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900 e Anesthesia and Analgesia of Patients with Specific Disease

Table 37.1. Factors affecting the ventilatory pattern

Arterial carbon dioxide tension

Arterial pH

Arterial oxygen tension

Pulmonary stretch and upper-airway receptors
Heat regulation

Sensory input

Emotional factors

increased concentration of desaturated hemoglobin in the mucous
membranes is increased oxygen extraction during capillary transit
rather than arterial Jaypoxemia. Oxygen extraction increases due
to decreased tissue blood flow and increased capilary transit
time. Vital organ blood flow (e.g., in the kidney, liver, and brain)
may nof decrease to the same extent as flow to superficial tissues
(e.g., m_mF mucous membranes, and skeletal muscle); therefore,
the degree of darkening of the mucous membranes may not rep-
resent vital organ hypoxia. When a,-adrenergic agonists are ad-
ministered, the term cyanosis may not accurately reflect the true
physiological status of the patient.

The benzodiazepine tranquilizers (diazepam and midazolam)
usually produce minimal respiratory depression at therapeutic
doses. However, both drugs have produced significant respiratory
depression in isolated cases. This may be especially true when
higher doses are administered intravenously.

Opioids are potentially respiratory depressant. The depression
is drug and dose dependent, and may occur at doses that do not
produce marked CNS depression or analgesia. The opioids di-
rectly depress the pontine and medullary centers, causing a de-
crease in respiratory rate and tidal volume. They also produce a
delayed response (altered threshold) and a decreased response
(altered sensitivity) to increases in arterial carbon dioxide.? The
panting observed in some dogs after opioid administration (e.g.,
hydromorphone or oxymorphone) may be caused by an initial
stimulation of the respiratory centers and/or alteration of the
thermoregulation center.

The barbiturates are respiratory depressants. At anesthetizing
doses, the respiratory centers of the brain are depressed. The bar-
biturates can depress both the respiratory rate and tidal volume,
and thus minute ventilation. Barbiturates also produce a delayed
response (altered threshold) and a decreased response (altered
sensitivity) to increases in arterial carbon dioxide and depress the
carotid-aortic chemoreceptors.

Dissociative anesthetics (ketdmine and tiletamine) may have a
dual effect on ventilation. They may affect ventilation at two or
more anatomical sites, causing stimulation at one and depression
at another. Both drugs can produce apneustic ventilation; that is,
a ventilatory pattern characterized by a prolonged pause after in-
spiration. Although the respiratory rate may decrease, the tidal
volume usually remains normal. In general, these respiratory al-
terations do not affect gas exchange or transport of gases to and
from the lungs. However, in some patients, the dissociative
agents can produce marked hypoxia and hypercarbia, especially
when additional CNS-depressant drugs, such as tranquilizers,

sedatives, or opioids, are used in combination with them. Disso-
ciative agents do not depress the pharyngeal or laryngeal re-
flexes, and they may be activated with stimulation. Therefore, pa-
tients may be more prone to laryngospasm, bronchospasm, and
coughing. Dissociative agents increase salivation and respiratory
secretions, sometimes resulting in aspiration and respiratory ob-
struction. For this reason, the use of an antimuscarinic in combi-
nation with these drugs may be indicated.

Propofol is an injectable anesthetic that produces respiratory
depression in much the same manner as the barbiturates. The in-
cidence of apnea with propofol is comparable to that with barbi-
turates, but the duration of apneic episodes may be slightly
longer. Etomidate is a carboxylated imidazole that can produce
mild to moderate dose-dependent respiratory depression. Apnea
following administration of Eowo?w or etomidate can usually be
avoided by limiting the rate of administration to achieve tracheal
intubation.

The inhalant anesthetics halothane, isoflurane, sevoflurane,
and desflurane depress ventilation by decreasing tidal volume.
These anesthetics typically increase respiratory rate but not ade-
quately to compensate for the decrease in tidal volume. Potent in-
halation anesthetics increase the set point at which arterial car-
bon dioxide initiates spontaneous ventilation (i.e., the apneic
threshold). The degree of elevation in apneic threshold is directly
related to the depth of anesthesia. Inhaled anesthetics decrease
the slope of the carbon dioxide response curve. There is both a
delayed response (altered threshold) and a decreased response
(altered sensitivity) to increases in arterial cdrbon dioxide.
Inhaled anesthetics also depress the ventilatory response to hy-
poxemia, and the interaction between hypoxemia and hypercar-
bia in stimulating ventilation is greatly attenuated or eliminated
by even moderate concentrations of these agents.

Nitrous oxide induces minimal respiratory depression.
However, because of its low potency requiring high inspired con-
centrations and to prevent hypoxemia, this agent should be used
cautiously, if at all, in patients with pulmonary dysfunction.

