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Definition of PPCs

• Definitions of postoperative pulmonary complications (PPCs) have 
varied widely.

• Conditions either to prolong the hospital stay or to contribute to 
morbidity and mortality

Arch Intern Med 1992;152:967-971
Acta Anaesthesiol Scand 1990;34:144-155

Chest 1979;76:123-129



Various definition of PPCs

Br J Anaesth. 2017 Mar 1;118(3):317-334.



Types of PPCs

• Important pulmonary complications

▪ Pneumonia

▪ Respiratory failure with prolonged mechanical ventilation

▪ Bronchospasm

▪ Atelectasis

▪ Exacerbation of underlying chronic lung disease

▪ Pulmonary edema

▪ Death

N Engl J Med 1999; 340:937-944.



Severity of PPCs

Int J Chron Obstruct Pulmon Dis. 2007;2(4):493-515.



Incidence of PPCs

British Journal of Anaesthesia, 118 (3): 317–34 (2017)

• The incidence of PPCs in major
surgery ranges from <1 to 23%.

• One in five patients (14–30%) who
have a PPC will die within 30 days
of major surgery compared with
0.2–3% without a PPC



Risk factors of PPCs

N Engl J Med 1999; 340:937-944



Risk factors of PPCs

Ann Intern Med. 2006;144:581-595



Risk factors of PPCs

Ann Intern Med. 2006;144:581-595



Predictive factors of PPCs

Anesthesiology. 2010 Dec;113(6):1338-50.

AU-ROC: 0.88 (0.84-0.93)



Modifiable factors of PPCs

Br J Anaesth. 2017 Mar 1;118(3):317-334.



Q1. Who needs pulmonary evaluation?

1. Patient factors

✓ Older age (eg. ≥ 50 years old)

✓ Smoking history (eg. Current smoker)

✓ Underlying COPD / uncontrolled asthma / congestive heart failure

✓ Abnormal findings on chest examinations (eg. low SpO2, wheezing, crackle)

✓ ASA ≥2 or functionally dependent ➔May needs other evaluation



Q1. Who needs pulmonary evaluation?

2. Procedure factors

✓ General anesthesia

✓ Abdominal surgery (eg. Upper abdominal surgery)

✓ Vascular surgery (including peripheral vascular surgery)

✓ Emergency or Prolonged surgery (≥ 3 hours)

✓ Hypoalbuminemia, Anemia (or transfusion) ➔May needs other evaluation



Q1. Who needs pulmonary evaluation?

ARISCAT score 

Variable Points

Age, years

≤50 0

51-80 3

>80 16

Preoperative SpO2

≥96% 0

91-95% 8

≤90% 24

Respiratory infection in the 
last month*

No 0

Yes 17

Preoperative anemia 
(Hgb ≤10 g/dL)

No 0

Yes 11

Surgical incision

Peripheral 0

Upper abdominal 15

Intrathoracic 24

Duration of surgery

<2 hrs 0

2-3 hrs 16

>3 hrs 23

Emergency procedure
No 0

Yes 8

ARISCAT Score Risk group Risk of PPCs

<26 Low 1.6%

26–44 Intermediate 13.3%

≥45 High 42.1%

Consider pulmonary evaluation 
if ARISCAT score≥26

Anesthesiology. 2014 Aug;121(2):219-31.



Is routine pre-operative CXR necessary?

• Pros

▪ Prospective open multicenter study (8 centers, France)

▪ 3959 patients

✓group 1 (n = 2092) had no risk factors ➔ changes in policy (0.1%)

✓group 2 (n = 946) had 1 risk factor ➔ changes in policy (0.3%)

✓group 3 (n = 645) had 2 risk factors ➔ changes in policy (1%)

✓group 4 (n = 276) had 3 risk factors or more ➔ changes in policy (1%)

▪ Preoperative chest radiographs should be routine for patients about to 
undergo general and gastrointestinal operations with ≥3 risk factors

Eur J Surg. 1996 Aug;162(8):597-604.
Eur J Anaesthesiol. 1999 Nov;16(11):749-60.



Is routine pre-operative CXR necessary?

• Cons

Can J Anaesth. Jun-Jul 2005;52(6):568-74. 

`

`



Is routine pre-operative CXR necessary?

• Meta-analysis

Can J Anaesth. 1993 Nov;40(11):1022-7.

`



Is routine pre-operative CXR necessary?

