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Preventing Postoperative Pulmonary Complications

The Role of the Anesthesiologist
David O. Warner, M.D.*

THE Confederate General “Stonewall” Jackson was one
of the earliest known victims of a respiratory complica-
tion after surgery, dying of pneumonia 10 days after an
otherwise successful ether anesthetic in 1863. Despite
subsequent advances in anesthesia and surgical care,
postoperative pulmonary complications (PPCs) still are a
significant problem in modern practice. This commen-
tary examines why PPCs occur and how the anesthesi-
ologist can help prevent them.

Significance of Perioperative Pulmonary
Complications

Determination of the frequency and clinical impact of
PPCs in modern practice is hampered by the lack of a
uniform definition of a PPC among studies. Nearly all
investigators include in this definition pneumonia (defi-
nite or suspected), respiratory failure (usually defined as
the need for mechanical ventilatory support), and bron-
chospasm. Others include unexplained fevers, excessive
bronchial secretions, abnormal breath sounds, “produc-
tive” cough, atelectasis (often not defined), and hypox-
emia. Even within these categories, definitions vary
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widely. Nonetheless, it is still clear that PPCs occug
relatively frequently. In studies of noncardiac surgeryi,
the frequency of PPCs and cardiac complications (Whicli
historically have attracted more attention from the anest
thesia community) are comparable.! For example, in

series of adult men undergoing elective abdominal surzi:
gery, PPCs occurred significantly more frequently thalg
cardiac complications (estimated rates of 9.6% and 5.7%%
respectively) and were associated with signiﬁcantl§
longer hospital stays.* 2
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Causes of Perioperative Pulmonary
Complications

A basic understanding of mechanism guides rationa
practice. Many PPCs, such as atelectasis and pneumoniag
seem to be related to disruption of the normal activity o§
the respiratory muscles, disruption that begins with th&
induction of anesthesia and that may continue into thé
postoperative period. Breathing is a complex behavio§
requiring the coordinated activity of several musclg
groups, both in the upper airway and in the chest wallg
Anesthetics and many other drugs used in the perioperf
ative period affect the central regulation of breathing§
changing the neural drive to respiratory muscles such a$
the diaphragm. At high doses, anesthetics attenuate th§
activities of all respiratory muscles. However, at moderz
ate depths of anesthesia, anesthetics may produce respﬁ
ratory depression by altering the distribution and timing
of neural drive to the respiratory muscles, rather than by
producing a global depression of activity. For example,
at 1.2 minimum alveolar concentration, halothane anes-
thesia depresses activity in some respiratory muscles
(such as the parasternal intercostals) but actually in-
creases activity in others (such as the transversus abdo-
minis).? Thus, perioperative respiratory muscle dysfunc-
tion is, in some cases, more a matter of a lack of
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Fig. 1. Model showing how incoordina-
tion of respiratory muscles impairs lun

function. The position of the midpoint o

a horizontal bar, suspended betweerZ
fixed surfaces by inspiratory and expira%
tory muscles, represents lung volume a$;
denoted on a scale from low (residua$
volume, RV) to high (total lung capacityg
TLC) volumes. During awake, coordiz
nated inspiration (lower left), the bar re3
mains horizontal (representing normag
chest wall expansion), and lung volumé
changes efficiently. When anesthetizeds
muscle activity becomes incoordinated;
such that the bar tilts during inspirationis

Lung
volume

volume

(representing chest wall distortion), ims:
pairing lung expansion. Incoordinatios:
continues into the postoperative period.
after thoracic and abdominal surgery{_;‘
Dashed lines in lower panels denote ends
expiratory position of the bar.

coordination than a lack of overall activity. As with other
complex systems, this lack of coordination reduces effi-
ciency (fig. 1), in this instance producing hypoventila-
tion. In addition, deformation of the chest wall alters the
underlying lung, decreasing the functional residual ca-
pacity and producing atelectasis in dependent lung re-
gions. These regions of atelectasis develop in nearly all
patients after a few minutes of anesthesia and may sig-
nificantly impair pulmonary gas exchange.®> Chest wall
distortion and atelectasis also occur when the respira-
tory muscles are inactive during mechanical ventilation
and persist even with positive end-expiratory pressure.

