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The following article highlights the need for methodological transparency and
consensus for an accurate and non-invasive assessment of central aortic blood
pressure (aoBP), which would contribute to increasing its validity and value in
both clinical and physiological research settings. The recording method and site,
the mathematical model used to quantify aoBP, and mainly the method applied
to calibrate pulse waveforms are essential when estimating aoBP and should be
considered when analyzing and/or comparing data from different works,
populations and/or obtained with different approaches. Up to now, many
questions remain concerning the incremental predictive ability of aoBP over
peripheral blood pressure and the possible role of aoBP-guided therapy in
everyday practice. In this article, we focus on “putting it on the table” and
discussing the main aspects analyzed in the literature as potential determinants
of the lack of consensus on the non-invasive measurement of aoBP.
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1. Introduction

When a subject lies down, the diastolic and mean blood pressure (DBP, MBP) remain
relatively constant in all body arteries. In contrast, in general terms, systolic and pulse
pressure (SBP, PP) are higher in peripheral than central arteries. In fact, brachial SBP and
PP (bSBP, bPP) was greater than aortic SBP and PP (aoSBP, aoPP), respectively, for the
same MBP and DBP (1). This phenomenon, called “systolic and pulse pressure
amplification” (SBPA, PPA), is related to arterial characteristics, such as lengths or
distances between measurement sites, levels of arterial stiffness, and wave reflections along
the arterial tree, etc. (1, 2). Consequently, the relationship between SBP or PP levels
measured at the brachial artery (BA) and measured at the aortic level is highly “subject-
specific,” requiring individualized assessments. It is impossible to know a subject’s aoSBP
or aoPP levels simply by knowing the bSBP or bPP levels.

While differences between blood pressure (BP) levels recorded in different arteries have
been known for several hundred years, it is only relatively recently that attention has been
paid to them for clinical purposes. Although not without limitations (e.g., under- and
over-estimation of bSBP and bDBP, respectively) (3), the possibility of measuring brachial
BP (bBP) in a non-invasive, innocuous, low-cost, and relatively operator-independent
approach has been one of the great “milestones” in medicine. Nowadays, although it is
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known that there are differences in the levels of bBP determined
with different measurement techniques (e.g., oscillometric vs.
auscultatory), bSBP and bDBP are considered ‘independent’ of
the selected method of registration. In contrast, without ignoring
the value of bBP, it is only in the last 20-30 years that research
has begun to evaluate the potential usefulness of adding aortic
BP (aoBP) non-invasive determinations for medical purposes.
Due to its proximity to the heart and the brain, aoBP could
provide crucial information on the real levels of "dynamic load’
faced by the ventricular walls or the mechanical stress suffered
by the cardiac and cerebral vessels, etc. (4). However, unlike the
already more consensual techniques for recording bBP, several
methodological issues remain to be addressed before aoBP
measurement is fully integrated into clinical decision-making and
of practical benefit to patients. In this article, we discuss the
main aspects that deserve to be analyzed to move towards a near
which
clinical practice.

future in a0oBP measurements are included in

2. Methodological issues

At least four methodological aspects remain under discussion,
and without reaching an unquestionable consensus:

1. the best mathematical

quantifying aoBP,

technology or approach to
2. the best arterial recording site,

3. the best way to calibrate the signals,

4. the existence of (poorly studied) proportional errors.

Additionally, it should be considered that many of the technologies
or approaches proposed to measure a0oBP have not been validated
directly against invasive methodologies and/or have not been
validated for use in specific populations (e.g., children, pregnant
women) and conditions (e.g., validated for ambulatory studies
and/or performed during cardiopulmonary exercise test, in which
human body position, movement, adaptative responses and/or
would modify the aoBP/bBP
relationship). Furthermore, methods have recently been proposed
to “estimate” aoBP based on simplified approaches [e.g.,
estimating aoSBP from knowing bMBP and bDBP (e.g., a0SBP =
bMBP?/bDBP) or applying equations from population-based

homeostatic  adjustments

studies that relate aoSBP levels to individual characteristics].
However, estimating is not measuring, and consequently, in this
short article, we will not focus on these additional points.