• Guidelines

American Society of 
Anesthesiologists, 2002

Consider chest radiography for:
- Patients who smoke
- History of recent upper respiratory infection with COPD
- Patients with cardiac disease
However, if these conditions are chronic and stable, preoperative chest 
radiography is not necessarily indicated

American College of 
Radiology, 2008

Chest radiography is usually appropriate for:
- Patients with acute cardiopulmonary findings on history or physical 
examination
- Patients older than 70 years who have chronic cardiopulmonary disease 
and have not had chest radiography in the previous 6 months

Institute for Clinical Systems 
Improvement, 2012

Chest radiography may be considered for patients with signs or symptoms 
suggesting new or unstable cardiopulmonary disease

NICE, 2016 Do not routinely offer chest X-rays before surgery



Is routine pre-operative CXR necessary?

• Not recommended

• Only considered in specific conditions:

✓Acute deterioration of respiratory symptoms (eg. newly developed dyspnea)

✓Abnormal cardiopulmonary signs (eg. wheezing)

✓Underlying chronic pulmonary disease (eg. COPD) in elderly without current 
CXR



Is routine pre-operative PFT necessary?

Eur Respir J. 1997 Jun;10(6):1301-8.

• In 361 patients undergoing upper abdominal surgery, 

• In 460 patients undergoing abdominal surgery,

Respir Med. 2000 Dec;94(12):1171-6.



Is routine pre-operative PFT necessary?

Chest. 1996 Sep;110(3):744-50

• A matched case–control design with 116 patients (elective, 
abdominal), spirometric results were similar (FEV1; 2.4 L vs. 2.6 L, 
FVC; 3.6L vs. 3.6L)

Am J Respir Crit Care Med. 2003 Mar 1;167(5):741-4.

• In a prospective cohort of 272 consecutive patients



Is routine pre-operative PFT necessary?

• Guideline
NICE, 2016 Do not routinely offer PFTs before minor surgery

Consider PFTs before intermediate or major surgery if ASA ≥3 due to 
respiratory conditions
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Interventions to reduce the risk for PPCs

Ann Intern Med. 2006 Apr 18;144(8):596-608.



Interventions to reduce the risk for PPCs

Br J Anaesth. 2017 Mar 1;118(3):317-334.

1. Medical optimization
: Chronic obstructive pulmonary disease and asthma should be optimally treated with 
bronchodilators and inhaled or oral steroids

2. Smoking cessation
:  Cessation for >4 weeks reduces PPCs by 23%, and for >8 weeks by 47%

3. Anemia evaluation
: The cause of anemia should be established

4. Minimizing operative time
: A duration of surgery and anesthesia of >2h is independently associated with PPC development
(OR, 4.9 (2.4–10.1) with >2h and 9.7 (4.7–19.9) with >3h)



Q2. Postoperative respiratory support

• Postoperative respiratory support

✓ Continuous positive airway pressure (CPAP)

✓ Nasal high-flow oxygen



Q2. Postoperative respiratory support

• Postoperative CPAP
• might reduce postoperative atelectasis, pneumonia and reintubation 

• effects on mortality, hypoxia or invasive ventilation are uncertain

Cochrane Database Syst Rev. 2014 Aug; 2014(8): CD008930.



Q2. Postoperative respiratory support

• Postoperative NIV (mostly CPAP)
• might reduce length of stay, reintubation, pneumonia, and hospital death

British Journal of Anaesthesia 109 (3): 305–14 (2012)

OR for reintubation



Q2. Postoperative respiratory support

• Postoperative CPAP (PRISM trial)
• Although CPAP has an important role in the treatment of respiratory failure 

after surgery, routine use of prophylactic post-operative CPAP is not 

recommended.

Lancet Respir Med. 2021 Jun 18;S2213-2600(21)00089-8.



Q2. Postoperative respiratory support

• Postoperative nasal high-flow oxygen
• Multicenter RCT (OPERA trial) in France

• No reduction in PPCs

Intensive Care Med. 2016 Dec;42(12):1888-1898.



Q3. Who benefits bronchoscopy?

Am Rev Respir Dis. 1979 Jun;119(6):971-8.

• Bronchoscopy does not add to respiratory therapy in the treatment of 
acute lobar atelectasis

• However, subgroup patients may have benefits
✓ Atelectasis without air bronchograms
✓ Unable to maintain airway hygiene independently
✓ Remain symptomatic after 24 hours of aggressive chest 

physiotherapy (every 4 hours)



Q3. Who benefits bronchoscopy?

American Reviews in Respiratory Diseases, 119, 971–8.
American Surgery, 50, 441–5.

Critical Care Medicine, 22, 1880–3.

• Toilet bronchoscopy is particularly beneficial

✓ Retained secretions are visible / audible

✓ An inability to remove secretions

✓ Air-bronchograms are not present at the chest radiograph

✓ Lobar atelectasis



Q3. Who benefits bronchoscopy?

