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ARTICLE INFO ABSTRACT
Arfif{e history: Introduction: Pulse transit time (PTT) is the time that a pulse wave takes to travel between two different
Received 30 July 2013 arterial points, and may be useful in estimating blood pressure. This noninvasive technique, which does
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- N not add any cost to the procedure, offers the advantage of avoiding ‘arousals’ during sleep measurement
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as it occurs with ambulatory blood pressure monitoring (ABPM). We aim to confirm the usefulness of
PTT for the detection of hypertension, and to study the correlation between both the measurements.
Methods: Prospective observational study in a multidisciplinary sleep unit. We recruited 30 consecu-
tive patients attending a sleep clinic and ran a baseline polysomnography followed by an ABPM the
Tiempo de trnsito de pulso following day. Average systolic and diastolic_blopd pressure (SBR, DBP) by P’IT were galculated and com-
Trastornos respiratorios del suefio pared with ABMP results. In accordance with international guidelines, patients with mean nocturnal
Hipertensién arterial ABMP>120/70 mmHg were diagnosed as having arterial hypertension.
Results: Mean age was of 60years; 66% were male, of whom 80% suffered from sleep apnoea (OSAS).
Taking the ABPM as the reference technique, we found that the diagnostic sensitivity of PTT is 85% with a
specificity of 88% in the case of SBP, with a positive predictive value of 85% and negative predictive value
of 88%. By studying the relationship between mean SBP measured by ABPM and PTT, we found a linear
correlation coefficient (R) of 0.88, showing a distribution of all subjects with a difference of +15 mmHg
between the tests. There is also a positive correlation between mean DBP measured for the two tests and
with a weaker linear correlation.
Conclusions: Pulse transit time shows a strong correlation with blood pressure (measured by ABPM). PTT
provides continuous, non-invasive, cuffless blood pressure monitoring free of additional cost and could
be an alternative for screening hypertension.

© 2014 SEPAR. Published by Elsevier Espafia, S.L. All rights reserved.
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{Puede ser el tiempo de transito de pulso util para detectar hipertension
arterial en pacientes remitidos a la unidad de sueiio?

RESUMEN

Keywords: Introducciéon: La relacién causal entre el sindrome de apneas e hipopneas de suefio (SAHS) y la hiperten-
Sleep apnea sion arterial (HTA) es un hecho establecido en la literatura. El tiempo de transito de pulso (PTT)
Polysomnography representa el tiempo que tarda el pulso en viajar entre 2 puntos arteriales diferentes, y puede ser

Pulse transit time
Sleep-disordered breathing
Arterial hypertension

atil en la estimacion de la presion arterial (PA). Con este estudio se pretende valorar la utilidad
del PTT en la estimacién de la PA, ya que ademas de ser una técnica no invasiva y exenta de coste adicional,
ofrece la ventaja de evitar arousals, como sucede con la monitorizacién ambulatoria de la PA (MAPA).
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Meétodos: Estudio prospectivo y observacional realizado en una unidad multidisciplinar de suefio con la
colaboracién del servicio de Nefrologia. Se reclutaron 30 pacientes consecutivos que acuden a consulta
de suefio por sospecha de SAHS a los que se les realiza una polisomnografia (PSG) basal seguida de MAPA
al dia siguiente. Se calcula la PA sistélica (PAS) y la diastélica (PAD) media por PTT en la PSG y se compara
con los resultados de la MAPA. Se diagnosticaron como pacientes con hipertensién arterial aquellos con
cifras medias de MAPA durante la noche iguales o superiores a 120/70 mmHg, siguiendo normativas
internacionales.

Resultados: Edad media de 60 afios (66% varones). El 80% eran SAHS (36% SAHS grave). La validez diag-
nostica de HTA del PTT con respecto a la MAPA considerada como técnica de referencia fue: sensibilidad,
85%; especificidad, 88%; valor predictivo positivo, 85%, y valor predictivo negativo, 88%. El coeficiente
de correlacién lineal (R) entre la PAS media medida por MAPA durante la noche (desde las 24:00 h del
dia siguiente hasta las 6:00 h) y por PTT fue de 0,88, con un coeficiente de correlacién intraclase de 0,88
(intervalo de confianza: 0,76-0,94), observandose una distribucién de todos los sujetos entre +15 mmHg
de diferencia entre las pruebas.

