PROTECTIVE VENTILATORY STRATEGY
Whichever mode of MV is used in acute respiratory failure, the evidence from several important controlled trials indicates that a protective ventilation approach guided by the following principles (and
summarized in Fig. 323-1) is safe and offers the best chance of a good
outcome: (1) Set a target tidal volume close to 6 mL/kg of ideal body
weight. (2) Prevent plateau pressure (static pressure in the airway at the
end of inspiration) exceeding 30 cm H2O. (3) Use the lowest possible
fraction of inspired oxygen (Fio2) to keep the Sao2 at ≥90%. (4) Adjust
the PEEP to maintain alveolar patency while preventing overdistention
and closure/reopening. With the application of these techniques, the
mortality rate among patients with acute hypoxemic respiratory failure
has decreased to ~30% from close to 50% a decade ago.
PATIENT MANAGEMENT
Once the patient has been stabilized with respect to gas exchange,
definitive therapy for the underlying process responsible for respiratory failure is initiated. Subsequent modifications in ventilator therapy
must be provided in parallel with changes in the patient’s clinical status. As improvement in respiratory function is noted, the first priority
is to reduce the level of mechanical ventilatory support. Patients on
full ventilatory support should be monitored frequently, with the goal
of switching to a mode that allows for weaning as soon as possible.
Protocols and guidelines that can be applied by paramedical personnel
when physicians are not readily available have proved to be of value
in shortening ventilator and intensive care unit (ICU) time, with very
good outcomes. Patients whose condition continues to deteriorate
after ventilatory support is initiated may require increased O2, PEEP,
or one of the alternative modes of ventilation.

GENERAL SUPPORT DURING VENTILATION
Patients for whom mechanical ventilation has been initiated usually
require sedation and analgesia to maintain an acceptable level of comfort. Often, this treatment consists of a combination of a benzodiazepine and an opiate administered intravenously. Medications commonly
used for this purpose include lorazepam, midazolam, diazepam, morphine, and fentanyl. Oversedation must be avoided in the ICU because
most (but not all) studies show that daily interruption of sedation in
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patients with improved ventilatory status results in a shorter time on 1743
the ventilator and a shorter ICU stay.
Immobilized patients receiving mechanical ventilatory support
are at risk for deep venous thrombosis and decubitus ulcers. Venous
thrombosis should be prevented with the use of subcutaneous heparin
and/or pneumatic compression boots. Fractionated low-molecularweight heparin appears to be equally effective for this purpose. To
help prevent decubitus ulcers, frequent changes in body position and
the use of soft mattress overlays and air mattresses are employed.
Prophylaxis against diffuse gastrointestinal mucosal injury is indicated for patients undergoing MV. Histamine-receptor (H2-receptor)
antagonists, antacids, and cytoprotective agents such as sucralfate have
all been used for this purpose and appear to be effective. Nutritional
support by enteral feeding through either a nasogastric or an orogastric tube should be initiated and maintained whenever possible.
Delayed gastric emptying is common in critically ill patients taking
sedative medications but often responds to promotility agents such
as metoclopramide. Parenteral nutrition is an alternative to enteral
nutrition in patients with severe gastrointestinal pathology who need
prolonged MV.
COMPLICATIONS OF MECHANICAL VENTILATION
Endotracheal intubation and mechanical ventilation have direct and
indirect effects on the lung and upper airways, the cardiovascular
system, and the gastrointestinal system. Pulmonary complications
include barotrauma, nosocomial pneumonia, oxygen toxicity, tracheal
stenosis, and deconditioning of respiratory muscles. Barotrauma and
volutrauma overdistend and disrupt lung tissue; may be clinically
manifest by interstitial emphysema, pneumomediastinum, subcutaneous emphysema, or pneumothorax; and can result in the liberation
of cytokines from overdistended tissues, further promoting tissue
injury. Clinically significant pneumothorax requires tube thoracostomy. Intubated patients are at high risk for ventilator-associated
pneumonia as a result of aspiration from the upper airways through
small leaks around the endotracheal tube cuff; the most common
organisms responsible for this condition are Pseudomonas aeruginosa,
enteric gram-negative rods, and Staphylococcus aureus. Given the
high associated mortality rates, early initiation of empirical antibiotics directed against likely pathogens is recommended. Hypotension
resulting from elevated intrathoracic pressures with decreased venous
return is almost always responsive to intravascular volume repletion.
In patients who are judged to have respiratory failure on the basis of
alveolar edema but in whom the cardiac or pulmonary origin of the
edema is unclear, hemodynamic monitoring with a pulmonary arterial
catheter may be of value in helping to clarify the cause of the edema.
Gastrointestinal effects of positive-pressure ventilation include stress
ulceration and mild to moderate cholestasis.
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of these strategies. A recent randomized trial of ECMO documented
positive outcomes, but the technique remains controversial because
older studies failed to document positive results. Currently, these
approaches should be thought of as “salvage” techniques and considered for patients with hypoxemia refractory to conventional therapy.
Prone positioning of patients with refractory hypoxemia has also been
explored because, in theory, lying prone should improve ventilationperfusion matching. Several randomized trials in patients with acute
lung injury did not demonstrate a survival advantage with prone
positioning despite demonstration of a transient physiologic benefit.
The administration of nitric oxide gas, which has bronchodilator and
pulmonary vasodilator effects when delivered through the airways
and improves arterial oxygenation in many patients with advanced
hypoxemic respiratory failure, also failed to improve outcomes in these
patients with acute lung injury.
The design of new ventilator modes reflect attempts to improve
patient-ventilator synchrony—a major practical issue during MV—by
allowing patients to trigger the ventilator with their own effort while
also incorporating flow algorithms that terminate the cycles once
certain preset criteria are reached; this approach has greatly improved
patient comfort. New modes of ventilation that synchronize not only
the timing but also the levels of assistance to match the patient’s effort
have been developed. Proportional assist ventilation (PAV) and neurally adjusted ventilatory-assist ventilation (NAV) are two modes that
are designed to deliver assisted breaths through algorithms incorporating not only pressure, volume, and time but also overall respiratory resistance as well as compliance (in the case of PAV) and neural
activation of the diaphragm (in the case of NAV). Although these
modes enhance patient-ventilator synchrony, their practical use in the
everyday management of patients undergoing MV needs further study.

WEANING FROM MECHANICAL VENTILATION
The Decision to Wean It is important to consider discontinuation of
mechanical ventilation once the underlying respiratory disease begins
to reverse. Although the predictive capacities of multiple clinical and
physiologic variables have been explored, the consensus from a ventilatory weaning task force cites the following conditions as indicating
amenability to weaning: (1) Lung injury is stable or resolving. (2) Gas
exchange is adequate, with low PEEP/Fio2 (<8 cmH2O) and Fio2(<0.5).
(3) Hemodynamic variables are stable, and the patient is no longer
receiving vasopressors). (4) The patient is capable of initiating spontaneous breaths. A “wean screen” based on these variables should be
done at least daily. If the patient is deemed capable of beginning to
wean, the recommendation is to perform a spontaneous breathing
trial (SBT), whose value is supported by several randomized trials (Fig.
323-2). The SBT involves an integrated patient assessment during
spontaneous breathing with little or no ventilatory support. The SBT is
usually implemented with a T-piece using 1–5 cmH2O CPAP with 5–7
cmH2O or PSV from the ventilator to offset resistance from the endotracheal tube. Once it is determined that the patient can breathe spontaneously, a decision must be made about the removal of the artificial
airway, which should be undertaken only when it is concluded that the
patient has the ability to protect the airway, is able to cough and clear
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