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ABSTRACT

Central Systolic Blood Pressure (cSBP) and Central Augmentation Index (cAlx) have been independently associated with
cardiovascular risk in adults, and can be estimated using a generalized peripheral-to-central transfer function. We hypothesize
that transfer function accuracy and precision will be influenced by degree of growth and change in body habitus during periods of
growth, such as in childhood. We studied the pulse pressure waveforms of 91 healthy children at 8-years of age, and subsequently at
14-years of age. Waveforms were obtained by high-fidelity applanation tonometry of the radial and carotid arteries. Individualized
radial-to-carotid transfer functions were formulated at 8-years of age and applied at 14-years of age to estimate c¢SBP and cAlx.
Accuracy was defined as the difference between directly measured and predicted values, and precision as the residuals. Changes
in weight (vs. error: f=-0.22, p = 0.04; vs. residuals: f= 0.30; p < 0.01) and body mass index (vs. residuals: = 0.28, p < 0.01),
between 8 and 14 years of age were associated with accuracy and precision of individualized transfer functions in predicting cSBP
at 14 years of age. Change in weight (vs. residuals: #=0.30; p < 0.01) and heart rate (vs. residuals = 0.32, p < 0.01) were associated
with the precision in predicting cAlx. Changes in body habitus and heart rate over a 6-year period of growth are associated with
the predictive accuracy and precision of individualized transfer functions in children suggestive of changes in the frequency
response characteristics of an individual’s vascular system during growth periods.
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1. INTRODUCTION

High blood pressure is an important cardiovascular risk factor and
a major cause of morbidity and mortality worldwide [1]. Systolic
Blood Pressure (SBP) tracks strongly from childhood to adulthood,
and early life exposures can influence later adult hypertension and
other aspects of cardiovascular health [2,3]. For example, it has
been demonstrated that fetal growth restriction and premature
birth is associated with elevated blood pressure in adulthood, with
similar findings independently associating lower birth-weight with
adult coronary artery disease and diabetes [4,5].

Guidelines for treatment of hypertension are based largely around
measurements of Peripheral SBP (pSBP), although central blood
pressure, particularly in the aorta, more accurately reflects the
pressure against which the left ventricle heart must pump. Indeed,
central arterial hemodynamic indices, such as Central SBP (cSBP)
and Central Augmentation Index (cAlx), have previously been
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associated with increased cardiovascular risk and adverse out-
comes in adults, independent of peripheral blood pressure [6-8].
In contrast, data from the Framingham Heart Study demonstrated
no significant incremental improvement in predictive cardiovas-
cular modelling using central hemodynamics parameters over
peripheral blood pressure values [9]. The true prognostic value
of central arterial hemodynamics, and along with it the means
to accurately estimating central blood pressure, remains under
investigation.

Central arterial waveforms can be estimated non-invasively from
the combination of peripheral blood pressure and peripheral pulse
waveform by use of a Transfer Function (TF), or directly measured
by tonometry of the centrally located arteries such as the carotid
artery [10-12]. TFs allow waveforms from one part of the vas-
cular system to be mathematically transformed into a waveform
at another location within the system, most commonly from a
peripheral artery with a readily accessible pulse such as the radial
artery to a central artery, such as the ascending aorta. From these
synthesized central waveforms, central hemodynamic indices such
as cSBP and cAlx can then be extracted. Generalized TFs (gTF) are
derived from ensemble-averaged Individualized TFs (iTF), and are
widely used in adult hemodynamic research and have an emerging
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role in clinical practice, particularly in the diagnosis of borderline
hypertension and guidance of antihypertensive therapy [13-15].

It has been postulated that the anatomy of the vascular tree, such as
branch points, are a major feature determining the modulus of iTFs
in adults, and that ensemble-averaging of iTFs across individuals to
generate a gTF is reasonable given that there is minimal change in
these properties with age and disease within an individual, and suf-
ficient similarity between adult individuals [10,16]. Nevertheless,
given that iTFs directly model the frequency response characteris-
tics of an individual’s vascular system, they should better model an
individual’s vascular pulse wave dynamics than a gTF [17], and may
better predict changes in an individual’s central blood pressure over
time within the context of a static vascular system. We hypothesized
that iTFs developed during childhood would be less accurate at a
later age after a period of considerable growth, and that the degree
of predictive error may be directly associated with one or more fea-
tures of physical or physiological change between these two ages.