Conclusiones: Existe una correlacién positiva entre el PTT y la MAPA en la HTA sistélica. El PTT podria ser
una alternativa capaz de ofrecer una medicién continua y no invasiva de cribado de HTA no conocida o

mal controlada.

© 2014 SEPAR. Publicado por Elsevier Espafia, S.L. Todos los derechos reservados.

Introduction

The association between obstructive sleep apnea-hypopnea
syndrome (OSAHS) and hypertension (HT) has been widely stud-
ied since the 1980s, and is now fully accepted in the literature. It is
estimated that 30% of the patients with systemic HT have moderate
or severe OSAHS,!2 while between 45% and 68% of OSAHS patients
have HT.>#

A direct relationship has been observed between the severity of
OSAHS and the probability of suffering hypertension, to the extent
that OSAHS is considered as the most common cause of secondary
systolic hypertension.”~'? Furthermore, despite medical treatment,
over 50% of the hypertensive population does not achieve target
blood pressure (BP) goals. A total of 10% have persistently inade-
quate BP control, despite therapeutic compliance with more than
three drugs (one of which is generally a diuretic) at optimal doses.
This phenomenon is known as resistant HT!! and is associated with
a greater incidence of cardiovascular episodes and complications.?
Several studies show a high rate of OSAHS (greater than 70%) in
patients with resistant HT.10.13

The aim of early detection of hypertension and appropriate
control with medication is to prevent cardiovascular complica-
tions and reduce high healthcare costs.!* Continuous positive
airway pressure (CPAP) in OSAHS patients with poorly controlled
systolic HT provides better systolic control and even leads to recov-
ery of the nocturnal dipper pattern, resulting in an improved
prognosis.!?

Given the variability of HT, various strategies for determining
this parameter have been designed, each providing comple-
mentary information: BP measurement at a specific time point,
self-measured BP (SBPM) and 24-h ambulatory BP monitoring
(ABPM).

ABPM has become the reference technique for the diagno-
sis of HT. An average daytime or active value of <130/85 mmHg,
an average nocturnal or resting value of <120/70 mmHg, and
<125/80 mmHg for the 24-h period have been accepted as the
normal limits. This technique consists of a Holter or auto-
matic monitoring of BP every 15min during the day and every
30min at night, according to the recommendations of the
European Society of Hypertension and the European Cardiol-
ogy Society in their 2007 guidelines on the management of
HT.14

However, although it is indicated in the guidelines as the refer-
ence non-invasive method, this technique has various limitations.
Firstly, continuous recording is impossible and variations occur-
ring over short periods throughout the night may be missed.
Moreover, inflation of the cuff may affect not only the quality of

sleep, by causing small arousals, but can also produce changes
in the measurement of nocturnal BP.'® Finally, the discomfort of
wearing the cuff for 24-h periods makes it difficult to recruit par-
ticipants for research studies, or to persuade patients to agree to
repeat these measurements over time, with the consequent loss of
data.

At the other extreme, arterial catheterization, considered the
gold standard, is too invasive to be considered a practical method
for the diagnosis of HT.

An electrocardiogram and a pulse oximetry are standard tech-
niques applied during a sleep study, and these procedures also
permit the detection of the pulse wave or curve. From these two
recordings, that do not involve any additional cost, the pulse tran-
sit time (PTT) can be estimated, thus providing continuous BP
measurement.!”"18

The aim of our study was to evaluate the correlation between the
BP measurement obtained by ABPM (during the night) and by PTT
using polysomnography (PSG) and also to evaluate the usefulness of
PTT in the diagnosis of unknown or poorly controlled HT in patients
monitored in a sleep unit.

Materials and Methods

Prospective, observational study performed in a Multidis-
ciplinary Sleep Unit, in association with the Department of
Nephrology of the same hospital.

Inclusion of Patients

A total of 35 consecutive patients attending the sleep-
disordered breathing clinic for the first time due to a clinical
suspicion of OSAHS who required a baseline nocturnal PSG (Somno-
screen plus, SOMNOmedics, analyzed with DOMINO software,
version 2.5.0) were selected. Inclusion criteria were age over
18 years, no known sleep-disordered breathing and agreement to
undergo ABPM the following day.

