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• Blood supply to the heart, coronary flow

• Pulmonary circulation

• Skeletal muscle perfusion

• Brain perfusion



Coronary flow

• 5% CO i.e. cca 250 ml/min (under resting conditions)

• Dense vascular supply: muscle fiber/capillaries 1:1

• Lateral flow: 
• 50%: right-sided type
• 30%: balanced type
• 20%: left-sided type



Coronary flow – suply vs. Demand of O2
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adjust the O2 supply to the O2 demand. A decrease in O2 
demand diminishes the release of vasodilators and enables 
greater expression of basal tone.

Numerous metabolites participate in the vasodilation 
that accompanies increased cardiac work. Accumulation of 
vasoactive metabolites can also account for the increase in 
blood !ow that results from a brief period of ischemia (i.e., 
reactive hyperemia; see Chapter 18). "e duration of the 
enhanced coronary !ow after release of the brie!y occluded 
vessel is, within certain limits, proportional to the duration 
of the period of occlusion. Among the factors implicated 
in reactive hyperemia are ATP-sensitive potassium (KATP) 
channels, NO, CO2, H+, K+, hypoxia, H2O2, and adenosine.

Of these agents, the key factors appear to be adenos-
ine, NO, opening of the KATP channels, and H2O2. "e 
contributions of each of these agents and their interaction 
under basal conditions and during increased myocardial 

Both α-adrenergic receptors (constrictors) and β2-
adrenergic receptors (dilators) are present on the coronary 
vessels. Coronary resistance vessels also participate in the 
baroreceptor and chemoreceptor re!exes, and the sympa-
thetic constrictor tone of the coronary arterioles can be 
modulated by such re!exes. Nevertheless, coronary resis-
tance is predominantly under local nonneural control.

Vagus nerve stimulation causes slight dilation of the 
coronary resistance vessels, and activation of the carotid 
and aortic chemoreceptors can cause a slight decrease in 
coronary resistance via the vagus nerves to the heart. Failure 
of strong vagal stimulation to increase coronary blood !ow 
is not due to lack of muscarinic receptors on the coronary 
resistance vessels because intracoronary administration of 
acetylcholine elicits marked vasodilation. In the human 
heart, acetylcholine caused vasodilation when administered 
directly into the left anterior descending coronary artery 
of subjects with no evidence of coronary artery disease. 
However, acetylcholine caused vasoconstriction in the 
coronary artery of subjects whose endothelium had been 
damaged and rendered dysfunctional by atherosclerosis.

Metabolic Factors
A striking characteristic of the coronary circulation is the 
close relationship between the level of myocardial metabolic 
activity and the magnitude of coronary blood !ow (Fig. 
17.33). "is relationship is also found in a denervated heart 
and in a completely isolated heart, either in the beating 
state or in the #brillating state. Ventricles can #brillate for 
many hours when the coronary arteries are perfused with 
arterial blood from some external source. As already noted, 
a #brillating heart uses less O2 than a pumping heart does, 
and blood !ow to the myocardium is reduced accordingly.

"e mechanisms that link the cardiac metabolic rate and 
coronary blood !ow remain unsettled. However, it appears 
that a decrease in the ratio of O2 supply to O2 demand 
releases vasodilator substances from the myocardial cells into 
the interstitial !uid, where they relax the coronary resistance 
vessels. Decreases in arterial blood O2 content or in coronary 
blood !ow and increases in metabolic rate all decrease the 
O2 supply/demand ratio (Fig. 17.34). As a consequence, 
substances are released that dilate the arterioles and thereby 

• Fig. 17.33 Relationship between myocardial O2 consumption and 
coronary blood !ow during a variety of interventions that increase or 
decrease the myocardial metabolic rate. (From Berne RM, Rubio R: 
Coronary circulation. In Page E, ed. Handbook of Physiology: Section 
2: The Cardiovascular System: The Heart. Vol 1. Bethesda, MD: 
American Physiological Society; 1979.)
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• Fig. 17.34 Imbalance in the O2 supply–O2 demand ratio alters coronary blood !ow by the rate of release 
of a vasodilator metabolite from cardiomyocytes. A decrease in the ratio elicits an increase in vasodilator 
release, whereas an increase in the ratio has the opposite effect. 
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Coronary flow

374 SECTION 4  Berne & Levy Physiology

induces vasoconstriction, and cutting of the sympathetic 
nerves induces vasodilation. After chronic denervation of 
the cutaneous blood vessels, the degree of tone that existed 
before denervation is gradually regained over a period of 
several weeks. !is restoration of tone is accomplished by 
an enhancement of basal tone. Denervation of the skin 
vessels results in enhanced sensitivity to catecholamines in 
circulation (denervation hypersensitivity).

