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Abstract Advances in surgical and anesthetic techniques have
led to steady reductions in perioperative complications. At the
same time, improvements in public health and medical care have
increased quality of life and life expectancy. As a result, an
expanding population of elderly patients with chronic medical
diseases is undergoing surgical procedures. Thorough risk as-
sessment and management is required to assure optimal periop-
erative care for geriatric patients. This includes a full pulmonary
evaluation, which is often over-shadowed by cardiovascular con-
cerns. Recent literature has provided improved clarity in preop-
erative pulmonary risk assessment and potential options for risk
management interventions. In this paper, we detail the current
evidence for perioperative pulmonary care of elderly patients.

Keywords Postoperative care - Perioperative medicine -
Pulmonary complications

Introduction

As the surgical population continues to age and increase in
medical complexity, the potential for significant complications
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similarly rises. Although perioperative risk management often
focuses on the cardiovascular system, pulmonary complica-
tions account for a larger proportion of adverse surgical out-
comes and are the leading cause of postoperative mortality [1,
2]. Postoperative pulmonary complications (PPCs), including
respiratory failure (prolonged mechanical ventilation or un-
planned reintubation), pneumonia, chronic obstructive pulmo-
nary disease (COPD) exacerbation, and atelectasis, also con-
tribute substantially to hospital costs and readmissions [3, 4].
The elderly population is especially prone to these complica-
tions as evidenced by the correlation between PPCs and ad-
vanced age, cognitive impairment, and functional dependence
[2, 5, 6°e, 7e°]. Newer risk prediction tools may improve iden-
tification of patients at risk for PPCs, and recent studies dem-
onstrate the utility of several risk reduction strategies.

Risk Assessment
Established Risk Factors for PPCs

Risk factors for PPCs can be categorized into patient-related
and procedure-related issues. Among patient-related risk fac-
tors, the most important is advancing age, with risk increasing
after age 50 [8]. The odds ratio (OR) of PPCs in patients aged
50-59 is 1.50 and increases by decade with an OR for PPCs of
5.63 in patients over age 79 [8]. The American Society of
Anesthesiologists (ASA) Physical Status Classification Sys-
tem is a graduated scoring system of patient comorbidity and
also correlates with postoperative complications [9]. Higher
scores, even a score of two (mild or controlled systemic dis-
ease) or greater, are associated with a substantial increase in
the risk for PPCs [6¢e, 7+, 8]. Congestive heart failure (CHF),
functional dependency, chronic lung disease, and impaired
sensorium are also recognized risk factors for PPCs common
in the elderly population [2, 10]. A number of other common
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conditions which increase the risk of respiratory complica-
tions are listed in Table 1.

The surgical site is the most significant procedure-specific
predictor of PPCs [6¢+, 7, 8]. Due to their effect on pulmonary
physiology, procedures closest to the diaphragm carry the
greatest risk for PPCs. Vital capacity, residual volume, and
functional residual capacity are reduced in thoracic and upper
abdominal surgeries [11]. Patients who undergo abdominal
surgery may develop postoperative diaphragmatic dysfunc-
tion that contributes to these changes [12].

Additional procedure-related risk factors include a surgical
duration longer than 3—4 h and emergency surgery. There is
still some debate about the risk of anesthetic technique. How-
ever, general anesthesia appears to confer a greater risk of
PPCs and mortality compared to regional anesthesia [8, 13].
In addition, residual neuromuscular blockade is related to crit-
ical respiratory events immediately after surgery [14]; this is
due to hypoventilation and decreased lung volumes in the
immediate postoperative period. The use of shorter-acting
agents may improve outcomes.

Emerging Risk Factors for PPCs

Although earlier studies did not identify pulmonary hyperten-
sion (PH) and obstructive sleep apnea (OSA) as significant
risk factors for PPCs, more recent literature has shed light on
the impact of these conditions in relation to perioperative mor-
bidity and mortality.