Exclusion of Patients

PSG with a recorded sleep time of less than 3 h was considered
invalid. A total of 5 patients were excluded from the analysis for
this reason.

Measurement of Pulse Transit Time

To determine PTT, the time between the R-wave on the elec-
trocardiogram (representing ventricular contraction and start of
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Fig. 1. Pulse transit time measurement. Pulse transit time is calculated from the R-
wave to the mid-point of the rise of the pulse wave in the plethysmography sensor.
EGG: electrocardiogram recording: R-wave is identified; Plethys: plethysmographic
wave recorded by pulse oximeter.

ejection) and the arrival of the pulse wave in the plethysmography
sensor (pulse oximeter) clipped on the subject’s finger is calculated
(Fig. 1). Variations in BP can be recorded by monitoring changes in
PTT.1?

The speed at which the BP wave is transmitted is directly and
almost linearly proportional to BP. A sudden increase in BP involves
an increase in vascular tone that increases the rigidity of the arte-
rial wall and shortens the PTT. Contrariwise, a reduction in BP
involves a reduction in vascular tone that translates to an increase
in PTT.2°

Since the speed of the pulse wave is related with arterial elastic-
ity (which, in turn, is associated with age, vascular disease, etc.), it is
important to adjust the pulse wave speed to the BP of each subject
and calibrate the measurement.

For this purpose, after the PSG was arranged and set up,
the patient was instructed to lie down (with a resting time
of 5min in a sitting position), and BP was measured with a
sphygmomanometer on three separate occasions with an inter-
val of at least 5min between measurements. Measurements
were taken on the arm contralateral to the one carrying the
pulse oximeter (to avoid any modification in the pulse wave
speed). Since the PSG recording was already in progress, when
each BP measurement was obtained with the patient awake, a
mark was simultaneously made on the sleep study recording
so that the BP value obtained with the sphygmomanometer at
that specific time could be inserted later and correlated with
the PTT at the same time. This personalized calibration method
optimized measurements by monitoring the influence of the
patient’s arterial rigidity. Making three measurements provides an
additional quality control by avoiding artifact areas in the calibra-
tion.

From this ratio, systolic and diastolic blood pressure (SBP and
DBP, respectively) can be calculated automatically throughout the
whole sleep recording for each patient using the DOMINO software,
version 2.5.0.

The next morning, a report of the SBPs and DBPs observed
during the night was issued along with the PSG report, and the
patient was classified as hypertensive or non-hypertensive, using
the cut-off point suggested by the guidelines for nocturnal ABPM
(120/70 mmHg).

24-h Ambulatory Blood Pressure Monitoring

The morning after the sleep study, the patient was assessed by
the Department of Nephrology and a control ABPM study (SPACE
LABS model 90217) was carried out over the next 24h, using a

validated device. By way of precaution, the cuff size was confirmed
to be appropriate for the size of the patient’s arm and he/she was
instructed to carry out his/her normal activities while abstaining
from strenuous exercise, and to keep his/her arm outstretched and
motionless during cuff inflation.

BP was measured automatically every 15min during
the day (06:00-24:00h) and every 30min during the night
(24:00-06:00 h). The BP thresholds for defining HT with various
types of determinations are 130-135 mmHg for SBP and 85 mmHg
for DBP for the daytime and 120 mmHg for SBP and 70 mmHg for
DBP at night.

After the patient returned the ABPM device, the results were
read and interpreted using these cutoff points by a nephrolo-
gist in the clinic who was unaware of the values obtained from
the sleep study, and the patient was re-classified as hyperten-
sive or not according to the nocturnal recording (from 24:00h to
06:00 h). Thus, the final diagnosis was established on the basis of
the information provided by the ABPM (reference technique) and
the patients were classified into 4 categories: non-hypertensives
(those with no previous personal history of HT and ABPM within
normal values), well-controlled hypertensives (those with previ-
ous personal history of hypertension and so receiving treatment
and ABPM within normal values), poorly controlled hypertensives
(those with previous personal history of hypertension and noctur-
nal HT on ABPM despite treatment), and not previously identified
hypertensives (those with no previous history of hypertension and
ABPM reflecting nocturnal HT).

