
Interventional Pulmonology 
for Diagnosis and 

Management of Lung Cancer

서울아산병원 호흡기내과 지원준

증례로 풀어보는 호흡기질환 - 폐암



Contents

1. Introduction – Inteventional Pulmonology (IP)

2. Diagnostic Bronchoscopy for Lung Cancer

3. Therapeutic Bronchoscopy for Lung Cancer



Introduction

• Interventional Pulmonology

è Minimally invasive endoscopic and percutaneous procedures for 

diagnosis and treatment of neoplastic as well as non-neoplastic 

diseases of the airways, lungs, and pleura.

WABIP



Introduction

- Murray & Nadal’s Textbook of Respiratory Medicine, 5th edition, chapter 22



Diagnostic Bronchoscopy
for Lung Cancer



Case 1 

59/F

Never smoker, previous healthy

욕실에서 미끄러지면서 좌측 흉부 통증으로 타원에서 시행한 Chest CT상에서 LUL 

nodule 발견되어 Biopsy 시행 위해 내원

PFT : FEV1/FVC 83%, FVC 114% (3.28L), FEV1 108%(2.47L), DLco 92%



Chest X-ray



Chest CT





이 환자에서 적절한 조직검사 방법은?

1. PCNB

2. Bronchoscopic technique for peripheral lesions

3. Surgical resection









ENB guided Biopsy







Pathology



X 400

Adenocarcinoma



Chest CT with Enhance
PFT, Routine Lab

Peripheral lesion
: PCNB or ENB or RP-EBUS

Central lesion or N2/3 lesion in CT or PET
: CP-EBUS ± BFS 시행

Fusion whole body PET

Brain MR
: 일반적으로 Tissue confirm 후에 시행 (삭감이슈)

N0/N1 mediastinal LN in CT & PET

N2/3

Resectable tumor Unresectable tumor

Whole spine MR
: Suspicion of spine metastasis

Bone Scan
: Equivocal bone metastasis in PET / Cytopenia in CBC

Preop w/u
1) 40세 이하 & 심전도 정상시는 TTE 생략

2) Thalium은 조건 해당시에만 시행

※ 최근 PET 삭감사례가 늘고 있어서 비급여 처방 후 암 확진
시 급여전환하여 환급하는 방향으로 진행중

CS consult for Op
TR consult for SBRT

: inoperable 할 경우

ACC consult for MDT
: 폐암 의사1/2/3

ONC consult for 
chemotherapy

Stage IIIAStage I or II

TR/NS consult for 
palliative therapy

IP for 
palliative  
therapy



Case 2

75/F

35 PY Ex smoker, 내원 3년전 IPF진단 하에 경과관찰 중

DOE 악화로 ER경유 입원하여 시행한 chest CT상에서 크기 증가양상의 2.4cm LLL nodule 

발견 biopsy 시행위해 입원함

PFT : FEV1/FVC 81%, FVC 66% (2.56L) FEV1 78%(2.07L), DLco 17%



Chest CT







이 환자에서 적절한 진단 및 치료 방법은?

1. PCNB

2. Bronchoscopic technique for peripheral lesions

3. Surgical resection

4. 조직검사 없이 방사선 치료

5. 항암치료



Case 2

75/F

35 PY Ex smoker, 내원 3년전 IPF진단 하에 경과관찰 중

DOE 악화로 ER경유 입원하여 시행한 chest CT상에서 크기 증가양상의 2.4cm LLL nodule 발견

PCNB 시행하였으나 기흉 발생하여 targeting 실패, 흉관 삽관

기흉 호전후 Mediastinal LN에 대해 EBUS (4R, 7) 시행하였으나 Negative

기흉 호전되어 흉관 제거

PCNB 다시 시도하였으나 기흉 발생하여 시술 실패

다학제진료 논의 하였으며 기저 폐기능 고려시 수술도 방사선치료도 위험성 높아 항암치료 필요한 상태이나
가능하면 조직검사 시행하여 유전자 정보 확인후 치료약제 선택하는 것을 추천함

