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Introduction
Between 20% and 30% of the population present syncope throughout their lives be-
ing reflex syncope the most common cause. The differential diagnosis is based on the 
characteristics of the episode questionnaire and on the reproducibility of symptoms 
with the head-up tilt test. However, the tilt test has important limitations, which 
have led us to explore a new parameter in successive stages of research, which we 
called “time delay of the carotid pulse wave”.

Objectives
To present the results of the research on the discovery, development and clinical 
applicability of the parameter: “time delay of the carotid pulse wave”, capable of 
identifying patients with reflex syncope.

Methods
The development of the idea and the results of the analysis of the correlation be-
tween the parameter and the tilt test evaluated in a pilot study of 43 patients with 
syncope are described. The correlation is confirmed in 100 patients with syncope and 
in controls; the pathophysiological mechanism of the parameter is evaluated; the 
design of an automated device is described and its validation is confirmed in a multi-
center study of 100 patients with history of syncope using drug-stimulated head-up 
tilt test. The search of a new gold standard for reflex syncope is described.

Results
The statistical analysis performing univariate and multivariate models and the con-
struction of ROC curves on 243 patients undergoing head-up tilt test showed that, 
despite the different ages or methods used, the parameter correctly classified more 
than 80% of patients with history of syncope and positive head-up tilt test and 100% 
of volunteers without history of syncope who presented positive head-up tilt test. 
The measurement of the parameter without using a tilt table identified 100% of 
volunteers with history of syncope (7/30).

Conclusions
We developed a simple and non-invasive measurement parameter, capable of pre-
dicting a positive head-up tilt test within 5 minutes in patients with syncope and of 
identifying people with history of syncope without using the tilt table. The param-
eter could help to make rapid diagnostic decisions in patients with syncope, to under-
stand the pathophysiological aspects and to evaluate the therapeutic interventions.
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INTRODUCTION
Syncope is a common manifestation that may occur 
in up to 20% of individuals throughout their lives (1). 
Although there are malignant arrhythmias related to 
rhythm disorders, the most common type is neurally-
mediated syncope with good prognosis despite pos-
sible quality of life impairment (2). The differential 
diagnosis is based on the characteristic of the episodes 
questionnaire, which has been documented by the 
clinical score developed by Sheldon et al. with a good 
power of discrimination (3, 4). The use of the head-up 
tilt test (TT) began in the eighties, exposing patients 
to prolonged orthostatism that triggers a neurally-me-
diated response and may reproduce syncope and col-
laborate in identifying the mechanism (5, 6). However, 
TT has important limitations, as the high incidence of 
false negative results and its low reproducibility (7, 
8) which have led some practice guidelines to with-
draw it from their recommendations (9). In spite of 
the development of new diagnostic methods, medical 
history remains the gold standard (10, 11, 12). Eight-
years ago, we began exploring a parameter observed 
in patients with neurally-mediated syncope, which 
we called “time delay of the carotid pulse wave”. The 
aim of this publication is to present the results of the 
successive research stages of this parameter strongly 
related with neurally-mediated syncope, its discovery 
and development, and the clinical management out-
come with the use of new technologies. 

Birth of the idea:
Some publications made in 2003 on arterial compli-
ance measurement in hypertensive patients (13) 
encouraged us to evaluate the efficacy of measur-
ing the pulse wave velocity triggered from the onset 
of the QRS complex to study the pathophysiology of 
neurally-mediated syncope. With the help of bioen-
gineers, we developed a device capable of measuring 
pulse wave velocity with a non-invasive, reproducible 
and reliable method during conventional head-up TT. 
The first three patients with reflex syncope showed, 
after changing position from supine to standing up-
right, significant prolongation of the parameter which 
preceded the late syncope appearance, thus giving im-
pulse to the research.

