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Abstract
Background: Syncope is a common symptom and in most cases it is of a neurally mediated 
origin. Such patients have to be studied with a careful history and a physical exploration that 
should include simple maneuvers such as blood pressure (BP) recordings in decubitus and 
standing position. These tools can suggest diagnosis in a good percentage of patients without 
the need for expensive or invasive testing.
Methods: We carried out a prospective observational study measuring BP and heart rate (HR) 
with the patients in decubitus and just as they stood up. The patients were sent for a tilt table 
test in different specialized centers. The BP changes were compared to the results of the tilt test.
Results: We included 215 patients, 36.1 ± 18.8 years old, 118 (54.9%) feminine, of which 
143 (66.5%) had a positive tilt test. Patients with a positive test showed a rise in systolic BP 
(SBP) (121.7 ± 19.1 vs. 124.2 ± 20, p < 0.005) and in diastolic BP (DBP) (75 ± 11 vs.  
78 ± 11.3, p < 0.005) when compared to people with a negative one. On the other hand, per-
centage BP changes were significantly different (SBP 2.24% vs. 0.48%, p = 0.02; DBP 4.1% 
vs. 1.2%, p = 0.009). Patients with a positive test had also a lower HR on standing up (72.1 ±  
± 11.1 vs. 78.3 ± 17.2, p = 0.01).
Conclusions: Patients with neurally mediated syncope showed an elevation of SBP and DBP 
when standing up actively, unlike subjects with a negative tilt test. (Cardiol J 2015; 22, 2: 
165–171)
Key words: neurocardiogenic syncope, blood pressure, active standing,  
head-up tilt table test

Introduction

Syncope is a common problem. Its prevalence 
is high and it is a common symptom among young 

and elderly people. The etiologies of syncope are 
diverse through life, but one of the most com-
mon is neurally mediated syncope, also known as 
neurocardiogenic [1]. Syncope recurrence rate is 
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variable according to the origin of the symptom, 
but it is known that from 40% to 85% of people 
who have had an episode of syncope and look 
for medical attention will not have a recurrent 
episode [2].

This is important because syncope needs 
to be carefully evaluated when present, and it 
should be done according to the general context 
of the patient. When syncope appears in adults 
with structural heart disease, the symptom usu-
ally implies a bad prognosis. In young people with 
normal hearts, syncope is usually a benign condi-
tion, although the clinical evaluation must include 
an electrocardiogram (ECG) not only to assess 
ventricular hypertrophy but also channelopathies 
or other conditions.

Current syncope guidelines establish the in-
dications for the use of different diagnostic tests 
[1, 3]. A thorough history, careful physical exam 
and an ECG are the initial diagnostic tools and 
they provide a good diagnostic yield as well as  
a possibility to define the best study plan for the 
patient. Yet, in daily practice it seems that many 
simple measurements that could enhance the initial 
evaluation are omitted, especially when the patient 
is not evaluated in specialized setting or a syncope 
unit [4–7]. Many times costly tests or even invasive 
ones are ordered without a complete evaluation of 
the patient with simple measures.

On the other hand, several studies have tried 
to make an early prediction of the head-up tilt ta-
ble test (HUTT) result, nevertheless, the results 
remain contradictory and there is no single meas-
urement or combination that are able to predict the 
HUTT’s result with precision [8–13].

At the moment, the HUTT can be considered 
the best available means for neurally mediated 
syncope diagnosis when the history and physical 
exam have not been enough. Nevertheless, its 
sensitivity, specificity and predictive values con-
tinue to be debated since there is no gold standard 
to compare it with. This is why it is important to 
carefully select the subjects that will undergo  
a HUTT, aside from having more precise diagnostics  
and avoiding unnecessary risks and costs.

Blood pressure (BP) measurement in decubi-
tus and standing position, as well as carotid sinus 
massage are simple maneuvers that can be per-
formed under ECG monitoring at the office. These 
can support the history and physical exam findings, 
thus allowing better selection of the subjects that 
should undergo a HUTT or other tests such as 
echocardiography, prolonged rhythm monitoring 
or invasive tests to search for arrhythmias.

Methods

A prospective, cross-sectional study was per-
formed to evaluate if there was any relationship 
between the BP postural changes recorded in the 
office and the result of a HUTT.