Veran ENB guided biopsy 시행위해 입원함

PFT : FEV1/FVC 81%, FVC 66% (2.56L) FEV1 78%(2.07L), DLco 17%



Veran ENB guided Biopsy





Pathology



X 100



Cell block

Small Cell Lung Cancer



Diagnostic Bronchoscopy for PPL

• Biopsy technique for peripheral lung nodules (PPLs)

ØPCNB : high diagnostic yield (~90%), high risk of pneumothorax (up to 25%)

ØBronchoscopic techniques

üUltrathin Bronchoscopy

üVirtual Navigation Bronchoscopy

ü Electromagnetic Navigation Bronchoscopy

üRadial Probe Endobronchial Ultrasound

üRobotic Bronchoscopy

Traditional Bronchoscope limit 

Nodule in airway

C
e

n
tral

Periphery 

- Br J Radiol 2020;93:20190866



Electromagnetic Navigation 
Bronchoscopy



Electromagnetic Navigation Bronchoscopy (ENB)

Thin-section CT + Electromagnetic field generator / sensor

Planning Navigation



- Provided by VeranⓇ



Radial Probe EBUS 
(RP-EBUS)



Equipment of RP-EBUS

- Korean Textbook of Bronchoscopy, KATRD, 2019



- Provided by OlympusⓇ



Summary: biopsy techniques for PPL

RP-EBUSENBPCNB

ExpensiveExpensiveCheapPrice

UncoveredCovered (50%)Covered
Insurance 
coverage

Good (~70%)Good (~70%)Excellent (80~90%)
Diagnostic 

yield

Excellent (≤2%)Excellent (≤2%)Not bad (up to 25%)Safety

Possible
(Lung Cryobiopsy, 

Fiducial marker insertion)

Possible
(Multiple localization, 

Fiducial marker 
insertion)

Possible
(Wire localization,

RFA)
Additional Use



Case 3

75/F

검진 chest CT상에서 우연히 발견된 4.7cm LLL mass로 입원

과거력 : Never smoker

PFT : normal range



Case 3

• LLL 4.7cm mass, cN1 in CT, PET



이 환자에서 다음으로 시행할 검사는?

1. PCNB

2. Convex probe EBUS-TBNA

3. Surgical resection



Case 3

• LLL 4.7cm mass, cN1 in CT, PET



https://biostatistics.mdanderson.org/shinyapps/HOMER/



Chest CT with Enhance
PFT, Routine Lab

Peripheral lesion
: PCNB or ENB or RP-EBUS

Central lesion or N2/3 lesion in CT or PET
: CP-EBUS ± BFS 시행

Fusion whole body PET

Brain MR
: 일반적으로 Tissue confirm 후에 시행 (삭감이슈)

N0/N1 mediastinal LN in CT & PET

N2/3

Resectable tumor Unresectable tumor

Whole spine MR
: Suspicion of spine metastasis

Bone Scan
: Equivocal bone metastasis in PET / Cytopenia in CBC

Preop w/u
1) 40세 이하 & 심전도 정상시는 TTE 생략

2) Thalium은 조건 해당시에만 시행

※ 최근 PET 삭감사례가 늘고 있어서 비급여 처방 후 암 확진
시 급여전환하여 환급하는 방향으로 진행중

CS consult for Op
TR consult for SBRT

: inoperable 할 경우

ACC consult for MDT
: 폐암 의사1/2/3

ONC consult for 
chemotherapy

Stage IIIAStage I or II

TR/NS consult for 
palliative therapy

IP for 
palliative  
therapy



Diagnostic Bronchoscopy for LC

• EBUS : Linear(Convex Probe) EBUS (CP-EBUS)

Each case on this slide is an individual case 
and do not fully reflect all patients’ cases