Accordingly, we sought to generate iTFs for children at 8 years, and
subsequently apply these iTFs to the same individuals 6 years later
at 14 years of age to determine their accuracy. We then sought to
determine the factors most strongly associated with error in the
estimated central pressures.

2. MATERIALS AND METHODS
2.1. Participants

The Childhood Asthma Prevention Study (CAPS) was a random-
ized controlled trial of healthy 8-year old children allocated to
omega-3 fatty acid supplementation and house-dust mite avoid-
ance (in a 2 x 2 factorial design) from birth to 5-years of age, to
determine the effect on the incidence of asthma and atopy in chil-
dren at risk of these conditions [18]. A cardiovascular substudy
(CardioCAPS) was undertaken in 405 CAPS participants without
diabetes who attended the 8-year follow-up and agreed to partic-
ipate in further testing of the determinants of cardiovascular dis-
ease in children (n = 269). One hundred and eighty three CAPS
participants who followed up at 14-years of age also consented to
participate in the CardioCAPS substudy.

This study was approved by the human research ethics committees
of the University of Sydney, the Children’s Hospital at Westmead,
and Sydney South West Area Health Service. Written informed
consent was obtained from the parent or legal guardian of each
participating child.

2.2. Anthropometric Data

Height, weight, and waist circumference were measured for each
participant at both 8- and 14-years of age, and Body Mass Index
(BMI) calculated.

2.3. Peripheral and Central Pressure
Waveform Data

Peripheral and central pressure waveform data was obtained non-in-
vasively at both 8- and 14-years of age. All subjects were examined in
a supine position in a quiet room. pSBP and Diastolic Blood Pressures

(DBP) were obtained using a validated automated oscillometric
device (Welch Allyn Vital Signs Monitor; Welch Allyn, NY, USA)
[19]. Peripheral and central arterial pressure waveforms were derived
by high-fidelity applanation tonometry from arterial pulse wave-
forms taken consecutively from the radial and left common carotid
artery (SPC-301, Millar Instruments; TX, USA), and processed with
waveform analysis software using a previously validated method
(Sphygmocor CvMS version 9, AtCor Medical; Sydney, Australia)
[20]. All data were recorded in continuous sequences of 10 pulses.
Peripheral and carotid waveforms were acquired in a total 269 subjects
at 8-years of age, and 183 subjects at 14-years of age. Resting Heart
Rate (HR) was obtained separately as part of the tonometry data set.

2.4. Subject Waveform Selection
and Screening

For each individual at each age of visit we selected waveform data
that were within 5 bpm of one another for the purposes of wave-
form averaging to reduce noise from excessive heart rate varia-
tion between recordings. Only participant data sets with complete
and accurately recorded data at both 8- and 14-years of age were
included. This yielded a total of 97 study participants with paired
waveform data. Data were reviewed prior to statistical analyses
with incorrectly entered or incomplete data removed (i.e. misre-
corded data) prior to statistical analysis (n = 93) (Figure S1).

2.5. Peripheral and Central
Waveform Processing

Waveform data were processed separately to produce averaged
waveforms for each participant at each age (8- and 14-years).
Waveform data was initially processed using a signal filter
(Savitsky-Golay: Labview 12.0, National Instruments Corporation;
TX, USA) followed by identification of individual cycles, while iter-
atively screening out cycles with abnormal lengths (Mean + 2 SD)
and trends (>20% absolute difference between starting and ending
amplitudes). Next, the included cycles were detrended (linearly
smoothing out differences between starting and ending cycle ampli-
tudes). Furthermore, data were aligned in time such that the rising
component of the pressure waveform coincided with the rising
component of the averaged waveform, and the individual wave-
forms whose mean error was greater than two times the average
mean error of the averaged waveform were excluded. Remaining
data were averaged and truncated in order to unify length of central
and peripheral waveforms. Finally, waveform amplitudes were cal-
ibrated according to measured DBP and calculated Mean Arterial
Pressure (MAP). MAP was calculated by integration of the radial
waveform calibrated to pSBP and DBP. For clarification, we refer to
central hemodynamic indices measured from waveforms obtained
from carotid tonometry as directly ‘measured’ and indices mea-
sured from iTF-derived waveforms as ‘estimated’ (Figure S2).

2.6. Production and Application of iTFs

Individualized transfer functions were produced using the 8-year
waveform data from all 95 subjects using an Autoregressive with
Extra Input (ARX) linear parametric model as described previously
[10]. In the ARX model, the peripheral waveform was designated as
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the input and the central waveform as the output. The model orders
for the ARX model were chosen to minimize mean squared error
between the peripheral waveform-dependent predicted waveform
and measured central waveforms. iTFs produced using the data
from the 8-year study visit were applied to peripheral waveforms
from the same participant at 14 years of age to estimate central
hemodynamic indices.