Patients of both genders between 10 and 75 years 
old referred to two centers for a HUTT were in-
cluded. All the patients were in a syncope study 
protocol, mainly referred by general practitioners, 
internal medicine specialists and cardiologists.

Before the HUTT, the patients came to the of-
fice in comfortable clothes and were given a 5 min 
rest period in decubitus. Then the basal BP record-
ing was obtained with a standardized technique and 
an aneroid sphygmomanometer. The heart rate (HR) 
was determined by radial pulse frequency for 15 s.

Once these two measurements were com-
plete, the patient stood up by his own means and 
immediately we obtained a new BP measurement 
in the same arm with the same device and a new 
HR after completing the BP recording.

After these measurements were obtained, 
the patient was taken to the HUTT room where 
he was prepared for the test by a nurse. While 
the patient was being prepared, a history about 
syncope episodes was obtained. The investigators 
knew the HUTT result at the end of the procedure. 
The diagnosis included in the report was the one 
obtained by the physician in charge of the test, but 
the investigators were excluded from the HUTT 
as well as the physician in charge was unaware of 
the BP and HR changes prior to the test.

The HUTT protocol was a responsibility of the 
physician in charge of the test, albeit a standardized 
one was used as described in the 2009 European 
guidelines [1]. Both hospitals agreed to use the 
same standardized protocol that included two tilt 
phases. The patient was placed on a tilt table, 
monitored and an IV access was obtained. After  
a 10 min rest, the patient was passively placed in  
a 70° tilt angle for the first 30 min passive tilt. If no 
diagnosis was reached, the patient was again put 
in a decubitus position and was given 2.5 to 5 mg 
dinitrate isosorbide spray sublingually (the dosage 
was calculated according to the patients’ weight). 
The subject was again positioned in a 70° degree tilt 
position for another 20 min or less if they presented 
symptoms. The diagnostic criteria were the ones 
mentioned in the European guidelines and in the 
Mexican Guidelines [1, 3].

The whole procedure was explained to the 
patients before the basal measurements, when they 
were invited to participate in the study. If the pa-
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tient accepted, he signed an informed consent form 
and the BP and HR measurements were obtained.

Patients who declined the invitation were 
not included. All the patients that did not have  
a diagnostic or complete HUTT, those with incom-
plete HUTT reports, those who could not assume  
a standing position on their own and the patients that 
had already been prepared for the HUTT (with an  
IV line and ECG monitoring) before obtaining base-
line measurements were excluded from the study.

The protocol was evaluated and accepted by 
the Research and Ethics Committees of the Uni-
versidad del Valle de México campus Querétaro.

The results were analyzed with the SPSS 19 
software package (IBM SPSS 2010, IBM Corpo-
ration, Armonk, New York 10504-1722, United 
States). Continuous variables are expressed as 
mean ± standard deviation and the categorical 
ones as absolute numbers and percentages. The 
Student’s t test and c2 were used for comparison 
between groups. A logistic regression analysis 
was performed to evaluate possible associations 
between the BP changes and the HUTT’s result.

Results

During a period of 14 months, 215 patients 
referred for HUTT were recruited in two differ-
ent centers. One-hundred and eighteen (54.9%) 
patients were female, the group’s mean age was 
36.1 ± 18.8 years.

None of the patients had a significant car-
diovascular disease history. One-hundred and 

eighty-six (86.5%) patients were studied because of 
unknown origin syncope, 29 were sent to a HUTT 
because of pre-syncope. The baseline ECG’s were 
normal in the 215 subjects, but no dynamic tests 
were performed to look for ischemic heart disease, 
channelopathies or other diseases in the prepara-
tion for HUTT. It is noteworthy that the syncope 
study protocol was in charge of the referring phy-
sician, the group performing the HUTT and BP 
measures was not aware of the complete patient’s 
history. We did not have access to complimentary 
tests such as echocardiograms, neurological evalu-
ations or long-term ECG monitoring.

One-hundred and forty-three (66.5%) patients 
had a positive HUTT. Table 1 shows the main de-
mographics as well as the most important history 
data. Most subjects had recurrent syncope for more 
than 6 years.

The symptoms associated with syncope 
showed significant differences regarding the most 
commonly associated to it (nausea, diaphoresis, 
dizziness), but not in other data such as blurred 
vision or palpitations, for example.