Obstructive Sleep Apnea

Obesity has become more prevalent in our society; an estimat-
ed 35 % of the population is obese [15]. Given the clear rela-
tionship between obesity and OSA, it is estimated that a large
number of patients with moderate to severe OSA are

Table 1  Risk factors for postoperative pulmonary complications

Procedure related Patient related

Surgical site Advancing age
ASA classification >2

Congestive heart failure

Aortic aneurysm repair
Thoracic surgery
Abdominal/upper abdominal Functional dependence
Neurosurgery Chronic obstructive pulmonary disease
Head and Neck surgery Impaired sensorium
Cigarette use
Alcohol abuse

Pulmonary hypertension

Other vascular surgery
Surgical duration
Emergency surgery
General anesthesia
Perioperative transfusion

Obstructive sleep apnea

From Smetana et al. [8], with permission from The American College of
Physicians
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undiagnosed [16] and may potentially proceed to surgery
without treatment. Indeed, studies of elective surgery patients
screened for OSA with the Berlin and STOP (snoring, daytime
tiredness, observed apnea during sleep, hypertension) ques-
tionnaires reveal that approximately 24-27 % of the elective,
non-cardiothoracic surgical population is at risk for OSA [17,
18]. The surgical period poses additional risk for patients with
OSA because anesthetics and other common perioperative
medications can decrease respiratory drive and impair arousal,
leading to higher rates of apnea and hypopnea. Recent studies
have confirmed that OSA is a risk factor for perioperative
pulmonary and cardiac complications as well as mortality. A
study by Hwang et al. [19] demonstrated that patients with at
least two out of four signs of sleep apnea (snoring, witnessed
apneas, daytime somnolence, crowded oropharynx) and noc-
turnal desaturations had increased rates of pulmonary, cardiac,
and bleeding complications. In additional studies, preopera-
tive OSA is associated with overall complications [20, 21],
postoperative respiratory failure and reintubation [20-22], car-
diac complications [21, 23], ICU transfers [20, 23], and
prolonged length of stay [21, 23].

Pulmonary Hypertension

Similar to OSA, previous database studies of PPC predictors
did not identify PH as an independent risk factor. However,
multiple recent publications have identified PH as a risk factor
for postoperative morbidity and mortality after major non-
cardiac surgery [24, 25, 26, 27, 28, 29]. PH may be exacer-
bated by increased peripheral vascular resistance caused by
common perioperative conditions, such as hypoxia, acidosis,
hypercapnia, and positive pressure ventilation. Orthopedic
surgery involves potential intraprocedural embolization of
bone marrow, bone debris, and cement, which also increase
pulmonary pressures [26¢]. Fluid shifts and pharmacologic
agents (including many anesthetics and sympathomimetics)
may also contribute to perioperative complications in the pa-
tient with PH [27¢].

In non-cardiac surgeries, patients with PH have 30-day
mortality rates ranging from 3.5 to 7 % and up to 15 % for
emergent cases [24, 28]. In a large sample of hip and knee
arthroplasty patients with an average age above 65 years, mor-
tality was at least four times greater in patients with PH than
among case-matched controls [22]. Additionally, respiratory
failure rates are estimated at 21-28 % in PH patients, and the
incidence of heart failure, readmissions, prolonged ICU stay,
and sepsis are also increased compared to patients without PH
[25, 29].

Because of the potential for poor outcomes in these pa-
tients, the preoperative assessment of the patient with PH in-
cludes a careful risk-benefit analysis of the need for surgery
and the risk for postoperative morbidity and mortality. If sur-
gical intervention is undertaken, careful optimization in
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specialized centers with expertise in the management of pa-
tients with PH may reduce risk [30¢].

Risk Prediction Tools

Multiple surgical risk calculators have been developed to pre-
dict perioperative mortality and morbidity, including pulmo-
nary complications [6°, 7+, 10, 31, 32]. Risk calculators can
be valuable tools during the preoperative evaluation to pro-
vide a more concrete estimate of risk and a basis for counsel-
ing patients and other physicians. Previous risk assessment
tools for PPCs have been challenging to use or focused on
specific patient populations [10, 31], necessitating updated
tools applicable to clinical practice.

