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Head-up tilt test – a rationale for using in diagnosis of syncope
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Abstract
Fainting and loss of consciousness (including syncope) are one of the most common causes of medical consultations. A detailed
history is of particular importance in their diagnosis. It allows to select a group of patients with a high risk of life-threatening
condition and to direct further interdisciplinary process with the participation of a cardiologist, neurologist, psychiatrist and
psychologist. The head-up tilt test (HUTT) has a special place in the diagnosis of neurocardiogenic syncope. The main purpose
of this review is to highlight the indications for HUTT and indicate situations in which it should be avoided due to the lack of
added value of the applied therapy.
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Introduction
Syncope - why the definition is important
According to current guidelines of the European Society of
Cardiology (ESC)(1), syncope is defined as a transient loss
of consciousness due to a generalized decrease in cerebral
perfusion, characterized by rapid onset, short duration, and
spontaneous complete recovery (1). The same document
draws attention to the essence of distinguishing syncope
from conditions without loss of consciousness, as well as
differentiating situations in which loss of consciousness
does not result from a reduction in central nervous system
perfusion. It should be emphasized that every syncope is a
loss of consciousness, but not every loss of consciousness is
a syncope.
Syncope is not a disease, but a symptom that can be inscribed
in the clinical picture of various disease entities, or may be the
result of a healthy organism's hyperactivity to some external
and internal stimuli. Classification of syncope is presented
in Table 1. Fainting and loss of consciousness are common

problems in the general population. Moreover, the situation
is complicated by the fact that the main causes of syncope
differ among age groups and depends on comorbidities (2, 3).
Reflex syncope is predominant in the general population as
well as in young people (3, 4), with the first episode between
the ages of 10 and 30, with a peak around the age of 25 (5).
The proportion of arrhythmias and organic diseases of the
cardiovascular system increases with age (6). The second peak
of syncope is after age 65, however, in this group of patients,
syncope secondary to cardiovascular diseases prevail (4).
In this group, the share of reflex vasovagal mechanisms is
estimated at 31-34% of the causes of syncope. The observed
episodes of orthostatic hypotension are most often caused by
drugs and polypharmacy (4). The largest source of information
on the epidemiology of syncope is the Framingham study,
with all limitations resulting from the studied population, in
which 3% of men and 3.5% of women experienced at least
one syncope episode in their lifetime, and the incidence of
syncope increased significantly after age 70 (7).
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Table 1. Classification of syncope
Reflex syncope (neurocardiogenic)
-

Vasovagal (orthostatic, emotional)

-

Situational

-

Carotid sinus syndrome

-

Atypical (without prodromes and/or without apparent triggers and/or atypical presentation

Orthostatic hypotension - OH
-

Primary autonomic failure (pure autonomic failure, multiple system atrophy, Parkinson’s disease, dementia with Lewy
bodies)

-

Secondary autonomic failure (diabetes, amyloidosis, spinal cord injuries, auto-immune autonomic neuropathy,
paraneoplastic autonomic neuropathy, kidney failure)

-

Drug-induced orthostatic hypotension most common cause of OH (e.g. vasodilators, diuretics, phenothiazine,
antidepressants, alcohol)

-

Volume depletion (hemorrhage, diarrhea, vomiting, etc.)

Cardiovascular syncope
-

Bradycardia-dependent (sinus node dysfunction - including bradycardia/tachycardia syndrome, atrioventricular
conduction system disease)

-

Tachycardia-dependent (supraventricular, ventricular)

-

Structural cardiac diseases (aortic stenosis, acute myocardial infarction/ischemia, hypertrophic cardiomyopathy,
cardiac masses -atrial myxoma, tumors, etc., pericardial disease/tamponade, congenital anomalies of coronary arteries,
prosthetic valve dysfunction)

-

Cardiopulmonary and great vessels diseases (pulmonary embolus, acute aortic dissection, pulmonary hypertension)