Statistical Analysis

The variables analyzed showed an approximately normal dis-
tribution, and therefore were described using means and standard
deviation. Since the aim was to evaluate the concordance between
the two methods of measuring BP, the intra-class correlation
coefficients and their corresponding 95% confidence intervals (CI)
were calculated from a two-way analysis of variance (ANOVA)
model. The two sources of variability considered were the patient
and the technique used to measure BP.

The linear correlation coefficient was also calculated and
Bland-Altman plots were obtained to determine possible patterns
or systematic errors in the measurements.

To calculate the diagnostic value, sensitivity, specificity, positive
predictive value (PPV) and negative predictive value (NPV) were
obtained for mean SBP and DBP. Finally, to evaluate the diagnostic
capacity of the mean SBP values measured by PSG, the ROC curve
was calculated.

Results

A total of 30 of the 35 selected patients met the validity criteria
of the polysomnographic recording (total sleep time>3 h) and were
included in the study. The majority of patients were male (66%),
obese (mean body mass index, 31), with a mean age of 60 years.
A total of 24 patients (80%) of those included in the sample had
OSAHS (mean apnea-hypopnea index, 27), of which 11 (36%) were
severe. Eighteen (60%) had a previous diagnosis of HT and were
receiving medical treatment, and 11 of these were poorly con-
trolled. Patient characteristics are listed in Table 1.

The mean values of the different BP measurements can be seen
inTable 2. Taking ABPM as the reference technique for non-invasive
BP measurement, the diagnostic sensitivity of PTT was studied,
comparing the nocturnal values of both recordings and using for
both techniques a cutoff point of 120 mmHg. Diagnostic sensitiv-
ity of PTT for mean SBP is 85%, with a specificity of 88%, a PPV of
85% and a NPV of 88%. For mean DBP, of the 14 patients diagnosed
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Table 1

Clinical Characteristics of Patients.
Age (years) 59.77+£12.77
Sex (male) 20(66.7%)
BMI (kg/m?) 30.68+6.63
OSAHS 24 (80%)
Severe OSAHS 11 (36%)
API 26.86+24.77
History of HT 18 (60%)
Resistant HT (3 or more drugs) 8(26.6%)
Well-controlled HT 7 (23%)
Poorly controlled HT 11 (33%)
Unidentified HT 2 (6%)
No HT 10 (30%)

HT: hypertension; AHI: apnea-hypopnea index; BMC: body mass index; OSAHS:
obstructive sleep apnea-hypopnea syndrome.

100

100
%

80

60

40

20

Sensitivity Specificity PPV NPV

mSBP (120 mmHg PTT) B mSBP (114 mmHg PTT)

Bl mDBP (70 mmHg PTT)%

Fig.2. Validity measurements of pulse transit time (PTT). mSBP: mean systolic blood
pressure; mDBP: mean diastolic blood pressure; PPV: positive predictive value; NPV:
negative predictive value.

with nocturnal HT using ABPM, 12 (86%) were identified using
PTT. Moreover, nocturnal hypertension was ruled out by ABPM in
16 cases; in 9 cases (56%), this was also ruled out by PTT. PPV and
NPV were 63% and 82%, respectively (Fig. 2). Fig. 3 shows the ROC
curve demonstrating the diagnostic capacity of PSG for systolic HT.
Taking figures higher than 120 mmHg on ABPM as indicative of sys-
tolic HT, the ROC curve shows the diagnostic capacity of PTT. The
cutoff point that simultaneously maximizes sensitivity and speci-
ficity is 114. In addition, if the cutoff point for PTT is initially set at
120, and values greater than 120 mmHg on ABPM are considered
as HT, sensitivity would be lower but specificity would be greater.

104 114
Sensitivity =1
Specificity =0.76
PPV=0.76
NPV=1
0.8 +
1120
Sensitivity =0.85
Specificity =0.88
PPV=0.85
0.6 +
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=
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Fig. 3. ROC curve for the diagnosis of systolic blood pressure. Taking patients
with mean systolic pressure by ABPM >120 mmHg as hypertensive, the ROC curve
shows the diagnostic sensitivity of the mean systolic pressure values measured
by polysomnography. The value of 114 mmHg in the PTT simultaneously maxi-
mizes sensitivity and specificity. Taking the value of 120 mmHg in the PTT, greater
specificity is obtained but lower sensitivity. ABPM: ambulatory blood pressure mon-
itoring; PPV: positive predictive value; NPV: negative predictive value; PTT: pulse
transit time.

