
Vol.:(0123456789)1 3

Clinical Autonomic Research (2019) 29:215–230 
https://doi.org/10.1007/s10286-019-00598-9

REVIEW ARTICLE

Autonomic uprising: the tilt table test in autonomic medicine

William P. Cheshire Jr.1   · David S. Goldstein2

Received: 25 January 2019 / Accepted: 21 February 2019 / Published online: 5 March 2019 
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract
This perspective piece on head-up tilt table testing is part of a series on autonomic function testing. The tilt table can be 
a useful diagnostic test, but methodologies vary, and the results are sometimes misinterpreted. The intent here is not to 
review comprehensively the utility of various tilt table testing protocols but to convey a number of general points that may 
give perspective and have practical clinical value, based on an understanding of autonomic physiology and our long clini-
cal and research experience in the evaluation of autonomic disorders. The goals of tilt table testing are to assess orthostatic 
hypotension (OH), chronic orthostatic intolerance (COI), and unexplained syncope. The testing is useful for distinguishing 
neurogenic from non-neurogenic OH, identifying failure of the sympathetic noradrenergic system in autonomic neuropathies 
and ganglionopathies, and assessing baroreflex-sympathoneural function in α-synucleinopathies. For COI, the testing can 
provide objective data related to the patient’s symptoms, diagnose postural tachycardia syndrome (POTS), and distinguish 
POTS from other causes of tachycardia. Provocative tilt table testing can help understand bases for recurrent transient loss 
of consciousness in patients with syncope, distinguish neurally mediated syncope from psychogenic pseudosyncope, and 
separate syncope-related convulsion from epileptic seizures. For each of these purposes, the goals, formats, endpoints, and 
clinical utility are different. As for any autonomic test, tilt table findings must be interpreted in the context of the patient’s 
clinical presentation.

Keywords  Orthostatic intolerance · Orthostatic hypotension · Tilt table testing · Syncope · Vasovagal syncope · Postural 
orthostatic tachycardia syndrome · Autonomic nervous system diseases

Abbreviations
ANS	� Autonomic nervous system
BP	� Blood pressure
COI	� Chronic orthostatic intolerance
EPI	� Epinephrine
FVR	� Forearm vascular resistance
HR	� Heart rate
HUT	� Head-up tilt
NE	� Norepinephrine
NET	� Cell membrane norepinephrine transporter
NMH	� Neurally mediated hypotension
nOH	� Neurogenic orthostatic hypotension

OH	� Orthostatic hypotension
POTS	� Postural tachycardia syndrome
SNS	� Sympathetic noradrenergic system
SV	� Cardiac stroke volume

Introduction

The ability to rise to one’s feet and engage in activities while 
upright is a defining characteristic of humanity. Many expla-
nations have been proposed for the evolution of upright pos-
ture in humans [1]. Three relevant aspects seem well estab-
lished: (a) this development occurred relatively recently in 
evolutionary time; (b) the force of gravity poses a challenge 
in terms of maintaining adequate delivery of blood to the 
brain during orthostasis, especially given the concurrent 
evolution of a large brain in humans; and (c) the sympa-
thetic noradrenergic system is the body’s main effector for 
redistributing regional blood flows during standing up.

Unlike other challenges (e.g., meal ingestion, traumatic 
blood loss, exposure to altered environmental temperature) 
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that have been in operation over millions of years of mam-
malian evolution and for which there are several autonomic 
effectors available to meet those challenges, when it comes 
to our ability to maintain blood flow to the brain during 
orthostasis, the sympathetic noradrenergic system stands 
alone.

Muscle pumping is effective but only temporarily so, and 
activation of neuroendocrine systems such as the renin–angi-
otensin–aldosterone system takes place over the course of 
many minutes. This is why symptoms of orthostatic intoler-
ance such as lightheadedness, fatigue, visual obscuration, 
cognitive inefficiency, nuchal headache, and palpitations, 
or signs such as orthostatic hypotension and syncope, are 
cardinal manifestations of sympathetic noradrenergic failure.

As noted previously in this series on autonomic test-
ing, the first step in evaluating the patient with orthostatic 
symptoms or transient loss of consciousness is a careful his-
tory and physical examination, including orthostatic blood 
pressure measurements [2, 3]. In selected patients, a further 
key component of the clinical evaluation of cardiovascular 
autonomic function is head-up tilt table testing. Changing 
the body axis with respect to gravity under controlled con-
ditions while assessing changes in blood pressure (BP) and 
heart rate (HR) provides important information about the 
dynamic functions of the sympathetic noradrenergic and 
parasympathetic cholinergic components of the autonomic 
nervous system in reflexive response to orthostatic stress.

The body rises and blood falls

Upon assuming the upright posture, the force of gravity 
redistributes the blood volume downward. Within 2 to 3 min, 
500–800 mL of blood (approximately 10% of the total blood 
volume and 25% of the thoracic blood volume) is rapidly 
displaced to the lower body, especially the splanchnic and 
pelvic organs and proximal legs [4]. With prolonged stand-
ing, plasma volume declines further due to transcapillary 
diffusion [5, 6]. Of these changes, the most important indi-
cator of orthostatic stress is the amount of thoracic blood 
volume redistribution [4].

In healthy persons, the compensatory reflexive responses 
to standing are quite effective. The unloading of carotid and 
cardiopulmonary baroreceptors drives sympathetic noradr-
energic outflows, which increase peripheral vasoconstric-
tor tone and cardiac rate and inotropic state. Concurrent 
activation of abdominal and lower extremity muscles in 
rhythmic cycles of contraction and relaxation, the “skeletal 
muscle pump,” produces an unconscious swaying motion 
of the body during standing and becomes more active when 
the person shifts weight from leg to leg or walks, squeezes 
capacitance vessels, and promotes the return of venous 
blood to the heart [4, 7]. Neuroendocrine responses such as 

increased release of arginine vasopressin, decreased secre-
tion of atrial natriuretic peptide [8], and activation of the 
renin–angiotensin–aldosterone system also contribute.

In disorders of orthostatic tolerance, including orthostatic 
hypotension (OH), its subset neurogenic OH, syncope, and 
postural tachycardia syndrome (POTS), and in other forms 
of chronic orthostatic intolerance (COI), these compensa-
tory responses fail or are insufficient. The diagnostic need 
to reproduce orthostatic pathophysiology in a controlled, 
monitored setting has led to the clinical and experimental 
use of the tilt table test.

Historical perspective

That exsanguination can lead to collapse, prostration, and 
death has been known since the dawn of humanity. Recog-
nition that not only the loss but also the redistribution of 
blood volume can impair health and consciousness emerged 
incrementally over time as perceptive physicians observed 
syncopal phenomena in their patients and physiologists 
investigated the cardiovascular system in new ways.

