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INVESTIGACION CLINICA

Mechanical factors of cardiovascular risk in systemic
arterial hypertension. A new sign of arterial rigidity

Gustavo Sanchez-Torres*, Oscar Infante-Vazquez,* Gustavo Sanchez-Miranda,* Angel de

Ledn-Pefa,* Raul Martinez Memije*

Summary

Antecedent: By means of sphygmokinetocardio-
graphy (SKCG) we developed and arterial rigid-
ity index (ARI) which measure the pulse wave
aortic carotid reflexion time over the left ventric-
ular ejection time (LVET). This index, together with
the pulse wave velocity (PWV) and the pulse
pressure (PP) are indicators of arterial stiffness.
In this paper we measured these index in 27 sys-
temic artery hypertension. Cases (group A, GA),
with and without left ventricular hypertrophy (sub-
groups: A, SGA, n =13, and A, SGA,, n = 14),
respectively, and 28 normotensive cases (group
B, GB). Protocol: In two occasions: after 3 min-
utes of sitting position (SP) and after 3 minute of
jogging in an upright position (UP), blood pres-
sure, ARI, PP, PWV (aortic—hand finger distance/
aorto—hand finger pulse time) and R-IV interval
(electrocardiographic R wave—left early ventric-
ular kinetocardiography deflexion) were mea-
sured. Results: Demography was similar in GA
and GB. Systolic, diastolic and pulse pressure
were significantly higher in GA vs GB. LVET (ms)
was lower in GA vs GB in SP (268 £ 42 vs 274 +
40, p < 0.001, respectively) and higher postexer-
cise UP (280 + 42 vs 244 + 46, p < 0.001). PWV
m/s were higher in SP in GAvs GB (9.8 + 2.8 vs
7.4+£1.2,p<0.001, respectively) and in UP (10.1
+19vs 7.9 9, p<0.001, respectively). ARI
was lower in UP in GA vs GB (0.48 £ 0.3 vs 0.80
+ 0.3, p<0.003). Correlation index of PP vs SBP,
vs DBP and vs PWV were significant in SP and
in UP. Height had a significant correlation vs ARI
in SPand UP (r=0.60, p<0.01,andr=0.42, p

* |Instituto Nacional de Cardiologia “Ignacio Chavez”.

Resumen

FACTORES MECANICOS DE RIESGO CARDIOVASCULAR
EN LA HIPERTENSION ARTERIAL SISTEMICA. UN
NUEVO SIGNO DE RIGIDEZ ARTERIAL

Antecedentes: Mediante esfigmoquinetocardiogra-
fia (EQCG) se desarrollé un indice de rigidez arte-
rial (IRA) que mide el tiempo aorto—onda de reflexion
arterial sobre el periodo expulsivo. Este indice junto
con la velocidad de la onda del pulso (VOP) y la
presién del pulso (PP) son signos de rigidez arte-
rial. Aqui medimos estos indicadores en 27 casos
con hipertension arterial (grupo A, GA) con y sin
hipertrofia del ventriculo izquierdo: subgrupo A,
SGA, de 13 casos y 14 individuos (subgrupo A,,
SGA,) respectivamente y 28 casos normotensos
(grupo B, GB). Protocolo: En 2 ocasiones: después
de 3 minutos de posicién sedente (PS) y después
de 3 minutos de trote en posicion ortostatica (PO),
se midio: la presion arterial (PA), el IRA, laVOP (dis-
tancia aorta—dedo—mano/tiempo de la onda del
pulso aorta—dedo—mano) la PP y el intervalo R-IV
(onda R del electrocardiograma —final de la deflexion
ventricular temprana en el EQCG. Resultados: La
demografia fue similar en ambos grupos. La PP, las
presiones sistolica y diastolica fueron mas altas en
el GA vsel GB. EI PE (ms) fue menor en el GA vsel
GB en PS (268 + 42 vs 274 + 40, p < 0.001, res-
pect.) y mas alto en PO (280 + 42 vs 244 + 46, p <
0.001) en el GA vs GB. LaVOP, m/s, fue mas alta en
PSenGAvsGB (9.8+28vs7.4+1.2,p<0.001,
respect.)yen PO (10.1+1.9vs7.9+ 9, p<0.001,
respect.). EI IRA fue menor en PO en el GA vs GB
(0.48 + 0.3 vs 0.8 + 0.3, p < 0.003). El indice de
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< 0.05, respectively). Conclusion: PWV is in-
creased in GA vs GB patients. The ARI index is
lower in GA vs GB cases in post exercise. PWV
and PP showed a statistical significant correla-
tion; height vs ARI had also a significant corre-
lation: SKCG is a new method, that uses a not
commercially instrument, which should have clin-
ical application.