RESEARCH STAGES

First stage: Casual event or stable correlation?
In 2007, we evaluated the parameter performance 
during head-up TT through a prospective pilot study 
conducted on 43 consecutive patients referred to our 
department with history of syncope. After obtaining 
clinical data, the patients underwent conventional 
head-up TT. Heart rate (HT) and blood pressure(BP) 
were measured at baseline and every 5 minutes dur-
ing a 70° upright tilt during 45 minutes or the pres-
ence of syncope, presyncope or symptoms associated 
with hypotension (Figure 1). The interval variation 
between the onset of the QRS complex and the onset 

of radial and carotid pulse waves determined by pres-
sure transducers was measured using high precision 
digital calipers (± 2 ms) and recorded simultaneously 
on a computerized polygraph at 100 mm/s after chang-
ing position from supine to standing upright (Figure 
2). The study results have been published. (14, 15). A 
time delay of the carotid pulse wave ≥ 17 ms measured 
at 5 minutes was an independent predictor of TT re-
sult, correctly classifying 88% of patients before the 
development of symptoms with a sensitivity of 83%, 
a specificity of 84%, a positive predictive value of 79% 
and a negative predictive value of 88%). 
 

Second stage: “Confirming the correlation”
Due to the small number of patients and the lack of a 
control group in the pilot study, in May 2008 we began 
the prospective inclusion of 100 consecutive patients 

Fig. 1. Tilt-table testing at an angle of 70°. The right superior im-
age shows the transducer placed over the carotid artery. 

Fig. 2. Measurement of the parameter “time delay of the carotid 
pulse wave”. Frozen digital polygraph screen with a recording ve-
locity of 100 mm/s showing ECG record in channel 1, radial pulse 
wave in channel 2 and carotid pulse wave in channel 3. The right 
margin shows a digital trigger system for manual parameter by 
calipers from the onset of the QRS complex to the onset of the 
carotid pulse wave. 

BP and HR were 
measured at base-
line in the supine 
position and ev-
ery 5 minutes dur-
ing a 70° upright 
tilt lasting 45 min-
utes  or until syn-
cope/presyncope
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with history of syncope and of 30 volunteers without 
history of syncope. The study was similar to the for-
mer, using a conventional head-up TT and manual 
measurement of the “time delay of the carotid pulse 
wave”. For statistical analysis, the population was di-
vided into three groups according to TT results (posi-
tive, negative and control group). Baseline charac-
teristics, differences in HR, BP and time delay of the 
carotid pulse wave at baseline and at 5 minutes were 
compared in univariate and multivariate analysis. 
There were no significant differences in the patients’ 
characteristics with and without syncope. The results 
were similar to those of the pilot study. The parameter 
identified 80% of patients with history of syncope and 
positive TT and two volunteers in the control group 
who presented with syncope during head-up TT (16). 
Syncope may be provoked in 7% of patients without a 
history of syncope during TT, a number equivalent to 
our findings in the control group (17). A sub-analysis 
performed on 82 consecutive patients between 10 and 
75 years with reflex syncope evaluated the parame-
ter’s capacity to predict TT result in patients of dif-
ferent ages. The population was divided into quartiles 
according to age (10-22, 23-43, 44-64 and 65-75) and 
ROC curves were made to perform statistical compari-
sons within the groups. The results showed that the 
parameter had a consistent capability to predict TT 
results in the different age groups (18). 

Third research stage:

Correlation exists. What are we measuring?
The availability of a fast, simple and safe tool which can 
be correlated with syncope development during head-
up TT may result of great interest, but certainly, the 
challenge of the research is to understand the origin 
of this manifestation called “time delay of the carotid 
pulse wave” and the reason of its accuracy to iden-

