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ABSTRACT: This review describes the perioperative management of patients with suspected or established pulmonary conditions undergoing

non-cardiothoracic surgery, with a focus on common pulmonary conditions such as obstructive airway disease, pulmonary hypertension, obstructive sleep

apnea, and chronic hypoxic respiratory conditions. Considering that postoperative pulmonary complications are common and given the increasing number

of surgical procedures and the size of the aging population, familiarity with current guidelines for preoperative risk assessment and intra- and postoperative

patient management is reccommended to decrease the morbidity and mortality. In particular, smoking cessation and pulmonary rehabilitation are periopera-

tive strategies for improving patients’ short- and long-term outcomes. Understanding the potential risk for pulmonary complications allows the medical

team to appropriately plan the intra- and postoperative care of each patient.
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Introduction

Postoperative pulmonary complications (PPCs) are common
complications that increase morbidity and mortality rates
after surgery, particularly among patients with pulmonary
conditions.! After a major non-cardiothoracic surgery, pul-
monary complications are just as common as cardiac compli-
cations.! Therefore, efforts to stratify the risk for PPCs and
implement strategies to reduce these risks will improve patient
outcomes. After describing the incidence of and risk factors
tor PPCs, we review general preoperative evaluation and
intra- and postoperative management strategies for patients
with pulmonary conditions undergoing non-cardiothoracic
surgery. Furthermore, we discuss specific perioperative man-
agement strategies appropriate for patients with different pul-
monary conditions.

Incidence of PPCs

Among patients undergoing non-cardiothoracic surgery,
the overall incidence of PPCs varies from 2% to 19%,
in part due to differences in the definition of PPCs.23
Approximately 10%-30% of patients who require general
anesthesia experience PPCs, which can be more serious than

postoperative thromboembolic, cardiovascular, or infectious
complications.** PPCs can be classified as major or minor
based on their potential for mortality (Table 1). In particular,
up to 90% of patients develop some degree of atelectasis dur-
ing anesthesia due to patient positioning and loss of functional
residual capacity.® Although the overall risk for serious PPCs,
such as acute respiratory distress syndrome, is low (0.2%), it
is higher in patients with renal failure, chronic obstructive
pulmonary disease (COPD), emergency surgery, or those who
receive several anesthetics.”

Risk Factors for PPCs

Since the 2000s, multiple evaluation scoring systems have
been developed to allow evidence-based risk stratification
for the prediction of PPCs.”1% Because most risk factors are
unmodifiable, strategies to reduce complications do not gener-
ally attempt to reduce or eliminate particular risk factors.

In 2006, the American College of Physicians (ACP) pub-
lished the first guidelines on risk assessment for and strategies
to reduce PPCs in patients undergoing non-cardiothoracic
surgery.™3 Any patient with dyspnea or cough should be
carefully evaluated with a thorough history and physical
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Table 1. Major and minor PPCs in patients undergoing non-
cardiothoracic surgery.®

Acute or worsening respiratory failure

Requirement of mechanical ventilation and/or intubation for
>48 hours

Pneumonia

Postoperative arrhythmia/heart failure, especially in patients with
pulmonary hypertension

Hemodynamic instability in patients with pulmonary vascular
disease

Worsening of obstructive sleep apnea

Clinically significant atelectasis

Purulent tracheobronchitis

Bronchospasm/exacerbation of underlying chronic lung disease

Table 2. Most common risk factors for PPCs.

PATIENT-RELATED RISK FACTORS

COPD
Age

Inhaled tobacco use

New York Heart Association class Il pulmonary hypertension

Moderate/severe obstructive sleep apnea

Nutrition status
INTRAOPERATIVE RISK FACTORS
Surgery site (thoracic or abdominal)

Duration of surgery

General anesthesia

Use of long-acting neuromuscular blockers

Emergency surgery

examination. An increased risk for PPCs is associated with
a history of cardiac failure, functional limitation, COPD,
current smoker status, an American Society of Anesthesiolo-
gist (ASA) category of =2, or an age of =60 years.™ For elec-
tive non-cardiothoracic surgery, preoperative risk assessment
can identity patients who should be treated more aggressively
to reduce the risk for PPCs.2 However, in patients undergoing
emergency surgery, a preoperative pulmonary risk assessment
is generally not helpful, as the procedure must be undertaken
regardless of the risk.

The most worrisome PPC is respiratory failure, which is
characterized by impaired pulmonary gas exchange. Respira-
tory failure often leads to prolonged mechanical ventilation,
lengthy intensive care unit (ICU) stays and associated compli-
cations, and increased mortality.!> Several investigators have

attempted to predict postoperative respiratory failure 116718

In particular, Canet et al’/

identified the following seven inde-
pendent risk factors for postoperative respiratory failure: (1) low
preoperative peripheral capillary oxygen saturation (SpO,),
(2) at least one preoperative respiratory symptom, (3) preopera-
tive chronic liver disease, (4) history of congestive heart failure,
(5) open intrathoracic or upper abdominal surgery, (6) surgical
procedure lasting =2 hours, and (7) emergency surgery.

Preoperative evaluation of the risk for PPCs must take
into account both patient-related and intraoperative risk fac-
tors (Table 2).

Patient-related risk factors. Classic patient-related risk
factors for PPCs include age (with increased risk for each
decade of life after 60 years), ASA category of =2, functional
limitation, hypoalbuminemia, current smoker status, and the
presence of COPD or congestive heart failure. According to
ACP guidelines, age is the single most powerful predictor
among patient-related risk factors.!®
As another important risk factor, smoking affects the

respiratory tract as well as cardiovascular function and blood

clotting factors.}”?? Therefore, an estimate of tobacco use can
help clinicians judge a patient’s pulmonary status. An estimate
of =20 pack-years can predict early stages of small airway
involvement and airflow restrictions seen on spirometry, even
in asymptomatic patients. Furthermore, a significant smoking
history should lead clinicians to assume that COPD and asso-
ciated pulmonary and cardiac disorders may be an issue, even
in the presence of normal spirometry results. As the use of
other inhaled tobacco products (eg, e-cigarettes, pipes, cigars,
and marijuana) and exposure to second-hand smoke may pro-
duce effects similar to those of cigarettes, a careful history
must be undertaken.!