William Harvey was the first to demonstrate the circula-
tion of the blood. He concluded in 1628, “that blood in the 
animal body moves around in a circle continuously, and that 
the action or function of the heart is to accomplish this by 
pumping” [9]. Half a century before Isaac Newton published 
his law of universal gravitation in Principia, Harvey com-
mented that blood falls “by its weight into areas lower down” 
[9]. He also noted that arteries dilate synchronously with 
cardiac pulsations [9], but was unaware of the role of the 
nervous system in constricting blood vessels and modulating 
peripheral vascular resistance. Harvey thought that blood 
“concentrates toward the interior, as drops of water spilled 
on a table tend to run together,” but he also recognized the 
role of the muscle pump, as blood moves “from the tiny 
veins to the intermediate branches and then to the larger 
veins because of the movements of the extremities and the 
compression of muscles” [9].

Friedrich Hoffmann in 1740 described several cases of 
collapse upon standing, which he viewed as being caused 
by stagnation of humoral motions [10]. Pierre Piorry 
brought further attention to the influence of gravity on the 
circulation in 1830, noting that, “The arterial, venous, and 
capillary circulations are in part under the laws of gravi-
tation, especially in feeble subjects” [11]. Summoned to 
evaluate a patient who had lost consciousness, he found 
the pulse to be feeble, the face pale, and the respirations 
stertorous. Refusing the request to bleed the patient, as 
suggested by his friends who had supported him in a sit-
ting posture for 15 min, Piorry laid him down horizontally. 
“Immediately his eyes opened, respiration was accelerated, 
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the colour came back to the face and in 3 min all the unfa-
vourable symptoms had disappeared” [12].

Leonard Hill expanded the circulatory model in 1895, 
commenting that the “influence of the force of gravity on 
the circulation is a question of very obvious importance, 
yet it is one curiously neglected by physiologists” [12]. 
Hill constructed “an animal holder which could be swung 
round a horizontal axis” for the purpose of studying the 
hemodynamic effects of feet-down versus feet-up posture 
after dividing or stimulating the vagus, splanchnic nerves, 
and spinal cord [12]. He contributed the concept that blood 
flow varies with vascular constriction, such that reduction 
of peripheral vascular resistance impaired blood flow to 
the head [13]. Hill was a contemporary of John Newport 
Langley, who at that time was investigating the role of 
sympathetic nerves in vasomotor phenomena and intro-
duced the term “autonomic nervous system” [14]. Follow-
ing his 1891 finding that stimulation of sympathetic nerves 
caused flushing or pallor in the feet of cats [15], Langley 
proposed that peripheral sympathetic nerves synapse onto 
vascular smooth muscle [16].

Probably the first investigator to employ a tilting board to 
study hemodynamic changes in humans was Egon Helmre-
ich, who in 1923 measured the heart rates of healthy children 
who were placed on a broad board, secured at the shoulders, 
pelvis, and feet, and tilted incrementally to 20°, 40°, 60°, 
and 90° [17]. In 1930, Abby Turner, Isabel Newton, and 
Florence Haynes employed a padded tilting board equipped 
with adjustable head, foot, and shoulder rests to study HR 
and BP responses in young women tilted to 60° or 90° for 
15 min. They found that HR increased as pulse pressure 
narrowed and that the response was less apparent if subjects 
were given abdominal pressure support [18].

Kenny and colleagues in 1986 introduced the technique 
of passive head-up tilting for investigating unexplained syn-
cope [19], and since then it has been routinely used in clini-
cal practice.

Poor reproducibility of tilting protocols as well as the 
long time (typically 20–60 min) required to evoke syncope 
and the inability to reproduce syncope consistently in sus-
ceptible patients prompted a search for methodologies hav-
ing greater sensitivity and specificity. Bearn and colleagues 
combined head-up tilt with hemorrhage [20], but the use of 
medical bloodletting declined in the late 19th century, and 
this testing idea did not catch on; nor did the application 
of venous occlusion cuffs to sequester blood in the lower 
extremities [20].

Another approach initially described by McCally et al. 
[21] and developed further by Roger Hainsworth [22, 23] is 
to intensify orthostatic stress by combining head-up tilt with 
a lower body negative pressure device. Lower body negative 
pressure is a technique derived from space medicine research 
to simulate the negative G forces that cause blood to move 

to the lower extremities, causing grayout, blackout, and loss 
of consciousness in pilots.

A number of investigators have intensified the stimulus of 
head-up tilting by using provocative pharmacologic agents. 
Soma Weiss, Robert Wilkins, and Florence Haynes in 1937 
were the first to administer the vasodilator sodium nitrite 
during tilt table testing to induce vasomotor collapse and, 
in a controlled manner, provoke vasovagal syncope [24]. 
Beginning in the mid-1980s, Menashe Waxman and col-
leagues were the first to publish on intravenous infusions of 
the β2-adrenoreceptor agonist and vasodilator isoproterenol 
to supplement head-up tilting of patients with unexplained 
syncope [25]. As syncope is often preceded by a stimulus 
that arouses the sympathetic nervous system, by elevated 
catecholamine levels, or by increased heart rate, the rationale 
was to identify those predisposed to a vasodepressor reac-
tion. Antonio Raviele and colleagues in 1994 were the first 
to publish on the use of nitroglycerin infusions during head-
up tilting in the evaluation of unexplained syncope [26]. 
Nitroglycerin is converted by mitochondrial aldehyde dehy-
drogenase to nitric acid, a potent venodilator. The follow-
ing year they reported comparable results using sublingual 
nitroglycerin [27].

In each of these studies utilizing a provocative pharma-
cologic agent, 6–24% of healthy control subjects without a 
prior history of loss of consciousness, some of whom were 
physically robust and athletic, developed vasomotor collapse 
and syncope during head-up tilt [18, 24–27].

The clinical significance of false-positive tilt table tests 
is a matter of ongoing debate, and the following anecdote 
drives home the issue. This is the story of the Reggie Lewis 
case.

The Reggie Lewis case

Reggie Lewis was a star basketball player for the Boston 
Celtics. On April 29, 1993, during game 1 of the Eastern 
Conference First Round of the NBA Playoffs, he collapsed 
on the basketball court. He came back later and finished 
with 17 points. YouTube videos of the episode are available 
at https​://www.youtu​be.com/watch​?v=AxO8k​oWxZM​Q.

Lewis was subsequently evaluated by a 12-member car-
diology “dream team” at the New England Baptist Hospital. 
They thought he had a form of cardiomyopathy and recom-
mended that Lewis cease playing. Needless to say, millions 
of dollars were at stake.

Lewis went for a second opinion by another cardiolo-
gist, who concluded that Lewis had “athlete’s heart” and 
neurocardiogenic syncope—benign conditions—and could 
resume playing.

That assessment became one of the most widely pub-
licized and second-guessed opinions in the annals of 

https://www.youtube.com/watch?v=AxO8koWxZMQ
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medicine. According to a New York Times article, a key 
procedure that led to this opinion was a tilt table test. Dur-
ing head-up tilting at 60 degrees from horizontal, Lewis 
reported the same lightheadedness that he had experienced 
before collapsing on the Celtics’ NBA court.