Parasympathetic vasodilator nerve "bers do not innervate 
cutaneous blood vessels. However, stimulation of the sweat 
glands, which are innervated by sympathetic cholinergic 
"bers, dilates the skin resistance vessels. Sweat contains an 
enzyme that lyses a protein (kallidin) in the tissue #uid to 
produce bradykinin, a polypeptide with potent vasodilator 
properties. Bradykinin, formed locally, dilates the arterioles 
and increases blood #ow to the skin.

Certain skin vessels, particularly those in the head, neck, 
shoulders, and upper part of the chest, are regulated by 
higher centers in the brain. Blushing, in response to embar-
rassment or anger, and blanching, in response to fear or 
anxiety, are examples of cerebral inhibition and stimulation, 
respectively, of the sympathetic nerve "bers to the a$ected 
cutaneous regions.

In contrast to AV anastomoses in the skin, the resistance 
vessels display autoregulation of blood #ow and reactive 
hyperemia. If the arterial in#ow to a limb is stopped brie#y 
by in#ation of a blood pressure cu$, the skin becomes 
bright red below the point of vascular occlusion when the 
cu$ is subsequently de#ated. !e increased cutaneous blood 
#ow (reactive hyperemia) is also manifested by distention of 
the super"cial veins in the a$ected extremity.

The Role of Temperature in the Regulation  
of Skin Blood Flow
!e primary function of the skin is to maintain a con-
stant internal environment and protect the body from 
adverse changes. Ambient temperature is one of the most 
important external variables with which the body must 
contend. Exposure to cold elicits a generalized cutaneous 
vasoconstriction that is especially pronounced in the hands 
and feet. !is response is chie#y mediated by the nervous 
system. Arrest of the circulation to a hand by a pressure 
cu$ plus immersion of that hand in cold water induces 
vasoconstriction in the skin of the other extremities that 
are exposed to room temperature. When the circulation 

supply is interrupted. Conversely, re#ex stimulation of the 
sympathetic "bers to these vessels may constrict them and 
obliterate the vascular lumen. Although AV anastomoses 
do not exhibit basal tone, they are highly sensitive to vaso-
constrictor agents such as epinephrine and norepinephrine. 
Furthermore, AV anastomoses are not under metabolic 
control, and they do not show reactive hyperemia or auto-
regulation of blood #ow. !us regulation of blood #ow 
through these anastomotic channels is governed principally 
by the nervous system in response to re#ex activation by 
temperature receptors or from higher centers of the central 
nervous system.

Most of the resistance vessels in the skin exhibit some basal 
tone and are under dual control of the sympathetic nervous 
system and local regulatory factors. However, neural control 
predominates. Stimulation of sympathetic nerve "bers 

• Fig. 17.37 Arteriovenous (AV) Anastomosis in the Ear Injected 
With Berlin Blue Dye. A, artery; V, vein; arrow points to an AV anasto-
mosis. The walls of the AV anastomosis in the !ngertips are thicker and 
more cellular. (From Pritchard MML, Daniel PM. J Anat. 1956;90:309.)
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 IN THE CLINIC
The !ngers and toes of some individuals are very sensitive to 
cold. On exposure to cold, the arterioles to the !ngers and 
toes constrict. The consequent ischemia results in localized 
blanching of the skin associated with tingling, numbness, 
and pain. The blanching is followed by cyanosis (a dark blue 
color of the skin) and later by redness as the arterial spasm 
subsides. The cause of this condition, called Raynaud’s 
disease, is unknown.

• Fig. 17.36 A, Angiogram (with intracoronary radiopaque dye) of 
marked narrowing of the left anterior descending branch of the left 
coronary artery (white arrow). B, The same segment of the coronary 
artery (black arrow) after angioplasty and insertion of a drug-eluting 
stent. (Courtesy of Dr. Michael Azrin.)
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Selective
coronarography (SKG)

Percutaneous coronary
intervention (PCI)

O2 consumption in tissues = increase in O2 extraction from blood + increase in flow

• Maximum extraction of O2 already in resting conditions, extraction of
approx. 70-80% of flowing O2

• Increasing the supply of O2 to the myocardium is possible only by increasing
the flow

• The increase in flow is very sensitive to obstructions in the vessels -
atherosclerosis….