Central systolic blood pressure was defined as the maximum of
central pulse pressure waveforms, and cAlx as the ratio of the
augmentation pressure to pulse pressure, where the augmentation
pressure is the difference between the second and first systolic
peaks. cSBP and cAlx was calculated from processed waveforms
using the Sphygomocor CvMS system (version 9, AtCor Medical).

2.7. Statistical Analysis

Statistical analysis was undertaken using IBM SPSS Statistics
(version 21, IBM Corporation; NY, USA). Data are presented as
mean and Standard Deviation (SD). Bivariate Pearson correlation
was used to assess linear association between variables. Statistical
significance was inferred at 2p < 0.05. Plots were created in Prism
(version 7, Graphpad; San Diego, USA). Bland-Altman analyses
and modified Bland-Altman plots were used to describe accuracy
and precision of iTFs at 8- and 14-years of age. Predictive error and
residual sum of squares of predictive error of iTF-derived central
hemodynamic indices were used to reflect accuracy and precision,
respectively.

3. RESULTS

3.1. Participant Characteristics

Participant characteristics at ages 8 and 14 years are described in
Table 1. Height, weight, BMI, waist circumference, brachial pSBP,
DBP and MAP increased between ages 8 and 14 years, while resting
HR decreased. pSBP (= 0.08, p = 0.46), measured cSBP (= -0.05,
p = 0.62) and estimated cSBP (£ = 0.04, p = 0.67) were not associ-
ated with height at 8 years of age. Contrastingly, pSBP (£ = 0.24,
p = 0.02), but not measured cSBP (f=0.15, p = 0.15) or estimated
¢SBP (f=0.17, p = 0.11) was associated with height at 14 years of
age in these same children. Split by sex, boys gained more height
(A =0.46 m, p < 0.01) and less BMI (A = —1.1 kg/m?, p < 0.01)
between the two ages than girls, but not weight (A = -1.1 kg,

p=0.59) or HR (A = -3.1/s, p = 0.10). There was no significant dif-
ference in change in pSBP between boys and girls, nor were there
any significant differences between iTF accuracy or precision in
estimating cSBP between boys and girls.

3.2. Determinants of Changes in pSBP,
c¢SBP and cAlx

Table 2 shows the associations of changes in pSBP, directly mea-
sured cSBP and cAlx from 8- to 14-years of age with concurrent
changes in anthropometric measures and HR. Changes in pSBP
and cSBP were both directly associated with an increase in weight,
BMI and waist circumference, but not height. ¢SBP and cAlx, but
not pSBP, was inversely associated with resting HR.

3.3. ¢SBP and cAlx by Individualized
Transfer Function Modelling

The iTF-estimated cSBP and cAlx at 8- and 14-years of age, and
the values measured directly from the carotid artery are shown
in Table 3. At 8 years of age, the age at which the iTFs were for-
mulated, there is a small mean difference between estimated
and measured cSBP and cAlx, demonstrating the expected
accuracy of the iTFs when applied to the cohort in which they
were derived. Although there is a marked increase in predictive
error at 14-years of age, the predictive accuracy of the iTFs are

Table 1 Participant characteristics

n=93 At8yearsold Atl4yearsold Difference
Sex, male 57% - -
Height, cm 128 (5) 163 (7) 36’
Weight, kg 28 (5) 58 (13) 30
BMI, kg/m? 17.1 (2.2) 21.6 (4.3) 45
Waist circumference, cm 59 (6) 73 (11) 15
pSBP, mmHg 100 (7) 115 (9) 14
DBP, mmHg 58 (5) 65 (6) 6
MAP, mmHg 74 (5) 80 (7) 6
Resting HR, bpm 80 (8) 72 (9) -9
Measured cSBP, mmHg 92 (8) 104 (12) 11
Measured cAlx, % —-15(10) -28 (13) -12

“Indicates a significant difference in change between boys and girls. Data presented as
Mean (SD).

