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Objectives
• Definition of post-operative pulmonary
complications (PPC)
• Risk factors for increased PPC:
– Patient-Related
– Surgery-Related

• Strategies to reduce PPC:
– Pre-op
– Peri-op
– Post-op
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Postoperative Pulmonary
Complications
• “A pulmonary abnormality that produces identifiable
disease or dysfunction that is clinically significant
and adversely affects the clinical course“
• PPC include:
– Atelectasis
– Infection, including bronchitis and pneumonia
– Prolonged mechanical ventilation and respiratory
failure
– Exacerbation of underlying chronic lung disease
– Bronchospasm

Postoperative Pulmonary
Complications
• The frequency of PPC varies from 2-70%
• This wide range is due to:
– Patient selection
– Procedure-related risk factors
– Different definitions ***
• Nearly 25% of deaths occurring within 6 days
postoperatively are related to PPC

2

5/5/2017

Perioperative Pulmonary Physiology
• Thoracic and Upper abdominal surgeries:
– Diaphragmatic dysfunction  Pain and splinting:
• VC 50-60%  1 week
• FRC 30%

Atelectasis and V/Q mismatch

– TV , Loss of sighing breaths, Increased RR
– Depress respiratory drive:
• Residual effect of anesthesia and Post-op opioids

• Lower Abdominal Surgery:
– Same effects (but not as dramatic)

• Extremities Surgery:
– No effect on lung volumes

Ann Intern Med. 2006; 144:575-580
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Risk Factors for PPC
Patient Related
Clinical
Age
General health status
Chronic lung disease
COPD
Pulmonary HTN
Heart Failure
Obesity
URI
OSA

Procedure Related

Laboratory
Albumin
BUN
CXR
Spirometry

Site
Duration
Anesthetic
N-M blockade
Type

Ann Intern
Med. 2006;
144:575-580

Ann Intern
Med. 2006;
144:575-580
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Patient-Related Risk Factors
Non Cardio-Thoracic Surgeries

OR

Age (60-69)
(70-79)

2.09 (1.65-2.64)
3.04 (2.11-4.39)

CLD (COPD)

1.79 (1.44-2.22)

Tobacco

1.26 (1.01-1.56)

CHF

2.93 (1.02-8.03)

Functional dependence
Total
Partial

2.51 (1.99-3.51)
1.65 (1.36-2.01)

ASA (≥ II)

4.87 (3.34-7.10)

Obesity (BMI>25)

-

Asthma

-

OSA

Trend → Yes

Impaired sensorium, abn. Chest exam,
ETOH, Weight loss

Modest increase

Exercise capcacity, DM, HIV

-

Ann Intern
Med. 2006;
144:575-580

Tobacco Use
• Current cigarette smokers have an increased
risk for PPC even in the absence of chronic
lung disease
• Smokers with a greater than 20 pack/year
smoking history have a higher incidence of
PPC than those with less

Upper Respiratory Tract Infection
• Delay surgery if possible (***)
• Prophylactic antibiotics are not helpful
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Obesity and mild or moderate
asthma are not significant risk
factors for post-operative
pulmonary complications after
noncardiothoracic surgery

(3.5 g/dL)

Ann Intern Med, 2006
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Pulmonary Function Testing
• Spirometry
– Value before extrathoracic surgery remains
unproven
– There is no prohibitive spirometric threshold
below which the risks of surgery are
unacceptable
– Should be reserved for patients who:
• May not be at baseline and require more
aggressive optimization
• Unexplained dyspnea or other symptoms

Radiographic Testing
• CXR
– 23.1% of pre-op CXR were abnormal
– Only 3% had findings clinically important enough to
influence management
– 10% of pre-op CXR were abnormal
– Only 1.3% showed unexpected abnormalities and
only 0.1% influenced management

• May be of benefit if:
– Known cardiopulmonary disease
– Age>50
– Upper abdominal, thoracic, or abdominal
aortic aneurysm surgery
Smetana GW, 2002
Archer C, 1993
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Procedure Related Risk Factors
• Surgical Site & Technique
– Most important factor in predicting the overall risk
– Incidence of complications is inversely related to the
distance of the surgical incision from the diaphragm
– Laparoscopic procedures better than open procedures