The tilt table testing yielded either false-positive results 
or findings that, though valid, were unrelated to his even-
tual outcome. Before Lewis ever played another NBA game, 
while shooting hoops at Brandeis University on July 27, 
1993 he collapsed again—and died. He was autopsied and 
found to have an abnormal, enlarged, extensively scarred 
heart, but the exact cause of death was never made public. 
His death was attributed variously to hypertrophic cardiomy-
opathy, a viral myocarditis, or even cocaine cardiotoxicity. 
A lawsuit filed against the cardiologist resulted in a mistrial.

Indications for testing

The goals of the head-up tilt table test are to assess OH, COI 
(including POTS), and unexplained syncope. With regard to 
OH, the testing in conjunction with other autonomic tests is 
useful for distinguishing neurogenic from non-neurogenic 
OH, identifying failure of the sympathetic noradrener-
gic system in autonomic neuropathies and ganglionopa-
thies, and assessing baroreflex-sympathoneural function 
in α-synucleinopathies such as Parkinson disease, multiple 
system atrophy, pure autonomic failure, and dementia with 
Lewy bodies (Table 1). For COI, the testing can provide 
objective data related to the patient’s symptoms, diagnose 
POTS, and distinguish POTS from other causes of tachycar-
dia. Provocative tilt table testing can help understand bases 
for recurrent transient loss of consciousness in patients with 
syncope, distinguish neurally mediated syncope (which 
includes neurocardiogenic syncope and reflex syncope) from 
psychogenic pseudosyncope, and separate syncope-related 
myoclonic jerks from epileptic seizures.

For each of these purposes, the goals, formats, and end-
points are different. For instance, in a patient with a his-
tory of recurrent syncope, the goal is to provoke syncope 
under controlled conditions, and so the duration of tilting 
is up to many minutes. In patients referred for orthostatic 
intolerance or fainting in the setting of evidence of central 
neurodegeneration, the goal is not to provoke syncope but 
to assess hemodynamic changes in response to decreased 
venous return to the heart, and the duration of testing is 
much shorter.

Active standing versus passive tilt

Whereas measuring BP at the bedside supine and standing 
remains an indispensable component of the clinical auto-
nomic assessment [3], the added value of tilt table testing 
consists in the ability to assess hemodynamic responses 
to orthostatic stress apart from the activation of the large 
skeletal muscles needed to support the weight of the body. 
The tilt table also allows for hemodynamic monitoring for 
longer periods of time than some patients feel comfortable 
standing.

It is important to understand that the physiological 
effects of passive head-up tilt differ from those of active 
standing. In healthy subjects, active standing compared to 
passive head-up tilt causes a transient but greater reduc-
tion of BP, a larger increase in HR, a greater decrease 
in total peripheral resistance, and a greater increase in 
cardiac output during the first 30 s [28]. Tanaka and col-
leagues found that in young healthy subjects, the maximal 
reduction in mean BP occurred approximately 10 s after 
standing and was − 39 ± 10 versus − 16 ± 7 mmHg on the 
tilt table, whereas HR increased by 35 ± 8 versus 12 ± 7 
beats/min [28]. Hemodynamic studies have shown that the 
initial drop in BP on active standing is driven by systemic 
vasodilatation caused by activation of cardiopulmonary 
baroreflexes as a reflex response to the rapid return of 

Table 1   Indications for tilt table testing

1. Orthostatic hypotension a. Determining whether postural symptoms are caused by orthostatic hypotension
b. In conjunction with analysis of blood pressure responses to the Valsalva maneuver, 

distinguishing neurogenic orthostatic hypotension from other orthostatic hypotensions
c. Identifying variants such as delayed orthostatic hypotension

2. Chronic orthostatic intolerance a. Correlating symptoms to postural blood pressure and heart rate changes
b. Diagnosing postural tachycardia syndrome
c. Distinguishing postural tachycardia syndrome from other types of tachycardia

3. Unexplained transient loss of consciousness a. Diagnosing neurally mediated syncope (neurocardiogenic or reflex syncope)
b. Detecting hemodynamic mechanisms of syncope (e.g., vasodepressor, vagal)
c. Distinguishing convulsive syncope from epilepsy
d. Distinguishing neurally mediated syncope from psychogenic pseudosyncope
e. Identifying an evoked neuroendocrine pattern underlying neurally mediated hypotension
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blood to the heart resulting from contraction of abdominal 
and lower extremity muscles that compress sphlanchnic 
and muscular vessels [28, 29]. Wieling and colleagues 
detected a 50% increase in cardiac output, maximal at 5 s, 
and a 36% fall in total peripheral vascular resistance that 
reached its nadir at 8 s, with values returning to baseline 
within 30 s [29].

This initial fall in BP during active standing, which is 
typically not seen on tilt table testing, may explain some 
cases of falling or syncope that occur immediately upon 
standing [30, 31]. A normal tilt table test does not rule 
this out. In a prospective comparison of head-up tilt table 
testing versus active standing in 290 patients seen in a 
geriatric clinic, the prevalence of OH during head-up tilt-
ing compared to active standing (measured at the third 
minute) was 19% versus 37%, but the frequency of recur-
rent falls was higher in the group with OH by head-up tilt 
(36.4% vs. 21.7%, P = 0.004) [32].

Active standing is associated also with a greater tran-
sient rise in HR than passive head-up tilt. In a study of 
young healthy subjects, Borst and colleagues found that 
active standing evoked an immediate bimodal increase in 
HR, reaching its first peak of 27 beats/min above baseline 
at 3 s, its second peak of 30 beats/min above baseline 
at 12 s, and returning to baseline by 20 s. As the first 
peak in HR is almost identical to that evoked by handgrip 
exercise, and it is abolished by atropine but unaffected by 
propranolol, the mechanism of this rapid cardioaccelera-
tion most likely indicates a central command with reflex 
withdrawal of vagal control [33, 34]. The secondary HR 
peak, which is also abolished by atropine, reflects the 
unloading of carotid and cardiopulmonary baroreceptors 
[33].

Head-up tilt, by contrast, did not evoke these first or 
second peaks in HR during the first 20 s, but both active 
standing and head-up tilt induced a third peak consisting 
of a gradual and continued increase in HR after 30 s. This 
gradual increase in HR was attributed to the unloading 
and partial reloading of carotid sinus and cardiopulmo-
nary receptors, muscle receptors, and increased plasma 
catecholamine levels [33]. The magnitude and time course 
of the HR response to standing were independent of the 
level of physical training [33].

The relevance of these differences in acute responses 
to head-up tilting and active standing may depend on the 
purpose of the testing. If an abnormal increase in HR or 
decrease in BP corresponding to the patient’s symptoms 
is detected on active standing, a tilt table test may not be 
needed unless evaluating the hemodynamic response to 
prolonged orthostatic stress is also needed, for example, 
in the patient with syncope.

Not all tilt table testing is the same

Each academic center or medical practice has its own way of 
conducting tilt-table testing. There are common ingredients, 
but many practical details likely to influence the outcome 
rarely are published or even individually charted. This sec-
tion considers some of these details.

It is worth bearing in mind that consistency and reproduc-
ibility are important, but the effective clinician must be able 
to adapt the testing to maximize the likelihood of obtaining 
useful information.

