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Welcome to the second 2006 edition of "Vetamac Vapors". We've included a copy of
our new catalog which outlines our industry-leading services and innovative products. Be
sure to check out our complete line of VAD Anesthetic Machines which are designed, manufactured, and assembled at our facility. Please call for current prices or if you have any
questions. Or you may e-mail us at info@vetamac.com
The Anesthetic Machine as an
Intermittent Dosing Device - Part I

An understanding of the basic functions of the anesthetic
machine will not necessarily equip the anesthetist to perform anesthesia at an optimum level. It is also necessary to acquire a knowledge of
the relationship between the characteristics of the anesthetic machine,
and the pharmacokinetics of inhalant anesthetic agents. This article
will present the basic pharmacokinetics of agents, how the agents are
transferred, and how the characteristics of the anesthetic machine affect pharmacokinetics.
Pharmacokinetics describes how the uptake, distribution, and
elimination of a drug occurs. A simple acronym will help remember
this description: DUDE - Drug Uptake Distribution and Elimination.
Since the inhalant agents used today are eliminated by the lungs in the
same form as they are administered, the anesthetist can control, to a
great extent, the uptake and elimination of these agents because they
are both controlled by the inspired concentration of the anesthetic being delivered.
For inhaled agents to achieve the desired effect, they must be
changed from the liquid phase to the gas phase, then delivered to the
brain. There are three “carrier systems” involved in this process:
1) fresh gas flow,
2) patient ventilation, and
3) blood flow.
Fresh gas flow is controlled solely by the anesthetist. Patient ventilation can be controlled by the anesthetist, but most often is not. Blood
flow is only indirectly controlled by the anesthetist.
Since gases diffuse down a pressure gradient, all concentrations (partial pressures) in the system and the patient are controlled by
the fresh gas flow into the breathing circuit. If the desired effect is to
induce and maintain anesthesia, the concentration of the fresh gas must
remain high enough to achieve this effect. However, if recovery is
desired, then the concentration of the fresh gas flow must be low
enough to achieve that effect.

Once the fresh gas flow has delivered the anesthetic to the
breathing system reservoir, patient ventilation then moves the gas from
the system into the lungs. Alveolar ventilation is essential to achieving
an alveolar concentration that will produce the desired plane of anesthesia. Minute Alveolar Ventilation (MAV) is not the same as Minute
Ventilation (MV) because the anatomic and mechanical dead space
must be moved with each breath. Therefore, MAV is MV minus (dead
space x breaths per minute). Sometimes patients are “bagged” during
induction because spontaneous ventilation is not sufficient and it is
necessary to increase MAV.
It should be noted at this point that the anesthetic is moved
from the alveoli to the blood by simple diffusion down a concentration
gradient, therefore alveolar concentration must be higher than the concentration in the blood if uptake is to occur. Once the anesthetic is
moved into the blood, it is carried to the brain (and all other organ
systems) by the flow of blood (cardiac output). The effect of blood
flow and the blood gas solubility coefficient of the specific agent on
uptake, distribution, and elimination will be discussed later.
As in the lungs, the anesthetic moves from the blood to the
brain by simple diffusion down a concentration gradient. If the concentration is higher in the blood, movement is into the brain and vice
versa.
Blood/Gas (B/G) solubility and minimum alveolar concentration (MAC) are physical characteristics of inhalant agents that affect
DUDE. The Blood/Gas solubility coefficient describes the amount of
anesthetic agent that is dissolved in the blood. Think of the blood as a
sponge. As water is added to the sponge, it must “soak up” a certain
amount of water until it becomes saturated. After the sponge is saturated, water will leave the sponge at a rate equal to which water is
added. Therefore if the coefficient of Agent A is 2 and of Agent B is
1, that means twice as much of Agent A will be “soaked up” by the
blood before it will leave the blood and diffuse into the brain. It is
evident that induction (and recovery) will be slower with Agent A. The
B/G solubility coefficient for isoflurane is 1.46 and for sevoflurane is
0.68, therefore sevoflurane has a quicker induction and recovery.
The next newsletter will begin with a discussion of minimum
alveolar concentration and conclude with how the characteristics of the
machine affect DUDE.
By Harry Latshaw
MS, RVT, VTS (Anesthesia)
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