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Abstract This review addresses tilt-testing methodology by searching the literature which reports timing of asystole and loss of con-

sciousness (LOC). Despite the Italian protocol being the most widely adopted, its stipulations are not always followed to the
letter of the European Society of Cardiology guidelines. The discrepancies permit reassessment of the incidence of asystole
when tilt-down is early, impending syncope, compared with late, established LOC. Asystole is uncommon with early tilt
down and diminishes with increasing age. However, if LOC is established as test-end, asystole is more common, and it is
age-independent. Thus, the implications are that asystole is commonly under-diagnosed by early tilt-down. The prevalence
of asystolic responses observed using the Italian protocol with a rigorous tilt down time is numerically close to that observed
during spontaneous attacks by electrocardiogram loop recorder. Recently, tilt-testing has been questioned as to its validity
but, in selection of pacemaker therapy in older highly symptomatic vasovagal syncope patients, the occurrence of asystole
has been shown to be an effective guide for treatment. The use of head-up tilt test as an indication for cardiac pacing therapy
requires pursuing the test until complete LOC. This review offers explanations for the findings and their applicability to prac-
tice. A novel interpretation is offered to explain why pacing induced earlier may combat vasodepression by raising the heart
rate when sufficient blood remains in the heart.
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of >40 years with asystolic tilt response and severe recurrent reflex syn-
copes.” Thus, demonstration of asystolic response during HUTT has be-

Introduction

Head-up tilt test (HUTT) is an important diagnostic tool for patients
with suspected reflex syncope, to be applied after the initial clinical as-
sessment.’ An asystolic (>3 s) response during HUTT has been widely
used for identification of older subjects (>40 years) who may benefit
from pacemaker ther‘apy.2 The occurrence of asystolic responses is spe-
cific for reflex syncope, being almost never observed in patients without
syncope and rarely in patients with cardiac syncope.** The recent
European Society of Cardiology (ESC) guidelines for cardiac pacing
give a strong class | level of evidence A indication for pacing in patients

come an important part of syncope management and selection of
therapy.

The prevalence of asystolic responses during HUTT varies greatly
from study to study. The prevalence seems to be influenced by several
different factors, the most important ones being the methodology and
practical execution of HUTT and the clinical features of the patients.
The aim of this study was to review the literature, including some ori-
ginal data from our laboratories, and to propose solutions for clinical
practice and direction of future research.
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We hypothesized that asystolic HUTT responses are much more
frequent than commonly thought if tilt down commences after syncope
[complete loss of consciousness (LOC)] has begun.

Different prevalence of
cardioinhibitory syncope with
asystole during head up tilt tests

Prevalence of asystole according to tilt

protocols

In a meta-analysis of 55 studies with a total of 4361 patients undergoing
HUTT for suspected reflex syncope, the average overall positivity rate
was 37% with passive tilt protocol, 60% for isoproterenol protocol, and
66% for nitroglycerine protocol.®

Asystolic responses were rarely observed with both ‘passive’ (i.e.
without drug provocation) and isoproterenol tilt protocols. For ex-
ample, owing to the low positivity rate of the passive protocol
(Westminster protocol), asystolic responses were observed by
Barén-Esquivias et al.” in only 45 (4%) of 1124 patients who underwent
HUTT, which corresponded to 17% of positive tests. A HUTT proto-
col of 15 min in the upright position without drugs followed by 15 min.
after low dose isoproterenol® resulted in a positivity rate of 73 (61%) in
120 patients with only 5 (7%) asystolic responses. Sra et al.” reported 6
(8.5%) asystolic events in a group of 70 patients who had a positive re-
sponse during 30 min passive followed by 15 min isoproterenol HUTT.
Subsequently, the authors of the same group10 reported a prevalence
of asystolic responses in 19 (9%) out of 209 patients who had a positive
HUTT response. Thus, isoproterenol protocols are suboptimal when
demonstration of asystolic response during HUTT is required for syn-
cope management and selection of therapy.