Goals

There are different goals of tilt table testing. The goal for 
each individual should be decided on in advance. Symptoms 
reported during the tilting can be helpful if they are typi-
cal of what the patient is experiencing in daily life and the 
clinician is able to correlate these with BP and HR values. 
Reproduction of symptoms may be important for validating 
the patient’s complaint, but this is of little diagnostic value 
compared to objective physiological or neurochemical data. 
Later we discuss the quite different parameters for identify-
ing and quantifying orthostatic hypotension (OH, including 
immediate and delayed OH), diagnosing postural tachycar-
dia syndrome (POTS), and provoking neurally mediated 
hypotension (NMH) or neurally mediated syncope (which 
includes vasovagal syncope).

Context

Head-up tilt table testing should be done not as an isolated 
test, but in the context of a complete clinical evaluation 
including the all-important autonomic history and physical 
examination. Combining tilt table testing with other auto-
nomic tests, especially beat-to-beat blood pressure and heart 
rate responses to the Valsalva maneuver, is highly desira-
ble as it is indispensable for distinguishing noradrenergic 
impairment. Although not invariably needed or available 
in all laboratory settings, additional ancillary tests such as 
systemic hemodynamic measurements and serial blood sam-
pling for plasma levels of catechols can be informative.

Time of day

There are diurnal rhythms in autonomic outflows. Patients 
with neurogenic OH often have lower BP and are more 
symptomatic in the morning than later in the day. Patients 
with syncope also have more frequent symptoms and have 
reduced tolerance to orthostatic challenge in the morning 
[35–37]. Accordingly, patients with COI have significantly 
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higher tachycardia in the morning hours [38]. Healthy 
individuals also have relatively reduced orthostatic toler-
ance in the morning [38, 39]. By contrast, the physiologic 
responses in initial OH and delayed OH appear to be inde-
pendent of diurnal rhythms [40].

Room temperature

It is well known that people are more likely to faint in a 
warm than cool environment; however, there is no research 
literature on the relationship between room temperature 
and hemodynamic responses or the likelihood of positive 
tilt table test results.

We recommend that the temperature of the room be 
within a comfortable range (22–24 °C) that is not so cold 
as to induce shivering or so warm as to evoke sweating 
under resting conditions.

Meals

Patients are instructed to eat no more than a light meal 
before coming to the testing room, abstain from alcohol 
or caffeine, and, for at least 2 h prior to the testing, to fast 
or take only clear liquids. These general instructions suf-
fice for most clinical settings. Quantified specifications of 
calories and volume may be appropriate in certain research 
settings. What is important for clinicians to recognize is 
that patients with α-synucleinopathies or postprandial 
hypotension may have more pronounced OH during ortho-
static challenge after a high-carbohydrate meal [41–43]. 
The potential influences of a meal have not been studied 
formally in patients with syncope. Additionally, because 
of the possibility of acute vomiting, the patient should not 
be tested shortly after eating a meal.

Psychological milieu

Whereas the alerting sound of alarms or pagers, cold or 
hot air from ventilation ducts, and room brightness might 
affect the test results but have not been systematically stud-
ied, anecdotal experience suggests that all of these stimuli 
can influence autonomic responses. The autonomic testing 
room should be quiet and isolated from noise, although 
a white noise generator may be useful to mask nearby 
sounds. The patient should feel relaxed and, to the degree 
possible, should not be in pain. The patient should be 
encouraged to empty the bladder before the setup for the 
testing. A minimum number of staff should be present so 
that the patient feels at ease.

Prescribed medications

Appropriate management of prescribed medications (and 
dietary supplements) in preparation for tilt table testing 
could itself be a topic for a substantial review. There is no 
substitute for in-depth knowledge of the clinician about 
autonomic pharmacology, diagnoses being entertained, and 
hypothesized pathophysiologic mechanisms. Questions to 
be considered include which drugs should be continued, 
which to be held, and for how long. Consideration should 
be given to the potential for rebound phenomena (e.g., from 
β-adrenoceptor agonists, α-adrenoceptor antagonists, cloni-
dine, benzodiazepines, serotonin/norepinephrine reuptake 
inhibitors) and the timing of anticipated peak rebound. When 
a patient is referred for tilt table testing, it should be decided 
beforehand who will monitor risks and take responsibility 
for adverse events. The potential influence of medications 
should be considered when interpreting tilt table findings.

Continuous versus intermittent monitoring

BP and HR are assessed frequently and continuously 
throughout the procedure. The state of the art of tilt table 
testing is brachial sphygmomanometry by arm cuff com-
bined with automated, continuous tracking of beat-to-beat 
BP by a finger cuff device. The latter is noninvasive and has 
largely supplanted intra-arterial BP recording for obtaining 
beat-to-beat BP measurement in clinical settings. Brachial 
sphygmomanometry yields accurate BP values, although 
systolic BP may be overestimated if there is substantial 
arterial stiffening. Continuous finger BP recording can 
detect rapid trends or oscillations in BP. Finger BP should 
be calibrated against brachial sphygmomanometry at base-
line. In patients with digital vasoconstriction, the finger 
BP may be substantially below the brachial BP or may not 
even be recordable. In this setting, the hand may be warmed 
passively; however, if this is done the potential artifactual 
effects should be considered.

Position before head‑up tilt testing

The patient should rest in the supine posture for at least 
10 min [44, 45] to establish a stable baseline.

Arm position

If the brachial blood pressure is being monitored, or if a finger 
BP system is used that does not incorporate a height correc-
tion unit, then for all postures, BP measurements should be 
taken at the vertical level of the heart via an adjustable arm 
rest extended laterally. This may not be necessary if a finger 
BP device is used that incorporates a height correction unit. 
The patient should not have the arm extended without support 
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because this introduces the possibility of effects of isometric 
exercise on the measurement.

Physical parameters

The tilt table must be structurally strong enough to support 
the weight of the patient safely. At the end of the table there 
typically is a foot plate on which the patient’s feet rest during 
upright positioning. This helps to keep the patient securely 
on the table but might facilitate muscle pumping that could 
affect the results. Adjustable straps used to secure the patient 
should secure but not constrict the patient’s legs. The table 
should be padded to help the patient relax. A pillow placed 
behind the patient’s head minimizes discomfort; however, the 
pillow should be removed when the head of the table is tilted 
up because the pillow may fall.

A method that eliminates muscle pumping is to suspend the 
patient in a harness in which the feet do not touch the ground. 
This “parachute tilt” method is seldom implemented, as it does 
not permit gradual or incremental changes in the tilt angle, and 
the device can be uncomfortable.

Velocity of tilting

It has been suggested that the tilt table be raised slowly from 
the horizontal plane [46]. Different motorized tilt tables have 
different rates of tilt angle change, and some are adjusted man-
ually. The rate of change in angle is rarely recorded and has 
not been studied. A slow velocity of tilting has been shown 
to cause less activation of muscle sympathetic nerve activity 
[47] and decreases the tendency to tense antigravity muscles. 
A slow angular velocity is also less likely to stimulate velocity-
dependent otolith afferents and cause vertigo.

