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1. INTRODUCTION

Hypertension [1] is one crucial modifiable cause of cardiovascular 
morbidity and mortality in the adult world population, and is an 
independent Risk Factor (RF) for Cardiovascular Disease (CVD) 
[2]. CVDs constitute the leading cause of death in both developed 
and developing countries, with hypertension and atherosclerosis 
as their main risk factors [3]. Methods that allow early identifica-
tion of cardiovascular structural and functional modifications may 
improve the treatment and control strategy [4].

Consequently, it is necessary to identify patients who are exposed 
to the highest cardiovascular risk early in order to implement life-
style changes and treatments that can prevent complications and 
progression of CVD [2]. Besides, an accurate estimation of vascular 
damage and aging in individuals with hypertension, risk prediction 
can be better identified [4]. Major changes in the cardiovascular 

system are known to withstand oxidative stress, free radical pro-
duction, neuroendocrine changes and genetic predisposition [5]. 
The sum of these factors will act mainly on the myocytes and as 
a consequence will contribute to the increase of ventricular and 
vascular stiffness, consequently related to the cardiovascular aging 
process [5].

Arterial stiffness increases the risk of cardiovascular morbidity and 
mortality, and an issue is the possibility of treatment with pharma-
cological intervention [6]. Therefore, treatment strategies should 
be well established, as the choice of antihypertensive drug is recom-
mended considering its effect on lowering blood pressure and also 
reducing arterial stiffness [7]. The alterations that a drug produces 
in arterial stiffness may be independent of pressure, directly affect-
ing the arterial wall through elastic and collagen fiber remodeling 
or pressure-dependent remodeling, occurring indirectly by reduc-
ing blood pressure [8].

Pharmacological therapy aims to manage Blood Pressure (BP) con-
trol mechanisms in order to reduce BP and the risks associated with 
its elevation, promoting reduction of cardiovascular outcomes, 
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Background: Central blood pressure values and arterial stiffness have demonstrated to be a useful tool to stratify cardiovascular 
risk and also as a biomarker. A question that is still unanswered is if hypertension treatment guided by central blood pressure 
parameters will be even better to promote cardiovascular protection than peripheral one.
Methods: With this proposition we have designed an open prospective multicentric randomized protocol to compare central 
(G1) and peripheral (G2) blood pressure targets during 1 year follow-up concerning target organ damage (carotid intima 
media thickness, left ventricular hypertrophy, microalbuminuria and pulse wave velocity). OMRON 1100 will be used to access 
peripheral and Mobil O’Graph to access central blood pressure and pulse wave velocity, TOSHIBA Xsario with longitudinal 
linear transdutor 7.5 MHz bidimensional mode B to access carotid and left ventricular parameters.
Expected Results: This paper aims to describe methodological aspects concerning this research and we expect to find results to 
answer some open questions about hypertension treatment and cardiovascular protection.
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without negatively affecting the quality of life [9]. Antihypertensive 
pharmacological treatment should be individualized and the initial 
choice of drug used for patients with stage 1 hypertension and low 
to moderate cardiovascular risk is monotherapy [2]. Monotherapy 
contemplate the ability to reduce cardiovascular morbidity and 
mortality, drug safety profile, predominant pathophysiological 
mechanism in the patient being treated, and associated diseases 
[10]. On the other hand, studies show that about two-third of the 
cases, monotherapy was not sufficient to achieve pressure reduc-
tions; requiring antihypertensive associations [10].

It is also significant that the residual risk in hypertensive patients, 
even when properly treated and controlled, may be related to the 
delay in diagnosis and initiation of treatment, but may also be 
associated with the limitations of peripheral BP measurement as 
a determinant method of drug strategy [10]. Few studies directly 
compare the effect of antihypertensive drugs on brachial and cen-
tral pressure. It is plausible that an inadequate reduction in cen-
tral pressure may be associated with an adverse outcome. So, a 
central rather than brachial pressure treatment decision is likely 
to have important implications for hypertension prognosis and 
control [11,12].

