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• M/74, 50PYS current smoker

• 건강검진에서 우연히 발견한 lung nodule
을 주소로 내원함.

• HTN, CKD stage 3

- Baseline Cr 1.24 mg/dL (eGFR 57)

Case
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• PostBDR FEV1/FVC 58.23, FEV1 2.00L (70.88%)

• DLco 47.0% 

Preoperative pulmonary function test



• LULobectomy를 시행한다면,

• DLco 49% 

→ ppoDLco 38.22%

• FEV1 70.88% (2.00L) 

→ ppoFEV1 1.56L (55.28%)

• Lingular segment saving 
LULobectomy with mediastinal 
LN dissection



POD #7 POD #11

POD #13
(ROT시행)



• Baseline Cr 1.24 mg/dL (eGFR 57)

• POD#3  Cr 3.72 mg/dL (eGFR 15)

→ AKI on CKD s/p CRRT (POD#3~POD#8) 

• POD#35 Cr 1.29 mg/dL (eGFR 50)

Another postop complication



• Adenocarcinoma, 2.2cm pT1cN1 > IIB stage 

- Poorly differentiated, VPI(-)

• Adjuvant CTx 필요

→ 환자는 항암치료 거절

조직검사



• Postoperative pulmonary complication (PPC) 

after lung resection surgery의 종류와 진단

• lung cancer surgery 이후의 PPC의 위험요인

• lung cancer surgery 환자에 대한 Preoperative evaluation 

Today



• Incidence of PPC in major surgery → 1-23%

• Cardiothoracic surgery vs. Noncardiothoracic surgery 

→ 8-39% vs. 2-19%

• 6% of 165,196 patients in major abdominal surgery

• 2.0~5.6% in general surgical population

Postoperative pulmonary complication (PPC)



Factors related to PPCs

Patients-related risk factors

Operation/Anesthetic-related risk factors
(Procedure)

Risk factors related postoperative care

Non-modifiableModifiable vs.



Procedure-related risk factors in general 

Ann Surg 2000 

Postoperative Respiratory Failure
After Major Noncardiac Surgery
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• 3,045 patients with clinical I/II NSCLC who underwent lung resection 

• University of Texas MD Anderson Cancer Center between Jan 1998 and Dec, 2016.

• Rates of periop pulmonary Cx, pneumonia, and cardiovascular Cx; and 30-day/90-day mortality, each year

Ann Thorac Surg 2020;109:404-12

Time Trends of Perioperative Outcomes 
in Early Stage NSCLC Resection Patients

• Pulmonary complications occurring within 30 days of surgery 

✓ Pneumonia, aspiration, ARDS, prolonged air leak

✓ Atelectasis requiring bronchoscopy, 

✓ Bronchopleural fistula, pleural effusion, pneumothorax, 

✓ Pulmonary insufficiency, Pulmonary embolus, 

✓ Reintubation, respiratory arrest, tracheostomy, 

✓ Postoperative ventilator support

✓ Discharge on home oxygen or with chest tube. 





Lung resection surgery

RadioGraphics 2002; 22:67–86



Pulmonary complication following 
lung resection surgery

Insights Imaging (2021) 12:116



• Major hemorrhage following thoracotomy and 
resection is most commonly the result of 
inadequate hemostasis of a bronchial artery or 
systemic vessels in the chest wall

• The overall mortality rate associated with 
uncontrolled bleeding is less than 0.1%

Hemothorax (1.3%) Chylothorax (1%)

• Triglyceride concentrations >110 mg/dL in the 
pleural fluid

• accumulation of chyle in the pleural space 
caused by disruption of the thoracic duct or one 
of its major divisions.

• Sites of potential thoracic duct injury during 
pneumonectomy include 

✓ (a) the inferior right hemithorax in the                                                                  
paravertebral area during extrapleural resection, 

✓ (b) the pericarinal and subaortic areas during 
radical nodal dissection

✓ (c) the inferior pulmonary ligaments on either 
side during standard resection



• Nearly all patients undergoing lobectomy or segmentectomy can be expected to 
experience some degree of postoperative air leakage. 

Persistent Air Leak

• This complication occurs more frequently when interlobar
fissures are incomplete or absent. It is also common in 
pulmonary resection performed in older patients with 
emphysema.

• Nearly all air leaks originating from the periphery of the lung 
stop within 24–48 hours after surgery.