These intraoperative changes in the pattern of breath-
ing can persist in the postoperative period as additional
effects of surgical trauma come into play. Residual anes-
thetic effect may also contribute to postoperative
changes in breathing, although the importance of this
factor has not been studied. The effects of surgical
trauma are most pronounced after thoracic and abdom-
inal surgery, and they arise from at least three mecha-
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nisms (fig. 2). First, functional disruption of respiratorg
muscles (such as the intercostal or abdominal musclesg
by incisions, even after surgical repair, may impair thei§
effectiveness. Second, postoperative pain may cause volg
untary limitation of respiratory motion. Finally, stimula‘gz
tion of the viscera, such as provided by mechanicaf
traction on the gallbladder or esophageal dilation, marké
edly decreases phrenic motoneuron output and change$
the activation of other respiratory muscles, generall

acting to minimize diaphragmatic descent. These effectg:
are only partially attenuated by vagotomy, suggestin§
that multiple afferent pathways mediate this reflex.?
Thus, like anesthesia, surgical trauma can also disrupt
normal coordination of respiratory muscle action, lead-
ing to persistent decreases in functional residual capacity
and vital capacity, with lung atelectasis that can last for
several days after surgery. The clinical impression is that
this atelectasis leads to pneumonia, although this pro-
gression has not been conclusively shown. These post-
operative changes in pulmonary function can be partially
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Fig. 2. Factors producing respiratory
muscle dysfunction after surgical trauma.
From left to right: (1) surgical trauma
stimulates central nervous system (CNS)
reflexes mediated by both visceral and
somatic nerves that produce reflex inhi-
bition of the phrenic and other nerves
innervating respiratory muscle; (2) me-
chanical disruption of respiratory mus-
cles impairs efficiency; and (3) pain pro-
duces voluntary limitation of respiratory
motion. These factors all tend to reduce
lung volumes and can produce hypoven-
tilation and atelectasis.

Abdominal
viscera

ameliorated by using endoscopic techniques to mini-
mize surgical trauma.” However, because procedures
such as laparoscopic cholecystectomy still stimulate ab-
dominal viscera (e.g., through gallbladder traction), pul-
monary mechanics are still affected; this is probably also
true for thoracoscopy.

Other factors may also contribute to PPCs. Reflex stim-
ulation during airway instrumentation and release of
inflammatory mediators by drug administration can pro-
duce bronchoconstriction. This increased airway resis-
tance limits especially expiratory gas flow from the lung,
which, if severe, can produce hyperinflation with risk of
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barotrauma and gas exchange abnormalities. Anesthetig
gasses and tracheal intubation may impair normal muco’g:
ciliary transport. Recent studies suggest that prolonge@;
anesthesia and surgery may impair the function of lung
inflammatory cells, which could increase susceptibility
to postoperative infections.® Finally, other respiratory
outcomes are related specifically to surgical or anes-
thetic interventions, such as acute lung injury after car-
diopulmonary bypass, pneumothorax caused by baro-
trauma or surgical trauma, negative pressure pulmonary
edema after airway obstruction during spontaneous
breathing, and aspiration pneumonitis.
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Assessment of Risk

Consistent risk factors for PPCs among extant studies
include surgical site (with thoracic and abdominal sur-
gery posing the highest risk), smoking, and the presence
of pulmonary disease. Although the results of pulmonary
function testing, including measurements of arterial
blood gasses, have proved useful in predicting pulmo-
nary function after lung resection surgery, they do not
predict PPCs.” For example, the degree of airway ob-
struction, as assessed by the forced expiratory volume in
1 s, is not a significant independent risk factor for the
development of postoperative respiratory failure after
abdominal surgery, even in smokers with severe lung
disease.® Thus, pulmonary function tests should be
viewed as a management tool to optimize preoperative
pulmonary function as appropriate, not as a means to
assess risk. For example, spirometry or peak flows may
be useful to monitor the status of a patient with asthma,
especially the small subset of patients who have diffi-
culty perceiving the status of their disease. Otherwise,
routine preoperative pulmonary function testing may be
a waste of resources.’