tify patients with high chance of developing neurally-
mediated syncope independently of other parameters. 
Changes in the time interval from the onset of the 
QRS complex to the onset of the carotid pulse wave af-
ter changing position from supine to standing upright 
involve dynamic manifestations due to multiple vas-
cular changes which include pre-ejection and ejection 
period. An observational study was performed to iden-
tify its time interval in the cardiac cycle. The delay 
of the carotid pulse wave and the pre-ejection period 
were simultaneously recorded using Doppler echocar-
diography. Five patients between 15 and 64 years with 
a history of spontaneous and provoked by head-up TT 
vasovagal syncope, with a delay in the carotid pulse 
wave > 20 ms during a 70° upright tilt, were selected. 
The time interval from the QRS complex to the onset 
of the carotid pulse wave and the time interval from 
the QRS complex to aortic valve opening (pre-ejection 
period) were simultaneously measured at baseline in 
the supine position with Doppler echocardiography 
with digital calipers at a speed of 50 mm/s (Figure 3). 
After 5 minutes of 70° upright tilt, and with a verified 
delay in the pulse wave ˃20 ms, both intervals were 
measured again and their changes were analyzed. The 
median time delay of the carotid pulse wave in the su-
pine position and at 5 minutes of 70° head tilt was of 
98.6 ms (90/105) and 131 ms (116/145) respectively, 
whereas the median interval from the onset of the 
QRS complex and aortic valve opening in the supine 
position with upright tilt was of 74.4 (55/98) and 78.8 
(65/105), respectively, showing a change in the pre-
ejection period of only 13% (4.4 ms) of the mean time 
delay of the carotid pulse wave (32.4 ms). The results 
were consistent in the 5 cases, demonstrating that 
prolonged delay of the carotid pulse wave after head-
up tilting is predominantly related with the ejective 
period, i.e., with dynamic changes occurring from the 
aortic valve opening until pulse arrival to the carotid 

Fig. 3. Doppler echocardiography 
image recorded at 50 mm/s. 
Measurement of the pre -ejection 
time, from the onset of the QRS 
complex to aortic valve opening 
with the patient in the supine 
position and in 70° head-up tilt.
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artery. In our opinion, such changes are related with 
peripheral vessels compliance variations after chang-
ing position from supine to standing upright with 2 
to 3 minutes delay in the retrograde impact on the 
pulse wave velocity advancing towards the transducer 
placed over the carotid artery. The time delay of the 
carotid pulse wave after changing position from su-
pine to standing upright could imply an exaggerated 
peripheral vasoconstrictor response (19). 

Forth research stage: 

Standardized and automated measurement
Considering that in the preceding studies parameter 
measurement depended on the operator and that the 
results came from a single center, we designed a de-
vice capable of automated measurement and began 
a collaborative study with the Hospital Británico de 
Buenos Aires (Figure 4). A total of 100 consecutive 
patients with a history of reflex syncope and a mean 
age of 50.2 years were included to validate automated 
measurement of the “time delay of the carotid pulse 
wave” versus manual measurement during nitrate-
stimulated head-up TT. Sixty-eight percent of patients 
presented a positive TT, with a “time delay of the ca-
rotid pulse wave” > 17 ms manually and automati-
cally measured at 5 minutes of upright tilt. This was 
the only parameter to be related with the result of the 
TT (p < 0.001). The area under the ROC curve (C sta-
tistic) of the time delay of the carotid pulse wave was 
0.78 (95% CI 0.68 to 0.88) with a sensitivity of 83.8%, 
specificity of 72%, positive predictive value of 83.8% 
and negative predictive value of 71.9%. The study es-
tablished that for every ms increase in parameter pro-
longation, the chance of positive responses during TT 

increased by 15% (Figure 5). The results confirmed 
that the parameter identified 78% of patients with 
history of syncope and positive TT (20). A sub-study 
conducted on the same population evaluated the cor-
relation between automated and manual measure-
ment of the “time delay of the carotid pulse wave”. 
Both measurement modalities were performed on the 
100 studies, statistically comparing the capability of 
the manual and automated measurement of the pa-
rameter at baseline and after 5 minutes during 70° 
upright tilt to predict TT result. The results validated 
automated measurement, showing a close correlation 
with manual measurement with even a slightly great-
er sensitivity and specificity, validating the method 
independently of the operator (21) (Figure 6). 

