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ABSTRACT

OBJECTIVES: Higher CSBP than brachial SBP in individual patient increases cardiovascular (CV) risk. For
follow-up it is important to assess the reproducibility of such measurements. The aim of this study was to
assess the reproducibility of these differences, expressed as a CSBP/BrachSBP ratios.

SUBJECTS AND METHODS: Eighty-three patients on antihypertensive therapy were analysed for the
reproducibility of such ratios after time interval of several month up to several years. For CSBP estimation,
we used the Arteriograph (Tensiomed Ltd.), based on blood pressure measurements by cuff on oscillometric

principle, using pulse wave analysis (PWA) for assessment of CSBP.

RESULTS: The proportion of patients retained the same characteristics (either higher central or higher
peripheral SBP) between the first and second measurement was 71.1 %. The association between 1st and

2nd measurement, was statistically significant, p < 0.001.

CONCLUSION: In our study, a high proportion (60 %) of treated hypertensive patients had CSBP higher than
brachial SBP, which may adversely influence their prognosis. This characteristic is highly reproducible. Taking
into the account these differences may increase the exactness of CV risk estimation and may contribute to
explanation of residual risk of individual patient (Tab. 3, Fig. 1, Ref. 28). Text in PDF www.elis.sk

KEY WORDS: central systolic blood pressure, central systolic to brachial systolic ratio reproducibility, arterial

hypertension.

Introduction

Arterial hypertension belongs to the most important cardio-
vascular (CV) risk factors. Classical blood pressure (BP) mea-
surements on the arm over the brachial artery (auscultatory or
oscillometric) do not allow to assess the blood pressure in the
central arterial compartment, especially in the ascending aorta
(1). The left ventricular load is more exactly determined by the
central systolic blood pressure (cSBP) than by brachial systolic
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blood pressure (brachSBP), and according to many clinical stud-
ies, cSBP is more important prognostic factor than brachial sys-
tolic blood pressure (2).

There are several measurement techniques enabling non-inva-
sive assessment of central systolic blood pressure. Most of them
require a highly trained operator and special equipment (3).

In recent years, new devices for central systolic blood pres-
sure measurement emerged on the market; they are easy to use
and not requiring highly trained operator. There are based on Pulse
Wave Analysis (PWA) approach, pressure wave is detected oscil-
lometrically by blood pressure cuff over the brachial artery (4, 5).

From many previous studies it is known, that the pulsatile
character of blood flow in arteries determines the systolic blood
pressure throughout all the arterial tree. It is generally accepted
that diastolic blood pressure is roughly the same in all arteries and
the pressure wave amplitude defines the systolic blood pressure in
each point of arteries. Important organs such as: heart, brain and
kidneys are directly exposed to systolic pulsatory flow, which in
hypertension, may be deleterious to vasculature. Therefore, the
scientific and clinical attention is oriented to systolic blood pres-
sure and to analysis of blood pressure waves (1, 6). Despite the
traditionally presented position that brachSBP should be due to
peripheral amplification always higher than cSBP, the results of
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several papers however suggest, that the values of cSBP may be
higher than brachSBP in the patients with stiffer arteries (7, 8).

Kim et al (9) in the group of 335 patients at a very high risk
of atherosclerosis calculated the difference between the Peripheral
and Central systolic blood pressure (P-CSBP), and according to
the results, divided the patients into P-CBP positive and P-CBP
negative. During the median follow-up of 12.6 months, the nega-
tive difference >—8 mmHg (i.e. higher cSBP) was associated with
a 3-fold higher likelihood of poor prognosis. On the other hand,
Ryuzaki and al (10), used the A (delta) values for the differentiation
of patients according to the prevailing central, cSBP or brachial,
brachSBP values. The A (delta) value was calculated as ¢cSBP —
office brachSBP; the patients were divided into those with posi-
tive A values (the A+ group) and those with negative A values (the
A— group). Into the A+ group belonged the patients with a higher
central systolic (cSBP) than brachial systolic (brachSBP) blood
pressure. Patients in the A+ group had a significantly higher cSBP,
increased augmentation indexes, negative correlation with eGF and
endothelial dysfunction. They concluded that cSBP in their group
of patients were mostly higher than brachSBP, which seemed con-
tradictory to general opinion that brachSBP is higher than cSBP.