Table 2 Pearson correlation of changes in pSBP and directly measured central hemodynamic indices with concurrent changes in participant

characteristics between 8 and 14 years

A pSBP A ¢SBP’ A cAIX
Pearson correlation value Pearson correlation value Pearson correlation value
coefficient P coefficient p coefficient p
A Height, m 0.02 0.84 -0.09 0.40 -0.19 0.08
A Weight, kg 0.26 0.01 0.21 0.04 0.03 0.76
A BMI, kg/m? 0.27 0.01 0.21 0.05 0.09 0.40
A Waist circumference, cm 0.32 <0.01 0.23 0.03 0.09 0.40
A Resting HR, bpm 0.17 0.10 0.23 0.03 -0.23 0.03

“Central SBP and Alx as measured from direct carotid tonometry.
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Table 3 Measured versus iTF-derived central SBP and Alx at 8 and 14 years of age, with
comparison to results obtained from using an age-appropriate paediatric gTF

Measured iTF-estimated Difference Difference™
8 years assessment
Central SBP, mmHg’ 92.3 (7.5) 92.2 (7.2) -0.1(1.0) 2.1(4.4)
Central Alx, %’ —15.8 (10.1) -16.8 (10.5) -0.9 (4.6) -6.6 (11.9)
14 years assessment
Central SBP, mmHg’ 103.6 (11.5) 105.1 (11.0) 1.5(6.7) 4.9 (6.1)
Central Alx, %' -27.8(13.1)  -321(17.4)  -52(19.8) -8.4 (18.0)

"Results presented as Mean (SD). "Difference between central hemodynamic indices estimated using a previ-

ously developed generalized an age-appropriate paediatric gTF and directly measured carotid waveform.

comparable to previously published values using an age-
appropriate generalized paediatric TF (Table 3). Predictive error
between estimated and directly measured values for ¢SBP and
cAlx increased to 1.5 + 6.7 mmHg and decreased to —5.2 + 19.8%
respectively (Figures S3 and S4). Although there is an increase in
error measuring cSBP using the iTF at 14 years of age compared to
8 years, estimates would be considered accurate at both ages as per
the ARTERY society recommendations which accept validation
cut-offs for central blood pressure devices within 5 + 8 mmHg
[21]. There are no similar criteria to judge absolute accuracy for
measuring cAlx estimates.

3.4. Effect of Height on Modelling
Accuracy of Individualized Transfer
Function at 14 Years of Age

The relationship between change in height between 8- and 14-years
of age, and the accuracy and precision of iTFs in estimating cSBP
and cAlx at 14 years of age is shown in Figure 1. Change in height
was not associated with accuracy (f = 0.05, p = 0.65) nor preci-
sion (f=0.13, p = 0.22) of estimated cSBP, nor with the accuracy
(= 0.10, p = 0.40) or precision (f= 0.11, p = 0.89) of estimated
cAlx. Associations with change in height were not affected by sex.

3.5. Effect of Weight on Modelling
Accuracy of Individualized Transfer
Function at 14 Years of Age

The associations between change in weight between age 8- and
14-years of age, and the accuracy and precision of iTFs in estimat-
ing cSBP and cAlx at 14 years of age are shown in Figure 2. Change
in weight is associated with accuracy (f= —0.22, p = 0.04) and pre-
cision (= 0.30, p <0.01) of estimated cSBP. For estimated cAlx,
change in weight is associated with precision (£ = 0.30, p < 0.01),
but not accuracy (# = 0.13, p = 0.25). When split by sex, change
in weight was associated with accuracy of estimated cSBP for boys
(8= -0.51, p < 0.01) but not for girls (f = 0.25, p = 0.11), while
associated with precision of estimated cSBP for girls (4 = 0.37,
p = 0.02) but not for boys (£ = 0.25, p = 0.08). Similarly, change
in weight was associated with both accuracy and precision of
estimated cAlx for boys (accuracy: = 0.34, p = 0.03; precision:
£ =0.36, p = 0.02), but not for girls (accuracy: f=-0.41, p = 0.81;
precision: f=0.07, p = 0.70).

3.6. BMI and Accuracy of Individualized
Transfer Functions at 14 Years of Age

The relationship between change in BMI between 8- and 14-years
of age, and the accuracy and precision of iTFs in estimating cSBP
and cAlx at 14 years of age was also investigated (Figure S5).
Change in BMI was not associated with accuracy of estimated cSBP
(B=-0.13, p = 0.21), but was associated with precision (f= 0.28,
p <0.01). However, when split by sex, change in BMI was associated
with accuracy and precision of cSBP estimation in boys (accuracy:
B=0.37, p = 0.02; precision: f= 0.31, p = 0.05), but only accuracy
in girls (accuracy: f=—0.27, p = 0.05; precision: f=0.26, p = 0.07).
Change in BMI was not associated with either accuracy of esti-
mated cAlx (f= 0.05, p = 0.96) nor precision (£ = 0.10, p = 0.39),
and this was not influenced by sex. The associations of change in
waist circumference between 8- and 14-years of age with the accu-
racy and precision of estimated cSBP and cAlx at 14 years of age
were similar (Figure S6).