Smoking increases hemoglobin concentrations and
platelet aggregation, which increases the risk for thrombo-
sis. A recent meta-analysis of 9354 studies concluded that
preoperative smoking is associated with an increased risk for
general morbidity, wound complications, general infections,
pulmonary and neurological complications, and admission
to the ICU after surgery.?! Stopping smoking before elec-
tive surgery can reduce the risk for PPCs, although the opti-
mal duration of smoking cessation remains unclear. Recent
data suggesting that stopping smoking a few weeks prior to
surgery might worsen clinical outcomes are unfounded.!
Rather, a systematic review of 25 studies on the optimal tim-
ing of smoking cessation concluded that at least 3—4 weeks
of abstinence from smoking reduces respiratory and wound-
healing complications.? Preoperative cessation of smoking
within 2—4 weeks of surgery decreases airway secretions and
hyperresponsiveness and improves mucociliary transport.
Furthermore, smoking cessation even closer to the date of
surgery decreases carboxyhemoglobin levels and improves
tissue O, utilization.

Intraoperative risk factors. Additional risk factors for
PPCs are related to anesthesia and surgical parameters. For
instance, sedatives and many drugs used to induce and maintain
anesthesia can depress respiration and the autonomic nervous
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system. Several studies show that patients who receive general
anesthesia have higher incidences of postoperative pneumo-
nia, prolonged ventilator dependence, and unplanned post-
operative intubation.?? Surgical risk factors for PPCs include
the duration of surgery (>3 hours), abdominal or thoracic
surgery, neurosurgery, head and neck surgery, vascular sur-
gery including aortic aneurysm repair, emergency operations,
use of general anesthesia, and nonselective nasogastric tube
placement. The risk for PPCs is also elevated by transfusion
of more than four units of packed red blood cells. Abdominal
surgery, particularly in the upper abdomen, confers a high risk
for PPCs due to the proximity of the surgical incision to the
diaphragm and the potential for splinting and shallow breaths

11,12,23

after surgery. Furthermore, several studies indicate that

laparoscopic techniques confer less of a risk for PPCs than

older surgical techniques.!$2426

General Perioperative Evaluation and Management
of Patients

In 2002, the ASA issued a practice advisory on preanesthesia
evaluation that stated “preoperative tests should not be ordered
routinely [but] may be ordered, required, or performed on a
selective basis for purposes of guiding or optimizing perioper-
ative management”.?” Smetana and Macpherson?® found that
the incidence of abnormalities identified during preoperative
testing that led to changes in patient management ranged
from 0% to 3%, and abnormal findings regarding hemoglo-
bin, electrolytes, and kidney function were the only predictors
of postoperative complications. For patients with suspected
or known pulmonary diseases, however, a meticulous pre-
operative evaluation is needed because regional or general
anesthesia can precipitate several unwanted physiologic events
caused by positive pressure ventilation, patient positioning,
and drugs used during general anesthesia. Patient positioning,
pain, and pharmacologic agents can worsen the reductions in
lung volumes, thereby diminishing functional residual capac-
ity and vital capacity. The development of atelectasis can lead
to hypoxemia and the translocation of bacteria to the blood-
stream, which can increase the risk for ventilator-induced lung
injury and sepsis.*

Preoperative evaluation. The most important tools for
assessing the risk for PPCs during a preoperative evaluation
are a careful and thorough history and physical examination
tollowed by targeted laboratory testing.

History and physical examination. A thorough medical
history and physical examination are essential for all patients
planned for elective surgery to estimate preoperative pul-
monary reserve and the severity of pulmonary compromise.
'This will permit the identification of signs and symptoms of
lung and lung-related conditions and non-pulmonary dis-
orders, such as heart failure, that increase PPCs. A focus
on smoking history and exposure to recognized pulmo-
nary toxic medications (eg, bleomycin and amiodarone) or
environmental/occupational contamination (eg, coal dust,

second-hand smoke, and asbestos) is important. Searching
for evidence of respiratory symptoms, limited exercise
capacity, preexisting lung disease, and/or recent respiratory
infections or exacerbation of lung diseases is also impera-
tive. The physical examination should also include a screen
for cardiopulmonary disorders. This information, together
with targeted laboratory testing, will allow the estimation
of a patient’s risk of developing PPCs. The ASA physical
status classification is a useful and widely accepted tool for
predicting PPCs.1?

Laboratory testing. Chest imaging with radiography or
computed tomography (CT) is one of the most commonly
used methods of stratifying the risk for PPCs. Findings of
routine chest radiography and/or CT are rarely unexpected.
Cardiomegaly, vascular congestions, and hyperinflation con-
sistent with COPD generally do not enhance information
already available from the patient’s history and examination.
Occasionally, CT scans may provide information useful to the
anesthesiologist regarding tracheal size and estimation of total
lung capacity.?’

Pulmonary function tests are another common methods
of determining the risk for PPCs. Spirometry with or with-
out the measurement of lung volume and diffusion capacity
of the lung for CO can be used to identify patients at higher
risk for perioperative morbidity and mortality due to high-
risk abdominal and resectional thoracic surgeries.!> However,
there is insufficient evidence supporting the use of preopera-
tive spirometry to stratify PPC risk for patients undergoing
non-thoracic surgery. In 2006, the ACP recommended that
“preoperative spirometry and chest radiography should not be
used routinely for predicting risk for PPCs”.1512 In practice,
the value of pulmonary function tests and chest imaging is
higher for patients with unexplained dyspnea.'?