Two newer perioperative pulmonary risk calculators by
Gupta and colleagues were developed using data from the
National Surgical Quality Improvement Project database to
identify the risk of postoperative respiratory failure and pneu-
monia [6°¢, 7+¢]. Risk factors used in the postoperative respi-
ratory failure model included procedure type and urgency,
ASA classification, dependent functional status, and preoper-
ative sepsis [7¢¢]. For postoperative pneumonia age, ASA
classification, COPD, dependent functional status, preopera-
tive sepsis, smoking status, and the type of operation were the
most significant risk predictors and were included in the mod-
el [6°]. For both models, the authors created easy-to-use
spreadsheet calculators (online versions available at http://
www.surgicalriskcalculator.com/) that provide an estimation
of postoperative respiratory failure and pneumonia risk.
Although the database used to create these models lacked
some potentially important variables, such as OSA and PH,
the risk models were validated with additional data sets and
have excellent predictive performance.

The Assess Respiratory Risk in Surgical Patients in Cata-
lonia (ARISCAT) index is another newer calculator that uses
seven independent risk factors to assess the individual risk of
PPCs [32]. These risk factors include advancing age, low pre-
operative arterial oxygen saturation, acute respiratory infec-
tion during the previous month, preoperative anemia, upper
abdominal or intrathoracic surgery, surgical duration of at least
2 h, and emergency surgery. Using a weighted scoring system,
the risk of PPCs is stratified as low, intermediate, or high risk
with an estimation of the incidence of PPCs for each of these
categories. Benefits of the ARISCAT index include the ease of
use without the assistance of electronic devices, the inclusion
of readily available clinical criteria, and its validation in a
separate patient population [33¢]. The calculator has the dis-
advantage of including minor complications (e.g., broncho-
spasm) in the compiled definition of PPCs [32].

Despite evidence that it confers risk for poor outcomes,
OSA remains unrepresented in available pulmonary risk indi-
ces. The STOP-BANG questionnaire (STOP plus BMI
>35 kg/m?, age >50 years, neck circumference >40 cm, and

male gender) is easy to use and identifies patients at risk for
OSA and PPCs [34, 35¢¢]. Lockhart and co-authors evaluated
the impact of preoperative screening for OSA and PPCs by
screening patients for OSA with the Berlin, STOP, Flemons,
and STOP-BANG tools [36°]. The different tools had poor
concordance in estimating OSA risk, and after multivariate
analysis, none predicted 30-day or 1-year mortality. However,
STOP-BANG predicted rates of postoperative complications.
In another study, surgical patients whose STOP-BANG scores
were >5 had a high probability of moderate to severe OSA
[35¢¢]. While this method is sensitive for OSA, its specificity
is relatively poor [37¢]. A recent study demonstrated that a
serum bicarbonate level of >28 mmol/L significantly im-
proves the specificity of predicting moderate to severe OSA
[37¢]. The authors of this study proposed a screening process
in which patients with STOP-BANG scores >3 and bicarbon-
ate levels >28 mmol/L are considered at a higher risk for
moderate to severe OSA, as are those with STOP-BANG
scores of >6 [37¢]. Preoperative screening for OSA using high
sensitivity tools such as STOP-BANG is recommended by the
ASA Task Force, and diagnostic testing with
polysomnography may be indicated in patients with high
screening scores [38e¢].

Diagnostic Testing

The most important aspect of the preoperative pulmonary
evaluation is the history and physical exam, which should
elucidate known or undiagnosed lung disease as well as other
known non-pulmonary risk factors. Laboratory and other di-
agnostic testing are targeted in selected patients based on the
findings of the history and exam. Routine screening diagnostic
studies are rarely indicated.

As opposed to lung resection surgery, there is no consensus
regarding the role of pulmonary function tests (PFTs) in non-
thoracic surgeries, and no spirometry thresholds have been
identified as a contraindication to surgery. Moreover, PFTs
are probably no better than clinical assessment in estimating
the risk of PPCs [8].

