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Co H A" P TE-E R

Venous Pressure
and Flow

@

The first characteristic we
associated with arterial flow was pulsatility. At that time we said
that the direct influence of the pulsing heart on the venous system
is minimal. Most veins do not pulsate, but there are two full and
one partial exception to that rule. Because of their relationship to
the heart, the internal jugular vein and the subclavian vein are
normally pulsatile. The axillary vein is sometimes pulsatile and
sometimes not, depending on the individual. Pulsatility in the
axillary vein is not considered abnormal, but, rather, an individual
variation.

If nonpulsatility is normal in all but the great veins, is some
characteristic of flow typical of veins? Yes. The characteristic of
flow typical of veins is phasicity.

PHASICITY

The term phasicity, in reference to the venous system, refers to the
ebb and flow that occurs in normal veins in response to
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Venous Pressure and Flow

respiration. All deep veins normally exhibit phasicity, even those
that are somewhat pulsatile. If you were listening to (auscultating)
the internal jugular vein, for instance, you would expect to hear a
sound that was both pulsatile and phasic. Respiration has this
ebb/flow influence because unlike the strong-walled arteries,
veins are collapsible (see Chapter 3).

The two phases of respiration are inspiration (breathing in) and
expiration (breathing out). The way in which the blood moves in
phase with respiration differs according to the part of the body
affected and the position in which the body is placed. As an
example, we can look at venous return from the lower limbs in an
upright body.

Venous Return from the Lower Extremities

When a body is standing upright, breathing produces pressure
gradients that influence the movement of venous blood. As the
lungs fill with air during inspiration, the thoracic cavity expands.
When the thorax expands, the diaphragm drops; consequently the
abdominal cavity becomes smaller. The veins located within the
chest and abdomen are affected by these changes in pressure.

As the thoracic cavity gets larger, pressure within it decreases,
and pressure within the right atrium and the thoracic portion of
the vena cava is also reduced. At the same time, the abdominal
cavity is getting smaller, raising the pressure within the abdomen
and the abdominal veins. You have already learned that fluids
move from areas of high pressure to areas of low pressure, so you
can deduce that during inspiration, more venous blood from the
lower body will move into the thoracic area, which has the lower
pressure.

With expiration, the process reverses itself. When the lungs
expel air, the thoracic cavity becomes smaller and the abdominal
cavity grows larger. Now the intraabdominal pressure is lower
than the intrathoracic pressure, and less blood will move from the
veins of the lower extremities into the veins of the chest.

However, as we said at the outset, the position of the body
influences the effects of respiration on venous flow. Consider what
happens to venous flow in your lower extremities when you are
supine (lying on your back).

Even when you are supine, you expand your chest when you
inhale. But now the space in which your chest can expand is
limited by the surface on which you are lying. When you fill your
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lungs with air, they push your posterior thorax against this
surface, compressing the vena cava so that blood cannot enter it.
Venous flow from the lower extremities will diminish. When you
exhale, you release the compression on the vena cava, allowing
blood from the lower extremities to enter it once more. So, when
you are lying down, respiration has an effect opposite to what
occurs when you are standing up.

Venous Return from the Upper Extremities
Respiration also affects venous return from the upper extremities,
but to a lesser extent than it affects the lower body. Again,
phasicity in the upper-extremity veins also can vary according to
circumstances. If you are listening to a brachial vein, for instance,
inspiration may produce either a reduced sound or an increased
sound. If the lowered, or negative, intrathoracic pressure causes
more blood to move from the brachial vein to the subclavian,
sound from the brachial vein will increase. Sometimes, however,
expansion of the lungs on inspiration will physically compress the
subclavian vein. When this happens, less venous blood will move
from the chest into the arms, and sound in the brachial vein will
diminish.

The importance of all this is that you should be able to detect
phasic changes in all the deep veins in relationship to breathing.

HYDROSTATIC PRESSURE

In Chapter 10 you learned a little about hydrostatic pressure in
relation to arterial physiology. The principles discussed there also
apply to venous hemodynamics. As you have just learned,
changes in pressure in various parts of the body partially
determine the movement of arterial blood. Changes in pressure
within different veins also influence the movement of venous
blood. So does the relationship between different types of pressure
and energy, specifically hydrostatic pressure.

As stated earlier, hydrostatic pressure is the pressure exerted by
fluid within a closed system. The equation we used for

HP = pgh

HP = hydrostatic pressure
p = specific gravity of the blood
g = acceleration due to gravity
h = height above a specified reference point
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determining hydrostatic pressure is:

To review briefly: We said that the hydrostatic pressure in the
vessel, together with the muscular contraction of the heart and the
static filling pressure of the blood, determined the intravascular
pressure. The static filling pressure has a negligible effect. The
muscular contraction of the heart (which can also be called
dynamic pressure) chiefly affects the arterial system, not the
venous. That leaves hydrostatic pressure as the primary factor in
determining intravascular pressure within the venous circulation.

Hydrostatic pressure varies with position. For instance, when
you are lying down, there is virtually no hydrostatic pressure in
your legs, since they are at the same level as the right atrium,
which has a pressure of around zero. But when you stand up, the
situation changes drastically. When you are upright, the veins of
the lower extremity represent a long tube or column of fluid. The
hydrostatic pressure in that tube is considerable.

As an example: Say that in a 6-foot person who is supine the
venous pressure at the level of the ankle is about 10 mmHg. When
that person stands up, the ankle venous pressure rises to 112
mmHg. As this occcurs, the veins of the legs dilate to accept the
blood that is pooling in them. In fact, it is estimated that about 250
mL of blood shifts to the legs when a person who is lying down
stands up.

In Chapter 13, we will discuss the mechanisms that interact to
move this venous blood out of the legs, back to the heart, then out
again into the arterial system.

CHAPTER REVIEW

* Phasicity—the ebb and flow of blood that occurs in response to
respiration—is a flow characteristic common to all deep veins.

* Pulsatility is abnormal in veins, with the exception of the
internal jugular and subclavian veins and, in some individuals,
the axillary vein. (To be normal, these veins should also exhibit
phasicity.)

* When the body is supine, inspiration decreases the flow of
venous -blood-out of the lower extremities; expiration increases
venous return to the heart.

¢ When the body is in the standing position, inspiration increases
venous return to the heart; expiration decreases it.

* Hydrostatic pressure—the pressure exerted by fluid within a
closed system—varies with position.
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