygen. Consuming 20-25% of the body’s 

oxygen, the brain requires a blood flow of 50-60 mL/min per 100g of tissue, corresponding 

to about 15-20% of resting CO [22, 44]. Due to this overwhelming demand for oxygen, 

cortical tissue is particularly vulnerable to impairments in the blood supply. A 50-60% 

reduction in cerebral blood flow generally causes symptomatic hypoperfusion, and further 

reductions quickly lead to loss of consciousness [22, 45]. When flow cannot be restored, 

infarction will result, leading to cellular damage, cell death and permanent functional 

impairments [44]. The final common pathway in all syncope sub-types is cerebral 

hypoperfusion, thus measures of cerebral blood flow, cerebral blood flow velocity (CBFv; 

acquired using transcranial Doppler and assumed to be proportional to cerebral blood 

flow, method described in section 2.3.4) and cerebral autoregulation indices are common 

outcome measures used in syncope research. To defend against hypoperfusion, a 

number of mechanisms work in concert to regulate cerebral blood flow and ensure 

adequate oxygen and nutrient delivery to cerebral tissue. While these unique regulatory 

mechanisms are crucial for the maintenance of cerebral blood flow, it is important to note 

that they cannot maintain cerebral blood flow in the absence of effective systemic 

cardiovascular control. The four main regulators of cerebral blood flow are PaCO2, cerebral 

metabolism, MAP, and the autonomic nervous system.  

While CO2 acts as a vasoconstrictor in the peripheral vasculature, it is a potent 

vasodilator in the brain, thus the cerebral circulation is highly sensitive to changes in 

PaCO2 [22]. Previous studies have shown that cerebral blood flow increases ~3-6% per 

mmHg above eupnoeic PaCO2, and decreases ~1-3% per mmHg below eupnoeic PaCO2 

[45]. Hyperventilation sufficient to reduce PaCO2 below 30 mmHg can halve cerebral blood 

flow, bringing it close to the critical perfusion level required for normal cerebral function 

[22]. In contrast, the cerebrovasculature is only sensitive to changes in PaO2 when hypoxia 

is significant, below a PaO2 of ~50 mmHg [45, 46]. In physiological conditions, the influence 
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of hypoxia on cerebral blood flow is minimal, thus changes in PaO2 are not particularly 

relevant in the context of the experiments described in this thesis. While the entire cerebral 

circulation is sensitive to changes in arterial gases, cerebrovascular resistance is believed 

to be principally modulated by the pial arterioles, which dilate up to 40% in response to 

increased PaCO2 [45]. The internal carotid and vertebral arteries, large extracranial 

arteries that feed the cerebral circulation, have also been shown to be reactive to changes 

in blood gases and perfusion pressure, acting as a first line of defense for the maintenance 

of cerebral perfusion [47–49]. Through a PaCO2 range of 15 – 65 mmHg, the diameter of 

the internal carotid artery increases by ~20% [47]. 

Both changes in ventilation, and changes in metabolic CO2 production alter arterial 

CO2, which simultaneously alters pH. Experimental studies have shown that CO2 

predominantly influences cerebrovascular smooth muscle tone through associated 

changes in extravascular pH. Decreased extravascular pH, produced by hypercapnia, 

results in vasodilation of vascular smooth muscle, while increases in extravascular pH, 

stemming from hypocapnia, result in vasoconstriction [50–53]. In addition to CO2, 

endothelial signals and metabolites that alter extravascular pH also contribute to changes 

in cerebral vascular tone and cerebral blood flow. 

Referred to as neurovascular coupling, the modulation of local cerebral blood flow 

is also tightly coupled to neuronal metabolism. This coupling is facilitated by the close 

anatomical and metabolic association between the neurons, glial cells, and cortical 

penetrating arterioles that comprise the neurovascular unit [45, 46]. Neurons and 

interneurons synapse with astrocytes, and the end feet of the astrocytic processes 

envelope local arterioles, facilitating signal transduction, exchange of metabolites (eg. 

glucose, adenosine, lactate, CO2, O2) and modulation of vascular resistance to tightly 

control local cerebral blood flow [45, 46]. This neurovascular coupling is robust and can 

be easily observed using transcranial Doppler. With visual stimulation, activation of the 

occipital cortex instantly increases blood flow velocity in the posterior cerebral artery, 

which supplies the occipital lobe, by ~20-30% [45, 54, 55]. 

MAP is the main contributor to cerebral perfusion pressure, and plays a major role 

in the regulation and maintenance of cerebral blood flow. Our classic understanding of the 

relationship between MAP and cerebral blood flow stems from a 1959 review paper that 

plotted mean BP and cerebral blood flow data from seven studies, with 11 data points 
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representing 11 groups of patients with a wide range of mean blood pressures that were 

drug induced or caused by underlying pathology (Figure 1.5, left panel) [56]. Upon plotting 

the data, it appeared that cerebral blood flow remained constant over a wide range of MAP 

(~60 – 150 mmHg). It was thought that over this range, reflexive adjustments in 

cerebrovascular resistance could buffer changes in cerebral perfusion pressure to 

maintain constant cerebral blood flow, and this was termed cerebral autoregulation. 

However, because each data point represented a group of participants, the within-subject 

relationship between MAP and cerebral blood flow was neglected.  

 
Figure 1.5. Stylized depictions of the classical (left) and modern (right) 

relationships between mean arterial pressure, cerebral blood flow 
and cerebrovascular resistance. 

Left panel shows the classical relationship between cerebral blood flow and perfusion pressure 
(mean arterial pressure) as described by Lassen et al. (1959), based on the analysis of 11 groups 
of patients with a wide range of mean blood pressures that were drug induced or caused by 
underlying pathology. Right panel depicts the relationship between cerebral blood flow and 
perfusion pressure based on contemporary within-subject data which indicate a small plateau (Tan 
et al., 2012) region and cerebral autoregulation hysteresis (Numan et al., 2014). Cerebral blood 
flow is represented by the solid gray lines, while cerebrovascular resistance is represented by the 
red dotted lines. From Willie et al., 2014 [45]. 

Evaluating the within-subject relationship between MAP and cerebral blood flow is 

challenging, for several reasons. Normal baroreflex function limits the blood pressure 

range over which cerebral blood flow can be evaluated, so these investigations require 

the use of vasoactive drugs (e.g. α-adrenergic receptor agonists, nitric oxide donors), or 

manipulation of the blood volume, both of which are likely to affect cerebrovascular 

reflexes and confound results [45]. Evaluations of static cerebral autoregulation (steady-

state relationship between MAP and cerebral blood flow) are thus dependent on the 



13 

experimental conditions in which they are assessed. Nonetheless, a recent review 

incorporated data from 40 studies to investigate the static within-subject relationship 

between MAP and cerebral blood flow, and showed that cerebral blood flow does not 

remain constant over a broad range of MAP (Figure 1.5, right panel) [57]. Above resting 

MAP, the slope of the cerebral blood flow (%) / MAP (%) relationship was 0.21, reflecting 

that the cerebral circulation has some capacity to buffer increases in MAP. Below resting 

MAP, the slope of the cerebral blood flow (%) / MAP (%) relationship was 0.82, suggesting 

that the cerebral circulation is much worse at regulating cerebral blood flow during periods 

of hypotension. There is some evidence of a narrow plateau region ~5-7mmhg above and 

below resting MAP [58]. 

The development of methods enabling beat-to beat assessment of MAP and 

cerebral blood flow has facilitated the assessment of dynamic cerebral autoregulation, 

referring to the relationship between cerebral blood flow and MAP during transient or rapid 

changes in MAP, such as during changes in posture [45, 46]. While studies often 

investigate static and dynamic cerebral autoregulation as separate entities, there are no 

data that suggest they are mechanistically distinct [45]. Early studies of dynamic cerebral 

autoregulation showed that measures of CBFv dropped during hypotensive stimuli 

(release of inflated thigh-occlusion cuffs), but recovered more quickly than MAP [59], and 

that higher frequency BP oscillations are transferred to the cerebrovasculature more 

linearly than low frequency oscillations [60]. More recent data suggest that 

cerebrovascular compliance plays a key role in buffering acute changes in blood pressure 

[61–63]. Similar to static cerebral autoregulation, dynamic cerebral autoregulation 

investigations support the notion that the cerebral circulation defends cerebral blood flow 

more effectively against acute increases in blood pressure than acute blood pressure 

drops [63–65]. Mechanistically, changes in cerebrovascular resistance must underlie 

static and dynamic autoregulation. While myogenic, autonomic and local neuronal 

processes are thought to be involved, the relative contribution and importance of each of 

these mechanisms remains unknown [45].  

The cerebral circulation is richly innervated by adrenergic and cholinergic fibers, 

and while their role is incompletely understood, it is likely that they contribute to the 

regulation of cerebral blood flow [44, 45]. In terms of sympathetic contribution, several 

studies of patients who had undergone a ganglionectomy for the treatment of various 

diseases have demonstrated that cerebral blood flow increases following ganglion 
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excision [66–69]. Studies using pharmaceutical approaches to achieve ganglion blockade 

have had mixed results, but most report increases in cerebral blood flow [45]. Furthermore, 

blockade of sympathetic ganglia with trimethaphan and α-adrenoreceptor block with 

phentolamine have both been shown to impair cerebral autoregulation, producing a 

greater rise in cerebral blood flow for a given increase in MAP [70, 71]. Very few studies 

have assessed the role of the parasympathetic nervous system in the regulation of 

cerebral blood flow, however one study in humans reported that systemic cholinergic 

blockade with glycopurrolate increased transfer function coherence between MAP and 

cerebral blood flow, suggesting that cerebral autoregulation was impaired [72]. Autonomic 

control of the cerebral vasculature is likely to be a key player in the regulation of cerebral 

blood flow, but remains poorly understood.  

While much further research is required to fully understand the mechanisms 

underlying the regulation of cerebral blood flow, it is clear that these multifaceted 

processes are deeply integrated, which adds complexity when striving to elucidate the role 

of each individual mechanism. For example, progressive hypotension reduces and 

ultimately abolishes cerebral reactivity to PaCO2 [45]. The regulation of cerebral blood flow 

is complex, and each of these mechanisms must work effectively and synergistically to 

defend the cerebral circulation in response to daily stressors and rapidly changing stimuli. 

Cerebral hypoperfusion is the ultimate cause of syncope, thus the impairment of any one 

of these mechanisms is likely to predispose to recurrent syncopal events.  

1.3. Syncope sub-types: classification and pathophysiology 

Syncope is a heterogeneous condition with many causes and clinical 

presentations, but in all cases, syncope is the direct result of global cerebral 

hypoperfusion. This section will provide a broad overview of the three principal syncope 

sub-types (OH, POTS and reflex syncope), describing the known pathophysiology, clinical 

features, and diagnostic criteria. While these multiple forms of syncope represent distinct 

disorders, there are many parallels in the underlying mechanisms that contribute to the 

development of cerebral hypoperfusion. These generally stem from disruptions to 

autonomic reflexes that compromise or prevent increases in CO, reduce one’s capacity to 

mount vascular resistance responses, or a combination of the two (Figure 1.6). While 

cardiac syncope is not a focus of this thesis, it is an important consideration in the clinical 
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context of syncopal disorders, and so a brief discussion of cardiac causes has also been 

included.  

 
 

Figure 1.6. Classifications of syncope sub-types according to mechanism.  
Syncope is ultimately the consequence of low blood pressure (BP) and global cerebral 
hypoperfusion. Mechanistically, this can be due to low peripheral resistance, low cardiac output, or 
a combination of the two. This figure classifies syncope sub-types according to the relative 
contribution of peripheral resistance and cardiac output impairments. Autonomic failure (ANF) 
syncope refers to orthostatic hypotension. Primary ANF refers to degenerative disorders affecting 
central autonomic pathways, while secondary autonomic failure results from damage to peripheral 
autonomic nerves in diseases such as diabetes or amyloidosis. Syncope sub-types are described 
in detail in sections 1.3.1 - 1.3.4. From Heeney 2019 [73].
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1.3.1. Cardiac causes of syncope 

While cardiac syncope is not strictly an autonomic condition, and is not a focus of 

this thesis, ruling out potentially life-threatening cardiac causes of syncope is a 

fundamental piece of the risk assessment and diagnostic process in all syncope cases. 

Cardiac syncope is estimated to underly ~10-15% of syncopal events and usually results 

from structural abnormalities and/or cardiac arrhythmias that compromise cardiac 

function, such that CO becomes insufficient to adequately perfuse the brain [10, 74]. 

Cardiac causes of syncope are associated with an increased risk of morbidity and 

mortality, with an estimated one-year mortality rate of ~30% [75, 76]. 

In the case of structural heart disease, syncope can occur when the structural 

defect mechanically obstructs or prevents the heart from meeting the body’s demands for 

increased CO (e.g. aortic stenosis, aortic dissection, mitral stenosis, myocardial infarction, 

cardiac tumours, pulmonary embolism, etc.). Hence, these syncopal events frequently 

occur during periods of exercise while patients are vasodilated and demand for CO is high 

[77]. In addition to the direct impact on CO, structural heart disease may also alter or 

impair cardiac electrical conduction, predisposing to arrhythmia (e.g. hypertrophic 

cardiomyopathy, dilated cardiomyopathy, arrhythmogenic right ventricular 

cardiomyopathy, heart failure, scar tissue from previous myocardial injury etc.) [78]. 

Cardiac arrhythmias can also arise from electrical abnormalities, these might be 

caused by inherited or de novo ion channel mutations, accessory pathways, ectopic foci, 

or even pharmacological agents [74, 78]. Bradyarrhythmias can render HR insufficient to 

maintain adequate CO (e.g. Mobitz type II second-degree atrioventricular block, third 

degree atrioventricular block, sick sinus syndrome, atrial fibrillation, etc.), while 

supraventricular and ventricular tachyarrhythmias can reduce cardiac filling and produce 

unsynchronized, uncoordinated contractions that compromise CO (catecholaminergic 

polymorphic ventricular tachycardia, long QT syndrome, Brugada syndrome, Wolf-

Parkinson-White syndrome etc.) [74, 78]. 

It is not uncommon for syncope-related arrhythmias to be drug induced. For 

example, there are several prescription medications, from a wide variety of categories 

(e.g. antiarrhythmics, vasodilators, psychotropics, antimicrobials, antihistamines, etc.), 

that are known to prolong the QT interval of the cardiac action potential. In some patients 
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(especially women), these drugs can effectively produce an acquired long QT syndrome, 

predisposing them to a specific and dangerous form of polymorphic ventricular tachycardia 

known as Torsades de Pointes [11].  

Generally, cardiac syncope is not thought to result directly from autonomic 

impairments, however certain cardiac arrhythmias (e.g. catecholaminergic polymorphic 

ventricular tachycardia, long QT syndrome, Brugada syndrome) are known to be 

precipitated by sympathetic (e.g. exercise, startle) or parasympathetic triggers (e.g. high 

vagal tone during sleep). Although rare, there have been reports of cardiac arrhythmias 

arising in conjunction with episodes of reflex syncope, in otherwise healthy individuals 

[79–82]. It is important to bear in mind that other causes of syncope, particularly reflex 

syncope, are just as common in those with a history of structural heart disease or cardiac 

arrhythmia [74]. This can add complexity to the clinical picture, make it difficult to discern 

the true cause of the event, and influence management decision making. 

The context and clinical presentation of the syncopal event can be useful in 

differentiating the underlying cause. For example, syncopal episodes occurring in a supine 

position are likely to be cardiac in nature [76, 83]. A history of cardiac issues, or family 

history of cardiac death increases the likelihood of a cardiac origin [1, 76]. Reflex syncope 

may occur post-exercise when an individual is warm and vasodilated, but is not likely to 

occur during exercise. Syncopal events that occur during exercise are likely to stem from 

a cardiac cause (arrhythmia or cardiac outflow obstruction), and events occurring 

immediately post-exercise should also be investigated for potential cardiac cause [78, 83]. 

Patient reports of chest pain or shortness of breath in association with the event are likely 

to indicate an acute cardiac cause, such as myocardial infarction, aortic dissection, or 

pulmonary embolism, while palpitations may indicate cardiac arrhythmia [78, 83]. 

Prodromal signs and symptoms can also be useful in determining the cause of the 

event, but must be interpreted with caution. Presyncopal symptoms, such as light-

headedness, nausea, sweating, visual/auditory disturbances, are generally associated 

with a benign syncopal mechanism, while a brief, or complete lack of prodrome, has been 

suggested to indicate cardiac cause [78, 83]. Cardiac patients with a prodrome are 

reportedly more likely to experience symptoms of cerebral hypoperfusion (brief light-

headedness, tunnel vision), while autonomic symptoms are less likely (e.g. nausea, 

sweating) [78, 83]. However, many patients with orthostatic or reflex syncope do not 
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experience prodromal symptoms, and some patients with cardiac syncope may 

experience autonomic symptoms in conjunction with the event [78]. Thus, a diagnosis 

should not be made based on the presence or lack of prodrome alone. 

Event features, as well as post-event symptoms and behaviour can also indicate 

cause. If the loss of consciousness does not resolve spontaneously, and resuscitation is 

required, cardiac cause is implicated. Following an episode of orthostatic syncope, 

patients often report feeling weak, fatigued, or nauseous, and may experience vomiting 

[78, 83]. In contrast, when cardiac syncope resolves rapidly and spontaneously, patients 

often experience a rapid recovery, without any persisting symptoms [78, 83].  

1.3.2. Orthostatic hypotension 

Accounting for approximately 15% of syncope cases, OH is the second most 

common etiology of syncope, predominantly affecting older adults, as well as patients with 

diabetes, hypertension or neurodegenerative disease [29, 74]. The prevalence of OH is 

especially high in older adults who are frail, where syncope related falls can have 

devastating consequences [84]. Furthermore, OH has been associated with decreased 

cognitive performance [85], and has been shown to be an independent predictor of 

morbidity and mortality [29]. 

OH refers to an abnormal decrease in blood pressure observed upon assuming 

the upright posture, occurring when cardiovascular adaptive mechanisms are inadequate 

to compensate for orthostatic fluid shifts [1]. This can be a reflection of a structural or 

functional disruption of sympathetic reflexes, known as autonomic failure. This results in 

insufficient or a complete lack of vasoconstrictor tone and sometimes a lack of cardiac 

acceleration, leading to excessive venous pooling and the inability to maintain CO and 

cerebral blood flow. Structural disruptions, arising from neurodegenerative disorders (e.g. 

multiple system atrophy, pure autonomic failure, and Parkinson’s disease) or autonomic 

peripheral neuropathies (e.g. diabetic peripheral neuropathy), directly impair sympathetic 

reflexes, resulting in inadequate release of norepinephrine from sympathetic vasomotor 

neurons; this is known as neurogenic OH [86]. Functional reflex impairments are often 

due to hypovolemia (dehydration) or prescription medications, particularly 

antihypertensives (vasodilators), tricyclic antidepressants, diuretics or chemotherapeutic 
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agents [1, 29], thus OH often complicates the management of co-morbid cardiovascular 

conditions [1, 29]. 

There are three clinical variants of OH, characterized by the temporal orthostatic blood 

pressure response:  

Classic or consensus OH is characterized by a sustained drop in systolic arterial 

pressure (SAP) of at least 20 mmHg, or at least a 10 mmHg drop in diastolic arterial 

pressure (DAP), within three minutes of standing or head-up tilt (HUT; HUT testing is 

described in section 1.5.1) to at least 60° on a tilt-table (Figure 1.7) [29, 86]. The patient 

may experience concurrent presyncopal symptoms, but symptoms are not necessary for 

a diagnosis. In some cases, the drop in pressure is accompanied by chronotropic 

incompetence, which refers to a small, or complete lack of, HR increase for a given drop 

in blood pressure [87, 88]. This classic pattern is generally observed in patients with 

autonomic failure and OH due to hypovolemia [29]. In patients with supine hypertension, 

a systolic pressure drop of 30 mmHg is considered to be a more appropriate criterion, as 

the magnitude of the orthostatic blood pressure dip is proportional to baseline values [86].  

Delayed OH is a sustained blood pressure drop of at least 20/10 mmHg that takes 

more than three minutes to develop [1]. In contrast to classic OH, delayed OH is 

characterized by a slower, progressive decline in arterial pressure, and bradycardia is not 

typically observed [29, 87]. Sympathetic adrenergic impairments are comparatively less 

severe in patients with delayed OH [87], and a recent longitudinal study showed that 54% 

of patients with delayed OH converted to the classic variant within the 10-year follow-up 

period, suggesting that delayed OH is a milder or earlier manifestation of the condition 

[89]. 

Initial OH is a considerable, but transient, drop in blood pressure (> 40 mmHg 

SAP and/or > 20 mmHg DAP) that is observed within 15 seconds of standing [1], 

representing a short-lived mismatch between the reduction in venous return and the 

compensatory baroreflex mediated increase in TPR (Figure 1.7) [29, 87]. Initial OH is 

more pronounced with active standing than with HUT, and contrary to classic and delayed 

OH, initial OH occurs in both young and older adults [87, 90]. In young adults and in 

healthy, physically active, older adults, blood pressure usually recovers rapidly and the 

period of symptomatic hypotension is typically < 30 seconds [29, 90]. However, initial OH 
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with delayed recovery (also known as impaired early blood pressure stabilization), defined 

as the inability to recover SAP to within 20 mmHg of supine values within 30s of standing, 

is often observed in the elderly, and may represent a distinct sub-type of initial OH 

associated with worse clinical outcomes [90, 91]. The recovery delay can be considerable, 

but if stabilization occurs within 3 min, criteria is met for initial OH [90]. A two-year follow 

up study showed that delayed recovery is an independent risk factor for future falls, 

unexplained falls and injurious falls, while initial OH alone is not [92]. Delayed recovery is 

also more frequently observed in frail patients and is associated with an increased risk of 

cognitive impairment, microvascular brain changes and mortality [93–96].  

 
Figure 1.7. Blood pressure and heart rate responses to orthostasis in a patient 

with initial orthostatic hypotension (left panel) and in a patient with 
classic orthostatic hypotension (right panel). 

Abbreviations: blood pressure (BP), heart rate (HR), beats per minute (b.p.m). From Moya et al., 
2009 [11]. 

1.3.3. Postural Orthostatic Tachycardia Syndrome 

POTS is a clinical syndrome of orthostatic intolerance, characterized by chronic 

(>6 months) and debilitating orthostatic presyncopal symptoms with excessive orthostatic 

HR increases; ≥ 30 bpm within 10 minutes of orthostatic stress (≥ 40bpm in patients 
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younger than 20 years) in the absence of OH (Figure 1.8) [1]. Standing HR in these 

patients often exceeds 120 bpm [86]. POTS predominantly presents in white (> 90% white) 

pre-menopausal women (> 85% females) and is the second most common orthostatic 

disorder in children and young adults, with age of onset peaking between the ages of 10 

and 15 years (Figure 1.9) [97–99]. Presyncope is much more common than syncope in 

patients with POTS, but it is not uncommon for POTS patients to experience episodes of 

reflex syncope [97]. In addition to orthostatic intolerance, patients with POTS often 

experience a multitude of symptoms related to impaired autonomic control, including 

exercise intolerance, palpitations, gastrointestinal issues (diarrhea, bloating, abdominal 

pain, constipation), bladder problems, fatigue, nausea, brain fog, acrocyanosis, sleep 

disturbances and headaches [100–102]. Symptoms and orthostatic tachycardia are 

reported to be more severe in the morning and are often worsen before and during 

menstruation [97, 100]. POTS frequently co-presents with Ehlers Danlos syndrome, 

chronic fatigue syndrome, irritable bowel syndrome and mast-cell activation disorder [100, 

101]. POTS symptoms can be severely disabling and are known to profoundly impair 

quality of life; quality of life scores have been reported to be comparable to patients with 

congestive heart failure, and 24% of patients report their employment status as disabled 

or unable to work because of their condition [20]. Compared to healthy controls, patients 

with POTS are at a significantly higher risk of suicide, with nearly 50% of patients reported 

to be “high risk” [103]. 

 
Figure 1.8. Heart rate and blood pressure responses during head-up tilt in a 

healthy control (A) and a patient with POTS (B).  
Adapted from Arnold et al., 2018 [104]. 
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The etiology of POTS is complex, and remains incompletely understood. Signs and 

symptoms often manifest following acute stressors such as pregnancy, viral illness, or 

post-surgery, and POTS is generally associated with cardiovascular deconditioning, 

characterized by cardiac atrophy, decreased SV and hypovolemia [97, 100, 101]. Although 

it is not clear whether deconditioning is a primary pathophysiological mechanism, or 

occurs secondary to POTS, patients with POTS have been shown to benefit from a 

progressive aerobic exercise program, sometimes combined with resistance training [101, 

105–107]. Several POTS sub-types have been proposed, based on pathophysiological 

mechanisms that may precipitate the manifestation of POTS symptoms and exacerbate 

cardiovascular deconditioning. 

 
Figure 1.9. Age of onset of vasovagal syncope (VVS) and postural orthostatic 

tachycardia syndrome (POTS).  
Peak age of onset for both patients with VVS (n=443) and POTS (n=4835) is between 10 and 15 
years of age, which coincides with the age of onset of puberty. From Coupal et al., 2019 [108]. 
Used with permission.  

Hyperadrenergic POTS: Elevated orthostatic plasma norepinephrine levels are a 

common finding in patients with POTS, and this is often represents compensation for 

partial dysautonomia (neuropathic POTS) or hypovolemia [97]. However, in a subset of 

patients, excessive sympathetic activation appears to be the primary pathophysiological 

mechanism driving orthostatic tachycardia and contributing to symptom development. In 

these patients, orthostatic plasma norepinephrine levels are considerably elevated, 
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exceeding 1000pg/mL, and occasionally surpassing 2000pg/mL [97]. These patients often 

exhibit a rise in blood pressure with standing, accompanied by greater orthostatic HR 

increases, and complain of palpitations, tremulousness, hyperhidrosis, abdominal pain 

and nausea [97, 100].  

The norepinephrine transporter, encoded by the SLC6A2 gene, facilitates reuptake 

of extracellular norepinephrine back into pre-synaptic axon terminals [100]. In one family, 

a heterozygous point mutation resulting in loss of function of the norepinephrine 

transporter was found to underlie POTS with a hyperadrenergic phenotype [109]. While 

norepinephrine transporter mutations have not been reported in other patients, this 

suggests that both excessive release, and impaired synaptic clearance of norepinephrine 

may contribute to the development of hyperadrenergic POTS [100]. Subsequent studies 

have shown that expression of the norepinephrine transporter protein is decreased in 

some patients, which may be due to epigenetic gene modification [110, 111]. It is important 

to note that the mechanism of action of many antidepressant and attention deficit 

medications (e.g. tricyclic antidepressants, serotonin-norepinephrine reuptake inhibitors, 

purer norepinephrine transporter inhibitors) involves norepinephrine transporter inhibition 

[97, 100]. In susceptible individuals, these medications may mimic the signs and 

symptoms of POTS.  

Neuropathic POTS: Several studies have demonstrated that a subset of patients 

with POTS exhibit signs of peripheral sympathetic neuropathy that predominantly affects 

the lower limbs. These findings include loss of sweat function in the distal lower 

extremities, decreased norepinephrine release in the legs (not in the arms) and decreased 

intraepidermal C-fiber density in skin biopsies taken below the knee [98, 112, 113]. In 

these patients, peripheral sympathetic denervation is thought to impair vasoconstrictor 

responses, and increase venous pooling in the legs, leading to a reliance on cardiac 

responses to compensate for orthostatic stress [100]. Supine and tilted HR are reported 

to be lower in those with neuropathic POTS compared to other subtypes [114].  

Hypovolemic POTS: In many patients with POTS, blood volumes (red cell and 

plasma) are persistently low [115]. This has been linked to functional impairments in the 

renin-angiotensin-aldosterone axis. Orthostatic plasma renin and aldosterone levels have 

been shown to be paradoxically low in these patients, resulting in inadequate renal sodium 

retention [116, 117]. Further, some patients have increased angiotensin II levels, with 
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some evidence indicating that this is due to decreased angiotensin converting enzyme 2 

activity and reduced angiotensin II degradation [115, 117, 118]. Interestingly, these 

elevated angiotensin II levels are not accompanied by hypertension, and it has been 

shown that these patients have blunted vascular and hypertensive responses to 

angiotensin II compared to healthy controls [115, 118]. In patients with comorbid 

gastrointestinal problems, hypovolemia may be secondary to volume and electrolyte loss 

from diarrhea with insufficient fluid and electrolyte replenishment [100]. 

Mast cell activation: In some patients, POTS presents with flushing episodes, 

accompanied by surges in HR with concurrent mast cell activation [100, 119]. These 

episodes are often triggered by orthostatic stress, exercise, meals, pre-menstruation, and 

sexual intercourse and are associated with dyspnea, headaches, lightheadedness, 

excessive diuresis and gastrointestinal disturbances (nausea, vomiting, diarrhea) [100, 

119]. Diagnosis is based on the detection of increased urinary histamine metabolites or 

increased plasma tryptase during an acute episode [97, 100]. Patients with POTS and 

mast cell activation disorder often demonstrate a hyperadrenergic response to standing 

(orthostatic hypertension and tachycardia) [100]. β-blockers should be used with caution 

as they may trigger mast cell degranulation and exacerbate symptoms [97, 100]. 

Treatment with antihistamines (H1 and H2 inhibitors) can be beneficial for these patients 

[97, 100]. 

Autoimmunity: Some cases of POTS have also been associated with 

autoimmune responses [101]. POTS often presents following viral illness [97]; many cases 

of POTS have been observed to arise following COVID-19 infections (termed Long-COVID 

POTS) [120]. In some patients POTS presents with concurrent auto-immune disorders 

(e.g. Sjogren’s syndrome) [97, 100]. While some studies have demonstrated an increase 

in serum auto-antibodies with neuronal targets (e.g. ganglionic acetylcholine receptors 

and α1 adrenergic receptors) in patients with POTS [98, 121], no studies have conclusively 

shown a causal association between POTS and auto-immune conditions [100, 122]. 

Autoimmunity may play a role in the pathogenesis of some POTS cases, but currently, 

immunomodulatory therapies are not recommended without definitive evidence of a 

concurrent systemic autoimmune disorder [100]. 
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1.3.4. Reflex (neurally-mediated) syncope 

Reflex syncope refers to a heterogeneous group of conditions in which autonomic 

reflexes that normally facilitate cardiovascular adaptation in response to a stimulus 

sporadically behave inappropriately, leading to sudden widespread vasodilatation and/ or 

bradycardia, resulting in hypotension and cerebral hypoperfusion [1, 86]. Predominantly 

characterized by the event or trigger precipitating the episode, the three principal reflex 

syncope groupings include situational syncope, carotid sinus hypersensitivity (CSH) and 

vasovagal syncope (VVS) [77]. In all forms of reflex syncope, loss of consciousness is 

usually preceded by prodromal signs and symptoms such as pallor, nausea, sweating and 

abdominal discomfort; whereas prodromal signs and symptoms are reported to be less 

common  with cardiac syncope [123]. Following and episode of VVS, patients often report 

feeling weak, fatigued, or nauseous, and may experience vomiting [78, 83]. Presyncopal 

symptoms and fatigue can be persistent, pervading daily life [102].  

Reflex syncope is generally considered to be a benign condition. However, in rare 

cases, the disruption to normal autonomic reflex function associated with the syncopal 

event may lead to life-threatening arrythmias in susceptible individuals [79–82]. We have 

previously reported a case of seemingly typical reflex syncope, provoked by defecation, 

in an adolescent with a pacemaker implanted for congenital heart block secondary to 

maternal anti-Ro and anti-La antibodies [82]. Device interrogation showed that a brief run 

of polymorphic ventricular tachycardia had been detected, coinciding with the time of the 

syncopal episode (Figure 1.10). If this patient did not have a pacemaker, this event would 

have been considered to be a benign episode of defecation syncope. 

Situational syncope refers to syncopal events triggered by a specific action or 

activity such as micturition, defecation, coughing, laughing, swallowing and sneezing [1]. 

These events trigger inappropriate reflex activity, resulting in decreased vascular tone 

and/ or bradycardia which ultimately cause a drop in arterial pressure and cerebral 

hypoperfusion [124]. In some situations (e.g. coughing, defecation, trumpet-blowers’ 

syncope), an increased intra-thoracic pressure (Valsalva-like maneuver) can cause a 

transient venous obstruction which can lead to cerebral hypoperfusion and thus, syncope 

[124].  
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Figure 1.10. Polymorphic ventricular tachycardia coinciding with apparent 

defecation syncope in a 17-year old girl with a dual-chamber 
pacemaker for congenital heart block. 

A. Interrogation strip from the patient’s pacemaker showing an atrial sensed, ventricular paced 
rhythm with abrupt onset of polymorphic ventricular tachycardia recorded during a syncopal event 
triggered by defecation. The first ventricular sensed event is indicated by the asterisk. The irregular 
atrial rate represents premature atrial complexes. The atrial sensed events following the asterisk 
likely represent far-field sensing of ventricular tachycardia by the atrial lead. B. The device stored 
electrogram showing polymorphic ventricular tachycardia with spontaneous termination after ~7 
seconds. Figure from Tester et al., 2018 [82]. Used with permission. 

Carotid sinus hypersensitivity is reported to underlie approximately 30% of 

unexplained syncope in the elderly [125]. It is particularly common in older males, with a 

higher incidence in those with cardiovascular disease or neurodegenerative disorders 

[126]. The precise mechanism of CSH is unclear, but it presents with profound 

hypotension and bradycardia with mechanical (e.g. while shaving, head turning while 

wearing a tie) or orthostatic stimulation of the carotid baroreceptors that culminates in 



27 

presyncope and/or syncope [127]. CSH is defined when an asystole of at least three 

seconds and/or a decrease in SAP of at least 50 mmHg presents during carotid sinus 

massage in the clinic [1]. Carotid sinus syndrome is diagnosed when syncope results from 

CSH [1].  

Vasovagal syncope is the most prevalent form of syncope, responsible for 

approximately 60% of cases [128]. While VVS is prevalent across all ages, the age 

distribution is bimodal, with incidence peaking in adolescence and in the elderly population 

[12]. VVS is the most common etiology of syncope in the young, and the age of onset 

peaks between ages 10 and 15 years (Figure 1.9) [12, 108, 129]. Approximately one third 

of affected individuals experience recurrent and severe episodes [3, 13, 130]. VVS is 

typically triggered by orthostatic postures (sitting or standing) and pain or emotional stress, 

especially in medical settings, frequently occurring with blood-injection-injury stimuli [1, 

12]. In episodes precipitated by orthostatic stress, the baroreflex generally compensates 

for several minutes before abruptly reversing, leading to widespread vasodilation that may 

or may not be accompanied by bradycardia (Figure 1.11). In the 2003 study by Julu et al., 

the group observed that, despite a wide variation in OT (range: 3 – 33min), a measure of 

syncope susceptibility, the vasovagal faint was characterized by four distinct response 

phases of cardiovascular change that could be observed in all participants: (1) Full 

Compensation: A large increase in TPR produces an increase in DAP, with concurrent 

reductions in cardiac vagal tone and cardiac baroreflex sensitivity. (2) Tachycardia: There 

is a progressive increase in HR, but little further change in vascular resistance. (3) 

Instability: This phase is characterized by large oscillations in blood pressure, often 

accompanied by oscillations in HR; cardiac vagal tone and baroreflex sensitivity remain 

low. Participants often begin reporting prodromal symptoms during this period of 

cardiovascular instability. (4) Presyncope: A sudden drop in blood pressure and HR, 

accompanied by intensifying prodromal symptoms. Vagal tone and cardiac baroreflex 

sensitivity were found to increase at presyncope. In the majority of participants (71%), 

hypotension occurred first, bradycardia presented first in 14% of participants, while HR 

and blood pressure changes occurred simultaneously in the remainder of the cohort 

(14%). Vasovagal responses are often sub-classified according to the hemodynamic 

response pattern using the modified VASIS (Vasovagal Syncope International Study) 

criteria [131], these are described in Table 1.1.  
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Figure 1.11. A vasovagal reaction (mixed form) induced by head-up tilt in a young 

patient.  
Abbreviations: blood pressure (BP), heart rate (HR), beats per minute (b.p.m). Adapted from Moya 
et al., 2009 [11]. 

Triggered by both peripheral (orthostasis) and central (emotional, blood-injection-

injury) stimuli, the precise afferent neuronal pathways and central nervous system 

mechanisms contributing to this paradoxical reflex reversal remain unknown [86]. 

Originally described by von Bezold in 1867, and later revised by Jarisch in 1937, the 

ventricular theory, or Bezold-Jarish reflex, was widely accepted as the mechanism 

underlying the vasovagal response for many years [132]. This theory postulates that, with 

excessive venous pooling during orthostatic stress, sympathetically mediated increases 

in cardiac inotropy and chronotopy cause the heart to be contracting powerfully in a 

volume depleted state, which activates ventricular mechanoreceptors that stimulate non-

myelinated cardiac C fibers [133]. Activation of these fibers was thought to lead to the 

withdrawal of vascular sympathetic tone and increased vagal tone, ultimately causing the 

reflex vasodilation and bradycardia characteristic of the vasovagal reaction [31, 133]. 

However, with the emergence of several lines of contradictory evidence, the ventricular 

theory has lost merit in recent years. First, in a 1996 echocardiographic imaging study, 

Novak et al. were unable to corroborate the theory’s supposition that the heart is volume 

depleted in the moments approaching syncope [134]. Moreover, a study evaluating left 

ventricular dynamics during reflex syncope determined that, if ventricular 

mechanoreceptors did indeed play a role in the vasovagal response, they are not activated 
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by ventricular hypercontractility or increased systolic wall stress, as these responses were 

absent in those positive for a vasovagal response [135]. The most compelling evidence 

contradicting the involvement of ventricular mechanoreceptors comes from a 1993 study 

that showed that patients who have undergone heart transplantation, and therefore have 

denervated ventricles, are still able to experience a vasovagal faint [136].  

Table 1.1. Modified VASIS criteria for the classification of vasovagal responses 
[131] 

Type 1:  

Mixed 

Hypotension is accompanied by bradycardia, however, the ventricular rate 
does not fall below 40 beats per minute (bpm), or falls below 40 bpm for less 
than 10 seconds, with or without asystole of less than 3 seconds. Blood 
pressure falls before the onset of bradycardia. 

Type 2A: 

Cardioinhibition without 
asystole 

Ventricular rate falls below 40 bpm for at least 10 seconds, without an 
asystole longer than 3 seconds. Blood pressure drops prior to heart rate. 
Blood pressure falls before the onset of bradycardia. 

Type 2B:  

Cardioinhibition with 
asystole 

The vasovagal reaction produces an asystole lasting longer than 3 seconds. 
The HR decline coincides with or precedes the fall in blood pressure. 

Type 3:  

Vasodepressor 
At the time of syncope, HR does not decrease more than 10% from its peak. 

 

Given that VVS can occur from stimuli that are purely cognitive (e.g., the sight of 

blood or simply discussing surgery or needles), it is more likely, perhaps, that the trigger 

is cerebral in nature. Higher cerebral sites, especially the hypothalamus, are known to 

modulate arterial baroreflex sensitivity [32, 137]. In anesthetized dogs, stimulation of a 

particular hypothalamic site was found to reduce efferent sympathetic nerve activity and 

increase vagal tone simultaneously, producing a drop in blood pressure and HR in the 

absence of cardiovascular stress [137]. Electroencephalography (EEG) studies have also 

provided evidence suggestive of a cerebral trigger. Mercader et al. (2002) evaluated 

cortical activity in patients with a history of syncope during a HUT test. A syncopal or 

presyncopal response was provoked in six of 18 participants, and in those participants, 

slow wave delta activity was found to increase 5 – 56 seconds before the onset of 

symptoms, hypotension, and bradycardia (Figure 1.12) [138]. In five of these patients, the 

slow wave activity lateralized to the left side of the brain, which is associated with 

parasympathetic control [138]. Moreover, two of the remaining 12 participants experienced 

a blood pressure drop that was consistent with OH; slow wave delta activity did not 
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increase in these individuals, supporting the notion that this a property unique to VVS and 

not syncopal episodes in general [138]. While this collection of evidence does not identify 

a definitive trigger for the vasovagal response, it certainly implies that the central nervous 

system plays a role. 

 
Figure 1.12. EEG evidence implicating a cerebral trigger for the vasovagal 

response. 
A: For patients in whom a vasovagal reaction was provoked by head-up tilt (i.e., a positive head-
up tilt response), slow wave delta activity was significantly increased compared to patients with a 
negative tilt response. Furthermore, this slow wave delta activity was lateralized to the left 
hemisphere, which is associated with regulation of the parasympathetic nervous activity. B: The 
time course of delta activity in the left temporal lobe and heart rate changes in the 30 seconds 
preceding syncope in a patient with a typical cardioinhibitory response, where peak delta activity 
precedes the onset of bradycardia. Adapted from Mercader et al., 2002 [138]. 

1.4. Factors that pre-dispose to syncope and presyncope  

Head-up tilt testing studies with the addition of lower body negative pressure 

(LBNP) have provided ample evidence that almost anyone can experience a vasovagal 

episode, given sufficiently severe orthostatic stress [139]. Conversely, a multitude of 

factors impact an individual’s tolerance to orthostatic stress daily, therefore a particular 

set of conditions can reduce an individual’s OT on a given day. Factors that promote 

vasodilation and/or volume depletion are known to increase syncope susceptibility, thus 

syncope is particularly common with heat stress, alcohol consumption, illness (fever, 

vomiting, diarrhea), vasodilatory or diuretic medications, and post-exercise. Nonetheless, 

certain individuals are highly susceptible to syncope, and experience recurrent episodes 

in the absence of severe cardiovascular stress. While the underlying trigger for VVS and 

the pathophysiology of POTS remains unclear, studies have elucidated a number of 
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physiological factors that predispose these individuals to recurrent syncope or 

presyncope.  

Females are disproportionately affected by syncope and presyncope; the relative 

risk of syncope occurring in females vs males is ~1.5-1.9 [13, 130], ~80% of POTS patients 

are female, and numerous studies have shown that OT is reduced in pre-menopausal 

females compared to males [139–141]. The coincidental timing of adolescent syncope 

onset with puberty, along with the female predominance of these disorders, may indicate 

a role for female sex hormone changes in increasing susceptibility to autonomic 

dysfunction [108, 129]. Sympathetic activity is known to be more readily transduced to the 

vasculature in young men, compared to young women [142, 143]. Recent discoveries 

suggest that β-adrenergic vasodilatation is a key mechanism by which the effect of 

sympathetic activity on the vasculature is modified in young women, offsetting α-

adrenergic vasoconstriction [144]. This is thought to be driven by estrogen-dependent 

mechanisms, as estrogen has been shown to attenuate central sympathetic outflow, 

stimulate nitric oxide synthesis and enhance β2 adrenergic sensitivity [145–147]. When 

β2-adrenergic vasodilatation is blocked by propranolol, vascular conductance responses 

to noradrenaline are similar between young men and women [144]. In post-menopausal 

women, the ability to offset α-adrenergic vasoconstriction with β-adrenergic vasodilation 

is lost, likely due to the depletion of estrogen [144]. Coincidently, female OT improves with 

age, peaking after the onset of menopause [140]. Hormone therapy is also known to 

produce significant symptomatic improvements in women with VVS [148]. 

Effective sympathetic control of vascular tone is central to orthostatic blood 

pressure control and is often compromised in adults with recurrent syncope and 

presyncope. In heathy controls, vascular baroreflex sensitivity is increased in the upright 

posture compared to supine, but the same is not observed in patients with VVS [149]. 

Furthermore, HUT studies have shown that, during orthostatic stress, patients with VVS 

mount smaller peripheral vascular resistance responses (measured in the forearm) 

compared to healthy controls, with blunted baroreflex sensitivity and prolonged baroreflex 

latency [150–154]. Many studies have shown that patients with VVS exhibit greater 

increases in plasma epinephrine in response to orthostatic stress [41]. While results from 

studies reporting changes in orthostatic plasma norepinephrine have been more variable, 

there is some evidence that norepinephrine regulation is altered in VVS [41]. Similarly, 

patients with POTS have been shown to mount smaller forearm vascular resistance 
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responses during orthostatic stress compared to both healthy controls and individuals with 

low OT [152]. In the neuropathic POTS phenotype, patients are reported to exhibit blunted 

muscle sympathetic nerve activity responses to sympathetic stimuli [155], and decreased 

vasoconstrictor responses in the legs and splanchnic circulation are well documented 

[156–158]. In contrast, increases in muscle sympathetic nerve activity in response to 

sympathetic stimuli have been shown to be greater in patients with hyperadrenergic POTS 

compared to healthy controls and orthostatic increases in plasma norepinephrine are 

excessive [97, 159]. While many studies have evaluated baroreflex sensitivity in patients 

with POTS, results have been inconsistent, likely due to heterogeneity in the patient 

sample (inclusion of neuropathic and hyperadrenergic POTS subtypes), but several 

studies have provided evidence of impaired cardiovagal control [155, 160–163]. Factors 

that reduce the effective circulating volume, such as salt depletion, low plasma or blood 

volumes, blunted activation of the renin-angiotensin-aldosterone axis and excessive 

venous pooling and capillary filtration also predispose to syncope and presyncope in 

adults [25, 41, 116, 157, 164–168]. Many patients with POTS experience deconditioning, 

which potentiates orthostatic symptoms by further reducing plasma volume and impairing 

vasoconstriction [169]. 

Orthostatic hyperventilation and hypocapnia are key contributors to fainting 

susceptibility in adults [22, 170–173]. As mentioned previously, CO2 is a potent vasodilator 

in the brain, but acts as a vasoconstrictor in the peripheral vasculature. During orthostatic 

stress, ventilation increases, engaging the respiratory muscle pump to support venous 

return, but simultaneously reducing the PaCO2. The resulting hypocapnia causes 

peripheral vasodilation and cerebral vasoconstriction, which both contribute to cerebral 

hypoperfusion. The impact of hypocapnia is profound; hyperventilation sufficient to 

decrease PaCO2 to below 30 mmHg can halve CBFv, which is close to the minimum level 

required for normal consciousness [22]. In adults with VVS, responses to hypocapnia, 

both in the peripheral and cerebral vasculature, are excessive, and cerebral autoregulation 

is impaired compared to healthy controls [174, 175]. These exacerbated responses to 

hypercapnia have been associated with EEG abnormalities, categorized as slow activity 

predominantly in the theta band [176]. These were found mainly in the bitemporal regions, 

particularly in the left hemisphere which is associated with parasympathetic control. 

Furthermore, CBFv declines before arterial pressure in adults with orthostatic syncope, 
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suggesting that altered cerebral autoregulation is not the result of, but rather a contributor 

to, the physiologic changes leading to orthostatic VVS [177]. 

1.4.1. Intravascular instrumentation and blood-injection-injury phobia 
predispose to vasovagal syncope 

As mentioned previously, VVS is frequently triggered by pain or emotional stress, 

especially in medical settings, frequently occurring with blood-injection-injury stimuli [1, 

12]. In adults <40 years old, venepuncture is reported to be a contributing factor in 10-

15% of syncopal reactions [3, 130, 178]. In the setting of blood donation, the incidence of 

syncope is 9-29 of 1000 in first time donors and 2-7 per 1000 in repeat donors [179]. 

Female sex, lower body weight, lower estimated blood volume, young age, new-donor 

status, lower resting blood pressure, reduced sleep before donation, donation location, 

and previous history of symptoms at blood donation have all been suggested as risk 

factors [179]. The mechanisms contributing to VVS during blood or plasma collection are 

thought to be partly due to the direct reduction in circulating blood or plasma volume, as 

well as the orthostatic effects superimposed on a hypovolemic state after the donation 

[180]. 

However, VVS and presyncopal symptoms often occur during venipuncture, even 

when there is minimal blood drawn, as well as during insulin injections, finger sticks for 

blood sugar monitoring, dental care and vaccinations [181] suggesting that the 

psychological stress of instrumentation and blood exposure (i.e., fear of needles, pain, 

and the sight of blood) may also cause these reactions [180, 182]. Syncopal reactions 

have certainly been known to occur from blood-injection-injury stimuli that are purely 

cognitive, such as the sight of blood, or simply discussing surgery or needles [12]. 

Presyncopal and/or syncopal reactions appear to be a uniquely associated with 

blood/needle phobia, in comparison to other phobias [181, 183]. A presyncope/syncope 

response is reported in 80% of individuals endorsing a blood injection-injury-phobia. This 

blood injection-injury-phobia reportedly affects 4% of the US population, although up to a 

quarter of the adult population acknowledge some fear of needles/blood draws [184]. The 

It has been hypothesized that vasovagal reactions may have offered humans evolutionary 

benefit, protecting the body from hemorrhage, protecting the heart from sympathetic 

overactivity, and triggered as a defense mechanism (playing dead) in the presence of 

assailants or predators [185]. It is possible that emotional syncope, including blood-
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injection-injury reactions may reflect a vestigial form of this evolutionary defence 

mechanism. 

Interestingly, the presence of intravascular instrumentation has been associated 

with altered autonomic control and a predisposition to orthostatic syncope in individuals 

without blood-injection-injury phobia [186–188]. In a 1966 study of United States Air Force 

pilots and navigators, participants performed two 20 min HUT tests four days apart, one 

with, and one without the insertion of an arterial needle and intravenous catheter. 

Syncopal reactions occurred five times more frequently when intravascular 

instrumentation was used (33/71; 46.5% vs 6/71; 8.5%) and investigators noted that “any 

pain, discomfort, or excessive difficulty placing the arterial needle or venous catheter 

seriously diminished orthostatic tolerance” [187]. In a group of healthy elderly volunteers 

(n=10) with no history of dizziness, falls, or syncope, McIntosh et al., also demonstrated 

that intravenous cannulation increased the likelihood of the development of symptomatic 

hypotension during a 30 min HUT test. During tilt, all participants remained asymptomatic 

when uncannulated, but five participants developed symptomatic hypotension when an 

intravenous cannula was present [188]. The notion that individuals who are not needle 

phobic and who have not previously experienced needle faints demonstrate altered 

autonomic control and reduced OT in the presence of intravascular instrumentation 

suggests that the afferent pathway(s) through which blood-injection-injury stimuli produce 

VVS are present in everyone, but are more easily activated in susceptible individuals. How 

intravascular instrumentation mechanistically influences/disrupts orthostatic responses 

and autonomic control, and the relative contributions of psychological stress, 

pain/discomfort, as well as physical trauma to the blood vessel and associated endothelial 

injury cascades, is not known. In order to provide effective management options to 

patients who experience syncope and presyncope with blood-injection-injury stimuli, a 

better understanding of the mechanisms underlying this phenomenon is required. 

1.5. Diagnosis and autonomic function testing 

With a lack of diagnostic tests for VVS, clinical testing is largely aimed at ruling out 

serious or life-threatening conditions such as cardiac syncope, epilepsy, and transient 

ischemic attacks, with a low diagnostic yield [14, 189]. The fear of missing a serious 

underlying condition has led to a practice of over-investigating low-risk patients that is 

taxing on the healthcare system and is stressful and potentially harmful for patients and 
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families. Up to 50% of patients evaluated for syncope are admitted to hospital, one-third 

of which likely represent unnecessary admissions of low-risk patients [190, 191]. One 

study reported that admitted low-risk patients spent a mean 1.73 days in hospital with 10.8 

clinical tests. Furthermore, 13% of these patients experienced an adverse event related 

to being in hospital and 32% had an incidental finding of unclear significance, leading to 

cascades of follow up testing [191]. Diagnosis can be especially difficult in elderly patients. 

VVS is common in the elderly, however cardiac syncope, OH, postprandial hypotension 

and syncope as a side effect of polypharmacy are also common presentations in this 

population [2, 192]. Taking a clear history can be challenging, as aging patients often have 

poor recall of the event and present with multiple comorbidities. Further, advancing age 

affects the clinical presentation of VVS, elderly patients are less likely to describe 

prodromal signs and symptoms that are typical of reflex syncope, making it more difficult 

to distinguish from cardiac causes [123, 193–195]. 

Current guidelines emphasize that reducing inappropriate admissions and testing 

is a priority and recommend that the initial evaluation should include a detailed history, an 

electrocardiogram (ECG) to screen for electrical cardiac abnormalities, and a physical 

examination with orthostatic vital signs (HR and blood pressure) [1, 190]. A thorough 

history can often determine the cause of the event, and recently, prognostic scoring 

systems and flow-charts have been developed to aid the risk stratification of patients and 

direct appropriate clinical investigations where necessary [196–198]. Despite this 

guidance, determining the diagnosis can still be difficult, and over-investigation is still 

problematic. Accordingly, the development of novel, inexpensive, and efficient techniques 

that can accurately diagnose VVS is a priority. 

When the etiology of syncope remains unclear, autonomic function testing can 

provide key diagnostic insights and can aid in identifying underlying autonomic causes for 

the event [199]. In preparation for autonomic function testing, patients should be asked to 

refrain from nicotine and caffeine on the day of testing and should be asked to refrain from 

vigorous exercise and alcohol for at least 12 hours prior to the test. Where possible, 

medications should be held for at least 5 half-lives [199]. Orthostatic symptoms are often 

worse in the morning, thus it is preferable to conduct autonomic function testing early in 

the day [200]. Meals consumed prior to the test should be light, and should be eaten at 

least 2 hours prior to the test to minimize the influence of post-prandial hypotension [140, 

200]. As external stimuli are also likely to influence blood pressure control, the laboratory 
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environment is also important; the testing space should be quiet, calm, comfortable and 

temperature controlled (20 - 22°C), to facilitate a relaxing environment [140, 200].  

Continuous, non-invasive, monitoring of blood pressure and HR is ideal for the 

assessment of baroreflex control during autonomic function testing procedures [140, 200–

202]. Blood pressure and HR are constantly fluctuating and can decompensate rapidly, 

thus intermittent monitoring methods are likely to miss key data that would inform the 

diagnosis. Intravascular instrumentation is known to influence blood pressure control and 

predispose to syncope [187], thus non-invasive monitoring methods are preferred [140, 

200]. Devices that use finger plethysmography to record beat-to-beat blood pressure 

continuously and non-invasively from the finger, such as the Finometer™, have become 

a mainstay in autonomic testing laboratories. However, these specialized devices are 

reasonably expensive and therefore are not widely used in hospitals and clinics.  

Three key autonomic function tests that are particularly useful in the evaluation of 

syncope are HUT testing, active stand test, and the Valsalva maneuver. 

1.5.1. Head-up tilt testing 

HUT testing is a method of assessing OT and is a very useful tool for the 

investigation of unexplained syncope, OH, and chronic orthostatic intolerance [200, 201]. 

This provocative test enables investigators to observe the patient’s cardiovascular 

responses to orthostatic stress, with a goal of reproducing the syncopal or presyncopal 

episode, as it is experienced outside the clinic, to facilitate a diagnosis. OT is defined as 

the time and/or degree of orthostatic stress required to provoke the syncopal/presyncopal 

response [140]. Many HUT techniques have been described, with varying degrees of 

sensitivity, specificity and reproducibility. Ideally, a chosen HUT test protocol should 

discriminate between patients with orthostatic disorders and healthy controls with high 

specificity, yield reproducible results, and facilitate the evaluation of therapeutic 

interventions [140]. HUT techniques can be classified into three categories: passive tilt, 

passive tilt with pharmacological provocation, and passive tilt with combined lower body 

negative pressure (LBNP).  

These three types of tilt tests begin similarly. Patients are placed in the supine 

position on the tilt table and instrumented with cardiovascular monitoring equipment 
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including a continuous, preferably non-invasive, measure of beat-to-beat blood pressure 

and an ECG for continuous monitoring of HR and rhythm. Patients are kept in the supine 

position for at least 20 minutes to facilitate reabsorption of pooled fluid in the dependent 

limbs, and to assess baseline blood pressure and HR [140, 199]. Subsequently, the table 

is tilted head-up to an angle of 60-80° [199, 200], depending on the clinician’s preference. 

The optimal tilt angle has been debated, but angles greater than 60° have been associated 

with reduced specificity, especially when pharmacological provocation is used [203]. The 

sub-90° angle of the tilt-table provides a near-maximal gravitational stimulus (>87%) for 

venous pooling and capillary filtration, while allowing the patient to be supported against 

the table, minimizing activation of the skeletal muscle pumps [140, 200]. Patients are 

further instructed to remain as motionless as possible for the duration of the test. The 

gravitational stress challenges orthostatic blood pressure control, and in patients who are 

susceptible to postural syncope, a blood pressure drop is likely to be provoked [140]. 

Depending on the specific goals of the evaluation, the clinician may opt to terminate the 

test at presyncope, before the patient loses consciousness, or allow the event to progress 

to syncope. Progressing to a loss of consciousness is usually not necessary to reproduce 

symptoms or facilitate a diagnosis, but may be necessary if the physician wishes to assess 

the magnitude of bradycardia or the length of potential asystoles. The specific 

cardiovascular response can be used to characterize the syncopal event based on 

established criteria, and if the symptoms presenting during tilt are similar to those 

experienced in previous syncopal events, this may help confirm a diagnosis [140, 201].  

A passive tilt protocol typically involves 20-60 minutes of orthostatic stress, 

continued until the onset of syncope or presyncope [140]. While passive tilt alone has a 

high specificity, it has a correspondingly low sensitivity for diagnosis, as it is unable to 

provoke a blood pressure drop in all patients [204, 205]. This led to the exploration of 

provocative methods that could increase the sensitivity of this test. Pharmacological 

agents, such as isoproterenol (β-adrenergic agonist) and sublingual nitroglycerin 

(vasodilator), have been used to increase cardiovascular stress during the orthostatic 

challenge [140, 200]. The historical rational for choosing isoproterenol was that it was 

thought to stimulate ventricular receptors to produce a vasovagal response through 

activation of the Bezold-Jarish reflex, which has lost merit in recent years [139]. Typically, 

the pharmacological agent is given after a period of passive tilt alone (~30-45 min) [203]. 