Abnormal chest x-rays are common in the elderly popula-
tion, but there is little evidence that routine chest radiographs
add meaningful information to the preoperative evaluation. In
one meta-analysis, <1 % of preoperative chest x-rays had un-
expected abnormalities and <0.1 % had an abnormality that
influenced management [39]. Chest x-rays are indicated in
symptomatic patients and those with suspected but undiag-
nosed pulmonary disease. Preoperative chest radiography
may also be reasonable in patients undergoing higher risk
non-thoracic procedures, such as abdominal aortic aneurysm
repair [8].

Although some data suggest that albumin levels <3.5 g/dL
and BUN levels >21 mg/dL are predictive of postoperative
pulmonary outcomes, newer studies have not identified these
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as significant independent risk factors for PPCs. Current liter-
ature also does not support the routine use of arterial blood gas
testing for preoperative pulmonary risk stratification [8], but
measurement of serum bicarbonate may be useful in risk strat-
ification of patients at risk for OSA [37¢].

Risk Reduction Strategies

Many risk factors for PPCs are non-modifiable, but identifi-
cation of risk is still important to raise perioperative care-
takers’ vigilance and surveillance for respiratory problems.
In addition to preoperative optimization of chronic cardiopul-
monary disease, patients with increased pulmonary risk may
also be candidates for evidence-based risk reduction strategies
(Table 2). Although some methods are outside the purview of
internists and geriatricians, knowledge of intraoperative risk
reduction techniques is useful so that medical providers can
inform surgical teams of patients who are high risk and may
benefit from them.

Lung Expansion Methods

Lung expansion techniques (deep breathing maneuvers, in-
centive spirometry, chest physiotherapy, intermittent positive
pressure breathing, or positive airway pressure (PAP)) have
long been regarded as the mainstay of prophylaxis against
pulmonary complications. Despite this, a recent Cochrane re-
view found no evidence that incentive spirometry reduced
PPCs after upper abdominal surgery [40]. A Cochrane review
of continuous positive airway pressure (CPAP) after abdomi-
nal surgery reported weak evidence that postoperative CPAP
reduced PPCs but not mortality [41]. Significant heterogeneity
in studies of lung expansion modalities is a large contributor to

conflicting data regarding the effectiveness of these interven-
tions. In their systematic review of PPC prevention, Qaseem
et al. concluded that for patients with risk factors for PPCs,
some form of lung expansion was better than no therapy, but
combining different methods offered no added benefit [42].

Selective Nasogastric Intubation

Prophylactic nasogastric decompression after abdominal sur-
gery does not improve surgical outcomes and may increase the
risk of oropharyngeal aspiration. Restriction of nasogastric intu-
bation for clear indications (e.g., symptomatic gastric distention,
intractable vomiting) results in decreased PPCs [42, 43].

Shorter-Acting Neuromuscular Blockade

Compared to intermediate-acting medications (atracurium and
vecuronium), the use of a long-acting neuromuscular blocking
agent (pancuronium) was associated with a higher incidence
of residual neuromuscular blockade and a higher incidence of
PPCs among patients with residual block [42]. In a more re-
cent study by Grosse-Sundrup et al., intermediate-acting neu-
romuscular blockade use and routine reversal with cholinergic
agents was also associated with increased respiratory compli-
cations, while quantitative (versus qualitative) neuromuscular
blockade monitoring was associated with lower pulmonary
risk [44]. Thus, it is reasonable to use shorter-acting neuro-
muscular blockade with quantitative monitoring and to avoid
routine pharmacologic reversal in patients at increased risk for
PPCs.