Diagnostic Bronchoscopy – thin EBUS

- Respirology 2020;25:924–932



Diagnostic Bronchoscopy for LC

- Ann Am Thorac Soc 2018;15(10):1205-1216
- - Ann Tranl Med 2019;7(15):351



Strategy for Mediastinal Staging

• Hit-and-run Strategy (Targeted EBUS)

Versus

• Systematic Strategy (Systematic EBUS)



Strategies of mediastinal staging

• Hit-and-run Strategy (Targeted EBUS)

Versus

• Systematic Strategy (Systematic EBUS)

with Optimum Sedation

: N3 (11R or 11L)

+ N2 (4R, 4L, 7) ± N1

- J Thorac Dis 2015;7:E439-E458



Recommendation for EBUS-TBNA

Mediastinal LNs (cN2/3) on CT or PET

EBUS-TBNA
with systematic approach

Negative Positive (cN2/3)

cN0 &
Peripheral 

tumor & tumor 
≤ 3cm

cN1 or
Central tumor or
tumor › 3cm or 
Low SUV max

- Chest 2013;143(5 Suppl):e211S–50S
- Eur J Cardiothorac Surg 2014;45:787–98

- Respirology 2020;25:924–932



Therapeutic Bronchoscopy
for Lung Cancer



Case 4

• 60/F Subcarinal mass로 외래 경우 입원



이 환자에서 다음으로 시행할 치료는?

1. POLST 설명 후 연명의료 중단

2. 조직검사 시도 후 항암치료

3. Malignant central airway obstruction에 대한 치료 시도
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Case 4

• 60/F NSCLC, ADC, stage IV, ALK+



Management of Malignant 
Central Airway Obstruction 

(MCAO)



Definition of malignant central 
airway obstruction (MCAO)

• Broadly defined as obstruction of the 

trachea, either main stem bronchus 

and/or the bronchus intermedius by 

tumor

- A. Ernst and F.J.F. Herth (eds.), Principles and practice of interventional pulmonology. Springer 2013.



Clinical Presentation of MCAO

• At least 50% stenosis → symptoms

• Diameter of airway
• Trachea: 12 ~ 18 mm

< 8 mm: DOE, < 5 mm: resting dyspnea

• Rt. main bronchus: 10 ~ 16 mm

• Lt. main bronchus: 8 ~ 14 mm

• Presenting signs & symptoms
• Respiratory failure requiring emergent airway intervention (50%)

• Cough, wheezing (focal, distal to main carina), stridor (trachea or larynx), post-obstructive pneumonia

- A. Ernst and F.J.F. Herth (eds.), Principles and practice of interventional pulmonology. Springer 2013.



Etiology of MCAO

• Primary tracheal tumor
• Sqcc, adenoid cystic ca., carcinoids, mucoepidermoid tumor, adenoca.

• Metastatic tumor
• Aero-digestive tract, breast

• RCC, metastatic melanoma: tend to bleed

• Adjacent tumor
• Esophageal cancer: tracheal or Lt. main bronchus fistula

• Thyroid cancer: extra-thoracic trachea

- A. Ernst and F.J.F. Herth (eds.), Principles and practice of interventional pulmonology. Springer 2013.



Classification of MCAO

• Intrinsic (endoluminal)

• Extrinsic (extraluminal)

• Mixed
→ Impact on therapeutic approach

++ -+++Endoluminal debulking

+++++±Stent

- A. Ernst and F.J.F. Herth (eds.), Principles and practice of interventional pulmonology. Springer 2013.