Thus, this study aims to test the hypothesis that central BP will be 
more efficient in defining the dosage adjustment of antihyperten-
sive drugs compared with the current methodology by measuring 
peripheral BP in correlation to prevention or even regression of 
target organ damage (intermediate outcome).

2. MAIN ISSUE

All hypertension treatments are guided by peripheral blood pres-
sure measurements. After identifying these peripherals parameters, 
the diagnosis is done, then the establishment stratification risk and 
institution of treatment goals. Based on the current knowledge of 
the significance as for central BP measurements in the prognosis 
of cardiovascular disease, is the treatment of arterial hypertension 
guided by the central measurement parameters more efficient com-
pared with the treatment guided by the peripheral measurement 
parameters?

3. OBJECTIVES

3.1. Main Objective

To compare the incidence of target-organ damage between patients 
who had the therapeutic strategy guided by central BP values (G1) 
and patients by peripheral BP values (G2).

3.2. Secondary Objectives

 • To assess the left ventricular mass index performance during the 
treatment of hypertension in both groups.

 • To assess the response of intima media thickness during the 
treatment of hypertension in both groups.

 • To assess the response of microalbuminuria and glomerular fil-
tration rate during the treatment of hypertension in both groups.

 • To assess Pulse Wave Velocity (PWV) response during treatment 
of hypertension in both groups.

 • Compare treatment adherence in both groups.

 • Assess the incidence of adverse events in both groups.

3.3. Methods

3.3.1. Study design and population

This will be a prospective, open, randomized, multicenter study. 
Outpatients with arterial hypertension will be selected and attended 
at the Hypertension League (LHA/UFG) and Campus Rio Verde, 
Federal University of Goiás, Brazil.

Both units attend approximately 26 patients per day with an average 
of 130 patients per week. Patients with hypertension will be selected 
and invited to participate in the study, with or without the use of anti-
hypertensive drugs, who meet the inclusion and exclusion criteria [2].

3.3.2. Inclusion criteria

 • Patients older than 18 years.

 • Hypertension with indication for pharmacological treatment, 
assessed through casual blood pressure measure.

3.3.3. Exclusion criteria

 • Participation in other research protocols for less than one year as 
per ANVISA – Brazil regulations.

 • Chronic diseases in terminal stages.

 • Prior cardiovascular disease including coronary artery disease 
(AMI, angina, previous revascularization surgery or angioplasty) 
or stroke (ischemic stroke or TIA) for <6 months. Exclusion cri-
teria for prior CVD will be defined with information obtained 
from patients by direct interview or evidence through comple-
mentary exams.

3.3.4. Criteria for interruption of the study

Individuals who wish to discontinue the participation in the study 
or who during follow-up present one or more exclusion criteria.

3.3.5. Recruitment

Sample calculation of minimal 84 patients selected from consul-
tations scheduled in the institutions will be randomized to two 
groups: central (G1) and peripheral BP measurement guided drug 
treatment group (G2).
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Table 1 | Systolic and diastolic central blood pressure reference 
values (mmHg) according with age and gender [18]

Age (years) Women (mmHg) Men (mmHg)

<20 99 109
20–29 101 110
30–39 111 114
40–49 116 118
50–59 120 123
60–69 128 128
70+ 138 135

Table 2 | Pharmacological treatment strategy to reach blood pressure target

Level Medication

Level 1 Losartan 50 mg/day
Level 2 Losartan 50 mg 12/12 h
Level 3 Losartan 50 mg 12/12 h + Amlodipine 5 mg/day
Level 4 Losartan 50 mg 12/12 h + Amlodipine 10 mg/day
Level 5 Losartan 50 mg 12/12 h + Amlodipine 10 mg/day +  

HCTZ 12.5 mg/day
Level 7 Losartan 50 mg 12/12 h + Amlodipine 10 mg/day +  

HCTZ 25 mg/day + Espironolactone 25 mg/day

HCTZ: hydrochlorothiazide.