Laparoscopic/Thoracoscopic Surgical Approach

Early studies of variable quality and design suggested improved
pulmonary outcomes for patients undergoing laparoscopic

Table 2 Risk reduction strategies for postoperative pulmonary complications

Preoperative

Intraoperative

Postoperative

Optimization of chronic cardiopulmonary disease

Inspiratory muscle training

Shorter-acting neuromuscular
blockade

Laparoscopic/thoracoscopic

Lung expansion (incentive spirometry, deep breathing,
IPPB, PAP treatment)

Selective nasogastric tube use after abdominal surgery

surgical approach

Smoking cessation

Neuraxial/regional anesthesia

Epidural or patient-controlled intravenous opioids

Lung-protective ventilation

OSA  Weight loss
Initiation of PAP therapy or other OSA treatment

Avoid outpatient surgery if OSA is severe or
likely to require postoperative opioids

Continuous capnography
if sedation used

Extubate while awake and
non-supine

Elevate head of bed
Continuous pulse oximetry
Use adjunctive analgesics (e.g., NSAIDs)

Use sedatives cautiously

Provide home PAP therapy or initiate PAP if frequent or severe airway obstruction or

hypoxemia

0S4 obstructive sleep apnea, PAP positive airway pressure, /PPB intermittent positive pressure breathing, NS4IDs non-steroidal anti-inflammatory

drugs
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versus open abdominal procedures, but firm evidence of benefit
was lacking [42]. Subsequently, studies of bariatric surgery [45]
and esophagectomy [46, 47] patients have provided stronger
evidence that laparoscopic and thoracoscopic surgical ap-
proaches have a lower risk of PPCs than open procedures.
Multiple different factors influence the selection of surgical
approach, and the benefits of laparoscopy and thoracoscopy
are dependent on the surgeon’s experience. For this reason,
clinicians performing preoperative evaluations should notify
surgeons of patients’ increased pulmonary risk and inquire
about the possibility of risk-reducing surgical approaches rather
than recommending a particular type of procedure.

Regional/Neuraxial Anesthesia

Anesthesia type as a potential source of pulmonary risk or
PPC prevention has been vigorously debated. Although some
studies offer conflicting data, a 2014 Cochrane systematic
review found that neuraxial anesthesia either alone or when
added to general anesthesia significantly reduced the risk of
postoperative pneumonia [48]. In one study of elderly pa-
tients, regional anesthesia was not beneficial in hip fracture
repair [49], but a recent systematic review of regional tech-
niques as part of a multimodal anesthetic approach concluded
they may reduce pulmonary complications in the geriatric
population [50]. For patients who are at increased risk for
PPCs, clinicians should alert the surgical team (surgeon and
anesthesiologist) so that the patient’s respiratory status can be
factored into the selection of anesthesia type.

Epidural or Intravenous Patient-Controlled Analgesia

Epidural anesthesia has the potential for reducing PPCs by
limiting hypoventilation and respiratory dysfunction from
pain or use of systemic opioids and by enhancing the ability
to take breaths after surgery without pain. Much like the liter-
ature for neuraxial and regional anesthesia, studies investigat-
ing the impact of epidural analgesia on PPCs have been het-
erogeneous and conflicting. Meta-analyses of postoperative
thoracic epidural analgesia have shown reduction in the risk
of PPCs in abdominal aortic and coronary revascularization
surgery [51, 52]. For other types of surgery and lumbar epi-
dural analgesia, data for efficacy is very limited. Patient-
controlled intravenous (IV) opioids also offer the potential
for limiting opioid-induced hypoventilation compared to con-
ventional IV opioid administration (i.e., injected by nurse on
request). Walder et al. confirmed that PPCs are less frequent
for patients who received patient-controlled analgesia (PCA)
compared to conventional systemic opioids [53]. In their sys-
tematic review of PPC prevention strategies, Qaseem and col-
leagues determined that epidural analgesia and patient-
controlled analgesia are superior to conventional IV adminis-
tration of opioids [42]. Postoperative analgesia is usually

managed by surgeons and anesthesiologists, but communica-
tion of pulmonary risk by the preoperative clinician assures
that this is factored into the surgical team’s decision making.

Preoperative Cardiopulmonary Physiotherapy

Preoperative cardiopulmonary physiotherapy has the potential
to improve patients’ inspiratory muscle function and overall
physical conditioning thereby reducing the risk of postopera-
tive respiratory problems. In a randomized controlled trial of
patients undergoing coronary artery bypass grafting (CABG),
Hulzebos et al. demonstrated that 20 min of daily lung expan-
sion for 2 weeks prior to surgery (e.g., inspiratory muscle
training) reduced PPCs by 50 % [54]. Herdy and colleagues
also found that cardiopulmonary rehabilitation begun at least
5 days prior to CABG led to fewer days of mechanical venti-
lation and lower rates of PPCs [55]. Thus, when feasible,
preoperative initiation of lung expansion or physical condi-
tioning exercises is a potentially useful way to reduce PPCs.