Respirology. 2015 Oct;20(7):1115-22

• If aspiration pneumonia is suspected, bronchoscopy can be beneficial
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Preoperative assessment in asthmatics

• Asthma control status

– Dyspnea, wheezing, & exacerbation history

– Medication (Systemic steroid for 2W within current 6M)

– FEV1<80%

– Smoking (cessation ≥8W) 

• Aspirin / NSAID hypersensitivity 

– 10~28% of asthma patients / Avoid drugs in severe or uncontrolled asthma

• Types of surgery / anesthesia

– Abdominal/Thoracic surgery, General anesthesia/Intubation, prolonged surgery time

J Allergy Clin Immunol. 2007 Nov;120(5 Suppl):S94-138.



Preoperative management in asthma

Korean Guideline for Asthma 2021



Preoperative management in asthma

J Asthma. 2006 May;43(4):251-4. 



Preoperative risk stratification in asthmatics

• Asthma symptoms within 1 month

– Day symptom ≥3/week

– SABA ≥3/week

– Night symptom

– Limitation with normal activity

• No symptom but FEV1<80% or Previous AE ≥1/year ➔ Considered as partially 
controlled asthma

• Systemic steroid or high-dose ICS for 2W within current 6M ➔ Considered as
uncontrolled asthma

J Allergy Clin Immunol. 2007 Nov;120(5 Suppl):S94-138.

≥3 ➔ uncontrolled
1-2 ➔ partially controlled



Practical strategy for preoperative management

• Uncontrolled asthma patients

– Hydrocortisone 100mg ivs q8hr (MN and/or on call, until stable)

– Salbutamol 2.5mg nebulization: on call from OR, 이후 q6~8hr 유지

(ICS 사용이어려울경우 Budesonide 1mg nebulization q 12hr)

– Prn) Aminophylline ➔ No longer recommended (Only for rapid recovery from LOC) 

• Loading : 5mg/kg (over 30 min, mix with 5DW 100cc)

• Maintenance: 0.25-0.5mg/kg/hr (mix with 5DW or N/S 500cc)

• TDM/dose modification after 48 hours

Ann Med Surg (Lond). 2021 Oct; 70: 102874.
J Allergy Clin Immunol. 2007 Nov;120(5 Suppl):S94-138.



Salbutamol use before surgery

*Rrs=Respiratory resistance

Anesth Analg. 2001 Oct;93(4):898-902.



Methylprednisolone + Salbutamol

Wheezing before/after surgery

■ Salbutamol
● Mpd+Salbutamol Anesthesiology 2004; 100:1052–1057



Practical strategy for preoperative management

• Partially controlled asthma patients

– Hydrocortisone 100mg ivs q8hr (MN and/or on call, until stable)

– or Methylprednisolone 0.5mg/kg ivs (before 5days to 4-6 hrs of surgery)

– Salbutamol 2.5mg nebulization: on call from OR, 이후 q6~8hr 유지

(ICS 사용이어려울경우 Budesonide 1mg nebulization q 12hr)

• Well controlled asthma patients

– ICS (±bronchodilator)

– Salbutamol 2.5mg nebulization: on call from OR, 이후 q6~8hr 유지

Ann Med Surg (Lond). 2021 Oct; 70: 102874.
J Allergy Clin Immunol. 2007 Nov;120(5 Suppl):S94-138.
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COPD is an important risk factor of PPC

• COPD 환자는수술후호흡기합병증의위험이증가한다.

• COPD 환자의수술전평가에서폐기능이유일한기준이되어서는안되며, 

ASA (American Society of Anesthesiologist) 점수체계등의복합평가도구를

이용하는것이수술위험도예측에도움이된다.

• 수술시행은동반질환유무, 환자의상태, 수술필요성을고려하여외과

전문의, 마취과전문의, 호흡기내과전문의의토의후최종결정한다.

• 급성악화가있는경우에는수술을연기한다.

COPD 진료 지침 2018 (대한결핵 및 호흡기학회)



Postponing elective surgery

J Korean Med Assoc 2020 September; 63(9):532-539

• 만성폐쇄성폐질환증상이갑자기악화되거나상기도감염이의심되는경우

수술시합병증이크게증가하므로가능한수술을미루는것이좋다. 

• 미루는기간은환자의증상이원래기저수준으로돌아갈때까지로환자마다

다르다. 

• 그기간동안주로흡입기관지확장제와머스카린대항제그리고짧은기간의

전신스테로이드, 항생제치료가시행된다.



Suggested peri-operative optimization

Health Serv Insights. 2016; 9(Suppl 1): 9–23.

• Pulmonary rehabilitation

• Nutrition

• Smoking cessation

• Symptom optimization

• Pharmacological optimization

Anaesthesia. 2021 May;76(5):681-694.