Preparation of Patients with Lung Disease for
Surgery

Schemes to prepare patients with lung disease for
surgery have included prolonged preoperative hospital
admission, inhaled B-adrenergic agonists, chest physio-
therapy, antibiotics, intravenous aminophylline, and hy-
dration. Proposed mechanisms of benefit include im-
provements in respiratory physiology and elimination of
any underlying pulmonary infections. However, there
have been no controlled trials demonstrating that these
regimens improve outcome in patients with lung dis-
ease. Furthermore, some of their components pose risk
(e.g., aminophylline) or are impractical in current prac-
tice (e.g., preoperative hospital admission). Although
such schemes should not be routinely applied to all
patients, preoperative lung function should be opti-
mized as tailored to the needs of the individual patient.
For example, symptoms should be optimally controlled
in patients with asthma (usually by ensuring that airway
inflammation is minimized with topical or systemic cor-
ticosteroids) because patients with more active symp-
toms have a higher frequency of PPCs.'® However, there
is no firm evidence that all patients with asthma should
receive routine systemic corticosteroids.'® All patients
should be encouraged to quit smoking, a significant risk
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factor for PPCs. The optimal timing of quitting is not
known and should be the focus of future investigations.
Of interest, some studies find that recent cessation or
reduction of smoking (within approximately 2 months
before surgery) may actually increase the risk of PPCs.'!
However, these studies are not conclusive because of
selection bias, with the sickest patients being more likely
to reduce smoking. The long-term benefits of smoking
cessation to the patient suggest that the anesthesiologisﬁJ
should seize the preoperative period as an opportung
time to encourage quitting, recognizing that the ming
mum duration required to demonstrate benefit is ung
known. 5

Beyond these measures, the single most importan;
preoperative intervention is to educate patients regardy
ing the proper performance of maneuvers designed t(§
increase lung volumes, which are of proven benefit i
the postoperative period (as discussed in the followiné
section). ]
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Prevention of Perioperative Pulmonary
Complications
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One goal of management is to prevent significant bro
choconstriction. The reflex irritation produced by laryns
goscopy and tracheal intubation is best avoided, if pos§
sible, in patients with reactive airways, although th§
majority of these patients, even those with sever%
chronic obstructive pulmonary disease, can tolerate thi§
if necessary.® A variety of measures, especially the pre3
induction administration of inhaled B-adrenergic agol
nists and muscarinic antagonists, can effectively attenug
ate airway reflex responses to tracheal intubationg‘,
Another approach is to avoid airway manipulation altog
gether by using regional anesthesia when feasible, a
though whether the use of these techniques actuallg
improves respiratory outcomes is unproven. As a practi
cal matter, some patients with severe respiratory diseascgi
use accessory muscles of breathing (such the abdominag
muscles) and cannot maintain spontaneous breathing iB
these muscles are paralyzed by techniques such as epi-
dural or subarachnoid block.

Another goal that has attracted much interest over
recent years is to optimize postoperative pulmonary
function by improving postoperative analgesia. In partic-
ular, regional analgesic techniques have the potential to
improve two of the three mechanisms discussed previ-
ously (fig. 2) that produce postoperative respiratory
muscle dysfunction: pain and reflex inhibition of respi-
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ratory muscles, if the afferent reflex limb can indeed be
targeted. The expectation is that these effects will im-
prove respiratory muscle function, increase lung expan-
sion, and prevent PPCs such as atelectasis and pneumo-
nia. Is this expectation true?

There is no doubt that regional analgesic techniques, at
least those using local anesthetics, can significantly alter
postoperative respiratory muscle function. In general,
techniques such as segmental epidural blockade with
local anesthetics can increase tidal volume and vital
capacity and improve indices interpreted to reflect dia-
phragm activity after thoracic and upper abdominal sur-
gery.'? These effects have been attributed to decreased
pain and interruption of the afferent limb of reflex dia-
phragmatic inhibition. However, local anesthetic block
also can paralyze other respiratory muscles such as the
intercostal and abdominal muscles, which itself will
change the pattern of breathing and makes it difficult to
interpret various measures of diaphragmatic function.'?
Furthermore, blockade may not affect reflex inhibition
mediated by afferent information carried in nerves such
as the phrenic or vagus. In the only direct measurements
of postoperative diaphragmatic shortening in human
subjects, thoracic epidural blockade after thoracotomy
did not change diaphragm electromyogram or shorten-
ing, and, in fact, produced paradoxical lengthening dur-
ing inspiration in half of the patients studied, despite
improving many more global indices of respiratory func-
tion such as tidal volume.'* Thus, the effect of postop-
erative regional analgesia on the pattern of breathing
may be complex and have unintended consequences.