• RT = RA + Ra + Rc + Rv + RV share of individual resistances:1% + 70% + 20% + 8% 
+ 1%

• An obstacle in the area of Ra will cause a large change in the resistance of the
entire system - a decrease in flow... (physiological regulation, see below)

• SKG: shows only the vessels in the RA region, i.e. only a very large constriction
(>75%) will significantly affect the flow rate…. (atherosclerosis,...)



Coronary flow – the flow regulation
(vessels from the area of Ra – small arteries, arterioles)

• Nervous regulation: sympathetic/parasympathetic
!-adrenergic receptors (vasoconstriction)
"-adrenergic receptors (vasodilation)

• Chemical regulation: pH, CO2, lactate, PG…
• Myogenic
• Extravascular compression…
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transitory. Factors that alter coronary vascular resistance are 
illustrated in Fig. 17.35.

E!ects of Diminished Coronary Blood Flow
Most of the O2 in coronary arterial blood is extracted 
during one passage through the myocardial capillaries. !us 
the supply of O2 to myocardial cells is !ow limited; any 
substantial reduction in coronary blood "ow curtails O2 
delivery to the myocardium because O2 extraction is nearly 
maximal even when blood "ow is normal.

A reduction in coronary "ow that is neither too prolonged 
nor too severe to induce myocardial necrosis can nonetheless 
cause substantial (but temporary) dysfunction of the heart. 
A relatively brief period of severe ischemia followed by 
reperfusion can result in pronounced mechanical dysfunc-
tion (myocardial stunning). However, the heart eventually 
recovers fully from the dysfunction. !e pathophysiological 
basis for myocardial stunning appears to be intracellular 
Ca++ overload, initiated during the period of ischemia, 
combined with the generation of OH− and superoxide free 
radicals early in the period of reperfusion. !ese changes 
impair the responsiveness of myo#laments to Ca++.

Coronary Collateral Circulation  
and Vasodilators
In the normal human heart, there are virtually no functional 
intercoronary channels. Abrupt occlusion of a coronary 
artery or one of its branches leads to ischemic necrosis and 
eventual #brosis of the areas of myocardium supplied by 
the occluded vessel. However, if a coronary artery narrows 
slowly and progressively over a period of days or weeks, 
collateral vessels develop and may furnish su$cient blood 
to the ischemic myocardium to prevent or reduce the extent 
of necrosis. Collateral vessels may develop between branches 

activity are complex. A reduction in oxidative metabolism 
in vascular smooth muscle reduces ATP synthesis, which 
in turn opens KATP channels and causes hyperpolarization. 
!is change in potential reduces entry of Ca++ and relaxes 
coronary vascular smooth muscle to increase "ow. A reduc-
tion in ATP also opens KATP channels in cardiac muscle and 
generates an outward current that reduces action potential 
duration and limits Ca++ entry during phase 2 of the action 
potential. !is action may be protective during periods of 
imbalance between O2 supply and demand. In addition, 
as cardiac work increases, H2O2 production rises, which 
activates Kv1.5 channels and thereby causes hyperpolariza-
tion of muscle membrane and relaxation of vascular smooth 
muscle. Moreover, the release of NO and adenosine dilates 
the arterioles and thereby adjusts the O2 supply to the 
O2 demand. At low concentrations, adenosine appears to 
activate endothelial KATP channels and to enhance release 
of NO. Conversely, at higher concentrations, adenosine 
acts directly on vascular smooth muscle by activating KATP 
channels. Decreased O2 demand would sustain the ATP 
level, as well as reduce the amount of vasodilator substances 
released, and allows greater expression of basal tone. If pro-
duction of all these agents is inhibited, coronary blood "ow 
is reduced, both at rest and during exercise. Furthermore, 
contractile dysfunction and signs of myocardial ischemia 
become evident.