Preoperative corticosteroid in COPD

• RCT (n=40), COPD patients (FEV1<70%) with Coronary Artery Bypass Surgery
• Intervention: oral prednisolone (20 mg/daily) beginning 10 days before the 

operation and continued to the date of discharge 

J Card Surg. 2005 May-Jun;20(3):252-6.



Preoperative corticosteroid in COPD

• In the patients with FEV1/FVC <0.7, corticosteroid before abdominal surgery

Clin Respir J. 2018 Jan;12(1):227-233. 
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Reduction of pulmonary function after resection

• Across various studies, postoperative pulmonary function values were assessed 
at various time intervals after lobectomy or pneumonectomy

FEV1: 

– 84-91% of preoperative values after lobectomy

– 64-66% after pneumonectomy

DLCO :

– 89-96% of preoperative values after lobectomy 

– 72-80% after pneumonectomy

VO2 max: 

– 87-100% of preoperative values after lobectomy

– 71-89% after pneumonectomy

Cleve Clin J Med. 2012 May;79 Electronic Suppl 1:eS17-22.



Preoperative FEV1

• >2,000 patients in 3 large data in the 1970s: Mortality rate of <5% if 

– Preoperative FEV1> 2 L for a pneumonectomy

– Preoperative FEV1> 1.5 L for a lobectomy

• If no dyspnea on exertion or interstitial lung disease,

– FEV1 >80% predicted or >2 L ➔ suitable for pneumonectomy without further 
physiologic evaluation

– FEV1 >1.5 L ➔ suitable for a lobectomy without further physiologic evaluation

ACCP clinical practice guidelines (2007)
BTS clinical practice guidelines (2001)



Percentage > Absolute value of FEV1

Eur Respir J. 2005 Apr;25(4):594-9.

• All values expressed as a percentage of the normal predicted value are correlated 
significantly with complicated post-operative course and poor surgical outcome.

*ppo = predicted postoperative



PPO FEV1 & PPO DLCO

Eur Respir J. 2005 Apr;25(4):594-9.

ROC curve for satisfactory outcome

*ppo = percent predicted postoperative



Definition of PPO FEV1 & PPO DLCO

PPO FEV1=
preop FEV1 x (1 –number of functional lung segments to be resected / 
total number of functional segments) 

PPO DLCO=
preop DLCO x (1 - number of functional lung segments to be resected / 
total number of functional segments) 



Lung perfusion scan

Rt. lung Lt. lung

Upper zone 9.1% 13.5%

Middle zone 25.3% 29.2%

Lower zone 12.6% 10.3%

Total 47% 53%



Calculation of PPO FEV1

Rt. lung Lt. lung

Upper zone 9.1% 13.5%

Middle zone 25.3% 29.2%

Lower zone 12.6% 10.3%

Total 47% 53%

Preop FEV1=1.27L, 67.6% (Predicted FEV1=1.88L)
PPO FEV1=
preop FEV1 x (1 –number of functional lung segments to be resected / 
total number of functional segments) 

In case of RULobectomy,

PPO FEV1(L) = 1.27 x (1-0.091) = 1.15L

PPO FEV1(%) = 1.15/1.88*100 = 61.2%



Recommendation: FEV1 and DLCO

PPO FEV1or PPO DLCO cut off values of 
60% predicted values has been chosen 
based on indirect evidences and expert 
consensus opinion.



Recommendation: ACCP

ACCP clinical practice guideline (2013)
Chest. 2013 May;143(5 Suppl):e166S-e190S.



Recommendation: ERS/ESTS

ERS/ESTS clinical practice guideline (2009)
Eur Respir J. 2009 Jul;34(1):17-41.



Recommendation: CPET

ACCP clinical practice guideline (2013)
ERS/ESTS clinical practice guideline (2009)
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Summary

• Who needs pulmonary evaluation?

Pulmonary evaluation is needed if ARISCAT score≥26

• Which postoperative respiratory support needs to be considered?

Consider CPAP (5-10cmH20, 1-5 days) in high risk for atelectasis or pneumonia

• Who benefits bronchoscopy?

Consider bronchoscopy in poor expectoration, lobar atelectasis, or aspiration 
pneumonia



Summary

• Emergency surgery in uncontrolled / partially controlled asthmatics

Hydrocortisone 100mg tid / Methylprednisolone 0.5mg/kg qd + SABA on call

• COPD

Avoid surgery during AE or infection, No routine use of preoperative corticosteroid

• Lung resection surgery

1) FEV1 % / DLCO % (>80%), PPO FEV1 % / PPO DLCO % (>60%) 

2) SWT (>400m)/SCT(>22m) 

3) CPET (VO2 max >20ml/kg/min (75%) or <10ml/kg/min (35%))



Thank you for your attention
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