2.1. The best technology or mathematical
approach to quantifying aoBP

Concerning the first point, currently, the non-invasive
estimation of aoBP is done using a variety of commercial devices
that differ: (i) in the principles considered for recording the
pulse waveform or surrogate signals (applied technology), (ii) in
the model or mathematical analysis applied, and (iii) in the
arterial recording site (5-8). Most devices use oscillometry/
plethysmography (e.g., cuffs placed at BA level), applanation
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tonometry [e.g., radial artery (RA) recordings], or vascular
ultrasound [e.g.,, common carotid artery (CCA) recordings] to
obtain RA, BA or CCA arterie$ pulse waveforms. Then, from the
acquired waveforms, and after their calibration, the devices
quantify aoBP ‘directly (e.g., calibration of CCA
waveforms) or ‘indirectly,” for instance, applying generalized

direct

transfer functions (GTF), low-pass filters (e.g., N-point moving
average, NPMA) or wave analysis algorithms [e.g., detection of
the second shoulder in the RA waveform (P2)] (2, 5). Differences
between devices and methodological approaches could determine
discrepancies in the non-invasively obtained aoBP (6, 7).
However, this is still a controversial issue. Results from our
group indicate that using different technologies or applying
would not be
in aoSBP
comparative terms, concerning the errors related to the recording

different methodologies among the main

determinants of differences levels, at least in
site or the calibration method. In fact, after recording in the
same arterial site and calibrating in the same way (e.g., with the
same bBP values), no differences were found (i) when applying
different technologies on the same artery (e.g., CCA tonometry
vs. ultrasound) or (ii) different mathematical approach applied
on the same pulse waveform (e.g., RA tonometry). In this regard,
when calibrating using an identical approach [e.g., a form factor
(FF)=33%] and bBP values, aoSBP levels were 120 +4 mmHg
when recording with CCA tonometry and applying GTF,
122 +4 mmHg when recording with CCA tonometry without
120 + 3 mmHg when

ultrasound (invasive levels of aoSBP were 131 +4 mmHg). On

applying GTF, and applying CCA
the other hand, using RA tonometry and identical calibration
method and values, aoSBP levels were 121+3 mmHg when
applying radial-to-aortic GTF, 122 + 4 mmHg when determining
P2, and 120+3 mmHg and 122+3 mmHg when applying
low-pass filters (NPMA 4.0 and 4.4, respectively) (8). These
differences (~1-2 mmHg) are irrelevant clinically and statistically.

2.2. The best arterial recording site

Regarding the second point, the arterial recording site could be
one of the main determinants of the ability of a non-invasive
method to assess aoSBP values. According to recently published
data, there is a hierarchical order in terms of the ability to
quantify real aoSBP values: CCA>BA>RA (8). Consequently, the
closest approximation between invasively and non-invasively
measured aoSBP was obtained when considering CCA recording
(regardless of the method used) (8). This could be related to the
fact that CCA records do not require the use/application of
specific wave propagation models (e.g., GTFs), generally derived
from population studies and which could not adjust to the
specificity of the patient evaluated but assume similarity in BP
levels and waveforms between the aorta and CCA (due to their
anatomical proximity). Consequently, direct records from CCA
should be attempted (prioritized) when quantifying aoSBP values
non-invasively (8). However, high-quality CCA records are not
always possible to obtain (e.g., in very thick necks, in subjects
with infants), and

respiratory disorders, in neonates or

frontiersin.org


https://doi.org/10.3389/fcvm.2023.1159433
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Diaz et al.

alternative recordings are necessary. In these cases, peripheral
waveform records can be used to obtain (estimate) aoSBP. Our
results show that the degree of agreement between data from
peripheral waveforms analysis and the obtained invasively would
be lower than when evaluating CCAs arteries (8).

Additionally, it should be noted that when obtaining aoBP
from peripheral (e.g., brachial) pulse waveform recordings, it is
possible not only to obtain aoBP levels (e.g., by applying a GTF
or NPMA), but also to re-calibrate the peripheral (brachial)
waveform to correct the under- and over-estimation of bSBP and
bDBP, respectively, generated by measuring bBP with a cuff.
Thus, by obtaining the aoBP and a corrected (re-calibrated) bBP,
it is “theoretically” possible to quantify the center-peripheral
SBPA or PPA more accurately (although this aspect requires
further research). However, this is not possible if aoBP is simply
quantified from CCA waveform recordings, as no peripheral
waveform information will be available. Consequently, the best
way to obtain aoBP (e.g., by CCA waveform analysis) is not
necessarily the best approach (in practical terms) to quantify
SBPA or PPA. Perhaps moving towards a “dual pulse recording”
of peripheral and central pulse waveforms (as is done with
various methods of calculating carotid-to-femoral or carotid-to-
radial pulse wave velocity) is an accurate solution to
simultaneously access reliable aoBP, bBP and SBPA (or PPA)
measurements, although methodologically more complex.