Diagnosis of loss of consciousness - is always the
same?
The key stage in the diagnosis of syncope is to distinguish syncope
from situations imitating transient loss of consciousness, such as
metabolic disorders (including hypoglycemia, hypoxia) as well
as epilepsy, intoxication or transient ischemia of the central
nervous system, often mistakenly referred to as "syncope" (1).
Accurate physical examination is of key importance, as it often
allows for initial diagnosis, prognosis and indicates the need
for additional tests. As part of the extended diagnostics of loss
of consciousness, we have, among others, echocardiographic
examination, extended ECG monitoring using the Holter
method (24-48-hour examination, event Holter, extended
electrocardiographic telemonitoring, implantable event
recorders), 24-hour ambulatory blood pressure monitoring
(ABPM), electrophysiological examination, and exercise
test. Provocative tests include carotid sinus massage, active
standing test, and tilt-test (head-up tilt test - HUTT). However,
not all patients need all of them. As mentioned above, the
primary element in the diagnosis of patients with syncope is
initial assessment (1). Based on the exact history taken from
the patient and witnesses of loss of consciousness, physical
examination, measurement of arterial pressure in the supine /
15

sitting position and after standing up and analysis of 12-lead
resting electrocardiographic (ECG) examination, it is possible
to make a preliminary diagnosis and assess the risk of serious
cardiovascular events, or sudden cardiac death (1, 2, 8, 9). It is
important to determine the situation in which fainting occurred,
prodromal symptoms, accompanying symptoms with particular
emphasis on the feeling of palpitations, chest pain, dizziness,
visual disturbances, pale skin or the occurrence of seizures.
Preliminary assessment allows the diagnosis of vasovagal,
situational, orthostatic syncope, myocardial ischemia and
arrhythmia-dependent syncope (but only in the case of ECG
documentation) in up to 23-50% of patients (10, 11).
When the diagnosis of a particular type of syncope on the
basis of a preliminary assessment alone is almost certain or
highly probable, further investigations can be discontinued
(1). In other cases, the initial evaluation may suggest a
diagnosis when the features listed in Table 2 are present. In
all other situations, or in the case of a family history of sudden
cardiac death, it is necessary to extend the diagnostic process.
By using the algorithm for distinguishing patients with low
and high risk of events (1), it is possible to reduce hospital
admissions from Emergency Department by as much as 29%
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Table 2. Data from initial anamnesis related to the mechanism of syncope*
Type of the syncope

Data from the anamnesis

Vasovagal

syncope caused by emotional stress or orthostatic stress accompanied by typical prodromal
symptoms

Situational

syncope during or immediately after the appearance of specific triggers

Orthostatic

syncope after standing up when orthostatic hypotension is documented

Cardiogenic related to
ischemia

syncope with ECG documented acute ischemia with or without myocardial infarction

Cardiovascular

syncope in a patient with:

Arrhythmogenic

-

moving atrial myxoma

-

severe aortic stenosis

-

pulmonary hypertension

-

pulmonary embolism

-

acute aortic dissection

syncope in a patient with:
-

persistent bradycardia <40 / min in awaken state or repeated episodes of sinoatrial block or
sinus pauses > 3 seconds,

-

Mobitz II type AV block or III degree AV block,

-

an alternating block of the right or left branch of HIS bundle,

-

VT or fast paroxysmal SVT,

-

episodes of no sustained polymorphic VT

-

extended or shortened QT interval,

-

malfunction of the cardiac stimulating system or ICD with the presence of ventricular
pauses

AV – atrioventricular, ECG – electrocardiography, ICD – implantable cardio-defibrillator, SVT – supraventricular tachycardia, VT
– ventricular tachycardia
* Reproduced under CCC license from reference 1.
(12). Proposed examinations in relations to suspected cause of
loss of consciousness are presented in Table 3.
The most developed diagnostic options are in the case of
arrhythmic syncope. Electrocardiographic monitoring is
recommended if there are clinical or ECG data suggesting
arrhythmias as a cause of syncope (1). The type of monitoring
method and its duration should be appropriate to the
frequency of recurrences of syncope; however, the most
popular standard 24-hour ECG monitoring using the Holter
method is only indicated when syncope occurs more often
than once a week. At present, we can successfully use
extended remote telemonitoring systems with real-time
evaluation of ECG recording in patients with fewer syncope
incidents, with observation time limited only by the patient's
tolerance, without any barriers in terms of device memory
capacity or battery performance. In other cases we can also
use implantable event recorders (1, 13).

In the case where a structural cause (valve disease, heart
tumors, thrombi etc.) of loss of consciousness is suspected, it
is advisable to perform echocardiography. However, routine
echocardiography in all patients is not cost effective, as it
confirms the diagnosis in a small percentage of patients with
syncope. In a study of Gana et al. (14) patients with abnormal
physical examination and ECG had abnormal findings on
echocardiography in only 36%, while less than 1% of patients
with normal physical examination group had positive findings
on echocardiography.