Figure 1 | Study flowchart.

3.3.6. Randomization procedures

Randomization will be done at www.randomizer.org proportion 1:1.

3.3.7. Study visits

There will be a total of five visits: selection, randomization visit, 
and medication supply (V1); three follow-up visits (V2–V4) in the 
3rd, 6th and 9th months respectively and one final visit (V5) in the 
12th month (Figure 1).

At visit 1 (day 0) and 5 (12 months ± 1 week) the following procedures 
will be performed: blood pressure measurement (central and periph-
eral); carotid Doppler, Doppler echocardiography and laboratory tests.

In visits 2–4, there will be a measurement of central and peripheral 
BP measurement and dose adjustment according to randomization.

3.3.8. Study procedures

Casual peripheral BP measurement will be performed by automatic 
OMRON 1100 (HEM 1100, Omron Healthcare, Kyoto, Japan) 
according with 2018 Brazilian Guidelines of Hypertension proce-
dures [2]. Average of 02 BP measurement, 2 min interval will be 
considered for the study.

Central BP measurement will be assessed non-invasively using a 
blood pressure cuff that measures peripheral blood pressure from 
which and through the algorithm. ARCSolver estimates the central 
arterial blood pressure values oscillometric Mobil-O-Graph® (IEM, 
Stolber, Germany). Procedures will be performed by the same 
person and device, using C2 PWV validated protocol [13,14].

The evaluation of carotid Doppler and Echocardiogram will follow 
the American [15] and European [16,17] consensus guidelines. 
Both of them will be assessed by two-dimensional transthoracic 
echocardiography using a TOSHIBA Xsario and longitudinal linear 
transdutor 7,5 MHz, bidimensional mode B.

Fasting laboratory tests: blood count, glycated hemoglobin, insulin, 
lipid profile, creatinine, potassium and microalbuminuria.

3.3.9. Pharmacological treatment

Both G1 and G2 will receive same non and pharmacological treat-
ment. G1 BP target will be defined as reference values at Table 1 [18]. 
G2 BP target will follow 2018 Brazilian Hypertension Guidelines 
(<140 × 90 and 130 × 80 mmHg in patients with low/intermediate 
and high risk respectively) [2].

Pharmacological treatment will follow whenever possible steps 
proposed in Table 2.

3.3.10. Target organ damage analyses

 • Carotid intima media thickness and atheromatous plaques.

 • Left ventricular mass and septal/posterior wall thickness.

 • Microalbuminuria.

 • PWV.

3.4. Ethical Aspects

The research will follow the standard of resolution number 466/12. 
It was submitted and approved by the Ethics Committee of the 
Hospital das Clínicas da Universidade Federal de Goiás.

4. CONCLUSION

With this study we intend to contribute with a knowledge concern-
ing central blood pressure as a useful parameter to guide hyper-
tension treatment and if, compared with peripheral values, it may 
improve cardiovascular protection.



4 W.K.S. Barroso et al. / Artery Research 26(1) 1–4

CONFLICTS OF INTEREST

The authors declare they have no conflicts of interest.

AUTHORS’ CONTRIBUTION

WKSB contributed in study conceptualization and writing (review 
& editing) the manuscript. WKSB, SI, GCG, PVV and ALLS con-
tributed in data curation, formal analysis and writing (original 
draft) the manuscript. WKSB, SI and GCG contributed in funding 
acquisition. WKSB, SI, GCG, RPP, VAM, LFO, ES, GRM and DSCV 
contributed in project administration. PCBVJ and AC contributed 
in supervising the project.

REFERENCES

[1] Tsioufis C, Dimitriadis K, Selima M, Thomopoulos C, Mihas C, 
Skiadas I, et al. Low-grade inflammation and hypoadiponecti-
naemia have an additive detrimental effect on aortic stiffness in 
essential hypertensive patients. Eur Heart J 2007;28:1162–9.