According to the adenosine hypothesis, a reduction in 
myocardial O2 tension produced by inadequate coronary 
blood "ow, hypoxemia, or increased metabolic activity of 
the heart leads to release of adenosine from the myocar-
dium. Adenosine enters the interstitial "uid space to reach 
the coronary resistance vessels and induces vasodilation 
by activating adenosine receptors. However, it cannot 
be responsible for the increased coronary "ow observed 
during prolonged enhancement of cardiac metabolic activ-
ity because release of adenosine from cardiac muscle is 

• Fig. 17.35 Schematic Representation of Factors That Increase (+) or Decrease (−) Coronary 
Vascular Resistance. Intravascular pressure (arterial blood pressure) stretches the vessel wall. KATP 
channels, adenosine triphosphate–sensitive potassium channels; NO, nitric oxide; PCO2, partial pressure 
of carbon dioxide; PO2, partial pressure of oxygen. 
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Coronary flow

Ao (d) pressure LVEDP
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Coronary flow

Ao (d) pressure LVEDP
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Coronary flow

Sqeezing effect – extravascular compression



Coronary flow– “squeezing effect“

Systole of LV
Very limited Q

Minimally limited Q

Diastole of LV
Not affected by LV contraction

Not affected by squeezing
effect in the right ventricle



The heart cycle

Coronary flow
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!e "ow pattern in the right coronary artery is similar to 
that in the left coronary artery (see Fig. 17.31). In contrast 
to the left ventricle, reversal of blood "ow does not occur 
in the right ventricle in early systole because pressure in the 
thin right ventricle is lower during systole. Hence, systolic 
blood "ow constitutes a much greater proportion of total 
coronary in"ow than it does in the left coronary artery.

limits by baroreceptor re"ex mechanisms. Hence, changes 
in coronary blood "ow are caused mainly by changes in the 
diameter of coronary resistance vessels in response to the 
metabolic demands of the heart.

In addition to providing the pressure to move blood 
through the coronary vessels, the heart also a#ects its blood 
supply by the squeezing e#ect (extravascular compression) 
of the contracting myocardium on its own blood vessels. 
!e patterns of "ow in the left and right coronary arteries 
are shown in Fig. 17.31. In the left ventricle, coronary 
perfusion pressure is the di#erence between aortic diastolic 
pressure and left ventricular end-diastolic pressure.

Left ventricular myocardial pressure (pressure within the 
wall of the left ventricle) is highest near the endocardium 
and lowest near the epicardium. !is pressure gradient 
does not normally impair endocardial blood "ow because 
the greater blood "ow to the endocardium during diastole 
compensates for the greater blood "ow to the epicardium 
during systole. Measurements of coronary blood "ow 
indicate that the epicardial and endocardial halves of the 
left ventricle receive approximately equal blood "ow under 
normal conditions. Because extravascular compression is 
greatest at the endocardial surface of the ventricle, the 
equality of epicardial and endocardial blood "ow indicates 
that the tone of the endocardial resistance vessels is less than 
that of the epicardial vessels.

• Fig. 17.30 Pressure-Flow Relationships in the Coronary Vascular 
Bed. As aortic pressure was held constant, the cardiac output, heart 
rate, and coronary artery perfusion pressure were abruptly increased 
or decreased from the control level, which is indicated by the point at 
which the two lines cross. The solid circles represent the !ows that 
resulted immediately after the change in perfusion pressure; the open 
circles represent the steady-state !ows at the new pressures. There is 
a tendency for !ow to return toward the control level (autoregulation of 
blood !ow), and this is most prominent over the intermediate pressure 
range (≈60 to 180 mm Hg). (From Berne RM, Rubio R. Coronary 
circulation. In Page E, ed. Handbook of Physiology: Section 2: The 
Cardiovascular System: The Heart. Vol 1. Bethesda, MD: American 
Physiological Society; 1979.)
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• Fig. 17.31 Comparison of Phasic Coronary Blood Flow in the Left 
and Right Coronary Arteries. Extravascular compression is so great 
during early ventricular systole that the direction of blood !ow in the 
large coronary arteries supplying the left ventricle is brie!y reversed. 
Maximal in!ow in the left coronary artery occurs in early diastole, 
when the ventricles have relaxed and extravascular compression of 
the coronary vessels is virtually absent. After an initial reversal in early 
systole, blood !ow in the left coronary artery follows the aortic pressure 
until early diastole, when it rises abruptly and then declines slowly as 
aortic pressure falls during the remainder of diastole. 
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 IN THE CLINIC
The minimal extravascular resistance and absence of left 
ventricular work during diastole can be used to improve 
myocardial perfusion in patients with a damaged myocardium 
and low blood pressure. In a method called counterpulsation, 
an in!atable balloon is inserted into the thoracic aorta 
through a femoral artery. The balloon is in!ated during each 
ventricular diastole and de!ated during each systole. This 
procedure enhances coronary blood !ow during diastole 
by raising diastolic pressure at a time when coronary 
extravascular resistance is lowest. Furthermore, it reduces 
cardiac energy requirements by lowering aortic pressure 
(afterload) during ventricular ejection.