G Sanchez-Torres y cols.

correlacion de la PP vs PAS, PA y VOP tuvo signifi-
cancia estadistica en PS y en PO. La talla correla-
cionéconelIRA(r=0.6,p<0.01enPSyr=0.42,
p < 0.05 en PO). Conclusiones: La VOP esta au-
mentada y el IRA mas bajo en el GA vs GB en PO
(lo que indica mayor rigidez arterial). La VOP y la
PP tuvieron correlacién significativa con la talla al
igual que esta Ultima con el IRA. La EQCG es un
método con aplicacién clinica.

(Arch Cardiol Mex 2003; 73:261-270).

Palabras clave: Mecénica arterial, Hipertensién arterial, Velocidad del pulso, Reflexién arterial.
Key words: Aarterial mechanicsm, Arterial Hypertension, Pulse velocity, Arterial reflexion.

Introduction

here is a dynamic and structural state of

I blood vessel hyperigidity in arterial

systemic hypertension which increases
the velocity of forward and retrograde arterial
pulses,t and changes the circulatory reflection
sites. This favors the early arrival of reflexive
waves to the aortic root. The latter phenomenon
alters the ventricular-aortic relationship, elevat-
ing the central systolic pressure and the arterial
pulse pressure. It also boosts the telesystolic pa-
rietal stress of theleft ventricle causing coronary
circulation dysfunction.?*
The deleterious effect of the above mentioned
mechanical impairment is of epidemiological and
clinical importance: population studies have re-
vealed that increased pulsewave velocity (PWV)
and increased arterial pulse pressure arerisk fac-
torsfor left ventricular hypertrophy (LVH),5 to-
tal cardiovascular damage® and myocardial in-
farction.” Furthermore, transversal studies have
demonstrated that these indicators are associa-
ted with brain hemorrhage,® cutaneous hyperten-
sive microvascular changes,® renal failure-indu-
ced cardiovascular damage'® and advanced age,
to mention afew.!!
Because pulse pressure can be easily measured,
considerable interest hasrisen to apply thismea-
surement in everyday clinical practice.*? Nume-
rous publications have shown that increased pulse
pressure is amore potent cardiovascular risk in-
dicator than systolic or diastolic blood pressu-
res,®® even though the latter have proven predic-
tive value.** Moreover, the relationship between
pulse pressure and arterial rigidity hasbeen clear-
ly established in experimental observations.51
A clinical physiographic method called digital
sphygmokinetocardiography was recently deve-
loped at our hospital.! This method is useful to

study important hemodynamic aspects of cardio-
arteria function, as the following signals can be
obtained from a patient in sitting position and in
standing position after exercise: electrocardiogra-
phy signals, finger photopl ethysmography (f-PP),
carotid oscillation pulse signals, as well as vi-
briograms generated by the contraction of the an-
terior and posterior left ventricle walls registered
on the precordium and the subcostal abdominal
aspect respectively.t'” Based on this method, we
developed an arterid rigidity index (ARI) which
measures the interference caused by the arterial
reflection wave to left ventricle gjection time in-
terval 8 Inthe present study weanayze ARI, pulse
wave velocity and pulse pressure, al indicators
of arterial stiffness, to study hypertensive patients
with and without left ventricular hypertrophy
(LVH), aswell as normotensive individual.

