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Summary

Aim: Reports of the outcomes of syncope assessment
across a broad spectrum of ages in a single popula-
tion are scarce. It is our objective to chart the vary-
ing prevalence of orthostatic and neurocardiogenic
syncope (NCS) as a patient ages.
Methods: This was a retrospective study. All con-
secutive patients referred to a tertiary referral syn-
cope unit over a decade were included. Patients
were referred with recurrent falls or orthostatic in-
tolerance. Tilt tests and carotid sinus massage (CSM)
were performed in accordance with best practice
guidelines.
Results: A total of 3002 patients were included
(1451 short tilt, 127 active stand, 1042 CSM and
382 prolonged tilt). Ages ranged from 11 to 91 years
with a median (IQR) of 75 (62–81) years. There were
1914 females; 1088 males. Orthostatic hypotension (OH)

was the most commonly observed abnormality (test
positivity of 60.3%). Those with OH had a median
(IQR) age of 78 (71–83) years. Symptomatic patients
were significantly younger than asymptomatic
(P = 0.03). NCS demonstrated a bimodal age distri-
bution. Of 194 patients with carotid sinus hypersen-
sitivity, the median age (IQR) was 77 (68–82) years.
Those with vasovagal syncope (n = 80) had a
median (IQR) age of 30 (19–44) years. There
were 57 patients with isolated postural orthostatic
tachycardia syndrome. Of the total patients, 75%
were female. They had a median (IQR) age of
23 (17–29) years.
Conclusions: We have confirmed, in a single popu-
lation, a changing pattern in the aetiology of syn-
cope as a person ages. The burden of disease is
greatest in the elderly.

Introduction

Syncope has been defined as a sudden transient loss

of consciousness usually leading to a fall with asso-

ciated loss of postural tone. Recovery is usually

spontaneous, prompt and complete. The underlying

mechanism is global cerebral hypoperfusion.1

Its causes have been classified as neurally

mediated, orthostatic, cardiogenic (arrhythmic and

structural) and cerebrovascular.1 Detailed history

and examination will identify the latter two causes

of syncope. Neurally mediated and orthostatic

causes will, however, generally be diagnosed at a
specialist syncope laboratory.

The quoted incidence of syncope varies widely.

Many of the epidemiological studies currently avail-
able are limited by their focus on specific subpopu-

lations. For example, we know that 15% of children

<18 years will have experienced syncope at some
stage in their lives,2 while 23% of institutionalized

patients will have an episode of syncope within a
10-year period.3 In the Framingham study popula-

tion, 10.5% of patients had a syncopal episode over

a 17-year period.4
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It is, therefore, a common problem with important
clinical and economic implications.5 Little has been
published, however, regarding the changing pat-
terns of syncopal aetiology that are observed as a
patient ages.

We have been involved in syncope assessment in
a wide variety of patients for >10 years using gold
standard technology for all of that time. We present
the outcomes of our investigations focussing on
orthostatic and neurally mediated causes of syn-
cope. Our aim is to clarify the relative frequency
of these syncope syndromes among patients in
each decade of life.

Methods

We present a retrospective study performed using a
database maintained by the Clinical Age Assessment
Unit at the Mid-Western Regional Hospital,
Limerick, Ireland. This is a specialist multidisciplin-
ary falls and syncope assessment unit. Patients are
referred by general practitioners and consultant
physicians. Those <14 years are then assessed by
a consultant paediatrician with a special interest in
syncope and those >14 years are assessed by a con-
sultant physician with specialist training in syncope
assessment. Following a comprehensive history
and clinical examination, patients are referred
for the most appropriate syncope assessment in
accordance with European Society of Cardiology
Guidelines.1,6

All consecutive tilt tests performed between 1
January 1998 and 1 January 2008 were included
for analysis. Only patients attending for their first
visit were included. Tests were performed in a dark-
ened climate-controlled room using the follow-
ing protocols. Simultaneous cardiac and phasic
arterial blood pressure monitoring was provided
by a Finometer (TNO Systems, Amsterdam, The
Netherlands). For prolonged tilt testing (PT testing),
the laboratory switched to TaskForce (CNSystems)
monitoring technology in June 2006.