Coronary flow
Fázický průtok koronárními tepnami 

AUGMENTACE DTK 

PRODLOUŽENÍ 
DIASTOLY 

 
negativně chronotropní léky: 

 
* β1 sympatolytika 

* non-dihydropyridiny 
* ivabradin 

Lokaj P. v Mates M., Kala P., Červinka P. Koronární cirkulace. V tisku 

IABP

IntraAortic Baloon Contrapulsation



Coronary flow – pathology

- Tachycardia (shortening of diastole) 

- RV hypertrophy (RVH)….

- Aterosclerosis (PCI…)

- IABK….

- Nitrates: production of NO = vasodilation….     Q
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and Right Coronary Arteries. Extravascular compression is so great 
during early ventricular systole that the direction of blood !ow in the 
large coronary arteries supplying the left ventricle is brie!y reversed. 
Maximal in!ow in the left coronary artery occurs in early diastole, 
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systole, blood !ow in the left coronary artery follows the aortic pressure 
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 IN THE CLINIC
The minimal extravascular resistance and absence of left 
ventricular work during diastole can be used to improve 
myocardial perfusion in patients with a damaged myocardium 
and low blood pressure. In a method called counterpulsation, 
an in!atable balloon is inserted into the thoracic aorta 
through a femoral artery. The balloon is in!ated during each 
ventricular diastole and de!ated during each systole. This 
procedure enhances coronary blood !ow during diastole 
by raising diastolic pressure at a time when coronary 
extravascular resistance is lowest. Furthermore, it reduces 
cardiac energy requirements by lowering aortic pressure 
(afterload) during ventricular ejection.
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Pulmonary circulation



Pulmonary circulation
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• Fig. 15.1 Schematic Diagram of the Parallel and Series Arrange-
ment of the Vessels That Constitute the Circulatory System. The 
capillary beds are represented by thin lines connecting the arteries 
(on the right) with the veins (on the left). The crescent-shaped thicken-
ings proximal to the capillary beds represent the arterioles (resistance 
vessels). (Redrawn from Green HD. In: Glasser O [ed]. Medical Physics. 
Vol 1. Chicago: Year Book; 1944.)
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• Fig. 15.2 Internal Diameter, Wall Thickness, and Relative Amounts of the Principal Components of 
the Vessel Walls of the Various Blood Vessels That Constitute the Circulatory System. Cross-sections 
of the vessels are not drawn to scale because of the huge range in size from aorta and venae cavae to 
capillary. (Redrawn from Burton AC. Relation of structure to function of the tissues of the wall of blood 
vessels. Physiol Rev. 1954;34:619.)
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• Fig. 15.3 Phasic Pressure, Velocity of Flow, and Cross-Sectional 
Area of the Systemic Circulation. The important features are the major 
pressure drop across the small arteries and arterioles, the inverse 
relationship between blood !ow velocity and cross-sectional area, and 
the maximal cross-sectional area and minimal !ow rate in the capil-
laries. (From Levick JR. An Introduction to Cardiovascular Physiology. 
5th ed. London: Hodder Arnold; 2010.)
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Pulmonary circulation vs. Systemic circulation
pulmonary : systemic circulation = serial arrangement!!!

Pulmonary circulation Systemic cirkulation
Flow (Q) equal equal

Resistance (R) ▼ ▲
Perfusion pressure (△P) ▼ ▲

Vessels # ▼ ▲
Vascular tonus ▼ ▲
Velocity of flow ▲ ▼

Shear stress ▲ ▼

SMC ▼ ▲
Resting NO production none present



Pulmonary circulation – structure v. function

• Function: O2 from blood to tissues vs. O2 from the environment into the

blood

• response to hypoxia (vasoconstriction / vasodilation)

• HPV

• Low resistance (low pulmonary vascular tone)

• NO production (continuous NO / when damaged)



Pulmonary circulation

• Lower basal vascular tone of pulmonary arterioles

• Less hungry muscle in arterioles

• Contraction of PASMC's – Ca2+ sensitization

• Vessel diameter depends on intramural + extramural (alv.) pressure (West zone)

• Response to hypoxia: Vasodilation vs. Vasoconstriction

• HPV

• Arteries / Veins, different structure, lower pressures... thinner heart wall

• SMC absent or not circular compared to systemic c.