An estimate of a patient’s exercise capacity before they
report shortness of breath is reflective of their cardiopulmonary
status. If a patient is able to climb two flights of stairs
or walk ~0.4 miles or 350-400 m at a reasonable pace
(3.5 miles/hour) without dyspnea, this surpasses the thresh-
old of four metabolic equivalents that are required for elective
surgery. Lower levels of exercise capacity increase the risk for
both cardiac and pulmonary complications. An informal and
simple “exercise test” during a preoperative evaluation consists
of walking with the patient during the interview to judge their
ability to exercise without dyspnea.30-32

By contrast, formal cardiopulmonary exercise testing is
a complicated and sophisticated technique involving electro-
cardiogram recordings, assessment of breathing patterns, and
measurement of O, uptake during exercise. Cardiopulmonary
exercise testing is recommended for high-risk patients under-
going thoracic resection, and a maximal O, consumption
of <15 mL/kg/minute indicates an increased risk for periop-
erative complications.

Other laboratory test results indicating an increased
risk for PPCs include elevated serum blood urea nitrogen
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(>30 mg/dL), low serum albumin (<3.5 mg/dL), and low
hemoglobin. Although arterial blood gas concentrations do
not predict PPCs, their measurement allows better planning
of surgery for high-risk patients.!?

Preoperative checklist. 'The physician in charge of the pre-
operative evaluation works in conjunction with the primary
care provider, surgeon, anesthesiologist, pulmonologist, and
other specialists as needed. Planning, communication, and
coordination are vital for a good outcome. A proposed preop-
erative checklist includes:

Evaluating functional capacity and physical status.
Choosing elective versus emergency surgery.
Examining previous history of surgery and anesthesia.
Determining the presence of infectious symptoms.

A e

Assessing oxygenation and ventilation status, especially

for patients with COPD or restrictive lung disorders.

6. Controlling underlying conditions and optimizing respi-
ratory status.

7. Reviewing and optimizing home medications. Continu-
ing home medications before, during, and after surgery.

8. Evaluating and optimizing treatment of coexisting
disorders.

9. Correcting fluid and electrolyte levels, especially for
patients on diuretics or bronchodilators.

10. Ensuring smoking cessation.

11. Managing nutrition for obese or malnourished patients.

12. Avoiding preoperative administration of benzodiaz-

epines for patients with severe asthma or COPD. The

administration of sedatives during asthma attacks has

been linked to death.3*

13. Using lung expansion maneuvers.

In particular, using lung expansion maneuvers is an
effective method of preventing PPCs, as adverse effects of sur-
gery on lung and chest wall mechanics can predispose patients
to atelectasis and respiratory infections.!? Lung expansion
maneuvers include incentive spirometry, deep breathing exer-
cises, or continuous positive airway pressure (CPAP) therapy.
These maneuvers are usually recommended after high-risk
surgery, especially abdominal procedures.

Incentive spirometry is the most widely used lung expan-
sion technique, but data regarding its efficacy in preventing
PPCs are contradictory. A recent single-center randomized

controlled trial by Tyson et al®

including adults who under-
went exploratory laparotomy showed that patient education
and unmonitored incentive spirometry did not improve pul-
monary dynamics or decrease PPCs following laparotomy. An
important caveat, however, is that patients in both the control
and intervention groups participated in postoperative deep
breathing exercises, which reduce PPCs in patients undergo-
ing elective upper abdominal surgery as well as decrease atelec-
tasis and improve pulmonary function in patients undergoing

coronary artery bypass grafting surgery.

CPAP therapy has consistently been shown to decrease
the rates of reintubation, PPCs, and other complications in
patients undergoing thoracic or non-thoracic surgery.3¢37

However, CPAP trials have used different methodolo-
gies, making it difficult to define the optimal parameters.

Inspiratory muscle training (IMT) is an individual-
ized, highly labor-intensive type of lung expansion maneuver.
IMT consists of incentive spirometry, patient education in
active breathing techniques, and forced expiration techniques.
Preoperative IMT is believed to increase inspiratory muscle
strength by applying a resistive load to inspiratory muscles
to achieve a training effect. This training can be achieved by
isocapnic/normocapnic hyperpnea, inspiratory resistive train-
ing, or threshold pressure loading. A meta-analysis by Mans

et al®®

showed reduced PPCs after cardiac, thoracic, and open
abdominal surgery in patients who received IMT.

In summary, all modalities of lung expansion seem to
be effective in preventing PPCs, although the contribution
of incentive spirometry remains unclear. Elderly patients or
those who are unable to perform deep breathing exercises or
incentive spirometry should be considered for CPAP therapy.

A suggested preoperative management algorithm for
patients with respiratory symptoms is shown in Figure 1.

Intra- and postoperative management of patients.
Common chronic pulmonary conditions identified during
the preoperative evaluation are COPD, pulmonary hyper-
tension (PH), obstructive sleep apnea (OSA), and chronic
hypoxic or restrictive lung diseases.>!* Interventions aimed
at decreasing PPCs should begin prior to surgery and continue
throughout the intra- and postoperative periods regardless of
the risk of developing PPCs.