The HUTT’s results according to the VASIS 
classification are shown in Table 2. The test was posi-
tive in the minute 26.7 ± 16.7 and in 49% of the cases 
it was necessary to use pharmacological stimulation 
with nitrate (isosorbide di-nitrate). In 83.9% of the 
patients with positive test, symptoms as dizziness, 
nausea, diaphoresis, palpitations or blurred vision 
were reproduced. In the group of negative tests this 
reproduction only happened in 33.3% of the subjects 
that neither showed any hemodynamic changes.

Table 1. General data of the studied population according to the result of the head-up tilt test (HUTT).

 Positive HUTT
(n = 143, 66.5%)

Negative HUTT
(n = 72, 33.5%)

P

Female gender 80 (55.9%) 38 (52.8%) 0.45 
Age [years] 35.2 ± 19.2 37.08 ± 18.5 0.7 
Syncope associated with: 

Closed space 14 (9.8%) 9 (12.5%) 0.23
Emotional stress 15 (10.5%) 13 (18.1%) 0.002
Heat 13 (9.1%) 6 (8.3%) 0.71
Exercise 8 (5.6%) 17 (23.6%) < 0.0005

Evolution time [years] 9.7 ± 11.4 8.7 ± 7.8 0.007 
Number of previous syncope episodes 3.2 ± 1.5 3.3 ± 1.2 0.09 
Nitrate — potentiated HUTT 70 (49%) 64 (88.9%) 0.0005 
Symptoms referred in the previous history: 

Nausea 76 (53.12%) 21 (29.2%) < 0.0005
Dizziness 105 (73.4%) 41 (56.9%) < 0.0005
Diaphoresis 88 (57.3%) 30 (41.7%) 0.77
Visual blurring 67 (46.9%) 35 (48.6%) 0.68

Symptom reproduction during HUTT 120 (83.9%) 24 (33.3%) < 0.0005 
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The symptoms described by the patients 
during the HUTT showed significant differences 
regarding headache, that was more prevalent 
in the negative HUTT group (47.2% vs. 31.5%,  
p = 0.001). The group with positive HUTT had  
a higher frequency of dizziness, nausea, blurred 
vision, palpitations and anxiety, among others, with 
a significant p value < 0.005.

Table 3 shows the absolute and percentage 
changes in BP and HR and compares the group 
with positive HUTT against the one with nega-
tive HUTT as well as the decubitus (baseline) and 
standing (minute 0) BP and HR measurements.

The logistic regression analysis did not show 
a significant increase in the risk of having a posi-
tive HUTT with the absolute changes in BP, but 
when the symptoms were added to the increase 
in systolic BP (SBP) and diastolic BP (DBP), the 
risk became higher and the differences reached 
significant p value (RR 5.5, 95% CI 1.6–18.7,  
p = 0.005). Table 4 shows the regression model.

Discussion

A systematic approach to the diagnosis of the 
patient with syncope, that is, a protocol for its 
study, is associated with a reduction in study costs 
and in an adequate use of the diagnostic tools. The 
clinical evaluation establishes the possible diagno-
sis in a variable percentage of syncope patients, and 
facilitates the decision making regarding what com-
plimentary tests are more suitable for the patient. 
This initial clinical evaluation must be complete 
and should include the measurement of the BP in 
different positions at the office [1, 14–17].

The actual series of patients referred for  
a HUTT by a heterogeneous group of physicians 

Table 2. Head-up tilt test results according to the 
VASIS classification.

Result N (%) 

VASIS I 57 (26.5%) 

VASIS IIa 3 (1.4%) 

VASIS IIb 11 (5.1%) 

VASIS III 72 (50.3%)

Table 3. Blood pressure changes induced by posture shift according to the result of the head-up tilt 
test (HUTT).

 Positive HUTT 
(n = 143)

Negative HUTT 
(n = 72)

P*

Decubitus HR 72.1 ± 11 79.3 ± 20.6 0.001 
Stand-up HR 72 ± 11.1 78.3 ± 17.2 0.01 
P value comparing decubitus HR vs. stand-up HR 0.8 0.44 
Decubitus SBP 121.7 ± 19.1 119.2 ± 11 0.3 
Stand-up SBP 124.2 ± 20 120 ± 14 0.1 
P value comparing decubitus SBP vs. stand-up  SBP < 0.005 0.25 
Decubitus DBP 75 ± 11 74.8 ± 10.5 0.8 
Stand-up DBP 78 ± 11.3 75.5 ± 10.1 0.1 
P value comparing decubitus DBP vs. stand-up DBP < 0.005 0.15 
Percentage HR change decubitus vs. stand-up 0.3% 0.2% 0.7 
Percentage SBP change decubitus vs. stand-up 2.24% 0.48% 0.02 
Percentage DBP change decubitus vs. stand-up 4.1% 1.2% 0.009 

*P value comparing positive vs. negative test; DBP —  diastolic blood pressure; HR — heart rate; SBP — systolic blood pressure

Table 4. Logistic regression model.

