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INTRODUCTION

Postoperative pulmonary complications (PPCs) after major surgery are common and
are associated with significant morbidity and high cost of care. In a recent analysis of
the National Surgical Quality Improvement Program (NSQIP), of the 165,196 patients
who underwent major abdominal surgery, the incidence of PPCs was 5.8%.1 PPCs
have shown to be one of the most significant factors associated with poor patient
outcomes, leading to longer durations of hospital stay, increased likelihood of rehospi-
talization, and increased mortality.2 Some studies have shown that PPCs predict long-
term mortality more accurately than cardiac complications.3
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KEY POINTS

� Postoperative pulmonary complications (PPCs) are the second most common postoper-
ative complication; their incidence ranges from 2.0% to 5.6% in the general surgical
population.

� PPCs are associated with poor outcomes, longer hospital stays, increased likelihood of re-
hospitalization, and increased mortality. Surgical, anesthetic, and patient factors contribute
to the development of PPCs.

� Reliable predictors include American Society of Anesthesiologist class, functional class,
advanced age, surgical site, and prolonged operative time.

� The preoperative evaluation seeks to identify risks for PPCs, change modifiable factors,
discuss risks with patients, optimize health before surgery, and plan appropriate periop-
erative care.

� The overall risk can be predicted using scores that incorporate readily available clinical
data. Do not routinely performpulmonary function tests before high-risk noncardiothoracic
surgery.
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Understanding the potential risk of developing pulmonary complications allows
perioperative physicians to choose appropriate anesthetic and surgical care, thereby
decreasing the adverse respiratory outcomes. This has become even more relevant
with the recent introduction of the concept of the perioperative surgical home.4 The
goals of the perioperative surgical home are to:

� Reduce preoperative testing;
� Reduce day of surgery cancellations;
� Reduce postoperative complications;
� Reduce cost (through reduced testing and reduced perioperative complications);
and

� Improve clinical outcomes.

In this article, we review the definition of PPCs, perioperative changes in pulmonary
function, risk factors for developing PPCs, the role of preoperative pulmonary function
testing, and the role of pulmonary risk indices. The evaluation of patients for lung
resection differs substantially and is not discussed in this article.

PULMONARY PATHOPHYSIOLOGY IN THE PERIOPERATIVE PERIOD

The changes in pulmonary function that occur postoperatively are primarily restrictive,
with proportional decrease in all lung volumes and no change in airway resistance. The
decrease in functional residual capacity (FRC) is the yardstick by which the restrictive
defect is gauged. This reduction in lung volumes is generated by the abdominal con-
tents that impinge on and prevent normal movements of the diaphragm and by the
abnormal respiratory pattern devoid of sighs and characterized by shallow, rapid
respiration (Fig. 1).
The decrease in lung volume promotes atelectasis in the dependent areas of the

lung; this persists for more than 24 hours in 50% of patients. Arterial hypoxemia
occurs from ventilation perfusion (V/Q) mismatch and increased shunt fraction. The vi-
tal capacity is reduced by 50% to 60% and the FRC is reduced by about 30% in major
upper abdominal and thoracic surgery.5 Lower abdominal surgery is associated with
similar changes, but to a lesser degree. Reduction in lung volume does not occur with
surgery on extremities,6 but most other operative sites, including intracranial, periph-
eral vascular, and otolaryngeal, have approximately the same modest effect on FRC
with reduction of 15% to 20% from preoperative levels. Thus, the operative site is
one of the single most important determinants of the degree of pulmonary restriction
and risk of PPCs.
Both the residual effects of anesthetic agents and postoperative opioids depress

the respiratory drive resulting in diminished response to both hypoxia and hypercar-
bia. Inhibition of the cough reflex and the impaired mucociliary clearance of pulmonary
secretions contribute to risk for postoperative infection.7 The combination of neuro-
muscular blockers and anesthetic agents cause diaphragm and chest wall relaxation,
which results in the reduction of FRC and thereby thoracic volume.

DEFINITION OF POSTOPERATIVE PULMONARY COMPLICATIONS

A comprehensive list of pulmonary complications includes cough, dyspnea, broncho-
spasm, hypoxemia, atelectasis, hypercapnia, adverse reaction to pulmonary medica-
tion, pleural effusion, pneumonia, pneumothorax, and ventilatory failure.8 However,
this broad definition includes complications that may have no clinical significance. A
more reasonable definition is a pulmonary abnormality that produces identifiable dis-
ease or dysfunction, is clinically significant, and adversely affects clinical course.9 This
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