The problem with pharmacological provocation is that the increase in test sensitivity 
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comes at the cost of test specificity [140, 199, 206, 207]. Immediately after administration, 

there is a high rate of presyncope [208], and because the physiological mechanism of the 

pharmacological agent is not the same as progressive orthostatic stress, the faint 

provoked may not be similar to what the patient experiences in daily life [200]. Moreover, 

these pharmacological agents have associated risks and side effects and the use of 

intravascular instrumentation for the implementation of some pharmacological 

interventions is problematic, greatly increasing the rate of false positives [140, 200].  

Recognized by many experts as the “gold standard” in OT testing, passive HUT 

with combined, graded LBNP, provides a stronger gravitational stimulus, without the 

disadvantages associated with pharmacological provocation [140]. This technique has 

been shown to provoke a presyncopal response in nearly all participants (85% sensitivity), 

while still distinguishing between patients with syncope and healthy individuals with a 92% 

specificity [139, 209]. The high repeatability of this test (1.1 ± 0.6 min) not only instills 

confidence in the diagnosis and the pathophysiological assessment, but also facilitates 

the evaluation of therapeutic interventions for syncope and orthostatic intolerance [139, 

140]. This method is described in detail in section 2.5. 

While HUT testing is certainly a valuable tool for the assessment and diagnosis of 

unexplained syncope and orthostatic intolerance, there are some disadvantages. Tilt 

testing is time consuming, demands patient cooperation, and is costly, necessitating 

specialized equipment and highly experienced personnel. This test can also be 

uncomfortable for the patient; syncopal responses are sometimes accompanied by 

asystoles and hypoxic seizures, and although atypical, arrhythmias have been reported 

[140, 200]. Finally, HUT testing requires patients to have both the ability to assume an 

orthostatic posture and to stand motionless for the duration of the test. This can be quite 

challenging in children and in the elderly, and impossible in those with spinal cord injury, 

Parkinson’s disease and other gait disorders; despite the fact that these populations 

exhibit an increased prevalence of syncope. 

1.5.2. The active stand test 

The active stand is another test that can be useful for assessing orthostatic 

cardiovascular control [200, 201]. While the patient lies supine for several minutes 

baseline blood pressure and HR are recorded, then the patient is asked to quickly 
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transition to the upright posture and maintain motionless standing for at least 5 minutes 

while continuous cardiovascular responses are observed [201]. In contrast to passive tilt, 

when the patient stands, there is some activation of postural muscles that compress veins 

in the lower extremities, engaging the skeletal muscle pump to some extent [200, 201]. As 

previously mentioned, the active stand test is more likely to capture initial OH (with or 

without delayed recovery) than HUT [87], and it can be used to diagnose classic OH, 

delayed OH, and POTS if HR and blood pressure criteria are met and symptoms are 

reproduced [200, 201]. While this test more realistically simulates standing in daily life, it 

is not very sensitive, and compared to HUT, it is far less likely to reproduce a vasovagal 

reaction [201].  

1.5.3. The Valsalva maneuver 

The Valsalva maneuver (VM) is a short (<2min), simple, and inexpensive test that 

can be easily performed at the bedside and is frequently used clinically to evaluate 

autonomic reflexes in adults. The VM is an expiratory strain characterized by changes in 

intrathoracic pressure, which in turn produce a specific, phasic hemodynamic response 

(Figure 1.13) [199, 210–212]. When paired with continuous recordings of HR and BP, the 

VM provides valuable information on both sympathetic and parasympathetic reflexes and 

is a reliable and reproducible method of testing autonomic reflex function [210]. Normative 

data are available for phasic HR and blood pressure responses to the VM, and 

characteristic abnormalities in these responses have been associated with neurogenic OH 

and hyperadrenergic POTS [199, 202]. 

To perform a VM, the patient or participant is asked to expire into a closed loop 

system, maintaining a pressure of 40 mmHg for 20 s while the changes in HR and blood 

pressure are continuously monitored [199, 202]. At the onset of the strain (phase 1), the 

rise in intra-thoracic pressure is translated to the arterial circulation via mechanical 

compression of the aorta, resulting in a brief (1-3 s) rise in blood pressure. Simultaneous 

compression of the vena cava initiates phase 2A, as the subsequent reduction in venous 

return and associated fall in preload cause SV, CO and blood pressure to fall. The 

decrease in blood pressure is detected by arterial baroreceptors that signal efferent 

pathways to increase TPR, HR and cardiac contractility, restoring blood pressure (phase 

2B). Termination of the strain and the abrupt reduction in intra-thoracic pressure effects a 

transient MAP reduction (phase 3). There is then a rapid recovery in venous return and 
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CO, which is pumped through the still-constricted systemic vasculature, resulting in a rapid 

blood pressure recovery and overshoot (phase 4). Meanwhile, baroreceptors reflexively 

inhibit sympathetic outflow and boost vagal tone to bring blood pressure and HR back to 

baseline.  

Examination of the blood pressure response to a VM can often identify and localize 

autonomic nervous system abnormalities. The phase 2 recovery of MAP is thought to be 

mediated by α-adrenergic stimulation, while the phase 4 recovery is believed to be 

mediated by β-adrenergic activity [199, 213]. A failure or blunting of either of these 

response phases can be indicative of adrenergic insufficiency and the extent of this 

blunting is often correlated with the severity of adrenergic dysfunction [199, 210]. 

Specifically, patients with neurogenic OH usually demonstrate a “V” pattern response 

(Figure 1.14 A and B), where blood pressure does not recover during phase 2B, with a 

prolonged blood pressure recovery time following strain termination [199, 214]. In contrast, 

patients with hyperadrenergic POTS have been shown to exhibit an “N” pattern (Figure 

1.14 C), characterized by a sustained blood pressure overshoot following termination of 

the strain (Phase 4) [199, 214]. Unfortunately, it is not known whether there are 

characteristic abnormalities in the responses to the VM in patients with VVS. 

When a continuous, non-invasive measure of blood pressure is not available, the 

Valsalva ratio is a measure of cardiac parasympathetic function that can be obtained from 

the HR recording alone, requiring minimal equipment. The Valsalva ratio is calculated as 

the maximum HR achieved during the strain divided by the minimum HR recorded in the 

30s following strain termination [199, 210]. However, when evaluating the HR response in 

the absence of beat-to-beat blood pressure and expiratory pressure recordings, the 

likelihood of inaccuracy in the interpretation is high, and further, alone, this measure is not 

particularly informative in the evaluation of syncope and orthostatic intolerance [199, 210].  

While the blood pressure and HR responses to the VM are well characterized, end 

organ responses in the peripheral vasculature have not yet been described. It is known 

that patients with VVS exhibit reduced peripheral vascular resistance responses during 

HUT testing compared to healthy controls, and maximal peripheral vascular resistance 

responses during HUT have been shown to correlate with OT [150–152]. Similar to HUT, 

the VM induces blood pressure changes that elicit baroreflex-mediated vasoconstriction, 
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so it is conceivable that peripheral vascular responses to the VM may be useful in 

identifying patients with VVS.  

 
 

 
Figure 1.13. Representative Valsalva maneuver (VM) trace from a young, healthy 

participant.  
The sample trace shows the phasic blood pressure (BP) and heart rate (HR) responses to a 
standard (40 mmHg) supine VM. At the onset of strain (phase 1), the rise in intrathoracic pressure 
is translated to the arterial circulation due to mechanical compression of the aorta, resulting in a 
brief (1-3s) rise in BP. Simultaneous compression of the venae cavae soon initiates phase 3 as the 
reduction in venous return and subsequent fall in preload, stroke volume and cardiac output cause 
BP to fall (phase 2A). This BP drop is detected by arterial baroreceptors that signal efferent 
pathways to increase total peripheral resistance, HR and cardiac contractility, thus increasing BP 
(phase 2B). Termination of the strain interrupts this rise in BP as the abrupt reduction in 
intrathoracic pressure effects a transient reduction in BP (Phase 3). As venous return recovers and 
blood is pumped through the constricted systemic vasculature, BP is rapidly recovered and 
overshoots (phase 4) before baroreceptors withdraw sympathetic drive and activate 
parasympathetic pathways that bring BP and HR back down to baseline values. 
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Figure 1.14. Valsalva maneuver traces from patients with autonomic disorders.  
A. This Valsalva trace is from a patient with moderate autonomic failure (neurogenic OH). Blood 
pressure decreases during phase 2A then stabilizes, but does not recover. There is a blood 
pressure overshoot, but it is delayed. The heart rate response is absent, suggesting significant 
parasympathetic dysfunction. B. A Valsalva maneuver in a patient with more severe autonomic 
failure. Blood pressure does not recover in phase 2B, there is no blood pressure overshoot and the 
heart rate response is absent. This patient would be at risk of fainting while performing the Valsalva. 
C. This Valsalva trace from a patient with POTS demonstrates the exaggerated blood pressure 
overshoot characteristic of the hyperadrenergic variant. Adapted from Jones and Gibbons, 2014 
[199].  
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1.6. Managing recurrent syncope is challenging and often 
ineffective 

Managing recurrent postural syncope and orthostatic intolerance is challenging. 

Patient counselling and lifestyle advice are recommended as a first line approach; patients 

should be educated about their condition, advised to increase fluid intake, avoid known 

triggers, and to lie down if they recognize a syncopal episode is imminent [1, 190]. Physical 

counter-maneuvers (e.g., squatting, leg crossing, limb and/or abdominal contractions) that 

engage the skeletal muscle pump can be employed to boost venous return and stabilize 

blood pressure [1, 190]. However, counter-pressure maneuvers are only useful in patients 

with a sufficient symptomatic warning to employ them [1, 190], and are difficult to perform 

for those with impaired gait or neuromuscular disorders, who are particularly prone to OH. 

They are less effective in patients older than 60 years [190]. In patients with initial OH, a 

recent study showed that initial orthostatic blood pressure drops were blunted, and 

symptoms were improved, when leg muscles were stimulated electrically (producing 

involuntary contractions) for 30 seconds prior to standing [215]. 

Head-up sleeping (10°) and salt supplementation have both been shown to 

increase plasma volume and improve OT in patients with syncope [216, 217], although 

salt supplementation is more effective in patients with low urinary sodium [167, 218]. Bolus 

water drinking (~500mL) has also been shown to acutely improve OT through an increase 

in sympathetic activation [219–221], with some evidence that additional cardiovascular 

benefit is achieved with cold water (0-3°C), as opposed to warm (45°C) or room 

temperature (20°C) [222]. Patients with orthostatic syncope, particularly patients with 

POTS and/or associated deconditioning should be advised to engage in a structured, 

progressive aerobic exercise program, with some resistance training. The program should 

begin with exercise modalities that limit orthostatic stress, such as swimming, recumbent 

bikes and rowing machines, and gradually progress to include orthostatic exercise [223]. 

While lifestyle recommendations certainly improve outcomes, they are not usually 

sufficient for management of frequent episodes. Additional strategies employed in the 

management of recurrent syncope and orthostatic intolerance include pharmacological 

therapy, aimed at enhancing vasoconstriction (Midodrine, Droxidopa (only recommended 

for neurogenic OH)) or expanding plasma volume (Fludrocortisone) [1, 190]. While these 

medications do increase orthostatic blood pressure and reduce syncopal recurrence, they 
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also increase supine blood pressure and do have a risk of side effects. Their use is limited 

in patients with supine hypertension, a comorbidity that commonly presents with OH [1, 

190]. Low dose propranolol (β-blocker) may be additionally used to reduce sinus 

tachycardia and palpitations in patients with POTS [223]. In patients over 40 years of age, 

cardiac pacing is a class IIa recommendation for carotid sinus syndrome, and a class IIa 

recommendation for the management of VVS with profound cardioinhibition according to 

European guidelines, but a class IIb recommendation for VVS with profound 

cardioinhibition according to American guidelines [1, 190]. However, it should only be used 

in patients who experience frequent recurrences with a high risk of injury, where other 

management strategies are ineffective [190]. Patients who might benefit from pacing must 

be carefully selected and demonstrate an asystole, without a vasodepressor response 

during a syncopal event provoked by HUT in the clinic. If the asystole is accompanied by 

a vasodepressor response, the patient is not likely to benefit from cardiac pacing [1, 190]. 

The risk of complication and potential lifestyle consequences must be considered prior to 

deciding to proceed with pacemaker implantation, especially in younger patients.  

Orthostatic fluid shifts (venous pooling and capillary filtration) are major 

contributors to orthostatic syncope susceptibility, and accordingly, present a key 

therapeutic target for the management of recurrent episodes. In the legs, the accumulated 

fluid loss is considerable, with 500mL collecting in just 10-minutes of HUT [224]. In patients 

with syncope, this fluid loss is often exaggerated [224]. In an attempt to minimize 

orthostatic fluid shifts and associated reductions in BP, patients are often prescribed static 

compression garments. These garments apply targeted external counter pressures over 

the legs and/or splanchnic circulation and are currently a class IIa recommendation for 

orthostatic syncope and presyncope [1, 190]. In healthy controls [225–227], as well as 

patients with OH [228–230] and POTS [231, 232], larger compression garments that 

envelop the entire leg and/or abdomen have proven to be effective at mitigating orthostatic 

fluid shifts, improving hemodynamic control and ameliorating orthostatic symptoms during 

short bouts of orthostatic stress. While these garments are promising, associated 

discomfort and difficulty putting on and removing the garments raise concerns regarding 

patient compliance and represent significant barriers to therapeutic use [233, 234]. 

Furthermore, while sitting, there is a reversal of the pressure gradient over the thighs, 

which may actually exacerbate pooling [235]. Below knee calf compression stockings are 

more comfortable and are thus associated with greater patient adherence [236], however, 
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their efficacy in reducing orthostatic fluid shifts and improving OT, has been questioned 

[231, 237, 238]. We showed previously that intermittent calf compression outperforms 

commonly prescribed static compression stockings at reducing venous pooling and 

capillary filtration in the calf, and effectively improves cardiovascular control, during a short 

(10-minute) orthostatic challenge (Figure 1.15) [238]. Intermittent compression mimics the 

action of the skeletal muscle pump, minimizing venous pooling by pushing blood up past 

venous one-way valves and improving orthostatic cardiovascular control by increasing 

venous return and SV. We further determined that the optimal compression paradigm to 

prevent orthostatic fluid shifts and thus ameliorate orthostatic cardiovascular control is low 

frequency (4s on - 11s off) compression from 0-60 mmHg (Figure 1.16) [238]. This 

promising alternative to static compression garments has the potential to improve the 

management of syncope, but has not yet been shown to improve OT. 
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Figure 1.15. Compared to static (elastic and inelastic) compression stockings, intermittent calf compression better prevents 

lower limb pooling and improves cardiovascular control during passive orthostasis. 
A. Cumulative percentage volume changes in the calf from supine after 10 minutes of head-up tilt in each tilt condition, intermittent calf compression 
reduced venous pooling more than static compression stockings and reduced calf circumference compared to supine values. B. Heart rate is shown 
during supine baseline and after 10 minutes of head-up tilt in each condition. With intermittent calf compression heart rate remained lower during 
orthostatic stress, reflecting an increased heart rate reserve. C. Stroke volume is shown during supine baseline and after 10 minutes of head-up tilt 
in each condition. During orthostasis, stroke volume was increased with intermittent calf compression compared to static compression stockings. 
Intermittent calf compression was delivered at a pressure of 0-100 mmHg. With no additional benefit achieved with high frequency intermittent 
compression compared to low frequency intermittent compression, the low frequency paradigm was determined to be optimal and was carried 
forward in subsequent experiments. Symbols: Ω Significantly different from placebo; † Significantly different from elastic compression condition; ‡ 
Significantly different from inelastic compression condition. * Significantly different from baseline. Abbreviations: ICLF, low frequency intermittent 
compression (4s on 11s off); ICHF, high frequency intermittent compression (4s on 6 s off); HR, heart rate; SV, stroke volume. Adapted from Hockin 
et. al., 2019 [238].  
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Figure 1.16. Low frequency intermittent calf compression at a pressure of 0-60 mmHg is the optimal paradigm for preventing 

venous pooling and ameliorating cardiovascular control.  
A. Cumulative percentage volume changes in the calf from supine after 10 minutes of head-up tilt in each tilt condition, intermittent calf compression 
at 0-60 mmHg effectively prevented fluid accumulation in the calf, while higher pressures reduced calf volume compared to supine values. B. Heart 
rate is shown during supine baseline and after 10 minutes of head-up tilt in each condition. Intermittent calf compression at pressures of 0-60 mmHg 
or higher were associated with significant reductions in the orthostatic heart rate response, reflecting an increased heart rate reserve. C. Stroke 
volume is shown during supine baseline and after 10 minutes of head-up tilt in each condition. During orthostasis, stroke volume was increased with 
intermittent calf compression pressures of 0-60 mmHg or higher. With no additional benefit achieved with intermittent compression pressures above 
0-60 mmHg, low frequency intermittent compression from 0-60 mmHg was determined to be the optimal paradigm. Symbols: Ω Significantly different 
from placebo; † Significantly different from 0 to 40 mmHg condition; * Significantly different from baseline. Abbreviations: HR, heart rate; SV, stroke 
volume. Adapted from Hockin et. al., 2019 [238].



48 

1.7. Thesis outline and project overview 

This thesis aims to advance understanding of the impact of syncopal disorders on 

quality of life and provide new insights into the mechanisms underlying syncope, while 

exploring novel diagnostic techniques and innovative therapies to improve the 

assessment and management of syncopal disorders. Following this introductory chapter, 

Chapter 2 provides a general review of methods employed in the experimental chapters 

of this manuscript-based thesis. Chapters 3-6 represent a collection of multifaceted 

experiments that use a variety of approaches to address critical concerns for patients with 

syncopal disorders, with a view to improve patient care and quality of life for this 

population. While the experimental chapters have been arranged logically, and explore 

central themes, they are written as stand-alone manuscripts that can be read in any order. 

This thesis concludes with a general discussion of the experimental work, highlighting the 

key findings and examining how they contribute to the literature, while considering the 

future research directions and real-world implications for patient care. An overview of each 

experimental chapter, including project aims, key findings, as well as publication and 

author details, are described below. 

Some of the evidence cited in the introductory chapter, supporting the rationale for 

the studies to follow, stems from my previous work:  

M.A. Tester, B.C.D Hockin, T. David, S. Franciosi, K. Harris, V.E. Claydon, S. Sanatani. 
(2018) Polymorphic ventricular tachycardia associated with an episode of reflex syncope: 
is this the needle in the haystack? Heart Rhythm Case Reports. 4(11): 510-513. 
B.C.D. Hockin, I.A. Ruiz, G.K. Brar, V.E. Claydon. (2019) Intermittent calf compression 
reverses lower limb pooling and improves cardiovascular control during passive 
orthostasis. Autonomic Neuroscience: Basic and Clinical. 217:102-113. 
K.E. Coupal, N.D. Heeney, B.C.D. Hockin, R. Ronsley, K. Armstrong, S. Sanatani, V.E. 
Claydon. (2019) Pubertal hormone changes and the autonomic nervous system: potential 
role in paediatric orthostatic intolerance. Frontiers in Neuroscience. 13:1197[1-20]. 
K. Coupal, N.D. Heeney, B.C.D. Hockin, R. Ronsley, K. Armstrong, S. Sanatani, V.E. 
Claydon (2021) Pubertal hormone changes and the autonomic nervous system: potential 
role in paediatric orthostatic intolerance. Frontiers in Neuroscience, 13: 1197[1-20]. In: 
Autonomic Neuroscience Editor’s Pick 2021. Ed: V.G. Macefield and J.C. Bornstein. 
Lausanne: Frontiers Media SA, 1st edition. Section 17, pages, 166-185. 
N.D. Heeney, R.H. Lee, B.C.D. Hockin, D.C. Clark, S. Sanatani, K. Armstrong, T. Sedlak, 
V.E. Claydon. (2021) At-home determination of 24-h urine sodium excretion: Validation of 
chloride test strips and multiple spot samples. Autonomic Neuroscience: Basic and 
Clinical. 233:102797[1-10]. 
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I.T. Parsons, B.C.D. Hockin, N.D. Heeney, E.L. Williams, V-E.M. Lucci, R.H. Lee, M.J. 
Stacey, N. Gall, P. Chowienczyk, D.R. Woods. (2022) The effect of water temperature on 
orthostatic tolerance. Clinical Autonomic Research. 32 (2):131-141. 
R.E.Y. Wu, F.M. Khan, B.C.D. Hockin, T.C.A. Lobban, S.Sanatani, V.E. Claydon. (2022) 
Faintly tired: a systematic review of fatigue in patients with orthostatic syncope. Clinical 
Autonomic Research. 32 (3):185-203. 

1.7.1. Chapter 3 

Evaluating the impact of orthostatic syncope and presyncope on quality of 
life: a systematic review and meta-analysis. 

While studies have reported that quality of life is reduced in patients with orthostatic 

syncope and presyncope, the global impact of orthostatic syncope on quality of life 

remains somewhat unclear; which quality of life domains are predominantly affected by 

orthostatic syncope and presyncope, how do quality of life impairments differ between 

orthostatic syncopal disorders, and what key issues are causing these impacts? In this 

first experimental Chapter, I report the findings of a systematic review and meta-analysis 

that: (i) collates and reports evidence on the impact of orthostatic syncope and presyncope 

on quality of life, (ii) evaluates the impact of syncopal disorders on domains of quality of 

life, (iii) identifies key factors influencing quality of life outcomes in patients with syncopal 

disorders, and (iv) combines data, where available, to compare quality of life between 

people with syncopal disorders and population normative data. This work demonstrates 

that orthostatic syncope profoundly impairs quality of life across both physical and mental 

health domains, with particularly severe impairments in patients with POTS and in those 

who experience high event frequency. Increased autonomic symptom severity, and the 

presence of mental health disorders and/or comorbidities were additionally identified as 

factors associated with more severe quality of life impairments. This study highlights the 

need to advance understanding of mechanisms, diagnostic processes and treatments in 

order to improve quality of life for patients with orthostatic syncope and presyncope. This 

work has been peer reviewed and published: 

B.C.D. Hockin, N.D. Heeney, D.G.T. Whitehurst, V.E. Claydon. (2022) Evaluating the 
impact of orthostatic syncope and presyncope on quality of life: a systematic review and 
meta-analysis. Frontiers in Cardiovascular Medicine. 9:834879[1-27]. 
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1.7.2. Chapter 4  

A. Forearm vascular resistance responses to the Valsalva maneuver in 
healthy young and older adults. 

The diagnostic process is often long and arduous for patients with unexplained 

syncope, and is simultaneously costly to the healthcare system. Our systematic review 

(Chapter 3) further noted that a lack of diagnosis can be a significant barrier to receiving 

education and management recommendations, which may affect quality of life. 

Accordingly, there is a need for novel, inexpensive, and efficient techniques that can 

accurately diagnose the etiology of syncope. This Chapter aims to shed new light on 

vascular mechanisms contributing to syncope, and explore potential avenues for new 

diagnostic techniques by characterizing the beat-to-beat forearm vascular resistance 

(FVR) response to the VM in healthy men and women for the first time. I examine the 

impact of age and sex on these responses, and explore the potential of these responses 

to identify individuals with high syncope susceptibility. In this exploratory study, I show that 

FVR responses to the VM increase with age and that, in healthy controls, small FVR 

responses to the VM were associated with reduced OT. This work has been peer-reviewed 

and published: 

B.C.D. Hockin, E.Z. Tang, M.G. Lloyd, V.E. Claydon. (2021) Forearm vascular resistance 
responses to the Valsalva maneuver in healthy young and older adults. Clinical Autonomic 
Research. 31(6):737–753. 

B. Reliance on vascular responses for the maintenance of blood pressure in 
healthy older adults – insights from the Valsalva maneuver 

In Chapter 4A we demonstrated that end-organ peripheral (forearm) vascular 

resistance (FVR) responses were significantly greater in older adults during the VM 

Surprisingly, despite this larger vascular resistance response, the magnitude of the blood 

pressure recovery during the VM was similar between the older and young adults, 

suggesting that either FVR responses do not reflect TPR, or that cardiac responses are 

blunted in older adults. This short report expands on the findings of Chapter 4A, assessing 

the impact of age and sex on CO, SV and TPR responses during the VM. We show that 

SV and CO fall more in older adults compared to young adults during the Valsalva strain, 

and that this is compensated for by increased vascular resistance responses. This work 

has been peer-reviewed and published: 
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B.C.D Hockin, O.M. Taha, V.E. Claydon. (2021) Reliance on vascular responses for the 
maintenance of blood pressure in healthy older adults – insights from the Valsalva 
maneuver. Autonomic Neuroscience: Basic and Clinical. 236:102898[1-5]. 

1.7.3. Chapter 5 

Pain associated with intravascular instrumentation reduces orthostatic 
tolerance and predisposes to vasovagal reactions in healthy young adults. 

Vasovagal reactions are frequently triggered by pain or emotional stress, 

especially with blood-injection-injury stimuli in medical settings. Mechanistically, it is not 

known how intravascular instrumentation influences hemodynamic control and 

predisposes to syncope and, to date, no placebo-controlled studies have investigated how 

intravascular instrumentation mechanistically influences orthostatic responses. In order to 

provide effective management options to patients who experience syncope and 

presyncope with blood-injection-injury stimuli, we need to acquire a better of 

understanding of the mechanisms that produce this response. In this randomized, double-

blind, placebo-controlled cross-over study, I aimed to examine the impact of intravenous 

(IV) instrumentation on OT in healthy young adults, and evaluate the impact of associated 

pain, as well as the presence of the needle in the blood vessel as possible factors that 

predispose to syncope. I show that pain plays a key role in predisposing to syncope 

following venipuncture, by reducing capacity to achieve maximal sympathetic activation. I 

further suggest that topical anesthetics may be useful for reducing the frequency and 

severity of presyncopal symptoms and vasovagal reactions during procedures requiring 

needles and intravascular instrumentation, such as during vaccinations, blood samples 

and blood donations. Note that this experimental chapter represents an interim analysis, 

and that additional participant recruitment and testing is underway. 

1.7.4. Chapter 6  

Intermittent calf compression delays the onset of presyncope in young 
healthy individuals. 

Despite an array of therapeutic options, management of recurrent syncope 

continues to be challenging. In Chapter 3, I reported that impairments to quality of life are 

particularly severe in patients with POTS and in those who experience a high frequency 

of episodes. As shown in Chapter 4, small peripheral vascular resistance responses are 

associated with increased syncope susceptibility, exacerbating venous pooling and 
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capillary filtration, and increasing reliance on skeletal muscle pumping when 

cardiovascular compensation is inadequate. With this in mind, it is clear that researchers 

must prioritize the identification of novel and effective management strategies to improve 

quality of life for patients with syncopal disorders. Building on my previous work [238], in 

this Chapter I examine the efficacy of two novel intermittent calf compression paradigms 

(1. 0-30 mmHg, 4 s on – 11 s off; 2. 0-60 mmHg, 4 s on – 11 s off) for improving OT in 

healthy young adults. I show that intermittent calf compression from 0-60 mmHg 

significantly reduces gravitational fluid shifts, ameliorates orthostatic cardiovascular 

control and improves OT. Intermittent calf compression is a promising novel intervention 

for the management of disorders of orthostatic intolerance, and may improve patient 

quality of life. This work has been peer-reviewed and published:  

B.C.D. Hockin, V.E. Claydon. (2020) Intermittent calf compression delays the onset of 
presyncope in young healthy individuals. Frontiers in Physiology. 10:1598[1-16]. 
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Chapter 2.  
 
General Methodology 

While Chapters 4, 5, and 6 investigate/explore diverse experimental questions, 

many similar methodological approaches were adopted, and much of the same monitoring 

equipment was used to quantify cardiovascular and responses across these studies. This 

chapter will provide detailed descriptions of these methodologies.  

The methodology employed in our systematic review and meta-analysis evaluating 

the impact of syncope and presyncope on quality of life will be explicitly described in 

Chapter 3. 

2.1. Ethical approval 

Ethical approval for the studies described in Chapters 4, 5 and 6 was obtained 

from the Simon Fraser University Department of Research Ethics. All experiments were 

conducted in accordance with the Declaration of Helsinki. Prior to testing, volunteers were 

provided with a detailed explanation of the experimental protocol and written, informed 

consent was obtained from all participants. 

2.2. General protocol considerations 

All human participant testing was conducted in a temperature-controlled laboratory 

(20-22°C) at Simon Fraser University. Tests were usually conducted in the mornings, and 

where experimental protocols required multiple lab visits, tests were conducted at the 

same time of day. On the day of the test, volunteers were asked to have only a light 

breakfast, and to avoid strenuous exercise, alcohol and caffeine for at least 12 hours prior 

to testing. Women were asked to note the day of their last period to avoid scheduling 

testing on a day when they had or expected their period, because this may influence 

cardiovascular responses and OT. When multiple lab visits were required, we controlled 

for menstrual phase (follicular/luteal) in naturally cycling female participants. We took a 

brief medical history prior to testing in order to screen for cardiovascular or neurological 
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disease, inquire about previous episodes of syncope, and obtain information about 

medications (including hormonal contraceptives) and general cardiovascular risk factors. 

2.3. Cardiovascular monitoring 

Beat-to-beat SAP, DAP, MAP, as well as HR and rhythm (lead II ECG) were 

measured continuously and non-invasively with the Finometer Pro™ device (finger 

plethysmography, Finapres Medical Systems, Amsterdam). Continuous estimates of SV 

and CO were determined using the Finometer Pro’s™ integrated Modelflow™ algorithm. 

Mean CBFv was recorded unilaterally from the middle cerebral artery (usually on the left 

side) through the transtemporal window using a 2MHz transcranial Doppler ultrasound 

probe (Doppler Box, Compumedics DWL, Singen, Germany). The probe was secured with 

a headband to maintain a constant angle of insonation. Brachial blood flow velocity (BBFv) 

was recorded continuously from the brachial artery using a 8MHz Doppler ultrasound 

probe, with the forearm supported at heart level. The probe was secured with a clamp to 

maintain a constant angle of insonation. Lastly, end tidal gases were sampled using a 

nasal cannula and gas analyzer (O2Cap Oxygen Analyzer, Oxigraf Inc, Sunnyvale, CA, 

United States), to evaluate any influence of changes in ventilation and associated 

fluctuations in carbon dioxide on CBFv. All cardiovascular recordings were sampled at 1 

KHz using an analog-to-digital converter (Powerlab 16/30, AD Instruments, Colorado 

Springs, CO), acquired using LabChart physiological data analysis software (AD 

Instruments), and stored for offline analysis. 

2.3.1. General analysis considerations for cardiovascular data 

To remove electrical noise, a low-pass filter (< 50 Hz) was applied to the raw ECG, 

BBFv and CBFv signals in LabChart, and to remove artefacts from the CBFv waveform, 

an additional median filter (~51 samples, or 0.05 s) was applied. Labchart’s cyclic peak 

detection algorithms were used to extract beat-to-beat HR, SAP, DAP, mean BBFv, mean 

CBFv, and breath-by-breath end-tidal partial pressures of CO2 (PETCO2) from raw signals. 

MAP was calculated from the blood pressure waveform as 1/3 SAP + 2/3 DAP, and TPR 

was subsequently calculated as MAP/CO. Mean, beat-to-beat BBFv and CBFv were 

computed by integrating the waveforms over each heartbeat. FVR was calculated as 

MAP/mean BBFv. 
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2.3.2. Finger plethysmography as a method of continuous, non-
invasive, beat-to-beat blood pressure measurement 

Continuous beat-to-beat blood pressure recordings are essential for assessing 

cardiovascular autonomic reflex control. While intra-arterial catheters equipped with 

pressure transducers are the current gold standard for continuous blood pressure 

monitoring [239], this method is invasive, and is thus associated with some risk of 

complication (bleeding, arterial thrombosis, infection, distal limb ischemia), can be time 

consuming, and requires medical expertise [239, 240]. Furthermore, intravascular 

instrumentation has long been known to influence orthostatic cardiovascular responses 

and predispose to syncope [187]. As arterial catheters are not desirable for short term-

blood pressure monitoring performed in a research setting, especially when assessing 

orthostatic responses, we used the Finometer Pro™ to record beat-to-beat blood pressure 

non-invasively. 

Based on Peñáz’s technique, the Finometer Pro™ device uses infrared 

photoplethysmography, combined with the volume clamp method, to record beat-to-beat 

blood pressure from the finger continuously and non-invasively [241]. A small Velcro cuff 

equipped with an inflatable bladder, an infrared light emitting diode (light source), and a 

photo diode (light detector), is secured to the middle phalanx of the index, middle or ring 

finger, with the light emitting and photo diodes positioned on either side of the finger, in 

line with the digital arteries (Figure 2.1.A.) [242]. The infrared photo diode detects 

changes in arterial diameter, which are proportional to changes in light absorption by blood 

in the arteries, to generate a plethysmograph. Guided by the photo-plethysmograph, 

changes in arterial diameter are rapidly opposed by a fast pneumatic servo controller that 

adjusts the pressure in the cuff’s inflatable air bladder, clamping the digital artery at a 

constant, unloaded, diameter (set-point) [239, 241, 243]. When the digital artery is volume 

clamped in an unstretched, unloaded state, where transmural pressure (the difference 

between intraarterial and extramural tissue pressure, or cuff pressure) is zero, then the 

pressure in the cuff is equal to the pressure in the artery, enabling beat-to-beat blood 

pressure measurement(Figure 2.1.B.) [241, 243].  
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Figure 2.1. Infrared finger plethysmography with volume clamping as a method 

for measuring beat-to-beat blood pressure.  
A. A small Velcro cuff equipped with an inflatable bladder, an infrared light emitting diode (light 
source), and a photo diode (light detector), is secured to the middle phalanx of the index, middle or 
ring finger, with the light emitting and photo diodes positioned in line with the digital arteries, on 
either side of the finger. Adapted from [244]. B. Changes in arterial diameter are detected as 
changes in light absorption by the infrared photo diode, generating a plethysmograph. Changes in 
arterial diameter are rapidly opposed by a feedback control system that adjusts the pressure in the 
cuff, clamping the digital artery at a constant, unloaded, diameter (set-point). When the digital artery 
is volume clamped in an unstretched, unloaded state, where transmural pressure is zero, then the 
pressure in the cuff is equal to the pressure in the artery, facilitating the measurement of beat-to-
beat blood pressure. Adapted from [245]. 

Changes in smooth muscle tone can cause the set-point, or unloaded diameter of 

the digital artery, to shift over time and so it must be adjusted periodically [246]. Described 

by Wesseling et al. in 1995, a dynamic servo setpoint adjustment algorithm, known as 

Physiocal, is incorporated into the Finometer Pro device [243]. At regular intervals (up to 

70 beats), the blood pressure recording is briefly interrupted by periods of constant cuff 

pressure (2-3 beats) that enable the unloaded set-point to be recalibrated, based on the 

amplitude and shape of the plethysmogram [243, 246]. To increase the precision of the 

non-invasive blood pressure recordings, the Finometer Pro also incorporates waveform 

filtering, has a height correction unit (serves to correct for differences in hydrostatic 

pressure if the hand is not held at heart level), and uses the “return-to-flow” method to 

calibrate finger blood pressure with brachial blood pressure values [247–249]. Together, 

these enable the reconstruction of the brachial arterial waveform from the finger arterial 

pressure recordings and ensure that blood pressure values meet the accuracy and 
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precision standards set by the Association for the Advancement of Medical 

Instrumentation [247]. This method of non-invasive blood pressure measurement is safe 

and has been validated for use in both healthy adults, and adults with cardiovascular 

disease [247, 250–252].  

2.3.3. Modelflow™: a non-invasive method for estimating beat-to-beat 
cardiac output and stroke volume. 

CO is a key hemodynamic variable, but it is difficult to measure continuously and 

non-invasively. Classic methods for recording CO (e.g. Fick’s principle, indicator dilution, 

thermodilution) are too slow to produce beat-to-beat values, rendering it impossible to 

track rapid changes in CO that occur during a transition from supine to standing, or at 

presyncope [253]. Furthermore, these methods are generally invasive, requiring intra-

arterial and/or intravenous access. CO and SV can be measured continuously and non-

invasively using Doppler ultrasound, or thoracic electrical impedance. However, the use 

of ultrasound is limited in that a trained operator must hold the probe over the left 

ventricular outflow tract at a fixed angle for the duration of the recording, which is not ideal 

for long assessments [253]. Furthermore, these recordings can be difficult to obtain in 

orthostatic postures, and difficult to maintain during postural transitions. Motion artefacts 

are the major limitation with using bioimpedance methods [253]. The development of 

Modelflow™, an algorithm integrated into the Finometer Pro™ that simulates an aortic 

flow waveform from arterial pressure, has enabled estimates of CO and SV to be obtained 

continuously and non-invasively [254]. This method was used to estimate CO and SV in 

Chapters 4, 5, and 6. 

First described by Wesseling et al. in 1993, Modelflow™ computes beat-to-beat 

aortic flow from arterial pressure by simulating a non-linear, time-varying three-element 

model of aortic input impedance (Figure 2.2) [254]. The three elements represent the 

three major properties of the aorta and arterial system that influence CO. The first element 

is aortic characteristic impedance (Z0), which refers to the aorta’s dynamic impedance of 

pulsatile outflow from the ventricle [254]. The second element is arterial windkessel 

compliance (CW), referring to the aorta and arterial system’s capacity to elastically store 

the cardiac stroke output from the left ventricle [254]. These two variables are the major 

determinants of systolic inflow, and they depend on the elastic properties of the aorta [253, 

254]. Previous studies of human aortas have shown that the relationship between aortic 
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cross sectional area and arterial pressure can be described by an arc-tangent equation 

containing age and sex dependent variables [255]. Given the participant’s demographic 

data (age, sex, height and weight), the aortic area-pressure relationship can be simulated, 

enabling Z0 and CW to be computed [253, 254]. 

The third element, total systemic peripheral resistance, is not a major determinant 

of systolic inflow, but is a principal determinant of systolic outflow into the periphery and 

the associated pressure decay. It is an unknown variable that is determined by the model, 

which is then used in the simulation of the next beat. In the model, total systemic peripheral 

resistance is the sum of Z0 and the Poiseuille resistance of all vascular beds combined 

(Rp). Rp can be determined as the ratio of mean pressure and mean flow; changes in Rp 

occur more gradually, and values do not vary greatly between consecutive heart beats. 

For the first beat of the simulation, a reasonable Rp value is assumed, calculated using a 

MAP of 100 mmHg and a CO of 3L/min. Then, for the next beat, Rp is approximated from 

the Finometer’s recorded MAP, and the computed CO, and so on. In this fashion, Rp 

converges from the assumed initial value, to an accurate value within a few heartbeats. 

Z0 and CW are computed as a function of instantaneous arterial pressure and 

inserted into the model; calculations are repeated for each new pressure sample [254]. 

Given Z0, CW, and Rp, the Modelflow™ algorithm simulates an aortic flow waveform, and 

left ventricular SV is derived by integrating the aortic flow over each heartbeat [254]. CO 

is ultimately computed as the product of left ventricular SV and instantaneous HR [254]. 

While other parameters in the arctangent aortic area-pressure relationship regress 

with age, maximal systolic aortic diameter during does not, and it varies considerably for 

both males and females [253–255]. Due to the high variability in this parameter, absolute 

SV and CO values may not be accurate. If absolute values are desired, Modelflow™ needs 

to be calibrated against a standard method, such as the Fick principle or thermodilution. 

Previous studies have validated Modelflow™ for tracking aggregate changes in SV and 

CO, with similar precision to the gold standard, both during steady-state conditions, and 

during cardiovascular stress [253, 256–259]. In Chapter’s 5 and 6, absolute SV and CO 

values, estimated by Modelflow™, are reported to provide context on absolute 

cardiovascular responses. However, these values are always accompanied by data 

reported as the percentage change from baseline, which are more reliable as absolute 

values have not been calibrated using another method.  
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Figure 2.2. Diagram of Modelflow™’s 3-element model for the computation of 
cardiac output from arterial pressure. 

Modelflow™ computes beat-to-beat aortic flow from arterial pressure by simulating a non-linear, 
time-varying three-element model of aortic input impedance, comprising: Z0, characteristic 
impedance of proximal aorta; CW, windkessel compliance of arterial system; and Rp, total peripheral 
resistance. The stylized S symbols indicate the nonlinear, pressure-dependent properties of Z0 and 
CW. The arrow through the resistor indicates that Rp varies with time. Q̇(t): blood flow as a function 
of time; P(t): arterial pressure waveform; PW(t): windkessel pressure. From Wesseling et al., 1993 
[254]. 

2.3.4. Measuring changes in brachial and cerebral blood flow velocity 
using Doppler ultrasound 

In Chapters 4, 5 and 6 Doppler ultrasound was used to quantify changes in CBFv, 

BBFv, and subsequently FVR. While ultrasound data were acquired in LabChart, we used 

DWL QL software (version 3.4.0) to visualize waveforms in real-time, to guide ultrasound 

probe placement and adjustments.  

The use of this technique is based on the principle of the Doppler shift. Holding the 

piezoelectric ultrasound probe in place over the blood vessel to be insonated, ultrasound 

waves oscillating at a known frequency are transmitted through the tissue (e.g. skin, 

muscle, and in the case of transcranial ultrasound, bone) and are reflected back, at a 

different frequency, by red blood cells moving through the vessel [260, 261]. Referred to 

as the Doppler shift frequency, the difference in frequency between the emitted and 

reflected waves is directly proportional to the velocity of the moving red blood cells 
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(Equations 1 and 2). Blood flow within the vessel is laminar, which means that the 

ultrasound waves are reflected back with an array of Doppler frequency shifts [260, 261]. 

The resulting Doppler waveform viewed on the monitor is a spectral display of the 

distribution of the velocities of the individual red blood cells that reflected the ultrasound 

waves (Figure 2.3) [260, 261].  

𝛥𝑓 = 𝑓𝑦 − 𝑓𝑥 =
2𝑓𝑥𝑣 𝑐𝑜𝑠𝜃

𝑐
 (1) 𝑣 =

𝛥𝑓𝑐

2𝑓𝑐𝑜𝑠𝜃
 (2) 

Equations 1 and 2: The Doppler shift. 
Δf = Doppler shift frequency; fx = frequency of emitted ultrasound waves; fy = frequency of reflected 
ultrasound waves; v = velocity of moving red blood cells; c = propagation velocity of ultrasound 
through tissue; θ = angle of insonation 

DWL QL software is equipped with colour M-mode (motion mode) imaging which 

shows the position and movement direction of reflectors, enabling the sonographer to view 

the entire depth range and easing the identification of the relevant blood vessels (Figure 

2.3) [262]. When red blood cells are moving towards the ultrasound probe, the Doppler 

shift frequency is positive and this is depicted on screen as red. In contrast, when red 

blood cells are moving away from the ultrasound probe, the Doppler shift frequency is 

negative, and this is depicted as blue [262]. In addition, the time it takes for the reflected 

wave to return denotes the depth of the structure, relative to the ultrasound probe, while 

the intensity of the reflected signal, codes for the brightness of the tissue image.  

 

Figure 2.3. Doppler ultrasound waveforms from the middle cerebral and brachial 
arteries, visualized using DWL QL software. 

Top panels show Doppler ultrasound blood flow velocity waveforms recorded from one participant’s 
middle cerebral and brachial arteries, visualized using DWL QL software. Bottom panels show QL’s 
colour M-mode (motion mode) imaging display which shows the position and movement direction 
of red blood cells, enabling the sonographer to view the entire depth range and easing the 
identification of the pertinent blood vessels. 
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Absolute BBFv and CBFv values are influenced by the ultrasound probe’s angle 

of insonation, which could not be standardized between participants. The insonating 

angles for the transcranial and brachial ultrasound probes were, however, maintained 

within each participant throughout the given experimental protocol, so evaluations of the 

percent changes in blood flow velocity during each experimental procedure are valid. The 

Doppler measurement error is known to increase in proportion to the cosine of the angle 

of insonation, where changes in the cosine of steeper angles have a greater impact than 

changes in the cosine of shallow angles. Previous guidelines have recommended 

maintaining insonation angles <60° [263]. Consequently, we ensured ultrasound data 

were collected at insonation angles below 60°. For brachial ultraswound we generally 

utilized angles of 30°- 40°. Transcranial doppler probe placement is typically along the 

path of the vessel, with very low angles of insonation when recording from the middle 

cerebral artery. The angle of insonation influences FVR values to a greater extent than 

CBFv values due to the steeper angle of insonation. Therefore, in this thesis, FVR 

responses are only reported as a percent change from baseline. Absolute CBFv data are 

reported for reference, but are always accompanied by percent change from baseline data 

which are more reliable. 

We used measures of brachial and cerebral blood flow velocity as a surrogate for 

blood flow, which relies on the assumption that the diameter of the insonated vessel 

remains constant throughout the recording [264]. Although we did not measure MCA or 

brachial artery diameter in our experiments, resistance changes are principally thought to 

occur in small arteries and arterioles rather than large diameter arteries. Previous work by 

Claydon et al, shows that brachial artery diameter remains constant during HUT with 

combined LBNP [265], accordingly, in the studies that follow, we have assumed BBFv is 

proportional to brachial blood flow.  

It is known that the cerebral circulation is sensitive to changes in arterial CO2 [264], 

and while previous MRI (magnetic resonance imaging) research found that MCA diameter 

remained constant during LBNP, and during a CO2 manipulation protocol with hypocapnic 

and hypercapnic stimuli [266], two more recent MRI studies have challenged these 

findings. Coverdale et al. demonstrated a measurable dilation in the MCA during 

significant hypercapnia, and constriction during significant hypocapnia [267]. Similarly, 

Verbree et al. detected an increase in MCA diameter during hypercapnia, but did not find 

significant differences in MCA diameter during hypocapnia [268]. MCA diameter is, 
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however, thought to remain constant with small changes in PETCO2 (± 5 mmHg PETCO2). 

Furthermore, changes in vessel diameter, and the associated discrepancy between flow 

and velocity, appear to be greater during hypercapnia compared to hypocapnia (Figure 

2.4). Mild to moderate hyperventilation, and concomitant hypocapnia, is known to occur 

with significant orthostatic stress, as individuals approach presyncope [173]. 

Consequently, hyperventilation induced hypocapnia may cause CBFv to slightly 

overestimate changes in cerebral blood flow in the later stages of our HUT test. 

Accordingly, in Chapters 5 and 6, where CBFv data are presented, PETCO2 values are 

also shown. During steady state portions of the HUT test (where blood pressure and 

PETCO2 are stable), significant changes in MCA diameter are unlikely to occur.  

 
Figure 2.4. Cerebrovascular reactivity to changes in arterial CO2. 
Figure shows blood flow (Q̇) through the internal carotid (ICA) and vertebral (VA) arteries during 
steady-state changes in arterial CO2. Modified from Willie et al., 2014 [45]. 

2.3.5. Quantifying venous pooling in the calf using strain gauge 
plethysmography 

As discussed in the introduction, venous pooling and capillary filtration are key 

factors contributing to increased syncope susceptibility. As blood accumulates in the legs 

and splanchnic circulation, venous return, and subsequently SV and CO are reduced. 

Consequently, SV is often used as a proxy for venous pooling and venous return during 

orthostatic stress testing [185]. In Chapter 6 we examined the efficacy of intermittent calf 

compression at reducing venous pooling in the calf and improving OT. Accordingly, we 

desired to quantify venous pooling in the calf using a more direct method. Strain gauge 
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plethysmography and impedance plethysmography are both useful techniques for 

quantifying changes in limb volume. We chose to use strain gauge plethysmography 

because it is a simpler method, and because the use of LBNP during the HUT test may 

have added noise to impedance plethysmography measurements. 

Strain-gauge plethysmography is a simple, convenient, non-invasive method for 

approximating changes in limb volume that is easy to use during a HUT test with combined 

LBNP. A mercury-in-silastic strain gauge is electrically calibrated and is placed under 

tension around the limb at the site of interest [269]. Changes in limb volume and 

circumference alter the tension of the distensible silastic tubing and produce changes in 

electrical resistance through the mercury strain gauge that are proportional to the change 

in circumference [269]. If desired, the percentage change in volume can be approximated 

as twice the percentage change in limb girth, under the assumption that there is no change 

in limb dimension along the long axis [270]. However, it is not possible to differentiate 

between intravascular (venous pooling) and extravascular (capillary filtration) volume 

changes.  

2.4. The Valsalva maneuver 

As described in section 1.5.3, the VM is an expiratory strain characterized by 

changes in intrathoracic pressure, which in turn produce a specific, phasic hemodynamic 

response [199, 210–212]. When continuous measures of HR and blood pressure are 

available, the VM can provide valuable information on both sympathetic and 

parasympathetic reflexes and is a reliable and reproducible method of testing autonomic 

reflex function [210]. This short, simple, and repeatable test also simulates straining that 

occurs during activities of daily living, such as during heavy lifting or during bowel 

movements [199]. With regards to the pressure and duration of the strain performed, there 

is some variability in the literature; expiratory pressure varies from 30 to 40 mmHg and 

duration from 10 to 20 seconds, although strain duration of at least 15 seconds is most 

common. Strain intensity is known to influence the mechanically driven phase 2A blood 

pressure stimulus, with higher intensity strains producing larger drops in blood pressure 

[212]. A longer strain duration provides more time for a maximal compensatory 

sympathetic response to be generated in phase 2B [271]. A 40 mmHg, 20 second VM is 

a strong strain that can be difficult for some individuals to perform, and so decisions 

regarding strain pressure and duration should be made bearing in mind the population to 
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be studied and the goal of the test/experiment. In Chapter 4, we asked participants to 

perform a 40 mmHg, 20 second VM in order to maximize the stimulus for the sympathetic 

reflex response in phase 2B, and to ensure there was ample time for participants to mount 

a maximal vascular resistance response. Our population of healthy young and older adults 

were generally able to achieve this strain. Posture in which the strain is performed can 

also impact responses, with seated or standing postures producing exaggerated 

hemodynamic responses, similar to increasing strain intensity. In the Chapter 4, we 

elected to have participants perform the maneuver supine, which is the standard [199, 

202], to ensure that HR and blood pressure responses would be comparable to previous 

studies where normative data is available [272, 273].  

While the participant rested in the supine position, they were instrumented with 

cardiovascular monitoring equipment. Participants were familiarized with the equipment 

and breathing protocol for the VM, and were given the opportunity to practice the strain 

prior to recording two formal trials. A nose-clip was placed over the nose and at the end 

of a normal inspiration participants were instructed to blow into a tube and maintain an 

expiratory pressure of 40 mmHg for 20 seconds (Figure 2.5); a small leak was introduced 

in the tube to ensure the strain was generated by the thoracic cavity rather than the 

pharynx [199]. Participants were provided with visual feedback of their expiratory pressure 

via an analog manometer, this is crucial to ensure the participants achieve and maintain 

strain pressure. Expiratory pressure during each VM was recorded using a pressure 

transducer (Reusable BP Transducer MLT0380/D, ADInstruments, Colorado Springs, CO, 

United States), to facilitate assessment of strain quality. Participants were given a one-

minute rest between trials to allow cardiovascular perturbations to return to baseline.  
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Figure 2.5. A participant performing a supine standard 40 mmHg, 20 second 

Valsalva maneuver, with visual feedback of expiratory pressure.  
Image used with permission. 

 

2.5. Head-up tilt testing with combined lower body negative 
pressure for the determination of orthostatic tolerance. 

Pioneered by Professor Roger Hainsworth in the 1990’s, HUT testing with 

combined, graded lower body negative pressure (LBNP) is considered the gold standard 

for orthostatic stress testing [139, 140]. A presyncopal end-point is reached in nearly all 

participants using this technique, discriminating between patients with syncopal disorders 

and healthy controls with a specificity of 92% and sensitivity of 85% [139, 140, 209]. 

Furthermore, this test is precise, with a repeatability of 1.1 ± 0.6 min, and allows for 

symptom recognition in patients with syncope [140]. We used this method in Chapters 4, 

5 and 6 to determine OT, a measure of syncope susceptibility. 
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Figure 2.6. Our manual, adjustable head-up tilt table and lower body negative 

pressure chamber. 
The manual tilt table design facilitates rapid transitions, allowing the participant to be swiftly (~1s) 
returned to a supine, or head down (-15⁰), position at the onset of presyncope, averting a loss of 
consciousness and ensuring a swift blood pressure and presyncopal symptom recovery. A. The 
handle on the back of the tilt table used to leverage and move the table into different positions. B. 
The chamber is equipped with a pressure gauge to monitor the lower body negative pressure level 
throughout the protocol. C. A waist board made of wood and neoprene is fit snuggly around the 
participant, to enclose the LBNP chamber and ensure an air-tight seal. D. The adjustable arm rest 
with the brachial ultrasound probe clamp. E. The seatbelt fastened over the participant’s legs 
minimizes skeletal muscle pumping during the protocol. F. The lever used to fix the table’s position, 
which can be adjusted from -15 to 60°. G. The adjustable footplate allows the lower body negative 
pressure chamber to be standardly applied at the level of the participant’s iliac crest, at the center 
of the table. Adapted from Protheroe et al., 2013 [140]. Used with permission. 

Our manual tilt table (Figure 2.6) is equipped with many adjustable components; 

the right-arm rest, brachial ultrasound probe holder, and footplate are all adjustable, and 

we have many waist boards in a variety of shapes and sizes. This ensures that the 
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participant’s position can be standardized on the table, while maintaining their comfort. 

While supine, the participant is centred on the table and instrumented with cardiovascular 

monitoring equipment. A seatbelt is loosely fastened over their legs, and the LBNP 

chamber is secured to the bottom half of the tilt table. A waist board made of wood and 

neoprene is fit snuggly around the participant, at the level of the iliac crest, to enclose the 

LBNP chamber. The positioning of the LBNP chamber at the level of the iliac crest ensures 

that the stimulus is standardized between participants despite differences in height, and 

also avoids the application of LBNP to the abdomen which can be unpleasant [140]. 

The experimental protocol is shown in Figure 2.7. Data are recorded throughout 

a 20min supine period, which allows for hemodynamic stabilization, resorption of pooled 

fluid in the legs, and the assessment of baseline parameters [25, 140]. At the end of the 

supine phase, the table is tilted up to an angle of 60⁰, initiating the passive tilt phase 

(Figure 2.8). This angle allows the participant to rest against the tilt table, minimizing 

skeletal muscle activity and associated muscle pumping that would influence 

cardiovascular control, while still providing 87% of the maximal gravitational stimulus 

[140]. Tilt angles greater than 60° are associated with a reduction in test specificity [203]. 

Upon completion of 20 minutes of passive HUT, LBNP is applied and incremented (-20,-

40, -60 mmHg) at 10minute intervals while the participant is still tilted [140]. LBNP 

intensifies the orthostatic stimulus, simulating a much longer exposure to gravitational 

stress. Cardiovascular parameters are monitored continuously throughout the test, and 

the participant is monitored for signs and symptoms of presyncope. The test is terminated, 

and the participant will be rapidly returned to the supine position if:  

(1) the participant requests to stop.  

(2) they experience symptoms of presyncope associated with signs of hypotension 

(systolic arterial pressure < 80 mmHg), new onset profound bradycardia (HR < 40 

bpm) or tachycardia (HR > 160 bpm). 

(3) they complete the test (completion of 10 minutes of -60 mmHg LBNP; this is an 

extremely rare occurrence, but may occur slightly more frequently when testing 

interventions designed to increase OT in a population of healthy controls who 

already have good OT). 
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Figure 2.7. Standard protocol for head-up tilt test with combined, graded lower 

body negative pressure. 
Participants are familiarized with the experimental procedures, and instrumented with 
cardiovascular monitoring equipment in the supine position on a manual tilt table. After 20 min of 
supine rest, the table is tilted up to 60°, initiating the passive tilt phase. If the participant’s blood 
pressure is still stable after 20 min upright, lower body negative pressure is applied and 
incremented (–20, –40, –60 mmHg) at 10 min intervals. The test is terminated at presyncope, at 
participant request or upon completion of the entire protocol. Orthostatic tolerance is determined 
as the time from tilt start to test termination. 

The manual tilt table design is preferable to an automatic table as it facilitates rapid 

transitions, allowing the participant to be swiftly (~1 second) returned to a supine, or head 

down (-15⁰), position at the onset of presyncope, averting a loss of consciousness [140]. 

Once presyncopal symptoms have resolved, and cardiovascular parameters have 

recovered to supine values, cardiovascular monitoring equipment can be removed. The 

participant is instructed to tense their leg muscles to prevent a blood pressure dip as the 

table is tilted upright once more to allow them to dismount. We then ask the participant to 

sit down briefly to ensure they are feeling well before departing the laboratory.  

The primary outcome measure of this test is OT, measured as the time, in minutes, from 

the onset of HUT to the presyncopal end point. Cardiovascular and cerebrovascular 

responses serve as secondary outcome measures, and can be used to classify responses 

according to VASIS criteria [274], as described in the introduction. As previously 

mentioned, presyncope is provoked in nearly all participants using this test, including 

healthy controls. Distinctions between normal and abnormal responses to this test are 

principally determined by the time taken to reach presyncope [140]. Patients with syncopal 

disorders typically experience presyncope earlier, with 85% reaching a presyncopal 

endpoint within the -20 mmHg phase, compared to only 23% of healthy controls [209].  

