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Meritve podajnosti arterij pri slovenskih otrocih in mladostnikih
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Abstract

Background: In recent years, the occurrence of cardiovascular risk factors in Slovenian children
has been increasing. Pulse wave velocity (PWV) measurement is a non-invasive technique that
could contribute to the assessment of cardiovascular disease risk in healthy children for preven-
tive purposes. The aim of this pilot study is to gain reference values for PWV in children, with the
purpose of long-term assessment of cardiovascular risk.

Methods: Between April 2018 and June 2019, PWV measurements were performed in 150 chil-
dren from elementary schools and high-school students in the Maribor area. Every age group
consisted of children without associated diseases that could have an impact on PWV. The per-
centile diagram was outlined with LMS methodology and the curves defined with the function
based on “BCCGo” distribution.

Results: We have confirmed that PWV values rise with age (rho = 0.387; p <0.001). Based on the
information gathered, we used the LMS method to calculate percentile values of PWV according
to age with a graphic presentation. Comparing PWV values, we found that they differ statistically
(H=23.062; p<0.001). We also found out that the ratio between systolic and diastolic blood pres-
sure weakly negatively correlates with PWV (rho values =-0.218; p = 0.043).

Conclusions: In this pilot study, preliminary age-dependent pediatric reference values of PWV
were determined, and the usefulness of the method for preventive purposes due to its non-in-
vasiveness and simplicity was confirmed. Although the results are promising, testing on a larger
sample of subjects is necessary with the aim of defining national reference values and using this
method in monitoring the cardiovascular health of the Slovenian pediatric population.

lzvlecek

I1zhodisce: V Sloveniji so pri otrocih dejavniki, ki vplivajo na sréno-Zilno ogroZenost, v zadnjih
letih v porastu. Merjenje hitrosti pulznega vala (PWV) je neinvazivna oblika merjenja sr¢no-zZilne
ogrozenosti, ki bi se lahko uporabljala za spremljanje ogroZenih in navidezno zdravih otrok v
preventivne namene. Namen pilotne raziskave je pridobiti referencne razpone vrednosti PWV pri
otrocih, da bi lahko ucinkovito dolgorocno spremljali njihovo sré¢no-Zilno ogroZenost.

Metode: Med aprilom 2018 in junijem 2019 smo pri 150 otrocih osnovnih ter srednjih Sol v
Mariboru in okolici izmerili PWV. Za posamezno starostno skupino smo izbrali vzorec otrok in
mladostnikov brez pridruzenih bolezni, ki bi lahko vplivale na rezultate meritev. Za meritve PWV
smo uporabljali metodo aplanacijske tonometrije SphygmoCor. Percentilni grafikon smo izrisali
na osnovi metodologije LMS, percentilne krivulje pa s pomocjo funkcije na osnovi distribucije
“BCCGO”.
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Rezultati: Potrdili smo, da vrednosti PWV s starostjo narascajo (Rho = 0,387; p < 0,001). Z met-
odo LMS smo izracunali percentilne vrednosti PWV glede na starost in jih predstavili graficno.
Ob primerjavi vrednosti PWV smo ugotovili, da se te po starostnih skupinah statisti¢no znacilno
razlikujejo (H=23,062; p <0,001). Ugotovili smo tudi, da razmerje med sistolicnim in diastoli¢nim
krvnim tlakom Sibko negativno korelira s PWV (Rho =-0,218; p = 0,043).

Zakljucki: V pilotni raziskavi smo pridobili preliminarne pediatri¢ne referencne razpone vred-
nosti PWV po starosti in potrdili, da bi se lahko metoda zaradi neinvazivnosti in enostavnosti up-
orabljala v preventivne namene. Rezultati so obetavni, vendar je potrebno testirati vecji vzorec
preiskovancev, da bi opredelili nacionalne referen¢ne vrednosti za uporabo te metode pri sprem-

ljanju sréno-Zilnega zdravja slovenske pediatricne populacije.
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measurements in Slovenian children and adolescents. Zdrav Vestn. 2021;90(1-2):10-20.
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1 Introduction