Lung-Protective Mechanical Ventilation

A burgeoning area of perioperative pulmonary risk manage-
ment is the use of protective lung ventilation, which entails the
use of low tidal volumes, positive end-expiratory pressure
(PEEP), and lung recruitment maneuvers (application of high
airway pressures to open collapsed lung areas) [56]. For years,
this method has been employed in intensive care units for the
reduction of ventilator-associated lung injury in patients with
acute respiratory distress syndrome. Recently, a number of
investigators have conducted small studies of lung-protective
ventilation in surgical patients. In a recent meta-analysis, the
use of low tidal volumes (6 ml/kg for most studies) resulted in
risk ratios of 0.4 (95 % confidence interval [CI], 0.22—0.70)
for lung injury and 0.64 (95 % CI, 0.43-0.97) for pulmonary
infection [57¢¢]. Utilization of higher PEEP (5 cm of water for
most studies) similarly improved outcomes; risk ratios were
0.29 (95 % CI, 0.14-0.60) for lung injury and 0.62 (95 % CI,
0.40-0.96) for pulmonary infection. Although individual pa-
tient characteristics may make use of these strategies less fa-
vorable, lung-protective mechanical ventilation should be
strongly considered in any patient at increased risk for PPCs.

Smoking Cessation

The detrimental effects of smoking are myriad, and smoking
cessation advocacy is a universally accepted responsibility of
healthcare providers. However, the relative importance and
potential benefits of smoking abstinence in the perioperative
period remain controversial. Smoking clearly impairs normal
respiratory functions. Airway hyperreactivity, increased mu-
cus production, and disrupted clearance mechanisms (im-
paired epithelial cilia) increase the risk for compromised
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oxygenation and pulmonary infections [58]. The risk of these
problems is even higher for smokers in the postoperative pe-
riod [59]. One would assume that preoperative abstinence
from smoking would always improve postoperative out-
comes, but the evidence has been conflicting.

Several previous studies have shown that smoking cessa-
tion before surgery was associated with lower incidence PPCs,
but others found no difference in outcomes between smokers
and non-smokers [60+¢]. One study has even been interpreted
as demonstrating a possible increase in the risk of PPCs
among patients who quit smoking shortly before surgery
[61]. More recently, meta-analyses have clarified these discor-
dant data. Myers and colleagues’ meta-analysis of preopera-
tive smoking cessation found a non-statistically significant
increase in relative risk for PPCs in patients who stopped
smoking <8 weeks before surgery [62]. Another meta-
analysis by Wong et al. corroborated these findings, showing
that <4 weeks of smoking abstinence did not significantly
increase the risk of pulmonary complications compared to
those who continued smoking [60+¢]. For those who quit
>4 weeks before surgery, the relative risk of PPCs was 0.77
(95 % CI, 0.61-0.96), and for those who quit >8 weeks before
surgery, the relative risk of PPCs was the same as non-
smokers.

From these studies, one can conclude that smoking cessa-
tion at least 4-8 weeks before surgery will reduce the risks of
PPCs. Unfortunately, the heterogeneity and small numbers of
patients make the benefit for abstinence <4 weeks before sur-
gery less certain. A number of studies have attempted to over-
come this problem through randomized clinical trials of
smoking cessation interventions. In a recent Cochrane review,
interventions initiated >4 weeks before surgery were benefi-
cial at achieving long-term cessation and reducing the inci-
dence of complications [63¢]. However, none of the included
studies demonstrated a significant impact on PPCs. No studies
of preoperative smoking cessation interventions reported ad-
verse outcomes.