In our previous studies (11), we noticed that the values of
central systolic blood pressure may differ from the brachial blood
pressure values. Surprisingly, more than a half of our patients had
a central systolic blood pressure higher than peripheral (brachial)
blood pressure. This finding is in opposition to prevailing opinion,
that brachial systolic blood pressure is always higher than the cen-
tral one. This position can be elucidated by reasoning, that those
conclusions are based on findings in younger or healthy persons in
physiological state, with elastic arteries, when the brachial systolic
blood pressure is higher because of peripheral BP amplification
(1, 2, 8) and also as the consequence of methodological differ-
ences (12). Another group of authors (13) reported that invasively
measured cSBP and brachSBP in the patients with hypertension,
older than 50 years, undergoing cineangiography, all had SBP in
the root of aorta higher than blood pressure in radial artery. Also,
the variability of central systolic blood pressure may influence
the results, as was reported in Anglo-Cardiff Collaborative Trial
I describing the large central systolic blood pressure variability
increasing with age and overlapping values between a high normal
and stage I hypertension (14).

Objective of the study

The aim of this work was to study the differences (or ratios)
between the cSBP and brachSBP and to evaluate if these differ-
ences are reproducible after several month/years of treatment, on
repeated measurements. For easier comparison of these two results
obtained from every patient, we expressed these differences as
Central to Brachial Systolic blood pressure ratio, which allows to
compare these different measurements regardless of absolute blood
pressure values or the differences. The resulting value higher than
1.0 meant that the central systolic blood pressure was higher than
brachial one, and the resulting value below 1.0 meant that brachial
systolic blood pressure was higher than central one.
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Subjects and methods

Patients analysed were originally involved in the research
project studying central haemodynamic and preclinical cardio-
vascular disease, which was approved by the Ethical commit-
tee of University Hospital. Patients signed the informed consent
form after we explained to them the nature and aim of this type
of non-invasive BP measurement. The patients undergone a ba-
sic clinical examination, most of them had a blood pressure well
controlled, only some of them obviously needed an intensifying
therapy. The exclusion criteria were: atrial fibrillation, advanced
renal failure [glomerular filtration rate — GFR < 60 ml/(min'm2)],
and/or significantly increased liver function test values (liver func-
tion test values greater than 3 times the upper normal limit). The
treatment of hypertension in the patients evaluated was based on
antagonists of RAAS (inhibitors of angiotensin converting enzyme
or Angiotensin II receptor antagonists) combined with calcium
channel blockers, mainly amlodipine, with addition of low dose
of metabolically neutral diuretic (indapamide).

The analysed group consisted of 83 patients, 36 males (43.4 %)
and 47 females (56.6 %), of the mean age 65.8+11.7 years (males
63.2+13.5 years, females 67.9+9.7 years). In the whole group, the
mean brachial systolic BP was 137+13.6 mmHg, and the mean
c¢SBP was 137+16.2 (Tab. 1).

The invasively and non-invasively validated instrument, Arte-
riograph Tensiomed Ltd (H-1103 Budapest, Hungary), was used
to estimate the central BP (4).

It works based on the oscillometric principle, using one cuff
both for BP measurement and waveform detection for pressure
wave analysis (one measurement site, single point analysis) (15).

The cuff for BP and central haemodynamic evaluation was
tightly fastened on the dominant arm above the elbow as re-
commended in the user’s manual (16). The pressure wave is self-
calibrated using the brachial pressure value, which was obtained
during the same measurement cycle (16). One measurement cycle
lasts 2 to 3 minutes. Patients were examined after 5 to 10 minutes
of rest in the supine position. After placing the cuff in the proper
position on the arm, the actual measurement is automated and

Tab. 1. Basic Characteristic of the group of patients.

Number
Parameter
total Males Females
Number (%) 83 (100%) 36 (43%) 47 (57%)
Age (years)=SD 65.8£11.7  63.2+13.5 67.9£9.7
Height (cm)£SD 169.1£9.9 177.1£8.0  162.7+6.0
Weight (kg)£SD 81.9+159  88.9+15.7  76.2+13.8
BMI (kg/m?)+SD 28.54+4.7 28.4+4.7 28.7+4.7
Mean BP
1st measurement:
Brach-SBP (mmHg)+SD  137+13.6 139+12.3 136+16
CSBP (mmHg)+SD 137+13.6 139+16.5 138+16.0
2nd measurement:
Brach-SBP (mmHg)+SD  135£15.3 133+13.2 135+17.0
CSBP (mmHg)+SD 135+18.2 133£17.2 137+£19.0
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Tab. 2. Reproducibility of Central SBP to BrachSBP ratio between 1st and 2nd measurements.