Cardiovascular disease has become
the leading cause of death in the devel-
oped world. Data from the World Health
Organization (WHO) shows that they
cause 17,9 million deaths each year, 31
% of all deaths in total (1). Several risk
factors, modifiable and nonmodifiable,
contribute to the development of cardio-
vascular disease (2-5). Modifiable risk
factors can appear in early childhood
and increase the risk for cardiovascu-
lar disease in later years. Arterial hyper-
tension has a 3-4 % prevalence among
children and adolescents; obesity is even
more common, being present in 5-7 % of
children and adolescents (2,3). The goal
of early detection and management of
modifiable risk factors is to discover the
children with increased risk for cardio-
vascular events in adulthood among the
population of seemingly healthy children.
A precise assessment of global pediatric
cardiovascular risk is not currently avail-
able. According to the algorithms of in-
dividual groups of children with probable
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cardiovascular risk (e.g. children with
hypertension), based on the analogy with
adults, we can determine the status of all
known cardiovascular risk factors. Based
on this, we can assess the individuals
overall cardiovascular risk. As the num-
ber of risk factors increases, their car-
diovascular risk escalates exponentially.
There are recommendations for at-risk
groups of children that can be used in a
clinical setting (5,6).

One of the ways to detect cardiovascu-
lar risk is to determine the properties of
arterial walls, which can be done by mea-
suring arterial stiffness (7). Numerous
studies in adults have shown that arterial
stiffness, inversely proportional to arteri-
al compliance, is one of the independent
risk factors for prediction of cardiovascu-
lar events (8-10). Studies on the pediatric
population have shown that cardiovascu-
lar risk and cardiovascular system com-
plications increase with reduced arterial
compliance (11,12). Compliance is a term
that describes the absolute change in
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volume due to a change in pressure (7,13)
and decreases as the human body ages.
The decline begins in childhood despite
the absence of risk factors (14). We have
several methods to measure arterial com-
pliance and measuring pulse wave veloci-
ty (PWYV) is one of them (7).

The pulse wave is defined as the quo-
tient of the distance between the record-
ing sites, measured over the body surface,
and the transit time of the arterial pulse
along the analyzed arterial segment (7,15).
The observed wave, which is described as
the result of the pulse wave measurement
consists of the incident pulse wave, gen-
erated by ventricular ejection, and the re-
flected wave. The increase in value means
a higher afterload and better perfusion of
coronary arteries in diastole (7). Studies
have shown that PWYV is directly depen-
dent on expressed cardiovascular risk fac-
tors, similar to the effect obesity has on
higher values of PWV (16).

The purpose of our pilot study is to
obtain preliminary normal values of ar-
terial vascular compliance parameters
for the population of Slovenian children.
Based on our own normal values (we
would need a bigger sample of children
to achieve relevant data) we could find
children with higher cardiovascular risk,
such as children with obesity or hyper-
tension, in which studies have already
shown higher values compared to healthy
controls.

2 Materials and methods

2.1 Determining the
studied population

150 healthy subjects participated in
the study. We sent an invitation to partic-
ipate in the study to all primary schools
and high schools in the Maribor munic-
ipality and the wider region. The main

inclusion criterion was age between 8 and
18 years. Healthy children without pre-
viously known chronic diseases — obesi-
ty, hypertension, renal insufficiency and
diabetes — were included in the study.
Finding these diseases in the individual's
medical history was an exclusion criteri-
on. We performed measurements of body
height, weight and blood pressure in all
enrolled individuals. We obtained con-
sent from the Medical Ethics Committee
of the University Medical Centre Maribor
on ethical acceptability, application num-
ber UKC-MB-KME-10/18.

2.2 Description of methods used

We used the method of applanation
tonometry with the SphygmoCor device
for conducting PWV measurements. It
is a system that assesses arterial stiffness
with the SCOR-Vx, SCOR-Px and SCOR-
Mx software (At Cor Medical, Australia)
(17). In addition to this device we also
used computers, printers, semi-automat-
ic and hand-held sphygmomanometers,
measuring tape, a weighing scale and
electrodes as research equipment. Blood
pressure measurement was performed
according to measurement recommen-
dations, either semi-automatic or with a
hand-held sphygmomanometer (18). The
choice of measuring device was depen-
dent on our ability to borrow a semi-au-
tomatic blood pressure monitor, which
was not available at all times. We includ-
ed children who had, based on a single
measurement, normal blood pressure for
their sex and height. Similarly, we also in-
cluded only children with a normal body
mass index (BMI) for their age (19).