Beta Error Exp (b) 95% CI P 

Symptoms + SBP increase 0.783 0.44 2.18 0.9–5.2 0.07 
Symptoms + DBP increase 4.22 0.42 1.52 0.6–3.4 0.3 
Symptoms + SBP and DBP increase 1.71 0.62 5.56 1.6–18.7 0.005 

CI — confidence interval; DBP — diastolic blood pressure; SBP — systolic blood pressure
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show adults with demographic characteristics 
similar to those described by other authors. The 
gender distribution and the positive HUTT rate 
are also within the known ranges.

It is noteworthy that, regarding the circum-
stances around the syncope episode, the significant 
differences happened when syncope was associated 
to emotional stress and exercise-related syncope.

Emotional stress can be related with anxiety 
crisis or psychogenic syncope, two conditions that 
usually have a good long-term prognosis. A careful 
history and consecutive BP measurements after 
hyperventilation, the Valsalva maneuver and pos-
tural change can avoid performing a test that will 
not provide further information on these subjects.

On the other hand, the subjects that have an 
exercise-related syncope represent a high risk 
subset of patients that must be studied to detect 
structural heart disease and lethal arrhythmias 
[1, 4, 18–20]. Thus, sudden cardiac death risk 
stratification is mandatory and the HUTT is not  
a test designed to identify the mentioned high risk 
conditions. The specific question to the patients 
was if they had a syncope episode while exercis-
ing, so the BP measurements in different postures 
would probably have not brought any new relevant 
information. In this context, the patient can get 
more specific tests before having a HUTT that in an 
initial approach is not a valuable test and can delay 
the correct diagnosis. Of course, there are subjects 
in this setting that can benefit from a HUTT, but 
once a high risk condition has been ruled out.

Symptom reproduction during HUTT is now 
a diagnostic criterion as important as the hemody-
namic changes [1]. Most patients with a positive 
HUTT showed a reproduction of their symptoms, 
while the patients with a negative test did not. The 
latter had more headaches, possibly because of the 
higher nitrate dose.

These data reinforce the usefulness of the medi-
cal history and a directed interrogation. The combi-
nation of symptoms such as nausea, dizziness and 
diaphoresis had already been studied and it was found 
to have a good correlation with the HUTT result [10]. 
In this group, such a behavior is reproduced and that 
is why it was included in the regression analysis.

The early changes in BP and HR have a con-
troversial value as early predictors of the HUTT’s 
result. Today, there is a consensus regarding their 
poor predictive value for the test result (positive or 
negative HUTT) as well as for the sort of neurally 
mediated syncope reproduced [8, 9, 11–13, 21].

Nevertheless, in a previous study it was 
found that the three abovementioned symptoms 

combined with a reduction in SBP and an increase 
of less than 1% for the DBP at the moment of fin-
ishing the tilt of the patient was associated with  
a higher rate of positive HUTT [11]. In the present 
study, a different phenomenon was found: The 
subjects with a positive test had a slight increase 
in SBP and a more noticeable one in DBP. When 
these BP changes were included in the regression 
model alongside with the described symptoms, the 
risk of having a positive HUTT was significantly 
increased.

This hemodynamic behavior is different from 
the one observed before, and possibly it has to do 
with the way the patient assumed the standing 
position. In the previous study, the patient was 
already in the tilting table and was passively taken 
to a 70° angle. In the present study, the patient had 
to assume the standing position by his own means.

The physiologic difference of assuming an 
erected position in a passive or active manner has 
been addressed by several authors and in some 
cases the differences are not clear.