Angle of tilting

In choosing the angle of head-up tilt, the goal is to expose the 
patient to adequate gravitational stress while minimizing skel-
etal muscle contractions. At increased angles, the responses 
of muscle sympathetic nerve activity, heart rate, stroke vol-
ume, and cardiac output to orthostatic stress are stronger [48]. 
A reasonable compromise is to tilt the patient to an angle of 
between 60° and 80°. An optimum angle in our experience is 
70° (Fig. 1). Angles of 60°, 70°, and 80° expose the patient 
to 87%, 94%, and 98% of the gravitational exposure of a 90° 
angle. An angle of 90° would be equivalent to active standing, 
which differs physiologically, as discussed above.

Duration of tilting

The duration of head-up tilting depends on the clinical ques-
tion being addressed—from 5 min in a patient referred for 
OH to 45 or even 60 min in a patient referred for syncope.

Endpoint of tilting

By consensus of autonomics experts, OH is “a sustained 
reduction of systolic blood pressure of at least 20 mmHg 
or diastolic blood pressure of 10 mmHg within 3 min of 
standing or head-up tilt to at least 60° on a tilt table” [46]. 
For head-up tilt testing to diagnose OH, the consensus defi-
nition seems straightforward. There are some aspects, how-
ever, that bear comment. Briefly, the consensus definition 
involves compromises due to differences in practices among 
autonomics centers.

(1)	 The qualifier “sustained” may seem puzzling since the 
duration of observation is specified to be just 3 min. 
What the experts have in mind is that in many appar-
ently healthy people, BP falls rapidly as soon as they 
stand up from lying down, but the fall in BP is transient, 
recovering within 30 s. On the other hand, patients with 
neurogenic OH can have such a rapid, severe fall in BP 
that it is unsafe to keep the patient upright for a longer 
period of time. The consensus definition is a practical 
compromise that recognizes that a rapid fall in BP that 
does not recover within 3 min is usually a positive find-
ing.

(2)	 The consensus definition does not specify the angle or 
duration of posture before the person stands up or is 
tilted. Going from supine to standing is not the same as 
going from seated to standing, and the baseline BP is 
affected by how long the patient has been at rest. This 
also is a compromise, because autonomic centers differ 
in their methods of obtaining orthostatic vital signs. It 
seems intuitively obvious that in patients with failure 
of the sympathetic noradrenergic system, the extent of 
fall in BP between lying down and standing is greater 
than the fall between being sitting and standing.

	   In our opinion, before the baseline BP is measured, 
the patient undergoing a tilt table test should be supine 
(with head on pillow) for at least 10 min. During this 
time, the observer can list all the medications and die-
tary supplements that the patient has taken within the 
past 24 h and when they were taken. The location of the 
measurement, the time of day, and when and what the 
patient last ate should be noted (the latter because of the 
possibility of postprandial hypotension). When meas-
uring orthostatic vital signs in the outpatient clinic, a 
supine rest time of 10 min is not always practical, and 
a time of 2 min is a reasonable compromise. The time 
supine can be extended by performing other parts of 
the physical examination supine and then measuring 
BP supine and standing.

(3)	 The word “or” in “reduction of systolic blood pres-
sure of at least 20 mmHg or diastolic blood pressure 
of 10 mmHg” allows for a diagnosis of OH if only the 
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systolic or only the diastolic BP drops. This is another 
compromise. In our opinion the orthostatic fall in sys-
tolic BP is the most important indicator of OH. An 
abnormal decrease in diastolic BP without an abnormal 
decrease in systolic BP is rare in patients with orthos-
tatic disorders [49], and systolic BP changes correlate 
more closely than diastolic BP changes with orthos-
tatic intolerance [50]. Diastolic BP, although making 
a greater contribution to the mean arterial pressure, is 
less useful because it is more difficult to measure pre-
cisely, as the demarcation between Korotkov sounds IV 
and V can be barely audible.

(4)	 The choice of “standing or head-up tilt to at least 60°” 
limits the standardization and generalizability of the 
definition of OH. As previously discussed, the physi-
ology and hemodynamic responses of active stand-
ing and passive head-up tilt are not identical. Going 
from supine to standing, seated to standing, horizontal 
to 60°, or horizontal to 90° are very different proce-
dures, and measurements that count as OH in one situ-
ation might differ and not count in another. This is yet 

another compromise. Many practitioners do not have 
access to a tilt table. Among those who do, some tilt 
the patient to a full head-up position—i.e., the patient 
is made to stand upright—and others tilt the patient to 
60° or another angle less than 90°.

Ancillary testing

A variety of ancillary tests can provide important supple-
mentary information and are typically used at referral cent-
ers or in research settings (Fig. 2). Finger cuff BP systems 
may include built-in programs for continuous tracking of 
cardiac stroke volume and thereby of cardiac output and 
total peripheral resistance. Via an indwelling intravenous 
catheter, serial blood samples can be drawn to track plasma 
levels of catecholamines and so detect and quantify sympa-
thoadrenal imbalance, where plasma epinephrine responses 
increase more than plasma norepinephrine responses prior 
to tilt-induced neurally mediated hypotension or syncope 
(Fig. 2) [51]. When people faint, they sweat [52], and this 
can be tracked by monitoring skin electrical conductance 

Fig. 1   Schematic of the head-up 
tilt table test. The blue shape 
represents an approximation of 
the distribution of the central 
venous blood volume, which 
at a baseline angle of 0° is 
liberally present in the thorax. 
At at an angle of 70°, the force 
of gravity shifts much of the 
thoracic venous blood volume 
downward into the pelvis and 
proximal lower extremities. 
A tilt angle of 70° results in a 
gravitational force of 0.94 G, 
which approximates the vertical 
angle but does fully engage the 
leg muscles to remain upright



223Clinical Autonomic Research (2019) 29:215–230	

1 3

(Fig. 2). It is commonly thought that syncope can result from 
hyperventilation-induced cerebral vasoconstriction. This 
can be assessed by monitoring respiration using a simple 

impedance device or monitoring exhaled carbon dioxide. 
Skin temperature monitoring, laser-Doppler flowmetry, or 
forearm blood flow by impedance plethysmography may 
also be considered. Transcranial Doppler-ultrasound record-
ing can detect changes in cerebral blood flow velocity, but 
this measurement is technically challenging during changes 
of posture and has been used as a research tool [53]. Finally, 
video recording has substantial potential for tracking rel-
evant changes such as patient speech and postural adjust-
ments, pallor, and eye position and movements, but has not 
yet been incorporated into routine clinical practice.

Head‑up tilt in the diagnostic evaluation 
of orthostatic hypotension

The use of the tilt table in diagnosing OH is usually straight-
forward. The diagnosis does not require symptoms; in fact, 
it is not unusual for a patient with chronic neurogenic OH to 
report no specific symptoms despite a profound drop in BP. 
Upon reaching the head-up posture, BP typically falls rap-
idly, remains low relative to baseline, and does not recover 
until the horizontal posture is restored [54]. Systolic values 
are more informative than diastolic values [49]. A tilt test of 
5 min duration is usually sufficient to detect OH.