Intraoperative management. The focus during the intraop-
erative period is on:

1. Carefully selecting the best surgical approach based on
the patient’s risk for PPCs.

2. Managing medications. Medications used during sur-
gery may contribute to PPCs by decreasing respiratory
muscle tone or augmenting airway closure, generating
atelectasis. The three primary options during anesthesia
are general anesthesia alone, regional anesthesia alone, or
a combination of both. Newer inhaled anesthetics, intra-
venous anesthetics (eg, propofol), and suitable opioid and
neuromuscular blocking agents can decrease anesthetic-
related risks. Ketamine is the only anesthetic agent that
does not cause intraoperative atelectasis.>

3. Using ventilator graphics to help manage respiratory
mechanics and reduce dynamic hyperinflation. Venti-
lator settings during surgery should provide adequate
oxygenation and ventilation and limit lung injury from
barotraumas, volutrauma, and atelectrauma. Low tidal
volume ventilation and positive end-expiratory pressure
(PEEP), which improve survival of patients with acute
respiratory distress syndrome, may also reduce PPCs
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Preoperative
pulmonary

risk assessment

A 4

Any respiratory
symptoms
Smoking history
Focus on toxic
medications history

Occupational history

Symptoms

concerning
No for

respiratory

disease
A 4 A
Smoking cessation

education 2-4 weeks Concern for
prior to surgery obstructive
sleep apnea

See OSA
algorithm

Proceed with
surgery

Yes

CXR and PFTs for
evaluation of
obstructive airway
disease
Echocardiogram
for evaluation of
pulmonary
hypertension,
cardiovascular
function

Diagnosis confirmed

Post procedure incentive
spirometry
Breathing exercises for
thoracoabdominal surgeries

See
corresponding
algorithm for
OAD, pulmonary
hypertension

Figure 1. Algorithm for the perioperative management of patients with respiratory symptoms.

when used intraoperatively with periodic recruitment in

patients undergoing abdominal surgery.*0=42

Postoperative management. 'The postoperative period
starts as soon as the surgery is completed. A multidisciplinary
approach reduces the risk for postoperative complications. The 2.
focus during this period is on:

1. Selectively using nasogastric tube decompression. A fair
amount of evidence supports the selective rather than
routine use of nasogastric tubes after abdominal sur-
gery. The ACP guidelines define selective use as: (a) no 3.
nasogastric tube or (b) insertion of a nasogastric tube

during surgery and its withdrawal in the immediate
postoperative period (ie, within 24 hours). The decision
to insert a nasogastric tube should be based on clinical
features such as nausea, vomiting, ileus, or abdominal
distension.!?

Deciding whether to transfer the patient to the ICU or a
monitored setting after surgery. This decision depends on
the type of surgery, the severity of the patient’s condition,
and the risk for postoperative complications. The decision
should be individualized for each patient and planned
ahead of time if possible.

Managing ventilation. Patients on invasive mechanical
ventilation should be immediately evaluated for weaning
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protocols and, whenever possible, ventilated in pressure
support mode.?

4. Determining the need for supplemental O,. Patients
with underlying pulmonary conditions and spontaneous
breathing should be evaluated for the need for supple-
mental O, by facemask or catheter.

5. Using arterial blood gas or pulse oximetry and end tidal
carbon dioxide (ETCO,).

6. Preventing thromboembolism. If possible, this should
start during the pre- or intraoperative period for high-
risk patients.

7. Continuing preoperative medications.

8. Initiating or continuing lung expansion maneuvers. Spe-
cific techniques depend on patient condition and institu-
tional availability.

9. Close monitoring of electrolyte and glucose levels in
patients receiving systemic corticosteroids.

10. Ensuring early mobilization, which is crucial for pro-
moting lung function and limiting/avoiding atelectasis.
Maximizing upright posture is key to minimizing aspira-
tion risks.®

11. Controlling postoperative pain, which may cause splint-
ing and decreased chest and diaphragmatic excursion
after high-risk surgery, contributing to decreased lung
volume and micro-atelectasis. This may initiate a cascade
of events resulting in lobar atelectasis, respiratory failure,
or pneumonia. Several randomized controlled trials have
addressed the relationship between postoperative anal-
gesic regimens and PPC rates. In general, the use of epi-
dural opioids seems to reduce the risk for atelectasis and
pulmonary infection compared with systemic opioids.**

Disease-Specific Perioperative Management
of Patients

Obstructive airway diseases. Increased airway hyper-
responsiveness is a major concern during the perioperative
management of patients with bronchial asthma or COPD.
Although asthma and COPD are related disorders with
similar perioperative management concerns, it is important
to understand specific differences between the disorders.
Good preoperative control can reduce the incidence of life-
threatening perioperative complications.*

Asthma is a chronic inflammatory disorder of the air-
ways caused by a complex interaction of cells, mediators, and
cytokines that results in inflammation.*® This inflammation
is associated with airway hyperresponsiveness and variable,
often reversible airflow obstruction.*®4”

'The peak prevalence of asthma is in childhood, when it
affects about 10% of the population. This declines to about
5%—-6% during adolescence and early adulthood. The preva-
lence rises again to 7%-9% during later adulthood. Exog-
enous risk factors for asthma include house dust and house

dust mites, and endogenous risk factors include an allergic

predisposition and hereditary factors.*® Although previous
studies report that surgical patients with asthma have an
increased risk for PPCs,*® recent studies suggest that con-
trolled asthma is not a risk for PPCs.3

Like asthma, COPD is an inflammatory disease of the
lungs. Lung damage in COPD is caused by proinflamma-
tory mediators, oxidative stress, and proteolytic digestion of
lung tissue. An estimated 210 million people worldwide have
COPD, which ranks as the 12th largest disease burden in the
world. The number of patients with COPD continues to rise
dramatically, and it has become the third leading cause of
death in the United States. In the developed world, cigarette
smoking is the leading cause of COPD. In underdeveloped
areas of the world, indoor burning of fossil fuels for cooking
and heating is another important cause.*

COPD is mainly a disease of middle-aged and elderly
individuals, who are also those most likely to need surgical
procedures. The physiologic hallmark of COPD is limited
expiratory flow with relatively preserved inspiratory flow, with
a characteristic reduction in the proportion of a person’s vital
capacity that can be expired in the first second of forced expi-
ration (forced expiratory volume 1/forced vital capacity).’%!
In contrast to asthma, COPD is a well-known independent
risk factor for the development of PPCs after thoracic or non-
thoracic surgery. Different from patients undergoing thoracic
surgery, however, there is no increase in risk with increasing
severity of airflow limitation in patients undergoing non-
cardiothoracic surgery.”? Gupta et al*® showed that COPD
was independently associated with higher postoperative mor-
bidity and mortality, and multivariate analyses show that
COPD is associated with an increased risk for postoperative
pneumonia, respiratory failure, myocardial infarction, car-
diac arrest, sepsis, return to the operating room, renal insuf-
ficiency or failure, and wound dehiscence.** Lawrence et al®®
show that abnormal chest examination, including decreased
breath sounds, prolonged expiration, or the presence of rales,
wheezes, or rhonchi, is the strongest predictor of PPCs.