2.3. The best way to calibrate the signals

Regarding the third aspect, two different bBP-associated
calibration methods have been mostly used: (i) calibration to
bSBP and bDBP [systolic-diastolic (SD)], and (ii) calibration to
bDBP and brachial MBP (bMBP) (5-8). bMBP levels to be used
for calibration could correspond to bMBP measured by
oscillometry (OscM) or calculated (CM) from bSBP and bDBP,
using different scaling form factors (e.g., 33%, 40%, 41.2%) (5-7).
Previous works analyzed whether aoSBP levels obtained with the
same or different devices would be significantly modified by the
calibration method considered (Figure 1) (6). Related to this, it
should be noted that the calibration method that minimizes error
when using a specific device or methodology may differ when
using another approach. Our results and those of other authors
suggested that the significant source of error when determining
aoBP is the method of calibration used (5, 8, 9). For example,
from BA recordings (oscillometry/plethysmography + GTF), the
aoSBP levels were 123+3 when using the calculated bMBP
(FF =33%) and 139 + 4 mmHg using the oscillometric bMBP. As
a further example, from CCA tonometry recordings, aoSBP levels
were 120 +4 mmHg (bMBP quantified using an FF=33%) and
135+ 4 mmHg (oscillometricbMBP) (8). Additionally, we found
that when calibrating the BP waveforms, using non-invasively
measured bSBP and bDBP levels, an FF=0.40 minimized the
error between aoBP levels obtained non-invasively and invasively
(8). Consequently, both the calibration method (e.g., bSBP/bDBP
vs. bMBP/bDBP), as well as the way to obtain the bMBP
(calculated vs. oscillometric), or even the best equation to get the

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2023.1159433

s Fowr

180

160 165

156 156

140

127
120

115 116

mm Hg

100

80

60 *bSBP-C_aoSBP-M_aoSBP -SD_aoSBP

FIGURE 1

Differences obtained between different approaches and calibration
methods for non-invasive measurement of aortic systolic blood
pressure (@aoSBP) in 1,654 subjects from a population-based study.
bSBP: brachial systolic blood pressure. C_aoSBP: aortic systolic blood
pressure determined by calibration to brachial diastolic, and mean
blood pressure (bDBP, bMBP) calculated (CM) from bSBP and bDBP
M_aoSBP: aortic systolic blood pressure determined by calibration to
bDBP, and (bMBP) measured by oscillometry (OscM). SD_aoSBP:
aortic systolic blood pressure determined by calibration to bSBP and
bDBP (termed systolic-diastolic or “SD")

bMBP (e.g., FF=33% vs. FF=40%) remains to be agreed. At
least in theory, one aspect to be further evaluated is whether
non-invasive aoBP measurements could be improved by using
subject-specific FF levels (rather than applying a single FF to all
subjects), quantified from central and/or peripheral waveform
recordings. In summary, this demonstrates the importance of (i)
being able to decide as soon as possible (consensus) on the FF
that should be used to calibrate the aoBP records and (ii)
(authors) communicating the method of calibration used. This is
necessary to evaluate, analyze and adequately compare data from
different studies or populations.

On the other hand, it is important that those responsible for
developing technology (devices and software) leave open the
possibility for the operator (researcher) to calibrate the records in
different ways so that the best way of calibration can be
investigated. In addition, it is important that oscillometric
devices, which measure bMBP and then calculate bSBP and
bDBP (and aoBP), bMBP levels obtained with
oscillometry to be visible (on the equipment’s displays, and not

allow the

only when downloading the information as text files).

The calibration method impacts whether potential differences
in aoBP levels between different physiological or clinical
conditions are minimized or maximized, which dramatically
modifies the (e.g.
understanding whether aoSBP is affected or not in chronic
pathologies [e.g., HIV infection] (10, 11), and whether it is
affected to a lesser or greater extent than bBP). Consequently,

understanding of clinical entities

the calibration method is “much more than the values obtained”,
as it determines our understanding of the physiology and
pathophysiology of aoSBP.