Some healthy controls, who do not experience syncope or orthostatic intolerance in their 

daily lives, may exhibit very low OT in this test. This is especially common in athletes with 

increased lower body muscle mass (and increased vascularization), and in individuals who 

are tall and slender. These individuals often exercise innate or learned behaviours in their 
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daily lives that support their orthostatic blood pressure control, such as postural sway, 

averting severe dips in blood pressure and overcoming their predisposition to syncope. 

HUT testing with combined, graded, LBNP is a sensitive, specific and repeatable 

test for determining OT and appraising orthostatic cardiovascular reflex control, making it 

an ideal assessment for investigations of mechanisms and factors predisposing to 

syncope, and for evaluating the effectiveness of interventions designed to increase OT. 

 

 
Figure 2.8. A participant instrumented with cardiovascular monitoring 

equipment undergoing a head-up tilt test to presyncope with 
combined lower body negative pressure.  

Image used with permission. 
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Chapter 3.  
 
Evaluating the impact of orthostatic syncope and 
presyncope on quality of life: a systematic review and 
meta-analysis. 

3.1. Abstract 

Purpose: Syncope (transient loss of consciousness and postural tone) and 

presyncope are common manifestations of autonomic dysfunction that are usually 

triggered by orthostasis. The global impact of syncope on quality of life (QoL) is unclear. 

In this systematic review, we report evidence on the impact of syncope and presyncope 

on QoL and QoL domains, identify key factors influencing QoL in patients with syncopal 

disorders, and combine available data to compare QoL between syncopal disorders and 

to population normative data. 

Methods: A comprehensive literature search of academic databases (MEDLINE 

(PubMed), Web of Science, CINAHL, PsycINFO, and Embase) was conducted (February 

2021) to identify peer-reviewed publications that evaluated the impact of vasovagal 

syncope (VVS), postural orthostatic tachycardia syndrome (POTS), or orthostatic 

hypotension (OH) on QoL. Two team members independently screened records for 

inclusion and extracted data relevant to the study objectives. 

Results: From 12,258 unique records identified by the search, 36 studies met the 

inclusion criteria (VVS: n=20; POTS: n=13; VVS and POTS: n=1; OH: n=2); 12 distinct 

QoL instruments were used. Comparisons of QoL scores between patients with 

syncope/presyncope and a control group were performed in 15 studies; significant QoL 

impairments in patients with syncope/presyncope were observed in all studies. Increased 

syncopal event frequency, increased autonomic symptom severity, and the presence of 

mental health disorders and/or comorbidities were associated with lower QoL scores. 

Conclusion: This review synthesizes the negative impact of syncope/presyncope 

on QoL and identifies research priorities to reduce the burden of these debilitating 

disorders and improve patient QoL. 
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3.2. Introduction 

Orthostatic syncope (fainting; transient loss of consciousness and postural tone) 

and presyncope (near-fainting) are common manifestations of autonomic dysfunction that 

are usually triggered by orthostasis [23]. The lifetime cumulative incidence of orthostatic 

syncope is estimated to be between 20% and 40% in the general population [2], and while 

syncope and presyncope are prevalent across all ages, incidence peaks during 

adolescence and in older adults [2, 12, 108]. Although most etiologies of orthostatic 

syncope carry a benign prognosis, up to one-third of affected individuals experience 

recurrent and severe episodes [3], and a multitude of studies have reported that syncope 

is associated with significant impairments in quality of life [17–21]. 

While orthostatic syncope is a heterogeneous condition, it typically results when 

autonomic cardiovascular compensation for the gravitational fluid shifts that occur in the 

upright posture are inadequate, compromising homeostatic blood pressure control and 

culminating in hypotension and cerebral hypoperfusion [23]. The most common 

syncopal/presyncopal disorders are VVS, POTS, OH and CSH [1]. 

The most prevalent form of orthostatic syncope is VVS, accounting for 

approximately 60% of total cases and approximately 80% in pediatric populations [128, 

275]. In patients with VVS, cardiovascular adaptive mechanisms generally compensate 

for the upright posture for several minutes before abruptly reversing, leading to 

widespread vasodilation that may or may not be accompanied by bradycardia [274]. The 

resulting hypotension and cerebral hypoperfusion are often associated with intensifying 

presyncopal symptoms (light-headedness, nausea, pallor, sweating, tunnel-vision, 

palpitations, etc.) that ultimately culminate in syncope [2]. 

POTS is the second most common orthostatic disorder in children and young 

adults, characterized by chronic (greater than six months) and debilitating orthostatic 

presyncopal symptoms and excessive orthostatic heart rate increases in the absence of 

hypotension [97]. 

Responsible for approximately 15% of orthostatic syncope cases, OH refers to an 

abnormal decrease in blood pressure upon assuming the upright posture (falling more 

than 20/10 mmHg within three minutes of standing), predominantly affecting older adults, 

and patients with diabetes, hypertension or neurodegenerative disease. OH occurs where 
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cardiovascular adaptive mechanisms are unable to compensate for orthostatic stress; this 

can be a reflection of a structural (e.g., neuropathy or denervation) or functional (e.g., 

prescription medications) disruption of autonomic reflexes, known as autonomic failure 

[29]. 

CSH is reported to underlie approximately 30% of unexplained orthostatic syncope 

in the elderly [125]. It is particularly common in older males, with a higher incidence in 

those with cardiovascular disease or neurodegenerative disorders [126]. The precise 

mechanism of CSH is unclear, but it presents with profound hypotension and bradycardia 

with mechanical or orthostatic stimulation of the carotid baroreceptors that culminates in 

presyncope and/or syncope [127]. 

The impact of chronic orthostatic syncope and presyncope on daily life can be 

devastating. Presyncopal symptoms can be severe and unrelenting; individuals may suffer 

fall-related injuries, and recurrent events may cause fear and distress, and lead to 

decreased school attendance or community engagement, job loss and loss of 

independence [17]. The diagnostic process for patients is often long and stressful, with 

35% of patients seeing 10-20 physicians before receiving a diagnosis [276] and 10% 

remaining undiagnosed a year after presenting to clinic [277]. Typically, clinical 

investigations are focussed on ruling out less common (but potentially life-threatening) 

causes for the events, such as cardiac arrhythmia or structural heart disease (cardiac 

syncope) [1]. Furthermore, the management of these disorders is challenging, and often 

ineffective at preventing symptoms entirely. Patient counseling and lifestyle advice are 

considered primary management recommendations, with a focus on reassuring the patient 

their condition is not life threatening [1]. Many studies have shown that quality of life is 

significantly reduced in patients with orthostatic syncope [17–21]. The peak age of onset 

of VVS and POTS is between 10 and 15 years of age [12, 108]; thus, the onset of these 

quality of life detriments would predominantly occur during adolescence, with the potential 

for long term impact. 

While these studies have shown that quality of life is reduced in patients with 

orthostatic syncope and presyncope, the global impact of orthostatic syncope on quality 

of life remains somewhat unclear. Studies have used a wide variety of instruments to 

quantify quality of life impairments, making it difficult to reconcile their results. It is also 

unclear which quality of life domains are predominantly affected by orthostatic syncope 
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and presyncope, how quality of life impairments differ between orthostatic syncopal 

disorders, and what key issues are causing these impacts. To begin to answer these 

questions and ultimately identify ways to improve quality of life for patients with recurrent 

orthostatic syncope and presyncope, a comprehensive review of the literature is required. 

In this systematic review, we (i) collate and report evidence on the impact of orthostatic 

syncope and presyncope on quality of life, (ii) evaluate the impact of orthostatic syncopal 

disorders on domains of quality of life, (iii) identify key factors influencing quality of life 

outcomes in patients with orthostatic syncopal disorders, and (iv) combine data, where 

available, to compare quality of life between people with orthostatic syncopal disorders 

and population normative data. 

3.3. Methods 

3.3.1. Databases and search strategy 

A literature search was conducted to identify peer-reviewed articles, published 

from database inception to February 2021, in the following databases: MEDLINE 

(Pubmed), Web of Science, Cumulative Index to Nursing and Allied Health Literature 

(CINAHL), PsycINFO, and the Embase. The search strategy (Table 3.1) combined clinical 

terms describing orthostatic syncopal disorders with terms describing or related to quality 

of life. All articles identified in database searches were compiled in Mendeley (version 

1.19.8).
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Table 3.1.  Search strategy 

Database Search Term # of results 

Pubmed 

(syncope OR presyncope OR faint* OR "vasovagal syncope" OR POTS 
OR "postural orthostatic tachycardia syndrome" OR "orthostatic 
hypotension" OR "autonomic failure" OR "carotid sinus hypersensitivity") 
OR "orthostatic intolerance" OR "loss of consciousness" OR "drop attack" 
OR syncope[MeSH Terms] OR presyncope[MeSH Terms] OR 
fainting[MeSH Terms] OR syncope, vasovagal[MeSH Terms] OR postural 
orthostatic tachycardia syndrome[MeSH Terms] OR pure autonomic 
failure[MeSH Terms] OR orthostatic intolerance[MeSH Terms] OR 
orthostatic hypotension[MeSH Terms]) OR loss of consciousness[MeSH 
Terms] OR drop attack[MeSH Terms]) 

AND ("quality of life" OR "QoL"OR "HRQoL" OR "participation" OR 
"morbidity" OR "activities of daily living" OR "social participation" OR 
"community participation" OR SF-36 OR "life satisfaction" OR "mental 
health" OR "wellbeing" OR PedsQL OR quality of life[MeSH Terms] OR 
community participation[MeSH Terms] OR social participation[MeSH 
Terms] OR morbidity[MeSH Terms] OR activities of daily living[MeSH 
Terms] OR mental health[MeSH Terms]) 

4,756 

Web of 
Science 

(syncope OR presyncope OR faint* OR "vasovagal syncope" OR POTS 
OR "postural orthostatic tachycardia syndrome" OR "orthostatic 
hypotension" OR "autonomic failure" OR "carotid sinus hypersensitivity" 
OR "orthostatic intolerance" OR "loss of consciousness" OR "drop attack") 

AND ("quality of life" OR "QoL" OR "HRQoL" OR "participation" OR 
"morbidity" OR "activities of daily living" OR "social participation" OR 
"community participation" OR SF-36 OR "life satisfaction" OR "mental 
health" OR "wellbeing" OR PedsQL) 

2,465 

CINAHL Same as Web of Science 713 

PsychINFO Same as Web of Science 810 

Embase Same as Web of Science 8,467 

TOTAL 
 

17,211 

3.3.2. Eligibility criteria and study selection 

Studies were selected for inclusion using a two-stage approach. In the first stage, 

titles and abstracts were screened to identify studies that investigated patients with 

syncopal disorders and provided an indication that quality of life was evaluated as an 

outcome measure. The emphasis at this stage was on excluding articles that were clearly 

unrelated to the research question, reviewers erred on the side of inclusion to ensure no 

potentially relevant papers were missed. The requirement for studies to be published in a 

peer-reviewed journal was incorporated at this first stage. Full-text versions of the 

remaining articles were obtained prior to the application of the second stage. The study 

population was required to be made up of children and/or adults with a physician diagnosis 
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(including self-reported physician diagnoses) of orthostatic syncope or presyncope, who 

had experienced at least one episode in the preceding year. Syncope and presyncope 

were required to have an autonomic etiology, including VVS (also known as neurally-

mediated syncope or reflex syncope), POTS, OH (also known as autonomic failure), and 

CSH (also known as carotid sinus syndrome). Studies were excluded if syncope or 

presyncope in the primary study population was secondary to arrhythmia, structural heart 

disease, metabolic disease or epilepsy. Studies were required to have used a generic 

quality of life instrument as an outcome measure. With regard to study design, case 

reports, case series and review articles were excluded. Studies were not excluded based 

on language; translation of relevant information (for extraction) was sought for articles 

published in languages other than English or French. 

In both stages of the screening process, two team members evaluated articles for 

inclusion, independently. Disagreements were resolved through discussion or 

consultation with a third team member. Reasons for exclusion of full-text articles (i.e., at 

stage two) were documented. 

3.3.3. Data extraction 

Data extraction was completed, independently, by two team members. Where 

available (and relevant), the following data were extracted and compiled in a standardized 

data extraction form (created in Microsoft Excel): lead author, year of publication, country 

where research was conducted, study design, population of interest, sample size, 

participant sex, age of participants, duration of illness/symptoms, mean number of lifetime 

syncopal episodes, quality of life instrument(s) used, modifications to the quality of life 

instrument(s), quality of life domain and/or summary scores at baseline and follow-up, 

results of analyses performed on quality of life data, factors influencing quality of life, and 

the primary and secondary outcomes of the study. In studies where quality of life scores 

were reported in a figure only, means and standard deviations (where available) were 

estimated and extracted using WebPlotDigitizer (Version 4.4; Pacifica, California, USA), 

a publicly available web-based plot digitizing tool. 
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3.3.4. Analytic considerations and meta-analysis methods 

To address aims (i) and (ii) – the collation and reporting of evidence regarding the 

impact of orthostatic syncope and presyncope on quality of life, and the evaluation of the 

impact of orthostatic syncopal disorders on domains of quality of life – we consolidated 

the extracted data from individual studies in review tables. We report data as means and 

standard deviations; where studies reported data as medians (alongside ranges, 

interquartile ranges and/or confidence intervals), means and standard deviations were 

calculated or estimated [278, 279]. Narrative summaries of the impacts of orthostatic 

syncope on overall and domain-specific quality of life are provided. 

For aim (iii) – the identification of factors influencing quality of life – we report 

emerging themes and associated sub-analyses (i.e., where similar analyses are 

performed across multiple studies). 

Finally, to address aim (iv), we performed a meta-analysis to facilitate comparisons 

of quality of life outcomes between people with different orthostatic syncopal disorders 

and with population normative data, combining available data from studies, with distinct 

sample populations, that used the same quality of life instruments. Where two or more 

studies had significant overlap between their patient samples (mostly follow-up studies), 

the study with the largest sample size was included in the analysis. For instrument domain 

and summary scores, pooled means and standard deviations were calculated for each 

orthostatic syncopal disorder, with weighting based on study sample size. These data 

were compared to published North American population normative data (where available) 

and across syncopal disorders using a one-way analysis of variance (ANOVA). Where 

pooled means and standard deviations were compared between only one syncopal 

disorder and reference data, a t-test was used. For data presented as sample proportions 

or percentages, weighted proportions were calculated based on study sample sizes for 

each orthostatic syncope disorder and compared with published population normative 

data and across syncopal disorders using a chi-square test. All population normative data 

used in the analyses described in this paper were procured from external sources. 

Statistical analyses and data visualization were completed using SigmaPlot (Version 14 

Systat Software, Inc, San Jose, CA, United States). Data are reported as means ± 

standard deviations, unless otherwise stated. Where applicable, findings were interpreted 

using a statistical significance level of p<0.05. 
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3.4. Results 

The database search identified 12,258 unique articles; 36 articles met the inclusion 

criteria. A consort diagram detailing the number of articles included and excluded at each 

stage, including reasons for exclusion of full-text articles, is shown in Figure 3.1. Study 

characteristics of the 36 articles are summarized in Table 3.2, by population of interest 

(VVS: n=20; POTS: n=13; VVS and POTS: n=1; OH: n=2; CSH: n=0). In five instances, 

more than one article reported relevant data from the same or overlapping sample 

populations (Baron-Esquivias et al., 2003 and Baron-Esquivias et al., 2005; St-Jean et al., 

2008 and Lévesque et al., 2010; the Fainting Assessment Study (FAST) – Van Dijk et al., 

2006 and Van Dijk et al., 2007; the first Prevention of Syncope Trial (POST 1) – Sheldon 

et al., 2009 and Ng et al., 2019a; the second Prevention of Syncope Trial (POST 2) – Ng 

et al., 2019a, Ng et al., 2019b and Hall et al., 2021). 

Across the 36 studies, 12 distinct generic quality of life instruments were used: the 

Medical Outcomes Study 36-item Short Form Health Survey (SF-36) (n=15); SF-36 

version 2 (SF-36v2) (n=1); Medical Outcomes Study 8-item Short Form Health Survey 

(SF-8) (n=1); the three-level version of the EQ-5D (EQ-5D-3L) (n=7); the Pediatric Quality 

of Life inventory (PedsQL) version 4.0 (n=3); the RAND 36-item Health Survey (RAND-

36) (n=3); the Quality of Life Systemic Inventory (QLSI) (n=2); the Sickness Impact Profile 

(SIP) (n=1); the World Health Organization Brief Quality of Life Questionnaire (WHOQOL-

BREF) (n=2); the Patient-Reported Outcomes Measurement Information System 

(PROMIS) Global Health (PROMIS-10) (n=1); the Healthy Days Core Module (CDC 

HRQOL-14) (n=1); and the Personal Wellbeing Index – Adult form (PWI-A) (n=1). One 

further study reported results for a global health visual analogue scale (VAS) where the 

anchors were identical to the VAS that used to be part of the EQ-5D-3L (i.e., 0 = “Worst 

imaginable health state” and 100 = “Best imaginable health state”; the wording of the VAS 

in the EQ-5D-3L has since changed [280]) [21]; for the purposes of this review, these data 

will be placed in context with other studies that used the VAS in the EQ-5D-3L (known as 

EQ VAS). All quality of life instruments described here, including assessment details, 

domains, scoring information and normative data used in subsequent analyses, are 

described in Appendix A. 
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Figure 3.1. Flowchart depicting the study selection process. 
Studies were selected for inclusion using a two-stage approach. In stage one (screening), titles, 
then abstracts were screened to select studies published in peer-reviewed journals that 
investigated patients with syncopal disorders and provided an indication that quality of life was 
evaluated as an outcome measure. The emphasis at this stage was on excluding articles that were 
clearly unrelated to the research question. In stage two (eligibility), full-text papers for stage one 
inclusions were obtained and inclusion and exclusion criteria were firmly applied. Reasons for 
exclusion were recorded in the second state of the study selection process. Adapted from PRISMA 
statement (2009) [281].
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Table 3.2. Study characteristics 

Study Country Study design Sample 
size (% 
females) 

Age 
(years) 

Duration of illness/ 
symptoms (years) 

Mean # of lifetime 
syncopal episodes 

Quality of life 
outcome 
measure used 

Vasovagal syncope 

Baron-Esquivias et al., 2003 [282] Spain Cross-sectional 271 (51) 45 ± 20 3.2 ± 4.9* 3.3 ± 2.2* SF-36 

Baron-Esquivias et al., 2005 [283] Spain Longitudinal 167 (57) 44 ± 31* 3.3 ± 5.1* 3.7 ± 3.0* SF-36 

Baron-Esquivias et al., 2020 [284] Spain and 
Canada 

RCT 46 (52) 56 ± 11 - 14 ± 8* SF-36 

Van Dijk et al., 2006 [285] Netherlands Cross-sectional 385 (42) 52 ± 19 3.3 ± 5.8* 5 ± 6* SF-36 

Van Dijk et al., 2007* [277] Netherlands Longitudinal 268 (39) 53 ± 18 4.1 ± 7.3* 5 ± 7* SF-36 

Giada et al., 2005 [286] Italy Cross-sectional 61 (67) 44 ± 18 18 ± 13* 31 ± 22* SF-36 

Ng et al, 2019a [287] North America, 
Germany, 
Columbia 

RCT 280 (32) 39 ± 17 Onset age: 22 ± 17 15 ± 19* SF-36 

Sheldon et al., 2009 [288] North America, 
Germany, 
Columbia 

RCT 204 (65) 42 ± 18 13 ±16* 11 ± 11* SF-36 
EQ-5D-3L 

Rose et al., 2000 [289] Canada Cross-sectional 136 (58) 40 ± 17 5.0 ± 11.4* 9.5 ± 14.9*† EQ-5D-3L 

Rose et al., 2009 [290] Canada Cross-sectional 114 (68) 40 ± 16 9.6 ± 12.2* 12 ± 14* EQ-5D-3L 

Atici et al., 2020 [291] Turkey Cross-sectional 88 (61) 35 ± 14 - 9.3 ± 6.0* EQ-5D-3L 

Kovalchuk, 2020 [292] Ukraine Case-control  56 (43) 14 ± 2 Onset age: 12.7 ± 2.9  3.4 ± 5.3 PedsQL 4.0 

Anderson et al., 2012 [19] USA Cross-sectional 106 (65) 15 ± 3* 94% within 6 months 1: 39%; 1-3: 32%; 
3-6: 19%; >6: 10% 

PedsQL 4.0 

Capitello et al., 2016 [293] Italy  Cross-sectional 125 (48) 13 ± 3 - >1: 73.6% (n=92)  PedsQL 4.0 

Ng et al., 2019b [21] North America 
Germany, 
Columbia 

Case-control 76 (68) 34 ± 14 14 ± 17* 24 ± 32* RAND-36 
Global health 
VAS 

Santhouse et al., 2007 [294] UK Case control 52 (NA) 36 ± 15 - 4 (past year) WHOQOL-BREF 

St-Jean et al., 2008 [295] Canada Cross-sectional 104 (65) 49 ± 17  5 (median) QLSI 

Lévesque et al., 2010 [296] Canada Longitudinal 73 (66) 50 ± 17 - 5 (median) QLSI 

Broadbent et al., 2018 [297] Australia Case-control 47 (NA) 49 ± 18 1.3 ± 1.9 since HUT 10.0 ± 15.3 since HUT PWI-A 

Linzer et al., 1991 [18] USA Cross-sectional 62 (71) 49 ± 19 0.92 (median) 10 (median) SIP 

Postural orthostatic tachycardia syndrome 

Bhatia et al., 2016 [298] USA Cross-sectional 172 (84) 22 ± 2 5.4 ± 1.9 (since diagnosis) - SF-36 

Benrud-Larson et al., 2002 [20] USA Cross-sectional 94 (88) 34 ± 10 7.5 ± 5.7  - SF-36 
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Benrud-Larson et al., 2003 [299] USA Cross-sectional 94 (88) 34 ± 10 7.5 ± 5.7  - SF-36 

Rodriguez et al., 2019 [300] Switzerland Case-control  8 (75) 25 ± 10* - - SF-36 

Hutt et al., 2020 [301] USA Cross-sectional 255 (91) 34 ± 11 - - SF-36 

Moon et al., 2016 [302] Korea Cross-sectional 107 (63) 31 ± 11 - - SF-36 

Anderson et al., 2014 [303] Australia Case-control  15 (80) 30 ± 3 - - SF-36 

George et al., 2016 [105] USA Cohort study 251 (86) 26 ± 11 ≥6 months - SF-36v2 

Gibbons et al., 2021 [304] USA Pragmatic 
treatment trial 

77 (90) 26 ± 6 4.5 ± 1.9 years - EQ-5D-3L  
(EQ VAS only) 

Bagai et al., 2011 [305] USA Case-control 44 (89) 36 ± 11 >6months - EQ-5D-3L, 
RAND-36 

Fisher et al., 2020 [306] USA Cross-sectional 58 (91) 37 ± 10 5.8 ± 5.3* - PROMIS-10 

Pederson et al., 2017 [103] USA Cross-sectional 624 (97) 34 ± 11 10.7 ± 11.9  - CDC HRQOL-14  

Pederson et al., 2020 [307] USA Cross-sectional 360 (100) 34 ± 12 9.3 ± 9.2  - WHOQOL-BREF  

Vasovagal syncope and postural orthostatic tachycardia syndrome 

Hall et al., 2021 [308] North America Cross sectional VVS:    72 
(67) 

34 ± 14 - ≥3 

RAND-36 
POTS: 
177 (93) 

31 ± 11 - - 

Orthostatic hypotension 

Kim et al., 2020 [309] South Korea Cross-sectional 117 (77) 76 ± 6 - - EQ-5D-3L 

Francois et al, 2019 [310] USA Longitudinal 
treatment trial 

115 (NA) 63 ± 17 10 ± 11.4 - SF-8 

Note, duration of illness/symptoms refers to the time since first symptoms experienced. In some studies, the duration of the illness was reported as the time since diagnosis, rather 
than since first symptom presentation. Abbreviations: Randomized Controlled Trial (RCT); head-upright tilt test (HUT).  
* mean and standard deviation estimated from median and interquartile range, or median and range. 
† geometric mean reported 
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Individual study results, including baseline quality of life scores, between-group 

comparisons and additional contextual findings are reported in Table 3.3. To avoid 

redundancy in our reporting, data from three longitudinal studies (Baron-Esquivias et al., 

2005; Van Dijk et al., 2007; Lévesque et al., 2010) have been omitted from Table 3.3; their 

results, including baseline scores, comparisons and contextual findings can be found in 

Table 3.4. We note that these three studies report follow-up data from three prior studies 

that are described in Table 3.3 (Baron-Esquivias et al., 2003; Van Dijk et al., 2006; St-

Jean et al., 2008). Statistical comparisons of quality of life scores between patients with 

orthostatic syncope or presyncope and a control group or reference population were 

performed in 15 (42%) studies (8 VVS, 6 POTS, 1 OH). Seven of these studies used the 

SF-36, two used the RAND-36, four used the EQ-5D-3L index scores and/or EQ VAS, and 

two used the PedsQL; no other quality of life instrument was used in more than one study. 
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Table 3.3. Study results 

Study Outcome 
measure  

Baseline scores – population of interest 
(mean ± SD) 

Comparisons Additional noteworthy findings 

Vasovagal syncope 

Baron-
Esquivias et 
al., 2003 
[282] 

SF-36 
*SD estimated 
from interquartile 
range; physical 
and mental 
component 
summary scores 
calculated based 
on domain 
scores 

Physical functioning: 80.5 ± 22 
Role physical: 62.5 ± 75 
Bodily pain: 66.6 ± 43 
General health: 60.9 ± 24 
Vitality: 59.8 ± 26 
Social functioning: 77.6 ± 28 
Role emotional: 62.6 ± 75 
Mental health: 64.4 ± 26.8 
Physical component summary: 47 ± 13 
Mental component summary: 45 ± 16 

All SF-36 domain scores except role 
physical and role emotional were lower in 
the VVS group compared to Spanish 
normative data (p-values not reported). 
Compared to reference data from 
patients with heart failure, VVS patients 
scored similarly in 5 SF-36 domains; 
patients with heart failure scored worse 
in general health, vitality and physical 
functioning domains (p≤0.009). Within 
the VVS group, women scored lower in 
all SF-36 domains compared to men 
(p<0.05). When comparisons to Spanish 
norms were stratified by sex, women with 
VVS scored lower in all SF-36 domains, 
while men with VVS scored lower in only 
4 domains (not specified).  

When SF-36 data were stratified by age 
group (18-24, 25-34, 34-44, 45-54, 55-
64, 65-74, >75 years; 26 patients <18 
years excluded), quality of life in all SF-
36 domains was found to decrease with 
age (p<0.05). These relationships were 
stronger in women and in women all SF-
36 domains decreased with age 
(p<0.05), while in men this relationship 
was significant in 6 of 8 domains (p<0.05) 
(all except role physical and bodily pain). 
The number of lifetime syncope spells 
were weakly but significantly (p<0.002) 
related to all SF-36 domain scores 
except physical functioning and role 
physical. Symptom duration was weakly 
but significantly related to bodily pain, 
general health and mental health scores. 
Syncope frequency (# events/ symptom 
duration) and tilt table test result (positive 
or negative) were not related to quality of 
life scores. 

Baron-
Esquivias et 
al., 2020 
[284] 

SF-36 
*mean and SD 
for role physical, 
general health, 
role emotional, 
and mental 
health domains, 
and both 
summary scores 

Physical functioning: 79.2 ± 6.1 
Role physical: 50.5 ± 11.9 
Bodily pain: 68.2 ± 8.4 
General health: 61.1 ± 5.1 
Vitality: 54.4 ± 6.7 
Social functioning: 70.4 ± 7.4 
Role emotional: 60.5 ± 11.2 
Mental health: 65.6 ± 6.1 
Physical component summary: 46.1 ± 2.5 
Mental component summary: 42.2 ± 3.5 

At baseline, the eight subdomain scores 
were lower in VVS patients compared to 
Spanish population norms, with greater 
differences in physical and emotional 
role limitations (statistics not reported, 
unsure if these differences were 
significant). 
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estimated from 
figures 

Van Dijk et 
al., 2006 
[285] 

SF-36 
*weighted means 
and SD 
calculated from 
male and female 
data 

Physical functioning: 67 ± 28 
Role physical: 44 ± 44 
Bodily pain: 64 ± 28 
General health: 54 ± 24 
Vitality: 49 ± 25 
Social functioning: 68 ± 28 
Role emotional: 61 ± 44 
Mental Health: 66 ± 23 
Physical component summary: 43 ±10 
Mental component summary: 43 ± 13 

Patients scored significantly lower on all 
scales (domain and summary scores) of 
the SF-36 compared to Dutch normative 
data (p<0.01). 

In a univariate model, age, gender, 
number of episodes in the last year, 
number of presyncopal episodes and the 
level of comorbidity (Charlston 
comorbidity score) were associated with 
physical component summary scores. 
These factors were added to a 
multivariate model, which showed female 
gender, the presence of presyncopal 
episodes, and a higher comorbidity were 
associated with decreased physical 
component summary scores (p<0.01). A 
shorter duration of symptoms and the 
presence of presyncopal episodes were 
associated with reduced mental 
component summary scores in both the 
univariate and multivariate (p<0.03) 
models. 

Giada et al., 
2005 [286] 

SF-36 
*physical and 
mental 
component 
summary scores 
calculated based 
on domain 
scores 

Physical functioning: 80 ± 22 
Role physical: 47 ± 40 
Bodily pain: 62 ± 30 
General health: 56 ± 23 
Vitality: 50 ± 19 
Social functioning: 62 ± 25 
Role emotional: 51 ± 42 
Mental Health: 61 ± 20 
Physical component summary: 45 ±10 
Mental component summary: 41 ± 11 

Compared to control group, all SF-36 
domain scores were significantly 
reduced in VVS patients (p<0.05). 
Physical and mental component 
summary scores were not evaluated. 
The prevalence of psychiatric disorders 
was higher in VVS patients than controls 
(DSM IV criteria – 73% vs 23%, p<0.001) 
with a high prevalence of anxiety, mood 
and somatization disorders. Within the 
VVS group, SF-36 scale scores were 
lower in patients with psychiatric 
disorders than those without (p<0.05). 

Syncopal recurrence during the follow-up 
period (mean duration: 15±2 months) 
was more common in VVS patients with 
psychiatric disorders (58% vs 17%; 
p<0.05). The presence of psychiatric 
disorders was significantly predictive of 
syncopal recurrence in the follow-up 
period (hazard ratio 6.94, 95% CI: 1.7-
27.6; p=0.006). Number of syncopal 
episodes over the previous 6 months 
was correlated with physical functioning, 
role physical, bodily pain and general 
health domain scores. Lifetime syncopal 
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SF-36 domain scores did not differ 
between patients with and without 
syncope-related injury, or between those 
younger or older than 40 years old. 

episodes were correlated with physical 
functioning and role physical domain 
scores, and general health and physical 
function domain scores were significantly 
reduced in patients with ≥ 6 lifetime 
episodes. 

Ng et al., 
2019a [287] 

SF-36 Physical functioning: 78 ± 23 
Role physical: 59 ± 40 
Bodily pain: 67 ± 25 
General health: 64 ± 22 
Vitality: 50 ± 22 
Social functioning: 71 ± 27 
Role emotional: 72 ± 38 
Mental health: 67 ±20 
Physical component summary: 46 ± 10 
Mental component summary: 46 ± 11 

 Quality of life in all SF-36 domains except 
bodily pain improved in patients with VVS 
after enrolling in clinical trial, 
independent of randomization to drug or 
placebo and independent of syncope 
recurrence. 

Sheldon et 
al., 2009 
[288] 
 

SF-36 Physical component summary: 48 ±10 
Mental component summary: 45 ± 10 
 

  

EQ-5D-3L EQ-5D-3L index: 0.81 ± 0.22 
EQ VAS: 74 ± 18 

  

Rose et al., 
2000 [289] 
 

EQ-5D-3L 
*no SD provided 
for EQ VAS 
scores 

Prevalence (%) of patients reporting any limitations 
or problems 
Mobility: 25.9% 
Usual activities: 37.2% 
Self care: 9.0%  
Pain/discomfort: 49.2%  
Anxiety/depression: 43.4%  
EQ VAS:  
Low risk syncope group (<6 spells): 72.6 (n=59) 
High risk syncope group (≥6 spells): 68.5 (n=74);  

The prevalence of limitations was greater 
in syncope patients compared to healthy 
controls in all five dimensions of the EQ-
5D-3L. EQ VAS scores were not different 
between low and high syncope risk 
groups (p=0.221). 

There was a significant curvilinear 
relationship between EQ VAS scores 
and the log frequency of syncope spells 
(p<0.01). When patients were stratified 
by syncope risk, there was a significant 
negative linear relationship between EQ 
VAS scores and the log frequency of 
syncope spells in the high-risk syncope 
group (≥6 spells; slope= -5.9; SE 1.1; 
p<0.001). This was not observed in the 
low-risk group. The frequency of syncope 
was higher in patients with impairments 
in mobility and usual activity domains 
(p≤0.001). Multiple linear regression 
analysis showed that in high-risk patients 
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four of the EQ-5D-3L dimensions 
(mobility, usual activities, 
anxiety/depression and pain/discomfort) 
and log frequency of syncope spells were 
independent predictors of EQ VAS 
scores (p≤0.045). The total number of 
comorbidities also tended to be 
associated with decreased VAS scores 
in this group (p=0.057). In the low-risk 
group, pain, impaired mobility and level 
of comorbidity were significant predictors 
of EQ VAS scores (p≤0.036). There was 
no significant effect of age, gender or tilt 
test outcome in either regression model. 

Rose et al., 
2009 [290] 

EQ-5D-3L EQ VAS: 70.6 ± 10.9  - 

Atici et al., 
2020 [291] 

EQ-5D-3L EQ-5D-3L index: 0.48 ± 0.22 
EQ VAS: 73.6 ± 14.3 
 

No differences in EQ-5D-3L index or EQ 
VAS scores were found between VVS 
VASIS subtypes. 

The EQ-5D-3L index (r=-0.649, p<0.001) 
and EQ VAS (r=-0.587, p<0.001) were 
significantly and negatively correlated 
with total syncope episodes and were 
statistically important parameters related 
to total syncope episodes in a stepwise 
multiple linear regression analysis 
(p<0.030).  

Kovalchuk, 
2020 [292] 

PedsQL 4.0 Self-report score; proxy-report score 
Total score: 67.92 ± 14.52; 65.13 ± 13.94 
Physical health 72.27 ± 15.44; 67.18 ± 16.58 
Psychosocial health 65.54 ± 15.52; 64.06 ± 15.47 
Emotional functioning 60.18 ± 19.42; 60.71 ± 
18.13 
Social functioning 72.97 ± 19.86; 71.96 ± 19.74 
School functioning 63.61 ± 16.50; 60.46 ± 17.18 

Child self-report and parent proxy-report 
total PedsQL scores and psychosocial 
health, emotional functioning and social 
functioning domain scores were reduced 
in the VVS cohort compared to healthy 
controls (p<0.0472). Parent proxy report 
scores in the VVS sample were 
additionally reduced in the physical 
health domain compared to healthy 
controls (p=0.0180) 
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Anderson et 
al., 2012 [19] 

PedsQL 4.0 Self-report score; proxy-report score 
Total score: 75.2 ± 13.9; 73.3 ± 16.7 
Physical health: 78.8 ± 14.9; 77.6 ± 18.5 
Psychosocial health: 73.9 ± 19.9; 73.1 ± 20.4 
Emotional functioning: 68.9 ± 20.7; 67.7 ± 22.3 
Social functioning 86.2 ± 17.1; 80.7 ± 20.8 
School functioning 66.4 ± 22.1; 66.1 ± 24.1 

Compared to data from healthy controls, 
patients with VVS scored significantly 
lower in physical, psychosocial, 
emotional and school domains (p 
<0.001) of the PedsQL and had lower 
total scores (p<0.0001). Social 
functioning domain scores were not 
different.  
Compared to patients with diabetes 
mellitus, VVS patients had lower total 
scores (p<0.0001), and lower physical 
(p<0.0001), psychosocial (p<0.05) and 
school (p<0.001) domain scores. 
Total PedsQL scores were similar to 
those with asthma, end-stage renal 
disease, obesity, and structural heart 
disease. Patients with VVS had better 
physical health compared to patients with 
end-stage renal disease (p<0.05), better 
emotional functioning than patients with 
asthma or end-stage renal disease 
(p<0.05), and better social functioning 
than patients with asthma, obesity, renal 
disease, or structural heart disease 
(p<0.0001). School functioning was 
worse in VVS patients than in obese 
individuals (p<0.0001). 

Proxy-reported social functioning domain 
scores were reduced compared to child 
self-reports (p<0.004); proxy- and self- 
reported scores were otherwise similar. 
No patient or clinical variables were 
associated with PedsQL scores.  

Capitello et 
al., 2016 
[293] 

PedsQL 4.0 Self-report score; proxy-report score 
Total score: 74.71 ± 14.68; 75.89 ± 16.4 
Physical health: 73.38 ± 18.29; 77.22 ± 18.33 
Psychosocial health: 75.08 ± 15.76; 75.46 ± 17.99 

Children and adolescents displayed 
significant agreement with parents in 
terms of how they perceive their overall 
QoL; levels of agreement increased with 
age for physical health, but decreased 
with age for psychosocial well-being. 
Parent scores were systematically higher 
than child self-reports, but were not 
significantly or meaningfully different. 

There were no significant correlations 
between child or parent PedsQL scores 
and sex, age, recurrent syncope or 
psychological factors (Child Behaviour 
Checklist: externalizing and internalizing 
problem scores). Child self-reported 
psychosocial and total quality of life 
scores were, however, significantly 
related to indices of parent stress (Parent 
Stress Index: parent-child dysfunctional 
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interaction scale, difficult child scale, total 
parent stress scale). 

Ng et al., 
2019b [21] 

RAND-36 Physical functioning: 77 ± 24 
Role physical: 33 ± 42 
Bodily pain: 68 ± 25 
General health: 60 ± 22 
Emotional well-being: 69 ± 21 
Energy/fatigue: 50 ± 22 
Social functioning: 71 ± 24 
Role emotional: 54 ± 45 
Physical health composite: 53 ± 9 
Mental health composite: 56 ± 11 

RAND-36 domain and summary scores 
and global health VAS scores were all 
significantly lower in VVS patients 
compared to healthy controls (p<0.001).  
More patients with VVS met criteria for 
“borderline” or “probable” anxiety 
(p<0.001), “borderline” or “probable” 
depression (p=0.013; hospital anxiety 
and depression scale – HADS), and 
clinically significant anxiety sensitivity 
(p<0.001) compared to healthy controls. 

In patients with VVS there were weak, 
but significant, negative correlations 
between anxiety and all RAND-36 
dimensions except physical functioning 
and both summary scores (p≤0.026). 
Depression (HADS) was negatively 
correlated with all RAND-36 dimensions 
and summary scores (p≤0.002). Anxiety 
sensitivity (anxiety sensitivity index) was 
negatively correlated with all RAND-36 
dimensions except pain and both 
summary scores (p≤0.01). In healthy 
controls the only statistically significant 
relationships were between anxiety and 
pain, depression and role limitations due 
to emotional health, and anxiety 
sensitivity and emotional well-being 
(p≤0.031). 

Global health 
VAS 

71 ± 19 

Santhouse et 
al., 2007 
[294] 

WHOQOL-BREF Physical health: 62.7 ± 28.2 
Environmental: 64.7 ± 19.1 
Psychological: 60.7 ± 23.6 
Social relationships: 70.7 ± 19.1 
Overall quality of life: 4.0 ± 1.5 
Quality of health: 4.3 ± 0.8 

Overall quality of life (p=0.0001), quality 
of health (p<0.0001) and physical 
(p<0.0001), environmental (p=0.0002), 
and psychological (p=0.002) domain 
scores were significantly reduced in VVS 
patients compared to healthy controls. 
There were no differences between 
patients with VVS and patients with 
epilepsy. 

The number of syncopal episodes was 
not correlated with scores on any of the 
QoL scales. 
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St-Jean et al., 
2008 [295] 

QLSI Global QoL: 6.35 ± 5.09 
 

Participants were clustered based on 
their scores on the Illness 
Representations survey. QLSI scores 
were increased in those with low 
perceived illness severity compared to 
those with intermediate or high perceived 
illness severity. QLSI scores were 
comparable between intermediate and 
high perceived illness severity groups. 

There was no significant effect of sex on 
quality of life, but there was a significant 
interaction between sex and syncope 
type. Men with unexplained syncope had 
lower QLSI scores compared to men with 
VVS (p=0.004), but not compared to 
women with unexplained syncope or 
VVS. Increasing age (p=0.036), more 
lifetime syncope episodes (p=0.005) and 
the presence of anxiety or depression 
disorders (p<0.001) were associated 
with decreased quality of life. 

Broadbent et 
al., 2018 
[297] 

PWI-A General life satisfaction (GLS): 69.57 ± 22.65 
Health satisfaction (Hsat): 60.64 ± 24.44 
Non-health related subjective well-being (PWI-H): 
73.62 ± 17.54 

Hsat scores were significantly reduced in 
VVS (p=0.01) and patients with coronary 
artery disease (CAD) (p=0.004) 
compared to healthy controls, but were 
not different between VVS and CAD 
patients. GLS and PWI-H scores were 
similar between groups. 

Quality of life variables (GLS, Hsat, PWI-
H) were negatively correlated with 
measures of anxiety and depression in 
all three groups, but these relationships 
were stronger in the two patient groups 
than in controls.  

Linzer et al., 
1991 [18] 

SIP SIP total score: 16.8 ± 14.2 
SIP psychosocial score: 19.9 (SD not reported) 
SIP physical score: 11.1 (SD not reported) 

In syncope patients the SIP psychosocial 
scores were significantly higher than 
physical scores (p<0.0001), reflecting 
greater psychosocial impairment. Total 
SIP scores in syncope patients were 
higher than in the general population and 
comparable to patients with severe 
rheumatoid arthritis and chronic low back 
pain (statistics not reported). 

SIP physical dimension scores were 
moderately correlated with age (r=0.25; 
p<0.05) and number of co-morbid 
conditions (r=0.43; p<0.002). Symptom 
checklist 90 scores (SCL-90-R, a 
measure of current point-in-time 
psychological symptom status) were 
elevated in patients with VVS compared 
to reference control data. SIP 
psychosocial scores were correlated 
(r>0.4; p<0.001) with all 9 subscales 
(somatization, obsessive -compulsive, 
interpersonal sensitivity, depression, 
anxiety, hostility, phobic anxiety, 
paranoia, and psychoticism) of the 
symptom checklist 90.  

Postural orthostatic tachycardia syndrome 
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Bhatia et al., 
2016 [298] 

SF-36 
*33 patients 
reported 
complete 
resolution of 
POTS 
symptoms. SF-
36 scores do not 
include these 
patients (n=139; 
84% female) 

Physical component summary: 33 ±15.2 
Mental component summary: 49.4 ± 11.5 

Physical component summary scores 
were significantly decreased compared 
to population normative data (p<0.001). 
Mental component summary scores 
were in the normal range. 

The following symptoms were each 
independently associated (p≤0.004) with 
reductions in SF-36 age- and sex-
adjusted physical component summary 
scores: fatigue, pain, nausea, sleep 
disturbance, brain fog, memory 
problems, exercise intolerance, 
purplish/bluish discoloration of hands 
and feet, shortness of breath, 
palpitations, vomiting, dizziness/light-
headedness, syncope.  

Benrud-
Larson et al., 
2002 [20] 

SF-36 
*means for SF-
36 domains 
estimated from 
figures; SD was 
not shown or 
reported; 
physical and 
mental 
component 
summary scores 
calculated based 
on domain 
scores 

Physical functioning: 54.2 ± 27.4 (reported for this 
sample in Benrud Larson et al. 2003) 
Role physical: 33 
Bodily pain: 60 
General health: 48 
Vitality: 36 
Social functioning: 59 
Role emotional: 81 
Mental Health: 72 
Physical component summary: 34 
Mental component summary: 49 

SF-36 scores in physical functioning, role 
physical, bodily pain, general health, 
vitality, and social functioning domains 
were all significantly reduced compared 
to reference data for healthy controls 
(p<0.01), but were similar to reference 
data for patients with congestive heart 
failure and chronic obstructive pulmonary 
disease. Role emotional and mental 
health scores were similar between the 4 
groups. (No comparisons reported for 
physical or mental component summary 
scores). A large proportion (24%) of 
patients reported their employment 
status as disabled (unable to work due to 
POTS symptoms); these patients 
reported decreased scores in physical 
functioning, role physical, bodily pain, 
general health, vitality, social functioning, 
and role emotional domains, and 
reduced physical component summary 
scores (p<0.05). 

Autonomic Symptom Profile (ASP) 
scales were more strongly correlated 
with SF-36 physical component 
summary (r=-0.49; p<0.01) than mental 
component summary (r=-0.27; p<0.05) 
scores. All autonomic symptom scales 
(upper gastrointestinal symptoms, 
secretomotor dysfunction, pupillomotor 
symptoms, vasomotor symptoms, 
constipation, bladder dysfunction, sleep 
dysfunction) except diarrhea were 
significantly correlated (p<0.05) with SF-
36 physical component summary scores, 
but the orthostatic intolerance scale had 
the strongest correlation (r=-0.45; 
p<0.01). Sleep dysfunction, upper 
gastrointestinal and pupillomotor 
symptoms were the only ASP scales 
significantly related to the mental 
component summary score (p<0.05). 
Disability status and symptom severity 
were independently associated with 
physical component summary scores. 
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Benrud-
Larson et al., 
2003 [299] 

SF-36 Physical functioning domain: 54.2 ± 27.4  SF-36 physical functioning domain 
scores were significantly (p<0.05) 
correlated with perceived disability (r=-
0.78), orthostatic symptom severity (r=-
0.46), catastrophizing (r=-0.33), 
depression symptoms (r=-0.26) and 
somatic vigilance (r=-0.23) 

Rodriguez et 
al., 2019 
[300] 

SF-36 Physical component summary: 43.41 ± 7.29 
Mental component summary: 46.42 ± 10.58 

The physical component summary score 
was significantly reduced relative to the 
control group (p=0.003); the mental 
component summary score was not. 

 

Hutt et al., 
2020 [301] 

SF-36 Physical component summary: 30.5 ± 9 
Mental component summary: 44.6 ± 10 

 A large proportion (44%) of POTS 
patients had abnormally low functional 
capacity for their age and sex; this was 
more common in younger patients 
(p=0.0017). Low functional capacity in 
POTS patients was associated with 
reduced physical component summary 
scores on the SF-36 (p=0.006).  

Moon et al., 
2016 [302] 

SF-36 Physical component summary: 43.4 ± 8.3  
Mental component summary: 39.9 ± 11.4 

 Increased symptoms of orthostatic 
intolerance were significantly associated 
with lower physical (r=-0.534) and mental 
(r=-0.436) component summary scores 
(p<0.01). All items of the orthostatic 
intolerance questionnaire (nausea, 
tremor in hands, dizziness, palpitation, 
headache, profuse perspiration, blurred 
vision, chest discomfort, 
lightheadedness, and concentration 
difficulties) were correlated with the 
physical component summary score 
except tremor in hands, and all were 
correlated with mental component 
summary scores except tremor in hands 
and profuse sweating. The magnitude of 
the orthostatic heart rate increase was 
not related to any of the orthostatic 
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intolerance symptoms, or SF-36 physical 
or mental component summary scores. 

Anderson et 
al., 2014 
[303] 

SF-36 Physical functioning: 70 
Role physical: 46 
Bodily pain: 62 
General health: 30 
Vitality: 36 
Social functioning: 68 
Role emotional: 49 
Mental Health: 54 
Physical component summary: 41 ± 7 
Mental component summary: 39 ± 14 

All eight SF-36 domain scores and both 
physical and mental component 
summary scores, were significantly 
reduced in POTS patients compared to 
healthy controls (p<0.001). 

 

George et al., 
2016 [105] 

SF-36v2 Physical functioning: 32 ± 9 
Role physical: 27 ± 9 
Bodily pain: 40 ± 11 
General health: 31 ± 8 
Vitality: 32 ± 9 
Social functioning: 28 ± 11 
Role emotional: 41 ± 13 
Mental Health: 42 ± 12 
Physical component summary: 30 ± 9 
Mental component summary: 40 ± 12 

-  

Gibbons et 
al., 2021 
[304] 

EQ-5D-3L EQ VAS: 62 ± 13 -  

Bagai et al., 
2011 [305] 

EQ-5D-3L Prevalence (%) of patients reporting some or 
extreme problems:  
Mobility: 60 
Usual activities: 95 
Self care: 35 
Pain/discomfort: 81 
Anxiety/depression: 56 

More participants with POTS reported 
some or extreme problems in each of the 
five dimensions (p<0.0001) of the EQ-
5D-3L compared to healthy controls. The 
EQ VAS scores were significantly lower 
in POTS patients compared to healthy 
controls (p<0.0001). 
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EQ VAS: 53 ± 17 

RAND-36 Physical functioning: 53 ± 17 
Role physical: 26 ± 2 
Bodily pain: 39 ± 9 
General health: 30 ± 9 
Emotional well-being: 47 ± 10 
Energy/fatigue: 30 ± 7 
Social functioning: 29 ± 11 
Role emotional: 41 ± 13 
Physical health composite: 26 ± 9 
Mental health composite: 43 ± 11 

All RAND-36 dimensions and both 
summary scores were significantly 
reduced in patients with POTS compared 
to healthy controls (p≤0.009). Quality of 
life deficits were greater in physical 
health domains compared to mental 
health domains. RAND-36 scores were 
comparable to reference data from 
patients with rheumatoid arthritis and 
end-stage renal disease (significance 
testing not performed). 

Physical (R=-0.70; R2=0.53; p<0.0001) 
and mental R= 0.58; R2=0.26; p<0.0001) 
composite scores were correlated with 
sleep problems (Medical Outcomes 
Study Sleep Problems index). 

Fisher et al., 
2020 [306] 

PROMIS-10 PROMIS-10 mental health T-score: 37.9±7.0 
PROMIS-10 physical health T-score: 34.3±6.2 

 PROMIS-10 physical (r=-0.60; 95% CI: -
0.76, -0.38) and mental (r=-0.45; 95%CI: 
-0.64, -0.15) health T-scores were 
significantly (p<0.05) correlated 
(spearman) with autonomic symptoms 
(from COMPASS-31). There were no 
significant relationships between time 
since diagnosis, time since symptoms 
onset and PROMIS-10 scores. 

Pederson et 
al., 2017 
[103] 

CDC HRQOL-14 
(One additional 
item added 
assessing 
number of days 
with brain fog.) 

Days of poor physical health: 19.59 ± 8.81 
Days of poor mental health: 13.86 ± 10.14 
Days with activity limitations: 17.48 ± 10.06 
Days with pain: 15.52 ± 10.95 
Days of sadness: 12.17 ± 10.04 
Days of worrying: 15.69 ± 11.19 
Days without enough sleep or rest: 22.37 ± 9.29 
Days with good energy: 2.26 ± 4.07 
Days with brain fog: 19.34 ± 9.97 (added item) 
35.4% rated their health as poor 
97.1% reported their activities were limited by 
illness 
76.1% reported needing help with routine needs 
(e.g. shopping, chores, or conducting business) 

POTS patients had fewer days with good 
energy and more days of poor physical 
and mental health, activity limitations, 
pain, sadness, worrying, brain fog and 
without enough sleep or rest compared 
to healthy controls (p<0.001). More 
POTS patients rated their health as poor 
and reported activity limitations and 
needing help with routine needs and 
personal care compared to healthy 
controls (p<0.001). 
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30.1% reported needing help with personal care 
(e.g. eating, bathing, dressing, or getting around 
the house) 

Pederson et 
al., 2020 
[307] 

WHOQOL-BREF 
(Environmental 
domain excluded 
to reduce survey 
length and 
quality of health 
question not 
reported.) 

Physical health: 36.0 ± 16.5 
Psychological: 41.2 ± 17.4 
Social relationships: 46.1 ± 22.0 
Overall quality of life: 4.9 ± 1.6 

 A large proportion of participants 
reported poor (score<60) physical health 
(89.2%), psychological health (82.2%) 
and social relationships (75.0%). 

Vasovagal syncope and postural orthostatic tachycardia syndrome 

Hall et al., 
2021 [308] 

RAND-36 
*VVS group: 
n=71 for 
emotional well-
being, mental 
health composite 
scores 
*POTS group: 
n=176 for 
physical 
functioning, 
emotional well-
being, role 
emotional; 
n=175 for mental 
health 
composite; 
n=174 for 
general health 
composite 

VVS scores; POTS scores 
Physical functioning: 76.5 ± 24.6; 42.5 ± 22.6  
Role physical: 33.0 ± 42.4; 11.4 ± 25.3 
Bodily pain: 67.7 ± 24.6; 48.8 ± 25.3 
General health: 60.5 ± 22.1; 31.2 ± 20.0 
Emotional well-being: 68.9 ± 20.4; 67.4 ± 17.3 
Energy/fatigue: 50.7 ± 22.1; 27.2 ± 17.3 
Social functioning: 71.2 ± 24.6; 45.2 ± 23.9 
Role emotional: 55.6 ± 44.1; 65.7 ± 42.6 
Physical health composite: 53.1 ± 9.3; 38.1 ± 
20.0 
Mental health composite: 56.1 ± 11.0; 62.4 ± 
20.0 
General health composite: 61.5± 11.0; 57.5 ± 
18.6 

RAND-36 scores were reduced in POTS 
patients compared to VVS in physical 
functioning, role physical, energy and 
fatigue, social functioning, pain and 
general health domains (p<0.001); 
emotional well-being (p=0.271) and role 
emotional (p=0.052) domains were not 
significantly different. The physical health 
and general health composite scores 
were lower in POTS compared to VVS 
(p≤0.030), but the mental health 
composite score was lower in VVS 
patients than in POTS patients 
(p=0.005). 

When RAND-36 data were stratified by 
sex (36M; 249F) rather than diagnosis, 
females reported significantly lower 
scores in all domains except emotional 
well-being and role emotional. Physical 
health composite scores were lower in 
females, while there was no effect of sex 
on mental and general health composite 
scores. Within the VVS group (24M; 
48F), male patients reported higher 
RAND-36 scores in physical functioning 
(p=0.014), role physical (p=0.005), social 
functioning (p=0.002) and pain (p=0.040) 
domains and on physical (p=0.005), 
mental (p=0.027) and general health 
composite scores (p=0.015). Within 
POTS (12M; 177F) patients, males 
scored lower than females in the 
energy/fatigue domain and on mental 
(p=0.038) and general health composite 
scores (p=0.036). 
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Orthostatic hypotension 

Kim et al., 
2020 [309] 

EQ-5D-3L Prevalence (%) of patients reporting some or 
extreme problems:  
Mobility: 53.8 
Usual activities: 28.2 
Self care: 16.2 
Pain/discomfort: 67.5 
Anxiety/depression: 45.3 
EQ-5D-3L index: 0.56 ± 0.29 
EQ VAS: 65.79 ± 20.54 

More participants in the OH group 
reported some or extreme problems in 
each of the five dimensions (p≤0.022) of 
the EQ-5D-3L compared to participants 
without OH. The EQ-5D-3L index 
(p<0.001) and EQ VAS (p=0.006) scores 
were significantly lower in those with OH 
compared to those without.  

 

Francois et 
al., 2019 

SF-8 Physical functioning: 34.3 ± 8.4 
Role physical: 33.9 ± 8.6 
Bodily pain: 44.0 ± 9.8 
General health: 37.9 ± 6.7 
Vitality: 39.3 ± 7.4 
Social functioning: 39.1 ± 9.0 
Role emotional: 41.1 ± 9.2 
Mental Health: 43.6 ± 9.6 
Physical component summary: 33.7 ± 8.5 
Mental component summary: 43.1 ± 10.2 

  

Note: To avoid redundancy in our reporting, data from three longitudinal studies (Baron-Esquivias et al., 2005; Van Dijk et al., 2007; Lévesque et al., 2010) have been omitted from 
Table 2; their results can be found in Table 3. We note that these three studies report follow-up data from three prior studies that are described in Table 2 (Baron-Esquivias et al., 
2003; Van Dijk et al., 2006; St-Jean et al., 2008).  
Abbreviations: head-upright tilt test (HUT).
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Table 3.4. Longitudinal study results 

Study Outcome 
measure  

Baseline scores - population of 
interest (mean ± SD) 

Follow 
up time 
point 
(months) 

Follow up scores Additional contextual findings 

Vasovagal Syncope 

Baron-
Esquivias et 
al., 2005 
[283] 

SF-36 
(Spanish 
version) 
*data reported 
as median and 
interquartile 
range; means 
and SD 
estimated; 
physical and 
mental 
component 
summary 
scores 
calculated 
based on 
domain scores 

Physical functioning: 87 ± 22 
Role physical: 56 ± 13 
Bodily pain: 43 ± 12 
General health: 61 ± 24 
Vitality: 63 ± 34 
Social functioning: 83 ± 28 
Role emotional: 67 ± 75 
Mental Health: 67 ± 27 
Physical Component Summary: 50 
±12 
Mental Component Summary: 46 ± 18 
 

6  Physical functioning: 87 ± 22 
Role physical: 85 ± 34 (p=0.021) 
Bodily pain: 43 ± 12 
General health: 67 ± 30 (p=0.026) 
Vitality: 58 ± 26 
Social functioning: 88 ± 28 (p=0.03) 
Role emotional: 67 ± 75 
Mental Health: 67 ± 27 
Physical Component Summary: 51 
±10 
Mental Component Summary: 46 ± 
18 

At follow-up time point, patients who 
experienced syncope recurrence 
during the follow up period (n=33; 
38.3%) had significantly worse QoL in 
bodily pain, general health, vitality and 
role emotional domains than patients 
who did not have syncope recurrence.  