(a) Short head-up tilt (HUT): following a 5-min period of

rest in the supine position, patients underwent tilting

to 708. This was performed using an automated

(CNSystems) tilt table with foot-plate. This was there-

after sustained for a period of 3 min.7

(b) Active stand: this is most commonly used in patients

with a high clinical probability of orthostatic hypoten-

sion (OH) with a negative HUT. Following a 5 min

period of rest in the supine position, patients under-

went an active stand which was thereafter sustained

for a period of 3 min if tolerated.6

(c) Carotid sinus massage (CSM): initial CSM was per-

formed with the patient in the supine position. Firm

massage was firstly applied to the right carotid artery

for a period of 5 s at the anterior margin of the sterno-

cleidomastoid muscle at the level of the cricoid cartil-

age. Following a 2-min break, the procedure was

repeated at the left carotid artery in the supine position.

Subsequently, the procedure was repeated at both the

right and left carotid arteries in the 708 tilt position.6

The administration of atropine, as elsewhere,8 would

not be a routine procedure in our unit.

(d) Prolonged HUT: following a 5-min period of rest in

the supine position, patients underwent tilting to

708 which was thereafter sustained for a period of

45 min.

Syncope syndromes were defined as follows.

(i) OH: OH is defined as a drop in systolic blood pres-

sure of 520 mmHg or a drop in diastolic blood pres-

sure of 510 mmHg within 3 min of orthostatic

stress.9

(ii) Carotid sinus hypersensitivity (CSH): CSM is diagnos-

tic of CSH if massage results in asystole longer than

3 s and/or a fall in systolic blood pressure of

50 mmHg or more. The response is classified as

cardio-inhibitory if the predominant response to

CSM is asystolic. It is classified as vasodepressor if

the predominant response is hypotensive or mixed, if

both contribute equally. Carotid sinus syndrome

(CSS) is diagnosed when CSH is accompanied by a

reproduction of syncopal symptoms.1

(iii) Vasovagal syncope (VVS): a diagnosis of VVS was

made if there was reproduction of presenting symp-

toms with associated haemodynamic changes. There

are a number of subtypes identified11 but we did not

subclassify patients for the purposes of this study.

(iv) Postural orthostatic tachycardia syndrome (POTS):

POTS was defined by a sustained heart rate increase

of 530 beats per minute (b.p.m.) or an increase of

heart rate to 5120 b.p.m. during the first 10 min of

orthostasis with associated symptoms of orthostatic

intolerance. This should happen in the absence

of a significant orthostatic drop in blood pressure

(i.e. 530 mmHg systolic).10

(v) Neurocardiogenic syncope (NCS): a patient meeting

the criteria for either VVS or CSH was said to have

NCS.

Short HUT tests and active stands are performed,

supervised and interpreted by nurses specialist in the

field of syncope studies. Prolonged HUTs and CSMs

are supervised by doctors with training in advanced

cardiac life support.
The diagnosis and all relevant haemodynamic

variables were entered into a Filemaker Pro data-

base at the time of testing for subsequent review.

For the purposes of this study, the data were ex-

ported to an SPSS 16.0 spreadsheet for statistical

analysis. The t-tests were used for the comparison

of all reasonably normally distributed variables.

Non-parametric tests were used for the comparison

of non-normally distributed variables.
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Results

All tests

We identified 3029 patients attending for their first
study during the period 1 January 1998 to 1 January
2008. The diagnosis was not retrievable in 27 cases.
This left a total of 3002 patients for analysis (1451
short HUT, 127 active stands, 1042 CSM and 382
PT tests).

Ages ranged from 11 to 91 years with a median
(IQR) of 75 (62–81) years. There were 1914 females
(F), 1088 males (M) (ratio = 1.76 : 1). There were more
females than males in every age-group (Table 1).