When the relationship between mean SBP measured by ABPM
and by PTT is studied, a linear correlation coefficient (R) of 0.88 is
found (Fig. 4A), showing a distribution of all subjects with a differ-
ence of 15 mmHg between tests (Fig. 4B). There is also a positive
correlation between mean DBP measured by the two tests, but here
the linear correlation is a little weaker (R=0.58), with a distribution
of most subjects within the £25-mmHg range (Fig. 4A and B).

Table 3 shows the intra-class correlation coefficient for
mean SBP and DBP values. For the minimum and mean SBP
measurements, the correlation coefficient is very high (around 0.9),
while for maximum SBP, the coefficient is lower (0.439; 95% CI:
0.04-0.703).

Discussion

The analysis of these data suggest that PTT may be another
useful tool for the detection of unidentified or poorly controlled
HT, as it correlates well with the most commonly used non-
invasive method for this purpose (ABPM). Our series includes a
high proportion of patients with poorly controlled HT despite the
administration of medical treatment. Measuring PTT therefore
provides useful additional data in a population in whom resistant

Table 2
Blood Pressure Measured by ABPM and PTT (Meanz+Standard Deviation).
Min SBP (mmHg) Mean SBP (mmHg) Max SBP (mmHg) Min DBP (mmHg) Mean DBP (mmHg) Max DBP (mmHg)
ABPM 101.86+17.82 117.53+17.05 135.03+18.27 56.26+12 69.90+11.99 83.90+14.56
PTT 103.06+15.79 117.80+14.94 148.76+20.93 59.96+13.43 71.90+11.23 81.30+10.61
P 4990 .8552 .0004 .1301 3078 2740

ABPM: ambulatory blood pressure monitoring: SBP: systolic blood pressure; DBP: diastolic blood pressure; Max: maximum; Min: minimum; PTT: pulse transit time.
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Fig. 4. Linear correlation and concordance of PTT and ABPM. ABPM: ambulatory blood pressure monitoring; SBP: systolic blood pressure; DBP: diastolic blood pressure;
PTT: pulse transit time. (A) Linear correlation between blood pressure measurements performed by PTT and by ABPM. The X-axis represents measurements by ABPM and
the Y-axis represents measurement by PTT. (B) Bland-Altman concordance plot. The X-axis represents the mean blood pressure measured by both techniques. The Y-axis

represents the difference in the blood pressure figures between both techniques.

hypertension is very prevalent, avoiding further testing or extra
costs in addition to the conventional sleep study. The detection
and follow-up of these cases is particularly important, since an
improvement of 5-10 mmHg in BP figures has a significant impact
on the incidence of new vascular events.??? In this respect, in
addition to adjusting medical treatment, it is important to point
out that initiating CPAP in patients with OSAHS would improve SBP
control.'®

In the analysis of the SBP figures, PTT was seen to offer high
PPV and NPV. When the SBP measurements from the ABPM and
PTT methods were compared, high linear correlation (R=0.88)
within a range of +15mmHg and high intra-class correlation
(around 0.9) were found. On the other hand, the DBP study did not
achieve such high PPV or NPV values and the linear (R=0.58) and
intra-class (0.466-0.558) coefficient correlation between ABPM

and PTT for this measurement do not allow the integration of
the two techniques. Previous studies have compared BP values
obtained by PTT and by sphygmomanometer, finding correla-
tion coefficients for SBP of 0.83, within a range of approximately
+20 mmHg.23 These results are very similar to the results reported
here, but the series are similarly small. However, for some time
now there has been a call for and interest in continuous deter-
mination of BP variations in a minimally invasive manner. Thus,
many of the available publications originate from this field of
medicine. There are studies comparing the correlation of PTT with
the gold standard invasive method, showing that there is high
correlation in the measurement of SBP, but less correlation for
mean BP or DBP.!° Recently, Schmalgemeier et al.2* analyzed
the validity of the technique during a PSG study for CPAP titra-
tion and confirmed good correlation between the conventional