Van Dijk et 
al., 2007 
[277] 

SF-36 Physical functioning: 68 ± 28  
Role physical: 46 ± 45  
Bodily pain: 64 ± 28 
General health: 55 ± 23  
Vitality: 50 ± 26 
Social functioning: 68 ± 28  
Role emotional: 65 ± 43 
Mental health: 67 ± 22 
Physical component summary: 44 ± 
11 
Mental component summary: 44 ± 13 

12 Physical functioning: 72 ± 29 (p<0.01) 
Role physical: 61 ± 43 (p<0.01) 
Bodily pain: 71 ± 29) (p<0.01) 
General health: 57 ± 25) (p=0.08) 
Vitality: 57 ± 26 (p<0.01) 
Social functioning: 76 ± 27 (p<0.01) 
Role emotional: 71 ± 40 (p=0.04) 
Mental health: 72 ± 20 (p<0.01) 
Physical component summary: 46 ± 
12 (p<0.01) 
Mental component summary: 47 ± 11 
(p<0.01) 

All SF-36 scale scores improved at 
follow-up except general health. Effect 
sizes were small. Older age, higher 
level of comorbidity, having>1 syncopal 
episode at presentation and syncope 
recurrence during follow up were 
associated with less improvement in 
physical component summary scores. 
Syncope recurrence during follow up 
and a neurologic or psychogenic 
syncope etiology were associated with 



96 

less improvement in mental component 
summary scores.  

Sheldon et 
al., 2009 
[288] 
Placebo arm 
(n=98 BL; 
n=59 
completed 
study) 

SF-36 Physical Component Summary: 48 
±10 
Mental Component Summary: 46 ± 11 
 

12 Physical Component Summary: 49 
±10; NS 
Mental Component Summary: 48 ± 
13; NS 
 

 

EQ-5D-3L EQ-5D-3L index: 0.81 ± 0.22 
EQ VAS: 74 ± 18 
 

12 EQ-5D-3L index: 0.86 ± 0.14 
EQ VAS: 80 ± 14 
 

 

Ng et al., 
2019a [287] 

SF-36 
*physical and 
mental 
component 
summary 
scores 
calculated 
based on 
domain scores 

Physical functioning: 80±24 
Role physical: 65±40 
Bodily pain: 71±24 
General health: 66±24  
Vitality: 53±23 
Social functioning: 76±25  
Role emotional: 74±38  
Mental health: 70±19 
Physical Component Summary: 47 ± 
11 
Mental Component Summary: 47 ± 10 
 

12 Physical functioning: 84±21 (p=0.073) 
Role physical: 74±38 (p=0.066) 
Bodily pain: 74±22 (p=0.487) 
General health: 69±21 (p=0.056) 
Vitality: 60±21 (p=0.001) 
Social functioning: 83±22 (p=0.004) 
Role emotional: 83±30 (p=0.033) 
Mental health: 75±16 (p<0.001) 
Physical Component Summary: 48 ± 
10 
Mental Component Summary: 50 ± 9 
 

Quality of life improved in patients with 
VVS after enrolling in a clinical trial, 
independent of randomization to drug 
or placebo and independent of 
syncope recurrence during follow up. 
Patients who experienced syncope 
recurrence during the follow up period 
tended to have lower quality of life 
scores at baseline (not significant) and 
had significantly worse quality of life 
scores in 5 SF-36 domains (social 
functioning, physical functioning, role 
physical, general health, bodily pain) at 
the 12-month follow-up time point. 
However, the overall improvement in 
quality of life from baseline to follow up 
was not affected by syncope 
recurrence during the follow up period. 
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Lévesque et 
al., 2010 
[296] 

QLSI Global QoL: 6.2 ± 5.32 
Health: 7.9 
Cognitive: 8.4 
Social: 3.0 
Marital relationships: 5.1  
Leisure times: 6.1 
Work: 5.2 
Household chores: 5.5 
Affectivity: 10.7 
Spirituality: 0.7 

2 Global QoL: 4.0 ± 3.60; p<0.0001 
Health: 5.5; p<0.010 
Cognitive: 5.3; p<0.010 
Social: 2.6 
Marital relationships: 3.0 
Leisure times: 3.5; p<0.010 
Work: 3.6; p<0.010 
Household chores: 3.0; p<0.010 
Affectivity: 6.0; p<0.010 
Spirituality: 1.4; p<0.0001 

After controlling for lifetime syncope 
episodes, a significant improvement in 
global QoL and health, cognitive, 
leisure, work, household chores and 
affectivity QoL subscales was 
observed at 2- and 6-months following 
HUT (baseline). Spirituality subscale 
scores worsened at 2 months, then 
improved at 6 month follow up 
(compared to 2-month time point). QoL 
2 months following HUT was worse in 
those who experienced a greater 
number of lifetime syncope episodes, 
those with little reduction in the 
syncope/presyncope frequency during 
follow up, those with 
anxiety/depressive disorders at 
baseline and a worse psychological 
profile at baseline. Younger age, 
reduced frequency of 
syncope/presyncope, a better baseline 
psychological profile at baseline 
(Psychiatric Symptom Index and Self-
efficacy) and improvements in 
psychological profile during follow up 
were all associated with improvement 
in QoL during follow up. There was no 
effect of sex on quality of life 
improvement in the follow up period. 
There was a significant interaction 
between sex and syncope type; men 
with VVS (positive tilt test) exhibited 
better QoL compared to men with 
unexplained syncope (negative tilt test) 
(p<0.017). All patients diagnosed with 
VVS reported receiving education and 
treatment for syncope, compared to 

6 Global QoL: 3.7 ± 3.74; p<0.0001 
Health: 5.3; p<0.010 
Cognitive: 4.9; p<0.010 
Social: 2.4 
Marital relationships: 4.2  
Leisure times: 3.5; p<0.010 
Work: 3.0; p<0.010 
Household chores: 2.4; p<0.010 
Affectivity: 5.7; p<0.010 
Spirituality: 0.9 (p<0.0001 vs 2 month) 
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only 53% of patients with unexplained 
syncope. Treatment and education for 
syncope were related to improvements 
in self-efficacy (p<0.016), which was 
determined to be a significant predictor 
of improvements in quality of life 
(p=0.002). 

Postural orthostatic tachycardia syndrome 

Gibbons et 
al., 2021 
[304] 
POTS 
(control 
group n=29) 

EQ-5D-3L EQ VAS: 64 ± 9 6 EQ VAS: 66 ± 8 (p=0.52) No significant difference in EQ VAS 
scores at 6-month follow-up in the 
control group.  
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3.4.1. Evidence on the impacts of syncopal disorders on overall quality 
of life 

Compared with control or reference populations, SF-36 and RAND-36 physical and 

mental health summary scores were significantly reduced in patients with VVS [21, 285]. 

In patients with POTS, one study using the SF-36 showed that both physical and mental 

health summary scores were reduced compared to healthy controls [303], while two others 

found only the physical component summary score to be impaired [298, 300]. In a study 

using the RAND-36, both physical and mental health composite scores were impaired in 

patients with POTS, however the deficits in the physical health composite score were 

much larger than in the mental health composite score [305]. No studies reported a greater 

impact on physical as opposed to mental health components for patients with VVS and 

OH, and in fact one study reported that in VVS the psychosocial impairment was greater 

than the physical impairment [18]. 

VAS (EQ VAS or global health) scores were significantly reduced in VVS, POTS 

and OH patient populations [21, 305, 309], and EQ-5D-3L index scores were additionally 

found to be reduced in patients with OH [309]. Two studies showed that total PedsQL 

scores (child self-reported) were significantly reduced in children with VVS compared to 

healthy controls [19, 292]. 

3.4.2. Key factors influencing quality of life outcomes in patients with 
syncopal disorders 

Duration of follow-up period 

The evolution of quality of life in patients with VVS was evaluated after a follow-up 

period, without interventional treatment, in 3 studies (Table 3.4). Two of these studies 

evaluated quality of life using the SF-36. Baron-Esquivias et al. showed that after 6 

months, quality of life scores improved in 3 of 8 domains (role physical, general health and 

social functioning) [283], while Van Dijk et al. found that after one year, all SF-36 domain 

and summary scores were improved, with the exception of the general health domain 

[277]. Lévesque et al. evaluated changes in quality of life using the QLSI and observed 

that significant improvements in global quality of life and quality of health, as well as 

cognitive, leisure, work, household chores and affectivity subscales, emerged after 2 

months and were maintained after 6 months [296]. Additional evaluations of longitudinal 



100 

changes in quality of life in patients with VVS were available in 2 interventional studies. In 

the POST1 study, a clinical trial evaluating the effectiveness of metoprolol for the 

treatment of VVS, there was no improvement in SF-36 summary scores, the EQ-5D-3L 

index, or EQ VAS in the placebo arm of the study [288]. Similarly, in patients with POTS, 

there was no improvement in EQ VAS scores in the control arm of an exercise intervention 

study after 6 months [304]. However, when Ng et al. evaluated the impact of enrolling in 

a clinical trial on quality of life in patients with VVS, combining data from the POST 1 and 

POST 2 (fludrocortisone intervention) studies, they reported that, after 12 months, quality 

of life improves, independent of randomization to drug or placebo [287].  

Frequency and recurrence of syncopal events 

Of the studies evaluating quality of life in patients with VVS, 12 explored the 

relationship between quality of life outcomes and the frequency or recurrence of syncopal 

events. Six studies showed that quality of life impairments were exacerbated in patients 

who experienced more frequent, or a greater number of lifetime syncopal episodes [285, 

286, 289, 291, 295, 311], and 3 studies that evaluated quality of life over time showed that 

quality of life improvements were diminished in patients who experienced syncope 

recurrence during the follow up period [277, 283, 296]. Another study that evaluated 

quality of life over time showed that, although patients who experienced syncope 

recurrence during the follow-up period had worse quality of life at the 12 month follow-up 

time point compared to those who did not, quality of life improved over the 12 month follow 

up period independent of whether patients experienced syncope recurrence [287]. Two 

studies did not find quality of life scores to be significantly associated with the frequency 

or recurrence of syncope [293, 294]. 

Autonomic symptom severity and duration 

Several studies explored the relationship between autonomic symptom severity 

and/or duration and quality of life. In patients with VVS, the presence of presyncopal 

episodes was associated with decreased physical and mental component summary 

scores on the SF-36, and a shorter duration of symptoms was additionally associated with 

a reduced mental component summary score [285]. In patients with POTS, several studies 

have shown increased orthostatic intolerance symptom severity to be correlated with 

reduced quality of life, predominantly in physical health domains [20, 298, 299, 302], with 

some evidence that mental health domains are also affected [302]. 
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Composite autonomic symptom scores have also been shown to be correlated 

with quality of life in patients with POTS. Increased autonomic symptom severity 

(COMPASS-31) was associated with reduced PROMIS-10 physical and mental health 

scores, although there were no significant relationships between symptom duration (time 

since diagnosis, time since symptom onset) and quality of life [306]. Similarly autonomic 

symptom severity (Autonomic Symptom Profile) was associated with reduced SF-36 

physical and mental component summary scores [20]. While orthostatic intolerance 

symptoms had the strongest correlation with the physical component summary score, 

most other autonomic symptom scales were also correlated (upper gastrointestinal 

symptoms, constipation, bladder dysfunction, pupillomotor symptoms, vasomotor 

symptoms, sleep dysfunction), suggesting that other autonomic symptoms interfere with 

quality of life in POTS patients [20]. Sleep dysfunction, upper gastrointestinal symptoms 

and pupillomotor symptoms were all negatively correlated with mental component 

summary scores, but orthostatic intolerance symptoms were not [20]. The detrimental 

impact of sleep problems/disturbances on quality of life in POTS patients was a common 

finding, with 3 studies reporting sleep problems/disturbances to be associated with quality 

of life impairments, in both physical and mental/psychosocial health domains [20, 298, 

305].  

Many additional commonly presenting POTS symptoms have been shown to be 

associated with impaired quality of life in physical health domains, including fatigue, pain, 

brain fog, exercise intolerance, palpitations, and purplish/bluish discoloration of hands and 

feet [298]. However, in patients with POTS, the magnitude of the orthostatic heart rate 

increase does not appear to influence quality of life - the magnitude of the orthostatic heart 

rate increase was not correlated with orthostatic intolerance symptoms or SF-36 physical 

or mental component summary scores [302]. 

Activity limitations / functional capacity / disability status 

More patients with VVS and POTS report activity limitations and require help with 

routine needs, personal care or activities of daily living compared to healthy controls [103, 

289, 305]. Hutt et al. showed that a large proportion of patients with POTS have 

abnormally low functional capacity for their age and sex (44% of patients in their study), a 

finding that was more common in younger patients [301]. Furthermore, patients with POTS 

with a low functional capacity had significantly lower SF-36 physical component summary 
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scores compared to patients with normal functional capacity [301]. In terms of 

employment, 24% of patients with POTS reported their employment status as disabled or 

unable to work because of their condition, and these patients had decreased scores in all 

domains of the SF-36 except mental health and reduced physical component summary 

scores [20]. 

Comorbid conditions 

Four studies explored the relationship between comorbidities and quality of life in 

patients with VVS. These studies showed that increased comorbidity (number of comorbid 

conditions or Charlston comorbidity index) was associated with decreased EQ VAS scores 

[289], and decreased physical domain scores on the SIP [18] and SF-36 [285]. Moreover, 

in a longitudinal study, increased comorbidity was predictive of less improvement in the 

SF-36 physical component summary score at the 1-year follow-up time point [277]. 

Mental health / psychological factors 

The impact of mental health and psychological conditions on quality of life was 

evaluated in patients with VVS in 7 studies. Three of these studies reported the level of 

psychological distress [18] and prevalence of psychiatric disorders [21, 286], including 

anxiety and depression, to be higher in patients with VVS, while one study reported levels 

of depression and anxiety levels to be similar in patients with VVS and controls [297]. All 

SF-36 domain scores, except bodily pain, were significantly lower in patients with 

psychiatric disorders than those without [286], and all subscales of the Symptom Checklist 

90 (SCL-90), a measure of psychological distress, were significantly correlated with SIP 

psychosocial scores [18]. The severity of anxiety, depression and anxiety sensitivity were 

all weakly but significantly correlated with RAND-36 physical and mental health composite 

scores, and almost all RAND-36 subscales, in patients with VVS, but not in healthy 

controls [21]. In contrast, Broadbent et al. found that anxiety and depression were 

negatively correlated with quality of life variables in both patients with VVS and healthy 

controls, but reported that these relationships were stronger in the patient group [297]. 

QLSI scores were poorer in patients with anxiety or depressive disorders [295] and in the 

longitudinal follow-up study, patients with more severe anxiety or depression and/or a 

worse psychological profile (Psychiatric Symptom Index) at baseline, and patients who 

experienced reductions in self-efficacy over the follow up period, had worse quality of life 

at the 2-month follow up time point [296]. 
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In a study of pediatric patients with VVS, psychological factors (Child Behaviour 

Checklist) were not associated with child self-reported PedsQL scores [293]. Child self-

reported psychosocial and total quality of life scores were, however, significantly related 

to indices of parent stress (Parent Stress Index: parent-child dysfunctional interaction 

scale, difficult child scale, total parent stress scale). 

One study evaluated the relationships between mental health/psychological 

factors and the physical functioning domain of the SF-36 in POTS patients, finding that 

catastrophizing (Coping Strategies Questionnaire) and depressive (Beck Depression 

Inventory) symptoms were significantly related to physical functioning [299]. 

Age, sex and race 

Many studies investigated the impact of age and sex on quality of life in patients 

with VVS. In adults, some studies reported that older age was associated with decreased, 

or less improvement in (after follow-up), quality of life, predominantly in physical health 

domains [18, 277, 295, 296, 311]. Despite finding that quality of life scores were reduced 

in older patients, syncope burden was not increased in older individuals, in fact, recurrence 

was more common in younger patients [296]. When considering sex, SF-36 domain 

scores [311], PCS scores [285] and RAND-36 physical, mental and general health 

composite scores, as well as physical functioning, role physical, social functioning and 

pain domain scores [308] were increased in males with VVS. The negative relationship 

between SF-36 domain scores and increasing age was found to be stronger in women 

than in men with VVS [311]. Other studies in adults with VVS did not find generic quality 

of life measures to be influenced by age [286, 289] and sex [277, 289, 295, 296]. Two 

pediatric VVS studies explored these relationships and did not find any significant 

associations between age or sex and quality of life [19, 293]. Neither study included very 

young children with reflex syncope who tend to present with reflex asystolic syncope 

(RAS), often associated with anoxic seizures. 

POTS predominantly affects young women, 92% of POTS patients in the included 

studies in this review were female, making it difficult to evaluate the impact of sex on 

quality of life in POTS. One study evaluated the influence of sex on quality of life in this 

population, comparing quality of life between VVS and POTS patients [308]. They showed 

that within the POTS group, males (n=12) scored lower than females (n=158) in the 

energy/fatigue domain and on the mental and general health composite scores of the 
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RAND-36 [308]. They also reported that when data from VVS and POTS patients were 

stratified by sex rather than diagnosis, females reported significantly lower scores in all 

domains of the RAND-36 except emotional wellbeing and role emotional domains. The 

physical health composite scores were lower in females, but there was no effect of sex on 

mental or general health composite scores. No studies reported analyses directly 

evaluating the effect of age on quality of life in POTS patients, however impairments in 

functional capacity, which are associated with decreased quality of life in physical 

domains, are more common in younger patients [301]. No studies investigated the impact 

of age or sex on quality of life in patients with OH or CSH.  

No study examined the impact of race on quality of life in patients with syncopal 

disorders, and in fact only 6 of the included studies provided any data on participant race 

[19, 20, 105, 299, 306, 310]. 

Tilt test outcome / diagnosis 

In patients with VVS, a few studies investigated the impact of tilt test outcome on 

quality of life. Rose et al. and Baron-Esquivias et al. reported that there were no significant 

differences in EQ VAS scores, or SF-36 domain scores, respectively, between patients 

with VVS with positive and negative tilt tests [289, 311]. In contrast, St-Jean et al. and 

Lévesque et al. found that there was a significant main effect of syncope diagnosis, and a 

significant interaction between sex and syncope diagnosis, when analyzing quality of life 

scores. Men with a negative tilt test outcome (determined to have unexplained syncope) 

had poorer quality of life than men with a positive tilt test (determined to have VVS) [295, 

296]. They further demonstrated that education and treatment significantly improve self-

efficacy, which is a significant predictor of quality of life, and showed that patients with 

unexplained syncope were less likely to receive education and treatment than those 

diagnosed with VVS [296]. Van Dijk et al. evaluated the impact of syncope diagnosis on 

the evolution of quality of life outcomes after one year [277]. The syncope population in 

their study (n=268) was principally patients with VVS (77%; n=205), but also comprised 

patients with cardiac (8.2%; n=22), neurological (3.0%; n=8), and psychogenic etiologies 

(4.9%; n=13), as well as patients without a formal diagnosis (7.5%; n=20), and they 

observed that SF-36 mental component summary scores improved less in patients with a 

neurological or psychological syncope diagnosis over the follow up period. Another study 
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evaluated the impact of the subtype of VVS (VASIS classification) on EQ-5D-3L index and 

EQ VAS scores, and found that quality of life did not differ between VASIS subtypes [291]. 

3.4.3. Meta-analyses of overall and domain quality of life scores: 
comparisons to normative data and across syncopal disorders 

The SF-36 (version 1) was the most frequently used instrument, used in 15 studies. 

Physical and mental component summary scores for the SF-36 were available in 10 

studies with distinct patient samples (5 VVS; 5 POTS). SF-36 physical and mental 

component summary score data from individual studies, and aggregate means and 

standard deviations are shown in Figure 3.2. Patients with VVS (n=939; physical 

component summary score: 45.1±10.4; mental component summary score: 44.2 ± 12.8) 

and POTS (n=524; physical component summary score: 34.3 ± 10.5; mental component 

summary score: 44.8 ± 10.6) exhibited significant reductions in physical  and mental 

component summary scores relative to US normative data [312] (n=2474; physical 

component summary score:50.0 ± 10.0; mental component summary score:50.0 ± 10.0; 

p<0.001). Physical component summary scores were significantly lower in patients with 

POTS compared with those with VVS (p≤0.001), while mental component summary 

scores were similar between VVS and POTS groups (p=0.295). SF-36 domain scores, 

shown in Figure 3.3, were reported in 7 studies (5 VVS; 2 POTS). Unfortunately, no 

measure of error was reported in either of the POTS studies. Although we were unable to 

include these data in our statistical analyses, we have calculated aggregate means for the 

POTS population and shown them in the figure for interest. Scores in all eight SF-36 

domains were significantly reduced in patients with VVS compared to US normative data 

(p<0.001).
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Figure 3.2 Meta-analysis of SF-36 summary scores in patients with VVS and 

POTS compared to normative data. 
Physical (A) and mental (B) component summary scores are shown for patients with VVS [284–
287, 311] (red) and POTS [298, 300–303] (blue). Data for each study are presented as the mean 
(circle) and standard deviation (whiskers) with the size of the circle proportional to the study sample 
size. Weighted means and standard deviations for combined data for patients with VVS and POTS 
are indicated with black squares. Vertical lines and grey shading denote the mean and standard 
deviation based on US normative data (n=2,474) [312].
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Figure 3.3. Meta-analysis of SF-36 domain scores in patients with VVS and POTS 

compared to normative data. 
SF-36 domain scores are shown for patients with VVS [283–287] and POTS [20, 303]. Bars 
represent weighted means and standard deviations for patients with VVS and POTS. Note that the 
two POTS studies did not report a measure of error; the mean scores from these studies are 
presented for reference, but have not been included in the statistical analysis. Horizontal line and 
grey shading denote the mean and standard deviation based on US normative data (n=2,474) 
[312]. 

Proportions of participants reporting limitations or problems across the EQ-5D-3L 

domains were presented in one VVS [289], one POTS [305] and one OH study [309], 

these data are compiled in Table 3.5. Significantly more patients with VVS reported 

limitations compared to US and regional Canadian (Alberta) normative data [313] in four 

of five EQ-5D-3L domains – mobility (p≤0.043), usual activities (p≤0.001), self-care 

(p≤0.004) and anxiety/depression (p≤0.001). More patients with OH reported limitations 
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or problems in all domains of the EQ-5D-3L compared to US (p≤0.005) and Canadian 

(p≤0.006) norms, and more OH patients reported limitations or problems compared to 

patients with VVS in the mobility (p<0.001) and pain/discomfort (p=0.014) domains. More 

POTS patients reported limitations in all five domains of the EQ-5D-3L compared to US 

and regional Canadian norms (p<0.001). Furthermore, more POTS patients reported 

limitations or problems in the usual activities and self-care domains compared to patients 

with VVS (p<0.001) or OH (p≤0.024), and in the mobility, and pain/discomfort domains 

compared to patients with VVS (p<0.001).  

Table 3.5. Percentage of individuals reporting limitations or problems (i.e., a 
level 2 or level 3 response) in EQ-5D-3L domains in patients with VVS, 
POTS and OH compared to population/regional norms. 

* Significantly different when compared with normative data from the United States, at the 0.05 level of significance. 

† Significantly different to the VVS group, at the 0.05 level of significance. 
‡ Significantly different to the OH group, at the 0.05 level of significance 

EQ VAS scores (including global health VAS scores reported by Ng et al.) were 

reported in seven studies (4 VVS; 2 POTS; 1 OH). Scores from individual studies, as well 

as weighted means and standard deviations for each group are shown in Figure 3.4. 

Compared to US normative data [313] (n=38,678; EQ VAS score: 80.0 ± 19.7), patients 

with VVS (n=516; EQ VAS score: 72.5 ± 15.8), POTS (n=121; EQ VAS score: 58.8 ± 14.6) 

and OH (n=117; EQ VAS score: 65.8 ± 20.5) all reported significant reductions in their 

perceived overall health (p<0.001). EQ VAS scores were significantly lower in patients 

with POTS and OH compared to patients with VVS (p≤0.001) and furthermore, patients 

with POTS reported lower scores relative to patients with OH (p=0.006). 

The PedsQL was used to quantify quality of life in pediatric patients with VVS in 3 

studies. Aggregate physical health, psychosocial health and total PedsQL scores were all 

significantly reduced (p<0.001) in the VVS group (n=287; physical health: 75.2 ± 16.4; 

psychosocial health: 72.8 ± 17.2; total score: 73.6 ± 14.2) compared to US normative data 

 
Mobility Self-care 

Usual 
Activities 

Pain/ 

Discomfort 

Anxiety/ 

Depression 
      

VVS (n=136) [289] 25.9* 9.0* 37.2* 49.2 43.4* 

POTS (n=44) [305] 60*† 35*†‡ 95*† ‡ 81*† 56* 

OH (n=117) [309] 53.8*† 16.2* 28.2* 67.5*† 45.3* 
      

Population normative data      

United States(n=38,678) [313] 18.5 3.7 17.9 48.3 23.2 
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[314] (physical health (n=959): 80.2 ± 19.3; psychosocial health (n=958): 79.4 ± 15.7; total 

score (n=960): 79.6 ± 15.3). Subdomain scores within the psychosocial health dimension 

were available in 2 VVS studies. Emotional functioning (VVS (n=162): 65.9 ± 20.1; US 

(n=958): 78.10 ± 20.6) and school functioning (VVS (n=162): 65.4 ± 20.2; US (n=933): 

75.9 ± 19.7) scores were significantly reduced (p<0.001) in patients with VVS compared 

to US norms. Social functioning (VVS (n=162): 81.6 ± 17.9; US (n=958): 84.1 ± 18.5) 

scores were not different between groups (p=0.116). 

 
Figure 3.4. Meta-analysis of EQ VAS in patients with VVS, POTS and OH 

compared to United States normative data. 
EQ VAS scores are shown for patients with VVS [287, 288, 290, 291], POTS [304, 305] and OH 
[309]. Circles represent mean scores from individual studies, with the size of the circle proportional 
to the study sample size. Weighted means and standard deviations for combined data for patients 
with VVS, POTS and OH are indicated with black squares. Horizontal line and grey shading denote 
the mean and standard deviation based on US normative data (n=38,678) [313]. 

3.5. Discussion 

This paper represents the first comprehensive review of the impact of orthostatic 

syncope and presyncope on quality of life, as measured by generic quality of life 

instruments. With our search strategy and study selection protocol, 36 peer-reviewed 

articles were identified, the majority of which evaluated quality of life in patients with VVS 

and POTS, with a paucity of research evaluating the impact of OH and CSH on quality of 

life. A key finding of this review is that quality of life is consistently reported to be impaired 

in patients with syncopal disorders. Of note, all 15 papers that statistically compared 

quality of life in patients with orthostatic syncope to control or reference populations, 
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detected quality of life impairments in patients with syncopal disorders. Our meta-analyses 

combined available SF-36, EQ-5D-3L and PedsQL data, enabling comparisons to 

population normative data and between syncopal disorders. Analyses of aggregate data 

showed that SF-36 physical and mental component summary scores are significantly 

impaired in patients with VVS and POTS; total, physical, and mental health PedsQL 

summary scores are significantly reduced in pediatric patients with VVS; EQ VAS scores 

are reduced in patients with VVS, POTS and OH; and more patients with VVS, POTS and 

OH report limitations or problems in all domains of the EQ-5D-3L compared to normative 

population data.  

While both physical and mental health dimensions of quality of life are reported to 

be impaired in patients with POTS, several studies reported that quality of life deficits in 

POTS patients are more profound in physical health domains than mental health domains 

[20, 298, 300, 305]. The results of our meta-analysis are compatible with this finding. 

Furthermore, patients with POTS who are disabled and unable to work because of their 

condition report decreased scores in all SF-36 domains except mental health, and report 

reduced physical, but not mental, component summary scores relative to patients who are 

able to maintain school/work responsibilities [20]. Together, this evidence suggests that 

quality of life deficits in POTS are largely due to physiological factors and resulting physical 

impairments, rather than psychological problems. While one study in our review found 

catastrophizing and depressive symptoms in patients with POTS to be significantly related 

to the physical functioning SF-36 domain score [299], the lifetime prevalence of major 

depression and anxiety disorders has been previously shown to be similar between 

patients with POTS and the general population [315]. This relationship may reflect the 

psychological toll of the high physical symptom burden in patients with POTS, with 

impairments affecting multiple systems (cardiovascular, gastrointestinal, urinary, 

vasomotor, sleep, etc.) that contribute to the disabling nature of this disorder [20, 298, 

305], and this is supported by the observation that quality of life was more severely 

impaired in those with more severe autonomic symptoms affecting multiple domains. 

Accordingly, improving the management of physical symptoms is a key priority for patients 

with POTS to increase quality of life in physical health domains, with a likely benefit of 

indirect improvements in mental health related quality of life.  

A greater impact on physical health, as opposed to mental health dimensions of 

quality of life was not reported in patients with VVS. In fact, one study reported that 
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psychosocial quality of life impairments were greater than physical quality of life deficits in 

patients with VVS [18]. Our meta-analysis of SF-36 summary scores showed that, in 

patients with VVS, overall deficits in physical and mental components were similar. 

However, quality of life was reported to be more impaired in patients with VVS who also 

had other comorbid conditions, and this is similar to the greater impairment in quality of 

life in patients with POTS with more severe autonomic symptoms affecting multiple 

systems – when orthostatic syncope is associated with other physical impairments, quality 

of life is more severely impacted. In contrast to patients with POTS, several studies have 

reported the prevalence of psychiatric disorders and severity of psychological distress to 

be increased in patients with VVS [18, 21, 286, 295]. Moreover, the presence and severity 

of psychiatric disorders are associated with reduced quality of life in this population, more 

so than in healthy controls, and are associated with less improvement in quality of life after 

follow-up [21, 286, 296, 297]. The frequency of syncopal events is a major factor 

influencing quality of life outcomes in patients with VVS. Increased event frequency, or 

syncopal recurrence during follow up are associated with reduced quality of life in both 

physical and mental health domains in patients with VVS. Syncopal recurrence is also 

more common in patients with VVS who have concurrent psychiatric disorders [286], and 

conversely, patients who report more frequent syncopal events, are more likely to have a 

concurrent psychiatric disorder or psychiatric symptoms [316, 317]. Whether 

psychological distress predisposes to syncope in susceptible individuals, or whether 

syncope contributes to psychological distress, is not clear. Perhaps it is more likely that 

both are true, resulting in a positive feedback loop. Certainly, this evidence suggests that, 

in addition to standard management practices, addressing mental health concerns in 

patients with VVS is a priority, especially in patients experiencing frequent events.  

Our findings highlighted the severe impact of syncopal disorders on quality of life 

using established clinical tools. The negative impact on quality of life also resonated with 

our stakeholder communities, community partners and patient advocacy groups, who 

highlighted that recurrent orthostatic syncope leads to stress, fear, anxiety, distress and 

psychological disorders, impairing the ability of affected individuals to fully participate in 

activities and lead active independent lives [318]. Given that orthostatic syncope is not 

life-threatening, stake-holder communities perceive that the impact on quality of life is 

under recognized, with symptoms frequently ignored or dismissed as trivial [318]. Many 

individuals also experience injury associated with the syncopal event. We note that no 
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studies evaluated the impact of injuries sustained due to syncope, or the impact of injury 

treatment and recovery (hospital stays, missed school/work, severity of injury) on quality 

of life. 

One study in our review directly compared quality of life between patients with VVS 

and POTS, finding that RAND-36 domain scores were significantly reduced in patients 

with POTS in physical functioning, role physical, energy and fatigue, social functioning, 

pain and general health domains, while role emotional scores tended to be lower in 

patients with VVS (p=0.052), although this did not achieve statistical significance. 

Impairments in overall physical, and general health composite scores were greater in 

POTS patients, while the degree of impairment in the mental health component was 

greater in patients with VVS [308]. Our meta-analysis similarly showed that SF-36 physical 

component summary scores are significantly reduced in patients with POTS, compared to 

patients with VVS, although mental component summary scores were similar between 

groups. Overall, quality of life in patients with syncopal disorders, quantified by the SF-36 

or RAND-36 [308], appears to be most impaired in the role physical domain, reflecting that 

patients with VVS and POTS experience limitations in their ability to complete work or 

usual activities because of physical problems. Our meta-analysis of EQ-5D-3L domains 

further showed that compared to patients with VVS, patients with POTS report significantly 

more limitations or problems in mobility, usual activities, self-care and pain/discomfort 

domains, but report similar scores in the anxiety/depression domain. 

No studies investigated quality of life in patients with CSH and research 

investigating quality of life outcomes in patients with OH is scarce; only two studies in this 

review evaluated quality of life in this group. Both studies identified significant impairments 

in quality of life in patients with OH, particularly in domains associated with physical quality 

of life [309, 319]. Of note, OH and CSH are disorders that predominantly affect older 

adults, suggesting that research examining quality of life in older adults with syncopal 

disorders is relatively lacking, and should be prioritized, particularly given that OH and 

CSH are associated with significant morbidity and mortality in older adults. Furthermore, 

young children presenting with reflex syncope are often diagnosed with RAS. We note 

that no studies investigated the impact of RAS on quality of life. RAS attacks in young 

children cause fear and anxiety for both the patient and the caregiver(s), and future studies 

should aim to address this key knowledge gap. While our review was focused on the 

impact of orthostatic syncope and presyncope on quality of life, we recognize that other 
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etiologies of syncope (e.g. cardiac syncope, psychogenic pseudosyncope) also have a 

negative impact on quality of life [277, 320]. 

While comparing quality of life between patients with syncope or presyncope and 

other chronic health conditions was not an aim of this study, these comparisons were 

reported in five studies. In patients with VVS, SF-36 scores were similar to patients with 

heart failure in 5 of 8 domains [311], WHO-QOL-BREF impairments were comparable to 

patients with epilepsy [294], reductions in health satisfaction were similar to patients with 

coronary artery disease [297], and total PedsQL scores were comparable to patients with 

asthma, end-stage renal disease, obesity and structural heart disease, and further 

reduced compared to patients with diabetes mellitus [19]. Quality of life impairments in 

patients with POTS, as quantified by the SF-36, were similar to patients with congestive 

heart failure or chronic obstructive pulmonary disease [20]. Two additional studies placed 

VVS and POTS quality of life scores in context with scores from other patient populations, 

but did not perform statistical comparisons. One of these studies stated that the degree of 

quality of life impairment in patients with VVS, evaluated using the SIP, was similar to 

patients with rheumatoid arthritis and chronic low back pain [18], the other reported that 

RAND-36 scores in patients with POTS were comparable to patients with rheumatoid 

arthritis and end-stage renal disease [305]. 

The gold standard for orthostatic stress testing is a HUT test with combined, 

graded, lower body negative pressure, however, clinical tilt protocols vary in duration and 

may or may not involve pharmacological provocation to ensure a defined end point is 

reached [140]. These clinical tilt protocols have generally poor sensitivity and specificity 

which has obvious impacts on diagnostic confidence and therefore on treatment options 

and quality of life. While two studies in our review found that tilt test outcome did not 

significantly affect quality of life [289, 311], St-Jean et al. and Lévesque et al. found that 

men with a negative tilt test outcome (determined to have unexplained syncope) had 

poorer quality of life than men with a positive tilt test (determined to have VVS). 

Furthermore, 100% of patients with a diagnosis of VVS reported receiving 

education/treatment for their condition, compared to 53% of patients with unexplained 

syncope [295, 296], reflecting that patients are often not given education and resources 

when the diagnosis is in question. Interestingly, quality of life was found to improve 

throughout the follow-up period, regardless of tilt outcome, perhaps reflecting the 

importance of the physician interaction, and patient reassurance [296]. Of note, there was 
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a disconnect between patients and their treating physicians in terms of patient education; 

of the patients for whom physicians reported having provided education and/or treatment, 

only 17.8% said that they had received education for their syncope, while 73.3% reported 

receiving treatment. This suggests that there is a need to improve physician-patient 

communication regarding syncope education and management recommendations. 

Patient education and treatment, including lifestyle advice, facilitate self-efficacy, which is 

a significant predictor of quality of life [296], thus clear communication of this information 

is key.  

Cardiac syncope is not an autonomic disorder, and so we excluded quality of life 

studies focused on cardiac syncope patients in this review. The two articles reporting the 

results of the Dutch Fainting Assessment Study [277, 285] included patients with a diverse 

range of syncopal etiologies, but as these studies principally comprised patients with VVS 

(75% and 77%), we characterized the study population as VVS and included the data. We 

do not believe the inclusion of the cardiac patients to have significantly influenced the 

quality of life scores. As previously discussed, there is some evidence that quality of life 

scores are similar between patients with VVS and patients with coronary artery disease, 

structural heart disease and heart failure.  

For the purposes of this review, we were not interested in and did not evaluate the 

impact of interventions on quality of life in patients with orthostatic syncope and 

presyncope. However, it is important to note that six (3 VVS, 2 POTS, 1 OH) of the 

included papers were interventional studies that included a quality of life assessment. 

Studies conducted in patients with POTS often use the change in orthostatic heart rate 

increases as a primary outcome measure to assess the effectiveness of interventions. 

One study included in this review reported that the magnitude of the orthostatic heart rate 

increase was not correlated with orthostatic intolerance symptoms or SF-36 physical or 

mental component summary scores [302]. Similarly, in patients with VVS and OH, studies 

often use changes in OT and orthostatic cardiovascular vitals, or syncopal recurrence as 

outcome measures, which may not be reflective of symptom burden and quality of life. 

Measures of symptom burden and quality of life constitute valuable additions to any study 

evaluating novel therapies or management options for patients with syncopal disorders, 

and should be employed in more interventional studies going forward. 
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We opted to include only generic quality of life instruments in our review, excluding 

disease-specific instruments. Our study aimed to determine to what extent syncopal 

disorders impact quality of life, and to evaluate this, we evaluated quality of life scores 

from patients with orthostatic syncope in context with scores from healthy controls; 

disease-specific tools do not lend themselves to these types of assessments.  

One limitation of this review is the possibility that some relevant articles were not 

identified with our search strategy. The absence of formal standards for indexing quality 

of life and quality of life instruments, as well as the inconsistencies in the reporting of these 

outcome measures across studies may have influenced our ability to identify relevant 

articles. To minimize this possibility, we used broad search criteria and conducted our 

search in five academic databases. A second limitation relates to the variability in the 

reporting of quality of life data across studies. Many articles reported only quality of life 

summary scores and did not report the domain scores of their chosen quality of life 

instrument. We extracted all relevant data from manuscripts as they were reported and 

did not contact authors for supplemental information. We do not believe that this limitation 

diminishes the value of our findings. 

One caveat to the present study was the limited ability to compare quality of life in 

orthostatic syncope patients based on age, sex or race because these data were seldom 

reported and there were few studies on syncopal disorders in older adults. Another 

consideration is that in this systematic review, we elected not to perform an evaluation of 

the quality of evidence from included studies, and we do not believe that this evaluation 

should be performed, given our research question and methodology. Most instruments 

designed to evaluate the quality of evidence in systematic reviews (e.g. GRADE, 

Cochrane RoB 2) are intended for systematic reviews that evaluate the impact of an 

intervention on clinical outcome measures, or for diagnostic or prognostic tools. These 

tools are not suitable for the present study, which aimed to consolidate and report 

evidence on the impact of orthostatic syncope and presyncope on quality of life, because 

study design is not likely to have influenced the quality of the data extracted. For example, 

in our context, baseline quality of life data extracted from a double-blind randomized 

control trial can not and should not be assessed as higher quality than quality of life data 

extracted from a cross-sectional study. We did not formally evaluate heterogeneity in the 

literature synthesized in the meta-analyses because in every case quality of life was found 

to be impaired in patients with orthostatic syncope, with remarkable homogeneity. Any 
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differences in the effect sizes between different studies and/or sub-groups are reported in 

the figures and tables. Certainly, there are variables that may have influenced quality of 

life outcomes across studies, such as sample size, sample heterogeneity, and duration 

and severity of illness in recruited patients. These variables have been transparently 

reported in this systematic review, and their influence on study outcomes is not likely to 

be captured by instruments designed to evaluate the quality of evidence in interventional 

studies. 

3.6. Conclusions 

The impact of syncopal disorders on quality of life is not trivial, with profound 

impairment across physical and mental health domains compared to healthy controls. 

Patients with POTS and with a high frequency of episodes experience particularly severe 

impairments to quality of life. Despite the high prevalence of orthostatic syncope in older 

adults, and the strong association between orthostatic syncope and morbidity and 

mortality, quality of life remains poorly studied in this population. Researchers and 

clinicians should prioritize consideration of the impact of orthostatic syncopal disorders on 

quality of life.  
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Chapter 4.  
 
A. Forearm vascular resistance responses to the 
Valsalva maneuver in healthy young and older adults.  

4.1. Abstract 

Purpose: Effective end-organ peripheral vascular resistance responses are 

critical to blood pressure control while upright, and prevention of syncope (fainting). The 

Valsalva maneuver (VM) induces blood pressure decreases that evoke baroreflex-

mediated vasoconstriction. We characterized beat-to-beat forearm vascular resistance 

(FVR) responses to the VM in healthy adults, evaluated the impact of age and sex on 

these responses, and their association with orthostatic tolerance (OT; susceptibility to 

syncope). We hypothesized that individuals with smaller FVR responses would be more 

susceptible to syncope. 

Methods: Healthy young (N=36; 19 women; age 25.4 ± 4.6 years) and older 

(N=21; 12 women; age 62.4 ± 9.6 years) adults performed a supine 40 mmHg, 20 s VM. 

Graded 60° head-up-tilt with combined lower body negative pressure continued to 

presyncope was used to determine OT. Non-invasive beat-to-beat blood pressure and 

heart rate (finger plethysmography) were recorded continuously. FVR was calculated as 

mean arterial pressure (MAP) divided by brachial blood flow velocity (Doppler ultrasound) 

relative to baseline.  

Results: The VM produces a distinctive FVR pattern that peaks (+137.1 ± 11.6%) 

in phase 2B (17.5 ± 0.3 s) as the baroreflex responds to low pressure perturbations. This 

response increased with age overall (p<0.001) and within male (p=0.030) and female 

subgroups (p<0.001). Maximum FVR during the VM was significantly correlated with 

maximal tilt FVR (r=0.364; p=0.0153) and with OT when expressed relative to the MAP 

decrease in phase 2A (FVRmax/MAP2A-1; r=0.337; p=0.0206). 

Conclusion: This is the first characterization of FVR responses to the VM. The 

VM elicits large baroreflex-mediated increases in FVR; small FVR responses to the VM 

may indicate susceptibility to syncope. 
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4.2. Introduction 

For patients presenting with unexplained syncope, the diagnostic process is often 

long and arduous [14, 16, 277], and is simultaneously costly to the healthcare system [7, 

15]. The identification of novel biomarkers indicating a predisposition to syncope would be 

instrumental in improving the efficiency of the diagnostic process, reducing the burden on 

patients, families, and healthcare resources. This would further facilitate earlier access to 

management options and educational resources.  

The VM is an expiratory strain characterized by changes in intrathoracic pressure, 

which in turn produce a specific, phasic hemodynamic response [199, 321]. This short (< 

2 min), simple and inexpensive test can be easily performed at the bedside and is 

frequently used clinically to evaluate autonomic reflexes in adults. When paired with 

continuous recordings of HR and blood pressure, the VM provides valuable information 

on both sympathetic and parasympathetic reflexes and is a reliable and reproducible 

method of testing autonomic function [210]. Normative data are available for phasic HR 

and blood pressure responses to the VM and characteristic abnormalities in these 

responses are known to present in certain autonomic disorders, such as neurogenic OH 

and POTS [199, 202]. 

To perform a VM, the patient or participant is asked to expire into a closed loop 

system at 40 mmHg for 20 s while the changes in HR and blood pressure are continuously 

monitored [199, 202]. At the onset of the strain (phase 1), the rise in intra-thoracic pressure 

is translated to the arterial circulation via mechanical compression of the aorta, resulting 

in a brief (1-3 s) rise in MAP. Simultaneous compression of the vena cava initiates phase 

2A, as the subsequent reduction in venous return and associated fall in preload cause 

stroke volume, cardiac output and MAP to fall. The decrease in MAP activates the arterial 

baroreflex, the predominant mechanism involved in homeostatic beat-to-beat blood 

pressure control. Baroreceptors - stretch activated mechanoreceptors - located in the 

carotid sinus, coronary arteries and aortic arch detect the intraluminal pressure drop as 

reduced distension of the vessel wall, decreasing the baroreceptor firing rate. The afferent 

signal is transmitted to the nucleus tractus solitarius in the medulla through the 

glossopharyngeal and vagus nerves, decreasing the inhibition of sympathetic outflow 

tracts and decreasing excitation of vagal efferents, to initiate compensatory increases in 

vascular resistance, HR and cardiac contractility, and restore MAP (phase 2B). 
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Termination of the strain and the abrupt reduction in intra-thoracic pressure effects a 

transient MAP reduction (phase 3). There is then a rapid recovery in venous return and 

cardiac output, which is pumped through the still-constricted systemic vasculature, 

resulting in a rapid MAP recovery and overshoot (phase 4). Meanwhile, baroreceptors 

reflexively inhibit sympathetic outflow and boost vagal tone to bring MAP and HR back to 

baseline.  

Although the blood pressure and HR responses to the VM are well characterized, 

the end organ responses in the peripheral vasculature have yet to be fully elucidated. 

Various research studies conducted from the 1950s to the 1980s have recorded forearm 

blood flow or FVR before and after a Valsalva strain and reported a vasoconstriction of 

the forearm vasculature after strain termination in healthy adults [322–326]. Autonomic 

dysfunction may alter these responses; Kontos et al., showed that this response was 

reversed in patients with OH, in whom vasodilatation occurred after the strain [324]. 

Bennett et al. measured forearm blood flow responses in healthy controls and in patients 

with diabetes mellitus, and showed that the response was variable within each group, but 

overall a larger percentage of healthy controls demonstrated a vasoconstrictor response 

than diabetic patients, and a vasodilatory response was more prominent in the diabetic 

subgroup than in healthy adults [327]. Thomaseth et al. showed that while model-

estimated peripheral resistance increased markedly during the Valsalva maneuver and 

decreased rapidly after strain termination in both healthy subjects and patients with 

autonomic neuropathy, there was a subsequent increase in vascular resistance in healthy 

subjects that was not present in the patients with autonomic dysfunction [328]. While these 

studies highlight the importance of vascular resistance responses to the VM, and the 

potential for blunted responses to be associated with autonomic dysfunction, none of 

these studies reported continuous vascular resistance responses throughout the phases 

of the maneuver, or placed the vascular responses in context with the beat-to-beat 

responses of HR and blood pressure.  

Autonomic blood pressure regulation by baroreflex-mediated vasoconstriction 

plays a critical role in defending orthostatic reductions in blood pressure to prevent 

syncope, or fainting [40]. Indeed, patients with syncope exhibit reduced FVR responses 

during HUT testing compared to healthy controls, and maximal FVR responses during 

HUT have been shown to correlate with OT (susceptibility to syncope) [150–152]. The VM 

induces blood pressure changes that similarly elicit baroreflex-mediated vasoconstriction, 
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so perhaps FVR responses to this stimulus can identify individuals with impaired 

responses who are susceptible to syncope. Furthermore, it is likely that age and sex will 

influence these responses. In particular, vasodilatory hormones may alter vascular control 

in young women and predispose to syncope, and vascular stiffening with advancing age 

may also influence vascular resistance responses and impair baroreflex function [108, 

329]. Certainly, the regulation of arterial blood pressure is influenced by age and sex [330–

332]. 

In this study, we aimed to evaluate beat-to-beat FVR responses during the VM in 

healthy men and women, their relationships to OT, and the impact of age and sex on these 

responses. During the VM, we hypothesized that, similar to HR and blood pressure 

responses, FVR would exhibit a specific, phasic, and consistent response, and that FVR 

would peak during the blood pressure recovery phase of the VM, phase 2B. Furthermore, 

we hypothesized that smaller FVR responses to the VM would correspond to small FVR 

responses during HUT and a reduced OT. Due to the impact of circulating vasodilatory 

hormones, we expected that young women would display reduced FVR responses 

compared to young men, but that these responses would increase with age in both sexes. 

4.3. Methods 

4.3.1. Ethics statement and study participants 

Ethical approval was obtained from the Simon Fraser University Research Ethics 

Board. All participants provided written informed consent and all experiments were 

conducted in accordance with the Declaration of Helsinki. Participant demographics are 

provided in Table 4.1. Two women had a prior history of breast cancer and had undergone 

mastectomies, one was treated with radiation post-surgery, the other underwent 

chemotherapy; in both cases treatment was concluded ≥ 5years before the current study 

and both women were cancer-free at the time of testing.
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Table 4.1.  Participant demographic data 

 
Young men 

n=17 

Young 
women 

n=19 

Older men 

n=9 

Older women 

n=12 

Age (years) 26.2 ± 4.6 24.8 ± 4.6 66.3 ±10.8* 59.5 ± 7.8* 

Height (cm) 175.0 ± 8.1† 166.9 ± 7.4 174.4 ± 7.2† 161.0 ± 6.3 

Weight (kg) 77.2 ± 9.3† 60.4 ± 8.3 73.6 ± 11.3† 61.8 ± 8.2 

Menstrual phase 
(naturally cycling women) 

    

Follicular - 3 - - 

Luteal - 6 - - 

Menopausal status     

Peri-menopausal - 0 - 1 

Post-menopausal - 0 - 11 

Medications and primary indication     

Attention deficit hyperactivity disorder     

Central nervous system stimulants 1 0 0 0 

Depression     

Anti-depressants 2 0 1 1 

Hypothyroidism     

Levothyroxine 1 0 0 1 

Acne     

Isotretinoin  0 1 0 0 

Contraceptives     

Combined oral contraceptives 0 6 0 0 

Implanted intrauterine device 0 2 0 0 

Sleep Apnea      

Continuous positive airway pressure 0 0 1 0 

Rheumatoid Arthritis     

Sulfasalazine and hydroxycholorquine 0 0 0 1 

Hypertension     

Calcium channel blockers 0 0 0 1 

Diuretics 0 0 0 1 

β-blockers 0 0 0 1 

Diabetes     

Blood glucose control 0 0 0 1 
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Demographic data are presented as mean ± SD. Age was significantly increased in the older cohort compared to the 
younger cohort, overall (p<0.001) and within male (p<0.001) and female (p<0.001) subgroups. Height and weight were 
significantly increased in males overall (height: p<0.001; weight: p<0.001), and within the younger (height: p=0.002; 
weight: p<0.001) and older (height: p<0.001; weight: p=0.005) cohorts. Symbols: †: significant effect of sex; *: significant 
effect of age. 

4.3.2. Study design 

On the day of testing participants were instructed to eat light meals and were 

advised to refrain from vigorous exercise, alcohol and caffeine for the 12 hours prior to 

testing. Participants were asked a brief medical history to screen for known cardiovascular 

or neurological disease, cardiovascular risk factors and medications. Participants 

performed two supine standard (40 mmHg; 20 s) VM (n=57). In 48 participants, this was 

followed by a HUT test to presyncope with combined LBNP to determine OT in minutes. 

HUT testing, combined with LBNP is the gold standard for OT testing, and can be used to 

determine OT with a repeatability of 1.1 ± 0.6 min [140]. 

4.3.3. Experimental protocol 

While supine on a manual tilt table with a footboard support, participants were 

instrumented with cardiovascular monitoring equipment. Participants were familiarized 

with the breathing protocol for the VM and given the opportunity to practice prior to 

recording two formal trials. A nose-clip was placed over the nose and at the end of a 

normal inspiration participants were instructed to blow into a tube and maintain an 

expiratory pressure of 40 mmHg for 20 s. A small leak was introduced in the tube to ensure 

the strain was generated by the thoracic cavity rather than the pharynx [199] and 

participants were provided with visual feedback of their expiratory pressure via an analog 

 
Young men 

n=17 

Young 
women 

n=19 

Older men 

n=9 

Older women 

n=12 

Medications and primary indication 
continued 

    

Hypercholesterolemia     

Statins 0 0 0 1 

Stomach ulcers     

Histamine-2 inhibitors 0 1 0 0 

Proton-pump inhibitors 0 1 0 1 

Cardiovascular disease prevention     

Acetylsalicylic acid 0 0 2 1 
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manometer. Participants were given a one-minute rest between trials to allow 

cardiovascular perturbations to return to baseline.  

Upon completion of the two VM, participants were given a 20-minute supine period 

to assess baseline cardiovascular parameters and allow any previously pooled fluid in the 

legs to be reabsorbed. The HUT test was then conducted according to our standard 

protocol [140]. Participants were tilted, head upright, to 60° using a manual tilt table. After 

20 minutes, LBNP was applied and incremented (-20, -40, -60 mmHg) at 10-minute 

intervals. The test was terminated, and the participant rapidly returned to the supine 

position (<1s) if they became presyncopal, at participant request, or upon completion of 

the entire protocol. Presyncope was defined as a systolic blood pressure < 80 mmHg, or 

a heart rate (HR) < 50 bpm or >170 bpm, accompanied by presyncopal symptoms such 

as nausea, light-headedness, tunnel-vision, warmth and perspiration. OT was defined as 

the time in minutes from tilt start to test termination (the time to presyncope).  

4.3.4. Cardiovascular monitoring 

Cardiovascular parameters were recorded continuously and non-invasively 

throughout testing. Beat-to-beat blood pressure was measured using the Finometer Pro™ 

device (Finometer, Finapres Medical Systems, Amsterdam, Netherlands) which uses 

photoplethysmography to reconstruct the brachial arterial pressure waveform from the 

digital arteries in the middle finger [249, 333]. HR and rhythm were monitored using a lead 

II ECG (Finapres ECG Module, Finapres Medical Systems, Amsterdam, Netherlands), 

while BBFv was recorded using an 8 MHz ultrasound probe (Doppler Box, Compumedics 

Germany GmbH, The DWL Doppler Company, Singen, Germany), held in place by an 

adjustable clamp with the arm supported at heart level (so that the angle of insonation 

remained constant). Expiratory pressure during each VM was recorded using a pressure 

transducer (Reusable BP Transducer MLT0380/D, ADInstruments, Colorado Springs, CO, 

United States). The raw BBFv signal was integrated beat-by-beat to determine continuous 

mean BBFv. Beat-to-beat FVR was calculated as the quotient of MAP and BBFv. 

Cardiovascular data were sampled at 1 KHz using an analog-to digital converter (Powerlab 

16/30, AD Instruments, Colorado Springs, CO, United States) and stored for offline 

analysis.  
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4.3.5. Data and statistical analyses 

Valsalva data 

A representative Valsalva sample tracing from one participant is shown in Figure 

4.1. The two VM performed by each participant were visually assessed and the best 

Valsalva was selected for analysis based on maintained strain pressure and signal quality. 

Cardiovascular data from the VM was averaged at 1 s intervals and exported from 10 s 

preceding Valsalva start to 60 s following the Valsalva start. Baseline cardiovascular 

values were calculated as the averaged value over the 10 s preceding the onset of the 

strain. Phasic Valsalva outcome measures included: Phase 1: peak MAP; Phase 2A: 

minimum MAP; Phase 2B: maximum MAP, maximum HR; maximum FVR; Phase 3: 

minimum MAP; Phase 4: maximum MAP, minimum HR. The Valsalva ratio was calculated 

as the maximum HR in phase 2B divided by the minimum HR in phase 4. The cumulative 

area under the FVR curve during the Valsalva strain was additionally determined for each 

participant. To track the time course of cardiovascular responses through the VM (Figure 

4.2), cardiovascular data were time aligned at Valsalva start and Valsalva end, as some 

individuals were unable maintain the strain for the full 20 s. MAP and HR data are 

presented as absolute change from baseline, while FVR data are presented as the percent 

change from baseline.
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Figure 4.1. Representative Valsalva sample trace.  
This tracing shows the raw cardiovascular signals recorded while a participant completed a supine 
standard (20 s; 40 mmHg) Valsalva maneuver. The shaded grey box represents the participant’s 
Valsalva strain. Abbreviations: BP: Blood pressure; ECG: electrocardiogram; BBFV: Brachial blood 
flow velocity; FVR: Forearm vascular resistance; VM: Valsalva maneuver.
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Figure 4.2. Time course of blood pressure, heart rate and forearm vascular 

resistance responses during the Valsalva maneuver.  
Our cohort of healthy participants exhibited normal, phasic mean arterial pressure (A) and heart 
rate (B) responses to the Valsalva maneuver. Forearm vascular resistance (C) built throughout the 
Valsalva maneuver, peaking in phase 2B and returned to baseline within the 10-15 s following 
strain termination. Data points represent 1 s average values within each group and are visualized 
as mean ± SEM. Mean arterial pressure and heart rate data are presented as absolute change 
from baseline, while forearm vascular resistance data are presented as percent change from 
baseline. The shaded grey box represents the Valsalva strain. Abbreviations: MAP: Mean arterial 
pressure; HR: Heart rate; FVR: Forearm vascular resistance.
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Head-up tilt data 

HUT data were available for 15 young men, 17 young women, 8 older men and 8 

older women. Baseline FVR and HR were determined as the average of the final 2min of 

the supine period. During HUT, cardiovascular data were averaged at 30s intervals and 

maximal FVR and HR were determined to be the maximum 30s average value through 

the tilt duration. Maximal tilt FVR and HR are expressed as percent, and absolute change 

from baseline, respectively. Note that for technical reasons the maximal tilt FVR could not 

be obtained in 1 young woman and 3 young men.  