The  measurements  with  the
SphygmoCor device were performed by
only one researcher in primary schools
and high schools our enrolled population
visited. We performed one measurement
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per subject, but we repeated it if the pro-
gram calculated too large an absolute er-
ror result.

We gathered the following data for
each subject: birth date, sex, systolic and
diastolic pressure, body weight, body
height, proximal and distal distance, and
for each subject we calculated the BMI.
The proximal distance was defined as
the length between the upper edge of the
sternum (suprasternal notch) and the tra-
gus. The distal distance was defined as the
length between the suprasternal notch
and the wrist. The lengths represented the
arterial path distances.

Applanation tonometry is a noninva-
sive method which enables the measure-
ment of the difference between systolic
and diastolic pressure of a surface artery
and thus of PWV. A micromanometer is
laid onto the skin above the artery and
enables measurements of the pulse wave-
form shape with tonometric sensors. The
pulse wave is measured simultaneously
with an EKG signal, which enables tem-
poral assesment. We measured the pulse
wave of the radial artery on the wrist
and the carotid artery on the neck. The
SphygmoCor Vx software processes each
pulse wave and simultaneously the data
from the EKG, so it can calculate the av-
erage time difference between the R wave
on the EKG and the pressure wave, mea-
sured by the tonometer (17).

2.3 Statistical analysis

We analyzed the obtained data with
the R programming language. We com-
pared the PWYV values between different
age groups using the Kruskal-Wallis test
and used the Spearman correlation co-
efficient to check for the relationship be-
tween the subject's measured PWV value
and their age, blood pressure, the systolic/
diastolic blood pressure ratio and absolute
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measurement error. We assessed the
strength of the correlation using Evan's
rule (21). Based on the Mann Whitney
U test we tested the relationship between
sex and PWV. Based on the number and
reliability of the measured values we com-
pared blood pressure to PWYV values only
in older subjects.

Based on the LMS methodology we
outlined a percentile growth chart (22),
also used by the WHO. We used the
»GAMLSS« library in the R program-
ming language (23). The percentile curves
were drawn using a function based on
»BCCGo« distribution.

3 Results

150 subjects, aged between 8 and 18,
participated in the study (Table 1). The
median age was 15.4 (interquartile range
(IQR) = 6.9 years). Most of the partici-
pants (64 %) were female. The median of
height and weight was 167 cm (IQR =11
cm) and 60 kg (IQR = 12 kg).

The average BMI of participants was
within normal limits. In the 8-9 age
group it was 17.3 kg/m? (90" percentile
for 8.5-year-old girls 19.65 kg/m? and
19.38 kg/m? for boys), for the 10-11 age
group 17.9 kg/m? (90™ percentile for
10.5-year-old girls 21.20 kg/m?, for boys
21.02 kg/m?), for the 12-13 age group
18.8 kg/m? (90" percentile for 12.5-year-
old girls 22.91 kg/m?, for boys 22.64 kg/
m?), for the age group 14-15 years 21.1
kg/m? (90™ percentile for 14.5-year-old
girls 24.35 kg/m?, for boys 24.05 kg/m?),
for the age group 16-17 years 21.2 kg/
m? (90" percentile for 16.5-year-old girls
25.02 kg/m?, for boys 25.18 kg/m?), for
the 18 - year age group 22.1 kg/m? (90™
percentile for 18-year-old girls 25.28 kg/
m?, for boys 28.78 kg/m?).

The median of systolic and diastolic
pressure was 115 mm Hg (IQR = 16.5 mm

13
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Hg) and 66 mm Hg (IQR = 11.8 mm Hg).
The median PWV was 5.65 m/s (IQR =
1.20), and the median of absolute error
was 0.50 m/s (IQR = 0.20).

Tables 1 and 2 show the descriptive
qualities of the sample and the relation-
ship between observed variables and the
measured PWV values.

The results show that age has a sta-
tistically significant correlation with the
measured values of PWV (Rho = 0.39;
p<0,001) (Table 1). When comparing
values of PWV in individual age groups
(Table 2) we find that PWYV values dif-
fer statistically significantly (H = 23.062;
p<0.001); the lower two age groups have
statistically lower values of PWV than
the highest two (ages 8-9 vs. 16-17 (p(-
Dunn) = 0,005); ages 8-9 vs. 18 (p(Dunn)
= 0,004); ages 10-11 vs. 16-17 (p(Dunn)
= 0,007); 10-11 let vs. 18 (p(Dunn) =

0,004)) (Figure 1).