Pulmonary circulation– perfusion (West‘s zones) 
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the base of the lung. !ese variations in"uence both "ow 
and ventilation/perfusion relationships.

In addition to the pulmonary arterial pressure (Pa) to 
pulmonary venous pressure (Pv) gradients, di#erences in 
pulmonary alveolar pressure (PA) also in"uence blood "ow 
in the lung. Classically, the lung has been thought to be 
divided into three functional zones (Fig. 23.6). Zone 1 
represents the lung apex, where Pa is so low that it can 
be exceeded by PA. !e capillaries collapse because of the 
greater external PA, and blood "ow ceases. Under normal 
conditions, this zone does not exist; however, this state could 
be reached during positive-pressure mechanical ventilation 
or if Pa decreases su$ciently (such as might occur with a 
marked decrease in blood volume). In zone 2, or the upper 
third of the lung, Pa is greater than PA, which is in turn is 
greater than Pv. Because PA is greater than Pv, the greater 
external PA partially collapses the capillaries and causes a 
“damming” e#ect. !is phenomenon is often referred to as 
the waterfall e!ect. In zone 3, Pa is greater than Pv, which is 
greater than PA, and blood "ows in this area in accordance 
with the pressure gradients. !us, pulmonary blood "ow is 
greater in the base of the lung because the increased trans-
mural pressure distends the vessels and lowers the resistance.

Active Regulation of Blood Flow

Blood "ow in the lung is regulated primarily by the passive 
mechanisms described previously. !ere are, however, several 
active mechanisms that regulate blood "ow. Although the 
smooth muscle around pulmonary vessels is much thinner 
than that around systemic vessels, it is su$cient to a#ect 
vessel caliber and thus PVR. Oxygen levels have a major 
e#ect on blood "ow. Hypoxic vasoconstriction occurs in 
arterioles in response to decreased PAO2. !e response is 
local, and the result is the shifting of blood "ow from 

Distribution of Pulmonary Blood Flow

Because the pulmonary circulation is a low-pressure/low-
resistance system, it is in"uenced by gravity much more dra-
matically than is the systemic circulation. !is gravitational 
e#ect contributes to an uneven distribution of blood "ow 
in the lungs. In normal upright persons at rest, the volume 
of blood "ow increases from the apex of the lung to the 
base of the lung, where it is greatest. Similarly, in a supine 
individual, blood "ow is least in the uppermost (anterior) 
regions and greatest in the lower (posterior) regions. Under 
conditions of stress, such as exercise, the di#erence in blood 
"ow in the apex and base of the lung in upright persons 
becomes less, mainly because of the increase in arterial 
pressure.

On leaving the pulmonary artery, blood must travel 
against gravity to the apex of the lung in upright people. 
For every 1-cm increase in location of a pulmonary artery 
segment above the heart, there is a corresponding decrease 
in hydrostatic pressure equal to 0.74 mm Hg. !us the 
pressure in a pulmonary artery segment that is 10 cm above 
the heart is 7.4 mm Hg less than the pressure in a segment 
at the level of the heart. Conversely, a pulmonary artery 
segment 5 cm below the heart has a 3.7–mm Hg increase in 
pulmonary arterial pressure. !is e#ect of gravity on blood 
"ow a#ects arteries and veins equally and results in wide 
variations in arterial and venous pressure from the apex to 

• Fig. 23.5 Schematic Representation of the Effects of Changes 
in Vital Capacity on Total Pulmonary Vascular Resistance and the 
Contributions to the Total Afforded by Alveolar and Extra-Alveolar 
Vessels. During in!ation from residual volume (RV) to total lung capac-
ity (TLC), resistance to blood !ow through alveolar vessels increases, 
whereas resistance through extra-alveolar vessels decreases. Thus 
changes in total pulmonary vascular resistance are plotted as a 
U-shaped curve during lung in!ation, with the nadir at functional 
residual capacity (FRC). 
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Pulmonary circulation – reaction to acute
hypoxia (HPV)

• Systemic circulation: 
hypoxia =   vasodilation
(lack of O2)  =   (increased blood flow, increased O2 supply)