[2] Sociedade Brasileira de Cardiologia, Sociedade Brasileira de 
Hipertensão, Sociedade Brasileira de Nefrologia. VII Diretrizes 
brasileiras de hipertensão arterial. Arq Bras Cardiol 2016;197:1–87.

[3] Sabovic M, Safar ME, Blacher J. Is there any additional prognos-
tic value of central blood pressure wave forms beyond peripheral 
blood pressure? Curr Pharm Des 2009;15:254–66.

[4] Pizzi O, Brandão AA, Magalhães ME, Pozzan R, Brandão AP. 
Pulse wave velocity-methodology and prognostic implications in 
hypertension. Rev Bras Hipertens 2006;13:59–62.

[5] Cefalu CA. Theories and mechanisms of aging. Clin Geriatr Med 
2011;27:491–506.

[6] Asmar R. Effect of antihypertensive agents on arterial stiffness 
as evaluated by pulse wave velocity: clinical implications. Am J 
Cardiovasc Drugs 2001;1:387–97.

[7] Kaess BM, Rong J, Larson MG, Hamburg NM, Vita JA, Levy D, 
et al. Aortic stiffness, blood pressure progression, and incident 
hypertension. JAMA 2012;308:875–81.

[8] Wiysonge CS, Bradley HA, Volmink J, Mayosi BM, Mbewu A, 
Opie LH. Beta-blockers of hypertension. Cochrane Database Syst 
Rev 2012;11:CD002003.

[9] Mikael LR, Paiva AMG, Gomes MM, Sousa ALL, Jardim PCBV, 
Vitorino PVO, et al. Vascular aging and arterial stiffness. Arq 
Bras Cardiol 2017;109:253–8.

[10] Kohlmann Jr O, Gus M, Ribeiro AB, Vianna D, Coelho EB, 
Barbosa E, et al. Tratamento medicamentoso. Braz J Nephrol 
2010;32:29–43.

[11] Fagundes RR, Vitorino PV, Lelis  ES,  Jardim PCBV, Sousa ALL, 
Jardim TV, et al. Relationship between pulse wave velocity and 
cardiovascular biomarkers in patients with risk factors. Arq Bras 
Cardiol 2019, ahead of print.

[12] Dahlöf B, Devereux RB, Kjeldsen SE, Julius S, Beevers G, de Faire 
U, et al. Cardiovascular morbidity and mortality in the Losartan 
Intervention For Endpoint reduction in hypertension study (LIFE): 
a randomised trial against atenolol. Lancet 2002;359:995–1003.

[13] Hametner B, Wassertheurer S, Kropf J, Mayer C, Eber B, Weber T. 
Oscillometric estimation of aortic pulse wave velocity: compari-
son with intra-aortic catheter measurements. Blood Press Monit 
2013;18:173–6.

[14] Wei W, Tölle M, Zidek W, van der Giet M. Validation of the 
mobil-O-Graph: 24 h-blood pressure measurement device. Blood 
Press Monit 2010;15:225–8.

[15] Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB, 
Mohler ER, et al. Use of carotid ultrasound to identify sub-
clinical vascular disease and evaluate cardiovascular disease 
risk: a consensus statement from the American Society of 
Echocardiography Carotid Intima-Media Thickness Task 
Force Endorsed by the Society for Vascular Medicine. J Am Soc 
Echocardiogr 2008;21:93–111.

[16] Oates CP, Naylor AR, Hartshorne T, Charles SM, Fail T, 
Humphries K, et al. Joint recommendations for reporting carotid 
ultrasound investigations in the United Kingdom. Eur J Vasc 
Endovasc Surg 2009;37:251–61.

[17] Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, 
Ernande L, et al. Recommendations for cardiac chamber quan-
tification by echocardiography in adults: an update from the 
American Society of Echocardiography and the European 
Association of Cardiovascular Imaging. J Am Soc Echocardiogr 
2015;28:1–39.e14.