Table 3

Intra-class Correlation Coefficients for SBP and DBP Measured by PTT and ABPM.
Variable Correlation coefficient 95% CI P
Min SBP 0.839 0.691-0.920 <.0001
Mean SBP 0.881 0.764-0.941 <.0001
Max SBP 0.439 0.045-0.703 .0145
Min DBP 0.466 0.145-0.702 .0030
Mean DBP 0.558 0.258-0.761 .0005
Max DBP 0.520 0.208-0.737 .0011

ABPM: ambulatory blood pressure monitoring: DBP: diastolic blood pressure; Max: maximum; Min: minimum; SBP: systolic blood pressure; PTT: pulse transit time.
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sphygmomanometric method at baseline or during the application
of low CPAP pressures.

In general terms, less consistent and contradictory data on
the correlation of DBP measured by PTT can be found in the
literature. As in this study, the series published by Payne et al.2>
shows a weak correlation between PTT and DBP, which improves
when pPTT (pulse transit time corrected for the estimated pre-
ejection time) is used. On the other hand, the above-mentioned
study from Schmalgemeier et al.2* reports a good correlation for
both DBP and SBP measured by PTT. Thus, it remains to be clarified
if the DBP correlation would be improved by increasing the sample
size.

In this study, the authors believe that the small differences in
the data from both techniques can be explained in various ways.
Firstly, both tests were performed on different days and under
different conditions (ABPM was performed in the patients’ home
and PTT in the multidisciplinary unit), which may have particularly
affected maximum BP that is more variable than the mean. How-
ever, this design, with testing being carried out on two different
days, is unavoidable, since the periodic and intermittent inflation
of the cuff during ABPM causes microarousals that can produce vari-
ations in SBP of up to 30 mmHg. For this reason, ABPM in itself may
cause problems with regard to the reliability of the pressure figures
obtained at night. In order to reduce the impact of sleep fragmen-
tation on the study due to the laboratory effect, patients with an
invalid PSG study due to low sleep efficiency (sleep recording time
of less than 3 h) were excluded from the analysis.

One of the limitations of the technique that must be taken into
account is that the measurement of PTT is sensitive to the correct
measurement of the QRS complex and the correct pulse wave sig-
nal. This can be critical in Holter-type equipment, in which the
signals are not monitored. However, this limitation is almost neg-
ligible in a sleep unit where good electrocardiographic and pulse
signaling is essential.

With regard to calibration, the problem is similar to that found
with transcutaneous measurement of CO,. The equipment is reli-
able for measuring trends and changes but it is not accurate,
since interindividual differences are observed in the relationship
between PTT and BP. For this reason, an individualized calibration
must be performed at the beginning of the test. Since this calibra-
tion is performed at the beginning of the sleep study, when the
patient is awake and moving, there is a risk of calibration coincid-
ing with an artifact. Thus, three calibrations are made for quality
control. If the first sample contains any artifact in any part of the
PSG, the next calibration is selected, guaranteeing in this way good
invivo correlation. This point is crucial; indeed, in their paper, Payne
et al.?> could not show good correlation and suggested that PTT is
only useful for showing variability and changes in BP, although their
methodology does notinclude any description of in vivo calibration.

In this respect, a recent study by Gesche et al.23 in healthy
patients monitored during exercise, found that after performing
an individual calibration at the beginning of the study (introduc-
ing the reference value of BP measured by sphygmomanometer),
good correlation with SBP was achieved, with differences of
less than 20mmHg between both methods of measurement
according to the Bland-Altman plot. This latter study also iden-
tified a good correlation between BP measured by PTT and by
intra-arterial catheterization (reference methods), similar to the
above-mentioned studies.

In conclusion, then, sensitivity in the detection of both uniden-
tified and poorly controlled systolic HT may make this method a
good alternative for HT screening in a sleep unit, that, furthermore,
can be offered at no additional cost.

As the small number of patients included in this study may be
a limitation with regard to statistical power, larger studies should
be proposed to confirm our results.

Conflict of Interests

None of the authors has any conflict of interests.