• Duration of Surgery
– 3 to 4 hours (OR: 2.14)

• Anesthetic Technique
– General anesthesia (OR:1.83)

• Type of NM blockade
– Pancuronium (long acting)

• Emergency Surgery
– OR: 2.21

Surgical Site

Ann Intern Med, 2006
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Preoperative Risk Assessment
• History & Physical Exam
– Target known risk factors
– Cough, dyspnea, exercise intolerance
– Sleep apnea

Assessment of Postoperative
Pulmonary Risk
• Risk prediction tools have utility in stratifying risk
• Questionable utility in individual patients
• May identify candidates for preoperative risk
reduction interventions or additional testing
• Several tools
– Gupta calculator for postoperative respiratory failure
and pneumonia
– Download online for free
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Mortality
<0.03%
0.2%
1.2%
8%
34%

Ann Intern Med, 2006

Uptodate.com
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Uptodate.com

Obstructive Sleep Apnea
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50

Group 1A - undx OSA
Group 1B - dxed OSA, No CPAP
Group 1B - dxed OSA, Home CPAP
Control

45
40
35

%

30

*

25

*

20
15

*

10
5
0

Any
Complications

Serious
Complications

Unplanned
ICU

* P < .05

LOS(d)

Gupta et al, Mayo Clin Proc 2001
Slide Courtesy of Kingman Strohl

Uptodate.com
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Obstructive Sleep Apnea
• If preoperative evaluation suggests OSA:
– Manage the patient perioperatively based on clinical criteria alone
– Obtain sleep studies, and treat in advance of surgery
– Delay surgery if elective?

• Inpatient versus Outpatient Surgery
– Patient age, sleep apnea status
– Coexisting diseases, nature of surgery, type of anesthesia
– Need for postoperative opioids, adequacy of post-discharge
observation,
– Capabilities of the outpatient facility
Anesthesiology
2014
V 120 • No 2

Obstructive Sleep Apnea
• Postoperative Management
– Nonsupine positions when possible
– PCA pumps: avoid continuous background infusions
– NSAIDS and other modalities (e.g., ice, transcutaneous electrical
nerve stimulation) should be considered if appropriate
– When feasible (unless contraindicated) CPAP or noninvasive
positive pressure ventilation (with or without supplemental oxygen)
should be continuously administered to patients who were using
these modalities preoperatively
– Have patients bring their own equipment to the hospital.

Anesthesiology
2014
V 120 • No 2
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Obstructive Sleep Apnea
• Postoperative Management
– Supplemental oxygen should be administered continuously to all
patients who are at increased perioperative risk from OSA until
they are able to maintain their baseline oxygen saturation while
breathing room air
– However, supplemental oxygen may increase the duration of
apneic episodes and may hinder detection of atelectasis, transient
apnea, and hypoventilation by pulse oximetry
– Hospitalized patients who are at increased risk of respiratory
compromise from OSA should have continuous pulse oximetry
monitoring after discharge from the recovery room
– Continuous monitoring should be maintained as long as patients
remain at increased risk
Anesthesiology
2014
V 120 • No 2

Obstructive Sleep Apnea
• Criteria for Discharge to Unmonitored Settings
– Patients at increased perioperative risk from OSA should not be
discharged from the recovery area to an unmonitored setting (i.e.,
home or unmonitored hospital bed) until they are no longer at risk
of postoperative respiratory depression.
– This may require a longer stay as compared with non-OSA
patients undergoing similar procedures
– To establish that patients are able to maintain adequate oxygen
saturation levels while breathing room air, respiratory function may
be determined by observing patients in an unstimulated
environment, preferably while asleep
Anesthesiology
2014
V 120 • No 2
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Journal of Clinical Anesthesia (2009) 21, 286–293

Strategies to Reduce
the Risk of PPC
• Pre-operative
• Intra-operative
• Post-operative

15

5/5/2017

Preoperative
• Beneficial strategies:
– Smoking cessation for ≥ 8 weeks
– Inhaled ipratropium or tiotropium for all patients with
clinically significant COPD
– Inhaled beta-agonists for patients with COPD or asthma
who wheeze or have dyspnea
– Preoperative corticosteroids for patients with COPD or
asthma who are not optimized to best baseline and
whose airway obstruction has not been maximally
reduced
– Delay elective surgery if respiratory infection present
– Antibiotics for patients with infected sputum
– Patient education regarding lung expansion maneuvers

