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Abstract

Inadequate perfusion if prolonged, leads to irreversible cellular injury
and multiple organ failure and eventually, death. Therefore early
identification of perfusion deficit in its reversible state is important to
improve outcome of treatment and reduce associated morbidity and
mortality. The most important aspect in monitoring the critically 1ill
patient is the detection of life-threatening derangements of vital
functions.
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Factors Affecting

Optimizing tissue perfusion does not simply mean improving
arterial pressure, cardiac output, or both, but rather delivering oxygen from
the lungs to the mitochondria in amounts adequate to sustain required

metabolism.t

An adequate supply of oxygen and substrate to mitochondria that enables
sufficient oxidative ATP production to match metabolic demands can be
considered the absolute priority of the circulation. Consideration of the three
components of the oxygen delivery equation (cardiac output, hemoglobin
concentration, and arterial oxyhemoglobin saturation) allows the clinician to
formulate an appropriate management response in the face of a specific
cardiorespiratory problem. However, tissue oxygen delivery is a global
measure and does not necessarily reflect changes occurring within an organ

bed, nor whether the amount delivered is adequate for metabolic needs. 2

Vital signs are the first available clinical indicators of well-being in the
ward or emergency department. Low arterial pressure, tachycardia, impaired
mental status, chest pain, delayed capillary refill, and/or decreased urinary
output, should trigger an urgent attempt to diagnose and correct the impaired
circulation.> Hemodynamic bedside monitoring by pulmonary artery
catheters (PAC) has been considered by many as the “gold standard™ for
critically ill patients,”* but its usefulness has been challenged recently, leading
to emergence of multiple less invasive hemodynamic monitoring systems
that provide similar information to that of the PAC. Other indicators of tissue
perfusion include tissue oxygenation monitoring and new technologies as

laser Doppler flowmetry, > near infrared spectroscopy® and others.



Factors Affecting

The initial management using fluid resuscitation and vasoactive drug
treatment represent the major cornerstone for correcting any major
impairment of the circulation which strongly impairs organ perfusion.”
However, debate still rages as to the choice of agent, dose, timing, targets,
and monitoring modalities that should optimally be used to benefit the

patient yet, at the same time, minimize harm.®

This study aims to highlight importance and factors affecting tissue
perfusion, novel techniques used for measuring tissue perfusion, as well as
general shock syndrome management including fluid resuscitation and
vasoactive treatments for inadequate tissue perfusion, and the specific
treatment of the triggering causes.” As much as selecting the ‘best’ agent to
use, it is also necessary to discuss how best use can be obtained from these

drugs, recognizing they carry a multitude of often concealed side-effects.
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1. Physiology of
Tissue Perfusion
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Physiology of Tissue Perfusion

An adequate supply of oxygen and substrate to mitochondria that enables
sufficient oxidative ATP production to match metabolic demands is considered
the absolute priority of the circulation.? Consideration of the three components
of the oxygen delivery equation (cardiac output, hemoglobin concentration, and
arterial oxyhemoglobin saturation) allows the appropriate management response
in the face of a specific cardiorespiratory problem. However, tissue oxygen
delivery is a global measure and does not necessarily reflect changes occurring
within an organ bed, nor whether the amount delivered is adequate for

metabolic needs.

At the organ level, blood flow and perfusion pressure are controlled by
extrinsic factors, including neurological (e.g. sympathetic innervation),
biochemical (pH, Pco,, and Po,), hormonal (renin—angiotensin system), and
vasoactive mediators (e.g. nitric oxide and prostaglandins). Autoregulation
represents intrinsic control, whereby afferent arteriolar tone changes as a result
of modifications in perfusion pressure. However, organs do not behave in the
same fashion regarding flow dependency. The kidney, brain, and myocardium
are considered to autoregulate themselves (i.e. their regional blood flow is held
constant within an arterial pressure range). Consequently, below and above
these thresholds, organs may encounter ischemia or a luxury perfusion that

could potentially increase edema formation and jeopardize perfusion.