The angle of insonation of the brachial ultrasound probe influences absolute FVR 

values and this could not be standardized between participants. Absolute baseline FVR 

values are presented in Table 4.2 to provide insight into approximate values; however, all 

additional FVR data are reported as the percent change from baseline. The angle of 

insonation was, however, maintained within each participant, thus assessments of the 

percent changes in FVR within participants are valid. We previously confirmed that there 

is no change in brachial arterial diameter during HUT with LBNP [265]. This has yet to be 

confirmed during a VM, however it is unlikely that this stimulus would significantly impact 

brachial artery diameter, as resistance responses are elicited in downstream arterioles. 

As such, changes in velocity are assumed to be proportional to flow. 

Statistical analyses and data visualization were completed using SigmaPlot 

(Version 14 Systat Software, Inc, San Jose, CA, United States). Data are reported as 

mean ± SEM unless otherwise stated. Data were tested for normality using the Shapiro-

Wilk test and differences were determined to be statistically significant where p < 0.05. 

Comparisons between groups were conducted using two-way ANOVA, with age group 

and sex as factors. Where possible, non-normally distributed data were log-transformed 

prior to analysis (age, baseline MAP, VM duration, MAP 2B-2A, time of maximal FVR 

during the VM (%), maximal FVR (%) corrected for the 2A blood pressure decrease, FVR 

time to return to BL following the VM, VM ratio). Correlation analyses were performed 

using the Pearson (parametric data) or Spearman (nonparametric data) correlation 

coefficient, as appropriate. 
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Table 4.2.  Cardiovascular outcome measures 

 

Young men 

 

Young 
women 

 

Older men 

 

Older 
women 

 

Main 
effect of 

age 

p-value 

Main 
effect of 

sex 

p-value 

Valsalva Maneuver n=17 n=19 n=9 n=12   

Baseline MAP (mmHg) 91.6 ± 2.1 92.2 ± 2.8 100.4 ± 3.9 95.3 ± 3.3 0.054 0.431 

Baseline HR (bpm) 71.9 ± 2.8 70.5 ± 2.4 69.5 ± 5.9 66.2 ± 1.7 0.297 0.475 

Baseline FVR 
(mmHg*s*cm-1) 

12.7 ± 1.0 13.4 ± 0.8 18.0 ± 2.2* 14.4 ± 2.0 0.031 0.311 

Strain Pressure 
(mmHg) 

45.5 ± 1.1 41.5 ± 1.5 42.0 ± 2.3 41.3 ± 2.5 0.351 0.229 

Valsalva Duration (s)  19.8 ± 0.1 19.2 ± 0.3 19.6 ± 0.7 18.6 ± 0.4 0.177 0.013 

MAP2A-1 (mmHg) -19.2 ± 2.2 -16.1 ± 1.7 -25.7 ± 4.9 -18.2 ± 2.8 0.122 0.058 

MAP2B-2A (mmHg) 18.1 ± 3.0 16.3 ± 3.1 12.8 ± 3.1 17.9 ± 2.8 0.884 0.652 

MAP4-BL (mmHg) 8.7 ± 3.2 8.5 ± 2.3 11.5 ± 2.1 14.1 ± 2.7 0.155 0.667 

Δ HR2B-BL (bpm) 15.1 ± 2.9 18.4 ± 3.2 17.8 ± 3.5 13.6 ± 2.9 0.761 0.890 

Δ HR4-BL (bpm) -21.0 ± 2.9 -15.6 ± 1.5 -9.0 ± 3.0* -10.9 ± 1.9 0.001 0.464 

Max FVR Δ BL (%)  109.4 ± 15.4 88.5 ± 15.4 175.1 ± 26.4* 224.9 ± 23.6* <0.001 0.468 

FVR AUC (AU) 91.2 ± 26.2 75.2 ± 15.9 296.1 ± 77.0* 216.2 ± 36.6* <0.001 0.184 

FVR(%)/MAP2A-1(AU) -10.6 ± 3.6 -8.8 ± 3.4 -10.9 ± 3.6 -15.9 ± 3.1* 0.038 0.835 

Time of max FVR (s)  18.4 ± 0.4 16.8 ± 0.8 17.0 ± 1.1 17.6 ± 0.4 0.827 0.554 

FVR return to BL (s) 13.5 ± 3.5 11.9 ± 2.5 10.9 ± 1.9 10.6 ± 2.0 0.793 0.941 

Valsalva Ratio  1.81 ± 0.1 1.72 ± 0.1 1.56 ± 0.2* 1.51 ± 0.1 0.007 0.506 

Head – Up Tilt n=15 n=17 n=8 n=8   

Orthostatic tolerance 
(minutes) 

28.2 ± 3.0 23.6 ± 2.5 25.9 ± 3.3 25.9 ± 2.8 0.995 0.469 

Max FVR Δ BL (%) 200.7 ± 19.9 
110.3 ± 
15.6† 

184.9 ± 30.7 172.7 ± 39.6 0.356 0.046 

Max HR Δ BL (bpm)* 47.2 ± 4.4 53.1 ± 5.4 31.5 ± 3.3* 36.4 ± 5.2* 0.005 0.357 

Data are presented as mean ± SEM. Abbreviations: BL: baseline; MAP: Mean arterial pressure; HR: Heart rate; FVR: 
Forearm vascular resistance; AU: arbitrary units. Symbols: †: significant effect of sex; *: significant effect of age.
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4.4. Results 

4.4.1. Cardiovascular responses to the Valsalva maneuver 

Cardiovascular outcome measures from the VM are detailed in Table 4.2. During 

the baseline period preceding the VM, MAP and HR were not significantly different 

between groups. Baseline FVR values were greater in older adults compared to younger 

adults, overall (p=0.031) and within the male subgroup (p=0.016).  

All participants were asked to perform a supine standard VM, maintaining a 

pressure of 40 mmHg for 20 s, which is a difficult strain to perform. Overall, mean Valsalva 

pressure was 42.8 ± 0.9 mmHg and was not different between groups. Participants were 

generally able to maintain the strain for the full 20 s. Valsalva duration was longer in men 

than in women (main effect of sex: p=0.0134), however the magnitude of this time 

difference (~1 s) is not clinically meaningful.  

Figure 4.2 shows the time course of MAP (Figure 4.2A), HR (Figure 4.2B) and 

FVR (Figure 4.2C) responses throughout the VM for each participant group. Our cohort 

of healthy participants displayed typical, phasic MAP and HR responses to the VM. There 

was no significant effect of age (p=0.122) or sex (p=0.058) on the magnitude of the phase 

2A MAP drop, relative to the phase 1 peak (Table 4.2). The magnitudes of the phase 2B 

MAP recovery (relative to phase 2A), phase 4 MAP overshoot (relative to baseline), and 

phase 2B HR rise (relative to baseline) were not different between groups. Conversely, 

the magnitude of the phase 4 bradycardia, when expressed as a change from baseline, 

was significantly reduced in older adults compared to young adults, both overall, and within 

the male subgroup (main effect of age: p=0.001; within men: p=0.002; within women: 

p=0.157) with no sex differences in young (p=0.072) or older adults (p=0.643). The 

Valsalva ratio was thus increased in young adults compared to older adults, overall and 

within men (main effect of age: p=0.007; within men: p=0.033; within women p=0.078).  

Similar to MAP and HR, FVR exhibited a specific, phasic response to the VM that 

was morphologically similar across participant groups. FVR began to increase during 

phase 2A, then built considerably throughout phase 2B, peaking (+137.1 ± 11.6%) near 

strain termination, 17.5 ± 0.3 s after Valsalva onset. After strain release, FVR decreased 



130 

progressively throughout phase 4, returning to baseline a mean 12.0 ± 1.4 s after strain 

termination, as the phase 4 MAP overshoot returned to baseline.  

During the VM, the magnitude of the phase 2A blood pressure dip is the baroreflex 

stimulus for the compensatory cardiovascular responses in phase 2B. As previously 

noted, the phase 2A MAP dip (Table 4.2; Figure 4.3A), the stimulus for cardiac and 

vascular compensation, was not significantly different between groups. The cardiac arm 

of the baroreflex response, the phase 2B compensatory HR rise (Table 4.2; Figure 4.3B) 

was not different between groups. Conversely, maximal FVR responses (percent increase 

relative to baseline; Table 4.2; Figure 4.3C) in phase 2B were significantly greater in older 

adults compared to young adults, both overall (p<0.001) and within men (p=0.030) and 

women (p<0.001) – despite the similar blood pressure stimulus. These differences 

between age groups persisted when the FVR response was quantified as the total area 

under the FVR curve throughout the duration of the VM (Figure 4.3D; main effect of age: 

p<0.001; within men: p<0.001; within women: p=0.004). When the maximal percent 

increase in FVR was adjusted for the magnitude of the phase 2A MAP stimulus (relative 

to phase 1), the significant main effect of age remained, in the group as a whole and within 

the female cohort (main effect of age: p=0.038; within men: p=0.788; within women: 

p=0.005; note that one outlier was removed from this analysis). When the area under the 

FVR curve was adjusted for this stimulus, the significant main effect of age remained (main 

effect of age: p=0.044; within men: p=0.093; within women: p=0.242). 

Interestingly, the compensatory phase 2B HR rise was correlated with the 

magnitude of the phase 2A MAP stimulus (r=-0.392; p=0.00266), but the maximal 2B FVR 

response was not (r=-0.032; p=0.809). The maximal 2B FVR was, however, significantly 

correlated with the magnitude of the phase 2B MAP recovery (Figure 4.4A: r=0.336; 

p=0.0109). The magnitude of the phase 4 MAP overshoot was correlated with both the 

maximal FVR response (Figure 4.4B: r=0.460; p=0.000357) and the HR rise (Figure 

4.4C: r=0.485; p=0.000151) in phase 2B. In phase 2B, the magnitude of the compensatory 

HR rise was also correlated with the 2B FVR response (Figure 4.4D: r=0.299; p=0.0242).
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Figure 4.3. The phase 2A blood pressure stimulus and phase 2B cardiac and 

vascular responses to the Valsalva maneuver. 
A. The phase 2A drop in mean arterial pressure (presented as the change from the phase 1 peak), 
the stimulus for phase 2B baroreflex-mediated responses to the Valsalva maneuver, was not 
significantly different between groups. B. The phase 2B heart rate rise (presented as change from 
baseline), was not different between groups. C. Despite a similar blood pressure stimulus, maximal 
forearm vascular resistance in phase 2B (presented as a percent change from baseline), was 
significantly greater in older adults compared to young adults, both overall and within the male and 
female subgroups. D. The area under the forearm vascular resistance curve during the Valsalva 
strain was also significantly greater in older adults than in young adults, both overall and within the 
male and female subgroups. Abbreviations: BL: Baseline; AUC: Area under the curve; AU: arbitrary 
units; MAP: Mean arterial pressure; HR: Heart rate; FVR: Forearm vascular resistance. Symbols: 
*: significant main effect of age group (black asterix); *: significant effect of age group within men 
(grey asterix); *: significant effect of age group within women (red asterix).
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Figure 4.4.  Relationships between maximal Valsalva forearm vascular 

resistance, mean arterial pressure and heart rate responses during 
the Valsalva maneuver.  

A. The maximal phase 2B mean arterial pressure recovery, relative to the phase 2A minimum, was 
significantly related to maximal phase 2B forearm vascular resistance responses. B. The 
magnitude of the phase 4 mean arterial pressure overshoot, relative to baseline, was correlated 
with phase 2B maximal forearm vascular resistance. C. The magnitude of the phase 4 mean arterial 
pressure overshoot, relative to baseline, was correlated with the magnitude of the phase 2B 
maximal heart rate rise. D. Maximal phase 2B heart rate responses were significantly related to 
phase 2B maximal forearm vascular resistance responses to the Valsalva maneuver. 
Abbreviations: BL: Baseline; HR: Heart rate; FVR: Forearm vascular resistance. 
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4.4.2. Relationships between cardiovascular responses to the Valsalva 
maneuver and head-up tilt 

Cardiovascular responses to HUT are detailed in Table 4.2. The mean OT of our 

participant cohort was 25.8 ± 1.5 minutes and was not significantly different between 

groups. Maximal tilt FVR, expressed as a percent change from baseline, was significantly 

greater in men compared to women, overall (p=0.046) and within the younger cohort 

(p=0.005). The maximal HR response during HUT, expressed as an absolute change from 

baseline, was significantly greater in young adults relative to older adults, both overall 

(p=0.005) and within men (p=0.051) and women (p=0.035). Using a paired t-test, we 

compared maximal FVR responses during the VM and during HUT within each subgroup. 

In young men, the maximal FVR response to HUT was significantly greater than during 

the Valsalva (p<0.001). For young women (p=0.462) and older men (p=0.896) and women 

(p=0.093), maximal FVR responses were not significantly different between the two tests.  

Figure 4.5 shows the relationships between maximal FVR and HR responses, 

both during the VM and during HUT, and OT. The maximal FVR response during phase 

2B of the VM was significantly correlated with the maximal FVR response during HUT 

(Figure 4.5A; r=0.364; p=0.0153). Maximal FVR during tilt has been previously shown be 

correlated with OT [334], and this held true in our cohort of participants (Figure 4.5B; 

r=0.436; p=0.00324). Although maximal Valsalva FVR was correlated with maximal tilt 

FVR, which in turn was correlated with OT, maximal Valsalva FVR was not correlated with 

OT overall (Figure 4.5C; r= 0.215; p=0.141). However, when maximal Valsalva FVR was 

adjusted for the magnitude of the phase 2A MAP stimulus, presented here on a logarithmic 

scale, it was significantly related to OT (Figure 4.5D; r=0.337; p=0.0206) (note that one 

outlier was removed from this correlation).  

The phase 2B HR rise during the VM was not correlated with the maximal HR 

response during HUT (r=0.0824; p=0.576). The maximal HR response during HUT was 

strongly related to OT (Figure 4.5E: r=0.549; p<0.0001). Although the maximal phase 2B 

HR rise was not correlated with the maximal HR rise during HUT, it was negatively 

correlated with OT (Figure 4.5F: r=-0.339; p=0.0188). 
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Figure 4.5. Relationships between maximal cardiac and vascular responses 

during Valsalva maneuver and head-up tilt, and orthostatic tolerance. 
A. The maximal forearm vascular resistance during the tilt test was significantly correlated with the 
maximal forearm vascular resistance response to the Valsalva maneuver. B. Orthostatic tolerance 
was significantly correlated with the maximal forearm vascular resistance responses during the tilt 
test. C. Maximal forearm vascular resistance responses to the Valsalva maneuver were not 
significantly related to orthostatic tolerance. D. After normalizing for the phase 2A mean arterial 
pressure stimulus, maximal forearm vascular resistance responses to the Valsalva were 
significantly related to orthostatic tolerance, data are presented here on a logarithmic scale. E. 
Maximal heart rate responses to tilt were significantly associated with orthostatic tolerance. F. 
Maximal phase 2B heart rate responses to the Valsalva maneuver were significantly related to 
orthostatic tolerance. Abbreviations: BL: Baseline; FVR: Forearm vascular resistance; OT: 
Orthostatic tolerance; VM: Valsalva maneuver; HR: Heart rate.  
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4.4.3. Relationships between cardiovascular responses and age 

Valsalva and HUT outcome measures that were significantly correlated with age 

are shown in Table 4.3. In males, baseline MAP was positively correlated with age. Phase 

2B FVR during the VM was positively correlated with age, whether it was expressed as 

the maximum percentage increase or the total area under the curve; this relationship was 

principally driven by women. The magnitude of the phase 4 bradycardia, reported as a 

change from baseline, was also significantly correlated with age, where a larger 

bradycardia was observed in younger participants. The Valsalva ratio was thus negatively 

correlated with age in our cohort.  

During HUT, maximal FVR was significantly correlated with age. This relationship 

was driven by the female cohort. Conversely, the maximal HR response to HUT was 

negatively correlated with age in our participant cohort, but this relationship was driven by 

the male subgroup. 

Table 4.3.  Relationships between cardiovascular outcome measures and age 

 Men Women All participants 

 r p r p r p 

Valsalva 
Maneuver 

      

Baseline MAP 
(mmHg) 

0.388 0.0498 0.138 0.455 0.228 0.0882 

Max FVR Δ BL (%) 0.315 0.115 0.660 <0.0001 0.515 <0.0001 

FVR AUC (AU) 0.354 0.0748 0.662 <0.0001 0.497 <0.0001 

Δ HR4-BL (bpm) 0.533 0.00517 0.389 0.0308 0.439 0.000694 

Valsalva ratio -0.645 0.000374 -0.433 0.0152 -0.497 <0.0001 

Head – Up Tilt       

Max FVR Δ BL (%) 0.0656 0.777 0.458 0.0244 0.310 0.0406 

Max HR Δ BL (bpm) -0.456 0.0289 -0.225 0.277 -0.358 0.0128 

Abbreviations: BL: baseline; MAP: Mean arterial pressure; HR: Heart rate; FVR: Forearm vascular resistance.
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4.5. Discussion 

In this study, we have quantitatively assessed beat-to beat FVR responses during 

the VM for the first time. Akin to established blood pressure and HR responses, FVR 

exhibits a specific, phasic, pattern of response to the expiratory strain that was 

morphologically similar across our participant groups. As MAP falls in phase 2A, FVR 

begins to rise, then increases substantially throughout phase 2B, peaking just before strain 

termination. After the strain is released, FVR declines throughout phase 4, returning to 

baseline within 10-15 s, as the phase 4 MAP overshoot comes to an end. Earlier studies 

that measured forearm blood flow and FVR responses only evaluated the periods before 

and after the VM, using venous-occlusion plethysmography, and most did not have a 

measure of beat-to-beat blood pressure [322–327]. Due to the time-course of the FVR 

response, even if experimenters managed to record an FVR measurement within 10s of 

strain termination, it is likely, in healthy participants, that FVR had already recovered 

significantly from its peak value, and was approaching near baseline values. This explains 

the large variability in the responses noted by Bennett et al [327]. Of note, we found no 

evidence of a secondary increase in FVR in the recovery phase after release of the VM, 

and this is contrary to previous modelling data [328], highlighting the importance of 

physiological assessments of this response. Our novel characterization of FVR responses 

enables the direct assessment of beat-to-beat end-organ peripheral vascular control 

during the VM, providing an avenue to investigate differential responses in individuals with 

disorders of the autonomic nervous system, with potential diagnostic applications, and 

also provides an avenue to further elucidate the mechanisms and impact of age and sex 

on sympathetic peripheral vascular responses.  

The phase 2A MAP dip provides a baroreflex stimulus for the compensatory 

increases in peripheral vascular resistance/FVR and HR in phase 2B, and so we were 

surprised that the maximal phase 2B FVR response did not correlate with the phase 2A 

MAP dip. This likely reflects both the inter-individual variability in our cohort and their 

differential ability to mount an FVR response for a given blood pressure stimulus. The 

phase 2B maximal FVR response, was however, significantly related to the level of MAP 

recovery during the Valsalva and the magnitude of the MAP overshoot, correlating with 

both the phase 2B and phase 4 MAP responses. Sandroni et al. showed previously that 

the administration of propranolol (non-selective β-blocker) dramatically attenuated the 
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magnitude of the phase 4 blood pressure overshoot, while administration of phentolamine 

(α-adrenergic antagonist) resulted in a marked accentuation of the phase 4 overshoot, 

both in terms of magnitude and recovery time [213]. This suggests that the phase 4 blood 

pressure overshoot is principally driven by cardiac β-adrenergic activation. In the present 

study, we noted that, similar to the phase 2B maximal FVR, the 2B HR rise was 

significantly related to the phase 4 overshoot. Furthermore, during phase 2B, FVR and 

HR appear to increase in parallel and were significantly correlated. The evidence provided 

by Sandroni et al. would suggest that the observed relationship between phase 2B FVR 

and phase 4 MAP stems from the parallel activation of α- and β-adrenergic sympathetic 

arms, and does not reflect a direct contribution of α-adrenergic vascular resistance 

responses to the phase 4 overshoot. However, the pharmacological dissection of these 

responses was only conducted in 4 healthy young men, thus it is possible that young 

women or older adults could respond differently. Certainly, sympathetic peripheral 

vascular responses are key in supporting baroreflex-mediated blood pressure recovery 

during phase 2B of the VM [213, 335]. 

A secondary aim of this study was to determine whether FVR responses to the VM 

provide useful information in the context of orthostatic cardiovascular control, and 

therefore whether they are predictive of FVR responses to HUT and OT. Although the VM 

is, of course, a different physiological stimulus than HUT, fundamentally, in both tests, the 

baroreflex is mounting a sympathetically mediated increase in peripheral vascular 

resistance to compensate for a drop in blood pressure. Thus, it is conceivable that FVR 

responses to the Valsalva may be useful for inferring orthostatic FVR responses, which 

are known to be correlated with OT, and known to be impaired in patients with syncope 

[150–152]. Indeed, we observed that the maximal phase 2B FVR response to the Valsalva 

was significantly correlated with the maximal FVR response during HUT. However, while 

the maximal FVR response to tilt was correlated with OT in our study, as noted previously 

[334]. maximal 2B FVR during the Valsalva was not directly correlated with OT. As the 

phase 2A MAP drop was not significantly related to the magnitude of the FVR response, 

we recognized that correcting the maximal FVR response for the magnitude of the MAP 

stimulus may better distinguish robust FVR responses from small responses, and thus 

may translate better to HUT test performance, or OT. Once the maximal 2B FVR response 

to the VM was corrected for the phase 2A MAP drop, it was significantly correlated with 

OT in our cohort. Together, these findings suggest that FVR responses to the VM may be 
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useful for identifying individuals with impaired vascular resistance responses who are at 

risk for syncope. 

4.5.1. The impact of age and sex 

After characterizing the FVR response to the VM in our participant cohort, we 

explored the impact of age and sex on these responses. Baseline FVR was increased in 

older adults, particularly in men, and baseline MAP was significantly correlated with age 

in men, but not in women. It is known that blood pressure increases with age in men and 

in women after menopause [336]; it is possible that we would have observed this 

relationship in the women if we included more women with a greater duration of years 

post-menopause. Ganglionic blockade studies have shown that reliance on autonomic 

support of blood pressure is greater in older men than in young men [337, 338]. Although 

absolute FVR values should be interpreted cautiously, our baseline FVR data fit with this 

notion. However, other studies that used venous occlusion plethysmography to measure 

forearm blood flow and conductance in young and older men did not find these baseline 

measures to be affected by age [339–341]. 

Normative data on the phases of the VM show that the magnitude of the phase 2A 

blood pressure dip increases with age, and with increased resting blood pressure, but is 

unaffected by sex [272]. The phase 2B MAP recovery is reported to be increased in young 

men relative to young women, then progressively decreases with age in men, but not in 

women [272]. We did not observe significant differences in the 2A MAP fall or 2B MAP 

recovery, however our means are consistent with their data. In our data, older men tended 

to experience a larger MAP dip relative to the older women, perhaps due to their tendency 

to have an increased resting MAP and slightly older age. We did not see an effect of age 

or sex on the magnitude of the phase 4 overshoot and this is similar to previous reports 

[272]. The bradycardia in phase 4 was less pronounced in older adults and was correlated 

with age in both men and women, this resulted in a reduced Valsalva ratio in the older 

subgroup that was similarly correlated with age in both sexes. This fits with previous data 

showing that the Valsalva ratio and HR responses to deep breathing decrease with 

advancing age, reflecting an impairment in parasympathetic function [342, 343]. 

During the VM, we observed that, in both sexes, FVR responses were greater in 

older adults compared to young adults. Furthermore, FVR responses were significantly 
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correlated with age in the cohort as a whole, and in women, but this relationship did not 

reach significance in men. Determining whether the increased FVR responses in older 

adults is due to increased vascular stiffness or sympathetic hyperreactivity, through either 

increased sympathetic nerve activity or an increased sensitivity to sympathetic stimulation, 

will require further investigation.  

Despite mounting larger FVR responses during the VM, and the significant 

correlation between the phase 2B FVR response and the 2B MAP recovery in the cohort 

as a whole, we did not see a larger MAP recovery in phase 2B in older adults. The 

apparent disconnect between the production of large vascular resistance responses with 

a lack of impact on blood pressure in this older cohort is perplexing. Although phase 2B 

MAP recovery is thought to be predominantly α-adrenergic in nature, there certainly is a 

smaller cardiac component [213]. Perhaps a reduced cardiac output in the older cohort is 

mitigating the effect of FVR on the MAP response. We did not examine the impact of age 

and sex on stroke volume during the VM, but stroke volume has been shown to 

progressively decrease throughout phase 2 [344], perhaps this reduction is exacerbated 

in older adults.  

Maximal FVR responses during HUT were significantly greater in young men 

compared to young women. Furthermore, these responses were significantly and 

positively correlated with age in the female cohort, but not in the male cohort. This is likely 

a principal factor contributing to the increased prevalence of syncope and orthostatic 

intolerance that is observed in young women [13, 130, 141]. Female sex hormones have 

been implicated in the increased susceptibility of young women to autonomic dysfunction 

[108, 129]. Indeed, the peak age of onset of vasovagal syncope and POTS coincides with 

the onset of puberty [12, 99, 345], and, in women, OT is known to improve with age, 

peaking after the onset of menopause [140]. Furthermore, hormonal therapy has been 

associated with significant symptomatic improvements in women with vasovagal syncope 

[148]. Interestingly, while maximal FVR responses to the VM were similar in young men 

and women, young men mounted significantly larger responses during HUT than during 

the Valsalva, while young women responded similarly to both stimuli. During a HUT test, 

combined with LBNP, continued until presyncope, participants should theoretically mount 

the largest FVR responses possible in order to defend blood pressure and prevent 

syncope. The VM, although it is a strong baroreflex stimulus, would not necessarily require 

a maximal FVR response to control blood pressure. Young women appear to be mounting 
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maximal or near-maximal FVR responses during the VM, whereas young men appear to 

have a greater vasoconstrictor reserve. In response to both stimuli, older adults appear to 

mount large responses of similar magnitude.  

During HUT, young adults mounted larger HR responses than older adults, both 

overall and within male and female subgroups. In the cohort as a whole, and within men, 

these responses were significantly and negatively correlated with age, but this relationship 

was not significant within the female cohort. This might reflect that the HR response to 

orthostatic stress is dependent on the duration and magnitude of the orthostatic stress, 

and so in young women who tend to have lower OT the stimulus to increase HR is smaller.  

Research investigating how age and sex effect the sympathetic neural regulation 

of blood pressure and vascular tone has grown immensely over the last 15 years; 

however, our understanding of these mechanisms is still quite limited. Much of what we 

do know has been gleaned from studies investigating the influence of muscle sympathetic 

nerve activity (MSNA) on blood pressure and vascular tone. In healthy, normotensive 

young men, MSNA is directly related to TPR, and thus provides a good index of 

sympathetic vasoconstrictor tone [346]. However, MSNA is also inversely related to 

cardiac output in this population, which offsets the pressor effects of increased TPR, so 

MSNA is not related to resting blood pressure in young men [346]. In young women, MSNA 

is not related to resting blood pressure, and is also unrelated to TPR and cardiac output 

[347]. Evidence suggests that this is due, at least in part, to differences in vascular 

transduction between young men and women [142, 144, 348]. Recent studies have 

provided evidence that β-adrenergic vasodilatation is a key mechanism by which the effect 

of MSNA on the vasculature is modified in young women, offsetting α-adrenergic 

vasoconstriction [144]. This is thought to be driven by estrogen dependent mechanisms, 

as estrogen has been shown to attenuate central sympathetic outflow, stimulate nitric 

oxide synthesis, and enhance β2 adrenergic sensitivity [145–147]. Many studies have 

shown that vascular transduction is increased in young men relative to young women [142, 

143] and when β2-adrenergic vasodilatation is blocked by propranolol, forearm vascular 

conductance responses to noradrenaline are similar between young men and women 

[144]. This is likely why we observed larger maximal FVR responses during HUT in young 

men compared to young women. Fu et al. measured MSNA responses in young men and 

women during a HUT test with combined LBNP and found that MSNA increased similarly 

in young men and women during orthostatic stress. Despite this, OT was significantly 
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reduced in women, which the authors attributed to reduced cardiac filling and a lower 

stroke volume, but they did not directly measure end-organ vascular resistance responses 

[349]. Yang et al. measured the coherence between MSNA responses and diastolic 

pressure in young men and women during graded LBNP [348]. In men, this coherence 

was strong at baseline and increased through all phases of the test, while in women, 

baseline coherence was reduced and responses were attenuated at all stages of LBNP, 

perhaps reflecting a reduction in the transduction of the neural stimulus to the vasculature. 

Sympathetic outflow increases with age in healthy men and women, and likely 

contributes to the rise in blood pressure that is observed with advancing age [330]. MSNA 

is not related to blood pressure in young adults, but as adults reach their 50s, blood 

pressure becomes significantly and positively related to MSNA [350]. In women, these 

changes coincide with the onset of menopause; the relationship between MSNA and TPR, 

that is absent in young women, becomes positive and the ability to offset α-adrenergic 

vasoconstriction with β-adrenergic vasodilation is lost, likely due to the depletion of 

estrogen [144]. In older men, the mechanisms involved are not well understood. Despite 

the relationship between MSNA and blood pressure, MSNA is not significantly related to 

TPR or CO in this population [351], perhaps because of changes in endothelial function 

and circulating hormones such as vasopressin or angiotensin [330]. Studies have shown 

that α-adrenergic responsiveness, in both the leg and the forearm, and vascular 

transduction, are reduced in older men, compared to younger men [142, 339, 352]. In the 

current study, we observed that older men mount larger vascular resistance responses 

than younger men during the VM. In older women, the relationship between vascular 

transduction and age remains unclear, with conflicting evidence in the literature. Briant et 

al. show that vascular transduction is lowest in young women and highest in young men, 

decreasing with age in men and increasing with age in women, such that vascular 

transduction is similar in older men and women [142]. In contrast, Vianna et al show that 

vascular transduction decreases with age in men and women alike [353]. While these 

studies quantified beat-to-beat vascular transduction using different methods, each 

method measured the relationship between an index of MSNA and a measure of blood 

pressure, neither measured end-organ vascular responses. In fact, there has yet to be a 

study of beat-to-beat vascular transduction in older women in which end-organ vascular 

responses are measured directly [332]. 
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We did not measure MSNA responses during the VM but it is reported to increase 

considerably during phases 2 and 3, when blood pressure is decreasing, and is correlated 

with the magnitude of the blood pressure recovery (phase 2B) and overshoot (phase 4) 

[354]. To date, however, the vascular transduction of sympathetic nerve activity has not 

been investigated during the VM; it would be interesting and informative to measure MSNA 

and FVR responses concurrently during the Valsalva stimulus to evaluate vascular 

transduction and to elucidate how these responses are impacted by age and sex. This 

approach has been used for other autonomic stimuli. For example, MSNA reactivity to the 

cold pressor test was significantly greater in older women compared to both older men 

and younger women, but these changes were not associated with differential MAP 

responses, perhaps reflecting impaired transduction.  

4.5.2. Limitations 

The phase 2A MAP dip is known to be influenced by strain pressure, with larger 

strains resulting in larger pressure drops [271]. Although we did not observe an association 

between expiratory pressure and the magnitude of the phase 2A MAP dip (r=-0.218; 

p=0.103), we did consider the influence of the 2A MAP stimulus on maximal FVR 

responses in phase 2B, and included these in our analyses. Maximal FVR responses 

during the VM were not correlated with expiratory pressure.  

We quantified the phase 2A MAP dip as the magnitude of the pressure drop from 

the phase 1 peak to the 2A minimum because this represents the stimulus for baroreflex-

mediated vasoconstriction during the VM. We considered whether the duration of the MAP 

decrease was important in the quantification of the stimulus, additionally comparing the 

duration and the integrated area of the MAP drop between groups; all three analyses 

showed that the stimulus was not different between groups. Correcting maximal FVR with 

the integrated 2A stimulus provided similar results to correction using the 2A MAP dip 

alone.  

While we documented medication use in our cohort, we were not powered to 

examine their influence on the responses measured. It is possible that some of these 

medications influenced cardiovascular responses to the VM or HUT.  
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Our sample size for this study was n=57, thus we are confident that our 

characterization of the FVR stimulus accurately describes the beat-to-beat response. 

However, some of our analyses were underpowered to detect differences in sex and 

interactions between sex and age. Nevertheless, these analyses are interesting and 

informative, and will certainly guide the design of future studies.  

4.6. Conclusions 

This is the first study to quantitatively assess and characterize the beat-to beat 

FVR response to the VM, appraise the relationship with OT, and explore the impact of age 

and sex on these responses and relationships. We showed that FVR responses are 

maximal when the baroreflex responds to the fall in blood pressure elicited by the VM. 

This novel characterization of the FVR response to the VM enables the direct assessment 

of end-organ vascular responses, providing an avenue for continued research to further 

elucidate age and sex specific mechanisms and differences in sympathetic peripheral 

vascular control. Indeed, we showed that FVR responses to the VM were enhanced with 

aging, particularly in women. FVR responses to the VM were correlated with FVR 

responses during orthostatic stress, and associated with OT, highlighting the potential to 

use these responses to discriminate impaired end-organ vascular responses in patients 

with autonomic disorders and orthostatic intolerance, such as vasovagal syncope and 

POTS, with the potential to be applied diagnostically in the future.  
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B. Reliance on vascular responses for the 
maintenance of blood pressure in healthy older adults 
– insights from the Valsalva maneuver. 

4.7. Abstract 

Effective baroreflex-mediated cardiac and vascular resistance responses are 

crucial for homeostatic blood pressure control. We investigated the impacts of age and 

sex on arterial blood pressure regulation during a standard supine Valsalva maneuver (40 

mmHg, 20 s) in 46 healthy young and 25 older adults. Non-invasive, continuous 

cardiovascular parameters were recorded. In older adults, cardiac output (older: -58.4 ± 

2.4%; young: -40.8 ± 1.4%; p<0.001) and stroke volume (older: -63.6 ± 2.6%; young: -48.7 

± 1.9%; p<0.001) fell more than in young adults and was compensated by augmented 

vascular resistance responses (older: +189.8 ± 17.6%; young: +105.8 ± 6.7%; p<0.001); 

heart rate responses were attenuated in older adults. Male and female responses were 

comparable in their respective age groups. 

4.8. Introduction 

Autonomic cardiovascular responses are critical for homeostatic blood pressure 

control and are known to be influenced by age and sex. The relative contribution of cardiac 

and vascular components of the baroreflex shifts with age from cardiac predominance in 

the young, to vascular predominance in older adults [355, 356]. Sympathetic outflow 

increases with age [330] and as healthy adults reach their 50s, blood pressure becomes 

significantly and positively related to muscle sympathetic nerve activity [350]. During 

orthostatic challenge, older adults rely predominantly on vascular resistance responses to 

maintain blood pressure, with attenuated cardiac responses compared to young adults 

[355, 357]. Despite producing similar muscle sympathetic nerve activity responses [349, 

358], young males mount larger vascular responses than young females during postural 

stress [359], with young females having an increased reliance on cardiac responses [357] 

and being more susceptible to syncope [12, 13]. Thus, the impact of age and sex on the 

relationships between CO and TPR are central to our understanding of normal arterial 

pressure regulation, the mechanisms underlying disorders of blood pressure control, and 

the differential susceptibility to these disorders across the life span and according to sex. 
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The VM is an expiratory strain characterized by changes in intrathoracic pressure 

that produce a phasic and reproducible cardiovascular response [202]. This simple, 

inexpensive test enables the assessment of autonomic reflexes in adults, and is able to 

discriminate individuals with impaired autonomic function [199, 202]. The hemodynamic 

fluctuations during the VM are divided into four phases with respect to changes in blood 

pressure: (1) at the onset of the strain there is a brief increase in MAP due to increased 

intrathoracic pressure; (2A) with continued straining venous return is impeded leading to 

decreased SV and CO, reducing MAP; (2B) the reduction in MAP evokes compensatory 

baroreflex responses, increasing HR and TPR, therefore restoring MAP; (3) with cessation 

of the strain the reduced intrathoracic pressure decreases MAP; (4) the sudden increase 

in venous return with release of the strain produces an overshoot in MAP eliciting a 

compensatory bradycardia to restore MAP to baseline [202]. 

Although the effects of age and sex on blood pressure and HR responses during 

the VM are well documented [272], there is a dearth in the literature regarding their 

influence on SV, CO and TPR. Recently we demonstrated that end-organ peripheral FVR 

responses were significantly greater in older adults during the VM [359]. Surprisingly, 

despite this larger vascular resistance response, the magnitude of MAP recovery in phase 

2B was similar between the older and young adults, suggesting that either FVR responses 

do not reflect TPR, or that cardiac responses are blunted in older adults. We aimed to 

expand on these findings and assess the impact of age and sex on CO, SV and TPR 

responses during the VM. We hypothesized that, during the VM, SV and CO would fall 

more in older adults, mitigating the effect of increased TPR on MAP. 

4.9. Methods 

4.9.1. Participants 

This study was approved by the Simon Fraser University Research Ethics Board 

and conducted in accordance with the Declaration of Helsinki. Written informed consent 

was obtained from all participants. We tested 71 participants, divided into 4 groups: older 

males (n=11, 66 ± 10 years; height: 174 ± 7 cm; weight: 79 ± 9 kg), young males (n=22, 

26 ± 4 years; height: 176 ± 8 cm; weight: 79 ± 9 kg), older females (n=14, 60 ± 7 years; 

height: 161 ± 6cm; weight: 62 ± 8 kg), and young females (n=24, 25 ± 4 years; height: 169 

± 8 cm; weight: 62 ± 3 kg). Participants provided a brief medical history to screen for 
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cardiovascular and neurological disorders, cardiovascular risk factors and medications. All 

57 participants included in the previous study [359] have been included in the current 

study; the medical history and medication information for this sample is reported in the 

initial manuscript [359]. For this study we recruited 14 additional participants: two older 

males, two older females, five young males and five young females. One of these young 

males was taking histamine-2 inhibitors and proton-pump inhibitors for gastric ulcers. Both 

older women were post-menopausal and one of them had the left lobe of her thyroid 

removed 8 years prior due to a benign tumor. One of the younger women was naturally 

cycling and was tested in the follicular phase of her menstrual cycle, two were taking 

combined oral contraceptives, and two had implanted intrauterine devices. 

4.9.2. Study protocol 

Participants were asked to eat light meals on the day of experimentation and to 

avoid alcohol, caffeine, and rigorous exercise for 12 hours prior to testing. Participants 

were familiarized with the protocol and given the opportunity to practice the VM prior to 

data collection. A nose-clip was placed and following a normal inspiration, the participant 

was instructed to expire into a tube and maintain an expiratory pressure of 40 mmHg for 

20 s. Visual feedback of their expiratory effort was provided via an analog manometer. 

Each participant performed two standard supine VMs, separated by a rest period of one 

minute to allow cardiovascular parameters to return to baseline. 

4.9.3. Cardiovascular monitoring 

Cardiovascular parameters were measured continuously and non-invasively. 

Beat-to-beat blood pressure measurements were obtained using the Finometer Pro™ 

(Finometer, Finapres Medical Systems, Amsterdam, Netherlands). HR was recorded 

using a lead II ECG (Finapres ECG Module, Finapres Medical Systems, Amsterdam, 

Netherlands). SV and CO were estimated using the Modelflow® algorithm [254, 360]. TPR 

was calculated by dividing MAP by CO. Expiratory pressure was monitored during each 

VM using a pressure transducer (Reusable BP Transducer MLT0380/D, ADInstruments, 

Colorado Springs, CO, United States). Cardiovascular recordings were sampled at 1 KHz 

using an analog-to-digital converter (Powerlab 16/30, AD Instruments, Colorado Springs, 

CO, United States) and stored offline for further analysis. 



147 

4.9.4. Data processing 

The two VM performed by each participant were examined and the best one was 

selected for analysis, based on ability to correctly execute the VM as inferred from the 

strain pressure and, occasionally, based on signal quality. Cardiovascular and strain data 

were averaged at 1s intervals and exported from 10 s preceding the onset of VM to 60 s 

following the onset of the strain. Baseline values were determined from the average of the 

cardiovascular measures over the 10 s preceding the VM. Phasic cardiovascular outcome 

measures included: the magnitude of the phase 2A MAP dip, relative to the phase 1 peak 

(ΔMAP2A-1); the magnitude of the phase 2B MAP rise, relative to the 2A minimum (ΔMAP2B-

2A); the magnitude of the phase 2B HR rise, relative to baseline (ΔHR2B-BL); the magnitude 

of the phase 4 MAP overshoot, relative to baseline (ΔMAP4-BL); the magnitude of the phase 

4 HR decline, relative to baseline (ΔHR4-BL); the magnitude of the phase 2B fall in CO 

(ΔCO2B-BL) and SV (ΔSV2B-BL), relative to baseline; and the magnitude of the phase 2B 

TPR increase, relative to baseline (ΔTPR2B-BL). During the VM, phasic changes in blood 

pressure and HR are represented as the absolute change from baseline, while changes 

in SV, CO, and TPR are represented as the percentage change from baseline. To evaluate 

the time course of responses during the VM, cardiovascular data were time aligned at the 

onset of the strain and again at strain termination, as some participants were unable to 

hold the strain for the full 20 s. 

4.9.5. Statistical analysis 

Statistical analyses and data visualization were performed using SigmaPlot 

(Version 12.5 Systat Software, Inc, San Jose, CA, United States). Statistical significance 

was defined as p<0.05. Data were tested for normality and equal variance using the 

Shapiro-Wilk and Brown-Forsythe tests, respectively. Non-normally distributed data (the 

maximal TPR response during the VM) were log transformed. The impact of age and sex 

on cardiovascular responses was evaluated using a two-way ANOVA, with a Holm-Sidak 

post-hoc test performed where there was a significant interaction between age and sex. 

Data are presented as mean ± SEM; except age, height and weight, which are represented 

as mean ± SD. 
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4.10. Results 

In general, participants were able to maintain the desired expiratory pressure of 40 

mmHg for the full 20s. Overall, the mean strain pressure was 42.9 ± 0.8 mmHg, and was 

not significantly different between groups (Table 4.4). Mean strain duration was 19.2 ± 0.1 

s and was not significantly impacted by age or sex. 

Cardiovascular responses to the VM can be seen in Table 4.4. At baseline, older 

adults presented with higher systolic arterial pressure compared to young adults (main 

effect of age: p<0.001). Similarly, baseline MAP was higher in the older adult cohort overall 

(p=0.043). Baseline HR and diastolic arterial pressure were not statistically different 

between groups.  

Temporal changes in the cardiovascular responses throughout the VM for each 

group can be seen in Figure 4.6. MAP decreased more during phase 2A (relative to the 

phase 1 peak) in older adults (p=0.035) than young adults. However, the magnitudes of 

both the phase 2B MAP recovery (relative to the phase 2A minimum), and the phase 4 

MAP overshoot (relative to baseline) were not different between groups. With respect to 

HR, the magnitude of the phase 4 bradycardia was reduced in older adults (main effect of 

age: p<0.001) while the relative tachycardia in phase 2B was not different between groups. 

SV and CO declined continuously through phase 2 with a rapid and large drop in 

phase 2A and a slower progressive reduction in phase 2B. In phase 2A, both SV and CO 

fell faster in older adults (main effect of age: both p<0.001), and the phase 2 reductions in 

SV and CO were larger in the older cohort (main effect of age: both p<0.001). Following 

release of the strain, SV and CO remained low during phase 3, then swiftly recovered as 

blood pressure rose in phase 4, reaching baseline values 10 ± 1 s (SV) and 14 ± 1 s (CO) 

after strain termination, with no sex differences in recovery time between males and 

females (main effect of sex for SV p=0.322 and CO p=0.726), although there was a slower 

recovery of SV, but not CO, in the older adults (main effect of age for SV p=0.006 and CO 

p=0.873). Conversely, TPR increased steadily through phases 1 and 2. Older adults 

mounted a faster onset of the TPR response in phase 2A (main effect of age: p<0.001) 

with a larger maximal TPR response (main effect of age: p<0.001) compared to young 

adults. Upon release of the strain, TPR declined rapidly and similarly in all groups (with no 
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significant main effect of age p=0.759 or sex p=0.413), reaching baseline values within 13 

± 2 s in phase 4.
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Table 4.4.  Cardiovascular outcome measures. 

Abbreviations: BL: baseline; SAP: systolic arterial pressure; DAP: diastolic arterial pressure; MAP: mean arterial pressure; HR: heart rate; TPR: total peripheral resistance; SV: 
stroke volume; CO: cardiac output. Detailed descriptions of the abbreviations describing phasic changes in cardiovascular outcome measures can be found under the Data 
Processing heading in the methods section. 

 

 Young males Older males Young females Older females 

Main effect of 
age 

p-value 

Main effect of 
sex 

p-value 

Interaction 
between age 

and sex 

p-value 

 n= 22 n= 11 n= 24 n= 14    

Baseline SAP (mmHg) 129.5 ± 2.3 141.2 ± 6.4 126.5 ± 2.5 142.3 ± 4.2 <0.001 0.783 0.583 

Baseline DAP (mmHg) 73.1 ± 1.6 75.1 ± 3.1 73.5 ± 2.0 73.4 ± 2.4 0.677 0.774 0.665 

Baseline MAP (mmHg) 91.9 ± 1.7 97.2 ± 4.0 91.2 ± 2.0 96.4 ± 2.7 0.043 0.767 0.999 

Baseline HR (bpm) 69.8 ± 2.4 69.5 ± 4.9 66.5 ± 2.7 65.9 ± 1.5 0.640 0.416 0.710 

Strain Pressure (mmHg) 46.7 ± 4.1 41.9 ± 6.7 41.2 ± 6.9 41.0 ± 7.5 0.645 0.214 0.355 

Strain Duration (s) 19.7 ± 0.1 19.3 ± 0.2 18.9 ± 0.3 19.0 ± 0.3 0.510 0.057 0.341 

ΔMAP2A-1 (mmHg) -17.3 ± 2.4 -24.4 ± 4.7 -15.5 ± 1.6 -20.1 ± 2.9 0.035 0.263 0.635 

ΔMAP2B-2A (mmHg) 16.6 ± 2.7 11.5 ± 1.8 15.8 ± 2.7 17.0 ± 2.3 0.495 0.410 0.268 

ΔMAP4-BL (mmHg) 8.9 ± 2.6 11.9 ± 3.2 9.0 ± 2.3 12.7 ± 3.5 0.264 0.877 0.901 

ΔHR2B-BL (bpm) 29.2 ± 6.1 25.4 ± 4.9 36.5 ± 3.9 25.3 ± 3.5 0.155 0.497 0.484 

ΔHR 4-BL (bpm) -18.0 ± 2.3 -9.6 ± 2.5 -15.7 ± 1.4 -9.1 ± 1.6 <0.001 0.431 0.591 

ΔCO2B-BL (%) -40.8 ± 1.7 -59.1 ± 3.2 -40.8 ± 2.2 -57.9 ± 3.5 <0.001 0.858 0.829 

ΔSV2B-BL (%) -46.5 ± 2.7 -65.1 ± 2.3 -50.7 ± 2.8 -62.5 ± 4.2 <0.001 0.803 0.303 

ΔTPR2B-BL (%) 102.6 ± 8.9 177.4 ± 23.3 108.4 ± 10.2 199.6 ± 26 <0.001 0.624 0.736 
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Figure 4.6. Time course of the cardiovascular responses during the Valsalva 

maneuver.  
Data points represent 1 second average values within each group and are visualized as mean ± 
SEM. MAP and HR data are presented as absolute change from baseline, while CO, SV and TPR 
data are presented as percentage change from baseline. The shaded grey box represents the 
Valsalva strain. Abbreviations: MAP: mean arterial pressure; HR: heart rate; CO: cardiac output 
SV: stroke volume; TPR: total peripheral resistance. 
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4.11. Discussion 

We recently showed that older adults mount larger FVR responses during the VM 

than young adults [359]. Surprisingly, these robust responses were not associated with an 

increased MAP recovery in phase 2B of the VM [359]. In the present study, we aimed to 

address this discrepancy and discern what cardiovascular factors might be mitigating the 

impact of these large vascular resistance responses on blood pressure in older adults. We 

observed that TPR responses to the VM were similar in magnitude (+136.2 ± 9.1%) to the 

FVR responses presented in the previous study (+137.1 ± 11.6%) [359] and that the TPR 

response was also increased in older adults. Thus, FVR responses appear to provide an 

accurate indication of TPR. We also showed that reductions in SV and CO during the VM 

are exacerbated in older adults, explaining why we did not observe a greater phase 2B 

blood pressure recovery in older adults, despite their increased vascular resistance 

responses. The influence of sex on the magnitude of the hemodynamic responses was 

not significant, overall or within age groups. 

We observed an exaggerated dip in phase 2A MAP in older participants, consistent 

with normative data [272]. The hypotension induced by the VM is a mechanical 

phenomenon secondary to elevated intrathoracic pressure that impedes venous return. 

Accordingly, the severity of the phase 2A hypotension is thought to correlate with the 

reduction in preload and subsequent decline in SV (according to the Frank-Starling 

mechanism), and therefore in CO, during the maneuver [361]. Our results are compatible 

with this notion, with a decrease in CO and SV to approximately 60% of the baseline value 

in older participants by the end of phase 2A, a considerably larger reduction than observed 

in the younger cohort.  

CO is governed by HR and SV, and the latter is influenced by left ventricular 

contractility, afterload, and preload. Phase 2 HR responses were comparable between the 

young and older participants, insinuating that the discrepancy in the CO reduction was 

primarily driven by SV. The mechanism for the pronounced age-related attenuation in SV 

responses during the VM is unclear, but might be influenced by age-related impairments 

in ventricular contractility [362] and ventricular compliance [363], as well as known 

increases in basal vascular tone and blood pressure [364], and thus afterload, with aging. 

Whether there is an age-related effect on properties of the venous vascular that might 

further impair preload during straining maneuvers is unclear.  
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As noted above, despite a greater stimulus for baroreflex compensation in older 

participants, based on the larger decline in phase 2A MAP, there were no age-related 

differences in HR increases during the strain. Baroreflex-mediated tachycardia is achieved 

through both increased sympathetic activation and a withdrawal of vagal tone. Given that 

the predominantly vagally-mediated phase 4 bradycardia [365] was blunted in the older 

adults, it is tempting to speculate that impaired parasympathetic regulation also 

contributed to the relatively small (compared to the stimulus) tachycardia during phase 2B. 

This idea is supported by other studies that showed impaired cardiac (parasympathetic) 

baroreflex responses with aging [355, 356]. 

Sex differences in the blood pressure responses to the Valsalva have been 

explored previously. Normative data have shown that in young adults the magnitude of 

the phase 2B blood pressure recovery is greater in young males than young females, then 

progressively decreases with age in males, but not in females, such that the magnitude of 

the phase 2B blood pressure recovery is greater in older females compared to older males 

[272]. We did not detect significant differences in the phase 2B blood pressure response 

between groups in the current or previous study, but our means are consistent with this 

notion. 

The similar blood pressure recovery in phase 2B between age groups, despite the 

exacerbated hypotension in phase 2A, relatively blunted phase 2B tachycardia, and large 

declines in SV and CO, indicate that blood pressure homeostasis in healthy older adults 

is maintained predominantly by modulation of TPR responses. This dependence on 

augmented vasomotor responses during hypotensive challenges may potentially promote 

structural alterations in the vasculature [366] and these alterations can contribute to age-

related decreases in vascular compliance [367]. They may also provide a mechanism for 

the high prevalence of OH in older adults taking medications that diminish vasoconstrictor 

tone and impair this dominant component of blood pressure regulation in older adults [368, 

369]. 

There are several methodological considerations pertaining to our data. Firstly, we 

determined SV (and by extrapolation CO and TPR) using Modelflow [254]. Accordingly, 

we expressed values as the change from baseline, a common approach [140, 370, 371] 

that provides similar precision to the gold standard [256–258, 360]. Further confidence in 

our data can be gleaned from previous studies utilizing electrical bioimpedance 
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cardiography that observed similar phasic decreases in SV [344]. In addition, we did not 

quantify arterial gas composition or the fractional concentrations of expired carbon dioxide 

and oxygen during the VM. Central and peripheral chemoreceptor activity has been shown 

to alter the baroreflex responses to the VM [372] and so it is possible that the gas variables 

had a cofounding effect on our findings. However, the expiratory effort and breath hold 

durations between groups were similar, so any effects on arterial gas composition would 

not be expected to have contributed significantly to the observed differences between 

groups.  
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Chapter 5.  
 
Pain associated with intravascular instrumentation 
reduces orthostatic tolerance and predisposes to 
vasovagal reactions in healthy young adults.  

5.1. Abstract 

Purpose: Vasovagal reactions are frequently triggered by pain or emotional 

stress, especially with blood-injection-injury stimuli in medical settings. Syncopal 

symptoms appear to be uniquely associated with blood-injection-injury phobia, and 

previous literature has also suggested that intravascular instrumentation reduces OT (time 

to presyncope) even in individuals without a fear of blood or needles. To date, no placebo-

controlled studies have investigated how intravascular instrumentation mechanistically 

influences orthostatic responses, or explored the relative contributions of anxiety and 

blood donation/medical fears, pain, and physical trauma to the blood vessel to this 

phenomenon. We aimed to examine the impact of intravenous (IV) instrumentation on OT 

in healthy young adults, and evaluate the impact of associated pain, as well as the 

presence of the needle in the blood vessel as possible factors that predispose to syncope. 

We hypothesized that pain associated with IV procedures would reduce OT.  

Methods: In this randomized, double-blind, placebo-controlled cross-over study, 

participants (N=19; 12 females; age:24.4±4.8 years) underwent a 60° head-up-tilt (HUT) 

test to presyncope with combined lower body negative pressure on three separate days, 

during which they were randomized to three different exposures: (1) IV cannulation with 

local anesthetic cream (EMLA; IV+EMLA); (2) IV cannulation with placebo anesthetic 

cream (E45 moisturizing cream: IV+placebo); (3) sham IV cannulation with local 

anesthetic cream (without actual cannulation; Sham+EMLA). Participants rated pain 

associated with IV procedures on a scale 1-5. We measured cardiovascular responses 

(finger plethysmography; Finometer Pro), end tidal gases (nasal cannula), cerebral blood 

flow velocity (CBFv, transcranial Doppler) and forearm vascular resistance (FVR; brachial 

Doppler) responses continuously and non-invasively.  



156 

Results: Compared to the sham+EMLA procedure (26.5±2.8 minutes), OT was 

significantly reduced in the IV+placebo condition (20.9±3.2 minutes; p=0.031), but not in 

the IV+EMLA condition (25.2±2.6minutes; p=0.798). Pain ratings associated with IV 

procedures were significantly increased in the IV+placebo condition (3.0±0.2) compared 

to both IV+EMLA (2.2±0.3; p=0.007) and Sham+EMLA (1.1±0.1; p=0.002). Maximal FVR 

responses mounted during HUT were reduced in the IV+placebo condition, and although 

differences in maximal heart rate responses did not achieve statistical significance, there 

was a robust relationship between the difference in maximal heart rate responses between 

IV+placebo and Sham+EMLA conditions, and the corresponding change in OT (r=0.770; 

p<0.0001).  

Conclusion: Pain plays a key role in predisposing to vasovagal reactions following 

venipuncture, and our data suggest that this effect is mediated through a reduced capacity 

to mount maximal sympathetic responses. Topical anesthetics, such as EMLA, may be 

useful for reducing the frequency and severity of presyncopal symptoms and vasovagal 

reactions during procedures requiring needles and intravascular instrumentation, such 

during vaccinations, blood samples and blood donations.  

5.2. Introduction 

Syncope, or fainting, is a loss of consciousness and postural tone that is due to a 

significant, but transient reduction in cerebral blood flow [1]. VVS is the most prevalent 

form of syncope, underlying ~60% of cases [128], and refers to an abrupt reversal of 

cardiovascular autonomic reflexes, producing widespread vasodilation that is often 

accompanied by bradycardia [1]. The resultant hypotension and cerebral hypoperfusion 

are often associated with intensifying presyncopal signs and symptoms (light-headedness, 

nausea, pallor, sweating, tunnel-vision, palpitations, etc.), that culminate in a loss of 

consciousness [2]. The precise afferent neuronal pathways and central nervous system 

mechanisms contributing to this paradoxical reflex reversal remain unknown [86].  

Vasovagal reactions are most commonly triggered by orthostasis, due to 

gravitational fluid shifts and hydrostatic pressure changes in the vascular compartment, 

but are also frequently triggered by pain or emotional stress, especially with blood-

injection-injury stimuli in medical settings [1, 12]. In adults < 40 years old, venepuncture is 

reported to be a contributing factor in 10-15% of syncopal reactions [3, 130, 178]. In the 
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setting of blood donation, the incidence of syncope is 9-29 of 1000 in first time donors and 

2-7 per 1000 in repeat donors [179]. Mechanistically, the development of VVS during blood 

or plasma collection is thought to be partly due to the direct reduction in circulating blood 

or plasma volume, as well as the orthostatic effects superimposed on a hypovolemic state 

after the donation [180]. However, VVS and presyncopal symptoms often present during 

venipuncture, even when there is minimal blood drawn, as well as during insulin injections, 

finger sticks for blood sugar monitoring, dental care, and vaccinations [181], suggesting 

that the psychological stress of instrumentation and blood exposure (i.e., fear of needles, 

pain, and the sight of blood) may also produce these responses [180, 182]. Vasovagal 

reactions have certainly been known to occur from blood-injection-injury stimuli that are 

purely cognitive, such as the sight of blood, or simply discussing surgery or needles [12].  