Fifth research stage:

Looking for a new gold standard
So far, we have compared the parameter with head-up 
TT which has been questioned as gold standard for the 
diagnosis of neurally-mediated syncope. Compared to 
the results of TT, our method presents a moderate ex-
cess of positive tests which might be interpreted as 
false positive results, or, alternatively, as an expres-
sion of greater sensitivity (true positive results) if 
they were associated with anamnesis, a gold standard 
superior to TT. Thus, we believed that it was time to 
abandon head-up TT as comparative test and to try 
to correlate our parameter with syncope anamnesis. 
Taking into account that 20% to 30% of individuals 
present with syncope throughout their lives and that 
reflex syncope is particularly more common in pa-
tients without heart disease, a group of 30 volunteers 
was selected all of whom were high resistance athletes 

Fig. 4. Frozen image of the au-
tomated measurement system 
during a study showing an ECG 
recording and the carotid pulse 
wave at a velocity of 50 mm/s. 
The right superior box shows au-
tomated measurement of the de-
lay of the carotid pulse wave with 
calipers triggered by the QRS 
complex and its instantaneous 
value after changing position 
from supine to standing upright, 
in this case of 25 ms. The inferior 
box shows a histogram of the val-
ues from study initiation, in the 
supine position and its variation 
after a 70º head-up tilt.
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(20 men, mean age 48 years [34-60]). Five of them 
had mild hypertension which was well-controlled with 
low dose of angiotensin converting enzyme inhibitors, 
3 had dyslipidemia and 2 had mild hypothyroidism. 
These athletes, who belong to a training group run 30 
to 40 km, 3 to 4 times a week under the supervision 
of a Nike® trainer. We began an evaluation phase of 
the “time delay of the carotid pulse wave” parameter 
without using the tilt table. The athlete was asked to 
lie down in supine position on an exercise mat placed 
on the grass and the parameter was mechanically 
measured, then the athlete was asked to stand up and 
stay still for 3 minutes after which the parameter was 
measured again. We called this method “fast tilt test” 
(Figure 7). While one operator was in charge of asking 
the athletes to sign the informed consent form, retriev-
ing clinical data and history of syncope and estimat-
ing the Calgary and Sheldon scores, another operator, 

Fig. 6. Validation of the auto-
mated method versus the manual 
method to measure the “time 
delay of the carotid pulse wave” 
Correlation between baseline (A) 
and final (B) delays measured by 
both methods, considering that 
the absolute values are different: 
the manual measurement esti-
mates the delay from the onset 
of the QRS complex to the onset 
of the carotid pulse wave, while 
the automated measurement es-
timates the delay from the zenith 
of the QRS complex to the onset 
of the carotid pulse wave; with 
the result of a lower absolute 
value.

blind to the questionnaire information, measured the 
“time delay of the carotid pulse wave” parameter. The 
information was statistically analyzed, assessing the 
prognostic accuracy of the parameter versus the his-
tory of syncope using ROC curve and the value with 
the best predictive accuracy was selected to calculate 
positive and negative predictive values. History of 
syncope was present in 7 volunteers. A carotid pulse 
delay ≥20 m had a sensitivity of 100%, a specificity of 
87%, a positive predictive value of 70% and a nega-
tive predictive value of 100% for identifying persons 
with syncope. The area under the ROC curve was 
0.90 (95% CI 0.79 - 1.00) (Figure 8). Mean time delay 
of the carotid pulse wave in the 7 volunteers with or 
without history of syncope was 24.8 ms and 9.5 ms re-
spectively, (p < 0.001). Fast TT identified volunteers 
with a history of syncope in 3 minutes (22). Three vol-
unteers without history of syncope presented a time 
delay of the carotid pulse wave > 20 ms but had no 
differences in their clinical characteristics compared 
to the other volunteers. These 3 athletes might belong 
to a group who has not suffered syncope yet but who 
possess the pathophysiological conditions to develop 
neurally-mediated syncope or it might correspond to 
false positive results due to limitations of a method 
still being developed

DISCUSSION
We discovered and developed a simple and non-inva-
sive measurement parameter capable of identifying in 
5 minutes patients with a history of syncope in whom 
head-up TT would be positive, volunteers without his-
tory of syncope but with positive TT and volunteers 
with history of syncope without using the tilt table. 
During the last 8 years we have displayed five suc-
cessive research stages with the purpose of answer-
ing different aspects of the “time delay of the carotid 
pulse wave” in order to provide the greatest informa-
tion of this manifestation, its properties, pathophysi-
ology and clinical usefulness. This article is the sum-