Based on collected data we calculated
the percentile values of PWV depending
on age using the LMS method, as shown in
Figure 1. A mild rise in PWV values with
age can be observed, with the exception
of a few deviating values in the youngest
group, which are shown in Supplement 1.

The absolute error of performed mea-
surements, which the program itself cal-
culated when it performed each mea-
surement, has a statistically significant
correlation with the PWV values (Rho =
0,553; p<0,001). There was no statistically
significant correlation between the mea-
sured values of PWV and systolic and
diastolic blood pressures, but we proved
a negative correlation between PWV and
the systolic/diastolic blood pressure ratio
(RhO = -0,218, p = 0.043) (Table 1). The
relationship between blood pressure, age

Table 1: Descriptive statistics of investigated parameters and their connection to pulse wave measurements (PWV).

Average
value

Age (years)
Weight (kg)
Height (cm)
PWV (m/s)

Absolute
error (m/S)

Systolic
blood

pressure
(mm Hg)

Diastolic
blood

pressure
(mm Hg)

Systolic/
diastolic ratio

N - number of subjects; min - lowest value; max - highest value; SD - standard deviation; IQR -

107

107

150

146

86

86

86

8.26 18.48 14.39 1541
27.00 99.00 60.84 60.00
140.00 193.00 169.33 167.00
4.00 9.30 5.79 5.65
0.10 1.50 0.49 0.50
93.00 137.00 115.14 115.00
40.00 90.00 66.34 66.00
1.32 2.68 1.76 1.74

3.37 6.94 039  <0.001
10.97 12.00 0.10 0.288
9.21 11.00 0.15 0.127
0.95 1.20 / /
0.18 0.20 0.55  <0.001
10.43 16.50 0.04 0.704
9.75 11.75 0.15 0.157
0.24 0.23 -0.22 0.044

interquartile range; Rho -

Spearman correlation coefficient with PWV; p - p value; syst/diast - systolic/diastolic blood pressure
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Table 2: Distribution of pulse wave (PWV) measurement in m/s by age group and sex.

Value Average
value

Age group

N - number of subjects; min -

8-9 let
10-11 let
12-13 let
14-15 let
16-17 let

18 let
moski

zenski

(16 %) 5.41

16 (10.7 %) 4 6.4 5.1
20 (13.3 %) 4 76 5.72
22 (14.7 %) 4.4 7.2 5.82
43 (28.7 %) 43 8.2 6.03
25 (16.7 %) 4.9 9.3 6.23
54 (36 %) 4 8.1 5.73
96 (64 %) 4 9.3 5.83

H - test value (1) Mann Whitney / (2) Kruskal-Wallis; p - p value

and PWYV is shown also in Figure 3.

The values of PWV do not have a sta-
tistically significant difference based on
sex (Table 2). Figure 2 shows the quartile
diagrams for PWV values in individu-
al age groups, separated by sex. We can
observe slightly higher values of PWV in
boys in the 8-9 and 14-15 age groups and

lowest PWV value; max - highest PWV value; SD - standard deviation; IQR -

o -
\_{// ¥
o - — 5
£ ™7 _/// —— 25
> — 50
= //,/’:/’/ —
7 / &
"/// — 95
<« J/ —— 975
I I I I I I
8 0 12 14 16 18 20 @2

Age (years)

Figure 1: Percentile values of pulse wave velocity (PWV) depending on
age, using the LMS method.
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0.94 0.68

5815 0.77 1.2

5.6 1.07 1.53
23.062@  <0.001

5155 0.8 1.18

6.1 0.79 0.85

6.1 1.03 11

5.65 0.91 1.18
2720 W 0.617

5.65 0.97 13

interquartile range;

a reverse trend in the highest age groups.
A statistical comparison isn't of use due
to the small sample size.

4 Discussion

In our study we found that the value
of PWYV rises with age, similarly to other
published research (24). Comparing the
values of PWV by age groups, we also
found that values of PWV differ statis-
tically significantly by age groups, if we
compare the youngest two age groups (8-
9 years and 10-11 years) with the oldest
(16- 17 years and 18 years).