Blood-injection-injury phobia is described as an intense fear of blood, injections, 

injury, and medical care [373]. This fear is generally recognized by the individual as 

excessive and unreasonable, but nonetheless it is difficult to overcome and commonly 

prevents or delays individuals from getting necessary vaccines or blood draws, or 

generally seeking medical or dental care [181]. This blood injection-injury-phobia 

reportedly affects 4% of the US population, although up to a quarter of the adult population 

acknowledge some fear of needles and/or blood draws [184]. Interestingly, presyncopal 

symptoms and syncopal episodes appear to be uniquely associated with blood-injection-

injury phobia, in comparison to other phobias [181, 183]. Upwards of 80% of individuals 

endorsing a blood-injection-injury phobia report that they have experienced syncope or 

presyncope in medical settings [181, 374, 375], and fainting during/after blood donation is 

the most common deterrent for subsequent donation of whole blood and plasma [376]. It 

has been hypothesized that vasovagal reactions may have offered humans evolutionary 

benefit, protecting the body from hemorrhage, protecting the heart from sympathetic 

overactivity, and triggered as a defense mechanism (playing dead) in the presence of 

assailants or predators [185]. It is possible that emotional syncope, including blood-

injection-injury reactions may reflect a vestigial form of this evolutionary defence 

mechanism. 

OT is a measure of syncope susceptibility and refers to the ability to tolerate 

gravitational stress, maintain cardiovascular homeostasis, and defend blood pressure in 

order to maintain consciousness when upright. Interestingly, there is some evidence that 

the presence of intravascular instrumentation reduces OT and predisposes to orthostatic 
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syncope, even in individuals without a fear of blood or needles [186–188]. In a 1966 study 

where healthy participants underwent two orthostatic stress tests, one with, and one 

without intravascular instrumentation, syncopal reactions were found to occur five times 

more frequently when intravascular instrumentation was used (33/71; 46.5% vs 6/71; 

8.5%) [187]. A 1994 study of healthy elderly volunteers (n=10) with no history of dizziness, 

falls, or syncope, echoed these findings, reporting that all participants remained 

asymptomatic and without hypotension during an orthostatic stress test without 

intravascular instrumentation, but five participants developed symptomatic hypotension 

when an intravenous cannula was present [188]. The notion that individuals who are not 

needle phobic and who have not previously experienced needle faints demonstrate 

reduced OT in the presence of intravascular instrumentation suggests that the afferent 

pathway(s) through which blood-injection-injury stimuli produce VVS are present in 

everyone, but are more easily activated is susceptible individuals.  

To date, no placebo-controlled studies have investigated how intravascular 

instrumentation mechanistically influences/disrupts orthostatic responses and autonomic 

control, or explored the relative contributions of anxiety and blood donation/medical fears, 

pain/discomfort, and physical trauma to the blood vessel (and associated endothelial injury 

cascades) to this phenomenon. In order to provide effective management options to 

patients who experience syncope and presyncope with blood-injection-injury stimuli, we 

need to acquire a better of understanding of the mechanisms that produce this response. 

Accordingly, in this study, we aimed to examine the impact of intravenous instrumentation 

on OT in healthy adults. Further, we aimed to evaluate the impact of associated 

pain/discomfort, as well as the presence of the needle in the blood vessel, as possible 

factors that predispose to syncope. To do this, we compared OT with and without 

intravenous instrumentation, and with and without local anesthesia.  

5.3. Methods 

5.3.1. Ethics statement 

Ethical approval for this study, including the use of deception, was obtained from the 

Research Ethics Board at Simon Fraser University. All volunteers provided written 

informed consent prior to their participation and all experimental procedures were 

conducted in accordance with the Declaration of Helsinki.  
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5.3.2. Study design 

To determine OT, a measure of syncope susceptibility, we employed HUT testing with 

combined, graded LBNP, which is considered the gold standard for orthostatic stress 

testing [139, 140]. We and others have shown this method to be reproducible, reliable, 

and to have high sensitivity and specificity for differentiating individuals with poor OT [139, 

140, 209], and for examining the effects of interventions aimed at improving orthostatic 

blood pressure control and OT [166, 219, 222, 371]. In this randomized, double-blind, 

placebo-controlled cross-over study, participants underwent this test on three separate 

days, during which they were randomized to three different exposures: (1) intravenous (IV) 

cannulation with local anesthetic cream (EMLA: Eutectic Mixture of Local Anesthetics; 

emla®, Aspen Pharmacare Canada, Oakville, Ontario, Canada); (2) IV cannulation with 

placebo anesthetic cream (E45 moisturizing cream; Reckitt Benckise, Sydney, New South 

Wales, Australia); (3) sham IV cannulation with local anesthetic cream (without actual 

cannulation). The EMLA local anesthetic contains 2.5% lidocaine and 2.5% prilocaine and 

is commonly used for reducing pain with intravenous procedures, particularly in young 

children. Given that needles are known to produce a strong emotional/psychological 

stimulus in some individuals that is likely to contribute to increased syncope susceptibility, 

we wanted to ensure that the emotional/psychological stimulus was similar on all three 

days. To do this we employed deception in this study. Participants were told that an IV 

catheter would be inserted on all three test days, and that we were testing how blood 

pressure control is affected by the placement of a needle in a vein when we use three 

different anesthetic creams (on three different days). Both the participant, and the 

experimenter responsible for stopping the test were blinded to the experimental 

conditions. Following completion of all three tests, we articulated the details of each study 

condition to the participant, and read a debrief script aloud that explained the nature and 

need for deception in this study. 

5.3.3. Participants 

We recruited 19 healthy young adults, 7 males (age: 27.0 ± 6.5 years; height: 181.8 ± 6.7 

cm; weight: 82.1 ± 9.6 kg; body mass index (BMI): 24.8 ± 1.9 kg/m2; reported as mean ± 

standard deviation) and 12 females (age: 22.9 ± 2.8 years; height: 167.5 ± 8.4 cm; 64.7 ± 

11.0 kg; BMI: 23.0 ± 3.5 kg/m2; reported as mean ± standard deviation), to participate in 

this study. Within subjects we controlled for time of day, scheduling each of the three 
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experiments for a similar time. Participants were advised to eat only a light meal at least 

a couple of hours prior to testing and were asked to refrain from vigorous exercise, alcohol 

and caffeine consumption for 12-hours prior to testing. Prior to testing, all participants 

completed a brief medical history; all were free of overt cardiovascular and neurological 

disease. Of the 12 women we tested, two were using combined oral contraceptives (with 

all tests conducted during the active phase), two had hormonal intrauterine devices, one 

was using a hormonal implant, and six were naturally cycling. In naturally cycling women, 

we controlled for menstrual phase, ensuring that all three tests were conducted during the 

same phase of their menstrual cycle (five participants were tested during the follicular 

phase, two during the luteal phase). Out of an abundance of caution and given the known 

potential interactions between certain medications and EMLA, participants taking any 

prescription medications, with the exception of oral contraceptives and one participant who 

was taking a selective serotonin-reuptake inhibitor, were excluded. Additional exclusion 

criteria included contraindications to EMLA: previous diagnoses of liver disease, 

methemoglobinemia or GP6D deficiency; known allergy to lidocaine or prilocaine; 

breastfeeding; pregnancy. 

5.3.4. Experimental protocol  

Once participants provided informed consent and study eligibility was confirmed, either 

local anesthetic or placebo cream was applied to the left hand and forearm around two 

prominent vein sites and covered by transparent film dressings. The cream was applied 

to two sites to ensure a second cannulation site was available in the event of cannulation 

failure at the initial site. After application, EMLA takes about one hour to reach maximum 

effectiveness, so participants were able to relax and read or work on a computer for 30 

minutes prior to beginning experimental procedures. During this time participants were 

asked to complete three questionnaires: the Generalized Anxiety Disorder Assessment 

(GAD-7), Blood Donation Fears Inventory (BDFI), and the Medical Fears Survey – Short 

Version (MFS-SV).  

Prior to the tilt test, participants were asked to empty their bladder in the nearby washroom, 

and to retain a sample of their urine for analysis of urine specific gravity and sodium 

concentration. Urine specific gravity was measured using Chemstrips 10 test strips (Roche 

Diagnostics, Laval, Quebec, Canada) and urinary sodium concentration was estimated by 

measuring urinary chloride concentration using Quantab Chloride test strips (high 



161 

concentration [300-6000 mg/L], Hach Canada, London, Ontario, Canada). A correction 

factor was applied to the sodium spot sample measurements to provide an estimate of 24-

hour urinary sodium, as decribed by Heeney et al [218]. These measures were collected 

to aid with data interpretation, as significant changes in hydration or sodium are known to 

influence OT[218].  

The participant was then asked to lay supine on the tilt table while the research team 

instrumented and familiarized them with cardiovascular monitoring equipment, this took 

approximately 15 minutes. A 15-minute supine rest period was used to facilitate the 

assessment of baseline cardiovascular parameters, while allowing pooled fluid in the legs 

to be reabsorbed. After this rest period, while the participant was still supine, a medical 

doctor or registered nurse completed the IV procedures using standard aseptic technique. 

For each participant, the same medical professional conducted the IV procedures during 

all three visits. After the dressings were removed and the cream wiped away, a tourniquet 

was applied to the left upper arm, and the IV sites were cleaned with antiseptic wipes. 

When it was time to insert the IV catheter, the participant was asked to turn their head 

away and close their eyes, and their arm was positioned so that they would not be able to 

observe the procedure. In the sham cannulation condition, all procedures were the same, 

except the cannula was taped externally on top of the skin, with no needle piercing the 

skin and no indwelling needles or cannula. All cannulas were flushed with sterile saline 

and the IV site was covered with a dressing, so that the participant could not see whether 

it was piercing the skin, only the saline filled IV extension could be seen. A 20-gauge IV 

was used for all procedures.  

Upon completion of the IV procedure, the orthostatic stress test was initiated, with the 

table tilted upright to 60°. After 20 minutes of passive HUT, LBNP was applied and 

increased every 10 minutes (-20, -40, -60 mmHg) while the participant was still tilted 

upright. The test was terminated, and the manual tilt table was rapidly returned to the 

supine position, at presyncope, at participant request, or upon completion of the entire 

protocol (50 minutes). Presyncope was defined as a SAP <80 mmHg, a HR >170bpm, or 

a new onset bradycardia <50bpm, and/or the onset of presyncopal signs and symptoms 

such as nausea, light-headedness, dizziness, warmth, perspiration, pallor, or audio/visual 

disturbances. OT was defined as the time in minutes from tilt start to test termination (the 

time to presyncope). If the participant experienced a vasovagal reaction during insertion 

of the needle, their OT would be considered to be zero minutes, and the test terminated 
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at this point. Each day the participant was asked to rate the pain associated with the IV 

procedure on a scale from one to five.  

 
Figure 5.1. Experimental protocol.  
Upon arrival to the laboratory, after informed consent was provided and study eligibility was 
confirmed, anesthetic or placebo cream was applied at two prominent vein sites. A 30-minute wait 
period was introduced to ensure anesthetic cream would have reached maximum effectiveness at 
the time of venipuncture, during this period the participant relaxed and completed surveys. 
Participants were then familiarized with the experimental procedures, and instrumented with 
cardiovascular monitoring. After 15-minutes of supine rest they underwent a 60⁰ head-up tilt test to 
presyncope with combined, graded lower body negative pressure. After 20 minutes upright, lower 
body negative pressure was applied and incremented (-20, -40, -60 mmHg) at 10-minute intervals. 
The test was terminated at presyncope, at participant request, or upon completion of the entire 
protocol. Orthostatic tolerance was determined as the time from tilt start to test termination. On 
each of the three test days, participants were subject to a different IV procedure, in a randomized 
fashion: (1) intravenous (IV) cannulation with local anesthetic cream (EMLA: Eutectic Mixture of 
Local Anesthetics); (2) IV cannulation with placebo anesthetic cream (E45 moisturizing cream); (3) 
sham IV cannulation with local anesthetic cream (without actual cannulation). Abbreviations: lower 
body negative pressure (LBNP). 

5.3.5. Cardiovascular monitoring 

All cardiovascular parameters were recorded continuously and non-invasively 

throughout the testing protocol. Beat-to beat SAP, DAP and MAP were evaluated using 

the Finometer Pro™ (Finometer, Finapres Medical Systems, Amsterdam, The 

Netherlands), a device that uses volume-clamping and photoplethysmography to measure 

blood pressure from the digital arteries in the middle finger and reconstructs the brachial 

arterial pressure waveform. Beat-to-beat SV was estimated using the Finometer Pro’s 

Modelflow algorithm [254, 256, 259]. HR and rhythm were monitored using a lead II ECG 

(Finapres ECG Module, Finapres Medical Systems, Amsterdam, The Netherlands). CO 

was calculated as the product of HR and SV. TPR was calculated as MAP divided by CO. 

Mean CBFv was recorded unilaterally from the middle cerebral artery (usually on the left 

side) through the transtemporal window using a 2MHz transcranial Doppler ultrasound 

probe (Doppler Box, Compumedics DWL, Singen, Germany). The probe was fixed in place 

with a headband to maintain a constant angle of insonation. With the forearm supported 

at heart level, BBFv was recorded from the brachial artery using a 8MHz Doppler 

ultrasound probe. The probe was secured with a clamp to maintain a constant angle of 
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insonation. Breath-by-breath PETCO2 was estimated using a nasal cannula and gas 

analyzer (O2Cap Oxygen Analyzer, Oxigraph Inc, California, USA). 

5.3.6. Surveys 

The GAD-7 is a 7-item scored questionnaire initially validated in 2149 patients as a 

diagnostic tool for generalised anxiety, with a cut-off score >10 having a sensitivity of 89%, 

specificity of 82% and test-retest reliability with an intraclass correlation coefficient of 0.83 

[377]. GAD-7 also has a reasonable sensitivity and specificity for panic disorder, social 

phobia and post-traumatic stress disorder (cut-off score of 8, sensitivity 77%, specificity 

82%) [378]. Increased scores reflect increased levels of anxiety and can be classified into 

four categories: minimal anxiety (scores from 0-4), mild anxiety (scores from 5-9), 

moderate anxiety (scores from 10-14), severe anxiety (scores from 15-21). The BDFI is 

an 18-item survey assessing individuals self-reported fear of blood donation in terms of 

syncopal symptoms (9-items), blood and needles (3-items), social evaluation (4-items) 

and health screen results (2-items) [379]. Each item is rated on a five-point Likert scale. 

The MFS-SV is a 25-item questionnaire that allows respondents to indicate the extent to 

which they experience fear of medically-related situations across five domains: injections 

and blood draws, sharp objects, blood, mutilation, and examinations and symptoms [380]. 

Each item is rated on a four-point Likert scale from no fear or concern to intense fear. The 

injections and blood draws and blood sub-scales have been shown to predict vasovagal 

reactions to blood donation. Each item is rated on a five-point scale [380]. 

5.3.7. Data and statistical analyses 

Data were cleaned and analyzed blind to the test conditions. Supine 

cardiovascular data (time point zero) were calculated as an average of the final two 

minutes of the supine period where the participant was undisturbed, prior to the IV 

procedure. Cardiovascular data recorded during the orthostatic stress test are presented 

as mean values over the final 30-seconds of every two-minute period, for the first 30 

minutes of the test. This time point corresponds to the end of the -20 mmHg LBNP phase, 

after which the sample size is significantly reduced. Presyncope data represent 

cardiovascular measures at the point of the lowest SAP just before head-down tilt and test 

termination, or at the point of the highest HR if the test was stopped on HR criteria. In 

addition, SAP variance was calculated for the final five minutes of the tilt test to provide a 
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measure of blood pressure instability. For tests lasting less than five minutes SAP variance 

was calculated for the entire tilt duration. The maximal HR and FVR responses (five 

second averages) attained for each participant during each tilt were extracted to provide 

an indication of maximal sympathetic activation. 

FVR data are reported only as the percentage change form baseline, as absolute 

FVR values are influenced by insonation angle of the brachial ultrasound probe, which 

could not be standardized between participants. The angle of insonation was, however, 

maintained within each participant, thus evaluations of the percent changes in FVR within 

the protocol are valid. Theoretically, measures of FVR would be unreliable if the diameter 

of the insonated vessel changed during testing. However, in a previous study we 

confirmed that there is no change in brachial arterial diameter with this orthostatic stimulus; 

resistance responses primarily occur in downstream arterioles, thus changes in velocity 

are assumed to be proportional to flow [265]. We sampled PETCO2 using a nasal cannula 

because it is more comfortable and permits the participant to communicate symptoms 

throughout the protocol. The caveat of nasal sampling is that, depending on the positioning 

of nasal prongs, there can be some mixing with room air, resulting in slightly lower PETCO2 

values (~3-5 mmHg). However, the changes over time would be consistent within a 

placement position. Accordingly, we have also reported PETCO2 values only as a change 

from baseline.  

Statistical analyses and data visualization were performed using JMP® (Version 

16, SAS Institute Inc., Cary, NC) and SigmaPlot (Version 14.5, Systat Software Inc., San 

Jose, CA). We tested data for normality using the Shapiro-Wilk test and, unless otherwise 

specified, data are reported as means ± SEM. Differences were determined to be 

statistically significant where p<0.05. We used a one-way repeated measures ANOVA 

(parametric data) or a repeated measures ANOVA on ranks (non-parametric data) to 

evaluate differences in survey scores, urine analyses, and IV pain ratings between 

conditions. The proportion of participants classified into minimal, mild, moderate and 

severe anxiety groups on each test day was evaluated using a Chi-Square test. For the 

OT outcomes, we performed a linear mixed model analysis with a Tukey HSD post-hoc 

test, a Kaplan-Meier time-to-event Analysis (Gehan-Breslow test), as well as a paired t-

test on the change in OT between the conditions where the IV catheter was truly inserted 

and the sham IV condition. To test whether intervention order had an effect on OT, we ran 

a linear mixed model analysis with IV procedure and intervention order as factors. For 
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cardiovascular data, comparisons between tilt conditions and over time were conducted 

using a two-factor linear mixed model with a Tukey HSD post-hoc test.  

We subsequently divided participants into responder (participants who 

experienced a reduction in OT in the IV+placebo condition relative to the Sham+EMLA 

condition) and non-responder groups (participants who did not experience a reduction in 

OT between IV+placebo and Sham+EMLA conditions) to explore the impact of responder 

status on outcome measures. We used the Student’s t-test (parametric data) or the Mann-

Whitney Rank Sum Test (non-parametric data) to compare demographic data, survey 

scores, urine analyses and IV ratings between responders and non-responders. The 

proportions of male and female participants in each group were compared using Fisher’s 

exact test, and the proportion of participants classified into minimal, mild, moderate and 

severe anxiety groups was evaluated using a Chi-Square test. OT comparisons between 

responders and non-responders were conducted using a two-factor linear mixed model 

with a Tukey HSD post-hoc test. The impacts of responder status, condition and time point 

on cardiovascular parameters were evaluated using a three-factor linear mixed model. For 

this analysis only baseline, HUT and presyncope phases were compared, where the HUT 

values represented the mean value of all HUT time points (2 – 20 minutes). Correlation 

analyses performed between parameters were conducted using the appropriate 

correlation coefficient, Pearson for parametric data, and Spearman for nonparametric 

data.  

5.4. Results 

Survey scores, urine specific gravity, 24-hour urinary sodium estimates and IV pain 

ratings for each test day are shown in Table 5.1. GAD-7 scores were not different across 

the 3 test days (p=0.126), and the proportion of participants with minimal, mild, moderate 

and severe anxiety, as determined by the GAD-7, did not differ between test days 

(Χ2=2.484; p=0.870). Overall, anxiety levels were minimal to mild in this cohort. Total BDFI 

(p=0.140) and MFS-SV (p=0.615) scores, as well as urine specific gravity (p=0.845) and 

24-H urinary sodium estimates (p=0.648), were all similar between test days. While we 

did detect a main effect of condition on the BDFI’s blood and needles subscale (p=0.048), 

post-hoc tests were not significant and the difference in means was small (0.8) and unlikely 

to be clinically meaningful. As survey scores were similar across the three test days, mean 

scores were used in subsequent correlation analyses. Participants reported that the pain 
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associated with the IV procedure was greater in the IV+placebo condition compared to 

both the IV+EMLA (p=0.007) and Sham+EMLA (p<0.001) procedures. In addition, IV 

insertion was reported to be more painful in the IV+EMLA condition compared to the 

Sham+EMLA IV procedure (p=0.002). We note that no participants experienced 

vasovagal reactions during or immediately following the insertion of the IV catheter.  

Table 5.1.  Survey scores, urine analyses and IV pain ratings for each test day. 

 IV + EMLA IV + Placebo Sham + EMLA P-value 

GAD-7 total score 4.9 ± 1.0 3.9 ± 0.9 4.9 ± 1.1 0.126 

Minimal anxiety 

M 

10 11 11 

0.870 

(Chi-square) 

Mild anxiety 7 7 5 

Moderate anxiety 1 0 2 

Severe anxiety 1 1 1 

BDFI total score 7.5 ± 0.6 7.1 ± 0.6 7.5 ± 0.5 0.140 

Syncopal symptoms 13.6 ± 1.2 13.3 ± 1.5 13.3 ± 1.1 0.902 

Blood and needles 4.6 ± 0.6 4.2 ± 0.5 4.9 ± 0.6 0.048 

Social evaluation 6.5 ± 0.7 5.9 ± 0.7 6.2 ± 0.7 0.227 

Health Screen Results 5.6 ± 0.6 5.5 ± 0.5 5.7 ± 0.4 0.667 

MFS-SV total score 13.9 ± 2.0 13.1 ± 2.0 13.3 ± 2.1 0.615 

Injections and blood draws 1.6 ± 0.5 1.4 ± 0.4 1.4 ± 0.4 0.607 

Sharp objects 1.0 ± 0.4 1.2 ± 0.3 0.9 ± 0.4 0.875 

Examinations and 
symptoms 

4.6 ± 0.7 4.1 ± 0.7 4.7 ± 0.7 0.214 

Blood 1.0 ± 0.5 0.6 ± 0.3 0.7 ± 0.4 0.105 

Mutilation 5.7 ± 0.8 5.8 ± 1 5.5 ± 0.9 0.738 

Urine specific gravity  
(AU) 

1.013 ± 0.002 1.012 ± 0.002 1.013 ± 0.002 0.845 

24H urinary sodium estimate 
(mmol/day) 

142.3 ± 12.1 152.3 ± 11.1 142.2 ± 7.5 0.648 

IV pain rating (1-5) 2.2 ± 0.3* 3.0 ± 0.2*† 1.1 ± 0.1† <0.001 

Symbols: * significantly different from sham + EMLA condition; † significantly different from IV+EMLA. Abbreviations: 
arbitrary units (AU). 

Of our 19 participants, 17 were included in the analysis of our primary outcome 

measure, OT. For one individual we had technical difficulties maintaining the seal and thus 
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the pressure in the LBNP chamber during -40 mmHg LBNP in two of three tests. This 

participant was excluded from the OT analyses as the orthostatic stress could not be 

standardized between the three tests, which is likely to have affected the duration of the 

test. A second participant demonstrated an initial OH response during the sham IV tilt (OT 

= 20s). As their blood pressure dipped below our stop criteria, we were obligated to stop 

the test, however, the participant was asymptomatic and their blood pressure is likely to 

have recovered had we not terminated the test. Their OT during the sham IV test was not 

at all compatible with their OT during the other two tests (IV+EMLA = 25.2 minutes; 

IV+placebo = 23.7 minutes). We do not believe this result is consistent with a true 

presyncopal response and believe it does not reflect their true OT on that day. In the 

interest of transparency, we have described the statistics on the primary outcome measure 

with and without this participant. All 19 participants were included in secondary analyses 

of cardiovascular data.  

5.4.1. Orthostatic tolerance 

OT results are shown in Figure 5.2. There was a significant main effect of IV 

procedure on OT (p=0.031; power=0.524), where OT was significantly reduced when the 

IV was administered with a placebo anesthetic cream (20.9 ± 3.2 minutes), compared to 

the tilt test where the sham IV was administered and the EMLA anesthetic cream was 

used (26.5 ± 2.8 minutes; p=0.031;Figure 5.2A). OT in the IV+EMLA condition (25.2 ± 2.6 

minutes) was not significantly different from either the IV+placebo (p=0.123) or 

sham+EMLA (p=0.798) tilt tests. Intervention order had no effect on OT (p=0.344) and 

there was no significant interaction between IV procedure and intervention order 

(p=0.373). The mean reduction in OT from the sham+EMLA tilt was -5.7 ± 2.4 minutes in 

the IV+placebo condition; this reduction was significantly greater compared to the 

IV+EMLA tilt (-1.4 ± 2.0 minutes; p=0.042; Figure 5.2B). We performed a Kaplan-Meier 

time to event analysis to evaluate how OT was impacted across the distribution of OT, this 

is depicted in Figure 5.2C. While there was no significant difference between the curves 

(p=0.525), it is noteworthy that nearly 30% of the participant cohort (29.4%) had reached 

presyncope within 5.3 minutes of HUT in the IV+placebo condition, while this milestone 

was reached after 19.9 and 22.4 minutes in the IV+EMLA and Sham+EMLA conditions, 

respectively. The change in OT between the IV+placebo and Sham+EMLA conditions was 

not correlated with pain ratings in the IV+placebo condition, the difference in pain rating 
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between IV+placebo and Sham+EMLA IV procedures, or with any total GAD-7, BDFI, 

MFS-SV survey scores or sub-scale scores. Overall, females (IV+EMLA: 21.4 ± 3.3; 

IV+placebo: 16.3 ± 4.0; Sham+EMLA: 22.1 ±3.2) exhibited lower OT compared to males 

(IV+EMLA: 32.1 ± 2.8; IV+placebo: 29.2 ±3.5; Sham+EMLA: 34.7 ± 4.0; p=0.022), but 

there was not a significant interaction between sex and IV condition (p=0.870).  

If the participant who experienced initial OH during the sham tilt is included in the 

primary OT analysis, there is no statistically significant difference between the conditions 

(OT: IV+EMLA = 25.2 ± 2.5; IV+placebo = 21.0 ± 3.0; Sham+EMLA = 25.1 ± 3.0) and the 

statistical test is considerably underpowered (p=0.151; power=0.210). 
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Figure 5.2. Orthostatic tolerance. 
A. Orthostatic tolerance is shown for all three tilt conditions. B. Bar plots depict the mean change in orthostatic tolerance from the tilt with the sham 
IV procedure in both conditions where the IV catheter was truly inserted into the vein. C. Kaplan-Meier plot depicting the proportion of participants 
remaining (who have not reached presyncope) in each condition at any given tilt time. Abbreviations: orthostatic tolerance (OT). 
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5.4.2. Cardiovascular responses 

To help us understand how intravenous access and associated pain resulted to 

differences in OT, we explored how orthostatic cardiovascular control was impacted 

across the three conditions. Cardiovascular responses throughout the first 30 minutes of 

the HUT protocol (up until the end of the -20 mmHg LBNP phase) are visualized in Figure 

5.3, Figure 5.4 and Figure 5.5. Cardiovascular data for subsequent phases are not 

shown, as the sample size is considerably reduced in the -40 and -60 mmHg LBNP 

phases. There were no statistically significant differences in supine cardiovascular 

parameters across IV conditions. While we did note differences in orthostatic 

cardiovascular control across the three conditions, these changes were not consistent 

when data were represented as absolute values or as a percent change from baseline, 

likely reflecting that effect sizes were small and that analyses are underpowered with our 

current sample size. Furthermore, many participants experienced marked reductions in 

OT in the IV+placebo condition compared to the Sham+EMLA condition, thus fewer 

cardiovascular data were available to be analyzed in the IV+placebo condition, making it 

more difficult to evaluate the true impact on cardiovascular control. The least squares 

means and statistical effects of IV condition on cardiovascular parameters, when data are 

expressed as absolute values and as a percent change from baseline, are presented in 

Table 5.2.  

 
Figure 5.3. Blood pressure (BP) and heart rate (HR) responses throughout head-

up tilt (HUT) and -20 mmHg lower body negative pressure (LBNP).  
Statistical comparisons between conditions are noted in Table 5.2. 
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Figure 5.4. Stroke volume (SV), cardiac output (CO), cerebral blood flow velocity 

(CBFv) and end-tidal carbon dioxide (PETCO2) responses throughout 
head-up tilt (HUT) and -20 mmHg lower body negative pressure 
(LBNP). 

Statistical comparisons between conditions are noted in Table 5.2. 
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At presyncope, SAP values were significantly reduced relative to supine, HUT and 

-20 mmHg LBNP across all three conditions (p<0.001), demonstrating that, as a whole, 

participants were indeed hypotensive at test termination (Figure 5.3). While SAP values 

did not differ significantly between conditions at presyncope (p=0.949), it is notable that 

one participant, where hypotensive presyncope was provoked in the IV+EMLA and 

IV+placebo conditions, completed the entire protocol (OT=50 minutes) without significant 

hypotension in the Sham+EMLA tilt. For another participant, the test was terminated due 

to excessive tachycardia (without hypotension) in the Sham+EMLA and IV+EMLA 

conditions, while the test was terminated on hypotensive criteria in the IV+placebo 

condition.  

 

 
Figure 5.5. Forearm vascular resistance (FVR) and total peripheral resistance 

(TPR) responses during head-up tilt (HUT) and -20 mmHg lower body 
negative pressure (LBNP). 

Statistical comparisons between conditions are noted in Table 5.2. 
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Table 5.2.  Least squares means and statistical effects of IV condition on 
cardiovascular parameters. when data are expressed as absolute 
values and as a percent change from baseline (Δ). 

  Least squares means P-values for statistical comparisons 

  
Absolute 

data 
Δ (%)  

Absolute 

data 
Δ (%) 

    Main effect of condition 0.250 0.045 

SAP  

(mmHg) 

IV+EMLA 112.2±2.5 -4.2±1.0 IV+EMLA vs IV+Placebo 0.604 0.393 

IV+Placebo 111.4±2.6 -5.1±1.1 IV+Placebo vs Sham+EMLA 0.219 0.544 

Sham+EMLA 112.9±2.5 -5.8±1.0 Sham+EMLA vs IV+EMLA 0.728 0.035 

    Main effect of condition 0.023 0.616 

DAP  

(mmHg) 

IV+EMLA 73.4±1.4 8.7±1.1 IV+EMLA vs IV+Placebo 0.579 0.588 

IV+Placebo 72.8±1.5 8.0±1.1 IV+Placebo vs Sham+EMLA 0.020 0.875 

Sham+EMLA 74.5±1.4 8.3±1.1 Sham+EMLA vs IV+EMLA 0.170 0.864 

    Main effect of condition <0.001 0.032 

HR  

(bpm) 

IV+EMLA 88.9±3.5 46.2±3.4 IV+EMLA vs IV+Placebo <0.001 0.856 

IV+Placebo 84.5±3.5 47.1±3.5 IV+Placebo vs Sham+EMLA 0.008 0.040 

Sham+EMLA 87.6±3.5 42.8±3.4 Sham+EMLA vs IV+EMLA 0.434 0.108 

    Main effect of condition <0.001 0.602 

SV  

(mL) 

IV+EMLA 59.6±3.9 -32.1±1.6 IV+EMLA vs IV+Placebo 0.004 0.622 

IV+Placebo 62.0±3.9 -31.4±1.6 IV+Placebo vs Sham+EMLA <0.001 0.678 

Sham+EMLA 59.1±3.9 -32.1±1.6 Sham+EMLA vs IV+EMLA 0.803 0.996 

    Main effect of condition 0.061 0.001 

CO  

(L*min-1) 

IV+EMLA 5.04±0.27 -4.2±1.7 IV+EMLA vs IV+Placebo 0.170 0.284 

IV+Placebo 4.94±0.27 -2.7±1.8 IV+Placebo vs Sham+EMLA 0.955 <0.001 

Sham+EMLA 4.93±0.27 -6.6±1.7 Sham+EMLA vs IV+EMLA 0.071 0.035 

    Main effect of condition 0.108 0.010 

TPR  

(mmHg*min*L-1) 

IV+EMLA 18.3±1.1 9.9±2.2 IV+EMLA vs IV+Placebo 0.305 0.039 

IV+Placebo 18.7±1.0 6.7±2.2 IV+Placebo vs Sham+EMLA 0.894 0.012 

Sham+EMLA 18.9±1.0 10.5±2.2 Sham+EMLA vs IV+EMLA 0.106 0.895 

    Main effect of condition - <0.001 

FVR  

(%) 

IV+EMLA - 65.6±7.4 IV+EMLA vs IV+Placebo - <0.001 

IV+Placebo - 46.3±7.4 IV+Placebo vs Sham+EMLA - 0.203 

Sham+EMLA - 53.0±7.3 Sham+EMLA vs IV+EMLA - 0.005 

    Main effect of condition 0.001 <0.001 

CBFv  

(cm*s-1) 

IV+EMLA 45.4±1.7 -38.2±1.9 IV+EMLA vs IV+Placebo 0.624 0.166 

IV+Placebo 46.0±1.7 -39.7±1.9 IV+Placebo vs Sham+EMLA 0.001 <0.001 

Sham+EMLA 43.6±1.7 -36.3±1.9 Sham+EMLA vs IV+EMLA 0.016 0.050 

    Main effect of condition - 0.008 

PETCO2 

(mmHg) 

IV+EMLA - -12.0±1.3 IV+EMLA vs IV+Placebo - 0.009 

IV+Placebo - -13.9±1.3 IV+Placebo vs Sham+EMLA - 0.036 

Sham+EMLA - -12.3±1.3 Sham+EMLA vs IV+EMLA - 0.892 

Statistical comparisons were conducted on cardiovascular data from supine baseline through the end of -20 mmHg lower 
body negative pressure, with presyncope time point included (as depicted in Figure 5.3, Figure 5.4,Figure 5.5). 
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Abbreviations: systolic arterial pressure (SAP); diastolic arterial pressure (DAP); heart rate (HR); stroke volume (SV); 
cardiac output (CO); total peripheral resistance (TPR); forearm vascular resistance (FVR); cerebral blood flow velocity 
(CBFv); end tidal carbon dioxide (PETCO2) 

5.4.3. Comparing responders and non-responders 

As the impact of IV condition on orthostatic cardiovascular responses was not clear 

in the group as a whole, we divided participants into two groups to elucidate whether 

participants who experienced a reduction in OT in the IV+placebo condition relative to the 

sham+EMLA condition (responders) demonstrated differential orthostatic responses 

compared to participants who did not (non-responders). There were no significant 

differences in demographic parameters, survey scores, urine specific gravity, urine sodium 

levels, or IV pain ratings between responders and non-responders (Table 5.3). Mean 

values for cardiovascular parameters during the supine baseline, HUT0-20min, and at 

presyncope, including percent changes from supine, for responders and non-responders 

are shown in Table 5.4.  

There was no significant impact of responder status on any cardiovascular 

parameters. For SAP, when expressed as absolute values, there was a significant 

interaction between responder status and condition (p=0.0342), however no significant 

differences were observed in post-hoc analyses. There was also a significant interaction 

between responder status and condition on DAP (p=0.0011), when expressed as absolute 

values, such that DAP was increased in responders compared to non-responders in the 

sham+EMLA condition (p=0.0455), and DAP was decreased in the IV+ placebo condition 

compared to the sham+EMLA condition within the responder group (p=0.0091). There 

was a significant effect of tilt phase in all models for all cardiovascular parameters; 

significant effects of tilt protocol phase within responder and non responder groups for 

each IV condition are indicated in Table 5.4. Note that for percentage changes, differences 

between HUT and -20 mmHg LBNP from supine baseline are not shown, as the baseline 

is without a measure of variance (0.0 ± 0.0%). 
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Table 5.3.  Participant demographics, survey scores, urine analyses, IV pain 
ratings and orthostatic tolerance in responders and non-responders. 

 All Responder Non-responder P-value 

Sample size (# of females) 19 (12) 11 (7) 8 (5) 1.000 

Age (years; mean ± SD) 24.4 ± 4.8 24.4 ± 5.5 24.5 ± 4.0 0.619 

Height (cm; mean ± SD) 172.8 ± 10.4 170.7 ± 12.5 175.6 ± 6.2 0.277 

Weight (kg; mean ± SD) 71.1 ± 13.4 69.7 ± 15.4 73.0 ± 10.6 0.605 

BMI (kg/m2; mean ± SD) 23.7 ± 3.0 23.7 ± 3.5 23.6 ± 2.5 0.932 

GAD-7 total score 
(average) 

4.6 ± 1.0 4.5 ± 1.4 4.7 ± 1.3 0.710 

Minimal anxiety 

M 

10 6 4 

0.298 

(Chi-Square) 

Mild anxiety 6 4 2 

Moderate anxiety 2 0 2 

Severe anxiety 1 1 0 

BDFI total score 7.2 ± 0.5 7.8 ± 0.6 6.3 ± 0.8 0.133 

Syncopal symptoms 13 ± 1 14.4 ± 1.3 10.9 ± 1.2 0.067 

Blood and needles 3.8 ± 0.8 4.6 ± 0.6 4.0 ± 0.7 0.401 

Social evaluation 5 ± 1 6.9 ± 0.8 4.8 ± 0.6 0.057 

Health Screen Results 5.2 ± 0.9 5.9 ± 0.5 5.2 ± 0.8 0.443 

MFS-SV total score 13.4 ± 2.0 15.6 ± 3.0 10.5 ± 2.2 0.224 

Injections and blood draws 1.5 ± 0.7 1.9 ± 0.7 0.8 ± 0.4 0.400 

Sharp objects 1.2 ± 0.4 1.1 ± 0.4 1.0 ± 0.6 0.407 

Examinations and 
symptoms 

4.3 ± 1.2 5.4 ± 0.9 3.2 ± 0.9 0.111 

Blood 1.2 ± 0.8 1.2 ± 0.7 0.2 ± 0.1 0.123 

Mutilation 5.8 ± 1.1 5.9 ± 1.2 5.4 ± 1.4 0.790 

Urine specific gravity (AU) 1.013 ± 0.002 1.013 ± 0.002 1.013 ± 0.002 0.936 

24H urinary sodium 
estimate (mmol/day) 

145.2 ± 7.5 150.9 ± 11.0 137.7± 9.6 0.364 

IV pain rating (1-5)     

IV + EMLA 2.2 ± 0.3 2.1 ± 0.4 2.3 ± 0.4 0.607 

IV + placebo 3.0 ± 0.2 3.2 ± 0.2 2.8 ± 0.4 0.328 

Sham + EMLA 1.1 ± 0.1 1.2 ± 0.2 1.0 ± 0.0 0.403 
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There was no significant main effect of responder status on any of the parameters. Three females in the responder group 
(two intrauterine device; one oral contraceptive) and two females in the non-responder group (one hormonal implant; 
one oral contraceptive) were using hormonal contraceptives. Symbols: ‡ significant interaction between responder status 
and condition; *different from Sham+EMLA within responder group, † different from IV+EMLA within responder group. 
Abbreviations: orthostatic tolerance (OT).  

 

 All Responder Non-responder P-value 

OT (minutes) ‡     

IV + EMLA 25.2 ± 2.6 25.5 ± 2.9 24.5 ± 5.5 0.868 

IV + placebo 20.9 ± 3.2 18.0 ± 3.8*† 26.1 ± 5.6 0.195 

Sham + EMLA 26.5 ± 2.8 28.4 ± 3.5 23.1 ± 5.0 0.391 
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Table 5.4.  Cardiovascular responses across the three IV conditions during the 
head-up tilt protocol in responders (R) and non-responders (NR). 

   Baseline HUT0-20min Δ(%) Presyncope Δ(%) 

SAP  
(mmHg) 

NR 

IV + EMLA 117.6±3.4 112.0±3.9 -3±2.4 73.7±1.8*† -36.9±2.5† 

IV + Placebo 119.0±1.4 117.5±2.8 -1.4±2.8 76.4±3.6*† -35.7±3.4† 

Sham + 

EMLA 
114.0±3.3 110.2±3.6 -5.4±1.3 72.8±2.6*† -35.8±2.7† 

R 

IV+EMLA 116.8±4.5 120.1±4.7 3.1±3.1 72.9±4.0*† -37.0±3.6† 

IV+Placebo 116.4±3.1 114.9±4.7 -1.7±1.9 70.2±1.8*† -39.3±2.2† 

Sham+EMLA 121.7±3.9 122.3±5.3 0.3±1.9 80.5±6.8*† -34.0±4.2† 

DAP  
(mmHg) 

NR 

IV+EMLA 67.6±1.9 73.2±2.2 10.1±1.6 54.5±2.3† -19.2±3.3† 

IV+Placebo 68.9±3.1 76.0±3.2 9.6±2.8 59.5±2.9† -12.9±4.6† 

Sham+EMLA 63.3±2.1 70.8±1.3 8.8±2.1 53.9±2.8 -15.1±2.7† 

R 

IV+EMLA 67.8±2.3 76.6±3.2 12.7±2.5 52.2±4.6*† -23.2±5.7† 

IV+Placebo 

β 

65.6±1.5 71.5±2.4 10.3±2.8 49.6±2.5*† -23.7±4.3† 

Sham+EMLA 

α 

71.4±2 79.7±2.4 12.1±3.4 58.5±4.4† -18.0±5.4† 

HR  
(bpm) 

NR 

IV+EMLA 59.4±2.2 80.0±5.3 35.0±5.6 114.3±12.2* 96.2±24.5 

IV+Placebo 56.9±2.8 75.0±5.9 33.7±6.3 114.6±5.3* 105.3±15.7† 

Sham+EMLA 60.2±2.5 77.6±5.3 27.5±5.1 106.9±6.2* 80.2±14.4 

R 

IV+EMLA 62.1±3.4 85.0±4.4 38.1±4.6 114.1±12.5* 85.5±18.5 

IV+Placebo 58.3±2.4 80.8±4.1 40.1±3.9 100.8±10.7* 73.0±15.9 

Sham+EMLA 62.7±3.5 85.5±5 37.4±5.4 113.3±12.4* 78.9±14.7 

SV  
(mL) 

NR 

IV+EMLA 91.0±6.1 65±6.2 -28.3±3.1 29.5±3.9*† -66.9±4.2† 

IV+Placebo 93.0±8.2 69.3±7.2 -24.3±4.4 32.3±5.1*† -66±2.9† 

Sham+EMLA 93.8±7.2 68.8±7.2 -25.5±3 32.4±2.9*† -64.8±2.7† 

R 

IV+EMLA 85.8±8.2 64.4±5.7 -23.6±3.7 32.5±4*† -61.4±4.1† 

IV+Placebo 89.7±7.5 68.0±6.7 -26.7±2.6 31.1±2.1*† -63.6±3.5† 

Sham+EMLA 82.7±6.4 60.9±5.6 -26.6±2.9 30.2±3.9*† -62.9±4.0† 

CO  
(L*min-1) 

NR 

IV+EMLA 5.35±0.29 5.05±0.36 -4.2±3.9 3.30±0.43 -39.2±5.9† 

IV+Placebo 5.24±0.42 5.03±0.38 -0.5±3.2 3.60±0.45 -29.9±7.5† 

Sham+EMLA 5.59±0.40 5.22±0.47 -6.0±2.2 3.38±0.29 -38.4±4.9† 

R 

IV+EMLA 5.27±0.53 5.35±0.45 4.3±4.4 3.35±0.38† -35.3±4.6† 

IV+Placebo 5.20±0.45 5.36±0.48 1.4±2.1 3.09±0.35*† -40.4±4.3† 

Sham+EMLA 5.18±0.48 5.05±0.41 -0.7±3.6 3.15±0.34* -37.5±4.7† 

TPR  
(mmHg*min*L-1) 

NR 

IV+EMLA 16.2±1 17.8±1.4 9.5±4.1 20.6±2.3 25.0±8.6 

IV+Placebo 17.8±2.3 19.1±2.3 5.7±3.9 19.6±1.9 15.8±12.9 

Sham+EMLA 15.2±1.5 16.9±1.7 8.8±3.2 18.6±1.6 24.6±6.9 

R 

IV+EMLA 17.6±1.6 18.3±1.6 6.1±5.7 19.8±2.5 11.7±7.5 

IV+Placebo 17.1±1.4 17.1±1.2 3.7±3.1 20.3±2.0 20.1±8.7 

Sham+EMLA 18.9±2.0 19.9±1.4 8.7±4.0 22.2±2.0 21.8±8.0 

FVR  
(mmHg*min*L-1) 

NR 

IV+EMLA - - 50.5±10.2 - 81.8±20.3 

IV+Placebo - - 34.8±9.1 - 43.0±18.5 

Sham+EMLA - - 42.9±26.8 - 58.6±27.5 

R 

IV+EMLA - - 71.2±20.2  125.8±38.6‡ 

IV+Placebo - - 60.1±14.3  28.7±14.9 

Sham+EMLA - - 49.3±9.1  65.0±25.5 
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   Baseline HUT0-20min Δ(%) Presyncope Δ(%) 

CBFv  
(cm*s-1) 

NR 

IV+EMLA 73.1±3 50.6±2.8 -29.4±4.7 29.5±4.9*† -59.0±6.8† 

IV+Placebo 75.3±3.5 51.7±4.1 -31.8±4.7 24.5±1.7*† -67.0±2.9† 

Sham+EMLA 71±3.6 47.8±2.3 -28.9±4.3 31.4±3.4* -55.9±4.1† 

R 

IV+EMLA 76.2±3.6 49.9±3.6 -36.1±3.2 27.0±4.0*† -65.1±4.9† 

IV+Placebo 77.5±4.0 47.8±3.1 -37.7±3.2 29.1±3.6*† -62.1±4.2† 

Sham+EMLA 69.6±3.6 45.1±3.0 -35.0±3.4 27.3±3.0*† -61.8±4.5† 

PETCO2 
(mmHg) 

NR 

IV+EMLA - - -8.7±1.6 - -23.2±2.5 

IV+Placebo - - -12.3±1.9 - -25.2±4.2 

Sham+EMLA - - -10.0±2.1 - -14.7±5.0 

R 

IV+EMLA - - -10.1±2.4 - -27.3±5.3† 

IV+Placebo - - -12.2±1.6 - -26.2±2.2† 

Sham+EMLA - - -12.4±2.3 - -19.0±4.2 

Symbols: α significantly different from non-responders within condition (absolute data); β significantly different from 
Sham+EMLA within responder subgroup (absolute data); ‡ significantly different from IV+placebo within responder 
group; * significantly different from baseline within condition for given responder group; † significantly different from HUT0-

20min within condition for given responder group. Abbreviations: head-up tilt phase (HUT0-20min); systolic arterial pressure 
(SAP); diastolic arterial pressure (DAP); heart rate (HR); stroke volume (SV); cardiac output (CO); total peripheral 
resistance (TPR); forearm vascular resistance (FVR); cerebral blood flow velocity (CBFv); end tidal carbon dioxide 
(PETCO2) 

5.4.4. Indices of maximal sympathetic activation and blood pressure 
stability 

As a measure of the maximal sympathetic activation achieved during the 

orthostatic stress test, we quantified the maximal HR and FVR responses (5s average) 

that participants mounted in each condition (Figure 5.6). While maximal HR responses 

were not significantly different between IV conditions (IV+EMLA: 125.7 ± 5.9 bpm; 

IV+placebo: 116.1 ± 5.2 bpm; Sham+EMLA: 121.2 ± 6.3 bpm; p=0.096; Figure 5.6A), the 

difference between the maximum HR achieved in the IV+placebo and Sham+placebo 

conditions was significantly correlated with the change in OT between those two conditions 

(r=0.770; p<0.0001; Figure 5.6B); a reduced maximum HR response in the IV+placebo 

condition was associated with a reduction in OT. Maximal FVR responses (Figure 5.6C) 

were significantly reduced in the IV+placebo condition (131.6 ± 18.2%) compared to both 

the IV+EMLA (206.0 ± 29.5%; p=0.006) and Sham+EMLA conditions (174.5 ± 12.7%; 

p=0.049), demonstrating a reduced capacity to achieve maximal sympathetically mediated 

vascular resistance responses during orthostatic stress. There was no relationship 

between the difference in maximal FVR response and change in OT between IV+placebo 

and Sham+placebo conditions (r=0.229; p=0.403).  
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Figure 5.6. Maximal heart rate and forearm vascular resistance responses mounted during head-up tilt protocol. 
A. Maximal heart rate responses mounted during the head-up tilt protocol in the three IV conditions. B. The difference in the maximal heart rate 
response between IV+placebo and Sham+EMLA conditions was significantly related to the change in orthostatic tolerance between those conditions. 
C. Maximal forearm vascular resistance responses mounted during the head-up tilt protocol were significantly reduced in the IV+placebo condition 
compared to both IV+EMLA and Sham+EMLA conditions. Abbreviations: heart rate (HR); orthostatic tolerance (OT); forearm vascular resistance 
(FVR).  
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We were also interested in evaluating how blood pressure stability was impacted 

by IV conditions, so we quantified SAP variance in the five minutes leading up to 

presyncope. When OT was less than five minutes, SAP variance was calculated over the 

entire duration of the HUT test. Although SAP variance was not significantly different 

between IV conditions (IV+EMLA: 98.6 ± 11.5 mmHg2; IV+placebo: 113.8 ± 12.2 mmHg2; 

Sham+EMLA: 101.4 ± 12.4 mmHg2; p=0.424), SAP variance in the IV+placebo condition 

(r=-0.544; p=0.0235; Figure 5.7A) and the change in SAP variance from between 

IV+placebo and Sham+EMLA conditions (r=-0.485; p=0.0471; Figure 5.7B) were both 

significantly correlated with the change in OT between IV+placebo and Sham+EMLA 

conditions.  

 
Figure 5.7. SAP variance in the IV+placebo condition (A) and the change in SAP 

variance between IV+placebo and Sham+EMLA conditions (B) were 
both significantly correlated with the change in orthostatic tolerance 
between IV+placebo and Sham+EMLA conditions. 

Abbreviations: systolic arterial pressure (SAP); orthostatic tolerance (OT). 

5.5. Discussion 

This is the first placebo-controlled study to investigate the impact of intravascular 

instrumentation and explore the relative contributions of psychological stress, 

pain/discomfort and physical trauma to the blood vessel on OT and orthostatic 

cardiovascular responses. The three IV conditions we applied in this study allowed us to 

compare orthostatic responses when: (A) only a psychological stimulus was present 
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(Sham IV+EMLA); (B) when both a psychological stimulus and physiological stimulus were 

present, with mitigation of the pain stimulus (IV+EMLA); and (C) when both a 

psychological and physiological stimulus were present without pain mitigation 

(IV+placebo). Compared to a stimulus that is solely psychological, we have demonstrated 

that, in healthy controls, OT is not impacted by the presence of an IV in the vein when pain 

is mitigated by a topical anesthetic, however, when pain is not alleviated with a topical 

anesthetic, the presence of an IV in the vein significantly reduces OT. This result is 

consistent with the notion that pain associated with intravascular instrumentation 

influences/disrupts orthostatic cardiovascular control and is a key contributor to reductions 

in OT observed with the use of intravascular instrumentation. 

To assess participants’ perceived pain, we asked participants to rate the pain 

associated with the intravascular instrumentation on a scale from one to five. Pain ratings 

were significantly increased in the IV+placebo condition compared to both the IV+EMLA 

and Sham+EMLA conditions. While pain was certainly mitigated by the EMLA anesthetic 

cream in the IV+EMLA condition, it did not eliminate pain altogether, and so it is interesting 

that OT was not reduced in this condition. Perhaps there is a pain “threshold”, and pain 

stimuli above this threshold influence cardiovascular control. In the IV+placebo condition, 

it is also possible that some discomfort persisted throughout the HUT protocol after the IV 

was placed, which may have caused participants to direct more attention to the presence 

of the cannula in the vein throughout the test, increasing the cognitive/psychological 

stimulus. Despite experiencing some pain during insertion of the IV, perhaps any 

persistent low-level discomfort was alleviated by the EMLA anesthetic, allowing the 

participant to effectively forget about it during the test. Rather than asking participants to 

rate their IV pain directly after instrumentation, we asked them at the end of each test. We 

did this for two reasons: the first is that we did not want to risk unblinding the participant 

by drawing any excess attention to the pain, or lack thereof, during the sham IV procedure; 

the second is that we hoped to somewhat capture the perception of pain throughout the 

entire duration of the protocol in the rating, and not just at the moment of IV insertion. To 

evaluate the impact of attention drawn to the IV, it may have also been enlightening to ask 

participants, using a Likert scale, how much or how little they thought about the presence 

of the IV throughout the duration of each HUT test. Unfortunately, we did not think to 

include this when we initially designed the study.  
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As described in the introduction, Stevens (1966) reported that, in healthy male air 

force pilots, syncopal reactions were five times more frequent when intravascular 

instrumentation was used during a 20-minute passive HUT test. Our results are consistent 

with this study in that we observed a reduction in OT in the IV+placebo compared to the 

Sham+EMLA condition, however, we did not observe that presyncope occurred five times 

more frequently during the first 20 minutes of the test, corresponding to the passive HUT 

phase. It is particularly remarkable that the author observed such an enormous impact on 

OT in a sample that was exclusively made up of male participants, who are known to have 

increased OT [140]. Perhaps if we had included a true control tilt in our study, where the 

participant would not have the psychological stimulus of a sham IV procedure, we would 

have observed a larger impact of the IV+placebo procedure on OT, more in line with what 

Stevens observed in their study. However, it is important to note that the intravascular 

instrumentation applied in their study was far more invasive than in the present study. 

Stevens describes that the intravascular instrumentation consisted of an 18-gauge 

Cournand needle, inserted into the brachial artery of one arm, and a PE 90 polyethylene 

catheter that was inserted and threaded through the median vein of the opposite arm and 

positioned in the region of the superior vena cava or right atrium. While they did not 

measure pain associated with the procedure, investigators noted that “any pain, 

discomfort, or excessive difficulty placing the arterial needle or venous catheter seriously 

diminished orthostatic tolerance” [187]. Given that we have shown that pain is a key 

contributor to reduced OT, it is likely that this more invasive instrumentation was indeed 

more painful than the single 20-gauge IV cannula that we inserted into a volunteer’s hand 

or forearm in this study and likely contributed to the profound reduction in OT observed in 

the previous study. 

While we did observe differences in cardiovascular responses over the duration of 

the HUT protocol, these differences were not always consistent when analyses were 

conducted on data expressed as absolute values versus data expressed as a percentage 

change from baseline, despite the fact that baseline cardiovascular parameters were not 

significantly different between conditions. This likely reflects that the effect sizes were 

small and that we are somewhat underpowered for these analyses with our current sample 

size. The marked reduction in OT that we observed in the IV+placebo condition presents 

an additional difficulty when investigating how cardiovascular control was influenced by 

the IV conditions, as fewer cardiovascular data points are inherently available when OT is 
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considerably compromised. Nonetheless, there are some indications that orthostatic 

cardiovascular control was altered in the IV+placebo condition.  

The impact of IV procedures on blood pressure was minimal; SAP in the 

IV+placebo condition did not differ from IV+EMLA or Sham+EMLA procedures, and 

although absolute DAP was lower in the IV+placebo relative to the Sham+EMLA condition, 

the difference in means was small and is not likely to be clinically meaningful. This is not 

surprising, as individuals (especially healthy controls) generally compensate and maintain 

blood pressure in the face of orthostatic and cardiovascular stressors until the vasovagal 

reflex is activated and abruptly reverses compensatory mechanisms. However, 

throughout the HUT protocol, absolute HR was lower in the IV+placebo condition when 

compared to IV+EMLA. It is noteworthy that the difference in the maximal HR response 

between IV+placebo and Sham+EMLA conditions was a significant predictor of the 

change in OT between those conditions, suggesting that a reduced capacity to increase 

HR through sympathetic pathways contributed to the decrease in OT.  

Similar to HR findings, there are hints that sympathetically mediated vascular 

resistance responses were compromised throughout the IV+placebo test. Overall, percent 

increases in FVR and TPR were smaller in the IV+Placebo condition compared to 

IV+EMLA and Sham+EMLA procedures, although the difference in FVR was not 

significant between the IV+Placebo and Sham+EMLA conditions. This fits with the finding 

that maximal FVR responses were significantly smaller in the IV+Placebo condition 

compared to both the IV+EMLA and Sham+EMLA conditions. Previous studies have 

alluded that maximal FVR responses are a useful predictor of OT [334, 359]. We did not 

observe a significant relationship between the difference in maximal FVR responses 

[IV+placebo-Sham+EMLA] and the change in OT [IV+placebo-Sham+EMLA], but it is 

likely that the reduced sympathetically-mediated capacity to increase vascular resistance 

contributed to the decrease in OT in the IV+placebo condition. 

The magnitude of the percentage reductions in PETCO2 and CBFv throughout the 

HUT protocol were also greater in the IV+placebo condition compared to both IV+EMLA 

and Sham+EMLA procedures. The increased drive to ventilate fits with the findings that 

sympathetic activation was compromised in the IV+placebo tilt, as participants 

increasingly engaged the respiratory muscle pump to supplement venous return and 

maintain blood pressure. However, orthostatic hyperventilation and hypocapnia are known 
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to be key contributors to fainting susceptibility in adults [22, 170–173]. The resultant 

hypocapnia produces cerebral vasoconstriction and peripheral vasodilation, reducing 

cerebral blood flow, and further reducing an individual’s capacity to mount large vascular 

resistance responses [174, 175]. The greater reduction in CBFv observed in the 

IV+placebo condition is likely due to the combination of hypocapnia and decreased 

sympathetic activation.  