Table 1 summarizes our results. Figure 1 summar-
izes the age distribution of syncope aetiologies.

Short HUT (n = 1451) and active stand
(n = 127)

Individuals undergoing short HUT or active stand
had a median (IQR) age of 77 (68–82) years. Of
them, 973 (60%) were females.

We identified 951 individuals with OH. This rep-
resented 60.3% test positivity. Those with OH were
significantly older than those without; median (IQR)
age of 78 (71–83) years (P < 0.001).

At the time of testing, 407 patients (27.4%) were
found to be symptomatic. The median (IQR) age in
the symptomatic group was 75 (65–81) years. These
were significantly younger than asymptomatic pa-
tients who had a median age (IQR) of 77 years
(70–82) (P = 0.03). There was a higher proportion
of females in the symptomatic group (65% versus
60%), but this was not statistically significant
(P = 0.064).

CSM (n = 1042)

The total cohort diagnosed with CSH (n = 194) had a
median age (IQR) of 77 (68–82) years. During CSM,
77 subjects (39.7%) experienced a reproduction of
symptoms (i.e. CSS). The ratio of females : males was
2.53 : 1. The subgroup of CSH patients with
vasodepressor-subtype (n = 99) had a median age
(IQR) of 78 (73–83) years. Those with cardio-
inhibitory subtype (n = 25) had a median age (IQR)
of 77 (64–82) years. The mixed subtype (n = 70) had
a median age (IQR) of 81 (75–85) years. The group
with cardio-inhibitory subtype were significantly
(P = 0.038) younger than the mixed subtype and
non-significantly younger than the vasodepressor-
subtype (0.083). In the 10-year study period, there
were six significant adverse events associated with
CSM. Three of these were neurological [Left hemi-
paresis with residual weakness of left upper limb,
nominal dysphasia (persistent), slurred speech
(fully resolved within minutes)] and three were
cardiac (two short non-sustained ventricular tachy-
cardias, one short non-sustained ventricular
fibrillation).

Prolonged HUT (n = 382)

The median (IQR) age of individuals referred for PT
testing was 29 (20–48) years. Of them, 251 (66%)
were females. There were 80 patients diagnosed
with VVS of which 63% were females. Of these,
23 had overlapping POTS. Those with POTS and
VVS overlapping had a median (IQR) age of 21
(15–35) years. Those with isolated VVS had a
median (IQR) age of 30 (19–44) years. There were
57 patients with an isolated diagnosis of POTS of

Table 1 Summary of activity and diagnoses over a period of 10 years

Age

group

(years)

Female

(%)

Short

HUT

(n)

OH

(%)

CSM

(n)

Pos

(%)

CICSH

(% of

pos)

VDCSH

(% of

pos)

Mixed

CSH (%

of pos)

PT

(n)

Pos

(%)

VVS

(% of

pos)

POTS

(% of

pos)

POTS

and

VVS

(% of pos)

10–19 52.1 14 64.3 0 0 0 0 0 77 55.8 34.9 41.9 23.3

20–29 76.4 22 40.9 11 0 0 0 0 115 37.4 30.2 58.1 11.6

30–39 67.4 26 46.2 15 0 0 0 0 54 44.4 54.2 25.0 20.8

40–49 53.7 48 45.8 36 0 0 0 0 45 22.2 50.0 50.0 0.0

50–59 51.5 103 50.5 70 10 28.6 57.1 14.3 33 24.2 37.5 25.0 37.5

60–69 58.3 212 53.8 162 13.0 28.6 42.9 28.6 26 23.1 100.0 0.0 0.0

70–79 62.8 571 58.8 374 20.3 7.9 59.2 32.9 17 17.6 66.7 33.3 0.0

80–89 69.4 537 67.0 348 23.0 13.8 46.3 40.0 15 0.0 0.0 0.0 0.0

90–99 73.6 45 82.2 26 38.5 0.0 40.0 60.0 0 0.0 0.0 0.0 0.0

Total 63.8 1578 60.3 1042 18.6 12.9 51.0 36.1 382 35.9 41.6 41.6 16.8

Numbers represent either absolute numbers of patients or percentages where indicated. (Pos, positive test, CICSH, cardi-