Moreover, head-up tilt is useful in distinguishing neu-
rogenic OH from other, less serious causes of OH, such as 
venous pooling or dehydration from inadequate fluid intake 
or excessive fluid loss. A minority of patients with OH will 
have neurogenic OH, which is a cardinal manifestation of 
sympathetic neurocirculatory failure [55] and is caused by 
deficient reflexive release of norepinephrine. Two features 
are helpful diagnostically. First, in most patients with neu-
rogenic OH, the fall in BP tends to be larger (≥ 30 mmHg 
systolic), and the HR response is blunted [56]. A prospec-
tive study of 423 patients, 378 of whom had neurogenic OH 
associated with degenerative α-synucleinopathies, found that 
neurogenic OH could be reliably distinguished from other 
causes of OH when the ΔHR/ΔSBP ratio was < 0.5 beats/
min per mmHg [57]. However, in our experience, the HR 
change is not always sufficient to distinguish neurogenic OH, 
particularly in patients with early autonomic failure who 
are taking β-blockers or have a cardiac pacemaker. In these 
cases, a second parameter is useful; namely, in neurogenic 
OH, beat-to-beat BP responses to the Valsalva maneuver are 
always impaired [58].

Head-up tilt table testing may identify OH variants. One 
such variant is initial OH, defined as an immediate transient 
BP decrease of > 40 mmHg systolic or > 20 mmHg diastolic 
with symptoms of cerebral hypoperfusion occurring within 
5–15 s of assuming the upright posture [31]. As previously 
discussed, initial OH is typically seen and best evaluated 
during active standing. Patients who have this typically do 

Fig. 2   Values for physiological and neurochemical variables during 
and at 10 min of supine recovery after head-up tilt table testing in a 
patient evaluated for orthostatic intolerance. HR heart rate, BPs sys-
tolic blood pressure, NE plasma norepinephrine concentration, EPI 
plasma epinephrine concentration, FVR forearm vascular resistance, 
SV stroke volume, SEC skin electrical conductance. There is sub-
stantial orthostatic tachycardia. BP declines slowly and progressively 
during tilting and then suddenly falls (neurally mediated hypotension, 
NMH). Plasma EPI increases to a proportionately greater extent than 
does plasma NE (sympthoadrenal imbalance). FVR decreases dur-
ing the tilting (normally FVR increases), and SV decreases progres-
sively to a low value. SEC increases progressively prior to NMH. 
The patient was studied at the National Institutes of Health Clinical 
Center after having given written informed consent to participate in 
a research protocol approved by the Institutional Review Board of the 
National Institute of Neurological Disorders and Stroke
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not exhibit abnormal findings during head-up tilt [46], but 
occasionally it is seen.

Another variant is delayed OH, defined as a fall in BP that 
fulfills the consensus criteria for OH except that it occurs 
after 3 min [46]. In a follow-up study, half had progressed to 
nOH 10 years later, and nearly a third had phenoconverted 
to an α-synucleinopathy [59]. Its temporal profile (Fig. 3) 
tends to be gradual in comparison to that of the vasodepres-
sor response of syncope [54].

Tilt table testing in the diagnosis of OH is recommended 
by the American Autonomic Society, the American Academy 
of Neurology, and the European Federation of Neurological 
Sciences [46, 60].
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Head‑up tilt in the diagnostic evaluation 
of orthostatic intolerance

The use of the tilt table in diagnosing COI and POTS 
requires more interpretation. Patients in the head-up posi-
tion may report symptoms of dizziness, weakness, warmth, 
dyspnea, nausea, or headache—whether they have corre-
sponding hemodynamic abnormalities or not. The hemo-
dynamic manifestations of orthostatic intolerance range 
from subtle to overt. POTS is defined by a sustained heart 
rate increment of ≥ 30  beats/min (≥ 40 beats/min for 
patients < 20 years of age) within 10 min of standing or 
head-up tilt. By definition, the tachycardia cannot occur 
in response to OH [46], although POTS patients can have 
progressive declines in BP followed by sudden neurally 
mediated hypotension (NMH). Figure 3 shows an example 
of this phenomenon.

The criterion of sustained tachycardia is important. As 
normative data for HR during head-up tilt are based on time-
averaged HR, momentary spikes in HR exceeding 30 bpm 
when the mean HR is within normal limits would not qualify 
for a diagnosis of POTS [61]. Another pattern that may be 
seen is a temporal profile of initial tachycardia that settles 
down into the normal range while the patient is still in the 
head-up posture (Fig. 3). Transient tachycardia at the begin-
ning of head-up tilt which then subsides is more typical of 
the tachycardia that occurs during the physiology of active 
standing or that might be triggered by anxiety in response to 
the test or stimulation of the vestibular system by the rota-
tion of the table.

The potential influence of concurrent medications or pro-
vocative agents administered during the test should not be 
overlooked. Numerous medications can increase or decrease 
the HR at baseline as well as influence the magnitude of 
HR change during head-up tilt. Isoproterenol, a nonselec-
tive β-adrenoceptor agonist agonist, increases the HR by as 
much as 30 beats/min at doses used as a provocative agent to 
induce neurally mediated syncope. Similarly, other stimulant 
drugs, norepinephrine transporter inhibitors, and anticho-
linergic drugs that elevate the heart rate should be withheld 
during testing if a diagnosis of POTS is being considered 
[62]. POTS should not be diagnosed when medications 
explain the tachycardia seen on head-up tilt. Analogously, 
one would not diagnose essential hypertension after giving 
a pressor drug or a sleep disorder after giving a hypnotic.

With or without tachycardia, patients with symptomatic 
COI will often exhibit fluctuations in beat-to-beat BP in the 
head-up posture. In some cases these oscillations are syn-
chronous with respiratory sinus arrhythmia. In other cases 
they represent Mayer waves reflecting oscillations in baro-
receptor or chemoreceptor function. When prominent, they 
may indicate a susceptibility to vasomotor instability.

Tilt table testing in the diagnosis of orthostatic intoler-
ance is a class IIb recommendation by the Heart Rhythm 
Society [63].

Head‑up tilt in the diagnostic evaluation 
of syncope

Tilt table testing has been studied more extensively for 
the diagnosis of syncope than for any other condition [45, 
63–66]. The reasons for this are that the clinical evaluation 
of syncope can be challenging, with it often eluding diag-
nosis despite extensive and costly cardiac tests, and when 
syncope occurs without warning or is recurrent, its associ-
ated morbidity and potential mortality are nontrivial [62]. 
Syncope is also common, occurring in at least 40% of people 
at least once during their lifetimes [67, 68].

Syncope has long been thought of as being either a vaso-
depressor phenomenon caused by withdrawal of sympathetic 
vasoconstriction or a cardioinhibitory phenomenon caused 
by a drop in cardiac output. Many patients will exhibit some 
combination of these. The pathophysiology of syncope is 
complex and remains incompletely understood.

