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Abstract

Hypertension is one of the most common age-related chronic disorders, and by predisposing individuals for heart failure,
stroke, and kidney disease, it is a major source of morbidity and mortality. Its etiology remains enigmatic despite intense
research efforts over many decades. By use of empirically well-constrained computer models describing the coupled
function of the baroreceptor reflex and mechanics of the circulatory system, we demonstrate quantitatively that arterial
stiffening seems sufficient to explain age-related emergence of hypertension. Specifically, the empirically observed chronic
changes in pulse pressure with age and the impaired capacity of hypertensive individuals to regulate short-term changes in
blood pressure arise as emergent properties of the integrated system. The results are consistent with available experimental
data from chemical and surgical manipulation of the cardio-vascular system. In contrast to widely held opinions, the results
suggest that primary hypertension can be attributed to a mechanogenic etiology without challenging current conceptions
of renal and sympathetic nervous system function.
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Input Impedance of the Systemic Circulation

By Michael F. O’'Rourke, M.B., B.S., and Michael G. Taylor, M.D., Ph.D.

ABSTRACT

The hydraulic load presented to the left ventricle by the systemic circulation
was characterized by expressing pressure-flow relationships in the ascending
aorta as input impedance. This was determined by spectral or Fourier analysis
of simultaneously recorded pressure and flow waves in 1 unanesthetized and
27 anesthetized dogs. Impcganoe modulus fell steeply from its value at zero
frequency (the peripheral resistance) and its value was lowest (less than 1/20th
of the peripheral resistance)} over that band of frequencies (usually between
1.5 and 10 cycle/sec) which contained most of the energy of the left ventricu-
lar ejection (flow) wave. The patterns of modulus and phase of ascending
aortic impedance were found to result from the presence of two functionally
discrete reflecting sites in the systemic circulation, one in the upper part of the
body and the other in the lower. The presence of these two sites appears to be
an important factor in maintaining a low impedance modulus between 1.5 and
10 cycle/sec, and so in providing a favorable impedance to pulsatile flow
from the heart. Both modulus and phase of impedance in the ascending
aorta showed changes similar to those seen in other arteries when blood pres-
sure was altered and when vasodilation occurred in the vascular bed.

ADDITIONAL KEY WORDS Fourier and spectral analysis
wave reflection pulse wave velocity ascending sorta vasodilation
blood pressure design of vascular system cxternal left ventricular work
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Arterial Stiffness and Hypertension: Chicken or Egg?

Gary F. Mitchell, MD
Cardiovascular Engineering, Inc., Norwood, MA

A common mterpretation of known relations between artertal stiftness and hypertension 1s

that elevated blood pressure, particularly PP, ncreases pulsatile aortic wall stress, which

accelerates elastin degradation.” ™ Thus, hypertension is viewed as an accelerated form of

vascular aging that leads to aortic stiffening.
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Decreased aortic diameter and compliance precedes blood pressure increases
in postnatal development of elastin-insufficient mice

Victoria P. Le,' Russell H. Knutsen,” Robert P. Mecham,” and Jessica E. Wagenseil'

'Department of Biomedical Engineering, Saint Louis University, and *Department of Cell Biology and Physiology,
Washington University School of Medicine, St. Louis, Missouri
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Fig. 4. Systolic pressure (sys peess) is significamtly hgher in Eln* mice by
P14 (A). There are no signaficant differences in heant rte between genotypes

(B), bpm. Beastsdmin, n = 12-25/group.
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Arterial Stiffening Precedes Systolic Hypertension
in Diet-Induced Obesity
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mean+SEM, n=8 each group (B) is
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Stiffness -
Baseline Phenylephrine increased in high-fat/high-sucrose (HFHS)-

Months on diet fed mice within 2 months. Mean arterial
pressure was modulated by intravenous
infusion of phenylephrine (0.1 png/g body
weight). *P<0.05 vs normal diet (ND) or
ND baseline; #P<0.05 vs HFHS baseline;
I d D = = d d $P<0.05 vs ND-phenylephrine. Mice

n C r e a S e ' e t l n u C e develop systolic hypertension after 6

months of HFHS (C) compared with ND (D).

® *P<0.05 vs baseline (time 0) or ND. SBP
S B P o b e s l ty indicates systolic blood pressure.

s

Figure 1. Arterial stiffness precedes
hypertension in diet-induced obese mice.
Pulse wave velocity (PWV, mm/ms), an
index of arterial stiffness, measured by
Doppler echocardiography, mean+SD,
n=4 to 10 each group (A) and invasively
with high-fidelity pressure catheters,
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Arterial stiffening is a heritable trait associated
with arterial dilation but not wall thickening:
a longitudinal study in the twins UK cohort
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Figure 3 The myjonty of mxarcise ofncts on the vacule andothelum sre mediated by ntermittort incresses of lammar shear strese. On the
hmingl wide of the endothelal colls. direct sigralling can occur through deformation of the ghycocalyx actwvating phospholipase activity vis an
creaie in nuracelluar C.A".W'n 2 (PGO) reledie, and CAMP-mediated soooth-mustie-col reloction VEGF recipter 2 (VEGFR2)
can acthvite POK to photghorylate Akt and induce AXT-medisted «NOS phosphoryletion, leading 1o higher NO production. Ake indicaem
prossin kease & AA, srachidonic st VEGF, vasculer endothelial growth factor.
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Scientists finally concluded that the chicken came

first, not the egg, because the protein which makes
the egg shells is only produced by a hen.




PROCEEDINGS

Structure and Function of Systemic Arteries: Reflections on

the Arterial Pulse

Michael F O'Rourke,"? Audrey Adji,'* and Michel E. Safar®

“Structure and Function of Arteries"—is a topic of great importance
to those who deal with arterial hypertension, since it links the source
of flow, the left ventricle of the heart (whose output is pulsatile) to the
peripheral tissues (whose flow is near continuous). The arterial tree
acts passively as a conduit and cushion, and the interaction of heart,
arterial tree, and organs is conventionally gauged on the basis of
blood pressure measured by cuff in a conveniently located place (the
brachial artery). For any precision and perspective to be gained, mea-
surements of brachial systolic and diastolic pressure need be supple-
mented by other information. When such information is gained, one
can understand how beautifully the arterial tree is tuned to the beat
of the heart in animals of different size and shape and in humans at

age 30 through the first third of a 3 billion beat lifetime. After age 30,
the beats themselves progressively destroy the human arteries and
their tuning to the heart, with emergence of clinical syndromes. In this
review, the subject is tackled quantitatively on the basis of published
numerical, physical, physiological, and pathophysiological basis, with
principal focus on the beat of the heart, the pulse of the arteries, and
their interaction.

Keywords: arterial function; blood pressure; hypertension; wave
reflection.
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