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Evaluating unexplained syncope
with upright tilt testing
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N NEARLY 45% of patients

Trials of upright tilt testing for vasovagal syncope with syncope, a cause cannot
are difficult to evaluate, owing to differing methods used and be established."”” Many of
the lack of a gold standard with which to compare this test. these patients may have va-
This paper reviews the studies to date and offers recommenda- sovagal syncope that is difficult to
tions for the clinical use of this test. diagnose clinically. Upright tilt

testing was developed to provoke

Upﬂght tilt testing is performed either alone (“pas— Vasovagal syncope in the labora-
sive testing”) or with isoproteronol infusion. Few comparative tory, a finding that would aid in di-
studies have been performed, but the rate of positive re- agnosis and management in this
sponses appears similar with both types of testing using the group of patients. This test has
same angle of tilt, while the specificity is better with passive been used since 1984, and approxi-
testing. At present, tilt testing should be performed only in mately 40 studies have evaluated its
patients with recurrent and disabling syncope in whom stand- methodology, sensitivity, specific-
ard testing has failed to disclose a cause and in whom a posi- ity, reproducibility, and treatment
tive result would help in devising a treatment plan. Patients outcome. This article reviews the

-with heart disease and arrhythmias should be carefully evalu- usefulness of this test in patients
ated for arrhythmias before considering tilt testing.  Con- with unexplained syncope.
trolled trials of therapy for vasovagal syncope have not yet
been done. Treatment is reserved for patients with disabling PATHOPHYSIOLOGY OF
symptoms. VASOVAGAL SYNCOPE
INDEX TERMS: SYNCOPE; POSTURE; HYPOTENSION, ORTHOSTATIC Vasovagal syncope results from

EVE CLIN J MED 1995; 62:305-31 . Do
cl ] 95 61:305-310 a sudden, transient decline in

cerebral blood flow due to hypo-
tension or bradycardia or both, in-
itiated by inhibitory reflexes.>*
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15261, ceptors (mechanoreceptors), lo-

cated primarily in the inferior and
posterior wall of the left ventricle.
These sensory nerves can be
stimulated by stretching, cardiac
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distention, forceful and
rapid systolic contraction,
and a variety of chemicals.
Stimulation of these re-
ceptors results in an in-
crease in neural discharges
through unmyelinated C
fibers to the vasomotor
center in the medulla,
leading to a sudden in-
crease in parasympathetic
activity and a decrease in
sympathetic activity.
These pathophysiologic
changes culminate in sud-
den hypotension or brady-
cardia or both, resulting in
syncope. Hypotension is
considered the central ele-
ment of this response and
precedes the bradycardia.
Upright posture causes
blood to pool in the lower
limbs, resulting in de-
creased venous return (Fig-
ure). The normal compen-
satory response consists of
reflex tachycardia, more
forceful contraction of the
ventricles, and vasocon-
striction. However, in peo-
ple susceptible to vasova-
gal syncope, forceful
ventricular contraction
while the ventricle is rela-
tively empty may activate
the cardiac mechanorecep-
tors, triggering reflex hy-
potension and bradycardia.
Catecholamine release
(which may occur with
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FIGURE. A pathophysiologic mechanism for induction of vasovagal syncope during upright

tilt testing.

anxiety, fear, and panic) may also activate the
nerve endings responsible for triggering this reflex
by increasing ventricular contraction. For this rea-
son, catecholamines have been used to potentiate
the vasovagal response to upright tilt testing.

COMMON TESTING PROTOCOLS

The most widely used protocols use footboard
support and tilt testing either alone (“passive test-
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ing”) or with isoproterenol infusion after a brief
period of passive tilt testing. Experiences with other
agents such as epinephrine, edrophonium, or nitro-
glycerine are very limited. Tilt testing with saddle
support is not used clinically because of concern
about lack of specificity.

Passive tilt testing

After the baseline supine blood pressure has been
measured and continuous monitoring of heart rate
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started, patients are suddenly brought to an upright
position. Syncope or presyncope (defined as severe
lightheadedness or impending loss of consciousness)
in association with hypotension or bradycardia con-
stitute a positive response. Most studies of passive
tilt testing have used a tilt angle of 60 degrees.”™®
Although some protocols call for 60 minutes of test-
ing, Fitzpatrick et al’ advocate 45 minutes total du-
ration, which is two standard deviations more than
the mean time at which a positive response occurs
(approximately 24 minutes).