oinhibitory CSH; VDCSH, vasodepressor CSH).
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which 75% were female. They had a median (IQR)
age of 23 years (17–29). Three patients meeting the
criteria for POTS (3.75% of all POTS cases) were
over the age of 50 (52, 57 and 79) years. The
median age of patients with isolated VVS was sig-
nificantly higher than those with isolated POTS
(P = 0.011) and those with overlapping POTS and
VVS (P = 0.047).

Discussion

Syncope is a common problem affecting patients of
all ages.2–4,12,13 It can be seen from the above data
that the aetiology of the syncopal episode varies
with the patient’s age. This has been described pre-
viously in specific subpopulations.14 Published data
from a single population, however, examining these
patterns across the spectrum of patient ages are
scarce.

Looking at the overall distribution of syncope syn-
dromes in Figure 1, we can see that it is consistent
with previously published information. There is a
bimodal pattern of diagnosis for neurocardiogenic
(VVS and CSH) syncopal syndromes15 and the over-
all prevalence of syncope rises exponentially after
the age of 70.4

OH has been observed in over 60% of patients of
all ages in our cohort. It is the most frequently
observed finding. The reported prevalence of OH
increases with age and can be present in as many
as 5–30% of patients living in the community.16,17

Our cohort would not however, be typical of the
patients described in these papers. First, our patients
were referred for assessment of orthostatic intoler-
ance (not sampled at random) and second, we
used beat to beat technologies for the measurement
of blood pressure (BP) responses to orthostasis (as

opposed to intermittent BP measurements used in

earlier studies). The only comparable data to our

own described in the literature is by van der Velde

et al.18 who described a prevalence of OH of 57%

in individuals referred to a falls clinic when

Finometer technology was employed in the assess-

ment. This is similar to the 60.3% positivity noted

in our cohort. There is a growing recognition that the

diagnostic criteria for OH may have to be amended

in the setting of beat to beat technology18,19.

Certainly, the inflated prevalence of OH reported

by both van der Velde et al. and ourselves using

beat to beat technology would support this.
Symptomatic patients with OH were younger than

asymptomatic patients. The explanation for this is

unclear but it may be that older patients, with

longer exposure to OH, have had an opportunity

to alter their cerebral autoregulatory mechanism in

a protective manner.20 It is important to remember,

however, that the major burden of OH is carried by

the elderly. This supports other work suggesting that,

with our ageing population, OH may increasingly

contribute to morbidity and mortality among the

elderly.21

The diagnostic assessment of CSH has historically

been highly heterogenous.22 This makes it difficult

to place our data in the context of published litera-

ture. There have however, been some studies to

date, that have used methodologies similar to

those employed here. The first was by Kerr et al.23

who demonstrated a prevalence of CSH of 35%

in asymptomatic community-dwelling individuals

over 65 years. A second was by Tan et al.8 who

reported a prevalence of 25% in subjects attending

a tertiary referral unit similar to our own. Our preva-

lence of 18.6% would therefore place us slightly

below this. Nonetheless, this adds further fuel to

Figure 1. Histogram summarizing relative prevalence of syncopal syndromes diagnosed by our unit in each decade of life.
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the debate regarding the current diagnostic criteria
for CSH.22

The lower prevalence in our unit is possibly ex-
plained by referral bias. The Framingham study
noted a reversal in the ratio of females to males suf-
fering a first episode of isolated syncope (thought to
be primarily NCS) after the age of 75.24 We have
not, however, observed that reversal. It may be that
men are under-reporting syncopal episodes and
hence not being referred to us for assessment. It is
recognized that CSH is more common in males
[odds ratio (OR) = 2.05].8 Kerr et al.’s study had a
57% male cohort while Tan et al.’s was 44% male
in comparison to our 34% male cohort. The inclu-
sion of patients <65 years in our study is also likely
to have led to a reduction in test positivity.