Objective

1) To analyze the correlation between the arte-
rial rigidity index and pulse wave velocity as
measured by sphygmokinetocardiography, as
well aswith systolic, diastolic and pulse pres-
sures, in order to assess the relevance of these
parametersin detecting arterial rigidity in ev-
eryday clinical practice.

2) To study the aortic-finger pulse wave veloci-
ty, the arterial reflection index and the elec-
trocardiographic R—V interval in hypertensi-
ve patients with and without LVH.

Methods

Thisclinical study was transversal, prospective,
and analyzed age and gender matched cases and
controls.

Subjects. We analyzed atotal of 55 individuals
belonging to two different groups: group A in-
cluded 27 outpatients aged > 30 years and diag-

www.archcardiolmex.org.mx
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Fig. 1. Cardiocirculatory intervals measured by sphygmokinetocardiography. Points: 1) initiation of QRS complex.
2) Peak of R electrocardiographic wave. 3) Initiation of ventricular impulse deflexion. 4) Foot of the hand-finger
pulse. 5) Final point of early ventricular impulse. 6) Carotid reflexion wave front. 7) Aortic valve closure. 8) End of
ventricular relaxation. Intervals 1-2 pre—ejection time, 3-5 duration early ventricular impulse, 2-5 interval R-VI (VI
= ventricular impulse), this interval include isovolumic interval 3-7, ejection time 3-4 aortic-hand finger time. The
graph was run at 50 mm/seg; the amplitude was artificially magnified.

nosed with essential arterial hypertension, with
no acute or chronic distressing diseases (parti-
cularly any type of organ failure), and who had
not received any kind of pharmacological treat-
ment at least 2 weeks before the study (8 cases
had never been treated). All standard procedures
to study hypertensive patientsand a12-lead ECG
were performed. Blood pressure (BP) was mea-
sured by auscultatory sphygmomanometry on 3
different days, and individuals were diagnosed
as hypertensive when the average blood pressu-
re was higher than 140/90 mm Hg.* Group A
individuals were further classified in two sub-
groups: SGA1 (13 cases) and SGA2 (14 cases)
according to the presence or absence of |eft ven-
tricle hypertrophy as assessed by the criteria of
the Mexican School of Cardiology.? Group B
included 28 government office employees who
were normal on medical examination, and with
an auscultatory BP lower than 140/90 mm Hg
measured both in sitting and standing positions.

Individuals from both groups were matched ac-
cording to age and gender.

Protocol. BP was measured between 10:00 AM
and 4:00 PM in the sitting position by ausculta-
tory sphygmomanometry. Afterwards, the sphyg-
mokinetocardiographic study was performed
using a device developed by us.®>® This device
includes a personal computer (PC) with an ana-
log to digital converting card with 10 bits reso-
lution, allowing to record the DII-lead ECG, the
photoplethysmographic pulse on the index fin-
ger, signals generated in pneumatic detectors to
register the carotid oscillation pulse (COP) from
a neck segment, as well as two vibration signs
(kinetocardiograms, KCG) produced by the left
ventricle and registered on the anterolateral as-
pect of the left hemithorax (ant-KCG) and on
the subcostal region below (post-KCG). Signals
were captured at a rate of 350 samples per sec-
ond. MPX2052 Motorola pressure transducers
were used to register two simultaneous signals

Vol. 73 Nimero 4/Octubre-Diciembre 2003:261-270
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with two pneumatic detectors: The signals were
then displayed on the PC monitor and saved to
perform offline measurements.