Acknowledgements

We thank the technicians of the Multidisciplinary Sleep Clinic
and the Department of Nephrology.

References

1. Worsnop CJ, Naughton MT, Barter CE, Morgan TO, Anderson Al, Pierce R]. The
prevalence of obstructive sleep apnea in hypertensives. Am ] Respir Crit Care
Med. 1998;157:111-5.

2. Hedner ], Bengtsson-Bostrom K, Peker Y, Grote L, Rastam L, Lindblad U. Hyper-
tension prevalence in obstructive sleep apnoea and sex: a population-based
case—control study. Eur Respir J. 2006;27:564-70.

3. Millman RP, Redline S, Carlisle CC, Assaf AR, Levinson PD. Daytime hyperten-
sion in obstructive sleep apnea. Prevalence and contributing risk factors. Chest.
1991;99:861-6.

4. Kiely JL, McNicholas WT. Cardiovascular risk factors in patients with obstructive
sleep apnoea syndrome. Eur Respir J. 2000;16:128-33.

5. Nieto FJ, Young TB, Lind BK, Shahar E, Samet JM, Redline S, et al. Asso-
ciation of sleep-disordered breathing, sleep apnea, and hypertension in a
large community-based study. Sleep Heart Health Study. JAMA. 2000;283:
1829-36.

6. Bixler EO, Vgontzas AN, Lin HM, Ten Have T, Leiby BE, Vela-Bueno A, et al.
Association of hypertension and sleep-disordered breathing. Arch Intern Med.
2000;160:2289-95.

7. Lavie P, Herer P, Hoffstein V. Obstructive sleep apnoea syndrome as a risk factor
for hypertension: population study. BMJ. 2000;320:479-82.

8. Young T, Peppard P, Palta M, Hla KM, Finn L, Morgan B, et al. Population-based
study of sleep-disordered breathing as a risk factor for hypertension. Arch Intern
Med. 1997;157:1746-52.

9. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo Jr JL, et al.
National Heart, Lung, and Blood Institute Joint National Committee on Preven-
tion, Detection, Evaluation, and Treatment of High Blood Pressure; National
High Blood Pressure Education Program Coordinating Committee. The Seventh
Report of the Joint National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure: The JNC 7 report. JAMA. 2003;289:
2560-72.

10. Martinez-Garcia MA, Gémez-Aldaravi R, Gil-Martinez T, Soler-Catalufia JJ,
Bernacer-Alpera B, Roman-Sanchez P. Trastornos respiratorios durante el suefio
en pacientes con hipertension arterial de dificil control. Arch Bronconeumol.
2006;42:14-20.

11. Calhoun DA, Jones D, Textor S, Goff DC, Murphy TP, Toto RD, et al. Resis-
tant hypertension: diagnosis, evaluation, and treatment. A scientific statement
from the American Heart Association Professional Education Committee
of the Council for High Blood Pressure Research. Hypertension. 2008;51:
1403-19.

12. Daugherty SL, Powers JD, Magid D], Tavel HM, Masoudi FA, Margolis KL, et al.
Incidence and prognosis of resistant hypertension in hypertensive patients. Cir-
culation. 2012;125:1635-42.

13. Logan AG, Perlikowski SM, Mente A, Tisler A, Tkacova R, Niroumand M, et al.
High prevalence of unrecognized sleep apnea in drug-resistant hypertension.
J Hypertens. 2001;19:2271-7.

14. Grupo de trabajo para el manejo de la hipertensién arterial de la European
Society of Hypertension (ESH) y la European Society of Cardiology (ESC). Guia
de 2007 para el manejo de la hipertension arterial. ] Hypertens. 2007;25:
1105-87.

15. Martinez-Garcia MA, Goémez-Aldaravi R, Soler-Catalufia JJ, Martinez TG,
Berndcer-Alpera B, Roman-Sanchez P. Positive effect of CPAP treatment
on the control of difficult-to-treat hypertension. Eur Respir J. 2007;29:
951-7.

16. Dimsdale JE, Coy TV, Ancoli-Israel S, Clausen J, Berry CC. The effect of blood pres-
sure cuff inflation on sleep. A polysomnographic examination. Am ] Hypertens.
1993;6:888-91.