Tilt test – should not be ordered for everyone
Because diagnostics of broadly defined loss of consciousness
should be planned individually for each patient, the indications
for echocardiography or ECG monitoring should always be
carefully analyzed. It is no different in the case of the tilt test.
HUTT (head-up tilt test) is a test aimed at triggering the
16
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Table 3. Examination performed in diagnosis of different kind of syncope and loss of consciousness
Suspected cause of loss of consciousness

Proposed examinations

Vasovagal syncope

anamnesis
head-up tilt test

Situational syncope

anamnesis
provocative test including treadmill test

Sick sinus syndrome

anamnesis
carotid sinus massage

Orthostatic hypotension

anamnesis
active standing test
ABPM
neurological consultation

Arrhythmogenic syncope

12-leads resting ECG
24 -hours Holter ECG
telemetry
implantable arrhythmia recorders (ILR/ICM)
electrophysiological study
adenosine test

Structural heart disease

echocardiography (TTE, TEE)
heart CT/MRI

Psychogenic pseudosyncope

psychiatric consultation
head-up tilt test with simultaneous EEG

Cerebrovascular disorders

neurologic consultation
cerebrovascular USG /CT angiography
head CT/MRI

Epilepsy

neurologic consultation
EEG

ABPM – ambulatory blood pressure measurement, CT – computer tomography, ECG – electrocardiography, EEG –
electroencephalography, ICM – implantable cardiac monitor, ILR – implantable loop recorder, MRI - magnetic resonance
imaging, TTE – transthoracic echocardiography, TEE – transesophageal echocardiography, USG – ultrasonography

neurocardiogenic reflex in predisposed persons. HUTT in the
diagnosis of syncope of unknown etiology was introduced in
1986 by Kenny and colleagues (15). Since then, the method of
performing the test has changed many times - the tilt angle,
methods of pharmacological challenge and the duration of
individual phases of the study have been modified (16). The
protocol originally described by Ammirati et al. (17), with later
modifications known as the "Italian protocol"(18) seems to be
the most popular.
The passive phase of the test according to the Italian protocol
lasts 20 minutes, after which the active phase (with sublingual
trinitroglycerin (TNG, 300-400ug) lasting up to 15 minutes.
Other less frequently used test methods are the Westminster
protocol including only the passive phase lasting 45 minutes
(16), the test with isoproterenol (19, 20) or other possible
modifications of the duration of individual phases or the used
provocations.
17

HUTT, like any test, also has drawbacks. These include
frequent false positive results in patients with carotid sinus
syndrome (21) and other forms of reflex reactions (22). In
addition, patients with sinus node disease or paroxysmal
atrioventricular block may develop a reflex reaction during
HUTT despite no history of syncope (23). The table's angle
of inclination is of particular importance. The 60⁰ angle is
characterized by the highest sensitivity and specificity, while
the reduction of the angle is associated with a reduction in
sensitivity, and the slope above 60⁰ is associated with an
increase in the number of false positive results (24). Another
important determinant affecting HUTT sensitivity (without a
relationship to specificity) is the length of the passive phase
- the longer the passive phase of the test, the greater the
sensitivity (25).
The most significant limitation of HUTT seem to be poor
repeatability of the results, estimated at 31-92% with a result
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confirming the neurocardiogenic reflex and 85-94% with a
negative result (26), and the lack of exclusion of the diagnosis
of reflex syncope with a negative result of HUTT (1).

challenge used, a protocol with isoproterenol cannot be
performed in patients with coronary artery disease (32) or
sinus node disease (33, 34).

Also, do not forget about possible complications of the study.
During HUTT, asystole may occur that requires resuscitation
in patients with cardiodepressive syncope. After the
examination, arrhythmias may occur, mainly attacks of atrial
fibrillation (27, 28).

Contraindications to the test must be remembered not
only by the persons performing the examination, but first
and foremost by doctors referring patients to diagnostic
laboratories, including family doctors, primary care
physicians, also cardiologists and neurologists, which would
often reduce the waiting time for a specialist`s consultation
or hospitalization and would allow to avoid unnecessary
patients’ disappointments resulted from prolonging the
whole diagnostic and therapeutic process.