Therapeutic options during the preoperative period
include quick-acting (ie, relievers) and long-acting (ie, con-
trollers) medications. The relievers for acute exacerbations
include beta-2 adrenergic agonists. In patients with asthma,
either inhaled or systemic corticosteroids can be used for more
difficult-to-control attacks. Long-acting medications include
long-acting beta-2 adrenergic agonists, inhaled steroids, leu-
kotriene modifiers, inhaled anticholinergics, and immuno-
globulin E or anti-interleukin-5 immunotherapy. For patients
with asthma who received systemic glucocorticosteroids
within the past 6 months, systemic coverage is recommended
during the surgical period to avoid the development of adre-
nal insufficiency (ie, 100 mg hydrocortisone every 8 hours
intravenously or equivalent), and medication should be rapidly
tapered within 24 hours after surgery.*¢=

Life-threatening episodes of asthma can occur during
surgery. Bronchospasm can develop in patients with bronchial
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hyperreactivity after tracheal intubation and during the
immediate extubation period. These patients may benefit
from short-acting beta-2 adrenergic agonists and systemic
corticosteroid pretreatment daily for five days. Silvanus et al®
observed fewer episodes of bronchospasm during intubation
in patients with bronchial hyperreactivity who were naive
to bronchodilators when they were pretreated with a beta-2
adrenergic agonist and methylprednisolone.*

The mainstay of therapy for COPD patients is short- or
long-acting beta-2 adrenergic agonists or anticholinergic inhal-
ers with or without anti-inflammatory medications. Because
cholinergic tone mediated through the vagal nerve is the only
reversible component in COPD, anticholinergics are the first
choice, but using multiple agents may improve efficacy and
reduce adverse effects. Preoperative systemic corticosteroid for
patients with COPD, if indicated, is probably a safe strategy.®!
In addition, Enright®? recommends the correction of fluid and
electrolyte imbalance, as high-dose beta-2 adrenergic agonists
can cause hypokalemia, hyperglycemia, and hypomagnesemia.
In addition to electrolyte imbalance, patients with COPD
show a decreased response to beta-2 adrenergic agonists and a
predisposition toward cardiac arrhythmias.

A suggested algorithm for the perioperative manage-
ment of patients with obstructive airway disease is shown in
Figure 2.

Specific management of the asthmatic or COPD patients
includes:

1. Adequately controlling airway hyperresponsiveness and
detecting infection before surgery.

2. Evaluating changes in the quantity and quality of spu-
tum and the presence of allergies and triggering factors
for exacerbation.®

3. Treating infections when identified, although prophylac-
tic use of antibiotics is not recommended.

4. Following Global Initiative for Chronic Obstructive
Lung Disease (GOLD) guidelines, which state: “To
prevent postoperative pulmonary complications, stable
COPD patients clinically symptomatic and/or with
limited exercise capacity should be treated, before sur-
gery, intensely with all the measures already well-estab-
lished for stable COPD patients who are not about to
have surgery”.®!

5. Evaluating comorbid conditions associated with COPD
and the need for pulmonary rehabilitation and medications.

6. Preoperatively administering steroids to patients who
received systemic steroids in the prior six months.

7. Ensuring adequate hydration to decrease the viscosity of
secretions.®! The usefulness of oral mucolytic drugs to
decrease secretions has not been confirmed.

8. Considering preoperative pulmonary rehabilitation

including respiratory muscle training and abdominal

breathing for patients with severe COPD undergoing

elective surgery.

10.

11.

12.

13.

14.

15.

16.

Providing nutritional supplementation to patients with
anorexia or pulmonary cachexia to promote weight gain
and improve bodily function before elective surgery.
Obtaining an electrocardiogram for most COPD
patients. Evidence of right heart strain may prompt the
need for additional testing. Coexisting coronary artery
disease or PH is common in these patients.®

Choosing an appropriate anesthetic agent. Some anes-
thetics (ie, isoflurane and ketamine) have bronchodila-
tor properties, and other anesthetics protect against
increased airway resistance during tracheal intubation
(ie, propofol).*

Carefully considering the mode of anesthesia. Epi-
dural block is effective for postoperative analgesia, but
concerns regarding decreased respiratory function due
to diaphragmatic or respiratory muscle paralysis exist.
Spinal and epidural anesthesia are options for patients
with advanced COPD in whom intubation should be
avoided.® Using data from the National Surgical Quality
Improvement Program database, Hausman et al?* evalu-
ated COPD patients undergoing surgery under general,
spinal, epidural, or peripheral nerve block anesthesia.
Compared with patients who received regional anesthe-
sia, patients who received general anesthesia had higher
incidences of postoperative pneumonia, prolonged ven-
tilator dependence, and unplanned postoperative intu-
bation. Morbidity was also increased in the general
anesthesia group, whereas 30-day mortality was similar
between groups.