3.7. HR on Modelling Accuracy of
Individualized Transfer Function at
14 Years of Age

The relationship between change in HR between 8- and 14-years
of age, and the predictive error of estimated cSBP and cAlx
at 14 years of age is shown in Figure S7. Change in HR is not
associated with either accuracy of c¢SBP estimates (S = -0.16,
p = 0.13) nor precision (8= —-0.11, p = 0.31), although when split by
sex, change in HR is associated with precision of cSBP estimates in
boys only (f=-0.28, p = 0.05). Change in HR is not associated with
predictive accuracy of cAlx (8= 0.08, p = 0.51) but is associated
with precision of cAIx estimates (f= 0.32, p < 0.01). When split by
sex, this remained the case only for precision of cAlx estimates in
boys (= —0.46, p < 0.01).

4. DISCUSSION

In this study, we used individualized radial-to-carotid pulse wave-
form TFs to assess whether a 6-year period of extensive physical
and physiological change during childhood affects the accuracy
and precision of vascular property modelling. Our findings suggest
that changes in HR and body size, in particular measures of adipos-
ity, may have a meaningful effect on the underlying hemodynamic
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properties of the vascular tree and wave reflection properties.
Although these changes are qualitatively expected, due to the rapid
changes of in arterial path length during childhood growth, this
unique longitudinal study is able to provide quantitative comparisons.

The basis for upper limb assessment for synthesizing central
aortic waveforms is predicated on the minimally changing wave
transmission properties of the upper limb with age, disease and
drug therapy in adults [22]. To the knowledge of these authors,
there are currently no published longitudinal studies in adults or
children that attempt to assess performance of radial-to-central
transfer functions or their intra-individual validity over time. As
such, these above assumptions of minimal change in upper limb
vasculature cannot be conclusively ascribed to children and it is
unknown whether the extension and widening of major vasculature
concurrent to changes in the elasticity of the conduit vessels during
this growth period within and between children may adversely
affect the predictive accuracy of iTFs.

One notable association we found in this study was that height and
pSBP only became apparent in later adolescence, and that while
taller adolescents had higher average pSBP, this is not similarly
the case for cSBP. That change in height is not associated with this
increase in pSBP nor measured c¢SBP, while change in weight is,
suggesting that perhaps baseline blood pressure may be deter-
mined by an individual’s potential for vertical growth and final
height, but potentially further influenced by obesity-associated
hemodynamic changes [23]. We also note that despite boys grow-
ing taller and gaining more BMI between the ages of 8 and 14 years,
it is the change in weight, especially in boys, that has the greater
effect on the accuracy and precision of cSBP and cAlx estimates.
These results suggest that the sex of the growing child also affects
the characteristics of a developing vascular system, and perhaps
should be accounted for in central hemodynamic modelling.

The decrease in predictive accuracy and precision of the iTFs at
14-years of age, compared to 6 years prior at the time of develop-
ment, suggests that they may be affected by one or more aspects
of growth between these two time-points. We demonstrate that
an increase in weight is associated with a decrease in iTF accuracy
and precision for predicting ¢SBP, and also the precision but not
accuracy for estimating cAlx. Increases in BMI and waist circum-
ference were similarly associated with decreased precision in cSBP
only. Decrease in HR between 8 and 14 years of age however, was
found only to be associated with decreased precision of iTF to esti-
mate cAlx. Changes in height on the other hand did not appear to
influence iTF accuracy.

Essentially, this analysis aims to determine the need for age-ap-
propriate TFs for the assessment of central arterial hemodynamics
in children, given the heterogeneity between children and along the
time-course of adolescent growth. In adults, the robustness of gTFs
has been interrogated under a number of different hemodynamic
conditions, such as under stress of pharmacological and exercise
stimuli, with results suggesting that the gTF methodology continue
to perform robustly under these differing conditions [10,20,24].
Extrapolating these findings, it can be presumed that a gTF that per-
forms well at rest in a child would similarly do so under dynamic
conditions. A recent study by Mynard et al. [25] looking at central
blood pressure estimation in children using the SphygmoCor adult
¢TF demonstrates excellent accuracy when compared to invasively

obtained pressure data at rest when correctly calibrated for mean
and diastolic pressures. Contrastingly, wave reflection and aug-
mentation index was found to be poorly estimated using these
same methods [26].