• Plicní cirkulace:    
hypoxia =    vasocostriction

1. vasodilatation would increase hypoxia and this would be disadvantageous for the organism

2. Insufficiently ventilated areas of lung tissue (pulmonary alveoli)

3. HPV - hypoxia-induced closure of K1.5 - channels, depolarization, vasoconstriction of PASMC
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Pulmonary circulation – reaction to acute
hypoxia (HPV)
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Pulmonary circulation – reaction to acute
hypoxia (HPV)



Pulmonary circulation – chronic hypoxia
• Different reactions to exposure of chronic v. akute hypoxia

• Chronic hypoxia: 
- the entire lung tissue is exposed to long-term effects of hypoxia
it is not progressive

- ROS production is damaged during development
- production of NO (eNOS, iNOS) started
- NO synthase (NOS): production of NO but also superoxide
- protection of the alveolocapillary membrane from increased

perfusion?



!
Obrázek č.1: Schéma	rozvoje	hypoxické	plicní	hypertenze.	

PAP – střední krevní tlak v plicnici, ROS – období, kdy se na rozvoji HPH podílí volné kyslíkové radikály (reactive
oxygen species)
Schéma je zveřejněno s laskavým svolením Prof. MUDr. Jana Hergeta, DrSc., Ústav fyziologie 2.LFUK v Praze.

hypoxia normoxia

Hypoxic pulmonary hypertension (HPH)
VASOCONSTRICTION + REMODELLING pulmonary arterioles

Pulmonary circulation – chronic hypoxia
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Q

Intercept:

Critical closing pressure
of the PASMCs

Slope:
Resistace against increasing flow

P = intercept + slope Q

Pulmonary circulation – perfusion
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!

Pulmonary circulation – PASMC vasoconstriction: 
Ca2+ sensitisation

Somlyo & Somlyo, Nature, 1994



!

Obrázek č. 3:	Kontrakce	hladké	svaloviny	aktivovaná	G-proteiny.

MLC: lehké řetězce myozinu (myosin light chain), MLCK: kináza lehkých řetězců mozinu, MLCP: fosfatáza lehkých řetězců myozinu, R:
membránový receptor spřažený s G-proteinem, PLC: fosfolipáza C, IP3: inozitol-1-3-5-trisfosfát, SR: sarkoplazmatické retikulum, CaM: kalmodulin, -
P: fosforylace
Převzato a modifikováno z: Nagaoka T, et al., Am J Respir Crit Care Med, 2005, 171, 494-499

Pulmonary circulation – PASMC vasoconstriction: 
Ca2+ sensitisation



!Obrázek č. 2: Histologické	zobrazení	remodelovaných periferních	plicních	arteriol	(„double	laminated vessels“).

Vlevo: neremodelovaná periferní plicní arteriola s nerozšířenou tunica media (dlouhá šipka). Vpravo: remodelovaná periferní plicní
arteriola působením chronické hypoxie se zbytnělou tunica media a viditelnou lamina elastica externa a interna (malé šipky).
Barvení Toluidinová modř. Značka = 20 µm

Obrázek je zveřejněn s laskavým svolením Doc. MVDr. Luďka Vajnera, CSc, Ústav histologie a embryologie, 2.LFUK v Praze.

Pulmonary circulation – SMCs in pulmonary
arterioles

fysiology HPH
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Skeletal muscles

• Muscle fibers types: red (slow) – high capacity of OXFOS

white (fast) – lower capacity of OXFOS
•

Perfusion of the muscle depends on the constriction/dilation of the precapillary
sphincters

• Resting conditions: 1,5-4,5 ml/min/100g

• Intensive physical acitivity: increasing of flow 15-20x, 70-90ml/min/100g

• Regulation of muscle flow: 
1. Nervous (symp/parasymp)
2. Local factors, products of metabolism: adenosin, ADP, pH, lactate, temperature, CO2 …



Skeletal muscle – nervous regulation

• !-adrenergic receptors, regulation of SVR, arterioles (!1), precapillar arterioles (!2)
• activation: NOR … vasoconstriction (increase of resistance, increase BP)

• "-adrenergic receptors: "1 – heart, skeletal muscle
"2 – heart, lungs, skeletal muscle, kidneys…

• activation: A, Salbutamol, Clenbuterol … vasodilation (increase flow) 