[18] Herbert A, Cruickshank JK, Laurent S, Boutouyrie P. Establishing 
reference values for central blood pressure and its amplification 
in a general healthy population and according to cardiovascular 
risk factors. Eur Heart J 2014;35:3122–33.

http://dx.doi.org/10.1093/eurheartj/ehm089
http://dx.doi.org/10.1093/eurheartj/ehm089
http://dx.doi.org/10.1093/eurheartj/ehm089
http://dx.doi.org/10.1093/eurheartj/ehm089
http://dx.doi.org/10.2174/138161209787354249
http://dx.doi.org/10.2174/138161209787354249
http://dx.doi.org/10.2174/138161209787354249
http://dx.doi.org/10.1016/j.cger.2011.07.001
http://dx.doi.org/10.1016/j.cger.2011.07.001
https://www.ncbi.nlm.nih.gov/pubmed/14728020
https://www.ncbi.nlm.nih.gov/pubmed/14728020
https://www.ncbi.nlm.nih.gov/pubmed/14728020
http://dx.doi.org/10.1001/2012.jama.10503
http://dx.doi.org/10.1001/2012.jama.10503
http://dx.doi.org/10.1001/2012.jama.10503
https://www.ncbi.nlm.nih.gov/pubmed/23152211
https://www.ncbi.nlm.nih.gov/pubmed/23152211
https://www.ncbi.nlm.nih.gov/pubmed/23152211
https://www.ncbi.nlm.nih.gov/pubmed/28678931
https://www.ncbi.nlm.nih.gov/pubmed/28678931
https://www.ncbi.nlm.nih.gov/pubmed/28678931
http://dx.doi.org/10.1016/S0140-6736%2802%2908089-3
http://dx.doi.org/10.1016/S0140-6736%2802%2908089-3
http://dx.doi.org/10.1016/S0140-6736%2802%2908089-3
http://dx.doi.org/10.1016/S0140-6736%2802%2908089-3
http://dx.doi.org/10.1097/MBP.0b013e3283614168
http://dx.doi.org/10.1097/MBP.0b013e3283614168
http://dx.doi.org/10.1097/MBP.0b013e3283614168
http://dx.doi.org/10.1097/MBP.0b013e3283614168
http://dx.doi.org/10.1097/MBP.0b013e328338892f
http://dx.doi.org/10.1097/MBP.0b013e328338892f
http://dx.doi.org/10.1097/MBP.0b013e328338892f
http://dx.doi.org/10.1016/j.echo.2007.11.011
http://dx.doi.org/10.1016/j.echo.2007.11.011
http://dx.doi.org/10.1016/j.echo.2007.11.011
http://dx.doi.org/10.1016/j.echo.2007.11.011
http://dx.doi.org/10.1016/j.echo.2007.11.011
http://dx.doi.org/10.1016/j.echo.2007.11.011
http://dx.doi.org/10.1016/j.echo.2007.11.011
http://dx.doi.org/10.1016/j.ejvs.2008.10.015
http://dx.doi.org/10.1016/j.ejvs.2008.10.015
http://dx.doi.org/10.1016/j.ejvs.2008.10.015
http://dx.doi.org/10.1016/j.ejvs.2008.10.015
http://dx.doi.org/10.1016/j.echo.2014.10.003
http://dx.doi.org/10.1016/j.echo.2014.10.003
http://dx.doi.org/10.1016/j.echo.2014.10.003
http://dx.doi.org/10.1016/j.echo.2014.10.003
http://dx.doi.org/10.1016/j.echo.2014.10.003
http://dx.doi.org/10.1016/j.echo.2014.10.003
https://doi.org/10.1093/eurheartj/ehu293
https://doi.org/10.1093/eurheartj/ehu293
https://doi.org/10.1093/eurheartj/ehu293
https://doi.org/10.1093/eurheartj/ehu293