17. Naschitz JE, Bezobchuck S, Mussafia-Priselac R, Sundick S, Dreyfuss S, Khorshidi
I, et al. Pulse transit time by R-wave-gated infrared photoplethysmogra-
phy: review of the literature and personal experience. J Clin Monit Comput.
2004;18:333-42.

18. Geddes LA, Voelz MH, Babbs CF, Bourland ]JD, Tacker WA. Pulse transit time as
an indicator of arterial blood pressure. Psychophysiology. 1981;8:71-4.

19. Kim SH, Song ]G, Park JH, Kim JW, Park YS, Hwang GS. Beat-to-beat tracking of
systolic blood pressure using noninvasive pulse transit time during anesthesia
induction in hypertensive patients. Anesth Analg. 2013;116:94-100.

20. Smith RP, Argod ], Pépin JL, Lévy PA. Pulse transit time: an appraisal of potential
clinical applications. Thorax. 1999;54:452-7.

21. Turnbull F, Blood Pressure Lowering Treatment Trialists’ Collaboration. Effects
of different blood-pressure-lowering regimens on major cardiovascular events:
results of prospectively-designed overviews of randomised trials. Lancet.
2003;362:1527-35.


http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0005
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0010
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0015
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0015
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0015
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0015
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0015
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0015
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0015
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0015
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0015
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0015
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0015
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0015
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0015
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0015
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0015
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0015
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0015
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0015
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0015
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0015
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0015
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0015
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0015
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0015
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0015
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0015
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0020
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0020
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0020
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0020
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0020
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0020
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0020
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0020
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0020
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0020
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0020
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0020
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0020
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0020
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0020
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0020
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0020
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0020
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0020
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0020
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0025
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0030
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0035
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0035
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0035
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0035
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0035
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0035
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0035
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0035
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0035
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0035
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0035
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0035
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0035
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0035
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0035
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0035
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0035
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0035
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0035
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0035
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0035
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0035
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0040
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0045
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0050
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0055
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0060
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0065
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0070
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0075
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0080
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0085
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0090
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0090
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0090
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0090
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0090
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0090
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0090
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0090
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0090
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0090
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0090
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0090
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0090
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0090
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0090
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0090
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0090
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0090
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0090
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0090
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0090
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0090
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0090
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0090
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0095
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0100
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0100
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0100
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0100
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0100
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0100
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0100
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0100
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0100
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0100
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0100
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0100
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0100
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0100
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0100
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0100
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0100
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0100
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0100
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0100
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0100
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0105

284 M.T. Gémez Garcia et al. / Arch Bronconeumol. 2014;50(7):278-284

22. Rodgers A, Neal B, MacMahon S. The effects of blood pressure lowering in cere- 24. Schmalgemeier H, Bitter T, Bartsch T, Bullert K, Fischbach T, Eckert S. Pulse transit
brovascular disease. Neurol Rev Int. 1997;2:2-15. time: validation of blood pressure measurement under positive airway pressure
23. Gesche H, Grosskurth D, Kiichler G, Patzak A. Continuous blood ventilation. Sleep Breath. 2012;16:1105-12.
pressure measurement by using the pulse transit time: compar- 25. Payne RA, Symeonides CN, Webb DJ, Maxwell SR. Pulse transit time measured
ison to a cuff-based method. Eur ] Appl Physiol. 2012;112:309- from the ECG: an unreliable marker of beat-to-beat blood pressure. ] Appl

15. Physiol. 2006;100:136-41.


http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0110
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0110
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0110
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0110
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0110
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0110
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0110
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0110
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0110
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0110
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0110
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0110
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0110
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0110
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0110
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0110
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0110
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0110
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0110
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0110
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0110
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0110
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0115
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0120
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125
http://refhub.elsevier.com/S1579-2129(14)00137-2/sbref0125

	Can Pulse Transit Time Be Useful for Detecting Hypertension in Patients in a Sleep Unit?
	Introduction
	Materials and Methods
	Inclusion of Patients
	Exclusion of Patients
	Measurement of Pulse Transit Time
	24-h Ambulatory Blood Pressure Monitoring
	Statistical Analysis

	Results
	Discussion
	Conflict of Interests
	Acknowledgements
	References