An attractive but disproven model was the Bezold–Jarisch 
reflex, which explained syncope as a reflex response elicited 
by forceful contractions of the left ventricle under condi-
tions of decreased cardiac filling, the so-called “empty heart 
syndrome.” However, there is no convincing evidence that 
cardiac filling decreases substantially prior to tilt-evoked 
syncope [69]. Additionally, cardiac transplant patients who 
lack afferent or efferent nervous connections to the heart 

Fig. 3a–f   Representative continuous beat-to-beat BP and HR record-
ings in selected patients demonstrating common abnormal profiles on 
passive head-up tilt table testing. a In initial OH (seen more typically 
during active standing), a transient drop in BP of > 40 mmHg occurs 
within 5–15  s and recovers within 1 min. b In non-neurogenic OH, 
there is a sustained decrease in systolic BP of > 20 mmHg. In most 
cases, unless the patient is taking a beta blocker or has a pacemaker, 
compensatory tachycardia occurs. c In neurogenic OH, there is a 
larger sustained decrease in systolic BP, typically > 30 mmHg, and in 
most cases compensatory tachycardia is absent. Supine hypertension 
may be present. A diagnosis of neurogenic OH should be confirmed 
by detecting inadequate BP responses to the Valsalva maneuver. d 
In delayed OH, the BP does not reach the threshold for OH within 
the first 3 min of head-up tilt, but a further gradual decrease in BP 
occurs, reaching the criterion for OH beyond 3  min of standing or 
head-up tilt. e In syncope caused by neurally mediated hypotension, 
a delayed decrease in BP occurs more suddenly than that of delayed 
OH. This profile is typical of a vasodepressor response and is accom-
panied by relative bradycardia. Note the preceding tachycardia (which 
in this patient qualifies for POTS) and oscillations in BP indicating 
the sympathoadrenal imbalance typical of the presyncopal prodrome. 
At the moment of loss of consciousness, the table was returned to the 
horizontal position and the patient regained consciousness and base-
line BP. f In POTS, the HR sharply rises during the first 30 s of head-
up tilt and remains elevated as long as the patient is in the upright 
position. OH does not occur. Oscillations in beat-to-beat BP and HR 
may be seen while in the head-up position

◂
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can have spontaneous and evoked syncope [70, 71]. Another 
perspective considers vasodilatation from the withdrawal of 
sympathetic vasopressor tone to be the final common path-
way leading to syncope, but electrophysiologic studies chal-
lenge this model as well. Recordings of muscle sympathetic 
nerve activity have shown persistent activity during syncope, 
indicating that full withdrawal of baroreflex-mediated skel-
etal muscle vascular tone is not an obligatory prerequisite 
for syncope [72–75]. Among the additional factors that have 
been suggested to play a role in syncope are the vasodilator 
nitric oxide [76] and hypocapnic cerebral vasoconstriction 
[77].

Ultimately, whereas syncope is manifested by cardiovas-
cular changes, the preponderance of evidence points to its 
origin in the brain. In recognition of this, the terminology 
“neurally mediated syncope,” “neurally mediated hypoten-
sion,” or “neurocardiogenic syncope” is often used synony-
mously with “vasovagal syncope.” Piorry recognized this 
nearly two centuries ago, writing: “Syncope is produced by 
moral impressions, odours, the sight of a disagreeable object, 
all which can act only on the brain or organs of sense” [11]. 
Mental states such as anxiety, fear, emotional distress, or 
the sight of blood are well-recognized triggers in otherwise 
healthy persons [64, 67, 78]. Studies of medical students, 
for example, have found that approximately one-third had 
a prior history of syncope [79], and 12% had near or actual 
syncope during their first exposure to the operating theater 
[80]. An intriguing clue to this brain–heart phenomenon is 
right insular atrophy detected by volumetric MRI studies in 
patients with neurally mediated syncope on head-up tilt [81]. 
The insular cortex is intimately involved in interoceptive 
awareness, visceral states associated with emotional expe-
rience, and autonomic regulation. If syncope originates in 
the brain, then a stimulus, such as the tilt table, that stresses 
the circulatory system may not succeed in reproducing the 
phenomenon in every case.

A characteristic prodrome precedes the loss of conscious-
ness that occurs in syncope. Beat-to-beat monitoring of BP 
and HR during head-up tilt typically shows a build-up of 
tachycardia with progressive narrowing of pulse pressure 
lasting several minutes. The tachycardia may rise to the level 
of POTS (Fig. 3); in fact, POTS and syncope sometimes 
coexist in the same patient [82]. During the prodrome the 
patient may report symptoms of lightheadedness, warmth 
or coldness, nausea, impaired mental focus, muffled hear-
ing, visual graying or blackening, tunnel vision, palpitations, 
dyspnea, clammy skin, fecal urgency, or “coat hanger” dis-
tribution nuchal aching. The autonomic physical examina-
tion continues during the tilt table test. Physical signs may 
include facial pallor, declining level of consciousness with 
reduced speech output, pupillary dilatation, increased rate 
of respiration, yawning, sighing, sweating, lower extremity 
erythema, or increased peristalsis [64, 66, 83]. When these 

symptoms and signs occur, syncope is imminent, and the 
patient should not be left unattended.

This prodrome is followed by a drop in BP over 1–3 min 
and a more rapid drop in HR over less than a minute (Figs. 2, 
3). The hypotension rarely occurs immediately on tilt-up, as 
it typically does in neurogenic OH, but after many minutes. 
Once systolic BP decreases to 50–60 mmHg or lower for 
7 s, loss of consciousness occurs [66]. When loss of con-
sciousness occurs, the tilt table should be returned promptly 
to the horizontal position. Leaving the unconscious patient 
supported for a long time in the upright posture, particularly 
if carotid stenosis is present, places the patient at risk for 
complications of cerebral hypoperfusion such as a secondary 
seizure. Very rarely, watershed ischemic cerebral infarctions 
can occur in patients with syncope who are restrained in a 
seated position [84], although to our knowledge this has not 
been reported in the context of tilt table testing.

When head-up tilt results in syncope or near syncope, 
as can occur in healthy individuals as well as those with 
a history of transient loss of consciousness, it establishes 
a predisposition, but alone it does not prove that syncope 
is the cause of the patient’s particular symptoms. Tilt table 
testing in patients with syncope has an estimated diagnostic 
sensitivity of 25–75% and a specificity of 90–100% [44, 83]. 
The reproducibility on repeat testing of an initial positive 
syncopal response is 31–92%, whereas the reproducibility 
of an initial negative study is 85–94% [85]. The tilt table test 
is useful in distinguishing between convulsive syncope and 
epilepsy, between syncope and psychogenic pseudosyncope, 
and when the history is limited or the cause of transient loss 
of consciousness remains unclear. The tilt table is not use-
ful, however, in predicting the response to specific medical 
treatments [63], with one reason being its inconsistent repro-
ducibility. Tilt table testing in the diagnosis of syncope is a 
class IIa recommendation by the Heart Rhythm Society [63].