Procedure. The following detectors were used:
electrodes to register the ECG (Dl1), pulse pho-
todetector placed on theindex finger, and 3 pneu-
matic detectors named: no. 1 (D1), no. 2 (D2)
and no. 3(D3) [4 x 12 cm rubber bags connected
to the pressure transducer and to a manual air
pump]. These detectors were held by inextensi-
ble cloth belts (6 cm width) positioned tightly
and transversally surrounding the neck and or
the thorax, as follow: no. 1 (D1) was placed on
the neck from the midline to the left anterolate-
ral side; D2 was placed on the anterolateral as-
pect of the thorax from the midclavicular line
outwards, covering the 4" and 5" |eft intercos-
tals spaces (Fig. 2); and D3 was placed on the
upper abdominal aspect (left subcostal) in para-
Ilel to detector no. 2. All detectors were connec-
ted to an electronic signal adequacy box and to
the PC. With the patient sitting and in sustained
inspiratory breathing, the pneumatic detectors
were inflated to 50 mm Hg. We then simulta-

transducer

Photoplethysmographic
transducer

Patient

Printer

G Sanchez-Torres y cols.

neously recorded the following electronic signals
in 6 to 10 consecutive cardio-arterial cycles: the
Dll-lead ECG signal, the finger-hand photople-
thysmographic pulse (FHP), the carotid oscilla-
tion pulse (COP) (detector 1), vibrations produ-
ced by the anterior left ventriclewall (ant-KCG)
(detector 2), and the vibrations produced by the
posterior left ventriclewall (post-K CG) transmit-
ted through the diaphragm (detector 3). DIl ECG
lead, FHP and ant-KCG signals were obtained
simultaneously, as well as the following combi-
nations. COP + ant-K CG, and COP + post-KCG.
Then patient stand for 3 minutes and a complete
signal recordings and BP measurements were
performed after jogging in a fixed position (60
steps per minute) for 3 minutes.

Measurements: All good quality signals were
printed on millimetric paper. With the aid of the
ECG, the finger-hand pulse or the carotid osci-
llation pulse, the following cardiologic or car-
diocirculatory intervals were measured in tripli-
cate (Fig. 1): a) R-R electrocardiographic inter-
val (R wave to R wave); b) gection time (ET)
measured by anterior sphygmokinetocardiogra-

Amplification and
filter stage

A/ID
PC Converter

| =

S T T [ = e

/[ %ﬁ%%y@

Fig. 2. Diagram showing the location of detectors (no. 1 in neck, no. 2 in antero-lateral aspect of left hemithorax, no. 3 subcostal region).
Photoplethysmograph detector in finger.
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phy, and defined as the interval between theini-
tiation of the left ventricular impulse deflexion
(VID) and the aortic valve closure (AV C); c) aor-
tic-reflection time (ar-T) defined as the interval
between the VID and the reflection wave front;
d) aorta-finger hand time (A-FT), defined asthe
interval between the beginning of the ventricu-
lar impulse and the foot of the hand-finger pul se;
and e) anterior and posterior R-V1 time, defined
as the interval between the ECG R-wave peak
and the final point of the ventricular impulse on
the anterior or the posterior KGCs respectively.
Based on these measurements, we obtained the
following indexes and intervals: @) arterial re-
flection index (ARI) estimated as ar-T/ET,;
b)anterior and posterior R-1V time; and c) pulse
wave velocity (PWV), estimated by the follow-
ing equation: PWV = d/A-FT, where d/ = the
aorta-finger hand distance as measured with a
metric tape, following the superficial projection
of the arterial pathway (from the middle sternum
to thedistal index finger pulp),” and A-FT isthe
aorta-finger hand time.

The data used for the analysis were the mean of
3 measurements.

Statistical analysis

Continuous variables are expressed as the mean
+ standard deviation, while discrete variables are
reported as absolute or relative (percentage) fre-

Table I. Demography.

GA GB
Age (years) 56.7+ 9.98 55.6+11.77
Sex ratio (M/F) 13/15 15/13
Weight (kgs) 74.6+ 13.41 76.0+11.42
Height (cm) 161+ 9.81* 164 +£9.33

*p < 0.05, GA = Hypertensive patient, GB, normotensive subjects

Table Il. Sphygmokinetocardiographic data.

265

guencies. Differences among groups were com-
pared using non-paired Student’ st test for conti-
nuous variables, and the chi sguare test to com-
pare proportions.? Statistical significance was
considered when p < 0.05. The linear associa-
tion between variables was assessed using Pear-
son’s correlation coefficient.