Using bronchodilators, steroids, and lidocaine, as
needed, for asthma or COPD patients at risk of devel-
oping increased airway resistance or postoperative respi-
ratory complications due to tracheal intubation. Inhaled
beta-2 adrenergic agonists before tracheal intubation
can prevent increased airway resistance.®*% Controversy
remains as to whether extubation should be performed
when patients are fully awake or still under anesthesia, as
risk for aspiration exists if patients are extubated before
complete recovery from anesthesia.t6¢

Providing oxygenation and avoiding air trapping and
hyperinflation for patients on mechanical ventilation.
In a conventional mode of ventilation, this is achieved
by prolonged expiratory time and a low respiratory rate.
Permissive hypercapnia with close monitoring of pH and
partial pressure of CO, (PaCQ,) in the arterial blood is
acceptable. SpO, and ETCO, should be closely moni-
tored, especially if the patient has chronic hypercapnia.
Carefully monitoring postoperative supplemental O, for
patients with severe COPD. A goal SpO, of 88%-91% is
acceptable. Initiation of noninvasive ventilation is recom-
mended in cases of exacerbation of COPD.

Transferring patients with severe COPD to the ICU or a
monitored setting during the early postoperative period,
especially those with a high risk for cardiac complications.
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Figure 2. Algorithm for the perioperative management of patients with obstructive airway disease.

17. Carefully using analgesics and sedatives, as they can
precipitate bronchospasm or hypercapnia respiratory failure.

Pulmonary hypertension. PH is defined as a mean pul-
monary artery pressure of =25 mmHg at rest.®” It is classified
into the following five groups: (1) pulmonary arterial hyperten-
sion, (2) PH due to left heart disease, (3) PH due to chronic
lung disease and/or hypoxia, (4) chronic thromboembolic PH,
and (5) PH due to unclear multifactorial mechanisms. PH has

recently been recognized as a significant risk factor for PPCs.
Patients with PH undergoing noncardiac surgery are more likely
to develop chronic heart failure, hemodynamic instability, sep-
sis, and respiratory failure. In addition, these patients require
prolonged ventilatory support and longer ICU stays, have higher
readmission rates within 30 days, and have higher mortality.®
'This increased risk reflects the unique pathophysiology of pulmo-
nary pressures involving differences between the right ventricle

(RV), left ventricle (LV), and interventricular interdependence.
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'The RV differs substantially from the LV in shape and
design due to differences in the functional requirements of
adjacent pumps. Compared with the systemic circulation, the
pulmonary circulation is a low-pressure circuit. In patients
with PH, there is a gradual increase in pulmonary pressure,
resulting in RV hypertrophy. In the early stages of the disease,
the systolic function of the RV is preserved; however, with
the progression of PH, the RV further enlarges, wall tension
increases, and the RV free wall thins, leading to dilatation and
reduced RV function. Tricuspid regurgitation resulting from
the widening of the tricuspid annulus worsens RV function.”
Elevated RV pressure results in the bulging of the interven-
tricular septum into the LV during diastole, which impairs
LV diastolic filling. 'The development of specific therapies for
pulmonary arterial hypertension, such as endothelin receptor
antagonists, prostanoids, and phosphodiesterase 5 inhibitors,
has improved the prognosis of patients with PH. The Pulmo-
nary Hypertension Connection Registry and the Registry to
Evaluate Early and Long-Term Pulmonary Arterial Hyper-
tension Disease Management show 1- and 3-year survival
rates of approximately 85% and 69%, respectively.”>7? Thus,
the perioperative management of these patients remains a
challenge.

A suggested algorithm for the perioperative management
of patients with PH is shown in Figure 3.

In addition to general recommendations, the evalua-
tion and management of patients with PH undergoing non-
cardiothoracic surgery includes:

1. Carefully considering the patient’s functional status if
the etiology of PH is known.

2. Assessing the severity of PH. The clinical severity of
pulmonary arterial hypertension was initially classified
according to the New York Heart Association and then
modified by the World Health Organization (Table 3).”3
The gold standard for the diagnosis of PH and assessment
of its severity is right heart catheterization. Echocardio-
gram is the preferred initial noninvasive test. Arbitrarily
suggested criteria for detecting the presence of PH are
based on tricuspid regurgitation peak velocity, Doppler-
calculated pulmonary artery systolic pressure (assuming a
normal right atrial pressure of 5 mmHg), and additional
echocardiographic variables.”

3. Evaluating exercise capacity. Echocardiogram should be
performed to assess the severity of PH if the last test was
performed over six months ago. Exercise capacity can
be assessed by the 6-minute walk test, which measures
functional limitation and correlates with peak aerobic
exercise capacity.”* The 6-minute walk test is a simple,
inexpensive, reproducible, and well-standardized test.”®

4. Coordinating a multidisciplinary team consisting of the
primary care physician, nurses, anesthesiologist, cardiol-
ogist, and pulmonary and critical care physicians prior to
surgery. Owing to the complexity of most PH treatment

protocols, a decision to proceed with surgery requires a
detailed discussion about the risks based on the sever-
ity of PH, functional classification, and exercise capacity.
If risk is deemed very excessive (ie, New York Heart
Association Class II1/1V, severe PH, and poor exercise
tolerance), alternative procedures or palliative care may
be considered. Acute decompensation during the intra-
or early postoperative period is common and can result in
acute RV failure.”® For very high-risk patients, it may be
reasonable to consider right heart catheterization.
Completing the preoperative evaluation and initiat-
ing specific treatments to optimize the condition of
the patient if PH is newly diagnosed and the surgery is
elective.

Employing a cardiovascular or critical care physician
with skills in the management of PH, complex hemo-
dynamics, and transesophageal echocardiography.
Medications that can decrease blood pressure (eg, pro-
pofol) should be avoided. Airway management and
ventilation is critical to avoid hypoxia. Perioperative
management should include avoidance of pulmonary
vasoconstrictors such as hypoxia, inspiratory pressure
of >30 mmHg, high PEEP (>15 mmHg), hypercarbia,
and acidosis. Strategies to promote pulmonary vasodila-
tation such as improving oxygenation, permissive hypo-
capnea (PaCO, = 30-35 mmHg), alkalosis (pH > 7.4),
and optimal ventilator volume are encouraged.””
Deciding whether to postoperatively extubate and trans-
fer the patient to the ICU depending on the recommen-
dation of the anesthesiologist.