Considering the calibration-related differences between aoBP
non-invasively and invasively obtained, non-invasive devices were
categorized into two types based on function: Type I estimates
“adequately” aoBP relative to measured bBP, and Type II
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estimates “adequately” intra-arterial aoBP (2). Schematically, this
classification focuses on what we wish to know: (i) to correctly
quantify the aoBP/bBP relationship (e.g., to assess SBPA and
PPA), despite knowing that bBP levels have measurement errors
(e.g., under- and over-estimation of bSBP and bDBP) (Type I),
vs., (ii) to get closer to accurately knowing existing aoSBP levels,
even though the relationship between aoBP (properly quantified)
and bBP is distorted (e.g., aoSBP levels turn out to be higher
than bBSP levels, which is generally not physiologically possible)
(Type 2) (2). This schematic division has been an attempt to
clarify that not all
quantification of aoSBP and SBPA. However, as was mentioned,

devices/approaches allow adequate
future work will have to resolve how to properly quantify aoSBP
and SBPA, with the same device, in the context of recognizing
that the bBP measurements used to calibrate the signals

present errors.

2.4. The existence of (poorly studied)
proportional errors

A fourth aspect that should be discussed is that the devices
show proportional error, which depends on the aoBP levels
existing in the people evaluated (8). In general, the “overall”
mean (or systematic) error shows that different devices,
recording methods, or calibration methods tend to non-invasively
quantify aoBP levels that are below the invasively recorded aoBP
level (2, 8). Nevertheless, most approaches overestimated and
underestimated aoSBP at low and high invasive aoSBP levels,
respectively (8). Consequently, further work will be necessary not
only to validate whether the devices present reduced global
‘mean errof levels concerning invasive recordings but also
whether they allow adequate measurements to be achieved in a
wide range of BP levels and, are useful precisely in patients in
which records become essential when it comes to discriminating
hemodynamic states (e.g., patients with high bBP levels, in whom

it is desired to know their aoBP levels).

3. Biomedical impact of measurement
controversies

The significant differences in the non-invasive determination
of aoBP have clinical and biological/physiological implications.
Concerning the former, up to now, many questions remain
concerning the incremental predictive ability of aoBP over bBP,
as well as the possible role of aoBP-guided therapy in everyday
(12). These related to the
“heterogeneity” in how aoBP is measured (e.g., a0BP may not

practice doubts are closely
outperform bBP in its predictive ability, given that there are
calibration methods that “force a mathematical link between
aoBP and bBP so that their independent predictive skills are
not valued”). Additionally, the fact that aoBP values would not
be obtained accurately could influence/distort the relationship
between aoBP and cardiovascular risk levels; at the time, it

could contribute to explaining differences in available data
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regarding the clinical value of aoBP in terms of risk
stratification (8). For should be noted that

frequently underestimated aoBP levels used to quantify left

instance, it

ventricular wall stress or arterial stiffness would lead to
underestimation or overestimation of actual values (13). Then,
understanding physiological or pathophysiological phenomena
would be inaccurately evaluated (8).

An additional aspect that remains to be defined more precisely,
and to reach a consensus, is the usefulness of aoBP non-invasive
measurements in children and adolescents. Up to now, numerous
pieces of evidence indicate that the measurement of aoBP in
pediatric ages could be useful both to characterize physiological
aspects (e.g., haemodyncamic changes during growth, sex-related
haemodynamic differences) and/or to characterize clinical
conditions (e.g., impact of arterial hypertension, obesity, etc., on
central haemodynamics) (14-19). Everything indicates that also,
in children and adolescents the information of the aoBP would
be complementary to that of the bBP. However, the potential
biomedical utility of measuring aoBP in pediatric ages is yet to
be defined and agreed upon. Additionally, the relative impact
that the four aspects previously analyzed have on the aoBP
records in children and adolescents must be specifically evaluated
since specific hemodynamic conditions are expected in them that
can make the records more complex (e.g., lower levels of aoBP,
higher heart rate), as well as technical difficulties specific to
trying to record on smaller arteries (e.g., RA) and/or in places

more difficult to access (e.g., ultrasound recordings in CCA).

4. Concluding summary

The recording method and site, the mathematical model used
to quantify aoBP, and mainly the method applied to calibrate
waveforms are essential when estimating aoBP (and SBPA or
PPA) and should be
comparing data from different works, populations, and/or

considered when analyzing and/or

obtained with different approaches. It is important to highlight
the urgent need for methodological transparency and consensus
for accurate and non-invasive assessment of aoBP, which would
help increase its validity and value in clinical and physiological
research.