Tilt testing with isoproterenol

All testing protocols incorporating isoproterenol
start with a passive phase of testing, usually lasting
10 to 15 minutes.” If an end point is not reached in
this time, the patient is generally brought back to a
supine position and an isoproterenol infusion is
started. The most common starting infusion rate is 1
Ug/minute, continued for 10 to 15 minutes. If the
patient does not experience an end point during this
phase of testing, he or she is again brought to a
supine position and the isoproterenol infusion is
increased. The patient is then tilted again for a
similar duration as before. This procedure is contin-
ued until the patient has a positive response or an-
other end point (eg, a heart rate of more than 150
beats per minute or intolerance to isoproterenol)
while upright. The maximum infusion rate of iso-
proterenol used in reported studies was 3 to 5
Lg/minute.

DIFFERENCES IN METHODS

Tilt testing methods vary, and one must consider
several issues in performing upright tilt testing.

First, approximately half the studies explicitly
stated that testing was done after an overnight fast.
Since fasting is a predisposing factor for vasovagal
syncope, it may affect the results. Additionally, va-
soactive drugs (eg, calcium-channel blockers, vaso-
dilators, diuretics) should be withdrawn approxi-
mately five half-lives before testing.

Second, blood pressure was monitored either
noninvasively (eg, by blood pressure cuff) or inva-
sively (eg, intra-arterially). Although concern has
been voiced that invasive procedures may provoke
vasovagal reactions, the effect of intra-arterial
monitoring has not been clearly established. Fur-
ther, invasive monitoring increases the cost and
complexity of testing. In addition, no standard defi-
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nitions of hypotension or bradycardia have been
used in all the studies.

Third, the environment in which the testing was
done was frequently not stated. The test should gen-
erally be performed in a quiet room, minimizing the
surrounding noise such as beepers and traffic. There
should be ample lighting, and the temperature
should be kept comfortably cool. Noisy conditions
and warm room temperatures affect the positive re-
sponses to this test.

Fourth, the angle of tilt has varied. Most studies
with isoproterenol used 80 degrees, although some
studies used 60, 70, or 90 degrees. The duration of
the passive phase of testing has also varied, ranging
from 5 minutes to up to 60 minutes.' Finally, differ-
ent studies used different dosages of isoproterenol:
most used starting infusion rates of 1 ug/minute, but
one started with bolus doses of 2 lg and one has
varied the infusion rate according to body weight.
The maximum dose of isoproterenol has also varied.

The effect of these variations in protocol on re-
sponse rates has not been well studied, and which
protocol has the best sensitivity and specificity has
not been determined. Additionally, it is difficult to
compare the results of passive tilt testing with the
results of isoproterenol tilt testing, as the angles used
differed markedly and the isoproterenol tests lasted
longer. There have been very few comparative stud-
ies in which passive and isoproterenol testing was
performed at the same institution.

RESULTS IN PATIENTS
WITH UNEXPLAINED SYNCOPE

In studies of passive upright tilt testing,” " ap-

proximately 50% of patients (range 26% to 90%)
had a positive response. Most of the positive re-
sponses were considered identical or similar to the
patients’ spontaneous symptoms in studies that re-
ported symptom correlation. In studies of isoproter-
enol tilt testing,”"***? approximately 66% of pa-
tients (range 39% to 87%) had positive responses.
Approximately two thirds of the positive responses
occurred during the isoproterenol phase. With
either type of testing, most responses appear to be
cardioinhibitory (defined as bradycardia with or
without associated hypotension), and approxi-
mately one third are pure vasodepressor reactions
(defined as hypotension without significant brady-
cardia).

As noted above, it is difficult to compare the
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proportion of patients who have positive responses
in the two types of tests because the tests were done
at different angles and for different durations. A
similar number of patients have positive responses
to tilt testing at 60 degrees with isoproterenol and to
passive tilt testing at 60 degrees for 60 minutes, 52%
vs 54%, respectively.’ 151618202128

PROBL:ést‘WITH SENSITIVITY AND SPECIFICITY

One of the problems with tilt testing to provoke
vasovagal syncope is that specificity and sensitivity
may not have their usually accepted meanings when
applied to this test.

Specificity: What is ‘normal’?

Specificity is defined as the proportion of normal
subjects who have negative test results. Therefore,
to determine the specificity of a test, it must be
performed in subjects who are free of the disease in
question. The specificity of upright tilt testing has
been determined by testing subjects who had not
had syncope previously'* and who were free of heart
disease or electrocardiographic abnormalities.”