Closely monitoring the patient both invasively and
noninvasively during the postoperative period. Central
venous pressure, lactate, and cardiac output monitor-
ing can initially be performed using LiDCO. Volume
management is crucial, as both hypovolemia and hyper-
volemia can have deleterious effects on cardiac output.
Right coronary perfusion occurs at both systole and
diastole. If aortic root pressure falls in patients with PH,
systolic perfusion is impaired. Any further drop in pres-
sure will impair diastolic right coronary perfusion with
catastrophic outcomes, resulting in RV infarct, worsen-
ing shock, and further drops in systolic blood pressure
and aortic root pressure. Mean arterial pressure must be
maintained with pressors if needed to avoid impaired
right coronary perfusion. Inotropic support with dobu-
tamine is required after RV preload is optimized. Right
heart catheterization is an option for managing shock,
but cardiac output measurements can be misleading
owing to tricuspid regurgitation. Mixed venous satura-
tion from pulmonary artery catheterization and lactate
can be used as surrogates.

Optimizing mechanical ventilation settings. Conven-
tional ventilator strategies include optimal oxygenation
(which acts as a pulmonary venodilator), avoiding high
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Figure 3. Algorithm for the perioperative management of patients with pulmonary hypertension.

PEEP (which decreases RV preload) and maintaining
adequate minute ventilation for permissive hypocapnea
and alkalosis. In instances when conventional mechani-
cal ventilation fails, RV assist devices and venoarte-
rial extracorporeal membrane oxygenation are options.
In patients on maximal resuscitative measures, palliative

care and advance directive discussions are appropriate, as

the risk for mortality after cardiac arrest is very high.”®7

Obstructive sleep apnea. Sleep apnea is a disorder
characterized by recurrent episodes of complete (ie, apnea)
or partial (ie, hypopnea) upper airway obstruction during
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Table 3. Functional classification of PH.

Table 4. STOP BANG sleep apnea questionnaire.

Class | Patients with PH but without limitation of physical
activity. Ordinary physical activity does not cause

undue dyspnea or fatigue, chest pain, or near syncope.

Class Il Patients with PH resulting in slight limitation of physical
activity. Patients are comfortable at rest, but ordinary
physical activity causes undue dyspnea or fatigue,

chest pain, or near syncope.

Class lll  Patients with PH resulting in marked limitation of
physical activity. Patients are comfortable at rest, but
less than ordinary activity causes undue dyspnea or

fatigue, chest pain, or near syncope.

Class IV  Patients with PH and inability to carry out any physi-

cal activity without symptoms. Dyspnea and/or fatigue
may be present at rest, and discomfort is increased by
any physical activity. These patients manifest signs of

right heart failure.

Note: Criteria Committee, New York Heart Association, Inc. Diseases of the
Heart and Blood Vessels. Nomenclature and Criteria for diagnosis, 6th edition
Boston, Little, Brown and Co. 1964, p. 114.

sleep, resulting in awakening and oxygen desaturation. The
prevalence of OSA accompanied by daytime sleepiness is
3%—7% for adult men and 2%—5% for adult women in the gen-
eral population.® However, most patients with OSA remain
undiagnosed.®82 Patients with sleep apnea are at increased
risk for perioperative complications, including hypoxemia,
pneumonia, difficult intubation, myocardial infarction, pul-
monary embolism, atelectasis, cardiac arrhythmias, and
unanticipated admission to the ICU.83-85 Comorbidities asso-
ciated with OSA include obesity, hypertension, depression,
gastroesophageal reflux disease, diabetes mellitus, hyper-
cholesterolemia, and asthma.®® The administration of seda-
tives, anesthetics, and opioids during the perioperative period
increases pharyngeal collapse and impairs ventilation and
arousal responses, which worsens sleep apnea. As obesity is
associated with decreased residual volume, functional residual
capacity, and expiratory reserve volume,®” obese patients with
OSA may have difficult airways, causing intubation, oxygen-
ation, and ventilation problems.

During the preoperative evaluation, patients may pres-
ent with diagnosed OSA undergoing noninvasive positive
pressure ventilation therapy or undiagnosed OSA, especially
those planned for bariatric surgery. In addition to general rec-
ommendations, the preoperative evaluation of patients with
known or suspected sleep disorders includes a careful history
and physical examination. Many questionnaires have been
developed to identify surgical patients at high risk for OSA,
including the Berlin questionnaire, ASA checklist, and the
STOP BANG questionnaire (Table 4).

The STOP BANG questionnaire has high sensitivity,
specificity, and negative predictive value to detect moderate
and severe sleep apnea. The additional presence of a serum

bicarbonate level =28 mmol/L improves the specificity for

Do you snore loudly (ie, louder than talking or loud enough to be
heard through closed doors)?

Do you often feel tired, fatigued, or sleepy during the day?

Has anyone observed you stop breathing during your sleep?

Do you have or are you being treated for high blood pressure?

Do you have a body mass index more than 35 kg/m??

Age over 50 years old?

Neck circumference > 40 cm?

Are you male?

Note: High risk of OSA; answering Yes to three or more questions. Low risk
of OSA, answering yes to less than three items. Adapted from Chung, F et al.
Anesthesiology. 2008;108:812-821.

all OSA, moderate/severe OSA, and severe OSA to 85.2%,
81.7%, and 79.7%, respectively.®®

The evaluation and management of patients with OSA
undergoing non-cardiothoracic surgery include:

1. Conducting sleep studies and initiating treatment before
surgery if the preoperative evaluation detects possible
OSA based on a STOP BANG score of =3 with a serum
bicarbonate level of =28 mmol/L. For patients for whom
surgery cannot be delayed, it may be acceptable to employ
CPAP therapy during the postoperative period.

