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Recent technological advancements in the area of intracoronary physiology, as well as non-invasive contrast
perfusion imaging, allow to make clinical decisions with respect to percutaneous coronary interventions and
to identify microcirculatory coronary pathophysiology. The basic characteristics of coronary hemodynamics,
as described by pressure–flow relations in the normal and diseased heart, need to be understood for a proper
interpretation of these physiological measurements. Especially the hyperemic coronary pressure–flow
relation, as well as the influence of cardiac function on it, bears great clinical significance. The interaction of a
coronary stenosis with the coronary pressure–flow relation can be understood from the stenosis pressure
drop–flow velocity relationship. Based on these relationships the clinically applied concepts of coronary flow
velocity reserve, fractional flow reserve, stenosis resistance and microvascular resistance are discussed.
Attention is further paid to the heterogeneous nature of myocardial perfusion, the vulnerability of the
subendocardium and the role of collateral flow on hyperemic coronary pressure–flow relations. This article is
part of a Special Issue entitled “Coronary Blood Flow”.

© 2011 Elsevier Ltd. All rights reserved.
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1. Introduction

The oxygen extraction from the coronary circulation is high and
even at baseline conditions approximates 75%, while the overall
oxygen extraction in the systemic circulation amounts to 25–30% [1].
In extreme exercise in dogs, coronary venous saturation may be
reduced further from 25% to approximately 10% [2], but this increased
extraction is much too small to account for the 4 to 5 times increase in
oxygen demand that may occur and consequently necessitates an
increase in coronary blood flow [1]. Normally, coronary blood flow is
well controlled and matched to the oxygen needs of the heart by
adapting the caliber of the coronary resistance arteries, including
arterioles, via inter-related processes involving mechanisms intrinsic
to the vascular wall, as well as metabolic and neurohumoral factors
[3,4].

One of the first observations on coronary physiology several centuries
agowas that coronary arterial flow is pulsatile, high in diastole and low in
systole [5]. This is opposite to the flow pattern in arteries feeding other
organs where flow is high in systole. The particular coronary bi-phasic
flow pattern is the result of compressive forces that are exerted by the
contracting heartmuscle on the embeddedmicrovessels. Hence, the heart
impedes its own perfusion by the contraction that is needed to fulfill its
principal function.

Many of the physiological phenomena underlying coronary flow
regulation have been studied in conscious and unconscious animal
preparations where there is great freedom in instrumentation and
interventions. More recently, investigation of human coronary
physiology has become possible in clinical studies owing to the
miniaturization of pressure and flow sensors at the tip of coronary
guide wires used during cardiac catheterization and by myocardial
perfusion imaging via magnetic resonance imaging, positron emission
tomography and contrast echocardiography [6,7].

The purpose of this paper is to provide a brief overview of some
principles of coronary physiology, and how these principles translate
to diagnostic applications in clinical practice.

2. Characteristics and limits of coronary blood flow control

In functional terms, the two major determinants of coronary flow
are coronary arterial pressure andmyocardial oxygen consumption. It
was found very early on that, at constant oxygen consumption,
coronary flow is relatively independent of arterial pressure which is
referred to as coronary autoregulation [8]. Similarly, at a given
coronary arterial pressure, coronary flow increases with oxygen
consumption, which is defined as metabolic adaptation. These two
mechanisms are interrelated andmay even be due to the same control

mechanism designed to maintain the controlled variable at a desired
level. The controlled variable may be tissue oxygen pressure or a
different factor related to metabolism. Since in the intact circulation
coronary pressure equates to aortic pressure and aortic pressure is a
main determinant of myocardial oxygen consumption, it is difficult to
study metabolic flow adaptation and autoregulation independently in
an intact preparation. This can best be studied in a system where
the coronary blood supply is controlled independently, e.g. by an
extracorporeal system.

Conceptually, it is important to have a clear picture of the two
manifestations of coronary flow control as illustrated in Fig. 1. The left
panel schematically depicts coronary pressure–flow relations at rest
and during maximal vasodilation. The steepest line (hyperemia)
represents the situation where flow control is abolished. Hyperemic
flow increases with pressure, but not proportional, since this relation
does not pass through the origin. The hyperemic pressure–flow
relation bears great clinical significance as will be discussed below.
The autoregulatory action of the coronary system is indicated by the
lines with a smaller slope at two different levels of constant oxygen
consumption, demonstrating the characteristic parallel shift with
oxygen consumption. Coronary flow is kept fairly constant over a
large range of perfusion pressure by adjusting coronary microvascular
resistance to changing perfusion pressures. Note that coronary
autoregulation is not perfect, which would correspond to horizontal
plateaus in the autoregulation range. The right panel in Fig. 1 depicts
results from an experiment where oxygen consumption of the heart
was altered at two different coronary pressures [9]. Coronary flow
increases with oxygen consumption, but also not in a proportional
manner and oxygen extraction becomes less efficient at higher
coronary pressure. Clearly, metabolic adaptation is not perfect either,
since at the same oxygen consumption, flow rate is higher for a higher
coronary pressure. Obviously, the pressure dependence of metabolic
adaptation corresponds to the slope of the autoregulation curve.

In a conceptual model, control of coronary blood flow can best be
understood as a system designed to maintain tissue oxygen pressure
(PO2) at a constant level. In such a model, factors causing a decrease of
tissue PO2 will lower coronary resistance by inducing vasodilatation
[10,11]. Similarly, vasoconstriction will result via factors inducing an
increase in tissue PO2. This does not imply that tissue PO2 is the
controlled variable in real life, since such model behavior can be
realized in several ways. However, the concept of tissue PO2 control
has guided the design of experiments to unravel the specific role of
mechanisms involved in blood flow control using coronary venous PO2
as a surrogate for myocardial tissue PO2 [1,12,13]. In this way a direct
vasoactive effect of a drug may be distinguished from an indirect
effect via alterations in oxygen consumption [14].

Pc= 147 mmHg

Pc= 77 mmHg

C
or

on
ar

y 
bl

oo
d 

flo
w

 (
C

B
F

)

Coronary arterial pressure (Pc)

3

2

1

0
0 0.05 0.10 0.15 0.20

MVO2 
.

(mlO2 / g/min)

C
B

F
 (

m
l /

 g
/m

in
)

Fig. 1. Left panel: Schematic pressure–flow relations illustrating autoregulation and maximal vasodilatation (hyperemia). The hyperemic relationship is incremental-linear with a
non-zero intercept. Autoregulation is shown at two levels of constant oxygen consumption, which induces a parallel shift. Right panel: Coronary blood flow, CBF, as a function of
oxygen consumption, M

·
VO2, for two different coronary arterial pressures.

Data from [9].
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