Results

Nodifferencesinage (56.7 £ 9.98 vs55.6 + 11.77
years); sex ratio (male/female 13/15 vs 15/13),
weight (74.6 £ 13.41 vs 76.0 + 11.41 kg) and
height (161 + 9.81 vs 164 + 9.33 cm) were ob-
served between groups A and B respectively (Ta-
blel). Inthese groups systolic, diastolic and pul -
sepressures (SBP, DBP and PP) were significan-
tly higher in hypertensive patients both in the
sitting position (159 + 15.5,92 + 9.2 and 64.1 +
10.3 mm Hg respectively) and in the standing
position after exercise (187 £ 24.7, 105 + 14.0
and 86 + 19.3 mm Hg respectively) than in non-
hypertensive subjects (SBP, DBP and PP were
118 + 10.9, 73.9 + 6.6 and 44.1 + 10.8 mm Hg
respectively inthesitting position, and 128 + 11,
74.2 £ 7 and .54 + 9.2 mm Hg respectively after
exercise in standing position). Mean PWV was
significantly higher in group A (9.8 £ 2.8 m/s)
thaningroup B (7.4 = 1.2 m/s, p< 0.001), while
the post-exercise arterial reflectionindex wassig-
nificantly lower in group A (0.48 + 0.3) than in
group B (0.80 £ 0.3, p < 0.001) (Table ).
Correlation indexes were measured in the total
population. Positive correlations were found for
PP and SBP in the sitting position (r = 0.94, p <
0.001); for PP and DBPin the sitting position (r
=0.56, p<0.005), for PP and SBP after exercise
(r=0.81, p<0.0001) and for PP and DBP after
exercise (r = 0.62, p < 0.005). PP vs PWV and
Height vs ARI also have a positive correlation
index (Table I11) in both positions (Table 3).

Sitting position

Standing position after exercise

GA GB GA GB
R-R (ms) 900 + 130* 931 + 147 843 + 111 840 + 134
SBP (mm Hg) 159 + 15.5* 118 + 10.9* 187 + 24.7* 128 + 11
DBP (mm Hg) 92.5 + 9.2* 73.9 £ 6.6* 105 + 14* 742+ 7
PP (mm Hg) 64.1 + 10.3*  44.1 + 10.8* 86 + 19.3* 54 + 9.2
ET (ms) 268 + 42* 274 + 42* 280 + 40* 244 + 46
ARI 0.53 + .27 0.58 + 0.2 0.48 + 0.3* 0.80 + 0.3
PWV (m/s) 9.8 + 2.8 7.4 + 1.2 10.1 + 1.9 79+ .9

*p<0.001 GAvsGB **p <0.001 GA vs GB

R-R, ECG; ET = ejection time; SBP = systolic blood pressure; BDP = diastolic blood pressure; PP = pulse pressure; ARI = arterial reflection index; PWV

= pulse wave velocity. GA = Hypertensive patient, GB, normotensive subjects

Vol. 73 Nimero 4/Octubre-Diciembre 2003:261-270
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Table Ill. Correlation indexes (estimated considering
the total population, n = 55).

Standing position

Sitting position after exercise

PP vs SBP r=0.94, p<0.001 r=0.81,p<0.0001
PP vs DBP r=0.56, p<0.005 r=0.62, p<0.005
PP vs PWV r=042,p<0.05 r=041, p<0.05
Height vs ARI r =0.60, p<0.01 r=0.42,p<0.05

Abbreviations as in Table II.

On comparing subgroups A1 (with LVH) vs A2
(without LVH), no significant differences were
found on SBP in the sitting position (160 + 15.2
vs 158 + 16.4 mm Hg) and on pul se pressure (79
+18.2vs 77 £ 15.3 mm Hg). Body height howe-
ver, was significantly lower in hypertensive pa-
tientswith LVH (157 £ 6.1 cm) as compared to
those without LVH (164 + 11.6 cm, p = 0.06)
(TablelV). Inthesitting position, the ARI, PWV
and R-1V timewere not significantly differentin
subgroups A1 (0.45+ 0.25,9.1 + 2.2m/sand 222
+ 35.5 msrespectively) and A2 (50+ 0.3,89 +
3.2, and 229 + 30.1, respectively). However,
post-exercise measurements in the standing po-
sition reveal ed significant differences, asthe ARI
was significantly lower in SGA1 (0.45 £ 0.25)
than in group SGA2 (0.62 £ 0.28, p < 0.001),
while R-W timewas significantly higher in group
SGA1 (237 £ 32.4vs 203 + 32, p = 0.001).