• By definition, persistent air leak continues beyond the normal 
hospital stay (usually 7 days). This condition usually leads to 
prolonged hospitalization and increased costs; however, it 
does not directly imply a higher morbidity and mortality rate. POD #7



• Atelectasis occurs in 5%–10% of sleeve resections and is the result of local edema at the anastomotic site, 
interruption of the ciliary epithelium and lymphatic vessels, or partial denervation of the reimplanted lobe.

Atelectasis 

• It is seen more often after the sleeve resection 
of lower lobes because anastomotic kinking is 
greater when securing the anastomosis 
between the upper lobar bronchus and the 
proximal main bronchus. 

• In some patients, infection may be 
superimposed on unresolved atelectatic areas 
or may result from unrecognized episodes of 
aspiration.



• BPF remains the most dreaded complication following thoracic surgery. 

• Prevalence - between 2% and 13%, Mortality rates - from 30% to 70% 

• The most common cause of death is aspiration pneumonia with subsequent ARDS 

• Frequently occur

• Predisposing factors 

• In the immediate postoperative period, bronchial leaks are rare and are usually due to faulty 
closure of the bronchus. Delayed BPF is much more common and is usually due to infection or 
recurrent tumor of the bronchial stump. 

• BPF usually develops in the bronchial stump after pneumonectomy or lobectomy and is usually 
diagnosed with bronchoscopy

Bronchopleural Fistula (2–13%)

➢ preoperative uncontrolled pleuropulmonary infection, trauma, and

➢ preoperative radiation therapy

✓ After Rt pneumonectomy than after Lt pneumonectomy

✓ associated with postoperative MV



• Low incidence but, life-threatening complication that develops 2–3 days after pulmonary 
resection, usually after pneumonectomy, lobectomy, or bilobectomy. 

• 2.6–7% in pneumonectomy and 1–3% in lobectomy.

• Rapidly progressing dyspnea, hypoxemia and diffuse lung infiltration, or ARDS

• Treatment of postoperative ALI is based on the management strategies of ARDS, which 
include general supportive care with lung protective ventilation and restrictive fluid 
management.

Postoperative Acute Lung Injury (PALI)



Postoperative lung injury in general

Serpa Neto A et al. Lancet Respir Med 2014



• Retrospective study (Jan 2012 to Dec 2015), 354 cases in South Korea

• Postop ALI (PALI) was defined as bilateral diffuse pul infil on CXR, P/F<300, and absence of sign of LVF

• The overall incidence of PALI was 2.79% (8/287); 4 of pn with ARDS, 4 of ALI

Medicine (2019) 98:13(e15078)

Risk factors of postoperative ALI following lobectomy for NSCLC



• 7593 patients with lung cancer surgery between Jan 2009 and Dec 2016

• 58 patients (0.8%) patients developed ALI.

• 42 (72%) - corticosteroid Tx < 72 h after ALI (early Tx group) 

• 16 (28%) received corticosteroid Tx ≥72 h after ALI (late Tx group).

Ther Adv Respir Dis 2019;13:1–10

Early corticosteroid treatment for Postop ALI 
after lung cancer surgery

D0: mPDS 1–2 mg/kg (loading)
D1-14: 1 mg/kg/day
D15-21: 0.5 mg/kg/day
D22-25: 0.25 mg/kg/day
D26-28: 0.125 mg/kg/day
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• Prospective study (Jul 2012 and Oct 2014) in South Korea

• 351 with NSCLC, 343 patients with FEV1≥70%, 230 (normal PFT), 113 (COPD)

• At least one PPC occurred in 57 (16.6%) patients.

International Journal of COPD 2016:11 

PPCs after lung cancer surgery in early-stage COPD



• Melbourne, prospective observational study (2010~2014)

• 670 patients who underwent pulmonary resections

• 86 of 670 patients (13%) developed a PPC

Thorax 2016;71:171–176.

Long-term impact of PPCs after lung 
surgery No PPC

PPC
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• A prospective observational study, Oct 2007~Oct 2008 in UK

• 234 subjects following lung resection via thoracotomy

• 34 of 234 subjects (14.5%) had clinical evidence of PPC.

Thorax 2010;65:815-818

PPCs following thoracic surgery: any modifiable factors?