However, the pathophysiologic mechanisms of
vasovagal syncope suggest that this reflex is part of a
normal cardiovascular response. Thus, all normal
people have the potential of having vasovagal syn-
cope, and it is not surprising that a large number of
normal subjects have positive responses. Since it is
not possible to define individuals who are disease-
free at this time, the concept of specificity may not
apply to vasovagal syncope.

The reported specificity of passive tilt testing has
ranged between 0% and 100%, although the overall
rate is approximately 90%."* The specificity of iso-
proterenol testing is lower at approximately 75%;
the false-positive rate has been low in most studies
but has been as high as 65%. The subjects in studies
that reported poor specificity of tilt testing with
isoproterenol were generally younger than those in
studies reporting higher specificity."*!*

Several studies have performed upright tilt test-
ing in patients with other putative causes of syncope
such as arrthythmias. In one study, 54% of patients
with sick sinus syndrome and syncope had positive
responses’; in another study, 24% of patients with
various arthythmias and 11% of patients with sinus-
node abnormalities had positive responses.” Thus,
the specificity calculated in these groups of patients
appears to be low.
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Sensitivity: Gold standard lacking

The concept of sensitivity is also problematic, for
two reasons. One, sensitivity is determined by divid-
ing the number of patients who have positive test
results by the number of patients who have the
disease. Thus, the disease must be diagnosed inde-
pendently of the test by using a separate gold stand-
ard. However, there have been very few studies of
tilt testing in patients with vasovagal syncope diag-
nosed independently of the tilt-test response. Two, if
false-positive rates are high in controls, it is possible
that a similar proportion of patients with syncope
may have false-positive responses. Thus, the calcu-
lation of a reliable sensitivity may not be possible.

In small studies of patients who had vasovagal
syncope that was diagnosed clinically, 67% to 83%
had positive responses to tilt testing, and these fig-
ures have been taken as the sensitivity of this
test.”*” Further studies are needed to better define
the sensitivity of tilt testing. These studies could use
well-defined groups of patients with clinically diag-
nosed vasovagal syncope, since this is the only gold
standard available.

REPRODUCIBILITY

There has been concern that the results of tilt
testing may not be reproducible, since the vasovagal
response may depend on autonomic tone, which can
vary from day to day. Most studies have shown this
test to have adequate reproducibility, with concor-
dance rates ranging between 67% and 85%.57%°
One recent study, however, showed the test to have
a remarkable lack of reproducibility.” In 109 pa-
tients who underwent two consecutive days of pas-
sive testing, there was a 63% rate of discordance
between the first and second days. Of patients who
had vasovagal syncope on the first day, only 31%
had it on the second day.*! This problem needs to be
further investigated.

TREATING VASOVAGAL SYNCOPE

Vasovagal syncope varies in its severity and natu-
ral history. Patients may have a cluster of syncopal
episodes that may diminish or resolve spontane-
ously. Thus, the frequency and severity of events
need to be considered when starting long-term ther-
apy. Because of potential side effects, treatment
should be reserved for patients with frequent or dis-
abling symptoms.
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Various drugs and pacemakers (Table) have been
tried for vasovagal syncope, and uncontrolled stud-
ies have reported a decrease or resolution of symp-
toms with all of them. Most commonly used are the
beta blockers (eg, metoprolol and atenolol).!#2%
How beta blockers prevent syncope is not fully un-
derstood, but they may inhibit the activation of
cardiac mechanoreceptors by decreasing cardiac
contractility. Anticholinergic drugs such as
transdermal scopolamine may be useful, particu-
larly in patients with profound bradycardia during
upright tilt testing.”®'"* Disopyramide has an-
ticholinergic and negative inotropic effects that
may inhibit activation of cardiac mechanorecep-
tors. Measures to expand volume have been tried
and include increased salt intake, custom-fitted
counter-pressure support garments from ankle to
waist, and fludrocortisone acetate (0.1 to 1
mg/day).''***" Potential side effects of volume-ex-
panding measures may include recumbent hyper-
tension, hypokalemia, fluid retention, and conges-
tive heart failure.

Theophylline has been used on rare occasions.”
Its mechanism of action in the treatment of vasova-
gal syncope is not known, but a blockade of the
effects of adenosine, which has vasodilatory effects,
is postulated. Finally, atrioventricular pacing may be
considered in patients who have recurrent disabling
symptoms for whom medical therapy has failed and
who have significant bradycardia in response to up-
right tilt testing.”'%*

There is concern about the efficacy of any of the
treatments for vasovagal syncope, since one recent
randomized trial showed no difference in recurrence
of syncope between a group of 15 patients treated
with variety of drugs such as atenolol, dihydroergo-
tamine, and cafedrine, and 15 untreated patients.”