We also evaluated the impact of IV conditions on blood pressure stability during 

the HUT protocol. We quantified SAP variance during the final 5 minutes of the test, 

because blood pressure is typically the most unstable in the final minutes leading up to 

presyncope [381], and so we would be most likely to capture large blood pressure 

oscillations during this phase. While the variance in SAP was not significantly different 

between conditions, the change in SAP variance between IV+placebo and Sham+EMLA 

conditions was correlated with the change in OT between those conditions, such that an 

increase in SAP variance in the IV+placebo condition was associated with a reduction in 

OT. This may be linked to the aforementioned reduction in capacity to achieve maximal 

vascular resistance responses in the IV+placebo condition. While we did not measure 

symptoms explicitly, anecdotally, many participants in this study exhibited more signs of 

presyncope (pallor, sweating) and reported experiencing more severe presyncopal 

symptoms (dizziness, nausea, etc.) during the IV+placebo tilt, and this may be related to 

an increase in the magnitude and frequency of blood pressure oscillations. 

While we did observe a significant reduction in OT in the IV+placebo procedure in 

this cohort, this was not universally observed in all participants. We wondered whether 

participants who experienced a reduction in OT in the IV+placebo condition, relative to the 

sham+EMLA procedure, exhibited different cardiovascular responses than participants 

who did not experience a reduction in OT. When we divided participants into responder 

and non-responder groups, there was no significant effect of responder status on any 

cardiovascular parameters. It was, however, interesting that mean BDFI and MFS-SV total 

and subscale scores, and pain ratings all tended to be higher in the responder group, 

although none of these achieved statistical significance. In particular, the BDFI syncopal 

symptoms subscale (p=0.067), which evaluates fear/anxiety related to experiencing 

syncopal symptoms (dizziness, weakness, lightheadedness, feeling faint) during or after 

donating blood, and social evaluation subscale (p=0.057), which evaluates fear/anxiety of 

experiencing syncopal symptoms in front of people you know, were on the cusp of 
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attaining statistical significance. A recent survey study showed that the fear of feeling faint 

or lightheaded during or following blood donation is the most commonly reported fear 

among survey respondents, compared to fears of blood draws, needles, seeing blood or 

feeling pain [382]. Further, increased fear and around potentially experiencing physical 

symptoms from blood-injection-injury stimuli has been shown to increase the probability 

of experiencing vasovagal reactions during blood donation in young adults [382, 383]. 

Individuals who report more fear of pain and physical symptoms related to blood donation 

also report higher pain ratings during blood samples, donation needle insertion, and blood 

draws [382]. Although we did not see significant differences in survey responses and pain 

ratings between responders and non-responders, the mean data in responder and non-

responder groups certainly fit with this previous literature.  

Historically, blood-injection-injury stimuli have been associated with malignant 

vasovagal reactions where individuals experience large bradycardias or asystole [374], 

however it is not known whether bradycardia and asystole are more common with VVS 

provoked by blood-injection-injury stimuli as opposed to other triggers such as orthostasis. 

In the current study, we did not observe differences in the frequency or magnitude of 

bradycardic responses at presyncope. We terminated the HUT protocol at presyncope, 

rather than allowing the event to progress to overt syncope. Hypotensive responses are 

known to precede bradycardic responses in the majority of individuals (71%); so perhaps 

we terminated the test before large bradycardias and asystoles could be observed. 

Alternatively, if fear and anxiety related to blood-injection-injury stimuli do contribute to an 

increased frequency of bradycardic responses, it is possible that this fear and anxiety was 

too low to produce this response in this cohort of healthy controls. In our cohort, GAD-7 

scores showed that overall general anxiety levels were minimal to mild in this cohort [378], 

and MFS-SV scores were low compared to published data from individuals with blood 

phobia [380]. While we are not aware of published normative data for the BDFI, mean 

scores (7.2 ± 0.5) were less than half of the maximum total score (20), and likely reflect a 

low level of blood donation fears overall.  

While scores from surveys completed before the HUT protocols reflected low 

levels of general anxiety, as well as medical and blood donation fears in this cohort, it is 

possible that stress and apprehension at the moment of and immediately following the IV 

procedure may have contributed to differential orthostatic cardiovascular responses. In 

particular, circulating levels of stress hormones such as cortisol or epinephrine may 
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influence the cardiovascular responses following venepuncture. Previous investigations 

have shown that cortisol levels increase following venipuncture in 30-50% of individuals 

[384]. Further, one study reported that salivary cortisol was significantly increased in 

individuals who experienced a vasovagal reaction provoked by venepuncture, compared 

to those who did not, in a measurement taken 110 minutes after the IV catheter was 

inserted [385]. However, it is not clear how increased cortisol might be influencing 

cardiovascular responses or how it might potentially predispose to VVS following 

venipuncture.  

Epinephrine levels have been reported to increase significantly in men, but not in 

women, following venipuncture [386]. This is interesting given that women experience 

VVS with blood-injection-injury stimuli more frequently than men. It has even been 

reported that females with blood-injection-injury phobia more commonly experience 

syncope with blood-injection-injury stimuli when compared to men with a diagnosis of 

blood-injection injury phobia. Perhaps this increase in epinephrine observed in men 

ameliorates compensatory cardiovascular responses and protects against vasovagal 

reactions. However, young women also demonstrate lower OT in general [140], likely due 

to the effects of estrogen on the vasculature [108, 144], and have a increased 

predisposition to syncope, regardless of the trigger [13, 130, 387]. Consistent with the 

literature, we certainly observed lower OT in female participants, however, we found that 

men and women were equally prone to reductions in OT in the IV+placebo condition, 

relative to the Sham+EMLA procedure.  

5.5.1. Limitations 

We would have liked to include a true control tilt, without any psychological or 

physiological venipuncture stimuli, however we believe that the addition of a fourth tilt test 

would have significantly impacted recruitment for this study. Without a true control tilt, we 

were unable to evaluate the impact of a solely psychological venipuncture stimulus on OT 

in our cohort of healthy participants. It is possible that the psychological stimulus in the 

Sham+EMLA condition was enough to reduce OT relative to a control tilt; future 

investigations should pursue this line of questioning. Without a control tilt, we also can not 

be sure that the EMLA anesthetic did not have a direct impact on OT and orthostatic 

cardiovascular control. The EMLA anesthetic comprises 2.5% lidocaine and 2.5% 

prilocaine, thus its anesthetic effects are primarily mediated through sodium channel 
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blockade. EMLA is known to produce local cutaneous vasoconstriction, however this is a 

transient effect, and within 30 minutes of cream removal this becomes a local vasodilatory 

response [388]. We believe that it is unlikely that the EMLA would have offered a 

significant cardiovascular benefit in the Sham+EMLA and IV+EMLA conditions, and note 

that we did not observe a significant impact of EMLA on systemic vascular resistance 

responses. At baseline, absolute TPR (IV+EMLA: 17.0 ± 1.0 mmHg*min*L-1; IV+placebo: 

17.4 ± 1.2 mmHg*min*L-1; Sham+EMLA: 17.3 ± 1.3 mmHg*min*L-1; p=0.969) and FVR 

(IV+EMLA: 11.2 ± 1.1 mmHg*min*L-1; IV+placebo: 11.3 ± 1.1 mmHg*min*L-1; 

Sham+EMLA: 11.8 ± 1.0 mmHg*min*L-1; p=0.952) values were similar between 

conditions. As discussed, we expect that the difference in OT between IV+placebo and 

Sham+EMLA procedures is due to the pain experienced in the IV+placebo condition.  

This experiment was designed and conducted in a double-blind fashion; 

participants were explicitly told that an IV would be administered during each visit, and the 

experimenter tasked with terminating the test was blind to experimental conditions on each 

test day. While two healthcare professionals, a nurse and a physician, performed the IV 

procedures, all participants had the same person perform their IV procedures during each 

of their three visits. In the sham cannulation condition all venipuncture procedures were 

the same as the other two test days, except the cannula was taped externally on top of 

the skin, without piercing the skin. Theoretically, some participants might have suspected 

that an IV was not actually administered on the Sham+EMLA test day because they would 

not have felt a needle pierce the skin. However, we believe that together, the 

randomization of visits, the use of anesthetic cream, and consistency of IV procedures 

aided in maintaining the blinding. In addition, we asked participants to rate the perceived 

pain at the end of the tilt test, rather than directly after venipuncture, so as not to rouse 

suspicion that a lack of pain might mean an IV was not actually administered. After 

debriefing participants following completion of all three tests, participants overwhelmingly 

reported that they had no idea that we had included a sham procedure. One participant 

even rated the pain experienced during the sham test as a 2.5 out of 5.  

In a few cases second venipuncture attempts were required to position the IV 

cannula in the vein. Second venipuncture attempts are often required for clinical IV 

placements, during blood sampling and blood donations, and so this is reflective of the 

clinical reality. It is possible that participants may have experienced more pain or 

discomfort in these situations, however this would be captured in the pain ratings.  
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We surely encountered a selection bias in the recruitment of our participants, as 

individuals with considerable fear and anxiety related to blood-injection-injury stimuli are 

not likely to volunteer for a study involving multiple venipunctures. Survey scores showed 

that, overall, general anxiety was minimal to mild and BDFI and MFS-SV scores were 

relatively low. Despite the low levels of fear and anxiety, we still noted a significant impact 

of the IV+placebo condition on OT. If anything, by testing this cohort of healthy controls, it 

is likely that we underestimated the true impact of IV cannulation and associated pain on 

OT and orthostatic cardiovascular control in the general population, and certainly in those 

with blood-injection-injury phobia.  

SV and CO were not measured directly, we used Modelflow™ to estimate SV and 

CO continuously throughout HUT protocols [254, 256, 259]. When reported on an 

individual basis, data maybe subject to inaccuracies and unless calibrated against another 

standard method, absolute values may not be precise. However, previous studies have 

validated the use of Modelflow for the estimation of aggregate changes in SV and CO 

[256–258]. 

With our current sample size, the power of our primary outcome measure (0.524) 

is below the desired power of 0.800. This is similarly observed in cardiovascular analyses 

with small effect sizes and some inconsistencies when data are reported as absolute 

values versus percentage changes from baseline. We note that this experimental chapter 

represents an interim analysis, and that additional recruitment and testing is underway. 

We will ensure that the study is adequately powered for the primary outcome measure 

prior to publication of this work. Unfortunately, with our current sample size we were also 

underpowered to explore the impact of sex on cardiovascular outcomes, but we do 

recognize that sex is likely to have an effect on the development of VVS with blood-

injection-injury stimuli, as the literature suggests. However, our analysis of demographic 

data between responders and non-responders showed that the sex distribution was similar 

between groups. 

5.5.2. Conclusions 

This is the first placebo-controlled study to investigate the impact of intravascular 

instrumentation on OT and orthostatic cardiovascular control, while exploring the relative 

contributions of anxiety and blood donation/medical fears, pain/discomfort and physical 
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trauma to the blood vessel to this phenomenon. Compared to a stimulus that is solely 

psychological, we have shown that, in healthy controls, OT is not impacted by the 

presence of an IV in the vein when pain is mitigated by a topical anesthetic, however, 

when pain is not alleviated, the presence of an IV in the vein significantly reduces OT. It 

is evident that pain plays a key role in predisposing to vasovagal reactions following 

venipuncture and our data suggests that pain disrupts sympathetic reflexes, reducing 

one’s capacity to mount maximal HR and vascular resistance responses. These findings 

corroborate the idea that IV procedures alter cardiovascular control and reduce OT. Where 

possible, investigators should avoid the use of invasive procedures during evaluations of 

autonomic cardiovascular control. When invasive procedures can not be avoided, pain 

alleviation techniques should be implemented to minimize the impact on autonomic 

cardiovascular control. Topical anesthetics, such as EMLA, may be useful for reducing the 

frequency and severity of presyncopal symptoms and vasovagal reactions during 

procedures requiring needles and intravascular instrumentation, such during vaccinations, 

blood samples and blood donations, particularly for individuals with known susceptibility 

to vasovagal reactions with a blood-injection-injury trigger.  
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Chapter 6.  
 
Intermittent calf compression delays the onset of 
presyncope in young healthy individuals. 

6.1. Abstract 

Purpose: Orthostatic fluid shifts reduce the effective circulating volume and thus 

contribute to syncope susceptibility. Recurrent syncope has a devastating impact on 

quality of life and is challenging to manage effectively. To blunt orthostatic fluid shifts, 

static calf compression garments are often prescribed to patients with syncope, but have 

questionable efficacy. Intermittent calf compression, which mimics the skeletal muscle 

pump to minimize pooling and filtration, holds promise for the management of syncope. 

We aimed to evaluate the effectiveness of intermittent calf compression for increasing 

orthostatic tolerance (OT; time to presyncope).  

Methods: We conducted a randomized single-blind crossover study, in which 

participants (n=21) underwent three graded, 60° head-up-tilt tests to presyncope with 

combined lower body negative pressure on separate days. Low frequency intermittent calf 

compression (ICLF; 4 s on and 11 s off) at 0-30 mmHg and 0-60 mmHg was applied during 

two tests and compared to a placebo condition where the garment was fitted, but no 

compression applied. We measured continuous leg circumference changes (strain gauge 

plethysmography), cardiovascular responses (finger plethysmography; Finometer Pro), 

end tidal gases (nasal cannula), and cerebral blood flow velocity (CBFv, transcranial 

Doppler). 

Results: The 0-60 mmHg ICLF increased OT (33 ± 2.2 min) compared to both 

placebo (26 ± 2.4 min; p<0.001) and 0-30 mmHg ICLF (25 ± 2.7 min; p<0.001). 

Throughout testing 0-60 mmHg ICLF reduced orthostatic fluid shifts compared to both 

placebo and 0-30 mmHg ICLF (p<0.001), with an associated improvement in stroke 

volume (p<0.001), allowing blood pressure to be maintained at a reduced heart rate 

(p<0.001). In addition, CBFv was higher with 0-60 mmHg ICLF than 0-30 mmHg ICLF and 

placebo (p<0.001).  
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Conclusion: Intermittent calf compression is a promising novel intervention for the 

management of orthostatic intolerance, which may provide affected individuals renewed 

independence and improved quality of life. 

6.2. Introduction 

Syncope, or fainting, refers to a transient loss of consciousness and postural tone 

due to cerebral hypoperfusion, characterized by a rapid onset, short duration and 

spontaneous recovery [1]. Commonly triggered by orthostasis, syncope is a 

heterogeneous condition caused by inadequate cardiovascular-autonomic compensation 

for the gravitational fluid shifts that occur in the upright position. In patients with orthostatic 

syncope, impaired autonomic control of vascular resistance and/or cardiac output, 

culminates in global cerebral hypoperfusion [22, 389]. 

The lifetime cumulative incidence of syncope is estimated to be > 35% in the 

general population, and has a bimodal age distribution, occurring most frequently in 

adolescent and elderly individuals [13]. Syncope accounts for 1-3% of emergency 

department visits and up to 6% of hospital admissions [8, 390]. Clinical investigations for 

syncope are largely aimed at the differential diagnosis, ruling out serious or life-threatening 

conditions such as cardiac syncope, epilepsy, and transient ischemic attacks, with a low 

diagnostic yield [14, 189]. The fear of missing a serious underlying condition has led to a 

practice of over-investigating low-risk patients that is taxing on the healthcare system and 

causes unnecessary anxiety and uncertainty for patients and families.  

Up to 30% of individuals with syncope experience recurrent and severe episodes 

[3], which have a devastating impact on quality of life – associated falls result in injury, 

while recurrent episodes are distressing and lead to reduced school attendance or 

community participation, unemployment, and loss of independence [17–19]. Furthermore, 

syncope is associated with considerable morbidity; in adults, morbidity is equivalent to 

patients with chronic low back pain and severe rheumatoid arthritis, while in pediatric 

populations it is equivalent to patients with asthma, structural heart disease and end-stage 

renal disease [18, 19].  

Recurrent syncope is difficult to manage effectively. Patient counselling and 

lifestyle advice are the primary management recommendations; this includes patient 



192 

education, advising the patient to avoid known triggers, increase their fluid intake (often 

with salt supplementation) and to perform physical counter-pressure maneuvers (e.g. 

squatting, leg crossing, limb and/or abdominal contraction [391]) when symptoms of 

presyncope present [1]. These recommendations are certainly beneficial, but are not 

usually sufficient to fully prevent symptoms in severely affected patients, particularly those 

who experience frequent episodes. Furthermore, counter-pressure maneuvers are only 

useful in patients with a sufficiently long prodrome to employ them, and can be difficult to 

perform in those with impaired gait or neuromuscular disorders. They are less effective in 

patients older than 60 years [190]. Additional strategies employed in the management of 

recurrent syncope include pharmacological therapy, aimed at augmenting vascular 

resistance (Midodrine) or increasing plasma volume (Fludrocortisone), as well as cardiac 

pacing for syncope with profound cardioinhibition; however the efficacy and utility of these 

approaches has been queried [392–395]. 

Orthostatic fluid shifts are a major contributor to syncope susceptibility, and 

accordingly, present a key therapeutic target for the management of recurrent episodes. 

Upon standing, there is an immediate gravitational redistribution of the blood volume, with 

blood accumulating in the veins of the legs and splanchnic circulation due to their 

increased compliance and capacitance [23, 128]. Termed “venous pooling”, this fluid 

redistribution decreases the effective circulating volume, reducing venous return, blood 

pressure and ultimately, cerebral blood flow [29, 128]. This fluid loss is exacerbated with 

prolonged standing as the increased venous volume and hydrostatic pressure promotes 

capillary filtration into the lymphatic system [224]. In the legs, the accumulated fluid loss 

is considerable, with 500 ml collecting in a short 10-minutes of HUT at 60⁰ [224]. In patients 

with syncope, this fluid loss is often exaggerated, and is thus an important contributor to 

the pathophysiology of these disorders [224].  

In an attempt to minimize orthostatic fluid shifts and associated reductions in blood 

pressure, patients with recurrent syncope are often prescribed static compression 

garments. These garments apply targeted external counter pressures over the legs and/or 

splanchnic circulation and are currently a class IIa recommendation for orthostatic 

syncope [1, 190]. Larger compression garments that envelop the entire leg and/or 

abdomen have proven to be effective at mitigating orthostatic fluid shifts and improving 

hemodynamic control during short bouts of orthostatic stress, but due to reported 

discomfort and difficulty both getting into and removing them, patient compliance is poor 
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[233, 234]. Furthermore, while sitting, there is a reversal of the pressure gradient over the 

thighs, which may actually exacerbate pooling [235]. Below knee calf compression 

stockings are more comfortable and are thus associated with greater patient adherence 

[236], however, their efficacy in reducing orthostatic fluid shifts and improving OT, or 

susceptibility to syncope, has been questioned [237, 238].  

In a previous study, we showed that intermittent calf compression outperforms 

commonly prescribed static compression stockings at reducing venous pooling and 

capillary filtration in the calf, and effectively improves cardiovascular control, during a short 

(10-minute) orthostatic challenge [238]. Intermittent compression imitates the squeezing 

action of the skeletal muscle pump, minimizing venous pooling by pushing blood up past 

venous one-way valves and improving orthostatic cardiovascular control by increasing 

venous return and stroke volume. We further determined that the optimal compression 

paradigm for preventing orthostatic fluid shifts and ameliorating orthostatic cardiovascular 

control is low frequency (4 s on – 11 s off) compression from 0-60 mmHg [238]. This 

promising alternative to static compression garments has the potential to improve the 

management of syncope, but has not yet been shown to improve OT.  

In this study we examined the efficacy of our optimal intermittent calf compression 

paradigm (0-60 mmHg; 4 s on – 11 s off) for improving OT (time to presyncope, or near-

fainting) in healthy participants. In our earlier studies, when the intermittent compression 

was applied at pressures below 0-60 mmHg, there was some blunting of orthostatic fluid 

shifts, but the magnitude of this effect was not sufficient to improve hemodynamic 

responses over a 10-minute orthostatic challenge [238]. However, it is possible that this 

modest reduction in fluid shifts could delay the onset of presyncope with a more severe 

orthostatic challenge. Accordingly, we also considered a second, lower pressure paradigm 

(0-30 mmHg; 4 s on – 11 s off), to examine whether any effect of intermittent calf 

compression on OT was dose-dependent. In addition to our primary outcome measure of 

OT, we also assessed the influence of the intermittent compression paradigms on venous 

pooling and capillary filtration, and orthostatic cardiovascular control. We hypothesized 

that intermittent calf compression would: (i) reduce venous pooling and capillary filtration 

in the calf: (ii) increase stroke volume and CBFv; and (iii) reduce reliance on tachycardia 

to support blood pressure, leading to an increased hemodynamic reserve, and ultimately 

improving OT by delaying the onset of presyncope during severe orthostatic stress, in a 

dose-dependent manner. 
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6.3. Materials and methods 

6.3.1. Ethics statement 

Ethical approval was obtained from the Simon Fraser University Research Ethics 

Board and experiments were conducted in accordance with the Declaration of Helsinki. 

All participants provided written informed consent. 

6.3.2. Participants 

We recruited 21 healthy young adults (12 males; aged 24.3 ± 4.0 years; height: 

175.3 ± 7.5 cm; weight: 72.0 ± 7.9 kg; calf circumference: 37.3 ± 2.3 cm) to participate in 

this study. Prior to testing, all participants completed a brief medical history; all were free 

of overt cardiovascular and neurological disease. Of the nine women we tested, five 

females were using oral contraceptives (with testing conducted during the active phase), 

one female had a hormonal intrauterine device, and three were naturally cycling. In 

naturally cycling women, we controlled for menstrual phase, ensuring that all three tests 

were conducted during the same phase of their menstrual cycle (one participant was 

tested during the follicular phase, two during the luteal phase). One participant was taking 

Accutane (Isotretinoin), two participants were using anti-histamines for seasonal allergies, 

and one participant was taking the following medications at a steady dosage: paroxetine, 

bupropion, respiridone, and dextroamphetamine.  

6.3.3. Study design 

HUT testing, combined with LBNP is the gold standard for OT testing, and can be 

used to determine OT with a repeatability of 1.1 ± 0.6 min [140]. In this randomized, single-

blind (experimenter blind), placebo-controlled cross-over study, participants underwent 

three graded, 60⁰ HUT tests to presyncope with combined LBNP on three separate days. 

Low frequency intermittent calf compression (ICLF: 4 s on and 11 s off) at 0-30 mmHg 

and 0-60 mmHg was applied starting upon initiation of tilting during two tests and 

compared to a placebo condition in which the garment was fitted, but no compression was 

applied. The blinded experimenter responsible for terminating the test could not see the 

compression cuffs (the LBNP box hid the compression cuffs from experimenter view) and 

the air pressure source was turned on during all three tests so that noise levels were 



195 

similar during each condition. Within subjects we controlled for time of day, scheduling 

each of the three experiments for a similar time. We tested 14 participants during the early 

morning, and seven participants during the late morning. We advised participants to eat a 

light breakfast on the morning of testing and asked them to refrain from vigorous exercise, 

alcohol and caffeine consumption for 12-hours prior to testing.  

To standardize cuff placement and evaluate whether metrics of calf girth and 

muscle size influenced the effectiveness of the ICLF interventions, we took anthropometric 

measurements at the calf using a standard tape measure and skinfold calipers (Slim 

Guide™, Creative Health Products, Plymouth, USA) on the first visit before testing. The 

participant’s maximum calf and gaiter circumferences were measured and marked to size 

for strain gauges and to guide the placement of the intermittent compression cuffs. The 

calf circumferences of participants ranged from 33-41 cm (37.3 ± 2.3 cm). Skinfold 

measurements were also taken at the widest level of the calf. Muscle cross-sectional area 

(MCSA) [237, 396] was calculated as: 

𝑀𝐶𝑆𝐴 =  (
𝑐𝑎𝑙𝑓𝑐𝑖𝑟𝑐𝑢𝑚𝑓𝑒𝑟𝑒𝑛𝑐𝑒2

4𝜋
) − (

𝑐𝑎𝑙𝑓 𝑐𝑖𝑟𝑐𝑢𝑚𝑓𝑒𝑟𝑒𝑛𝑐𝑒 × 𝑠𝑘𝑖𝑛𝑓𝑜𝑙𝑑 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠

2
) − 6 

6.3.4. Experimental protocol 

The experimental protocol is shown in Figure 6.1. While participants laid supine 

on a manual tilt table with a footboard support, they were instrumented with cardiovascular 

monitoring equipment and familiarized with the experimental protocol. Participants were 

given a 20-minute supine rest period to assess supine (baseline) cardiovascular 

parameters and allow pooled fluid in the legs to be reabsorbed. The orthostatic stress test 

began with 20 minutes of 60⁰ HUT, after which, LBNP was applied and incremented (-20, 

-40, -60 mmHg) at 10-minute intervals while the participant was still upright. The test was 

terminated at presyncope, at participant request, or upon completion of the entire protocol. 

Presyncope was defined as a systolic blood pressure less than 80 mmHg, or a HR below 

50 bpm or greater than 170 bpm, and/or the onset of presyncopal symptoms such as 

nausea, light-headedness, tunnel-vision, warmth and perspiration. The manual tilt table 

was rapidly tilted back to the supine position when any of these end-points were reached, 

orthostatic tolerance was defined as the time in minutes from tilt start to test termination 

(the time to presyncope). 
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Figure 6.1. Experimental protocol.  
On each test day participants provided written informed consent, were familiarized with the 
experimental procedures, and were instrumented with cardiovascular and plethysmographic 
monitoring. After 20-minutes of supine rest they underwent a 60⁰ head-up tilt test to presyncope 
with combined, graded lower body negative pressure. After 20 minutes upright, lower body negative 
pressure was applied and incremented (-20, -40, -60 mmHg) at 10-minute intervals. The test was 
terminated at presyncope, at participant request or upon completion of the entire protocol. 
Orthostatic tolerance was determined as the time from tilt start to test termination. On each of the 
three test days, a different compression paradigm was applied: 0-30 mmHg low frequency 
intermittent compression, 0-60 mmHg low frequency intermittent compression, or a placebo 
condition where the garment was fitted but no compression was applied. Abbreviations: LBNP, 
lower body negative pressure. 

6.3.5. Cardiovascular monitoring 

We used the Finometer Pro™ device (Finometer, Finapres Medical Systems, 

Amsterdam, The Netherlands) to monitor cardiovascular parameters continuously and 

non-invasively throughout testing. This device measures beat-to-beat SAP, DAP and MAP 

arterial pressure from the digital arteries in the middle finger using photoplethysmography 

and reconstructs the brachial arterial pressure waveform. This device is equipped with the 

Modelflow algorithm to enable estimation of SV on a beat-to-beat basis [254, 256, 259]. A 

lead II ECG (Finapres ECG Module, Finapres Medical Systems, Amsterdam, The 

Netherlands) monitored HR and rhythm throughout testing and CO was calculated as the 

product of HR and SV. TPR was calculated as MAP divided by CO. We also measured 

PETCO2 on a breath-by breath basis (O2Cap Oxygen Analyzer, Oxigraph Inc, California, 

USA) using a nasal cannula. We determined mean CBFv continuously and noninvasively 

from the middle cerebral artery using a 2MHz ultrasound probe positioned over the left 

temporal window and secured in position using a headband. With the arm supported at 

heart level, BBFv was recorded continuously and non-invasively using an 8MHz 

ultrasound probe, held in place by an adjustable clamp (Doppler Box, Compumedics 

Germany GmbH, The DWL Doppler Company, Singen, Germany). FVR was calculated 

as MAP divided by BBFv [265]. All cardiovascular recordings were sampled at 1KHz using 

an analog-to-digital converter (Powerlab 16/30, AD Instruments, Colorado Springs, CO, 

United States) and stored for offline analysis.  
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6.3.6. Lower limb plethysmography 

Estimations of limb circumference changes (expressed as percentage changes 

from the supine circumference) were performed using strain-gauge plethysmography. We 

placed two strain gauges on each leg, the first at the level of maximum calf circumference 

(the compression garment was centered over this strain gauge), while the second was 

positioned at the gaiter (mid-point between the level of maximum calf circumference and 

the medial malleolus). The strain gauge positioned at the gaiter was used to monitor the 

formation of edema distal to the site of compression. Strain gauge plethysmography data 

were analyzed during the compression-free (off) phase during intermittent compression 

paradigms, or the equivalent time point during the placebo condition. 

6.3.7. Compression system 

Our custom-made compression system (Figure 6.2) utilized rapid inflation and 

deflation rates (< 1 s) to deliver the intermittent compression intervention at pressures of 

0-30 and 0-60 mmHg. We attached a pressure regulator to a pressure source that allowed 

us to control the pressure in the cuff. Throughout testing, a pressure transducer (Reusable 

BP Transducer MLT0380/D, ADInstruments, Colorado Springs, CO, United States) was 

used to monitor compression pressures within the inflatable compression garments and 

confirmed that target pressures were successfully applied.  

 
Figure 6.2. Compression system. 
The compression system encompassed a pressure regulator, a pressure source, a valve control 
box and two compression cuffs (adult extra large), shown above from left to right. The pressure 
source was connected to a valve control box with an Arduino board and programmable Arduino 
chip, which allowed us to program the valve system to cycle from open for 4s to closed for 11s 
throughout the test. In addition, the pressure inside one of the compression cuffs was continuously 
monitored throughout testing with the use of a pressure transducer. 
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6.3.8. Data and statistical analyses 

Analyses were performed by investigators blinded to the test condition. 

Cardiovascular data are represented as mean values over the final 30-seconds of every 

2-minute period for the duration of each tilt test. Calf circumference data derived from 

strain gauges reported as percent changes from supine and are similarly presented as 30-

second means (during the compression-free (off) phase during intermittent compression 

paradigms, or the equivalent time point during the placebo condition) at 2-minute intervals 

throughout each tilt. Strain gauge data from the level of maximum calf circumference and 

gaiter region were averaged for the right and left legs. Supine values (time point zero) for 

both cardiovascular and strain gauge data were calculated as mean values over the final 

30-seconds of the final minute of the supine period. Absolute FVR data are influenced by 

the angle of insonation of the brachial ultrasound probe, which could not be standardized 

between participants, therefore these data are reported only as the percent change from 

baseline. However, the angle of insonation was maintained within each participant, so 

evaluations of the percent changes in FVR within the protocol are valid. In theory, 

measures of FVR would be unreliable if the diameter of the insonated vessel changed 

during testing. However, we previously confirmed that there is no change in brachial 

arterial diameter with this level of orthostatic stress, because resistance responses occur 

in downstream arterioles, and accordingly that changes in velocity are proportional to flow 

[265]. We used nasal sampling to measure PETCO2 because it is more comfortable and 

allows the participant to communicate symptoms throughout testing. However, one caveat 

of nasal sampling is that some mixing with room air can occur, depending on the 

placement of the nasal prong, resulting in slightly lower PETCO2 values (~3-5 mmHg), 

although the changes over time are consistent within a placement position. Accordingly, 

PETCO2 values are also reported only as the change from baseline.  

Statistical analyses and data visualization were performed using JMP® (Version 

14.1, SAS Institute Inc., Cary, NC) and SigmaPlot (Version 14, Systat Software Inc., San 

Jose, CA). We tested data for normality using the Shapiro-Wilk test and data are reported 

as means ± SEM. Differences were determined to be statistically significant where p<0.05. 

For the OT outcomes, we performed a linear mixed model analysis with a Tukey HSD 

post-hoc test, a Kaplan-Meier time-to-event Analysis (Gehan-Breslow test), as well as a 

paired t-test on the change in OT between ICLF conditions and placebo data. To test 

whether intervention order had an effect on OT, we ran a linear mixed model analyses 
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with compression condition and intervention order as factors. For cardiovascular and 

venous pooling data, comparisons between tilt conditions and over time were conducted 

using linear mixed model analyses with a Tukey HSD post-hoc test.  

We performed correlations between changes in venous pooling and capillary 

filtration during orthostatic stress with baseline calf circumference or MCSA using the 

Pearson correlation coefficient. 

6.4. Results 

Of our 21 participants, 18 were included in the analysis of OT data. To ensure a 

complete repeated measures analysis, we excluded individuals who were missing a tilt 

endpoint in one of the 3 conditions. One individual was excluded due to technical 

difficulties with the ICLF in the 0-30 mmHg condition, one individual elected to stop the 

test early prior to reaching endpoint criteria in the 0-60 mmHg condition, and one individual 

chose not to return for the 3rd tilt (0-60 mmHg condition). All 21 individuals were included 

in secondary analyses of cardiovascular and plethysmographic data.  

6.4.1. Orthostatic tolerance 

OT results are shown in Figure 6.3. OT (time to presyncope) was significantly 

improved with 0-60 mmHg (33 ± 2.2 min) ICLF, compared to both the placebo (26 ± 2.4 

min; p=0.0009) and 0-30 mmHg (25 ± 2.7 min; p=0.0007) conditions; however, 0-30 

mmHg ICLF showed no benefit over the placebo condition (p=0.9921) (Figure 6.3A). 

There was no effect of intervention order on OT (p=0.763) and no interaction between 

compression condition and intervention order (p=0.977). Kaplan-Meier time-to-event 

analyses (Figure 6.3B) similarly showed that time to presyncope was significantly delayed 

in the 0-60 mmHg condition compared to both the placebo (p=0.0388) and 0-30 mmHg 

(p=0.0442) conditions. The mean improvement in OT from placebo with 0-60 mmHg ICLF 

was +7.4±1.8min; this was significantly greater than the mean change from placebo with 

0-30 mmHg ICLF (-0.2 ± 1.6min; p<0.001; Figure 6.3C). The mean improvement in OT 

was dependent on OT in the placebo condition (r=-0.519; p=0.0229), such that individuals 

with a lower baseline or placebo OT experienced a greater improvement with 0-60 mmHg 

ICLF (Figure 6.3D). One caveat of this result is that tilts in the 0-60 mmHg condition were 

more likely to be terminated at participant request due to symptoms and discomfort 
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associated with the high levels of orthostatic stress or due to orthostatic tachycardia, rather 

than a presyncopal blood pressure drop. In the placebo condition 86% of tilts were 

terminated because of presyncope (vasovagal response), versus 85% with 0-30 mmHg 

ICLF and 60% with 0-60 mmHg ICLF (χ 2: p=0.043). In both the placebo and 0-30 mmHg 

ICLF conditions 5% of tilts were terminated due to orthostatic tachycardia with symptoms, 

compared to 10% of tilts in the 0-60 mmHg ICLF condition. With 0-60 mmHg ICLF 30% of 

tilts were terminated at participant request due to orthostatic symptoms alone, versus 10% 

of tilts in each of the placebo and 0-30 mmHg ICLF conditions. MCSA was not related to 

the magnitude of improvement in OT in either ICLF condition (0-30 mmHg: r=-0.265, 

p=0.258; 0-60 mmHg: r=-0.318, p=0.184). 
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Figure 6.3. Orthostatic tolerance. 
A. Orthostatic tolerance, rounded to the nearest minute, is shown for all three tilt conditions. B. 
Kaplan-Meier plot depicting the proportion of participants remaining (who have not reached 
presyncope) in each condition at any given tilt time. C. Bar plots showing the mean improvement 
in orthostatic tolerance for each compression condition relative to the placebo. D. The mean 
improvement in orthostatic tolerance with 0-60 mmHg compression compared to placebo was 
dependent on baseline orthostatic tolerance (placebo). Symbols: * Significantly different from 
placebo (p<0.05); † Significantly different from 0-30 mmHg compression (p<0.05). Shaded gray 
boxes of increasing intensity represent stages of the tilt test and increasing orthostatic stress. 
Abbreviations: OT, orthostatic tolerance. 

 



202 

6.4.2. Venous pooling and filtration 

Changes in calf and gaiter circumference over the course of the tilt test are shown 

in Figure 6.4. Data are shown up until the end of the first phase of LBNP, because in the 

placebo and 0-30 mmHg ICLF conditions only one person was able to tolerate the 

subsequent phase(s). Both the 0-30 mmHg (p=0.0005) and 0-60 mmHg (p<0.0001) ICLF 

conditions significantly reduced pooling and filtration at the level of the calf compared to 

placebo; however, the 0-60 mmHg ICLF additionally outperformed 0-30 mmHg ICLF 

(p<0.0001). After 20 minutes of HUT, calf circumference increased by +0.48 ± 0.30% in 

the placebo condition, which was significantly greater than 0-60 mmHg ICLF (-0.57 ± 

0.27%; p=0.0162), but was not different from 0-30 mmHg ICLF (+0.17 ± 0.31%).  

At the level of the gaiter, edema distal to the site of compression was not 

exacerbated with ICLF and, in fact, was reduced. With 0-60 mmHg ICLF gaiter 

circumference was reduced compared to both 0-30 mmHg ICLF (p<0.0001) and placebo 

(p=0.0058). With 0-30 mmHg ICLF, gaiter circumference was not different from placebo 

(p=0.1667). There was a main effect of tilt time elapsed on pooling and filtration at the 

level of the gaiter (p<0.0001), with pooling and filtration increasing over the course of tilt. 

After 20 minutes of HUT, gaiter circumference increased by +0.27 ± 0.11% in the placebo 

condition, by +0.33 ± 0.19% with 0-30 mmHg ICLF, and by +0.15 ± 0.31% with 0-60 mmHg 

ICLF compared to supine baseline; these were not statistically significant.  

Anthropometric calf circumference measurements and calculated MCSA were not 

related to the magnitude of pooling at the level of the calf or the gaiter after 20 minutes of 

HUT in any of the three conditions.  
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Figure 6.4. Venous pooling and capillary filtration during tilt testing. 
The time course of pooling and filtration in the calf (A) and at the level of the gaiter (B). Data are 
presented as a percentage change form supine and symbols (mean±SEM) reflect mean data from 
the right and left calves/gaiters combined, from the final 30-seconds of every two-minute interval. 
Main effects of condition throughout tilt are shown. Symbols: * Significantly different from placebo 
(p<0.001); † Significantly different from 0-30 mmHg compression. Abbreviations: BL, baseline; 
HUT, head-upright tilt; LBNP, lower body negative pressure. 

6.4.3. Cardiovascular responses 

Supine cardiovascular parameters were similar between compression conditions 

(Table 6.1). The time course of cardiovascular responses throughout tilt in the three 

compression conditions are shown in Figure 6.5 and Figure 6.6, with main effects of 

condition indicated. Data are shown up until the end of the first phase of lower body 

negative pressure, because in the placebo and 0-30 mmHg ICLF conditions only one 

person was able to tolerate the subsequent phase(s). The absolute and percent changes 

from baseline values for each parameter are shown in Table 6.1 for key stages of the test: 

baseline, after 10 minutes of tilting (Tilt10), after 20 minutes of tilting (Tilt20), at the end of 

the first phase of LBNP (LBNP30), and at the presyncope time point, with effects of 

condition and time indicated. Note that for percent changes, differences between these 

stages and baseline values are not represented, as the baseline is without variance (0.00 

± 0.00%). 

Overall, SAP (Figure 6.5A and Table 6.1) was significantly increased during tilt 

with both 0-30 mmHg (p=0.0001) and 0-60 mmHg (p<0.0001) ICLF compared to placebo, 

and with 0-60 mmHg ICLF compared to 0-30 mmHg ICLF (p=0.0348). When data were 
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expressed as a percent change from baseline, SAP was only increased with 0-60 mmHg 

ICLF compared to placebo (p=0.0421). At presyncope, SAP was not significantly different 

between conditions, although it was reduced compared to baseline, Tilt10, Tilt20, and 

LBNP30 time points in all three conditions (p<0.0001). Throughout tilt, DAP (Figure 6.5A 

and Table 6.1) was significantly higher in the 0-60 mmHg and 0-30 mmHg ICLF conditions 

compared to placebo (p<0001). When data were expressed as a percentage change from 

baseline, DAP was increased with 0-60 mmHg ICLF compared to 0-30 mmHg ICLF 

(p=0.0496), but ICLF conditions were not different from placebo. In all three conditions, 

DAP tended to increase during the tilt test compared to baseline. At presyncope, DAP was 

reduced compared to baseline, Tilt10, Tilt20, and LBNP30 time points in the placebo and 0-

30 mmHg ICLF conditions (p<0.0001). With 0-60 mmHg ICLF DAP was reduced at 

presyncope compared to Tilt10, Tilt20, and LBNP30 time points (p<0.0001), but was not 

different from baseline (p=0.3780). DAP tended to be higher at presyncope in the 0-60 

mmHg condition compared to placebo (p=0.0577) and 0-30 mmHg ICLF (p=0.1023). 

HR (Figure 6.5B and Table 6.1) increased during tilt (Tilt10, Tilt20, LBNP30 and 

presyncope time points) compared to baseline supine in the placebo and 0-60 mmHg ICLF 

conditions (p<0.03). With 0-30 mmHg ICLF HR was increased compared to baseline at 

Tilt10, LBNP30 and presyncope time points (p<0.01), but was not significant at Tilt20 

(p=0.1298). Throughout tilt, HR remained significantly lower in the 0-60 mmHg ICLF 

condition, compared to both placebo (p<0.0001) and 0-30 mmHg ICLF (p=0.0005). 

Furthermore, HR remained lower with 0-30 mmHg ICLF compared to placebo (p=0.0404). 

When expressed as a percent change from baseline, the magnitude of the HR increase 

was significantly blunted with 0-60 mmHg ICLF relative to placebo (p<0.0001) and 0-30 

mmHg ICLF(p=0.0005) and tended to be reduced with 0-30 mmHg ICLF compared to 

placebo (p=0.0512). At presyncope, the magnitude of the HR increase (%) was 

significantly greater compared to Tilt10 and Tilt20 time points in all three conditions 

(p<0.0001), but was only significantly greater than LBNP30 in the 0-60 mmHg compression 

condition (p<0.0001). 

In all three compression conditions, SV (Figure 6.6A and Table 6.1) was 

significantly reduced during tilt (Tilt10, Tilt20, LBNP30, and presyncope) compared to 

baseline supine (p≤0.0003). SV remained significantly higher with 0-60 mmHg 

compression compared to placebo (p<0.0001) and 0-30 mmHg ICLF (p<0.0001). When 

expressed as a percent change from baseline, the magnitude of the SV reduction 
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associated with tilt was decreased with 0-60 mmHg ICLF relative to placebo (p=0.0001) 

and 0-30 mmHg ICLF (p=0.0001). 

During tilt (Tilt10, Tilt20, and LBNP30), CO (Figure 6.6B and Table 6.1) was not 

different from baseline supine, irrespective of condition. Overall, CO was higher in the 0-

60 mmHg compression condition compared to 0-30 mmHg (p<0.0001) and placebo 

(p<0.0001), and was increased in placebo compared to 0-30 mmHg ICLF (p=0.0074). 

However, when expressed as a percent change from baseline, CO was not different 

between conditions. At presyncope CO was reduced compared to baseline, Tilt10 and Tilt20 

time points in all three conditions (p<0.0028), but was only also reduced compared to 

LBNP30 in the placebo and 0-60 mmHg conditions (p<0.0013). 

During tilt (Tilt10, Tilt20, and LBNP30) and at presyncope, TPR (Table 6.1) was not 

different from baseline supine, irrespective of condition. Overall, TPR (absolute value or 

percent change from baseline) was increased in the 0-30 mmHg compression condition 

compared to both placebo (p≤0.0300) and 0-60 mmHg ICLF (p≤0.0125).  

FVR (Table 6.1; reported only as percent change from baseline as noted 

previously) was not different between compression conditions throughout tilt. However, at 

presyncope, FVR was significantly greater in the 0-60 mmHg ICLF condition compared to 

placebo (p=0.009) and 0-30 mmHg ICLF (p=0.002), perhaps again reflecting that the test 

was stopped in some individuals in the 0-60 mmHg ICLF condition due to orthostatic 

symptoms or HR criteria, rather than presyncope.  

For all conditions, CBFv (Figure 6.6C and Table 6.1) decreased during tilt (Tilt10, 

Tilt20, and LBNP30; p<0.0001) and at presyncope (p<0.0001) relative to baseline. 

Throughout tilt, CBFv (absolute value or percent change from baseline) remained higher 

with 0-60 mmHg ICLF compared to both 0-30 mmHg ICLF (p<0.0001) and placebo 

(p<0.0001).  

Throughout tilt, PETCO2 Figure 6.6D and Table 6.1) was significantly increased 

with 0-60 mmHg compression compared to both placebo (p<0.0001) and 0-30 mmHg ICLF 

(p<0.0001). At presyncope, PETCO2 was significantly reduced compared to Tilt10 and Tilt20 

values for all conditions (p≤0.0001), but was not different from LBNP30. 
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Table 6.1. Cardiovascular responses at selected tilt intervals.  

Data are presented as the mean ± SEM for each condition with percent changes from baseline indicated in shaded columns. Main effects of condition are not shown. Note that for 
percent changes, statistical differences relative to baseline values are not represented, as the baseline is without variance (0.00 ± 0.00%). Symbols: * Significantly different from 
baseline value for given condition; † Significantly different from 10 min time point for given condition (Tilt10). ‡ Significantly different from 20 min time point for given condition (Tilt20). 
Ω Significantly different from the end of the first phase of LBNP for given condition (LBNP30). Abbreviations: SAP, systolic arterial pressure; DAP, diastolic arterial pressure; HR, 
heart rate; SV, stroke volume; CO, cardiac output; TPR, total peripheral resistance; FVR, forearm vascular resistance. α Significantly different from placebo condition at given time 
point. β Significantly different from 0-30 mmHg compression condition at given time point. 

    Baseline Tilt10 Δ(%) Tilt20 Δ(%) LBNP30 Δ(%) Presyncope Δ(%) 

SAP  
(mmHg) 

Placebo 117.8±2.8 122.8±3.4 2.8±2.0 124.3±4.2 4.4±2.8 115.7±4.6 -5.0±3.5 74.9±3.1*†‡Ω -36.4±2.1†‡Ω 

0-30mmHg 120.5±2.5 128.8±4.0 5.0±2.3 123.5±5.1 5.0±2.3 123.4±8.3 -0.5±5.1 74.7±3.0*†‡Ω -38.1±2.1†‡Ω 

0-60mmHg 123.4±2.6 125.9±2.9 2.2±1.9 128.5±3.4 3.5±2.2 125.7±3.4 -1.8±3.0 85.4±4.0*†‡Ω -30.5±3.3†‡Ω 

DAP  
(mmHg) 

Placebo 66.9±1.8 77.6±1.8* 13.7±2.4 78.3±2.6* 15.3±2.8 78.0±3.2 11.7±2.9 53.3±2.6*†‡Ω -20.3±3.1†‡Ω 

0-30mmHg 69.2±2.0 81.1±2.4* 15.0±1.6 79.4±2.4 11.3±2.4 82.2±4.5 15.0±3.8 53.3±3.2*†‡Ω -23.0±2.1†‡Ω 

0-60mmHg 69.5±1.6 78.4±1.7 13.2±2.1 80.3±1.9* 14.8±2.1 81.5±1.6 13.8±2.9 62.6±3.5†‡Ω 10.2±4.2†‡Ωβ 

HR  
(bpm) 

Placebo 63.3±2.3 84.1±3.2* 34.2±2.8 84.8±3.1* 35.7±3.9 102.4±6.6*†‡ 77.9±9.2†‡ 118.8±5.9*†‡ 89.9±10.2†‡ 

0-30mmHg 63.2±2.7 84.1±4.0* 34.3±4.4 81.0±4.4 27.9±3.8 103.9±9.5*‡ 67.6±11.5‡ 113.1±7.3*†‡ 80.2±10.6†‡ 

0-60mmHg 61.2±2.4 78.8±3.6* 28.8±3.4 80.0±3.3* 30.4±3.4 93.3±6.8* 54.2±5.5 121.5±6.9*†‡Ω 98.5±10.3†‡Ω 

SV  
(mL) 

Placebo 90.7±3.6 69.6±3.8* -25.0±2.1 70.0±3.6* -25.9±2.0 54.9±5.0*†‡ -43.5±3.1†‡ 33.0±2.0*†‡Ω -63.0±2.2†‡Ω 

0-30mmHg 89.3±4.3 68.6±4.7* -26.3±2.5 68.1±5.0* -26.5±2.7 54.3±8.2* -43.3±5.1†‡ 35.0±2.7*†‡ -59.9±2.8†‡Ω 

0-60mmHg 98.5±4.0 78.4±5.2* -21.3±3.3 75.3±4.4* -24.7±2.0 66.4±7.4* -36.6±4.7†‡ 34.5±2.7*†‡Ω -65.0±2.5†‡Ω 

CO  
(L*min-1) 

Placebo 5.72±0.30 5.76±0.32 -0.52±2.0 5.86±0.33 -0.7±2.3 5.39±0.33 -1.86±3.2 3.84±0.26*†‡Ω -32.2±4.1†‡Ω 

0-30mmHg 5.63±0.33 5.55±0.35 -3.4±4.3 5.29±0.38 -7.2±4.1 5.19±0.45 -6.7±7.1 3.76±0.26*†‡ -29.8±6.1†‡Ω 

0-60mmHg 6.00±0.32 5.93±0.32 -0.11±3.4 5.84±0.32 -2.1±3.7 5.72±0.45 -4.5±6.1 4.09±0.32*†‡Ω -32.3±4.0†‡Ω 

TPR  
(mmHg*min*L-1) 

Placebo 15.5±0.8 17.2±1.1 10.0±3.1 17.0±1.2 10.0±3.1 17.6±1.3 8.0±5.6 17.8±1.1 18.6±6.7 

0-30mmHg 16.4±0.9 18.8±1.3 17.0±5.6 19.2±1.5 17.8±6.3 19.9±2.0 17.8±6.3 18.1±1.5 17.5±14.4 

0-60mmHg 16.2±1.1 16.8±0.9 7.5±4.5 17.6±1.0 12.8±6.0 18.3±1.4 17.2±7.6 19.5±1.7 25.0±9.5 

FVR  
(mmHg*min*L-1) 

Placebo - - 82.3±27.4 - 90.5±27.0 - 152.9±54.2 - 72.1±23.3 

0-30mmHg - - 122.6±35.9 - 63.6±20.2 - 118.5±35.7 - 59.1±25.5‡ 

0-60mmHg - - 83.5±18.4 - 72.4±13.6 - 99.0±32.2 - 210.0±50.6†‡αβ 

CBFv  
(cm*s-1) 

Placebo 61.0±4.7 39.9±4.4* -36.3±2.8 40.2±4.3* -35.8±2.8 30.5±6.1* -54.8±4.3†‡ 22.5±2.4*†‡ -62.4±3.2†‡ 

0-30mmHg 61.8±5.3 39.1±4.9* -37.4±4.2 41.6±5.7* -35.4±3.3 27.4±4.1* -51.0±5.3 25.0±3.2*†‡ -61.4±3.1†‡ 

0-60mmHg 64.2±6.2 44.7±4.7* -28.3±4.0 41.8±3.6* -31.0±4.1 37.0±4.8* -40.5±3.9† 22.3±3.1*†‡ -63.7±2.6†‡Ω 

PETCO2 
(mmHg) 

Placebo - - -14.2±2.6 - -12.2±3.2 - -20.8±3.0 - -29.4±3.5†‡ 

0-30mmHg - - -14.0±2.0 - -14.4±2.0 - -27.2±5.4 - -31.4±3.4†‡ 

0-60mmHg - - -10.2±2.8 - -11.5±2.4 - -18.6±2.1 - -28.1±4.0†‡ 
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Figure 6.5. Blood pressure and heart rate responses during tilt testing. 
The time course of blood pressure (A) and heart rate (B) during tilt are shown. Symbols (mean ± 
SEM) reflect averaged data, over the last 30-seconds of every two-minute interval. Main effects of 
condition throughout tilt are shown. Symbols: * Significantly different from placebo (p<0.001); † 
Significantly different from 0-30 mmHg compression. Abbreviations: BP, blood pressure; SAP, 
systolic arterial pressure; DAP, diastolic arterial pressure; HR, heart rate; BL, baseline; HUT, head-
upright tilt; LBNP, lower body negative pressure. 
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Figure 6.6. Stroke volume, cardiac output, cerebral blood flow velocity and end-
tidal CO2 responses during tilt testing. 

The time course of stroke volume (A), cardiac output (B), cerebral blood flow velocity (C) and end-
tidal carbon dioxide (D) during tilt are shown. Symbols (mean±SEM) reflect averaged data, over 
the last 30-seconds of every two-minute interval and are reported as a percentage change from 
supine values. Main effects of condition throughout tilt are shown. Symbols: * Significantly different 
from placebo (p<0.001); † Significantly different from 0-30 mmHg compression. Abbreviations: SV, 
stroke volume; CO, cardiac output; CBFv, cerebral blood flow velocity; PETCO2, end tidal partial 
pressure of carbon dioxide; BL, baseline; HUT, head-upright tilt; LBNP, lower body negative 
pressure  
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6.4.4. Initial systolic arterial pressure responses 

We evaluated the effect of intermittent compression on SAP throughout the initial 

30 s of tilt to examine whether this intervention might be of benefit for the prevention of 

initial OH. For each participant we expressed SAP as an absolute change from baseline 

values (Figure 7A), and subsequently integrated the area of the SAP curve that fell below 

baseline during the initial 30 s of tilt for each condition (Figure 7B). Only participants with 

complete data from all 3 tilts were included in the analysis (n=17). The cumulative sum of 

the integrated area for all participants throughout the first 30s is shown in Figure 7C, and 

illustrates that ICLF, particularly 0-60 mmHg ICLF, tends to blunt the initial blood pressure 

drop associated with upright tilt. We compared the cumulative summed area of the SAP 

decrement between conditions using a linear mixed model analysis, which showed that 0-

60 mmHg ICLF tends to reduce the SAP drop compared to placebo (p=0.052), whereas 

0-30 mmHg ICLF is not sufficient to blunt the initial orthostatic SAP drop (p=0.203). Three 

participants met criteria for initial OH (SAP decrease ≥ 40 mmHg or DAP decrease ≥ 20 

mmHg within 15s of standing) in the placebo condition, while one participant met criteria 

in the 0-60 mmHg condition, and none met the criteria in the 0-30 mmHg condition.  
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Figure 6.7. Systolic arterial pressure (SAP) reduction in the initial 30s of head-

up tilt. 
For each participant, the area of the SAP curve that dipped below baseline values throughout the 
first 30 s of HUT was integrated for each condition. The area under the curve of the SAP dip for 
was summed for each participant in each condition. A. A sample trace from one participant showing 
the SAP time course in the first 30 s of tilt in the three conditions. B. The integrated area between 
the baseline and SAP curves in each of the three conditions for the same sample participant. C. 
The cumulative summed area for all participants in each of the three compression conditions 
throughout the first 30 s of tilt. D. Boxplots comparing the cumulative summed area between the 
baseline and SAP curves for each participant in the three conditions. Solid lines show the sample 
median, while dashed lines depict the sample mean. 

6.5. Discussion 

In this study we demonstrated that intermittent calf compression from 0-60 mmHg 

(4s on – 11s off) effectively delays the onset of presyncope in healthy individuals. Our 0-

60 mmHg ICLF paradigm successfully prevented venous pooling and capillary filtration in 

the calf, even reducing fluid accumulation relative to supine baseline [397, 398]. This fluid 
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was instead mobilized back into the effective circulating volume, perhaps with some 

enhancement in lymphatic drainage, improving SV, allowing blood pressure to be 

maintained at a reduced HR, and thus increasing cardiovascular autonomic reserve, 

improving CBFv, and delaying presyncope. The 0-60 mmHg ICLF outperformed both 

placebo and 0-30 mmHg ICLF in these respects. In this study, a smaller proportion of tilts 

were terminated due to presyncopal blood pressures in the 0-60 mmHg ICLF condition 

than with placebo or 0-30 mmHg ICLF. These tilts were instead terminated at participant 

request due to orthostatic symptoms at these high levels of orthostatic stress or due to 

orthostatic tachycardia; therefore, it is possible that the mean improvement in OT of 

+7.4min we observed with 0-60 mmHg ICLF may underestimate the true benefit of this 

intervention had these tests been continued until a presyncopal end point was reached in 

all participants. Regardless, an improvement in OT of this magnitude, during profound 

orthostatic stress (tilting combined with lower body negative pressure) is a large and 

clinically meaningful improvement in OT, comparable to that of salt supplementation, 

water ingestion and head-upright sleeping [216, 219, 220, 399–401].  

We chose to also test ICLF at the level of 0-30 mmHg to examine whether there 

would be a dose-dependent effect on OT, and also because if a lower pressure offers 

benefit, this would simplify device engineering. Our previous studies showed that 

pressures lower than 60 mmHg were sufficient to blunt pooling in the calf, but did not 

convey a measurable cardiovascular benefit during a short (10 min) orthostatic challenge 

[238]. We wondered whether reduced pooling would be sufficient to delay syncope in the 

face of a more severe orthostatic stress. Although 0-30 mmHg ICLF did indeed blunt 

venous pooling and capillary filtration in the calf, this pressure was not sufficient to produce 

a meaningful hemodynamic benefit, similar to our previous studies, and did not improve 

OT compared to placebo.  

In addition to the improved SV and HR responses we observed during the test, 0-

60 mmHg ICLF was also associated with increased CBFv and PETCO2. During profound 

orthostatic stress, the body engages the respiratory muscle pump to enhance venous 

return, with individuals experiencing a drive to increase breathing rate and depth [402]. 

During deep inspiration, decreased intrathoracic pressure is transmitted to the cardiac 

chambers and thoracic blood vessels, creating a pressure gradient that promotes right 

atrial filling and venous return. Intra-abdominal pressure increases simultaneously, 

compressing both the iliac and femoral veins, reducing retrograde flow and further 
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supporting an increased venous return [402]. One negative consequence of activation of 

the respiratory muscle pump is that the increased ventilation decreases circulating CO2. 