Comments

The hemodynamic impai rment occurring in sys-
temic arterial hypertension has been until recen-
tly explained applying the law of Poiseuille,
which assumes that blood pressure and blood
flow are constants. However, circulatory flow is
not laminar and has a pulsatile character that acts
against the viscous resistance and simultaneous-
ly acceleratesthe blood flow mass.? For thisrea-
son, it isnow considered that the arterial system
represents a burden to left ventricle gjection and
has two components: one is resistive, explained
by the poiseullian circulatory model, and the oth-
er is pulsatile manifesting properties of unequal
inertia and compliance heterogeneously distrib-
uted throughout the arterial tree.® Increased ar-
teria rigidity in hypertension makesthe pressure
wave hyperpulsatile and alters the ventricle-ar-
tery relationship, leading to ventricular hyper-
trophy. Furthermore, it alters the viscoelastic
properties of arteries favoring the development
of arteriolosclerosisand aortosclerosis, which are
both characteristic of thisdisease. Thus, the study

G Sanchez-Torres y cols.

Table IV. Comparison of some measurements in
hypertensive patients with and without left ventricular
hypertrophy.

SGAl SGA2
(with LVH) (without LVH)
Height (cm) 157+ 6.1* 164+11.6
SBP (mm Hg) Sitting 160+ 15.2 158+16.4
PP (mm Hg) Sitting 79+18.2 77+15.3
ARI (SPE) 0.45+0.25***  0.62+0.28
postR-VI (SPE) 237+ 2.4%* 203+3.2
PWV (m/s) 10.7+ 2.3%* 9.6+1.4

*p = 0.06;* p = 0.094;** p < 0.001

SPE: Standing post-exercise; other abbreviations as in Table II.

of pulsatile mechanicsis particularly relevant in
everyday clinical practice.®

Arterial Reflection Index. Thearteria pulsewave
has two components: 1) a forward or incident
component which travels from the heart to the
periphery, and 2) aretrograde or reflexive com-
ponent that travelsin the opposite direction. The
latter component is the result of the addition of
several reflection waves. some are generated in
bifurcations near the heart, and others of varia-
ble magnitude are reflections originated at the
arteriolar region of the arterial tree.?* The patho-
genic importance of these waves has been un-
derscored in experimental studies where a hard,
artificial aortaisinserted in dogs: blood flowing
through this stiff aortaleadsto an immediate in-
crease of the pulse pressure, altered diastolic cor-
onary flow? and boost the |eft ventricle parietal
stress.?* All these phenomena are associated with
an early return of reflection waves. When the
blood flows through the normal elastic aorta, all
the above mentioned anomalies disappear.

At our hospital, we have devel oped a sphygmo-
kinetocardiographic arterial reflection index,
which measures the arrival time of arterial re-
flection waves in relation to the gjection time,
and can disclose theinterference of theretrogra-
de flow on the forward flow at the aortic root.
Moreover, thisfactor can distend the left ventri-
cle during telesystole, and may cause ventricu-
lar extrasystolia by means of an el ectromechani-
cal feedback phenomenon.®

In the present study, we found that the arterial
reflection index was lower in hypertensive pa-
tients as compared to normal individuals (Table
I1), indicating that early arterial reflection inter-
feresto agreater extent with ventricular gjection.
In addition, the ARI was significantly lower in
hypertensive patients with LVH as compared to
those without LVH, particularly after exercise.