Firstly, regarding the absolute accuracy of the iTF method for estimat-
ing central hemodynamic parameters, we first note that at both 8 and
14 years of age, the iTF estimates cSBP within the validation criteria
proposed by the ARTERY society of 5 + 8 mmHg as adapted from
the AAMI standard [21,27]. Contrastingly, there is no consensus
regarding validation criteria for cAIx measurements. For perspective,
Mynard et al. [26], in comparing non-invasive to invasive estimates of
cAlx in children reported a mean absolute overestimation of 34.2%
with non-invasive cuff-based SphygmoCor XCEL device (AtCor
Medical). In adults, Chen et al. [10] found the gTF-derived cAlx was
on average an absolute 7% lower than when invasively measured. An
absolute error in iTF-derived cAlx of 5.2% can hence be considered
relatively reasonable. It should be noted however, that the aforemen-
tioned studies involved invasively-obtained invasive waveforms,
whereas the use of a non-invasive carotid artery waveform as a surro-
gate does confound direct comparisons.

For an alternative comparison, we previously developed age-
appropriate gTFs in children based on non-invasive arterial wave-
form data, and reported that an age-appropriate gTF developed in
a cohort of 50 8-year-old children had an accuracy within 2.1 + 4.4
mmHg for estimating cSBP and —6.6 + 11.9% for estimating cAlx in
a similar profile cohort of 8-year-old children, who were also part of
the CardioCAPs study. This is both less accurate and precise than the
iTFs in this study, as expected. When this same gTF was applied in
an independent cohort of 14-year-old children, it estimated cSBP and
cAlx within 4.9 + 6.1 mmHg and —8.4 + 18.0% respectively, again less
accurate than the iTFs reported in this study analysis [28]. From these
results, it can be seen that the iTF-derived parameters used in this
study are both absolutely and relatively accurate in estimating central
hemodynamic parameters.

A number of epidemiological studies have used adult-validated
devices to establish ¢SBP and cAlx references values in children
[29-32]. Furthermore, ongoing hemodynamic research in the
young has led to promising developments for a potential role of
central hemodynamic indices as tools for cardiovascular risk
stratification or markers of early disease [33-35]. As such, the
need for paediatric validation of the gTF methodology for esti-
mated central arterial hemodynamics, as well as for other devices
such as the Mobil-O-graph (IEM GmbH; Stolberg; Germany) and
Arteriograph (TensioMed; Budapest, Hungary) systems, is cer-
tainly present and must be addressed.

There are a few notable limitations to these analyses. Firstly, there
are a relatively small number of participants (n = 91). This was a ret-
rospective analysis, from which paired longitudinal waveform data
was only available for a relatively small subset of participants. As
such, our conclusions may be prone to type II error. Secondly, the
short-term accuracy of iTFs (i.e. repeat measurements within days
to weeks) is unknown from these data, and as such cannot inform
between the reproducibility of the technique and true changes over
6-years secondary to growth and physiological change. Finally, the
use of carotid artery tonometry to non-invasively measure central
aortic waveforms in children has not been rigorously evaluated
previously. Although this has been demonstrated to be a reasonable
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surrogate for central aortic waveforms in adults, how well this
methodology performs for central hemodynamic assessment in
children is unknown [12]. Lack of gold-standard invasive central
aortic waveform data for this study remains one major limitation,
but it is not appropriate to apply invasive catheterization in healthy
children without clinical indication. Nevertheless, radial-to-carotid
TFs function similarly to radial-to-aortic TFs, and serve as a rep-
resentative model of the vasculature for the purposes of this study.
Furthermore, we have not accounted for changes in pulse wave
velocity, given the likelihood of collinearity. This may be a topic for
future studies given that height, age, body weight and blood pressure
are all determinants of pulse wave velocity in children, and changes
in pulse wave velocity may impact the accuracy of cSBP and cAlx
predication from individualized hemodynamic modelling.

5. CONCLUSION

Changes in heart rate and body habitus during childhood and
adolescence, in particular weight and BMI, are associated with
concurrent changes in the predictive accuracy and precision of
iTFs. These data suggest that the frequency response characteristics
of a person’s vascular system may be affected by changes in these
parameters, which may need to be considered and accounted for
when developing and applying generalized TFs for use in a heter-
ogenous pediatric population.
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