Fig. 5. Relation between the probabilities predicted by the logistic mod-
el and the delta delay. There is a close relation between the parameter 
with positive tilt-test responses.
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mary of our objectives, where the reader can follow 
the working team from the birth and development of 
the idea and along the orderly steps which fulfilled 
each stage of the research. The parameter represents 
the time interval variation from the electrical activa-
tion of the heart until the pulse propagates through 
the carotid artery after standing up and the multiple 
biological responses occurring as an adaptation to the 
new posture. As this interval increases, the probabil-
ity of developing neurally-mediated syncope is higher, 
suggesting the presence of a special pathophysiologi-
cal condition in these patients associated with an ex-
cessive peripheral vasoconstriction that occurs after 
changing position from supine to standing upright. 
This manifestation has a delay of 2 to 3 minutes before 
it can be reflected in the velocity of the carotid pulse 
wave recorded by the transducer. In other words, the 
retrograde tidal wave rises in the upright standing po-
sition and, when opposing to the ejective blood flow 

would provoke a delay in the elastic carotid arteries, 
which can be measured by the novel digital computed 
techniques. In this regard, peripheral vascular resist-
ance forms part of a wider concept called arterial im-
pedance, which can be simply defined as the sum of 
the variables opposed to blood flowing through the 
arteries. Arterial impedance has three components: 
arterial compliance (typical or the great vessels), pe-
ripheral vascular resistance (in medium and small ar-
teries) and pulse wave reflection originating in the aor-
tic bifurcation and centripetally transmitted towards 
the aortic root, reaching the pulse wave in the final 
diastolic portion. (23). With our studies, we have dem-
onstrated that the delay of pulse wave occurs mostly 
during the ejection period and does not differ in age 
groups with different arterial compliances; therefore, 
the manifestation seems to depend mostly on changes 
in peripheral resistance. In this sense, after our group 
of engineers developed a device to measure pulse wave 

Fig. 7. Measurement of the “time 
delay of the carotid pulse wave” 
in volunteer high resistance ath-
letes using “Fast Tilt Test” with-
out using the tilt table. Top: base-
line measurement in the supine 
position. Bottom: measurement 
in the standing position.



ARGENTINE JOURNAL OF CARDIOLOGY / VOL 82 Nº 1 / FEBRUARY 201446

Introducción
El 20% a 30% de la población presenta episodios sincopa-
les a lo largo de la vida y el mecanismo reflejo representa 
la causa más común. Su diagnóstico diferencial se basa en 
el interrogatorio de las características del episodio y en la 
reproducibilidad de los síntomas con el tilt test. Sin embar-
go, este último tiene limitaciones importantes, lo que nos ha 
llevado a explorar en sucesivas etapas de investigación un 
nuevo parámetro, al que denominamos “retraso de la onda 
de pulso carotídeo”.

RESUMEN

Fast tilt test: tras un nuevo paradigma en el manejo del 
síncope reflejo
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Fig. 8. To the left, population 
distribution with and without 
history of syncope with a time 
delay of the carotid pulse wave≥ 
20 ms. Values obtained from the 
Calgary and the Sheldon scores 
in the population with history of 
syncope. To the right, Area under 
the ROC curve with its sensitivity, 
specificity and predictive values 
for a time delay of the carotid 
pulse wave ≥20 ms. S: Syncope. 
DCPW: Time delay of the carotid 
pulse wave. PPV: Positive predic-
tive value. NPV: Negative predic-
tive value.

velocity we are considering whether measuring this 
parameter during head-up TT can provide additional 
information on dynamic changes of peripheral vascu-
lar resistance. Finally, the research has concluded so 
far, but the steps taken seem solid enough to raise the 
interest of the medical community and promote its de-
velopment and applicability in patients with syncope.