Arterial hypertension can be present
for a long time without symptoms and
signs, but it still affects cardiovascular
complications and mortality. This is also
true for the pediatric population, howev-
er, a clinical diagnosis is even harder to
make in this age group due to the lack of
symptoms. This is why preventive mea-
sures for early detection of cardiovas-
cular risk, such as regular measurement
of blood pressure and detection of early
changes in the cardiovascular system by

15
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Figure 2: Comparison of the value of pulse wave velocity (PWV) by age

group, depending on sex.
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methods such as PWYV, are so important.
The purpose of our pilot study was first
to determine the reference range of PWV
values of presumably healthy Slovenian
children and adolescents to better detect
individuals with increased cardiovascu-
lar risk.

150 children and adolescents, aged be-
tween 8 and 18 years, participated in the

study. These are the age groups in which
changes, which significantly influence
cardiovascular risk, most often appear,
especially unhealthy habits, which con-
stitute an important risk factor for future
health of the cardiovascular system.

Although our exclusion criteria were
obesity and chronic diseases, we cannot
exclude the possibility that individual
children and adolescents with a subclin-
ical form of one of the chronic diseases,
such as hyperlipidemia, were included in
the study. We did not measure the labo-
ratory parameters which would confirm
this (serum glucose, serum creatinine,
lipid fractions) due to the need for ve-
nous blood sampling. Included individu-
als had a normal BMI and blood pressure
for their age, sex and height. We have ex-
cluded other chronic diseases by talking
with the parents of the participating chil-
dren about possible chronic diseases of
their youngster.

Distribution by sex is irregular be-
cause of the difficulties of enrolling
participants. 64 % of participants were

140

)

=
N
o

100

80

60

40

Blood pressure (mm Hg

20

1 23456 7 8 910111213141516171819202122232425
Subject ID

=@=—>systolic blood pressure ==@==diastolic blood pressure

=
o

O = N W H» U1 O N 00 O
PWV (m/s)

PWV (m/s)

Figure 3: Values of pulse wave velocity (PWV) (m/s) and blood pressure (mm Hg) in 18-year-olds
in ascending order based on the measured value of PWV.
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female and 36 % were male. We found
that PWV values don't differ statistically
significantly by sex. Inside individual age
groups we found statistically significant
differences in PWV between sexes in the
youngest age group (8-9 years) and in
the 14-15 years age group (Figure 2). We
found that boys in these two age groups
have statistically significantly higher val-
ues of PWV when compared to girls,
which was shown for all other age groups
in other studies (21). It is interesting that
a reverse trend is hinted at in the oldest
two age groups, but it is not statistically
significant.

Published studies on the effect of blood
pressure on PWV have shown that blood
pressure and PWV are linked, based on
the physiology of the process of the pulse
wave transfer (10). For this purpose, we
have graphically shown the correlation
between PWYV and blood pressure for the
18-year-old age group, where no correla-
tion between PWV and systolic and di-
astolic blood pressure was detected, but
there was a correlation between PWV
and the systolic/diastolic blood pressure
ratio. When measuring blood pressure
before the applanation tonometry proce-
dure, we followed the recommendations
for correct measurement of blood pres-
sure (18). Because of the different avail-
ability of the measuring devices we used
both the automatic and hand-held blood
pressure monitors, which could have led
to differences in measurements.

The obtained measurements were
compared with values published by
Reusz et al. in June 2010. With the same
statistical presentation of results, we
compared the 50th percentile of each age
group and found that the values of PWV
are quite different, which speaks in fa-
vor of the need to obtain our own nor-
mal values of individual populations. The
reason for the discrepancy in results is

Arterial compliance measurements in Slovenian children and adolescents

ORIGINAL SCIENTIFIC ARTICLE

mainly attributed to the many differenc-
es in the design of both studies. Reusz et
al. used a much larger sample of children
and adolescents. They performed mea-
surements with applanation tonometry
with the Pulse Pen device, while we used
the SphygmoCor applanation tonome-
ter. The location of PWV measurement
was above the carotid and femoral ar-
teries in their study, while we measured
PWYV above the carotid and radial arter-
ies. In the Reusz study they also proved
that PWV differs between boys and girls
at higher ages, with boys having much
higher values of PWV. They also proved
that blood pressure values rise linearly
with PWYV values (25).