That means that the probability that pa-

Central Systolic Blood Pressure to brachial Systolic BP ratio (mean+SD).
Comparison of ratios between 1st and 2nd measurements.

tient remains in the same hemodynamically
characterised group also in the second mea-

0.9979+0.0626

CSBPao-1/ Brach-SBP-1 Median=1.029

st measurement

surement is 0.711.
We can see that in each series of mea-

NS (p=0.785) .
nd measurement CSBPao-2 / Brach-SBP-2 1.00@3i_0.05926 surements, the higher Valu'es of cSBP were
Median=1.022 present more frequently (in 60.2 %), than
the higher brachSBP (in 39.8 %).
Tab. 3. Association between 1st and 2nd measurements. If we evaluate the whole group of 83 pa-
Tleh TG tients from the aspect of repeatability of the
Higher CSBP  Higher BrachSBP ot c¢SBP/brachSBP ratio, we see, that from 50
No 38 12 50 patients with the central SBP prevailing, 38
£ | Higher CSBP % within Ist measurement 76.0% 36.4% 60.2% (76 %) remain in the same group, and from
.. 0
2 § % of Total 45.8% 14.5% the group with brachSBP prevailing remain
o % Higher No 12 21 33 in the same group 21 (64 %) from 33 pa-
£ | BrachSBP % within 1st measurement 24.0% 63.6% 39.8% tients. That means that 71.1 % (59 patients)
% of Total 14.5% 25.3% : :
from the whole group of 83 patients remain
Total No 50 33 8 in the same position also in the second mea-
% of Total 60.2% 39.8% 100.0% P

operator-independent, and the results of measurements depend
solely on the measuring device.

The Arteriograph provides several parameters of peripheral and
central haemodynamic; for this analysis we used the values of cen-
tral systolic blood pressure (cSBP) brachial systolic (brachSBP),
diastolic pressure, pulse pressure (PP) and heart rate (HR).

Statistical methods

We used the mean, standard deviation and median to characte-
rize the evaluated data. For statistical evaluation (analysis) we used
independent two-sample T-test, non-parametric paired Wilcoxon
test, Pearson Chi-squared test of independence and linear regression.

Results

There were no statistically significant differences in the mean
blood pressure values among the subgroups of the patients, and in
the mean values between central and peripheral BP.

When we evaluated the ratio of central systolic to peripheral
systolic blood pressure (cSBPao/brach-SBP) we found that there
were no significant differences between the ratios, obtained in the
first measurement and in the second measurements. The mean val-
ues of ratios were calculated from the individual ratios of the cen-
tral-SBP to brachial SBP. Statistical analysis using non-parametric
Paired Wilcoxon test revealed the value of p = 0.785 (Tab. 2).

The overview of hemodynamic type distribution: either with a
higher central systolic blood pressure prevailing, or with a higher
brachial systolic blood pressure prevailing, is presented in Table 3.

The proportion of patients, who did not change the charac-
teristic position (either higher central or higher peripheral SBP)
is given in main diagonal (from the left to right, framed by thick
lines) is 59, that is 71.1 %.

Using the Pearson Chi-squared test of independence we proved
a statistically significant association between 1st and 2nd measure-
ment, p <0.001.

surement. Of those, who had a higher cen-
tral pressure in the first measurement, 12
patients moved into opposite group in the second measurement
(i.e. 24 % of 50 patients).

The grey boxes (with open circles) represent the proportion
of those patients, who changed their previous hemodynamic posi-
tion (migrated either from the higher central pressure group to the
higher peripheral pressure group or vice versa).

White boxes (with black circles) represent the proportion of
stable patients, who remained in the same hemodynamic group
with the same SBPao / SyS ratio.

We demonstrated that in the group of patients in whom there
was no transfer between groups, there was a statistically significant
linear dependence of the cSBP / brachSBP ratio between the 1st
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Fig. 1. Relationship between 1st (SPBA0/SyS-1) and second (SPBAo/
SyS-2) measurement. SBPao/SyS-1 = ratio of Central Systolic BP/
Brachial Systolic BP in the 1st measurement. SBPao/SyS-2 = ratio
of Central Systolic BP/Brachial Systolic BP in the 2nd measurement.
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and 2nd measurements, regression coefficient 3 (slope) =0.797, p
<0.001, coefficient of determination, R* = 75.2 % (Fig. 1).

The analysis showed that the proportion of patients with a
higher central or higher peripheral systolic pressure did not differ
significantly between the first and second measurements.

In the statistical analysis of parameters that could affect the
migration of patients from one group to another (or to characterize
them), we did not find the effect of gender, age, or the number of
drugs used. Only BMI proved to be a significant factor for shifting
patients between the groups; patients with statistically significantly
higher BMI values migrated; patients, who migrated between the
groups had significantly higher BMI values; independent two-
sample T-test: p = 0.012. Patients, who did not change grouping
according to the ratio of central to peripheral blood pressure had
BMI of 27.7 + 4.3 kg / m? at the first measurement; patients, who
changed classification according to pressure ratio had BMI of
30.5+4.9 kg / m>.

Discussion

Central systolic blood pressure is in the centre of interest of
researchers and clinicians for many years. Elastic central arterial
compartment influences blood pressure, decreases the heart work-
load, dampens the pressure waves in central arterial compartment
and in physiological state increases the efficacy of heart work and
helps to change the pulsatory flow to more fluent flow in peri-
pheral arterial tree (17, 18).