When the person stands up actively, the con-
traction of the different muscular groups in the 
legs, abdomen and back induces an initial increase 
in BP that compensates for the volume redistribu-
tion: The increase of the venous return towards 
the right atrium induced by the contraction of big 
muscular groups increases the left ventricle’s 
preload in healthy subjects, and thus there is  
a momentarily higher SBP. The DBP raise can be 
explained by the muscular contraction that increas-
es peripheral vascular resistances. Subjects with 
syncope might probably have a sympathetic hyper-
activity that makes those hemodynamic changes 
more notorious. These changes could probably be 
detected with continuous recording instruments 
(“finometry”) or through HR variability analysis, 
but such instruments are not usually found in  
a common office [22–25]. The fact that the most 
noticeable changes happen in DBP suggest that 
the peripheral autonomic nervous system is more 
active regulating vascular tone than HR, at least in 
the first moments of the voluntary position shifting.

The small variations of HR are striking but 
there are several possible explanations. The first 
aspect to consider is the methodology to obtain 
the HR, since BP and HR measurements were not 
performed simultaneously on standing up and the 
BP measurement was privileged at the “minute 0”.  
The measurements performed in other studies 
showed that the HR differences become significant 
after several minutes of tilt or standing up. One 
study found that even in the postural orthostatic 
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tachycardia syndrome, there were not significant 
differences in HR when the patient assumed the 
upright position actively or passively [26, 27]. 
Previous studies have explored the discriminatory 
abilities of the HR changes to predict the result of 
the HUTT, as has been said before, but there are 
non-conclusive results [8, 9].

Another possible explanation is that the lack 
of HR changes is derived from a primary set of 
vascular events. That is, the high sympathetic activ-
ity possibly alters HR variability, but a basal pulse 
recording is unable to discriminate such a condition. 
Thus, the postural change induces the described 
phenomena regarding venous return, without  
a significant change in HR, although it could possibly 
influence the left ventricle’s contractility because of 
the increase in end-diastolic volume. The difference 
in HR between the positive and negative HUTT 
is harder to explain based on the hypothesis of an 
enhanced sympathetic tone among syncope patients. 
The complete assessment might go again through 
the evaluation of HR variability or QT dispersion.

Finally, the hypothesis that the autonomic 
nervous system might be more active in the 
peripheral vascular system or that a continuous 
stimulation of heart ganglia might blunt the HR 
response, partially explains the abovementioned 
differences. Pachon et el. [28, 29] have described 
how the destruction of the para-sympathetic neu-
rons in the atrial myocardium  can modulate the HR 
response to the sympathetic — para-sympathetic 
stimulation avoiding severe bradycardia related to 
neurally mediated syncope. The results of cardi-
oneuroablation have been encouraging regarding 
the control of slow HRs in such patients, although 
they have not showed any benefit regarding BP 
control. This can partially support the hypothesis 
of a blunted HR response and of a differential effect 
of the autonomic nervous system according to the 
effector organ [28, 29]. This opens new research 
possibilities to evaluate a differential behavior of 
the autonomic nervous system.

On the other hand, the present study stretches 
the need for a complete evaluation of the patient 
with syncope in a syncope unit. It is relevant not 
only from a research point of view, but mainly 
because of the need for a complete evaluation of 
the patient. As we have discussed earlier, some 
patients had had a high risk syncope episode, and 
even if the mean evolution time and mean number 
of episodes suggest a benign origin for the symp-
tom, the fact is that some patients would have 
needed a different approach [30].

Conclusions

These results show that there are different 
behaviors among patients with neurally mediated 
syncope and persons with syncope from a different  
etiology.

Apparently, the increases in BP are the con-
sequence of a hyper-reactive sympathetic activity 
that is on line with the current pathophysiologi-
cal theories of neurally mediated syncope. The 
changes in the BP, and especially the percentage 
changes, that are statistically significant, could be 
a helpful tool to define what patients can be more 
suitable to undergo a HUTT. The people with  
a neurocardiogenic syncope history, with a normal 
ECG that show the described changes in BP prob-
ably will not require a HUTT unless it is valuable 
for them to demonstrate the dysautonomic origin 
of the symptom, as mentioned in the European 
guidelines [1].

Patients without these changes and with an 
unknown origin syncope should continue to be 
studied with a HUTT when considered appropri-
ate, albeit it must be said that young people with 
exercise related syncope must be initially studied 
by other means to define the sudden cardiac death 
risk before searching a neurally mediated syncope. 
The integrative view of a syncope unit can help 
to lessen the risks of a non-protocoled approach.
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