In keeping with the reports of Kerr and Tan, we
found CSH to be predominantly a condition of the
elderly. It was not diagnosed in anybody <53 years
and the median age of these patients was 77 years.
The prevalence increased progressively with age
which is again consistent with the literature. The
relative frequencies of vasodepressor, cardioinhibi-
tory and mixed CSH subtypes in our group of 194
patients with CSH are 51%, 12.9% and 36.1%, re-
spectively. The published frequencies of each of
these subtypes vary,8,23,25,26 but the pattern remains
similar. Of note, CSM appears to be a safe proced-
ure in patients who are appropriately selected and
assessed in advance of the procedure. We had six
significant adverse events in 1042 tests, just two of
which resulted in persisting problems. This mirrors
other studies which have noted similar complication
rates.27–29

A total of 36% of subjects undergoing PT testing
in our cohort demonstrated a positive response
(either VVS or POTS) of which, 21% had VVS.
There is a large variance in the protocols used for
PT testing. Many epidemiological studies to date
reporting on the prevalence of VVS, employed
pharmacological provocation resulting in positivity
rates that exceed those reported here.6 It is becom-
ing difficult to rely on the prevalence reported in
these studies, however, since there is now a growing
recognition that the choice of pharmacological
stressor needs to be tailored to the individual clinical
scenario.30 Raviele et al.31 reported a prevalence of
25% of VVS in patients undergoing 45 min PT test-
ing without pharmacological provocation which is
close to that reported here. VVS was far more com-
monly diagnosed among younger patients. Of all pa-
tients diagnosed with VVS, 78% were <40 years,
56% of them <30 years. It was not exclusively a
condition of the young, however. It can be seen
from Table 1 that, though the prevalence of
VVS reduces considerably in the elderly, it does

not disappear. There are no formal epidemio-

logical studies reporting the incidence of VVS. The

Framingham study reported a mean age of 52 years

for men diagnosed with VVS and 50 years for

women.24 There were certain methodological

issues unique to the Framingham study which led

to this older age-profile.15 Studies in younger popu-

lations reveal a high incidence of syncope. In one

study of 394 medical students, 39% of them re-

ported having had at least one syncopal episode in

their life with a median age at first episode of

15 years.32 This would be more in keeping with

our observations.
There are very few robust epidemiological studies

in the setting of POTS. The clustering of POTS in the

second and third decades of life, however, is con-

sistent with the literature published to date.33–35 The

preponderance of females within this group is also

consistent with the results described in these studies.

Interestingly, we have observed the haemodynamic

changes consistent with POTS with associated

symptoms in three patients >50 years. This repre-

sented a small portion (3.75%) of the total number

of POTS diagnoses but serves to highlight that the

condition is not exclusively limited to younger

patients.
We are satisfied that the results outlined here are

externally valid. For the majority of the decade in

question we operated one of just two specialist syn-

cope assessment units in the Republic of Ireland.

We therefore receive syncope referrals from a

large geographical area resulting in a sample that

is representative of the general population referred

for assessment of syncope.
It should be noted that many of the patients seen

by us will have had a complete assessment by their

own physician prior to referral. We cannot, there-

fore, comment on the prevalence of arrhythmias or

cardiac structural abnormalities as causes of syn-

cope as these will generally have been identified

prior to referral to our unit.

Conclusion

We have identified definite patterns in the age

distribution of aetiological subtypes of syncope.

Previous epidemiological studies have identified

certain of these patterns among specific sub-groups

but we have confirmed them in a large cohort rep-

resentative of the general population with syncope.

We hope that this will guide clinicians in the diag-

nosis and recognition of syncopal subtypes.

Conflict of interest: None declared.
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