www.archcardiolmex.org.mx
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These findings were expected, as the rigidity of
the aorta and central arteries is characteristic in
hypertensive individuals, particularly in those
with LVH.® The ARI decrement after exerciseis
due to increased intrarterial pressure which dis-
tendsthe arterial wall, and according to the elas-
tic module of the vessel, increases its rigidity.
Numerous observationsin the medical literature
have associated the hypertensive state per sewith
the early return of reflection waves, especialy
when hypertension coexists with left ventricle
hypertrophy, advanced age or renal failure.10%
These studies assessthe effect of reflection waves
by the so-called “augmentation index”.? This
index measures the increase in central systolic
pressure caused by reflection waves using sophis-
ticated technol ogies which rebuild the intraortic
pulse from an arterial (carotid or subclavian) to-
nometric pulse with a mathematical transferen-
ce function model.®

Asmentioned above, the ARI measures the pre-
cocity of reflection arrivals in relation to ven-
tricular gjection. In fact, it indicates the percen-
tage of time that gection is free of retrograde
influence, and when expressed inversely, indi-
cates the percentage of time the reflexive phe-
nomenon interacts with gjection (i.e. an index =
0.30 indicates that mesosystolic outflow isinter-
fered with during 70% of the gjection time).1
One of the limitations of ARI or augmentation
index measurementsisthat both infer that carot-
id reflections are indicators of ascending aorta
rigidity, even though the viscoelastic properties
of both arterial segments are not necessarily the
same. However, the morphology of the aortic
pressure curve rebuilt by transference function
isvery similar tothe carotid pressure curve. Thus,
the study of the latter does not represent a rele-
vant impediment.?%® Of coursethetimerequired
for the carotid reflection to arrive to the aortic
root reduces the accuracy of the temporality of
events.

Pulse wave velocity (PWV). This parameter has
been measured and analyzed since the last cen-
tury, and is a well known indicator of arterial
rigidity (because of the demonstrated inversere-
lationship between arterial compliance and arte-
rial pulse wave velocity). As a matter of fact,
over the last years PWV has been underscored
as a cardiovascular risk factor in arterial hyper-
tension with or without LV H, and has been asso-
ciated with diabetes mellitus, age, renal failure
and atherosclerosis.®** We corroborated once

267

again the statistical association between increa-
sed PWV and hypertension and that this para-
meters the ARI and the pulse pressure, are arte-
rial stiffness indicators. In general terms, pulse
wave velocity is clinically measured by registe-
ring the passing fronts of the wave on two su-
perficial sitesof an accessible arterial segment.®
The sphygmokinetocardiograpy method devel-
oped at our department can register on the tho-
rax thevibrations generated by | eft ventricle vol-
ume changes transmitted through the lung act-
ing as a resonance box.'"*® Transmission is bet-
ter perceived during sustained inspiration, asthe
cardiac vibration signs are registered in the ab-
sence of respiratory sounds. In this manner, the
aorta-finger hand pulse time can be measured in
the same cardiocirculatory cycle: from theiniti-
ation of the pulsewave at the aortic root, inferred
by the initiation of the ventricular impulse (ET
initiation point on the ant-KCG, Fig. 1), until it
reaches the foot of the hand-finger pulse.r” This
method is easy to perform, not only at rest but
also in a standing position and after dynamic
exercise. We have found no previous references
in the medical literature describing this advan-
tagefor other procedures. This measurement pro-
videsinteresting perspectivesfor clinical arteri-
al mechanics studies.