Preoperative
• Preoperative Smoking Cessation
– Only one RCT of a preoperative smoking
cessation intervention: 6 to 8 weeks before 
10 days after hip or knee surgery
– Results:
• Overall complication rates was lower in the
intervention group
– Less wound complications and urinary infections
– Trend toward shorter hospital stay and cardiac
complications

• Postoperative ventilatory support was the only
measured pulmonary outcome and occurred in 1
patient in each group
Møller AM et al 2002
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Preoperative
• Preoperative Smoking Cessation
– A cohort study showed paradoxically higher
PPC rates for smokers who stopped or
reduced smoking within 2 months before noncardiothoracic surgery
– A prospective study of 200 patients
undergoing CABG:
• Tobacco cessation ≤ 2 months vs. ≥ 2 months:
– PPC rate: 57.1 versus 14.5 %
• Tobacco cessation ≥ 6 months vs. never smoked:
– PPC rate: 11.1 and 11.9 %
Warner MA 1989
Bluman LG, 1998

Intraoperative Care
• Pulmonary Artery Catheter
– One RCT of patients ASA class III and VI:
• No difference in mortality or post-op pneumonia

– No beneficial effect of PAC strategy to reduce PPC

• Anesthesia
– Data is insufficient

• NM blockade
– Avoid long acting like pancuronium

• Techniques
– Lap vs. open
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Post-operative
• Lung Expansion Modalities
– Incentive spirometry
– Chest physical therapy, including deep breathing
exercises
– Cough
– Postural drainage
– Percussion and vibration
– Suctioning and ambulation
– Intermittent positive-pressure breathing and
continuous positive-airway pressure

Post-operative
• For patients undergoing
abdominal surgery, any type of
lung expansion intervention is
better than no prophylaxis at all
• No one modality is clearly
superior
• Combined methods do not
give additional benefit
• Incentive Spirometry is the
least labor -intensive
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Post-operative
• Selective use NGT decompression:
– Significantly lower rate of pneumonia and
atelectasis (as compared to routine use)
– No difference in aspiration rates

• Pain Management:
– May help minimize PPC
– Epidural > other routes in preventing PPC

Post-operative
• Nutritional Support
– Malnutrition and hypoalbuminemia increase
the risk of PPC
– No proven advantage to TPN over no
supplementation or total enteral nutrition in
reducing PPC
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New Yorker Magazine
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Recommendation 1
• All patients undergoing non-cardiothoracic
surgery should be evaluated for the
presence of the following significant risk
factors for PPC
– COPD
– Age > 60 years
– ASA ≥ II
– Functional dependence
– Congestive heart failure
Ann Intern Med. 2006; 144:575-580

Recommendation 2
• Patients undergoing the following
procedures are at higher risk for PPC
– Prolonged surgery (>3 hours)
– Abdominal surgery, thoracic surgery,
neurosurgery, head and neck surgery,
vascular surgery, aortic aneurysm repair
– Emergency surgery
– General anesthesia

Ann Intern Med. 2006; 144:575-580
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Recommendation 3
• A low serum albumin level (<35 g/L) is a
powerful marker of increased risk for PPC
• Serum Albumin is recommended for:
– All patients who are clinically suspected of
having hypoalbuminemia
– Patients with 1 or more risk factors for
perioperative pulmonary complications

Ann Intern Med. 2006; 144:575-580

Recommendation 4
• All patients who after preoperative
evaluation are found to be at higher risk
for PPC should receive
– Deep breathing exercises or incentive
spirometry
– Selective use of a nasogastric tube
• Postoperative nausea or vomiting
• Inability to tolerate oral intake
• Symptomatic abdominal distention
Ann Intern Med. 2006; 144:575-580
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Recommendation 5
• Preoperative spirometry and CXR should
not be used routinely for predicting risk for
PPC

Ann Intern Med. 2006; 144:575-580

Recommendation 6
• The following procedures should not be
used solely for reducing PPC:
– Right-heart catheterization
– Total parenteral nutrition or total enteral
nutrition (for patients who are malnourished or
have low serum albumin levels)

Ann Intern Med. 2006; 144:575-580
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