Rather than focusing on the exact minimum time needed
for cessation, it is advisable that clinicians take a more holistic
approach to the problem of tobacco use. For any patient un-
dergoing elective surgery, general health should be fully opti-
mized, including stopping smoking as far in advance as pos-
sible. The preoperative evaluation provides an opportunity for
a “teachable moment” regarding the importance of smoking
cessation [64, 65].

OSA Management

Recent studies have evaluated management interventions for
patients at high risk for or with known OSA. In one retrospec-
tive study of patients who were screened as high risk for OSA,
patients either underwent a risk management program (based
on ASA guidelines) intended to decrease OSA complications
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or had preoperative polysomnography with PAP initiation if
indicated. Other than recovery unit length of stay, there was no
difference in outcomes between the two groups [66]. This
corroborates the findings of Lockhart and colleagues who
found that patients who screened high risk for OSA and re-
ceived empiric risk reduction measures (including non-supine
positioning and close monitoring of respiratory status) have
rates of postoperative mortality that are similar to those for
patients screened as low OSA risk [36°].

In another study using the Flemons tool to identify patients
at high risk for OSA, investigators found that patients who
received auto-titrating CPAP postoperatively had no differ-
ence in outcomes than those who did not [67]. The utility of
preoperative CPAP initiation was explored in a retrospective
study by Mutter and colleagues who evaluated non-cardiac
surgery patients separated into three OSA groups: those who
had surgery and were diagnosed with OSA within 5 years after
their surgical date (suggesting OSA was present but untreated
during the perioperative period); those who were diagnosed
and being treated for OSA at the time of surgery; and matched
controls screened as low risk for OSA. In multivariate analy-
ses, the risk of PPCs was increased for both untreated and
treated OSA, but those who had treated OSA had fewer post-
operative cardiovascular complications than untreated pa-
tients, suggesting that preoperative initiation of PAP in OSA
patients may lower complications [68]. Considered together,
these two studies suggest PAP may improve outcomes in OSA
patients, but only when initiated prior to the postoperative
setting.

Currently, the most comprehensive recommendations for
postoperative management of patients at risk for or with
known OSA are from the ASA task force [38+¢]. Among these
guidelines are recommendations to consider preoperative ini-
tiation of PAP particularly if OSA is severe. Preoperative
weight loss should also be considered when feasible. Much
of the ASA task force guideline addresses postoperative pain
management. Recommendations include the use of regional
analgesic techniques to reduce or eliminate the requirement
for systemic opioids and avoidance of continuous opioid in-
fusions. The guideline also advises caution for concurrent ad-
ministration of sedative agents due to the increased risk of
respiratory depression and airway obstruction. Adjunctive an-
algesics (e.g., non-steroidal anti-inflammatory medications)
are a strategy to reduce opioid requirements. Patients on CPAP
or non-invasive positive pressure ventilation (NIPPV) therapy
prior to surgery should use their home devices postoperative-
ly. The authors also recommend non-supine positioning and
continuous pulse oximetry monitoring until the risk of respi-
ratory depression has abated. For untreated patients who
screen high risk for OSA options include empiric treatment
with CPAP or NIPPV, or if time allows, a formal preoperative
sleep study. The location of surgery (ambulatory vs inpatient)
should also be carefully considered for such patients. Those
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undergoing deep sedation or likely to receive significant post-
operative opioid treatment may be more appropriate for sur-
gery in a hospital setting.

Conclusions

Improvements in technology and practice have made surgical
treatments available to an increasing number of older patients.
Still, the perioperative setting confers significant risks, espe-
cially for the elderly. Postoperative pulmonary complications
are among the most common of these potential adverse out-
comes. With the use of available risk prediction models, cli-
nicians can estimate and counsel patients on the risk of PPCs.
OSA and PH remain underrepresented in these available tools
but definitely increase the risk of respiratory complications.
Therefore, special care is required to screen for and treat these
conditions in the perioperative period. For patients who screen
high risk for PPCs, several risk reduction strategies offer po-
tential mitigation strategies. Although few risk reduction in-
terventions should be employed routinely, all should be con-
sidered for their utility in a particular clinical situation.
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