Foreign studies (24-26) have demon-
strated the usefulness of the PWV mea-
surement method for determining the
state of the cardiovascular system in
children. Despite its non-invasiveness
and relative simplicity, its wide applica-
bility for assessing cardiovascular risk in
children and adolescents at the primary
level in Slovenia remains questionable.
Physicians that perform systematic ex-
aminations and are the first to come into
contact with the pediatric population do
not have the appropriate equipment and
knowledge to use applanation tonome-
try. We see possible problems mainly in
financing the purchase of applanation to-
nometers, the training of providers and
standardization of measurements. The
disadvantage of this investigation meth-
od is also the time required for quality
measurement. Perhaps it would make
sense to consider introducing one of the
commercially available, validated devices
that are easier to use in everyday practice,
such as Mobil-O-Graph, for preventive
purposes, although it also requires stan-
dardization and reference values. Last but
not least, we also lack a reference method
for measuring PWV with which we could

17
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confirm the adequacy of measurements
and the reliability of the method (7).
Some reference values for individual age
groups have already been published, but
they depend on the specific implemen-
tation of the measurement and on the
device itself (25,26). In this context, ob-
taining our own reference values is very
important. Our results, as a pilot study,
are the basis for achieving this goal.

The weakness of the study is the small
sample of individuals on which measure-
ments were performed. In order to be
able to present truly representative sam-
ples, a larger sample of at least 50 chil-
dren and adolescents of both sexes for
each age group would be needed.

The biggest problem with such re-
search is the unresponsiveness and un-
willingness of the respondents and their
caregivers to participate. The latter also
contributed to the uneven distribution
of subjects between the sexes, as more
girls than boys responded to the invita-
tion to the study, which is probably the
reason why we did not prove the depen-
dence of PWV measurements on sex. We
also did not measure the cardiovascular
biochemical blood parameters in par-
ticipants, such as serum glucose and lip-
id concentrations, as this would unduly
burden them.

The goal of the study was to measure
the parameters of arterial wall compli-
ance in healthy children to obtain nor-
mal values. In its presented form, the

study was a pilot study, which needs to
be upgraded with a larger sample of chil-
dren of different ages in order to obtain
relevant normal values. We need the lat-
ter to diagnose and monitor at-risk chil-
dren. If we had normal PWV parameters
for a healthy population we could use
the applanation tonometry as a screen-
ing method for cardiovascular risk of the
general paediatric population (currently
this is not a global practice). With such a
screening method we could identify indi-
viduals with higher risk among children
and adolescents with higher values who
are otherwise asymptomatic or unrec-
ognized as endangered (i.e. healthy) and
monitor them more intensively during
childhood and adolescence and treat
them.

In this way, preventive action could be
taken at an early stage.

5 Conclusion

Our pilot study determined the pre-
liminary ranges of normal PWYV values
with respect to age groups and confirmed
that PWV values increase with age. The
authors hope that this pilot study will be
the basis for further research in the direc-
tion of defining national PWV reference
values and introducing applanation to-
nometry into clinical practice, which will
require an increase in the sample size of
participating subjects.
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Supplement 1: Percentile values of pulse wave measurement (PWV) according to age, using the LMS method.

Age (in C97.5
years)

3.998674  4.129372  4.422825  4.630189  5.109561  5.775818 6.26245 7.447932  8.388576

2 9 3.998876 4,145139 4.467315 4.689329 5.183 5.821615 6.250022 T7.172877 7.794905
3 10 3.995828 4.160564 4,515303 4.752921 5.260418 5.873389 6.257338 7.013509 7.472231
4 11 4.007248 4,189511 4.573721 4.824641 5.343107 5.938038 6.293762 6.958102 7.338931
5 12 4.046876 4241771 4.64635 4.905984 5.431089 6.015221 6.355403 6.973304 7.317704
6 13 4,111479 4.314272 4.731159 4,995817 5.524361 6.10207 6.433719 7.027465 7.35373
7 14 4,19238 4.400296 4.824937 5.092616 5.622913 6.19625 6.522543 7.101732 T7.417382
8 15 4.298285 4.506068 4.93024 5.197513 5.726818 6.298888 6.624402 7.202154 7.517008
9 16 4.442645 4.641503 5.051408 5.312503 5.836196 6.412368 6.74503 7.344211 7.675497
10 17 4.633127 4.813066 5.192034 5.439476 5.9512 6.540058 6.893423 7.55665 7.939095
11 18 4.847731 5.005575 5.346654 5.576409 6.071938 6.682021 7.072231 7.863001 8.359511
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