RECOMMENDATIONS

Although upright tilt testing is commonly used
for evaluating syncope, there are several problems
with the performance characteristics of this test.
Furthermore, controlled trials of the therapy of this
disorder have not been done. However, the avail-
able data allow the following recommendations to
be made.

The test should be used only when other workup
has been negative and the information will help in
devising a treatment plan. In particular, patients
with heart disease or abnormal electrocardiographic
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TABLE
COMMONLY USED DRUGS
FOR RECURRENT VASOVAGAL SYNCOPE

Drug Dosage

Beta blockers

Atenolol 25-200 mg/day
Metoprolol 50-200 mg/day
Propranolol 40-160 mg/day
Disopyramide 200-600 mg/day
- Fludrocortisone 0.1-1 mg/day
Fluoxetine 20-80 mg/day
Scopolamine patch 1 patch every 2-3 days
Theophylline 6-12 mg/kg/day

findings should undergo careful evaluation for ar-
thythmias (including electrophysiologic testing if
needed) before one considers tilt testing. Tilt testing
is most likely to be helpful in patients with recurrent
and disabling symptoms, since therapy is generally
reserved for these patients.

Because of problems with specificity, the only test
of potential clinical significance is the one that re-
produces the patient’s spontaneous symptoms.

If the angle of testing is taken into account, the
positive response rates are similar in passive testing
and in isoproterenol testing. Since the specificity
appears to be better with passive testing, this type of
protocol is recommended.

Only patients who have disabling symptoms
should undergo treatment, since patients with rare
or only one episode of syncope may not have future
recurrences and thus may not need any treatment.

REFERENCES

1. Kapoor W. Evaluation and outcome of patients with syncope.
Medicine 1990; 69:160-175.

2. Kapoor WN. Evaluation and management of the patient with
syncope. JAMA 1992; 268:2553-2560.

3. Mark AL. The Bezold-Jarisch reflex revisited: clinical implica-
tions of inhibitory reflexes originating in the heart. Am Coll
Cardiol 1983; 1:90-92.

4. Abboud FM. Neurocardiogenic syncope. N Engl ] Med 1993;
328:1117-1119.

5. Fitzpatrick AP, Theodorakis G, Vardas P, Sutton R. Method-
ology of head-up tilt testing in patients with unexplained syncope.
Am Coll Cardiol 1991; 17:125-130.

6. Strasberg B, Rechavia E, Sagie A, et al. The head-up tilt table
test in patients with syncope of unknown origin. Am Heart ] 1989;
118:923-927.

7. Raviele A, Gasparini G, DiPede F, et al. Usefulness of head-up
tilt test in evaluating patients with syncope of unknown origin
and negative electrophysiologic study. Am ] Cardiol 1990;
65:1322-1327.

CLEVELAND CLINIC JOURNAL OF MEDICINE 309

Downloaded from www.ccjm.org on August 18, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

SYNCOPE B KAPOOR

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Abi-Samra FM, Maloney JD, Fouad-Tarazi FM, Castle LW.
The usefulness of head-up tilt testing and hemodynamic investiga-
tions in the work-up of syncope of unknown origin. PACE 1988;
11:1202-1214.

Almquist A, Goldenberg IF, Milstein S, et al. Provocation of
bradycardia and hypotension by isoproterencl and upright posture
in patients with unexplained syncope. N Engl ] Med 1989;
320:346-351.

Sra JS, Anderson AJ, Sheikh SH, et al. Unexplained syncope
evaluated by electrophysiologic studies and head-up tilt testing.
Ann Intern Med 1991; 114:1013-1019.

Grubb BP, Temesy-Armos P, Hahn H, Elliott L. Utility of
upright tilt table testing in the evaluation and management of
syncope of unknown origin. Am ] Med 1991; 90:6-10.
Pongiglione G, Fish FA, Strasburger JE Benson DW. Heart
rate and blood pressure response to upright tilt in young patients
with unexplained syncope. ] Am Coll Cardiol 1990; 16:165-170.
Kapoor WN, Brant NL. Evaluation of syncope by upright tilt
testing with isoproterenol. A nonspecific test. Ann Intern Med
1992; 116:358-363.

Kapoor WN, Brant NL, Smith M, Miller NL. Upright tilt
testing in evaluating syncope: a comprehensive literature review.
Am ] Med 1994; 97:78-88.