Anesthetic Considerations in Patients
with Respiratory Dysfunction

Patients with pulmonary dysfunction may lack the ability to ex-
pand their lungs properly (extrapulmonary dysfunction) and/or
may have impairment of oxygen and carbon dioxide transfer
across the alveolar membranes (intrapulmonary dysfunction).
Examples of extrapulmonary dysfunction include diaphragmatic
hernia, pneumothorax, hydrothorax, space-occupying lesions of
the thorax, flail chest, and any condition that restricts chest wall
expansion. Examples of intrapulmonary dysfunction include
pneumonia, pulmonary edema, intrapulmonary hemorrhage
(contusions), atelectasis, interstitial disease, and upper-airway,
tracheal, or bronchial obstruction.

Patients with respiratory dysfunction can be placed in one of
four categories:

Category I: Dyspnea does not occur with exertion.
Category 1I: Dyspnea occurs with moderate exertion.
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Table 37.2. Adjustable components of the respiratory cycle during
mechanical ventilation

Peak airway pressure
Mean airway pressure
Length of inspiratory phase
Length of expiratory phase
Inspiratory-expiratory ratio

ratio. Peak airway pressures are measured by a pressure
manometer in the anesthesia circuit. Peak airway pressures of 15
to 20 cm water are necessary to overcome lung resistance to ex-
pansion in dogs and-larger species. In cats, slightly higher pres-
sures may be needed. Decreased lung compliance Wwill increase
the peak airway pressures needed to expand the lungs. An in-
crease ip airway resistance will increase the peak airway pressure
needed to expand the lungs.

The mean airway pressure is the average pressure generated
during the inspiratory and expiratory phases of positive pressure
ventilation. Mean airway pressure should be kept low by mini-
mizing the duration of positive airway pressure. Mean airway
pressure most closely correlates with decreases in cardiac output.

To produce minimal cardiovascular alteration, the inspiratory
phase should be shorter than the expiratory phase. Typically, the
inspiratory phase should last 1 to 1.5 s. Prolonged holding of the
tidal volume at peak airway pressure will not increase tidal ex-
change but will increase mean airway pressure and intrathoracic
pressure, thereby decreasing venous return and cardiac output.
The expiratory phase should begin as soon as the inspiratory
phase is complete. The increased pressure within the lung must
be allowed to return to O cm water pressure as soon as possible
to prevent this preload impairment. The inspiratory-expiratory (I-
E) ratio is very important during controlled or positive pressure
ventilation. The inspiratory phase should be at least one-third and
no more than one-half of the total ventilatory cycle. An I-E ratio
of 1:2 or 1:3 will help provide an adequate period for proper car-
diac filling. A 1:2 ratio will provide for a ventilatory rate of ap-
proximately 20 cycles per minute. A 1:3 or 1:4 ratio provides for
a rate of 15 or 12 breaths per minute, respectively.

Although controlled or positive pressure ventilation is usually
safe and effective, if it is done improperly, harmful side effects
can occur.”!0 As already described, interference with cardiac
output can occur during controlled or positive pressure ventila-
tion. During spontaneous ventilation, the intrapleural pressure at
the height of inspiration is apptoximately a negative § to 10 cm
water. This augments the movernent of blood in the great veins
into the chest (thoracic pump). However, during controlled or
positive pressure ventilation, the intrapulmonary pressure in-
creases and may reach plus 3 to 5 cm water pressure. Only dur-
ing expiration is the intrapulmonary pressure the same in sponta-
neous ventilation and controlled ventilation. Increased alveolar
pressure will also decrease pulmonary blood flow. This is why
maintenance of proper peak and mean airway pressures and a
proper I-E ratio is critical during ventilatory support of anes-
thetized patients.

Lung damage or volutrauma is a potential complication during
positive pressure ventilation. Volutrauma (e.g., overextension or
expansion of the lung tissue by excessive pressure) can range
from mild trauma producing minimal alveolar hemorrhage to se-
vere trauma producing airway rupture and a tension pneumotho-
rax. Maintaining proper peak and mean airway pressures will
help minimize pulmonary trauma.!! A major airway blowout that
occurs during positive pressure ventilation is often caused by ex-
cessive peak airway pressures and/or preexisting lung pathology.
Vigilant monitoring of the anesthetic circuit’s adjustable pressure
limiting (e.g., pop-off) valve is crucial to preventing this type of
misadventure.

Acid-base balance will be altered in accordance with changes
in alveolar ventilation. I%@o?o:z_wao: will cause a decreased
arterial carbon dioxide level and an increased pH (alkalemia).
Hyperventilation can also lead to cerebral vasoconstriction and
may reduce cerebral perfusion pressure such that cerebral hy-
poxia occurs.!? Hypoventilation will lead to increased arterial
carbon dioxide and a decreased pH (acidemia), which may ad-
versely increase intracranial pressure and lead to brain ischemia
and/or herniation.
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