Pharmacologic provocation

The use of pharmacologic agents to provoke syncope on the 
tilt table is an innovation that has proven to be problematic. 
Isoproterenol and nitroglycerin have been the agents most 
commonly used with the goal of increasing the diagnostic 
yield of syncope on the tilt table [44]. Adenosine and clo-
mipramine have also been used [86, 87].

Two sentinel studies initiated the use of isoproterenol 
during tilt table testing to identify patients predisposed to 
neurally mediated syncope. Waxman and colleagues admin-
istered isoproterenol in intravenous boluses of 2–8 μg to 48 
patients, ages 17 to 74 years, with or without a history of 
syncope, who were tilted to 60° for 5–15 min. The sensitiv-
ity and specificity for predicting syncope were 73% and 85%, 
respectively [25]. The same year Almquist and colleagues 
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administered isoproterenol in doses of 1–5 μg/min to 24 
patients, ages 14–80 years, all of whom had had at least 
three episodes of unexplained syncope or presyncope and 
were tilted to 80° for up to 10 min. In patients with syncope, 
the sensitivity and specificity for tilt table testing alone were 
27% and 96%, but with the addition of isoproterenol they 
were 82% and 88%, respectively [88].

Subsequently, Shen and colleagues compared passive 
head-up tilting to 70° for 45 min in 111 patients with a his-
tory of syncope and 23 control subjects without a history of 
syncope who were randomized to receive either isoproter-
enol infused at 0.05 μg/min or no drug. In the patients with 
a history of syncope, passive head-up tilt produced syncope 
in 32%, and isoproterenol during head-up tilt produced syn-
cope in 56% of patients (P = 0.002). In the normal control 
subjects, passive head-up tilt produced syncope in 9%, and 
isoproterenol during head-up tilt produced syncope in 17% 
of subjects (P = 0.002) [44]. Across studies, isoproterenol 
increases the diagnostic sensitivity of head-up tilt to approxi-
mately 60–85%, while the diagnostic specificity as compared 
to passive head-up tilt is reduced to 35% to 83% [44, 45, 83].

Isoproterenol infusion is not without potential risks, espe-
cially in patients with structural heart disease, and enthu-
siasm for its use has waned following reports of supraven-
tricular arrhythmias, variant angina pectoris, and ventricular 
fibrillation during tilt table testing [89, 90]. A potential con-
founding factor is the placement of an intravenous catheter, 
as intravascular instrumentation itself is a stimulus that can 
provoke syncope [91].

Sublingual nitroglycerin as a provocative agent has the 
advantage, particularly in children, of avoiding the need for 
intravenous catheterization. In the diagnosis of syncope, 
nitroglycerin affords a sensitivity of approximately 50–80% 
and a specificity of 85–95% [27, 90, 92]. Comparison studies 
of nitroglycerin during head-up tilt have shown 12% more 
frequent positive responses in comparison to isoproterenol, 
and favorable tolerability [93, 94].

Noting consistent reports of decreased diagnostic speci-
ficity with the use of pharmacologic provocative agents, 
it may be unclear in individual patients whether syncope 
observed on the tilt table is pathophysiologic or iatrogenic. 
The Heart Rhythm Society consensus guidelines, while 
drawing attention to decreased specificity, recommend nei-
ther for nor against the use of these agents [63]. In our opin-
ion, these agents should not be used in routine diagnostic tilt 
table testing because of the high false positive rates.

False‑positive tilt studies

How one should interpret syncope or near syncope that 
occurs during head-up tilt table testing in the patient without 
a history of loss consciousness is a question that arises in 

clinical practice. (This question may not come up for prac-
titioners who perform tilt testing only on patients with a 
history of transient loss of consciousness.) Much depends 
on the context. If the patient is acutely dehydrated, hypoten-
sion or tachycardia during head-up tilt may simply reflect the 
patient’s current intravascular volume status.

A positive tilt table test without pharmacologic provoca-
tion probably indicates a physiologic predisposition to syn-
cope, whether the patient has a history of fainting or not. 
This assumes the test was performed under standard condi-
tions, as it is known from aviation medicine that anyone can 
faint under sufficient intensity or duration of gravitational 
stress. Physiologic predispositions come in degrees, and 
whereas a positive test might reflect an increased probabil-
ity of subsequent fainting, not everyone with a preposition is 
destined to faint in ordinary life. There is the temptation in 
clinical practice to point to a positive test result as a way to 
explain enigmatic symptoms. However, a test alone does not 
establish a diagnosis. The tilt table findings must be com-
bined with other clinical information. It is also important 
not to label a healthy patient who has never fainted with a 
diagnosis of syncope on the basis of a tilt table test.

A positive tilt table test with pharmacologic provocation 
may also indicate a physiologic predisposition to syncope, 
but with less certainty. Further, as the Reggie Lewis case 
exemplifies, a positive tilt table test does not exclude alterna-
tive or additional diagnoses.

Tilt table artifacts

Not all variations in BP and HR during tilt table testing 
indicate autonomic pathology. Valid assessment of hemo-
dynamic changes requires that testing be conducted under 
controlled conditions and interpreted by a clinician knowl-
edgeable about autonomic physiology.

A diagnosis of OH, for example, requires a valid baseline 
from which to evaluate changes in the upright posture. Prior 
to tilting, the patient should remain at rest in a recumbent 
position for at least 10 min. Factors that can elevate base-
line BP include pain, anxiety, and pressor drugs. Without 
a sufficient rest time, if the baseline elevation of BP is not 
allowed to reach equilibrium, a false-positive determination 
of OH may be made.

While the patient is positioned head-up, it is important to 
maintain the arm where BP is being measured at the same 
height as the heart. If the arm is allowed to descend, the 
hydrostatic gradient between the heart and the measuring 
device will result in a falsely elevated BP of 0.8 mmHg for 
each cm of vertical displacement [95]. Mechanical proper-
ties of arteries, which increase in stiffness at higher pres-
sures, also affect the accuracy of BP measurement [96].
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Artifactual drops in BP frequently occur when the fin-
ger or wrist device loses contact with the peripheral pulse. 
This can happen if the patient moves the arm slightly or 
when the patient’s position on the table shifts during the 
transition to a vertical orientation. These drops are typically 
abrupt and may exhibit a stuttering pattern of inconsistent 
pulse detection. In other situations, they may taper off if the 
pulse pressure narrows or as a result of finger vasoconstric-
tion [61]. Finger cuff measurements should be confirmed 
by sphygmomanometry in the opposite arm. Oscillations or 
fluctuations in BP during head-up tilt may indicate ortho-
static intolerance, but they may also occur in response to 
limb tensing, coughing, or hyperkinetic movement disorders. 
Tremors are typically much higher in frequency than sym-
pathoneural BP variations [61].

Conclusion

Tilt table testing is an invaluable component of the clinical 
assessment of the autonomic nervous system, and is par-
ticularly useful in the evaluation of disorders that impair 
orthostatic tolerance. With or without the use of a tilt table, 
an expertly obtained history is indispensable to the accurate 
diagnosis of syncope and orthostatic disorders [2, 83, 97].
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