Brignole M. Neurally mediated syncope detected by carotid si-
nus massage and head-up tilt test in sick sinus syndrome. Am ]
Cardiol 1991; 68:1032-1036.

Hackel A, Linzer M, Anderson N, Williams R. Cardiovascular
and catecholamine responses to head-up tilt in the diagnosis of
recurrent unexplained syncope in elderly patients. ] Am Geriatr
Soc 1991; 39:663-669.

Kenny RA, Ingram A, Bayliss J, Sutton R. Head-up tilt: a
useful test for investigating unexplained syncope. Lancet 1986;
1:1352-1355.

Lerman-Sagie T, Rechavia E, Strasberg B, Sagie A, Blieden L,
Mimouni M. Head-up tilt for the evaluation of syncope of un-
known origin in children. ] Pediatr 1991; 118:676-679.

Lipsitz LA, Marks ER, Koestner ], Jonsson PV, Wei JY. Re-
duced susceptibility to syncope during postural tilt in old age. Is
beta-blockade protective? Arch Intern Med 1989; 149:2709-
2712.

Brignole M, Menozzi C, Gianfranchi L, Oddone D, Lolli G,
Bertulla A. Carotid sinus massage, eyeball compression, and
head-up tilt test in patients with syncope of uncertain origin and
in healthy control subjects. Am Heart ] 1991; 122:1644-1651.
Chen MY, Goldenberg IF, Milstein S, et al. Cardiac electro-

310 CLEVELAND CLINIC JOURNAL OF MEDICINE

22.

23.

24.

25.

26.

21.

28.

29.

30.

31.

32.

33.

physiologic and hemodynamic correlates of neurally mediated
syncope. Am ] Cardiol 1989; 63:66-72.

Chen XC, Chen MY, Remole S, et al. Reproducibility of head-
up tilt-table testing for eliciting susceptibility to neurally medi-
ated syncope in patients without structural heart disease. Am ]
Cardiol 1992; 69:755-760.

Grubb BP, Gerard G, Roush K, etal. Cerebral vasoconstriction
during head-upright tilt-induced vasovagal syncope. Circulation
1991; 84:1157-1164.

Grubb BP, Temesy-Armos P, Moore J, Wolfe D, Hahn H, Elliot
L. Head-upright tilt-table testing in evaluation and manage-
ment of the malignant vasovagal syndrome. Am ] Cardiol 1992;
69:904-908.

Grubb BP, Temesy-Armos P, Moore J, Wolfe D, Hahn H, Elliot
L. The use of head-upright tilt table testing in the evaluation
and management of syncope in children and adolescents. PACE
1992; 15:742-748.

Sheldon R, Killam S. Methodology of isoproterenol-tilt table
testing in patients with syncope. ] Am Coll Cardiol 1992;
19:773-779.

Thilenius OG, Quinones JA, Husayni TS, Novak J. Tilt test
for diagnosis of unexplained syncope in pediatric patients. Pediat-
rics 1991; 87:334-338.

Waxman MB, Yao L, Cameron DA, Wald RW, Roseman J.
Isoproterenol induction of vasodepressor-type reaction in vasode-
pressor-prone persons. Am ] Cardiol 1989; 63:58-65.

Calkins H, Kadish A, Sousa J, Rosenheck S, Morady E  Com-
parison of responses to isoproterenol and epinephrine during
head-up tilt in suspected vasodepressor syncope. Am J Cardiol
1991; 67:207-209.

Sheldon R, Splawinski J, Killam S. Reproducibility of isopro-
terenol tilt table tests in patients with syncope. Am ] Cardiol
1992; 69:1300-1305.

Brook R, Ruskin JN, Powell AC, Newell J, Garan H, McGov-
ern BA. Prospective evaluation of day-to-day reproducibility of
upright tilt table testing in unexplained syncope. Am ] Cardiol
1993; 71:1289-1292.

Nelson SD, Stanley M, Love CJ, Coyne KS, Schall SE. The
autonomic and hemodynamic effects of oral theophylline in pa-
tients with vasodepressor syncope. Arch Intern Med 1991;
151:2425-2429.

Brignole M, Menozzi C, Gianfranchi L, Lolli G, Bottoni N,
Oddone D. A controlled trial of acute and long-term medical
therapy in tilt-induced neurally mediated syncope. Am ] Cardiol
1992; 70:339-342.

VOLUME 62 « NUMBER 5

Downloaded from www.ccjm.org on August 18, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