Microcirculation and its Role in Regulation of Tissue Perfusion:

The microcirculation is taken to include vessels<150 um in diameter. It
therefore includes arterioles, capillaries, and venules. Another definition based
on arterial vessel physiology rather than diameter is proposed, depending on the

response of the isolated vessel to increased internal pressure. By this definition,
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all those arterial vessels that respond to increasing pressure by a myogenic
reduction in lumen diameter are included in the microcirculation, as well as the

. . 10
capillaries and venules. —

Functions of microcirculation:

1. In addition to providing the large surface area needed for blood-tissue
exchange, a primary function of the microcirculation is to optimize nutrient,
oxygen supply within the tissue in response to varying metabolic requirements.
2. An important function is to avoid large fluctuations in hydrostatic pressure at
the level of the capillaries causing disturbances in capillary exchange. The pre-
capillary elements of the microcirculation protect the fragile capillaries from the
potentially damaging pressures that occur in the larger arteries."

3. It is at the level of the microcirculation that a substantial proportion of the
drop in hydrostatic pressure occurs. Large and medium sized arteries and veins
offer relatively little resistance to the flow of blood, and some 70% to 90% of
the systemic arterial pressure is delivered to the microcirculation, where the
main resistance to flow is offered.'* It therefore, largely determines local and
overall peripheral resistance, and it is also the site where the earliest

. . . . . 13
manifestations of cardiovascular disease (the inflammatory processes) occur.

Importance of Hemorheological Factors for Tissue Perfusion:

Proper tissue metabolism and function are highly dependent on adequate
blood supply, and most tissues are well equipped with vascular control
mechanisms that keep the blood supply and the metabolic demand of the tissue
in balance. Vascular flow resistance is a function of geometric factors, often
termed “vascular hindrance” and viscosity related factors. Although the vascular
flow (rheology) has been recognized and studied for many decades, the
importance of the blood rheological properties as has only recently been

appreciated. It showed that impairments of mechanical properties of RBCs and
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WBCs, should result in impaired tissue perfusion. However, the relative
importance of hemorheological factors in pathophysiological processes is still
unclear because of the following:

1. The interactions between blood rheological factors and hemodynamics are
highly complex. Thus, for normal tissue in which the vasculature has sufficient
regulatory ability, rheological alterations may be compensated for by an
appropriate change of vascular geometry. However, if the vasculature is
disturbed by disease processes (e.g., arteriosclerosis), vascular regulatory
mechanisms may not be sufficient to compensate for changes of blood
rheology.™

2. Blood rheological factors (e.g., plasma viscosity, RBC deformability,
RBC aggregation, WBC activation) are sensitive to the metabolic status of the
tissue being perfused. Any changes within the tissue, such as ischemia or
infection, could readily affect the rheological properties of the various cellular
elements in blood and thus alter one or more aspects of its behavior. Thus there
often 1is difficulty in determining cause and effect relations in
pathophysiological states.

Acute disease pathology can compromise normal physiological responses so
conventional concepts such as autoregulation may not necessarily apply. For
example, age and chronic diseases such as hypertension are also associated with
circulatory remodeling and blood composition changes. Septic shock is
associated with increased spatial and temporal microcirculatory heterogeneity,
whereas perfusion thresholds may be blunted. As a consequence, little is known
about the best perfusion pressure to target in an individual patient, particularly

one who is critically ill.**
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Factors Affecting Oxygen Delivery

All cells require oxygen for aerobic metabolism to maintain normal cellular
function. Because oxygen cannot be stored in the cells, a constant supply that
precisely matches the metabolic needs of each cell is required. Failure to deliver
sufficient oxygen to the tissues even for a few minutes may develop tissue
hypoxemia resulting in anaerobic metabolism and production of lactate which if
prolonged, may result in organ dysfunction, as seen in many forms of under

resuscitated shock.™

Oxygen Transport:
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Figure (1): Oxygen transport from atmosphere to tissues. >

Fick’s Law is relevant in describing Do, (oxygen delivery):

O, diffusion=K x S/ tx AP
where diffusion of oxygen from the alveolar air into the blood or from the blood

into the tissue is described by the Fick law, which states that diffusion of
oxygen 1is directly proportional to the permeability of oxygen within the

diffusion medium (K), surface area for diffusion (S), and pressure gradient (AP)