R-VI time. Kinetocardiography has been used for
more than 4 decades. It isawell known method
used to measure systolic intervals, specially dur-
ing the gjection period, and correlates well with
the gection fraction.®* Our version of KCG has
thetechnol ogical advantage of digitalization, and
in addition, our mechanical receptor remains pro-
perly positioned by means of an inextensible
perithoracic belt. This allowsto register signals
fromindividualsin different physiological posi-
tions (lying, sitting, standing and after exercise).
With our method, the systolic ventricular impul -
se is well defined and graphically expresses 2
components: oneisfast, related to theinitial ven-
tricular contraction; and the other isslower, main-
ly expressing ventricular relaxation (Fig. 1). The
analysis of high fidelity left ventricle pressure
curves and the apical kinetocardiogram in hu-
mans demonstrated that point “0” on the intra-
ventricular pressure curve and the systolic ven-
tricular impact on the apicogram are simulta-
neous, and that the outlines of both graphs over-
lap.®83” We thus considered that the R-VI time
measures the duration of fast ventricular contrac-
tility. Experimentally, increased afterload leng-
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thens the contractile duration of the left ventri-
cle.* Weobserved herethat the R-VI timeregis-
tered by post-KCG after exercise was longer in
hypertensive patients with LVH as compared to
thosewithout LVVH (TablelV), in accordance with
the pathophysiologic assumption made above.
Pulse pressure. Pulse pressureisawell establis-
hed cardiovascular damage indicator.® Informa-
tion on this issue has increased considerably
over the last years, and we now know that in-
creased pulse pressure is associated with in-
creased left ventricular mass®, carotid athero-
sclerosis® and brain damage.* In some studies,
pulse pressure has been identified as an inde-
pendent risk factor of prognostic value for car-
diovascular damage.®

Thefactor underlying this phenomenonistheloss
of arterial compliance, which decreases arterial
pulsatility cushioning and increases pulse pres-
sure. Wefound herethat pul se pressure waswider
in hypertensive as compared to normal subjects,
and that this parameter was more significant as
an independent risk factor than systolic or dias-
tolic blood pressures, confirming previous ob-
servations made el sewhere.*24 Thus, this param-
eter is a good indicator of arterial stiffness that
can be applied in clinical practice. Unexpected-
ly, we found that PP was not significantly differ-
ent in hypertensive patients with and without
electrocardiographic evidence of LVH. Wehave
no explanation for this observation, and will fur-
ther analyze this issue in the future, studying a
large number of cases.

Body Height. As expected,* we observed a cor-
relation between short stature and the post-exer-
cise arterial reflexion index (Table I11). In fact,
height was significantly lower in hypertensive
subjects with left ventricle hypertrophy as com-
pared to those without LVH (Table IV). Using
other arterial stiffnessindicators, Marchain et al.
observed the same correlation in patients with
renal failure® and suggested that this happens
when renal failure onset occurs during body de-
velopment leading to mal nutrition and short stat-

G Sanchez-Torres y cols.

ure. Further studies confirmed the inverse rela-
tionship between short stature and increased car-
diovascular risk in al terminal renal failure pa-
tients.*® Recently, this correlation was also ob-
served in hypertensive non-uremic patients by
studying pulsatile parameters indicative of im-
paired arterial hemodynamics.®® As our findings
aresimilar, we suggest that arterial reflection sites
are closer to the heart in hypertensive subjects
with short stature as compared to taller ones, fa-
voring early arrival of reflection waves to the
aortic root. Thus, short stature would be an inde-
pendent risk factor, and when occurring in a hy-
pertensive state woul d favor more severe cardio-
vascular damage. Perhaps this same pathogenic
mechani sm explai nsthe associ ation between car-
diovascular risk (particularly coronary risk) and
short stature reported since 1951.4748

Conclusions

1. PWV is increased in sitting and orthostatic
post-exercise positionsin GA vs GB. Arterial
reflexion index is reduced in the last position
in systemic arterial hypertension ascompared
to normal individuals. This underscores arte-
rial hyperigidity in hypertension, which is of
particular pathogenic interest.

2. Pulse pressure shows a positive correlation
with systolic blood pressure and to a lesser
extent with diastolic blood pressure. PWV
and PP showed a statistically significant cor-
relation.

3. Early reflection waves correlate with short
stature. This gives way to interesting patho-
physiologic speculations.

4. Hypertensive patients with LVH had lower
height, longer ventricular impulse and short-
er post-exercise ARI as compared to those
without LVH.

5. The method here described may have useful
applicationsin everyday clinical practice. Spe-
cially itisconvenient to study alarge number
of patients and verified changes of rigidity
indexes with antihypertensive treatment.
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