Limitations
The parameter can identify individuals with history 
of syncope and patients with positive head-up TT, but 
does not predict the exact moment of syncope occur-
rence. An ongoing study is analyzing changes in the 
parameter in the previous seconds to syncope during 
TT since additional delays have been observed at that 
instant. By improving the parameter measurement 
technique, we have learned that the correct meas-
urement of the interval QRS complex-carotid pulse 
wave at baseline is crucial before changing position 
from supine to standing upright. When the patient 
is in the supine position, the venous pulse wave may 
be prominent and alter the carotid pulse wave initia-
tion. The necessary time should be taken to modify 
the transducer position until achieving a clean carotid 
pulse wave which can be compared when the patient 
is tilted. In individuals with short neck in whom the 
sternocleidomastoid muscle may be partially inter-
posed between the arterial pulse and the transducer, 
a slight pressure should be applied to the belt hold-
ing the transducer over the carotid pulse. Once these 
recommendations were considered, it was possible to 
measure the parameter in all the cases. The availabil-
ity of a computer-based digital measurement system 
that stores the information in its memory allows a 
retrospective beat-to-beat analysis of the changes oc-
curring during the study. So far, patients with atrial 
fibrillation have been excluded from the study due to 

permanent changes in the cardiac cycle which turn 
the parameter measurement unstable. Therefore, our 
current purpose is to incorporate the parameter dur-
ing decision-making in patients with reflex syncope in 
a multicenter prospective study with a control group. 
Finally, as we have shown in the results of the fifth 
stage, three volunteers without history of syncope 
presented delay of the carotid pulse wave. This may be 
interpreted as a group that has not developed syncope 
yet or as false positive results due to an imperfection 
of a method still under development.

CONCLUSIONS
The “time delay of the carotid pulse wave” showed a 
close correlation with the result of the head-up TT in 
different scenarios and identified more than 80% of the 
patients who will present syncope and volunteers with-
out history of syncope who developed syncope during 
TT. The parameter, which is related with the ejection 
period and linked to changes in vascular compliance, 
may help to make rapid diagnostic decisions in patients 
with syncope, to understand pathophysiological aspects 
and to evaluate therapeutic interventions.
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Objetivos
Presentar los resultados de la investigación sobre el descu-
brimiento, el desarrollo y la aplicación clínica del parámetro 
“retraso de la onda de pulso carotídeo”, capaz de identificar 
a pacientes con síncope reflejo.

Material y métodos
Se describen el nacimiento de la idea, los resultados del 
análisis de la correlación entre el parámetro con el tilt test 
mediante un estudio piloto en 43 pacientes con síncope, la 
confirmación de su correlación en 100 pacientes con síncope 
y grupo control, el estudio del mecanismo fisiopatológico del 
parámetro, el diseño y la validación de un equipo de adqui-
sición automática en un estudio multicéntrico sobre 100 pa-
cientes con historia de síncope mediante tilt test sensibiliza-
do y la búsqueda de un nuevo patrón oro del síncope reflejo.

Resultados
El análisis estadístico mediante modelos univariados y mul-
tivariados y la construcción de curvas ROC sobre 243 pacien-
tes sometidos a tilt test mostró que, a pesar de diferentes 
edades o métodos empleados, el parámetro clasificó correcta-
mente a más del 80% de los pacientes con historia de síncope 
y tilt test positivos y al 100% de los voluntarios (2/30) sin 
historia de síncope que presentaron tilt test positivo. La me-
dición del parámetro prescindiendo de la camilla basculante 
identificó al 100% de los voluntarios que refirieron historia 
de síncope (7/30).

Conclusiones
Desarrollamos un parámetro de medición simple y no inva-
siva capaz de predecir en 5 minutos el resultado del tilt test 
en pacientes con síncope e identificar a personas con historia 
de síncope reflejo prescindiendo de la camilla basculante. El 
parámetro podría ayudar a la rápida toma de decisión diag-
nóstica en pacientes con síncope, a comprender aspectos fi-
siopatológicos y a evaluar intervenciones terapéuticas.
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