Author contributions

AD, FZ, DB, and YZ: contributed to the conception and design
of the manuscript, AD, DB, and YZ: wrote the first draft and final
version of the manuscript. All authors contributed to the article
and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fcvm.2023.1159433
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Diaz et al.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Avolio AP, Van Bortel LM, Boutouyrie P, Cockcroft JR, McEniery CM,
Protogerou AD, et al. Role of pulse pressure amplification in arterial hypertension:
experts’ opinion and review of the data. Hypertension. (2009) 54(2):375-83.
doi: 10.1161/HYPERTENSIONAHA.109.134379. Erratum in: Hypertension. 2011
Oct;58(4):e30.

2. Sharman JE, Avolio AP, Baulmann J, Benetos A, Blacher J, Blizzard CL, et al.
Validation of non-invasive central blood pressure devices: ARTERY society task
force consensus statement on protocol standardization. Eur Heart J. (2017) 38
(37):2805-12. doi: 10.1093/eurheartj/ehw632

3. Bia D, Zdcalo Y, Sanchez R, Torrado JF, Lev G, Mendiz O, et al. Brachial blood
pressure invasively and non-invasively obtained using oscillometry and applanation
tonometry: impact of mean blood pressure equations and calibration schemes on
agreement levels. ] Cardiovasc Dev Dis. (2023) 10(2):45. doi: 10.3390/jcdd10020045

4. Boudoulas KD, Vlachopoulos C, Raman SV, Sparks EA, Triposciadis F, Stefanadis
G, et al. Aortic function: from the research laboratory to the clinic. Cardiology. (2012)
121(1):31-42. doi: 10.1159/000336147

5. Papaioannou TG, Karageorgopoulou TD, Sergentanis TN, Protogerou AD,
Psaltopoulou T, Sharman JE, et al. Accuracy of commercial devices and methods
for noninvasive estimation of aortic systolic blood pressure a systematic review and
meta-analysis of invasive validation studies. J Hypertens. (2016) 34(7):1237-48.
doi: 10.1097/HJH.0000000000000921

6. Diaz A, Bia D, Zécalo Y. Impact of methodological and calibration approach on
the association of central and peripheral systolic blood pressure with cardiac structure
and function in children, adolescents and adults. High Blood Press Cardiovasc Prev.
(2019) 26(6):509-34. doi: 10.1007/s40292-019-00346-0

7. Diaz A, Bia D. Association between central-peripheral blood pressure
amplification and structural and functional cardiac properties in children,
adolescents, and adults: impact of the amplification parameter, recording system
and calibration scheme. High Blood Press Cardiovasc Prev. (2021) 28(2):185-249.
doi: 10.1007/540292-021-00440-2

8. Bia D, Zécalo Y, Sanchez R, Lev G, Mendiz O, Pessana F, et al. Aortic systolic and
pulse pressure invasively and non-invasively obtained: comparative analysis of recording
techniques, arterial sites of measurement, waveform analysis algorithms and calibration
methods. Front Physiol. (2023) 14:1113972. doi: 10.3389/fphys.2023.1113972

9. Negishi K, Yang H, Wang Y, Nolan MT, Negishi T, Pathan F, et al. Importance of
calibration method in central blood pressure for cardiac structural abnormalities. Am
J Hypertens. (2016) 29(9):1070-6. doi: 10.1093/ajh/hpw039

10. Diaz A, Grand M, Torrado J, Salazar F, Zocalo Y, Bia D. Aortic pressure levels
and waveform indexes in people living with human immunodeficiency virus: impact
of calibration method on the differences with respect to non-HIV subjects and

Frontiers in Cardiovascular Medicine

05

10.3389/fcvm.2023.1159433

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

optimal values. Front Cardiovasc Med. (2021) 8:772912. doi: 10.3389/fcvm.2021.
772912

11. Wassertheurer S, Baumann M. Assessment of systolic aortic pressure and its
association to all causeall-cause mortality critically depends on waveform
calibration. J Hypertens. (2015) 33(9):1884-8. discussion 1889. doi: 10.1097/HJH.
0000000000000633

12. Terentes-Printzios D, Gardikioti V, Vlachopoulos C. Central over peripheral
blood pressure: an emerging issue in hypertension research. Heart Lung Circ.
(2021) 30(11):1667-74. doi: 10.1016/j.h1c.2021.07.019

13. Zécalo Y, Bia D, Armentano RL, Gonzélez-Moreno J, Varela G, Calleriza F, et al.
Resynchronization ~improves heart-arterial coupling reducing arterial load
determinants. Europace. (2013) 15(4):554-65. doi: 10.1093/europace/eus285.
Erratum in: Europace. 2019 Nov 1;21(11):1702. PMID: 23143859.