Values of cSBP measured or estimated may differ, depending
on technique of measurement used (19). Most widely used ap-
proach is applanation tonometry (SphygmoCor device), approach
is historically older and uses carotid or radial pulses for pressure
wave sensing and in the next step it is necessary to calibrate this
wave using brachial BP measurement. Newer and simpler me-
thods use the oscillometry technique, where the pressure wave is
detected by blood pressure cuff on arm over the brachial artery or
radial artery (3, 20). These devices are easy to use and are opera-
tor independent, which enables using such devices by clinicians
in routine clinical work (5).

Based on CV risk prevalence among hypertensives and healthy
persons, the reference values for cSBP were suggested. Europe-
an working group had suggested the sex specific cut-off values
of CSBP for diagnosis of hypertension (¢cSBP > 133 mmHg for
males and cSBP > 137 mmHg for females) published in European
Heart Journal in 2014 (21). American working group (in 2013)
suggested the cut-off value of cSBP for hypertension > 130 /90
mmHg; the reference value for optimal < 110/80 and prehyper-
tension 110-129/80-89 mmHg (22). Similar cut-off value (112
mmHg) for optimal central blood pressure was suggested on the
basis of major adverse cardiovascular events occurrence during
almost 9-year follow-up (23).

Many papers refer that cSBP is more strongly associated with
target organ damage than brachial blood pressure (2, 5, 22, 24),
which emphasizes the necessity of measuring the cSBP. When using
brachial BP only for the evaluation of therapeutic efficacy of cur-
rent patient antihypertensive medication, we may omit the central
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systolic hypertension, which has deleterious effect on heart, brain,
kidneys and arteries. Brachial blood pressure may overestimate the
control of hypertension (25, 26). Patients may suffer from unre-
cognized hypertension with all negative consequences. This unre-
cognised central hypertension could be the part of a residual risk,
which is an unresolved problem in hypertension treatment (25).

For the follow-up of patients with hypertension, using both
central and brachial BP measurement is necessary: not only for
the evaluation of the difference between cSBP and brachSBP, but
also because both values of blood pressure bring a complementary
information important for managing hypertension (27). Prevailing
central systolic or brachial systolic BP in individual patient can
be expressed also by cSBP/brachSBP ratio; the value above 1.0
expresses a higher central systolic BP; value below 1.0 expresses
a higher brachSBP. The prevalence of central systolic hyperten-
sion is very frequent in isolated systolic hypertension (ISH) and
is frequently associated with a central obesity (26).

Our results showed that the prevalence of higher central systo-
lic over brachial systolic blood pressure values was approximately
55-60 % among the hypertensive patients (7, 11), with a signifi-
cantly high repeatability of the type of central hemodynamics in
the patients with treated hypertension.

The higher cSBP than brachSBP may be the part of a residual
risk in treated hypertensive patients and from this aspect it needs
further research (25, 28).

Evaluation and follow-up of both brachial BP and central BP,
and also the difference between cSBP — brachSBP (or ratio), in
every individual patient, should be incorporated as a promising
parameter in personalized approach in treatment of hypertension.

Learning points

— Central systolic blood pressure is more strongly related to target
organ damage than brachial BP.

— Higher central systolic blood pressure (cSBP) than brachial
systolic blood pressure (brachSBP) have 55-60 % of treated
hypertensive patients.

— Higher central than brachial systolic blood pressure increases
the cardiovascular risk.

— Residual CV risk in treated hypertensive patients may partially
be explained by a higher central systolic blood pressure than
Brachial systolic blood pressure.

Conclusions

1. We examined the central systolic blood pressures and brachial
systolic blood pressures by non-invasive oscillometric device
(Arteriograph) in 83 treated hypertensive patients.

2. We found out that 60 % of them had a higher central systolic
blood pressure than the brachial systolic blood pressure, which
was surprisingly high proportion, in contrary to traditional view.
Traditional opinion states that brachial blood pressure is always
higher than central blood pressure.

3. Repeated measurements in the interval of several months to
years revealed the similar results. Pearson Chi-squared test of
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independence proved a statistically significant association be-
tween Ist and 2nd measurements.

4. For simplifying these results, we compared the central to bra-
chial systolic blood pressure ratios; we found no significant dif-
ferences between the ratios obtained in first measurement and
in second measurement.

5. Statistical analysis using non-parametric Paired Wilcoxon test
revealed value of p = 0.785. According to newer opinion, a
higher central systolic blood pressure than brachial blood pres-
sure is a marker of increased cardiovascular risk and may help
to elucidate the residual cardiovascular risk in patients with
arterial hypertension.
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