Tilt test - when “YES” and when “NOT”
HUTT is indicated in patients with suspected reflex syncope
when initial assessment does not allow to find a diagnosis
(1, 15, 19, 24). In a subject with a typical history of vasovagal
syncope, preceded by typical predictive symptoms, or with
a history of only one syncope, there is no need for a test to
provoke neurogenic syncope. When cardioinhibitory syncope
is suspected, HUTT could be useful to select candidates
to pacemaker implantation when pure cardioinhibitory
response is provoked. It should be remembered, that if a
mixed or vasodepressor reaction is observed during HUTT, a
cardioinhibitory reaction could occur in spontaneous syncope.
However, there are situations when the first episode of syncope
is an indication for the provocation of a vasovagal reaction.
Patients, whose subsequent loss of consciousness threatens
themselves or their surroundings, belonging to professional
groups such as bus and truck drivers, working at heights, pilots
should be examined in every case of syncope or presyncope.
Another, although controversial, exception to this rule is the
willingness (of the doctor and patient) to demonstrate to
the patient the mechanism of reported ailments, avoid fear
of subsequent loss of consciousness and ensure about the
harmless nature of the "disease" by provoking symptoms
during HUTT under controlled conditions (1). HUTT should
not be performed in patients with syncope of unclear etiology
whose epilepsy, neurological disorders or other cardiovascular
diseases have not been ruled out, as well as to assess the
effectiveness of treatment or patients with fainting without
loss of consciousness.
If during the diagnosis of syncope an organic heart disease was
found, HUTT can be performed only after excluding it as a cause
of loss of consciousness. In the elderly, in whom syncope is
often caused by orthostatic hypotension, HUTT may be useful
in differentiating the mechanism of syncope, then the passive
phase of the test becomes the equivalent of a standing test, or
to differentiate syncope from “drop attacks”(29). HUTT is the
only examination enabling confirmation of postural-orthostatic
tachycardia syndrome (POTS), a rare form of orthostatic
intolerance, most common in young women (30, 31).
Although HUTT is a relatively safe test, one should remember
about contraindications. Neurocardiogenic reactions should
not be provoked in pregnant women, patients with severe
cerebral atherosclerosis, as well as those in whom syncope
is caused by structural heart diseases, confirmed by e.g.
echocardiography (1). Depending on the pharmacological

Do you always need a neurological consultation?
In a group of patients with loss of consciousness, it should be
remembered that not everyone requires a full neurological
assessment - including ultrasound of the head arteries, EEG,
head CT. Such extensive diagnostics is only necessary in cases
of suspected loss of consciousness, which is not syncope. In
addition, in patients with orthostatic hypotension, one should
think about neurological diagnostics if primary autonomic
failure is suspected in the course of diseases such as multisystem atrophy, Parkinson's disease, dementia with Lewy
bodies.
In the differentiation of reflex and neurological causes of loss of
consciousness (including patients with suspected psychiatric
disorders and pseudo-syncope) HUTT can be performed
with simultaneous EEG monitoring and video recording
(35). Detailed psychiatric and psychological assessment is
recommended in these patients (36).
It should be remembered that syncope with prolonged
bradycardia and hypotension may be accompanied by
involuntary urination and stool, asynchronous myoclonus, eye
movement, which are an expression of central nervous system
hypoperfusion, and can incorrectly be considered convulsions;
then a positive HUTT result can protect patients from longterm use of antiepileptic drugs and further consequences
resulting from the diagnosis of epilepsy (37, 38).

Conclusion
Head-up tilt test can be useful non-invasive examination for
the diagnosis of syncope of unclear etiology when vasovagal
mechanism is suspected. Considering the disadvantages
and limitations, it should not be performed in every patient,
but only in strictly defined situations. It is the only study
enabling the diagnosis of postural-orthostatic tachycardia,
a form occurring mainly in young women. In addition, HUTT
can be useful in the population of elderly patients, in whom,
after ruling out cardiogenic syncope, allows for the diagnosis
of vasovagal syndrome, orthostatic hypotension and to
distinguish syncope from falls. Restrictions of HUTT should
not lead to the cessation of testing, but should only encourage
more careful and thoughtful qualification, which would allow
maintaining the satisfactory sensitivity and specificity of this
18
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test. Full diagnosis of loss of consciousness should be carried
out in an individualized manner, and the selection of tests and
diagnostic procedures should be made rationally to minimize
the costs and duration of the entire diagnostic process.
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