14. Garcia-Espinosa V, Curcio S, Marotta M, Castro JM, Arana M, Peluso G, et al.
Changes in central aortic pressure levels, wave components and determinants
associated with high peripheral blood pressure states in childhood: analysis of
hypertensive phenotype. Pediatr Cardiol. (2016) 37(7):1340-50. doi: 10.1007/
500246-016-1440-5

15. Castro JM, Garcia-Espinosa V, Curcio S, Arana M, Chiesa P, Giachetto G, et al.
Childhood obesity associates haemodynamic and vascular changes that result in
increased central aortic pressure with augmented incident and reflected wave
components, without changes in peripheral amplification. Int J Vasc Med. (2016)
2016:3129304. doi: 10.1155/2016/3129304

16. Garcia-Espinosa V, Bia D, Castro ], Zinoveev A, Marin M, Giachetto G, et al.
Peripheral and central aortic pressure, wave-derived reflection parameters, local and
regional arterial stiffness and structural parameters in children and adolescents:
impact of body mass Index variations. High Blood Press Cardiovasc Prev. (2018) 25
(3):267-80. doi: 10.1007/540292-018-0264-1

17. Curcio S, Garcia-Espinosa V, Arana M, Farro I, Chiesa P, Giachetto G, et al.
Growing-related changes in arterial properties of healthy children, adolescents, and
young adults nonexposed to cardiovascular risk factors: analysis of gender-related
differences. Int ] Hypertens. (2016) 2016:4982676. doi: 10.1155/2016/4982676

18. Peluso G, Garcia-Espinosa V, Curcio S, Marota M, Castro J, Chiesa P, et al. High
central aortic rather than brachial blood pressure is associated with carotid wall
remodeling and increased arterial stiffness in childhood. High Blood Press
Cardiovasc Prev. (2017) 24(1):49-60. doi: 10.1007/s40292-017-0179-2

19. Diaz A, Zécalo Y, Bia D, Cabrera Fischer E. Reference intervals of central aortic
blood pressure and augmentation Index assessed with an oscillometric device in
healthy children, adolescents, and young adults from Argentina. Int ] Hypertens.
(2018) 2018:1469651. doi: 10.1155/2018/1469651

frontiersin.org


https://doi.org/10.�1161/HYPERTENSIONAHA.109.134379
https://doi.org/10.1093/eurheartj/ehw632
https://doi.org/10.3390/jcdd10020045
https://doi.org/10.1159/000336147
https://doi.org/10.1097/HJH.0000000000000921
https://doi.org/10.1007/s40292-019-00346-0
https://doi.org/10.1007/s40292-021-00440-2
https://doi.org/10.3389/fphys.2023.1113972
https://doi.org/10.1093/ajh/hpw039
https://doi.org/10.3389/fcvm.2021.772912
https://doi.org/10.3389/fcvm.2021.772912
https://doi.org/10.1097/HJH.0000000000000633
https://doi.org/10.1097/HJH.0000000000000633
https://doi.org/10.1016/j.hlc.2021.07.019
https://doi.org/10.1093/europace/eus285
https://doi.org/10.1007/s00246-016-1440-5
https://doi.org/10.1007/s00246-016-1440-5
https://doi.org/10.1155/2016/3129304
https://doi.org/10.1007/s40292-018-0264-1
https://doi.org/10.1155/2016/4982676
https://doi.org/10.1007/s40292-017-0179-2
https://doi.org/10.1155/2018/1469651
https://doi.org/10.3389/fcvm.2023.1159433
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Non-invasive central aortic pressure measurement: what limits its application in clinical practice?
	Introduction
	Methodological issues
	The best technology or mathematical approach to quantifying aoBP
	The best arterial recording site
	The best way to calibrate the signals
	The existence of (poorly studied) proportional errors

	Biomedical impact of measurement controversies
	Concluding summary
	Author contributions
	Conflict of interest
	Publisher's note
	References