Do these changes in breathing pattern and spirometric
values produced by regional analgesia translate to im-
proved clinical outcomes? This straightforward question
has proved difficult to answer for a variety of reasons. As
previously discussed, there is often little agreement
among investigators as to what constitutes a PPC. Pa-
tients and investigators are seldom blinded for tech-
nique, perhaps introducing bias favoring regional anal-
gesia. Patient populations, surgical technique, and
analgesic regimens are heterogeneous, even within stud-
ies. For example, some studies use epidural analgesia
intraoperatively, and others do not. The application of
postoperative maneuvers to increase lung volume,
which are of clear benefit, is often inconsistent or not
reported. Finally, because major PPCs occur with rela-
tively low frequency, studies often examine insufficient
numbers of patients to make conclusions.

In an attempt to overcome the latter problem, a recent
study reported meta-analyses of the effects of postoper-
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ative analgesic therapies on pulmonary outcome after a
wide variety of surgical procedures, including abdominal
and thoracic surgery.'® In this study, postoperative epi-
dural opioids significantly decreased the frequency of
atelectasis, but not other pulmonary complications,
when compared with systemic opioids. Epidural local
anesthetics decreased the incidence of pulmonary infec-
tions and pulmonary complications overall when com-
pared with systemic opioids. However, the individuaf
studies examined in these analyses were often beset bg
the problems noted previously (and others), makingz
interpretation of meta-analyses problematic. For examg
ple, consider the conclusion that epidural local anesthe&
ics significantly decrease the rate of pulmonary Complig
cations compared with systemic opioids (controls). Foul,
of the eight studies used in the meta-analysis to suppor§
this conclusion reported a very high frequency of atel
ectasis/pneumonia in control groups (60-70%), fag
greater than the other four studies (which found n@
benefit) and far greater than more recent series,® makin
their applicability to current practice questionable.

In one of the few studies that successfully accounts fog
many of these problems and that represents the largesg
trial to date, Jayr et al.'® examined patients undergoin%
abdominal cancer surgery randomized to receive eitheg
continuous epidural bupivacaine and morphine or sub%
cutaneous morphine infusion via a catheter that simu%
lated epidural placement. They found that although th&
epidural provided excellent postoperative analgesia, su§
perior to that afforded by the subcutaneous morphinq%
infusion, it did not affect the frequency of PPCs a8
carefully defined and prospectively evaluated, either i@
patients with normal or abnormal lungs. Several othe§
good studies have also failed to demonstrate significang
clinical benefit of regional techniques. Thus, althougt‘g
regional techniques can provide excellent analgesif
when properly applied, in my opinion, it is not yet clea@
that they consistently improve clinical respiratory ou$
comes.

Postoperative maneuvers to increase mean lung vok
umes are of proven benefit in preventing PPCs. Presum
ably these techniques increase lung expansile forces and
discourage atelectasis. Several methods have been stud-
ied, including intermittent positive pressure breathing,
deep-breathing exercises, incentive spirometry, and
chest physiotherapy. Critical review, as well as a recent
meta-analysis, suggests that all regimens studied are
equally efficacious in reducing the frequency of PPCs (by
approximately a factor of two compared with no ther-
apy) after upper abdominal surgery.'” Currently, incen-
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tive spirometry enjoys popularity because it is simple,
inexpensive, and provides objective goals for and mon-
itoring of patient performance. Although there is little
evidence that instituting these measures preoperatively
benefits patient physiology, preoperative education may
improve patient compliance and performance in the
postoperative period. Considering that this intervention
is the only one proven to reduce the frequency of PPCs,
both patients and staff must be educated regarding its
importance.

PPCs are an important clinical problem in modern
practice, rivaling perioperative cardiac morbidity in fre-
quency and severity in some settings. It seems that many
PPCs are caused by the disruption of the normal coordi-
nation of respiratory muscle by anesthesia and surgical
trauma. Although the use of postoperative regional an-
algesia can partially improve respiratory muscle func-
tion, there is no convincing evidence that regional tech-
niques decrease the frequency of clinically significant
PPCs. Rather, maneuvers to encourage deep breathing,
such as incentive spirometry, are of proven benefit and
should be the focus of preventive efforts. In an era of
relentless high technology, it is perhaps comforting that
such a simple technique should prove so effective.
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