Case 5

• 71/M, RLL atelectasis with pleural effusion

•기저 pneumoconiosis로 연고지 병원에서 f/u 하던 분으로

•내원 1주전 시행한 chest CT에서 RBI endobronchial mass와

RML, RLL atelectasis 소견으로 F/E위해 내원함



Case 5 – chest PA



Case 5 – chest CT



Case 5 – Cryorecannalization



Case 5 – cryotherapy

NSCLC, SqCC, cT3N3, PD-L1 4% 
è CCRT



Case 5 – f/u chest CT for RT



Therapeutic Bronchoscopy for LC

• Cryotherapy

빠른 동결 속도(faster freeze rate)와 느린 융해 속도(slower thaw rate), 동결-융해

주기(freeze-thaw cycle)의 반복을 통하여 세포를 파괴하는 기관지 내시경 치료

- Cryotherapy: 병변에 대해 freezing/thawing cycle을 반복하여 조직 괴사를 유도

- Cryoextraction/recannalization: cyoprobe에 냉각되어 있는 조직을 pulling out하

면서 제거

- 기관지내시경 교과서, 대한결핵및호흡기학회, 2019



Patient Selection for Airway Intervention

• No literature-based criteria

• Should be symptomatic d/t airway obstruction

• Evidence of distal airway patency and/or blood flow
• Difficult to determine

• Ventilation-perfusion scans fail to identify (hypoxic vasoconstriction)

• Vascular cutoff sign: worse outcome

• Protracted distal atelectasis/collapse: less likely to re-expand

<30 days: better outcomes

• Life expectancy

è Balance the potential risks and benefits of intervention in every case

- A. Ernst and F.J.F. Herth (eds.), Principles and practice of interventional pulmonology. Springer 2013.



Algorithm for the management of MCAO

Known/suspected
malignant airway obstruction

ü Symptomatic central airway
ü > 50% obstruction
ü High risk, critical

Rigid bronchoscopy Flexible bronchoscopy

Intrinsic Mixed Extrinsic

Tumor ablative techniques
Mechanical debridement

: Cryotherapy, Laser, APC…

Definitive management
(Op, RTx, CTx, endoscopic)

Tumor ablative techniques
Mechanical debridement

Airway stenting

Definitive management
(Op, RTx, CTx)

Airway stenting

Definitive management
(Op, RTx, CTx, endoscopic)

Yes

No

- A. Ernst and F.J.F. Herth (eds.), Principles and practice of interventional pulmonology. Springer 2013.



Case 6

• 55/M, Dyspnea (2MA)

•내원 2개월 전부터 Dyspnea 발생하였고 점차 악화

•내원 1개월 전 타원 내원하여 Rt. Pleural effusion에 대해 PCD insertion 후
증상 호전되어 퇴원, 당시 lympho-dominant exudate, low ADA 양상 확인

•내원 5일 전 호흡곤란 재발하여 타원 입원하였고, PCD insertion 후 증상 호
전된 상태로 본원 외래 경유 F/E 위하여 입원

•Social Hx. : Ex-smoker (20PY, 3MA quit)

건축업 종사 (형틀목수, Asbestos exposure +)



Case 6 – chest PA



Case 6 – chest CT



Case 6 – PET



Case 6 – medical thoracoscopy

Thoracoscopic biopsy : 
spindle epitheliod lesion, 
suspicious for mesothelioma, 
biphasic type



MT vs VATS

- Robert Loddenkemper, et. al., Medical Thoracoscopy/Pleuroscopy:Manual and Atlas, Thieme 2010.



Indication and Contraindication of MT

- Robert Loddenkemper, et. al., Medical Thoracoscopy/Pleuroscopy:Manual and Atlas, Thieme 2010.



Summary

• 기관지내시경 기법의 발달에 따라 폐암의 진단 및 치료에 다양한 기관지 내시경

기법이 사용되고 있다.

• 이에 따라 폐암의 진단 및 치료 영역에서 호흡기내과 의사의 역할이 더욱 중요해

지고 있다.

• 기관지내시경적 시술대상자를 선별함에 있어 시술의 이득 대비 위험도를 고려하

여 적절한 대상자에 대해 적절한 시술을 시행하는 것이 필요하다.