Nitroglycerine protocols (passive +sublingual nitroglycerine) have
achieved higher rates of asystolic responses among patients undergoing
HUTT (see below). Thus, we were prompted to review the role of tilt
down timing with nitroglycerine protocols. In Table 1, we show results
of English-language publications noted on Medline with a population
>100 patients affected by syncope who underwent nitroglycerine
HUTT and in which the prevalence of asystolic responses was re-
ported. The relative prevalence of cardioinhibitory forms among posi-
tive tests proved similar during the passive and the nitroglycerine
phase.'*?>%¢ HUTT with nitroglycerine protocols showed great vari-
ability of asystolic responses, ranging from 5 to 29% of patients.
Several factors influenced the prevalence. Age is probably the most im-
portant factor. In a large multicentre population of 5236 patients, asys-
tole occurred in 18% of patients <50 years, but progressively decreased
with age to reach 3% in patients older than 80 years.”> Cardioinhibitory
forms seem to be much more frequent in younger patients with emo-
tional triggers (24%) than in those with peripheral triggers (10%).%
Male gender, smoking, diuretic therapy and traumatic syncope have
also been found to be associated with a propensity for asystolic syn-
cope in a recent study by Russo et al?* The cardioinhibitory reflex oc-
curs late in the vasovagal cascade with asystole starting late, i.e. after
patients had already lost consciousness, in one third of cases."” This sug-
gests that the prevalence of the asystolic response depends very strong-
ly on the time patients are tilted down, relative to the ongoing
haemodynamic events of syncope. We propose that asystole is often
not demonstrated if patients are tilted down early, at presyncope.

Prevalence of asystole by the timing of tilt

down (nitroglycerine protocols)

In Table 1, we have divided studies according to the timing of tilt down.
In 6 populations,"'™"® the patient was tilted down before syncope,

because of developing vasovagal patterns or presyncope; in these popu-
lations, syncope might have occurred, but it was not the declared end-
point of the protocol. Among patients with a positive test, the rate of
asystolic forms ranged from 1 to 15%. In three populations'>'®"” the
tilt table was tilted down as soon as induced symptoms were recog-
nised by patients, aiming to reproduce those occurring spontaneously
in previous episodes. The rate of occurrence of asystole was 16—
24%. In 5 populations,'®2 the tilt table was tilted down at syncope on-
set, as suggested by ESC guidelines,” although the precise way in which
syncope was assessed was not stated. The rate of occurrence of asys-
tole ranged from 27 to 31%. Finally, in 3 populations, the tilt table was
tilted down when LOC was established using detailed criteria or with a
prolonged tilt-down time (mechanically slow tilt-table return to su-
pine?” see below). In one study,”* the tilt table was tilted down when
complete LOC was assessed by an observer, indicated by lack of re-
sponse to vocal stimuli, loss of muscle tone, and jerking movements,
whichever occurred first. In the study of van Dijk et al.* presyncope
was an exclusion criterion and syncope was assessed by means of clin-
ical observation and video electroencephalogram (EEG). The patients
with asystole were 42% of those with syncope. In a substudy of
Zysko et al.** the tilt table was tilted down at syncope onset, but the
process of tilt-down was very prolonged (47 s) due to technical char-
acteristics of the tilt table with the effect of prolonging the head-up per-
iod, resulting in an asystole proportion of 43%.

In the absence of documentation of the temporal relationship of asys-
tole with the symptoms we may presume that the time to tilt down or
the duration of tilt down were progressively longer through the above
four categories (Figure 1). Further, the four categories suggest that pro-
longation of the upright position strongly influenced the type of re-
sponse, with longer delays favouring the occurrence of asystole.

The effect of age on asystolic responses

It is commonly accepted that the rate of occurrence of cardioinhibitory
(including asystole) forms of syncope decreases with advancing age. Ina
large multicentre population of 5236 patients, asystole was present in
18% of patients <50 years and then progressively decreased to 3% in
patients older than 80 years.25 The results of the population of Russo
et al.** are in contrast to the above data. We compared the two studies.
They both applied the same HUTT protocol, namely the ‘ltalian proto-
col,?” which consists of a 20 min passive phase at a tilt-angle of 60°, fol-
lowed by a 15 min sublingual nitroglycerine phase (300—400 pg), if no
syncope occurred during the passive phase. HUTT responses were
classified according to the New VAso Vagal Syncope International
Study (VASIS) classification.”® The study population was divided into
age subgroups corresponding to age decades. Tilt testing-positivity
rates and haemodynamic patterns of response were then analysed by
age decades. Positive HUTT was defined as the reproduction of spon-
taneous symptoms accompanied by the characteristic vasovagal pattern
of hypotension and bradycardia in the study of Rivasi et al.? so this
study represented ‘early tilt down’. In contrast, the study by Russo
etal”* represented ‘late tilt down’, as tilt down was based on confirmed
LOC with lack of response to vocal stimuli, loss of muscle tone, and
jerking movements, whichever occurred first.>* The overall positivity
rate was similar in the two studies at all age decades (Figure 2).
Conversely, the rate of asystolic forms decreased with advancing age
(linear regression analysis, P=0.001) in the study®> which used early
tilt down timing, whereas it remained quite constant (P=0.71) in the
study with late tilt down timing (Figure 3).