CO2 is a potent vasodilator in the cerebral circulation, so the reduction in circulating CO2 

results in decreased CBFv [174]. The improved CBFv we observed with 0-60 mmHg ICLF 

in the present study appears to be largely due to decreased activation of the respiratory 

muscle pump, as the reduction in PETCO2 levels associated with tilting was blunted 

compared to placebo and 0-30 mmHg ICLF (Figure 6.6D and Table 6.1). This is further 

evidence that intermittent calf compression increases hemodynamic reserve during 

orthostatic stress. 

For intermittent calf compression to work effectively, both 0 mmHg holding 

pressures and rapid inflation rates are key. A 0 mmHg holding pressure allows the veins 

to fill between pulses, which is necessary for the venous pump to work effectively, and 

further prevents the formation of edema distal to the site of compression [403, 404]. Rapid 

inflation rates optimize venous return by maximizing peak flow velocities [405].  

We chose to evaluate the ICLF interventions using head-up tilting rather than 

motionless standing for several reasons: (1) it allows the level of muscle activation to be 

standardized across all conditions; (2) it permits calf circumference to be measured using 

strain gauge plethysmography without artefact due to postural sway; (3) head-up tilting is 

a more intense orthostatic stress than active standing, and when combined with LBNP 

enables the achievement of a presyncopal end-point in the majority of participants.  

To evaluate venous pooling and capillary filtration, we measured calf 

circumference using strain gauge plethysmography; this approach is well established 

[269, 270, 406–408]. Upon assuming an upright posture, predictable fluid shifts are known 

to occur in the legs, with a rapid (~ 2 min) pooling phase and a slower (> 2 min) filtration 

phase [224]. Our calf circumference data suggest that venous pooling may have been 

slightly blunted by the presence of the compression cuff wrapped around the calf, as calf 

circumference in the rapid pooling phase (2 min) in the placebo condition are lower here 

than in previous studies [224, 238]. After 10 minutes of 60° HUT, accrued pooling and 

filtration has been shown to be ~100mL in each calf [224], thus we expect by preventing 

venous pooling with 0-60 mmHg ICLF, that ~ 200 mL of fluid was mobilized back into the 

effective circulating volume. We monitored gaiter circumference to ensure that our 
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intervention did not trigger edema distal to the site of compression. In this respect, we 

regard that the 0 mmHg holding pressure is crucial. 

We considered the impact baseline calf circumference or MCSA might have on 

venous pooling and filtration and on the efficacy of 0-60 mmHg ICLF. There were no 

significant relationships between baseline calf circumference or MCSA and measures of 

venous pooling and filtration, or the efficacy of the intermittent compression paradigm at 

0-60 mmHg. Accordingly, these findings suggest that the efficacy of intermittent calf 

compression is not limited by anthropometric calf measures.  

We also considered whether baseline OT influenced the efficacy of 0-60 mmHg 

ICLF to delay the onset of presyncope. The mean improvement in OT was dependent on 

the placebo condition OT, such that individuals with a lower baseline OT experienced a 

greater benefit with 0-60 mmHg ICLF. The caveat of this relationship is that a smaller 

proportion of tests in the 0-60 mmHg ICLF condition were terminated due to true 

presyncope, determined as a SAP < 80 mmHg, so the true improvement in OT, particularly 

at the extreme levels of orthostatic stress tolerated in the 0-60 mmHg may be 

underestimated. Furthermore, it is far more difficult to improve OT when baseline OT is 

already in excess of the normal range (in the -40 or -60 mmHg phases of LBNP where the 

orthostatic stress is severe) – there may be a ceiling effect beyond which further 

improvements in already exceptional OT are more limited. This does not limit the 

implications of this intervention – those with the poorest OT would be the target for such 

a device, and are also those most able to exploit use of ICLF to improve their orthostatic 

cardiovascular control and delay the onset of presyncope during orthostatic stressors.  

Despite testing this intervention in a healthy population, these results are 

encouraging for the management of recurrent syncope, and likely underestimate the 

benefit we would see in a patient population. Previous studies have shown that patients 

with syncope experience exacerbated venous pooling and capillary filtration, and have an 

increased cerebral reactivity to hypocapnia [174]. With 0-60 mmHg ICLF, the prevention 

of pooling was robust, even with very high intensity orthostatic stress, supporting the 

notion that this pressure would also be sufficient to prevent pooling in patient populations. 

In patients with excessive pooling, the hemodynamic benefit would likely be increased, as 

a greater volume of fluid would be mobilized back into circulation. In this respect, the effect 

on orthostatic blood pressure control would presumably be greater than we observed here 
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in healthy controls, who defend their blood pressure effectively during orthostasis. As 

previously mentioned, the fall in PETCO2 associated with tilt was blunted with 0-60 mmHg 

ICLF due to reduced activation of the respiratory muscle pump; this would be beneficial in 

patients with an increased sensitivity to hypocapnia, increasing CBFv and reducing 

symptoms of presyncope. In light of these favourable results, future studies are 

recommended to confirm the utility of this intervention in patient populations. 

The benefits of this intervention are not limited to patients with orthostatic syncope 

secondary to hypotension (vasovagal or OH); intermittent calf compression could also be 

an effective option for patients with orthostatic intolerance due to POTS. POTS patients 

exhibit excessive HR responses during orthostasis, and experience considerable 

reductions in CBFv, which are largely due to postural hypocapnic hyperventilation [170, 

409]. Patients report palpitations, fatigue, “brain fog”, and experience symptoms of 

presyncope while upright. Based on our results, intermittent calf compression would be 

expected to reduce sympathetically-mediated increases in HR and improve CBFv for 

these patients, reducing symptoms and improving quality of life. Furthermore, our analysis 

of initial SAP responses suggest that this intervention would be valuable in mitigating initial 

OH. We showed that 0-60 mmHg ICLF tends to blunt the initial decrease in SAP within 

the first 30 s of tilting. This is particularly important because in the present study we 

activated the compression upon tilting. It is possible that activation of the intermittent 

compression paradigm a few seconds prior to tilting would have provided further benefit.  

Because the management of recurrent syncope is challenging, with limited benefit 

from pharmacological therapies, there is a need for novel therapeutic approaches. 

Consequently, other research groups are also exploring the utility of active compression. 

Moein et al. evaluated the efficacy of an active calf compression brace on orthostatic 

cardiovascular responses [410]. The brace, when wrapped around the calf, exerted a 

baseline counterpressure of 15 mmHg, and utilized shape memory alloys that could be 

actuated to apply a pressure up to 27 mmHg [410]. During tilting, actuation of the brace 

improved SV and HR responses [410]. Okamoto et al. evaluated the efficacy of a servo-

controlled inflatable abdominal binder for the reduction of splanchnic venous pooling 

during active standing in patients with autonomic failure [228]. The binder could be inflated 

to a pressure of 40 mmHg during active standing and was as effective as midodrine at 

improving upright blood pressure and reducing orthostatic symptoms [228]. These groups 

have shown that their compression garments improve hemodynamic responses during 
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short bouts of orthostasis, but have not yet shown that they can delay the onset of 

presyncope. Both of these novel compression garments are active in the sense that they 

can be actuated during standing, when the compression is needed, to limit venous pooling, 

but are then static as the compression pressure applied is constant. The mechanism of 

intermittent calf compression differs from these garments, as the intermittent nature of the 

compression mimics the skeletal muscle pump to enhance venous return, rather than 

simply preventing venous pooling. We expect that intermittent compression of the calf may 

have a comfort advantage over actuated compression as intermittent compression 

promotes venous return, preventing stagnancy and an associated build up of metabolites.  

With the success of our intermittent calf compression paradigm at delaying the 

onset of presyncope, we anticipate that this study will be instrumental in the design and 

production of a “smart” ambulatory intermittent compression device. We envision that this 

device would rapidly (< 1 s) engage, applying 4 pulses at 0-60 mmHg of pressure per 

minute (4 s on – 11 s off). The device might utilize dielectric elastomer actuators [411] or 

shape memory alloys [410, 412] to enable intermittent compression, and would contain 

accelerometers, allowing compression to be activated during motionless standing and 

deactivated during ambulation (when the skeletal muscle pump helps offset hemodynamic 

deficits) or during sitting/supine postures (when orthostatic stress is negligible), 

incorporated into a comfortable and portable garment. 

6.5.1. Limitations 

This experiment was conducted in a single-blind fashion; the investigator that 

terminated the test was unaware of the study condition during testing. Double-blind testing 

was not possible because participants would be able to feel the compression intervention 

applied. However, the participants were unable to identify the compression condition 

consistently, and were not informed of the expected effect of the intermittent compression 

intervention. Investigators were blinded to the experimental condition during data 

collection and analysis. 

We did not measure SV and CO directly; continuous estimates of SV and CO were 

calculated using the Modelflow™ algorithm [254, 256, 259]. While this may be subject to 

inaccuracies when reported on an individual basis, aggregate changes in SV and CO 
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determined by ModelflowTM in response to cardiovascular stressors have been validated 

previously [256–258]. 

In this study, we tested the efficacy of intermittent calf compression in a cohort of 

young healthy controls free of known cardiovascular disease or impairments. Accordingly, 

for reasons mentioned in the discussion, we expect that these results may underestimate 

the benefit that 0-60 mmHg ICLF would have in patient populations who have low OT, and 

thus would be poised to experience greater benefit from the device. Nonetheless, the 

baseline (placebo) OT of our cohort is lower than population norms. The mean OT for 

males in this study was 29.6 ± 3.0 min, while for females it was 21.2 ± 2.9 min; while 

normative values for OT are 35 ± 1.4 min in males, and 29 ± 1.5 min females [140]. As 

intermittent calf compression was effective in this cohort, we are optimistic that we would 

see similar results in patient populations. 

We did not objectively measure physical fitness, but are aware that many of our 

participants were quite physically fit; increased muscle bulk and fitness promote 

angiogenesis which, in turn increases the pooling potential and reduces OT [413, 414]. 

Perhaps this explains why their OT was slightly lower than the normative values.  

6.6. Conclusions 

Intermittent calf compression from 0-60 mmHg (4 s on – 11 s off) effectively delays 

the onset of presyncope in young, healthy adults. The improvement in OT was associated 

with reductions in venous pooling and capillary filtration, lower HR, higher SV, higher CBFv 

and blunting of orthostatic hypocapnia secondary to activation of the respiratory muscle 

pump. Intermittent calf compression is a promising novel intervention for the management 

of disorders of orthostatic intolerance. This research will be instrumental in the design and 

production of a "smart" device that would activate during motionless standing, and 

inactivate during ambulation or recumbence to maximize both physiological gain and 

patient comfort.  
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Chapter 7. Discussion 

In this collection of diverse, but complementary studies, I enlisted a variety of 

research methods and approaches to address critical concerns for patients with syncopal 

disorders, with a view to improve patient care and quality of life. The systematic review 

described in Chapter 3 advances our understanding of the impacts of syncope on quality 

of life, while identifying knowledge gaps and highlighting key priorities to further 

understand and ultimately improve quality of life for patients. The novel characterization 

of FVR responses to the VM, shown in Chapter 4, represents a starting point in the pursuit 

of new syncope biomarkers that are necessary to improve the accuracy and efficiency of 

diagnosis, and ease the burden of this process on patients, families, and healthcare 

resources. In Chapter 5, I shed new light on the mechanisms underlying syncopal 

reactions with blood-injection-injury-stimuli, a phenomenon that has remained poorly 

understood, and limits many from seeking necessary health care. Finally, in Chapter 6, I 

demonstrated that intermittent calf compression is a promising novel therapeutic 

approach, with potential to give patients with recurrent syncope and presyncope renewed 

independence and improved quality of life. This general discussion highlights the key 

findings of the experimental work, broadly examining how these studies contribute to the 

literature, while considering avenues for future research and real-world implications for 

patient care. 

7.1.  Quality of life in patients with orthostatic syncope and 
presyncope: key findings, knowledge gaps and research 
priorities  

While the knowledge that quality of life is impaired in patients with orthostatic 

syncope and presyncope is not new, our work represents the first comprehensive 

systematic review and meta-analysis of the available literature examining the impact of 

syncope on quality of life. Systematic reviews synthesize and collate all of the relevant 

empirical evidence on a given topic, and are thus necessary to inform stake-holders and 

decision makers, guide the development of new practice guidelines, identify knowledge 

gaps, and highlight key priorities for future research pursuits. This systematic review 

showed that quality of life is consistently reported to be impaired in patients with VVS, 

POTS and OH, across physical and mental health domains, with remarkable homogeneity 
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across studies. In fact, all 15 studies that compared quality of life scores between patients 

with syncopal disorders and healthy controls or reference data observed significant quality 

of life impairments in patients with syncope and presyncope. Comparing combined, 

aggregate data from included studies to established population norms for three different 

quality of life instruments (SF-36, EQ-5D and EQ VAS, PedsQL), our meta-analyses 

reiterated this finding. Of note, normative quality of life data do not reflect scores from 

healthy controls alone, but provide an average value for the population as a whole, 

including health and disease, across the age spectrum of the instrument; in this context 

our findings are even more stark. Studies further demonstrated that quality of life 

impairments in patients with orthostatic syncope and presyncope are comparable in 

severity to patients with heart failure and structural heart disease, epilepsy, asthma, end-

stage renal disease, chronic obstructive pulmonary disease, diabetes mellitus, obesity, 

rheumatoid arthritis, and chronic low back pain.  

7.1.1. Therapeutic targets for improving quality of life 

The profound impairments to quality of life in patients with orthostatic syncope and 

presyncope, noted across physical and mental health domains, reflect that we must find 

ways to manage these disorders more effectively. A major contribution of this review is 

the identification of several key factors that are associated with more severe impairments 

to quality of life. Strategically targeting these factors would theoretically improve quality of 

life for patients; accordingly, they should be prioritized by researchers and clinicians alike. 

In patients with POTS, quality of life deficits in physical health dimensions are more severe 

than in those with VVS, and far outweigh impacts to mental health domains, even in those 

who are disabled or unable to work due to their condition. Further, quality of life is more 

severely impaired in those who report increased autonomic symptom severity, and 

catastrophizing and depressive symptoms are positively correlated with physical 

functioning. To increase quality of life in physical health domains, improving the 

management of physical, disabling symptoms is a key priority for patients with POTS, that 

would likely result in simultaneous, indirect improvements to mental health aspects of 

quality of life. 

In patients with VVS, impairments to physical and mental health dimensions of 

quality of life are comparable, and intrinsically linked. The presence of comorbid conditions 

was identified as a factor that compromised quality of life in physical health domains, while 
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increased event frequency was associated with greater impairments to quality of life in 

both physical and mental health domains. The prevalence of psychiatric disorders and 

severity of psychological distress is reported to be increased in patients with VVS in 

comparison to the general population [18, 21, 286, 295]; this is in contrast to patients with 

POTS where the prevalence of mental health disorders is similar to the general population 

[315]. In patients with VVS, the presence and severity of psychological disorders were 

associated with more severe detriments to physical and mental aspects of quality of life, 

more so than in healthy controls, with less improvement in quality of life over time [18, 21, 

286, 295]. Of particular interest, syncopal recurrence was reported to be more common in 

patients with concurrent psychiatric disorders, and conversely, patients who report more 

frequent syncopal events, are more likely to have a concurrent psychiatric disorder or 

psychiatric symptoms [316, 317]. It seems that psychological distress predisposes to 

syncope, which in turn contributes to psychological distress, resulting in a positive 

feedback loop, with increasingly severe impairments to quality of life. To improve quality 

of life for patients with VVS, the adoption of holistic, integrated management approaches 

that effectively evaluate and treat mental health concerns, in addition to standard 

physiological management practices is necessary; especially in patients experiencing a 

high episode frequency [276]. 

At the time that this systematic review was published, no studies had evaluated 

the impact of syncope-related injuries on quality of life. However, a recently published 

study by Jorge et al. (2022) evaluated the impact of physical injuries on quality of life in 

patients who experienced syncopal recurrence in POST 1 and POST 2 [415]. In the follow-

up period of these trials, 53 (37.5%) of patients experienced syncopal recurrence, 14 of 

whom reported sustaining an injury (26% of those who experienced recurrence). While 

quality of life tended to improve throughout the follow up period in patients who 

experienced VVS recurrence without injury, with significant improvement in some SF-36 

mental health dimensions and in the mental health component summary score, these 

improvements were not observed in those who experienced syncope related injuries. 

However, over the follow-up period there were no significant differences in quality of life 

scores between those who did, and did not sustain injuries. The impact of syncope related 

injuries on quality of life is likely dependent on injury severity, and overall, injuries reported 

in this study were relatively minor; mostly cuts and bruises, with one joint sprain. Had more 

severe injuries, such as broken bones or concussions, been captured in this study, 
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perhaps they would have observed a significant impact. Nonetheless, patients who have 

sustained syncope-related injuries are likely to benefit from additional care, and reducing 

the potential for injury should continue to be prioritized.  

7.1.2. Additional implications for diagnosis and patient care 

The diagnostic process can be long and stressful for patients and families. One-

third to one-half of patients admitted to hospital for unexplained syncope have no 

diagnosis at discharge [277], and 10% of cases remain undiagnosed one year after 

presenting to clinic [14, 16]. In patients with POTS, 35% of patients see 10-20 physicians 

before receiving a diagnosis [276]. Unfortunately, no studies directly evaluated the 

relationship between time to diagnosis and quality of life. However, it is clear that a lack 

of diagnosis limits access to education and management resources, and this is likely to 

affect quality of life. Notably, one VVS study highlighted that 100% of patients who had 

received a diagnosis for VVS reported receiving education and/or treatment for their 

condition, compared to only 53% of patients with unexplained syncope. Improvements to 

the assessment and diagnostic process, perhaps with the inclusion of novel clinical tests, 

may improve patient quality of life, and almost certainly would accelerate the quality of life 

improvements that have been reportedly observed in patients over time.  

Over time, quality of life is reported to improve in patients with VVS after enrolling 

in a clinical study or clinical drug trial, whether or not they have a diagnosis, experience 

syncopal recurrence, and independent of randomization to receive a drug or placebo 

medication [277, 283, 287, 296]. While this may be a confounding factor of quality of life 

studies in general, this likely reflects the importance of patient reassurance through 

positive interactions with compassionate physicians and researchers. Patient reassurance 

may relieve psychological stress, which may in turn reduce syncopal recurrence, due to 

the noted interaction between these factors. How physician interactions might impact 

quality of life in other syncopal disorders is less clear.  

Patient education and the importance of clear physician patient communication 

was also highlighted in our review. One study reported that, of the patients for whom 

physicians reported having provided education and/or treatment, only 17.8% said that they 

had indeed received education for their syncope, while 73.3% reported receiving 

treatment. Improved physician-patient communication in regards to education and 



221 

management advice may indirectly improve quality of life by improving patient knowledge 

and self-efficacy [296]. In addition, adopting the use of established quality of life 

instruments in the clinical management of patients with syncopal disorders may be useful, 

enabling clinicians to identify and address factors impeding on specific dimensions of 

quality of life, individualize treatment plans, and monitor changes in quality of life over 

time. 

7.1.3. Knowledge gaps and implications for future research 

Key knowledge gaps were also identified by the systematic review. Notably, 

research examining quality of life in older adults with syncopal disorders is scarce. Both 

CSH and OH predominantly affect older adults, and despite the fact that they are 

associated with significant morbidity and mortality, no studies evaluated quality of life in 

patients with CSH, and only two studies investigated the impact of OH on quality of life. 

While both studies conducted in patients with OH reported significant quality of life 

impairments, particularly in physical dimensions, additional studies are required to shed 

light on key factors that are influencing quality of life for this population. Investigations of 

quality of life in patients with CSH and OH should be a priority. 

We also identified a lack of research investigating syncopal disorders in young 

children, who are often diagnosed with RAS. RAS attacks may lead to fear and anxiety for 

both the patient and caregiver(s). Accordingly, to identify key areas where additional 

support for patients and families is needed, future investigations of quality of life in both 

patients with RAS, and their caregivers are required.  

While our review did not examine the impact of interventions on quality of life in 

patients with syncopal disorders, we noted that six included articles were interventional 

studies that included a quality of life assessment. Typically, studies evaluating novel 

therapies for patients with syncopal disorders use measures of orthostatic cardiovascular 

control (e.g. blood pressure and HR) and syncopal recurrence as primary outcome 

measures. While these are crucial evaluations that provide insight into underlying 

mechanisms and physiology, these measures may not always be reflective of symptom 

burden and quality of life. Indeed, one study in our review reported that the magnitude of 

orthostatic HR increase was not correlated with orthostatic symptoms or quality of life 

scores. When evaluating novel interventions, researchers should consider adding metrics 
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of symptom burden and quality of life. These tools give us insight into the patient 

experience, and ultimately, our goal should be to improve symptom burden and quality of 

life when managing these disorders. 

This systematic review represents a first step towards illuminating patient-

identified research priorities to improve quality of life for patients living with syncopal 

disorders. For the undertaking of this work, I was fortunate to be awarded a Patient-

Oriented Research Graduate Training Fellowship from the BC SUPPORT (Support for 

People and Patient-Oriented Research and Trials) Unit Fraser Center, a part of the CIHR 

(Canadian Institute for Health Research) led Strategy for Patient-Oriented Research. This 

fellowship provided valuable education in the foundations of patient-oriented research, 

guidance in engaging patient partners and other important stakeholders, effective 

knowledge translation strategies and respectful research collaborations with Indigenous 

communities, while further providing resources and support in implementing a patient-

oriented research approach. To ensure this work was relevant, feasible and pertinent, we 

engaged with patient partners and stakeholders early in the research process. While they 

preferred not to participate in the time-intensive systematic review process, they were 

eager to provide their valuable perspectives on review questions and findings, through the 

lens of their lived experience, and this perspective was included in the manuscript. This 

work was strengthened as a result of implementing a patient-oriented research approach. 

We hope to expand on this work by developing and disseminating a patient survey in 

partnership with stakeholder and patient community members to further investigate key 

factors impacting patient quality of life and patient identified research priorities. 

It is the patients who truly understand the consequences of disease, bring the 

experience of accessing the healthcare system in this context, and know the true impact 

on quality of life, and yet in a cruel irony it is rarely the patients who shape the clinical or 

research agenda. When patient perspectives shape the research questions we ask, and 

patient voices are included in the conduction and interpretation of the work, it ensures the 

research is relevant, feasible and timely for the research users, increasing the impact and 

reducing the gap between discovery and knowledge implementation. More researchers in 

the field of cardiovascular autonomic research should adopt patient-oriented research 

approaches.  
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7.2. The novel characterization of forearm vascular 
resistance responses to the Valsalva maneuver 

7.2.1. Implications for the diagnosis of syncope 

The problems and difficulties associated with the assessment and diagnosis of 

syncope, and the impact to patients, families and the healthcare system have been 

discussed at length in this thesis. In order to improve the diagnostic process and decrease 

the cost to healthcare resources, new diagnostic techniques and biomarkers are 

necessary, and to be of benefit, they need to be simultaneously inexpensive, quick to 

administer and easy to interpret. The VM is a short, simple test, that is already widely 

known/understood and widely used to assess autonomic reflex function. We recognized 

that FVR is a direct measure of peripheral end-organ vascular resistance responses, 

which are known to be impaired in patients with syncope, and that the VM provides a 

baroreflex stimulus for this response. Thus, FVR responses to the VM may have the 

potential to discern syncope susceptibility. We further recognized that if these responses 

were useful and informative, the novel application of FVR to a test that is inexpensive, and 

already widely known and used, would ensure that it could be easily implemented into 

clinical practice. However, the first step in evaluating the potential of a new clinical test to 

discern those with a disease or disorder is characterizing the normal response in healthy 

men and women. 

This study represents the first characterization of FVR responses to the VM, and 

akin to established blood pressure and HR responses, we showed that FVR exhibits a 

specific, phasic pattern of response that is morphologically similar in men and women, 

young and old. This specific, phasic response pattern in healthy controls is an important 

finding, because if deviations from the norm do indeed present in patients with syncope, 

they may be easily recognized as abnormal. While we have not yet evaluated these 

responses in patients with syncope, we did explore the relationship between maximal FVR 

responses to the VM and orthostatic tolerance in our cohort of healthy controls. Maximal 

FVR responses to the VM were correlated with maximal FVR responses during HUT, 

which have been previously shown to predict OT. While maximal FVR responses to the 

VM did not correlate with OT on their own, we discovered that when corrected for the 

baroreflex stimulus (the phase 2A blood pressure drop), FVR responses to the VM were 

correlated with OT. This tells us that, in the context of syncope susceptibility, it is crucial 
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that maximal FVR response to the VM is interpreted in relation to the blood pressure 

stimulus. We noted this significant relationship with OT in healthy controls who do not 

regularly experience syncope or presyncope; thus, it is likely that these responses would 

be even more informative in patients with recurrent syncope. To be most informative for 

clinical applications, beat-to-beat FVR responses to the VM would be most valuable when 

measures of beat-to-beat blood pressure and HR are also available.  

Evidently, more research is required to ascertain if these responses can reliably 

discern patients prone to syncope. However, our novel characterization of FVR responses 

to the VM is an important contribution to the field, enabling the direct assessment of beat-

to-beat, sympathetically mediated, end-organ peripheral vascular responses to baroreflex 

stimuli. Quantifying end-organ vascular responses is a strength of this method, as nerve 

traffic recordings (MSNA), and circulating norepinephrine levels do not necessarily 

translate into constriction, which depends on the effector sensitivity to these stimuli. By 

characterizing and quantifying normal FVR responses to the VM, we have provided an 

avenue for future studies to investigate differential, impaired responses in individuals with 

syncope, and in other disorders of the autonomic nervous system that affect vasomotor 

control. Furthermore, measuring FVR responses to the VM, in combination with other 

techniques, such as MSNA, may be informative, providing an opportunity to evaluate 

vascular transduction of sympathetic nerve activity directly. It would additionally be 

interesting to evaluate FVR responses to the VM in combination with an orthostatic 

stimulus, such as a seated posture, to see if this enhances the diagnostic value of the test. 

It is my hope that this study inspires others to seek novel biomarkers and clinical 

tests for syncope, which will simultaneously advance our understanding of the underlying 

mechanisms. Cerebral autoregulation is also known be impaired in individuals with 

syncope, and the cerebrovascular response to the VM has been characterized previously. 

In addition to FVR responses, I have begun to investigate changes in CBFv during the 

VM, as another candidate biomarker for syncope. Preliminary investigations in young 

healthy controls show that, when performed in a seated posture, the phase 2B systolic 

CBFv recovery during the VM, recorded from the MCA using transcranial Doppler, may 

indicate syncope susceptibility (Figure 7.1). 



225 

 
Figure 7.1. Systolic cerebrovascular responses to the Valsalva maneuver as a 

predictor of syncope susceptibility.  
During a seated Valsalva maneuver (VM), the magnitude of the phase 2B systolic cerebral blood 
flow velocity (sCBFv) is significantly correlated with orthostatic tolerance (OT) in young, healthy 
adults.  

7.2.2. Insights into cardiovascular aging in healthy men and women 

In addition to evaluating relationships between FVR responses to the VM and OT, 

we investigated the impact of age and sex on these responses. Differential physiological 

cardiovascular responses between sexes and with age, is a crucial consideration in the 

development of novel physiological tests for syncope susceptibility. The results of these 

explorations were fascinating; this study galvanized my interest in how autonomic 

cardiovascular control is affected by aging, and how this differs in healthy men and 

women. We demonstrated that maximal FVR responses to the VM increase with age, 

particularly in women, where the mean response was more than doubled in the older 

cohort. Our secondary investigations of SV and CO responses to the VM implied that this 

increased vascular resistance response is, at least in part, compensatory for the greater 

reductions in SV and CO that are observed during phase 2A of the VM in older adults. 

This is also why we did not observe an increased 2B MAP recovery in older adults who 

mounted large FVR responses. However, we can not rule out that increased vascular 

stiffness, increased sympathetic hyperactivity, or increased vascular transduction of 

sympathetic nerve activity might play an additional role in the development of these 

massive FVR responses.  
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During a HUT test, combined with LBNP, continued until presyncope, participants 

should theoretically mount the largest FVR responses possible in order to defend blood 

pressure and prevent syncope. We showed that maximal FVR responses mounted during 

HUT are smaller in young women compared to young men, and increase with age in 

women, but not in men. Although the VM provides a very strong baroreflex stimulus, it 

would not necessarily require a maximal FVR response to recover blood pressure in 

healthy adults. However, young women appear to be mounting maximal or near-maximal 

FVR responses during the VM, whereas young men appear to have a greater 

vasoconstrictor reserve. In response to both stimuli, older adults appear to mount large 

responses of similar magnitude. Our data suggest that the maximal capacity to increase 

vascular resistance is reduced in young women, and are often operating at near-maximal 

capacity, with a limited reserve to further increase vascular resistance. This limited 

capacity is likely due to circulating estrogens and their role in β2-adrenergic vasodilatation. 

It is likely one contributing factor to the increased susceptibility to syncopal disorders in 

young women [108, 129, 140]. 

Our findings have broad implications for our understanding of normal 

cardiovascular control, how this evolves with age, and differs in men and women. There 

is so much that remains unknown regarding the impact of advancing age on the 

cardiovascular and autonomic nervous systems, and our knowledge of these mechanisms 

and relationships is particularly limited in women. Cardiovascular disease continues to be 

the leading cause of morbidity and mortality in western countries. While a decrease in 

cardiovascular morbidity and mortality has been observed in men in recent years, the 

prevalence of cardiovascular disease and associated mortality rates in women 55 years 

and older have remained unchanged [416]. Our understanding of the impact of race on 

cardiovascular aging is also limited, and racial minorities are disproportionately affected 

by cardiovascular disease; in the United States, Black Americans have an earlier onset of 

cardiovascular disease and suffer one of the highest rates of cardiovascular mortality 

[417]. Accordingly, there has been a call in the field of clinical autonomic research for more 

preclinical and clinical studies designed to investigate the impact of sex and race in the 

development of cardiovascular disease, with a recognition that differential mechanisms 

would benefit from tailored management approaches [418]. To understand differences in 

the development of cardiovascular disease across groups, we also need to garner a better 
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understanding of what healthy aging looks like, so that we can better recognize disease 

indicators. 

The novel characterization of FVR responses to the VM provides an avenue to 

further elucidate the impact of age, sex, and race on sympathetic peripheral vasomotor 

control, in health and in disease. Studies have often used blood pressure recordings, 

combined with MSNA, to evaluate transduction of sympathetic nerve activity and infer 

what is happening in the vasculature. However, the simultaneous measurement of FVR, 

blood pressure and MSNA responses to the VM provides a novel opportunity to further 

our understanding of vascular transduction in health and disease, through the direct 

evaluation of end-organ vascular responses. 

7.3. Novel insights into mechanisms underlying vasovagal 
reactions with blood-injection-injury stimuli 

Vasovagal reactions triggered by blood-injection-injury stimuli are common and 

problematic. VVS is uniquely associated with blood-injection-injury phobia, and 

venepuncture is reported to be a contributing factor in 10-15% of syncopal reactions in 

adults <40 years old [3, 130, 178]. While it has been previously suggested that 

intravascular instrumentation also reduces OT in individuals without a fear of blood or 

needles [187, 188], there is a dearth in the literature regarding the mechanisms underlying 

this phenomenon. Blood-injection-injury phobia, and/or the fear of experiencing a faint 

during intravascular procedures, can have serious consequences as it commonly prevents 

or delays individuals from getting necessary vaccines or blood draws, or generally seeking 

medical or dental care. For example, previous studies have shown that pregnant women 

with blood-injection-injury phobia commonly delay or abstain from critical blood tests and 

antenatal testing [419], more frequently deliver by elective cesarean section, and have an 

increased incidence of premature delivery and neonatal morbidity [420]. Fear of needles 

also contributes significantly to vaccine hesitancy. It has been reported that 16% of adults 

have avoided the influenza vaccine, 19% have avoided the pneumococcal vaccine, and 

20% did not obtain a tetanus vaccine, due to a fear or dislike of needles [421]. In order to 

combat these issues and provide effective management options to patients who 

experience syncope and presyncope with blood-injection-injury stimuli, an understanding 

of the specific mechanisms that contribute to this response is necessary. 
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Our study represents the first placebo-controlled investigation of the impact of 

intravascular instrumentation on OT and orthostatic cardiovascular control, and first 

exploration of the relative contributions of psychological stress, pain/discomfort and 

physical trauma to the blood vessel to this phenomenon. Compared to a stimulus that is 

purely psychological, we showed that, in healthy controls, OT is not impacted by 

intravascular instrumentation when pain is mitigated by a topical anesthetic. However, 

when pain is not alleviated by a topical anesthetic, the presence of an IV in the vein 

significantly reduces OT. This reflects that pain and discomfort associated with 

intravascular instrumentation plays a key role in disrupting orthostatic cardiovascular 

control and predisposing to vasovagal reactions. 

While the finding that pain associated with intravascular instrumentation 

contributes to syncope susceptibility is novel, and useful, it is obvious that pain is not the 

only factor involved in the development of vasovagal reactions with blood-injection-injury 

stimuli. Individuals with blood-injection-injury phobia are known to experience syncope 

with stimuli that are purely cognitive, where pain could not possibly contribute, such as the 

sight of blood, or discussing a surgical procedure. Rather, pain appears to be a factor that 

amplifies, or increases the probability of, experiencing a syncopal event. Our preliminary 

analyses of orthostatic cardiovascular responses suggest that pain contributes to syncope 

susceptibility by reducing the capacity to achieve maximal sympathetic activation. We 

observed a reduction in maximal end-organ peripheral vascular resistance responses 

(FVR), and while the maximal HR achieved was not significantly different between 

conditions, the difference between the maximum HR achieved in the IV+placebo and 

Sham+placebo conditions was strongly and significantly correlated with the change in OT 

between those two conditions (r=0.770; p<0.0001; Figure 5.6B). How, exactly, pain 

mechanistically disrupts sympathetic activation remains unclear. 

This study is a starting point in the effort to understand the mechanisms underlying 

syncope with blood-injection-injury phobia. As we have identified pain as a contributing 

factor, it is possible that topical anesthetics would be useful for reducing the frequency 

and severity of presyncopal symptoms and vasovagal reactions during procedures 

requiring needles and intravascular instrumentation. This is a practical solution, as topical 

anesthetics, such as EMLA, are available at most pharmacies over the counter, without a 

prescription, and could be applied to the area at home, in advance of the procedure (e.g. 

blood work, vaccine). It is my hope that this study inspires more investigations into the 
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mechanisms underlying faints with blood-injection-injury stimuli. Not only will this help 

direct the management of syncope with blood-injection injury stimuli, it is also likely that 

such investigations will shed light on the ultimate trigger for reflex reversal that is 

characteristic of the vasovagal response. While it may be difficult to recruit patients with 

severe blood-injection-injury phobia, who are particularly prone to syncope with cognitive 

stimuli, for clinical studies, I believe that studying these patients presents an opportunity 

to uncover the cerebral trigger underlying the vasovagal response. Methods enabling the 

evaluations of cortical activity, such as EEG and MRI imaging, are likely to be instrumental 

in these investigations. 

7.4. Intermittent calf compression: a promising novel 
intervention for orthostatic disorders 

Despite an array of therapeutic options, the management of syncopal disorders 

continues to be challenging, especially in those experiencing frequent and severe 

presyncopal symptoms and syncopal events. As we described in our systematic review 

(Chapter 3), severe autonomic symptoms and frequent syncopal recurrence are 

associated with greater impairments to quality of life, so the identification of novel and 

effective management strategies are clearly a research priority for this population. Building 

on my previous work [238], I investigated the efficacy of two novel intermittent calf 

compression paradigms (1. 0-30 mmHg, 4 s on – 11 s off; 2. 0-60 mmHg, 4 s on – 11 s 

off) for improving OT in healthy young adults. I showed that intermittent calf compression 

from 0-60 mmHg effectively blunts venous pooling and capillary filtration in the calf, 

ameliorates orthostatic cardiovascular control, increases hemodynamic reserve and 

delays the onset of presyncope in young healthy controls. Although this novel intervention 

has yet to be tested in a patient population, it holds promise for the management of 

orthostatic disorders where gravitational fluid shifts are implicated, including VVS, POTS 

and OH.  

Static compression garments that envelop the entire leg and/or abdomen have 

been previously shown to be effective at mitigating orthostatic fluid shifts, improving 

cardiovascular control, and reducing orthostatic symptoms in healthy controls [225–227], 

patients with POTS [231, 232] and patients with OH [228–230] during short bouts of 

orthostatic stress. Thus, it is likely that our results would extend to patient populations; by 

testing healthy controls, who have good baseline OT, it is likely that we have 
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underestimated the benefit that would be observed in a patient population. A key drawback 

of static calf compression garments is the need for them to exert constant compression 

over a large surface area, making them uncomfortable to wear for extended periods. By 

mimicking the skeletal muscle pump, and using venous one-way valves to our advantage, 

these barriers are overcome. Intermittent calf compression is effective despite covering 

only ~15 cm of the calf, and the rhythmic contraction (60 mmHg) and relaxation of the 

device (0 mmHg) surmounts the requirement for constant high pressure that may occlude 

circulation and be associated with discomfort. In fact, with our low frequency paradigm (4 

pulses/minute), compression is actually only applied to the calf for 16 seconds out of every 

minute. 

Now that we have shown that intermittent compression paradigm is effective for 

delaying the onset of presyncope, the next step is developing a device prototype to be 

tested in patient populations. We envision that this “smart” ambulatory device would be 

incorporated into a comfortable, portable garment that would contain accelerometers, 

allowing it to rapidly (< 1 s) engage during motionless standing, and deactivate during 

ambulation (when the skeletal muscle pump is active) or with sitting/supine postures 

(where orthostatic stress is minimal). This work will require a collaborative research team, 

including physiologists, engineers, and patient partners. A patient-oriented research 

approach will be integral to ensuring this device meets patient needs. When testing the 

device in patient populations, quality of life instruments, symptom evaluations, and metrics 

of garment comfort will be essential to include, in addition to physiological measures. 

7.5. Applicability to clinical populations 

While the systematic review and meta-analysis conducted in Chapter 3 represents 

a direct analysis of patient data, the experiments described in Chapters 4, 5, and 6 were 

conducted in healthy controls. Despite this limitation, these hypothesis-generating studies 

reflect important contributions to the field, that will drive new lines of questioning, with wide 

applicability to patient populations.  

I have discussed the potential for FVR responses to the VM to be applied in the 

diagnosis of syncope, and to be used to elucidate mechanisms involved in cardiovascular 

aging, and the development of cardiovascular disease, while considering sex and race. 

The immediate future directions for this work, are to determine the repeatability of the 
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response in healthy controls, and to evaluate responses in patient populations. In addition 

to potentially having novel applications for the diagnosis of VVS, FVR responses to the 

VM are likely to provide evidence of OH and hyperadrenergic POTS. This would provide 

additional mechanistic insights into the characteristic blood pressure responses observed 

during the VM in these populations. Depending on the severity of impairment, it is likely 

that maximal FVR responses to the VM would be severely blunted or even absent in 

patients with OH, underlying the lack of blood pressure recovery in phase 2B. Previous 

research has suggested cardiac β-adrenergic activation predominantly underlies the 

phase 4 overshoot during the VM [213]. However, this work was conducted in 4 healthy 

young men, and it is certainly possible that the contributions of α- and β-adrenergic activity 

to the overshoot might differ in women, or evolve with age. Patients with hyperadrenergic 

POTS often mount large HR responses during the VM and are known to exhibit an 

exaggerated blood pressure overshoot. The relative contribution of excessive HR and 

peripheral vascular resistance responses to this exaggerated overshoot remains 

unknown, and beat-to-beat FVR responses provide an avenue to dissect the contributions 

to this response. It is possible that patients with hyperadrenergic POTS may mount greater 

maximal FVR responses than healthy young women, with a slower FVR decline, 

underlying the exaggerated phase 4 overshoot. 

Although conducted in healthy controls, our investigation of the impact of 

intravascular instrumentation on OT and orthostatic responses provides new insight into 

mechanisms underlying syncopal responses with blood-injection-injury stimuli. For 

patients with a mild or moderate fear of needles, the use of an over-the-counter topical 

anesthetic may be enough to reduce presyncopal symptoms and prevent VVS. Further, 

this study confirms that intravascular instrumentation disrupts normal autonomic control 

and reduces OT. Thus, wherever possible, researchers and clinicians should avoid 

intravascular procedures when testing autonomic reflex function in patients and research 

participants. Further, continued investigations into vasovagal reactions with blood-

injection-injury stimuli are likely to be instrumental in the identification of the cerebral 

trigger for VVS. The identification of the cerebral trigger would have broad implications for 

our understanding of cardiovascular-autonomic control and would facilitate the 

development of novel treatments of autonomic disorders.  

While our novel intermittent calf compression paradigm was tested in healthy 

controls, there is no reason to believe that this intervention would not be beneficial or 
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applicable in patient populations. Previous work has shown that blunting orthostatic fluid 

shifts with large static compression garments improves cardiovascular control and 

orthostatic symptoms in patients with POTS and OH, so intermittent calf compression is 

also likely to be of therapeutic benefit, as it similarly targets and prevents venous pooling 

and capillary filtration. While we framed this study around the management of VVS, this 

intervention would be broadly applicable to all orthostatic disorders. In addition to 

observing increased SV, and decreased orthostatic HR, participants were less 

hypocapnic, and had increased CBFv. For patients with POTS, intermittent calf 

compression may improve persistent orthostatic symptoms such as fatigue, nausea, and 

brain fog, enabling patients to maintain orthostatic postures for longer periods, facilitating 

cardiovascular reconditioning and improving quality of life. OH has been associated with 

decreased cognitive function, which may be due to decreased cerebral perfusion [85]. In 

addition to mitigating orthostatic symptoms and reducing syncopal events, perhaps 

intermittent calf compression could mitigate cognitive decline by increasing cerebral blood 

flow. We showed that initial drops in systolic pressure with HUT also tended to be blunted 

(p=0.052) with intermittent compression, thus it may be useful for those with symptomatic 

initial OH. We turned on intermittent compression at the onset of HUT, so it is possible 

that activating the device a couple of minutes before standing may provide additional 

benefit, similar to the that observed by Sheikh et al. with involuntary muscle contractions 

(induced by electrical stimulation) [215].  

The applications of intermittent calf compression would also extend beyond the 

improved management of orthostatic disorders. Compression stockings are worn and 

prescribed for many reasons, and intermittent calf compression would likely be of benefit 

in almost all of these circumstances. For example, intermittent compression may reduce 

fatigue, swelling and pain for those employed at jobs requiring extended periods  of 

motionless standing (e.g. cashiers, life-guards, nurses, surgeons, soldiers on parade etc.), 

for airplane passengers or crewmembers, and for pregnant women. It would be of use for 

patients with spinal cord injuries, where OH is prevalent and problematic. Intermittent calf 

compression may also be useful for those with varicose veins, for preventing deep vein 

thrombosis, and during post-surgical recovery. 
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7.6. Final thoughts 

Syncopal disorders are highly prevalent, difficult to diagnose, and challenging to 

manage, leading to an overwhelming encumbrance on healthcare resources and 

significantly impacting patient quality of life. This thesis enlisted diverse, but 

complementary research methods and approaches to address critical concerns for 

patients with syncopal disorders. We have quantified and qualified quality of life 

impairments, highlighting knowledge gaps, implications for management, and priorities for 

future research. Further, we have explored novel diagnostic techniques, provided new 

insights into underlying mechanisms, and tested an innovative therapy that holds promise 

for the management of orthostatic disorders and beyond. It is my hope that these 

investigations inspire new lines of questioning that further advance the understanding, 

diagnosis, and treatment of syncopal disorders, in an effort to reduce the burden on health 

care resources and ultimately improve patient care and quality of life. The engagement of 

patient and stakeholder partners in these research pursuits is critical, and will ensure that 

the work is relevant, feasible and timely, addressing patient-identified priorities.  
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Appendix A. 
 
Table A.1. Summary of quality of life instruments included in systematic review 

(A) Instrument 

(B) Instrument type  

(C) Frequency (# of 
studies) 

 

Assessment details and domains Scoring Population normative data 

(A) EQ-5D-3L 

(B) HRQoL 

(C) 7 

The EQ-5D-3L questionnaire consists of a 
descriptive system and a visual analogue scale 
(EQ VAS). The descriptive system classifies 
HRQoL across five dimensions: mobility, self-care, 
usual activities, anxiety/depression and 
pain/discomfort. The EQ VAS provides a 
quantitative measure of an individual’s perceived 
overall health, with anchors labelled as ‘The worst 
health you can imagine’ at zero, and ‘The best 
health you can imagine’ at 100 [280]. Earlier 
versions of the EQ VAS (for the EQ-5D-3L) used 
the labels ‘Best imaginable health state’ and ‘Worst 
imaginable health state’. 

Descriptive system: Each dimension has three 
levels (1: no problems, 2: some/moderate 
problems, 3: extreme problems/unable to), 
reflecting increasing levels of impairment. A profile 
score for the five dimensions (e.g., 12112) can be 
used to describe a health state. Value sets (i.e., a 
set of health state values – sometimes called ‘utility 
scores’ or ‘index scores’ – for all 243 (35) health 
states defined by the EQ-5D-3L) are available for 
many different countries and regions [280]. 
EQ VAS: The respondent rates their health on a 
vertical VAS from zero – “The worst health you can 
imagine” – to 100 – “The best health you can 
imagine”. 

U.S. population(n=38,678) [313] 
 
Descriptive System (% reporting 
any limitations or problems): 

▪ Mobility: 18.5% 

▪ Usual activities:3.7% 

▪ Self-care: 17.9% 

▪ Pain/Discomfort: 48.3% 

▪ Anxiety/Depression: 
23.2% 

EQ-5D-3L index: 0.823 ± 0.197 
EQ VAS: 80.0 ± 19.7 

(A) Medical Outcomes Study 
36-item Short Form 
Health Survey (SF-36) 

(B) HRQoL 

(C) 15 
 

The SF-36 is a 36-item questionnaire that 
measures generic health status and QoL in eight 
domains: physical functioning (PF), role limitations 
due to physical health (RP), bodily pain (BP), 
general health (GH), vitality (VT), social functioning 
(SF), role limitations due to emotional health (RE) 
and mental health (MH). Two summary scores are 
formed from the 8-domains: the physical 

The eight domain scores are converted to 0-100 
scales where higher scores indicate better 
functioning or well-being [422]. To form the PCS 
and MCS scales, the eight subdomain scores are 
aggregated using norm-based scoring methods 
(T-score transformation) where the scores are 
normalized to the U.S. population mean and 
standard deviation of 50 ± 10 [312].  

U.S. population (n=2,474) [312]:  
PF: 84.5 ± 22.9 
RP: 81.2 ± 33.8 
BP 75.5 ± 23.6 
GH: 72.2 ± 20.2 
VT: 61.1 ± 20.9 
SF: 83.6 ± 22.4 
RE: 81.3 ± 33.0 
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component summary (PCS) and mental 
component summary (MCS) [422].  

MH: 74.8 ± 18.0 
PCS: 50.0 ± 10 
MCS: 50.0 ± 10 

(A) SF-36 version 2 (SF-
36v2) 

(B) HRQoL 

(C) 1  
 

This updated version of the SF-36 evaluates 
HRQoL in the same eight domains and provides 
the same two component summary scores as 
version 1.0. Compared to version 1.0, version 2.0 
includes simpler instructions and questionnaire 
items, an improved layout for questions and 
answers, offers greater comparability between 
translations and cultural adaptations and uses five-
level response choices instead of dichotomous 
responses for the items comprising the two role 
functioning scales [423].  

Version 2.0 of the SF-36 uses norm-based scoring 
algorithms (T-score transformations with mean of 
50 ± 10 [SD]) for all eight domain scales in addition 
to the PCS and MCS scores [423].  

U.S. population [423]:  
PF: 50.0 ± 10 
RP: 50.0 ± 10 
BP 50.0 ± 10 
GH: 50.0 ± 10 
VT: 50.0 ± 10 
SF: 50.0 ± 10 
RE: 50.0 ± 10 
MH: 50.0 ± 10 
PCS: 50.0 ± 10 
MCS: 50.0 ± 10 

(A) Medical Outcomes Study 
8-item Short Form Health 
Survey (SF-8)  

(B) HRQoL 

(C) 1 
 

An abbreviated, eight-item version of the SF-36. 
Evaluates HRQoL in the same eight domains as 
the SF-36 [424]. 

Similar to the version 2.0 of the SF-36, norm-based 
scale scores for each domain are calculated and 
PCS and MCS scores are derived using norm-
based scoring methods (T-score transformations 
with mean of 50 ± 10 [SD]) [424].  

As for Medical Outcomes Study 
SF-36 Version 2.0. 

(A) RAND 36-item Health 
Survey (RAND-36)  

(B) HRQoL 

(C) 3 
 

The RAND-36 health survey evaluates HRQoL 
using the same 36 items as the SF-36 and, 
similarly, yields two summary scores (PCS and 
MCS) and eight domains scale scores (physical 
functioning, role physical, pain, general health, 
emotional well-being, energy/fatigue, social 
functioning, role emotional). The RAND-36 uses a 
scoring algorithm that is different to the SF-36 
[425].  

The eight domain scores are converted to 0-100 
scales where higher scores indicate better 
functioning or well-being; the scoring of the BP and 
GH domains differ slightly between the SF-36 and 
RAND-36; BP scores tend to be slightly higher on 
the RAND-36, but GH scores tend to be similar. 
PCS and MCS scores are calculated using a 
similar method to the SF-36, with the exception 
that there is no assumption in the model that 
physical and mental health constructs are 
uncorrelated [426]. 

U.S. population (n=2471) [425]:  
Physical functioning: 70.61 ± 27.42 
Role physical: 52.97 ± 40.78 
Pain: 70.77 ± 25.46 
General health: 56.99 ± 21.11 
Emotional well-being: 70.38 ± 
21.97 
Energy/fatigue: 52.15 ± 22.39 
Social functioning: 78.77 ± 25.43 
Role emotional: 65.78 ± 40.71 
Physical health composite: 50 ± 10 
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Mental health composite: 50 ± 10 

(A) Pediatric Quality of Life 
inventory (PedsQL) 
version 4.0 

(B) HRQoL 

(C) 3 
 

The PedsQL Generic Core Scales are 23 item 
questionnaires designed to evaluate the core 
health dimensions as delineated by the World 
Health Organization (physical functioning, 
emotional functioning, social functioning) and role 
(school) functioning in children and young adults. 
The PedsQL comprises both child self-report 
(Ages 5-7, 8-12, 13-18, 18-24 years) and parent 
proxy-report forms (Ages 2-4, 5-7, 8-12, 13-18, 18-
24 years). Question phrasing is adapted for 
different age groups to ensure questions are 
developmentally appropriate. Scores are provided 
for each of the four core scales and three summary 
scores (the psychosocial health summary score, 
the physical health summary score and total scale 
score)[427]. 

Each item is answered on a Likert scale from 0-4. 
For scoring, each item is reverse scored on a 0-
100 scale and the mean of items comprising each 
of the four dimensions produce the scale scores. 
The psychosocial health summary is computed as 
the mean score of the items comprising the 
emotional, social and school functioning scales. 
The physical health summary score is the same as 
the physical functioning score. The total scale 
score is the mean score of all 23 items[314]. 

U.S population [314] 
Child self report scores (n=933-960; 
age 5-18 years):  
Total score: 79.62 ± 15.26 
Physical health: 80.19 ± 19.30 
Psychosocial health: 79.37 ± 15.70 
Emotional functioning: 78.10 ± 
20.66 
Social functioning: 84.09 ± 18.50 
School functioning: 75.87 ± 19.71 
Proxy report scores (n=1417-1622; 
age 2-18 years):  
Total score: 80.87± 16.73 
Physical health: 81.38 ± 23.18 
Psychosocial health: 80.58 ± 16.52 
Emotional functioning: 77.95 ± 
20.67 
Social functioning: 85.38 ± 19.17 
School functioning: 77.80 ± 22.00 

(A) World Health 
Organization Brief Quality 
of Life Questionnaire 
(WHOQOL-BREF) 

(B) HRQoL 

(C) 2 

An abbreviated 26 item version of WHOQOL-100. 
Produces scores in 4 domains of QoL: Physical 
Health, Psychological, Social Relationships, and 
Environment, and separate scores evaluating 
overall QoL and general health [428]. 

Each question is answered on a Likert scale of 1-
5. To calculate domain scores, the mean of the 
items making up each domain is multiplied by 4 (to 
make scores comparable to the WHOQOL-100), 
then transformed to a 0-100 scale, where 0 is worst 
possible, and 100 is best possible QoL in that 
domain. Two questions are analyzed separately: 
"How would you rate your quality of life?" and "How 
satisfied are you with your health?” [428]. 

North American population 
normative data not available.  

(A) Quality of Life Systemic 
Inventory (QLSI) 

(B) QoL 

(C) 2  
 

The QLSI assesses the individual’s capacity to 
achieve their goals in 28 domains of their life (e.g. 
family life, work, leisure). These domains are 
classified into 9 sub-scales: health, cognitions, 
social, marital relationships, leisure times, work, 
household chores, affectivity, spirituality [295].  

Scores are provided for each of the nine sub-
scales which are then used to calculate a global 
QoL score. Scores correspond to the gap between 
goals the individual has set for themselves, and 
their actual situation; increased scores reflect a 
larger gap and thus poorer quality of life [295, 429].  

Canadian population [295] 
Global score = 3.8 ± 3.9 
Subscales range from .85 ± 3.9 for 
the spirituality domain to 5.22 ± 7 for 
the leisure times domain. 
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(A) Healthy Days Core 
Module (CDC HRQOL-14) 

(B) HRQoL 

(C) 1  
 

The CDC HRQOL-14 is a 14-item questionnaire 
that is divided into three modules where HRQoL is 
assessed based on the number of days affected in 
the past month. The Healthy days Core Module 
asks about general, physical and mental health, 
and the number of days the respondent 
experienced poor physical or mental health. The 
Activity Limitations Module evaluates health 
related limitations, including the type of health 
problem, duration of limitation and need for 
assistance in daily activities. The Healthy Days 
Symptoms Module assesses symptoms, their 
frequency and impact on daily activities [430, 431]. 

The CDC HRQOL-14 does not use summary 
scales or scores, individual items were designed to 
be individual global indicators of HRQoL and 
activity limitations. The only calculated measure is 
the “unhealthy days” index which is calculated by 
adding unhealthy days due to mental health and 
physical health, with a maximum of 30 days [430, 
431].  

U.S. population (n=198,508) [432] 
Mean number of days in past 30 
days:  
Healthy days: 24.7 
Unhealthy days: 6.0±0.1 
Poor physical health: 3.5±0.1 
Poor mental health: 3.4±0.1 
Activity limitations: 2.0±0.1 
Pain: 2.6 
Sad, blue, depressed:3.0 
Anxious: 5.2 
Sleepless: 7.6 
Full of energy: 19.0 
*No measure of error reported for 
mean number or days with pain, 
sad/blue/depressed, anxious, or 
sleepless. 

(A) Personal Well-being Index 
– Adult form (PWI-A) 

(B) QoL 

(C) 1  
 

A seven-item questionnaire where respondents 
are asked to rate their satisfaction in seven 
domains of well-being: standard of living, health, 
achieving in life, personal relationships, safety, 
community connectedness and future security. 
There are two additional optional items, one that 
assesses general life satisfaction and one that 
assesses satisfaction in the domain of spirituality 
and religion [433]. 

Each item is rated on an 11-point End-Defined 
Response Scale (0-10): 0 represents complete 
dissatisfaction and 10 represents complete 
satisfaction. Items are linearly converted to a 0-100 
scale. Each domain can be analyzed as a separate 
variable, or the domain scores can be summed to 
yield an average score with represents “Subjective 
Wellbeing”. The spirituality or religion item can be 
included in this index, but the general life 
satisfaction item should be analyzed as a separate 
variable [433]. 

North American population 
normative data not available. 

(A) Sickness Impact Profile 
(SIP) 

(B) HRQoL 

(C) 1 
 

A 136-item questionnaire evaluating the impact of 
sickness on 12 domains of activities of daily living 
(ambulation, mobility, body care and movement, 
social interaction, communication, alertness 
behaviour, emotional behaviour, sleep and rest, 
eating, work, home management, and recreation 
and pass-times). The respondent is asked to check 
only the statements that describe them on a given 
day and are related to their health [434]. 

The SIP yields a total score (overall measure of 
function), two-dimension scores (physical and 
psychosocial dimensions of function) and 12 
category scores. Each of these scores is 
calculated as a percentage of the # of items 
checked by the respondent in the given category 
or dimension over the total number of items in the 
category or dimension [434]. 

U.S. population (n=696) [434] 
Total score: 3.6 ± 5.3  
No normative data otherwise 
available [435]. 
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(A) Patient-Reported 
Outcomes Measurement 
Information System, short 
form (PROMIS-10 global) 

(B) HRQoL 

(C) 1 
 

A 10-item questionnaire that evaluates global 
domains of health and functioning. (Overall health, 
quality of life, physical health, mental health, social 
activities and relationships, everyday physical 
activities, pain, fatigue, usual social activities and 
roles, emotional problems) [436]. 

Nine items are rated on five-point scales, while 
pain is rated from 0 to 10. The global health 
physical (physical health, physical function, pain, 
fatigue) and global health mental scores (quality of 
life, mental health, emotional problems and 
satisfaction with discretionary social activities) 
summary scores are each calculated as the sum 
of four PROMIS-10 items [436]. Raw summed 
scores undergo norm-based T-score 
transformations to normalize scores to a U.S. 
population mean and standard deviation of 50 ± 10 
[437]. 

U.S. population [437] 
Global health physical: 50 ± 10 
Global health mental: 50 ± 10 

Abbreviations: Quality of life (QoL), health-related quality of life (HRQoL) 