• Retrospective study on 666 patients with stage I to III primary lung cancer (between 2012 and 2016)

• All 660- 256 (38.4%) were never smokers and 410 (61.6%) were smokers. (Japan)

• 86 of 660 patients (13%) developed a PPC

Ann Thorac Surg 2019;107:1005–10

Smoking Cessation on Surgical Outcome in Primary Lung Cancer
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Pulmonary Rehab in reducing PPCs and Mortality of Lung Cancer 
Resection: A Systematic Review and Meta-Analysis

Front. Surg 2021;8:685485.

Pulmonary rehabilitation may not affect the mortality of pulmonary resection patients, however, it could 
decrease the number of postoperative complications, especially pulmonary complications.

postoperative pulmonary complications Mortality



• Retrospective study (Aug 2017~Jul 2018)

• 726 patients who underwent surgery for 
stages I–III lung cancer at a single 
institution in China

• 112 patients with POP (112/726, 15.43%)
during the follow-up period (30 days).

Medicine (2021) 100:13

Risk factors for postop pneumonia after lung cancer surgery
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• predicted postoperative(ppo) FEV1 or DLco

• The ppoFEV1 is the most significant independent predictor

of complications among a variety of historical, physical,

and laboratory tests for patients.

• ppoFEV1(or DLco)% 

= preoperative FEV1%(or DLco)  x (1 - % functional lung tissue removed /100)

• In 156 patients with lung cancer who underwent resection,

Lung Mechanical Function, Spirometry

Ann Thorac Surg. 1988;46:549–54.

✓ ppoFEV1 <40% - major respiratory complications could be seen 

✓ ppoFEV1 <30% required postoperative mechanical ventilator support

→ Special attention to postoperative management is needed for patients with ppoFEV1 <30%



• The preoperative physiologic assessment should begin with spirometry 

to measure the FEV1 and the diffusing capacity for carbon monoxide (DLco). 

- Predicted postoperative (PPO) lung functions should be calculated. 

• ppoFEV1 and ppoDLco values are both > 60%  

→ low risk of anatomic lung resection, and no further tests are indicated. 

• ppoFEV1 and ppoDLco values are within 60% and 30% predicted,

→ a low technology exercise test should be performed as a screening test. 

* satisfactory : stair climbing test altitude > 22 m or shuttle walk test distance > 400 m → low risk

not satisfactory : stair climbing test altitude < 22 m or shuttle walk test distance < 400 m

• ppoFEV1 and ppoDLco values are (or both) <30% or low technology exercise test is not satisfactory 

→ A cardiopulmonary exercise test is indicated.

ACCP Guideline 2013



ACCP Guideline 2013

CHEST 2013; 143(5)(Suppl):e166S–e190S

low technology 
exercise test 



• 416 patients who underwent lobectomy for NSCLC (Mar 2016 to Oct 2018), South Korea

• low-risk group (ppoFEV1 and ppoDLCO ≥ 60%) or moderate-risk group(30% ≤ ppoFEV1 or ppoDLCO <60 %)

• each group was then further classified into short-distance (< 400 m) or long-distance (≥ 400 m) groups according to 6MWT

• Incidence of postoperative cardiopulmonary complications occurring within the first 30 postoperative day

CHEST 2020; 157(6):1665-1673

Prognostic Value of 6MWT to Predict Postoperative 
Cardiopulmonary Complications in NSCLC

6MWD ≥ 400 m
(n = 277)

ppoFEV1 or ppoDLCO ≥ 60%

6MWD < 400 m
(n = 21)

30% ≤ ppoFEV1/ppoDLCO < 60%

6MWD ≥ 400 m
(n = 104)

6MWD < 400 m
(n = 14)

Overall incidence of PPCs
= 5.5% (23/416)



• 폐절제를 시행한 환자에서 PPC (Postoperative pulmonary complication)은 다양한 합병증을
포함한다. 

• 폐절제를 시행한 환자에서 PPC incidence는 13~24.8%.

- Postoperative pneumonia(POP)는 3.6~15.43%

- Postoperative Acute lung injury(PALI) 는 0.8-2.79%

• 폐절제를 시행할 환자에서 preoperative evaluation에서 폐기능 검사는 중요하다.

Summary

• Hemothorax, Chylothorax, Persistent Air Leak, Bronchopleural
Fistula, Postpneumonectomy Empyema

• Atelectasis, Pneumonia, Postoperative Acute lung injury(PALI) 



Thank you for your attention
You can find me at:

dongwonpark@hanyang.ac.kr
portrayme@gmail.com