Our interpretation of this unexpected finding is that the cardioinhi-
bitory vagal reflex requires a longer time and a prolonged stressor to
develop in older compared with younger patients, but, if these condi-
tions are met, older patients may have a similar probability of develop-
ing asystolic syncope as younger patients, reflecting higher incidence of
asystole recorded by implantable monitors. Thus, with a late tilt-down
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Prevalence of asystolic responses
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Figure 1 Cardioinhibitory asystolic (>3 s) responses in the four categories of populations subdivided by the presumed time of tilt down/resumption
of supine position in the studies listed in the Table 1. Dark bars represent the median values for each category, and light bullets indicate the proportion of

asystolic responses relative to positive tests of individual studies.
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Figure 2 Overall positivity rate by age decades of HUTT in two large populations using the same tilt protocol, i.e. the Italian protocol, except for

different timing of tilt down, one using early tilt down? and the other using a late tilt down.

time, asystole appears to be determined mostly by the time to tilt down
and not by the age of the patients.

Comments on the above findings

Correlation between spontaneous and
tilt-induced syncope

It is commonly believed that an asystolic response during HUTT pre-
dicts that asystole also occurred during spontaneous syncope.
However, the contrary is not the case: spontaneous asystolic syncope
can be observed in patients with non-asystolic HUTT responses. In the
ISSUE 3 trial,%® although asystolic response during HUTT was predict-
ive of spontaneous ILR-recorded asystolic syncope in 86% of cases, an

24

asystolic HUTT response was not observed in 52% of patients with
asystolic spontaneous syncope. Early tilt down could explain why asys-
tolic HUTT responses are more rarely observed during HUTT than
during spontaneous syncope documented by implantable loop record-
er (ILR). Indeed, when upright tilt position is maintained until complete
LOC, the observed rate of asystolic syncope during HUTT was up to
43%, a figure which is not very different from the 52% rate of spontan-
eous asystolic episodes observed on ILR.*°

Timing of asystole and efficacy of cardiac
pacing

‘Late asystole’, i.e. asystole starting <3 s before the onset of syncope or
later'” raises concerns about the benefit of cardiac pacing. ‘Late
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Figure 3 Comparison of the prevalence of positive asystolic forms between the same populations as Figure 2. The positivity rate is relative to the
entire HUTT population including negative tests. The rate of asystolic forms decreased with advancing age (linear regression analysis, P=0.001) in the
study which used early tilt down,'® whereas it remained constant (P=0.71) in the study with late tilt down"". As a consequence, the difference in slopes

between the two-line fits approached statistical significance (P=0.079).
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Figure 4 Comparison between syncope-free survival curves after cardiac pacing observed in a population of patients who had electrocardiographic
documentation of asystolic syncope by means of implantable loop recorder (ILR)?® and those who had asystolic syncope diagnosed on HUTT with very

late tilt down timing Biosync-ITA043 (Dr Russo’s centre).

asystole’occurred in one third of patients in a HUTT study using
video-EEG to assess LOC," In that study, late asystole was considered
unlikely to have been the primary cause of LOGC; the authors suggested
that this might explain the failure of cardiac pacing in some patients with
reflex syncope.

Cardiac pacing is more likely to be effective in patients with early
asystole, possibly because blood pressure is then still relatively high.17
Indeed, conventional back-up (hysteresis) pacing, starting when heart
rate drops below 50 or 60 bpm, is unlikely to prevent LOC in patients
with late asystole. In such patients, delaying the time of tilt down might
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result in asystole, but it could be questionable for the selection of pa-
tients who can benefit from cardiac pacing. However, this situation of
late asystole is likely to occur when cardiac pacing is indicated in patients
with spontaneous reflex asystolic pauses documented by ILR; indeed, in
such circumstances, the temporal relationship between LOC and asys-
tole cannot be assessed by ILR, nor can the contribution to syncope by
vasodepression.