2. Coordinating a multidisciplinary team including a pri-
mary care physician, pulmonologist, anesthesiologist, and
surgeon. Discussions should include sleep apnea severity,
potential airway difficulties, type of anesthesia, and post-
operative discharge versus in-patient management.

3. Performing a preoperative echocardiogram for patients
with signs or symptoms of OSA. Patients should be
counseled to be adherent to CPAP during the preopera-
tive period, which has been shown to reduce postopera-
tive complications.?’

4.  Extubating patients undergoing general anesthesia while
awake unless contraindicated. Full reversal of neuromus-
cular block must be verified before extubation. When
possible, extubation and recovery should be carried out
in a lateral, semi-upright, or other non-supine position *°

5. Postoperatively providing supplemental O, and initiating
CPAP therapy.

6. Carefully considering the effects of sedating analgesics
on upper airway collapse and depression of the respira-
tory drive during the postoperative period.

7. Closely monitoring patients with moderate to severe
OSA in an ASA Class III or higher and patients with
suspected OSA and elevated serum bicarbonate level
in the ICU or other monitored setting, especially when
use of opioids or benzodiazepines is planned. Continu-
ous pulse oximetry and ETCO, monitoring is desirable.
Arterial blood gas analysis is recommended if evidence of
hypercarbia is found.
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Figure 4. Algorithm for the perioperative management of patients with obstructive sleep apnea.

A suggested algorithm for the perioperative management
of patients with OSA is shown in Figure 4.

Restrictive lung disease. Numerous pathophysiological
conditions and diseases may be classified as restrictive lung
disease, which is characterized by decreased lung volume and
reduced total and vital capacity. Patients with restrictive lung
disease are at risk for increased PPCs. Causes of restrictive lung
disease can be classified as intrapulmonary (ie, parenchymal)
or extrapulmonary. The most common intrapulmonary causes
include sarcoidosis, occupational lung diseases (eg, silicosis and

asbestosis), idiopathic interstitial lung diseases, hypersensitiv-
ity pneumonitis, eosinophilic pneumonias, pulmonary alveolar
proteinosis, lung resection/atelectasis, acute respiratory distress
syndrome, and pulmonary edema. Extrapulmonary causes
include obesity, skeletal/costovertebral deformities (eg, scolio-
sis), sternal deformities (eg, pectus excavatum), neuromuscular
disorders, and pneumothorax/pleural effusion.

Literature on evidence-based recommendations for
the perioperative management of patients with restrictive
lung disease is sparse. The risks for PPCs in patients with

20 i HEALTH SERVICES INSIGHTS 2016:9(S1)


http://www.la-press.com
http://www.la-press.com/health-services-insights-journal-j117

/ Evaluation of patients with pulmonary conditions undergoing non-cardiothoracic surgery

chronic restrictive lung disease or restrictive physiology due
to extrapulmonary causes have not been evaluated.’® General
anesthesia and mechanical ventilation may exacerbate the
inflammatory process of parenchymal fibrotic diseases and
promote adult respiratory distress syndrome.”® There is an
up to 60% decrease in spirometric variables in patients with
scoliosis, many of whom have severe restrictive lung diseases,
which contributes to prolonged postoperative mechanical ven-
tilation. The peak fall in lung volumes occurs on the third day
after surgery, and recovery to baseline levels may take up to
two months.”?

The perioperative evaluation and management of patients
with restrictive lung diseases depends on the underlying cause.
In addition to general recommendations, the focus is on:

1. Conducting pulmonary function tests to quantify restric-
tion and allow better planning for anesthesia.

2. Evaluating exercise tolerance, which is related to the risk
for PPCs.

3. Performing preoperative arterial blood gas analysis to
estimate baseline oxygenation and ventilation.

4. Considering undiagnosed PH in patients with advanced
interstitial lung disease. The presence of moderate/severe
dyspnea at rest and a PaCO,/PaO, ratio of >0.72 are
predictive of PPCs in patients undergoing non-thoracic
surgery.”

5. Maintaining oxygenation and ventilation during surgery.

Conclusion

In this review, we highlight the most influential studies
published since the early 2000s on the preoperative evalua-
tion of patients with respiratory conditions undergoing non-
cardiothoracic surgery. A careful preoperative evaluation is
highly recommended for patients with respiratory conditions
who are candidates for surgery, as this can identify ways of
reducing the risk for PPCs. The initial assessment is clinical
and can be complemented by focused laboratory testing,
whereas the general use of pulmonary function testing or chest
radiography is not advocated. For patients undergoing elective
surgery, the goals of the preoperative evaluation are stabilizing
and controlling the underlying lung condition, maximizing
lung function, ensuring smoking cessation, and institut-
ing preoperative lung expansion maneuvers. The presence of
comorbidities as well as the cardiovascular, metabolic, renal,
and venous thromboembolism risks involved in anesthesia and
the surgical procedure should also be evaluated.

Concerning intra- and postoperative patient man-
agement, surgical advances including minimally invasive
techniques have been welcome, particular for older, more
vulnerable patients with multiple comorbidities who are more
likely to undergo complicated surgeries. Recent studies show
that intraoperative lung protective strategies during gen-
eral anesthesia decrease the rates of PPCs, improve clinical

outcomes, and decrease health care utilization.*>* Advances
in postoperative care to minimize the risk for delirium include
lung expansion maneuvers, early mobilization, fluid and ven-
tilator management, thromboembolic disease prevention, and
careful management of medications.

Additional research to validate or improve our current
knowledge and practice of the perioperative management of
patients with pulmonary conditions is needed. Areas for future
research include identifying the most effective lung expansion
techniques, the role of high flow oxygen during the postop-
erative period, the role of a dedicated multidisciplinary team
to manage high-risk patients throughout the perioperative
period, and the most beneficial ventilator strategies to employ
during the operation. Restrictive lung diseases are common
and patients are living longer. Hence studies evaluating the
best evaluation and management of patients with restrictive
lung diseases are needed.
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