• Sympathetic nerve endings = NOR

• Adrenal medulla = A + NOR



Physical activity– circulation changes

1. Sympathetic activation with an effect on the entire circulation: ! + "
receptors

2. Increase BP: ! – receptors (vasoconstriction, increase SVR)

3. increase CO: " – receptors (inotropy, chronotropy…)



Physical activity– circulation changes
• Increased sympathetic activation / decreased parasympathetic activation
• Cerebral cortex - initiation of muscle movement

1. Increased heart function, CO: inotropy, chronotropy

2. Vasoconstriction of peripheral arterioles, increase in SVR except for 2 (3) 
organs:
• Skeletal muscles: local products of metabolism lead to local vasodilation...!!!
• Coronary + Cerebral circulation: a little effect of sympathetic activation (no receptors)

3. Vasoconstriction of capacitive vessels - veins, increase in venous return



Skeletal muscles
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baroreceptor stimulation is caused by inhibition of sympa-
thetic vasoconstrictor activity.

!e resistance vessels in skeletal muscle contribute sig-
ni"cantly to maintenance of arterial blood pressure because 
skeletal muscle constitutes a large fraction of the body’s 
mass, and the muscle vasculature thus constitutes the largest 
vascular bed. Participation of the skeletal muscle vessels in 
vascular re#exes is important in maintaining normal arterial 
blood pressure.

A comparison of the sympathetic neural e$ects on the 
blood vessels of muscle and skin is summarized in Fig. 
17.39. Note that the lower the basal tone of the skin vessels, 
the greater their constrictor response; also note the absence 
of active cutaneous vasodilation.

Local Factors
In active skeletal muscle, blood #ow is regulated by meta-
bolic factors. In resting muscle, neural factors predominate, 
and they superimpose neurogenic tone on basal tone (see 
Fig. 17.39). Cutting of the sympathetic nerves to muscle 
abolishes the neural component of vascular tone, and it 
unmasks the intrinsic basal tone of the blood vessels. !e 
neural and local mechanisms that regulate blood #ow oppose 
each other, and during muscle contraction, the local vaso-
dilator mechanism supervenes. However, during exercise, 
strong sympathetic nerve stimulation slightly attenuates the 
vasodilation induced by locally released metabolites.

Cerebral Circulation

Blood reaches the brain through the internal carotid and 
vertebral arteries. !e vertebral arteries join to form the 
basilar artery, which, in conjunction with branches of the 

pressure causes the muscle vascular bed to dilate, whereas 
a decrease in carotid sinus pressure elicits vasoconstriction 
(Fig. 17.38). When sympathetic constrictor tone is high, 
the decrease in blood #ow evoked by common carotid  
artery occlusion is small, but the increase in #ow after the 
release of occlusion is large. !e vasodilation produced by 

• Fig. 17.38 Evidence of Participation of the Muscle Vascular Bed 
in Vasoconstriction and Vasodilation Mediated by the Carotid Sinus 
Baroreceptors After Occlusion and Release of the Common Carotid 
Artery. In this preparation, the sciatic and femoral nerves constituted 
the only direct innervation of the hind leg muscle mass. The muscle 
was perfused with blood at a constant pressure. (Redrawn from Jones 
RD, Berne RM. Am J Physiol. 1963;204:461.)
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• Fig. 17.39 Basal tone and the range of response of resistance vessels in muscle (dashed lines) and 
skin (shaded areas) to stimulation and section of sympathetic nerves. Peripheral resistance is plotted on 
a logarithmic scale. (Redrawn from Celander O, Folkow B. Acta Physiol Scand. 1953;29:241.)
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Physiological range of discharge frequency

Vascular muscle tone depending on the activity of baroreceptors in the Sinus Caroticus

Low SVR - high sympathetic activation - low muscle perfusion

and vice versa

• Response to a shock state without initial activation of skeletal

muscles.

• Muscles locally without products of metabolism

• Circulation preferences of vital organs: brain + heart

(by circulation with minimal sympathetic activation)…





Cerebral circulation

• 50 ml/min/100g …. 750 ml/min …. 15% CO

• 20 ml/min/100g – hypoxia

• < 10 ml/min/100g – brain death

• Cerebral perfusion pressure (CPP) = MAP - ICP

• CBF - autoregulation



Cerebral circulation

• CPP – autoregulation in narrow range: decrease – ischemia
increase – increase ICP (10-15 mmHg)

• CPP = MAP - ICP
• CBF = CPP / CVR