In an ancillary analysis of the Biosync trial,>" the syncope-free survival
curve of the 21 paced patients enrolled in the centre of Russo et al.”*
(Biosync-ITA043), who used a late tilt down protocol, was compared
with that of the 121 patients who were diagnosed by ILR in a metana-
lysis of 4 trials.>® The Kaplan Meier estimate showed a quite similar re-
currence rate of syncope at 2 years of follow-up of 26 and 24%
respectively (Figure 4). Russo’s subgroup rate was also quite similar to
the rate observed in the overall population of Biosync trial, of 22%
(not shown in Figure 4).

There are some potential explanations of the observed follow-up
results:

(1) Cardiac pacingis currently indicated in patients with electrocardiogram
documentation of asystole in spontaneous reflex syncope. Lacking
blood pressure data, this assessment ignores the relative contribution
of vasodepression, which can be defined as all mechanisms decreasing
blood pressure in reflex syncope that are not mediated by heart rate.>
This undetected vasodepression is the likely mechanism of post-pacing
syncope recurrence. Some ILR patients undergoing pacemaker im-
plantation are likely to have had late asystole similar to those observed
in the HUTT population. At two years of follow-up, the recurrence
rate of syncope with ILR was 24%,%° similar to 22% rate observed in
the overall population of HUT T-induced asystole in the Biosync trial®'
andto the 26% observedin Russo’s subgroup (Figure 4). This rate prob-
ably represents the real-world clinical scenario, in which heart rate data
are available, but in which the relative amounts and timing of cardioin-
hibition and vasodepression cannot be assessed.

(2) The role of cardioinhibition in reflex syncope should be re-examined.
In a landmark study, van Dijk et al.?* showed that, during HUTT in-
duced reflex syncope, cardioinhibition (i.e. decrease in heart rate)
started about 1 min (a median of 58 s) before LOC started. This heart
rate decrease accounted for about half of the decrease in blood pres-
sure at syncope, with vasodepression explaining the other half.
Modern pacemakers designed to prevent reflex syncope have fea-
tures allowing pacing at a programmable and relatively higher rate
starting before asystole occurs, thus preventing the vagal reaction
and slowing the fall in blood pressure, giving patients time to act.”*?

Moreover, the reproduction of the spontaneous vasovagal cascade
during HUTT is only speculative and it is likely that some differences ex-
ist between spontaneous and induced vasovagal syncope. During
HUTT, syncope occurs in the fixed upright position. Patients have no
possibility to activate countermeasures to prevent the development
of LOC. Conversely, during spontaneous episodes, patients may start
fighting against reflex development and hypotension, assume sitting
or supine position as soon as they recognise the symptoms of impend-
ing syncope. In this situation, hypotension is usually less severe and may
be unable to cause complete LOC. The effects of severe bradycardia
may be prevented by a pacemaker sustaining cardiac output by provid-
ing a higher heart rate.

This review has several limitations which arise from the non-uniform
nature of the practice of the HUTT protocol, the heterogeneity in the
demographic attributes of the study population, the heterogeneity of
the mean age of the different studies and the lack of data regarding
the contribution/timing of vasodepressor response to syncope even
when asystolic response is present.

Conclusions

The prevalence of cardioinhibitory responses during HUTT is underes-
timated and tilt down at the onset of syncope, as per ESC guidelines®

should be the norm. Asystolic HUTT responses are much more fre-
quent, accounting for 27 to 31% of positive tests if the Italian protocol®
is performed as intended, meaning tilt down starts after the onset of
syncope (complete LOC). The late tilt-down approach may also blunt
the effect of ageing on the asystole rate. From a practical perspective,
the use of HUTT as a therapy indication, especially for cardiac pacing,
requires pursuing the test until the onset of syncope (complete
LOC), as implied by ESC guidelines.® The benefit of longer tilt times re-
mains to be proven given the potential damage of prolonged ischaemia.
However, if HUTT is used to confirm a diagnosis of vasovagal syncope,
then the decision to tilt down may be based on complaint recognition,
with additional instructions to minimise risk.>> Physicians should always
mention in their HUTT report the protocol used and if tilt table was
tilted down before or after syncope occurred.

Conflicts of interest: G.A. and G.D. are employees of Biotronik. R.S.
is consultant to Medtronic Inc., shareholder in Edwards Lifesciences
Corp and in Boston Scientific Corp. All other authors declare no con-
flicts of interest.

Data availability

The data used for analysis are those reported in the Table 1.
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