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Introduction

• Presence of air in the pleura cavity
• Common medical disease : asymptomatic ~ life threating



Pneumothorax



Skin fold



Large bullae



Classification

• Spontaneous pneumothorax

• Primary spontaneous pneumothorax(PSP)

: without underlying lung disease

• Secondary spontaneous pneumothorax(SSP)

: with underlying lung disease

• Catamenial pneumothorax

: in conjunction with menstruation

• Neonatal pneumothorax

: prematurity

• Traumatic pneumothorax

• Blunt or penetrating chest injury

• Iatrogenic



Epidemiology

• Incidence : 14-22/100,000 population per year
• Male: 22.2-24/100,000 population per year
• Female: 6.7-9.8/100,00 population per year

• Bimodal distribution

Hallifax RJ. 2018;320:1471-1480.





Cause of PSP

• Subpleural blebs(<1cm) or bullae (≥1cm)

• known as emphysema-like changes(ELC)

• Visceral pleural porosity

• Chronic small airway inflammation



Bleb or Bulla

Lyra, R.D.M. Etiology of primary spontaneous pneumothorax.
2016;42:222-226. Presence of ruptured bullae or bleb during

surgery : 3.6%~73%







Chronic small airway inflammation

• Smoking related abnormality or respiratory bronchilolitis

• Inflammatory infiltration with lymphocyte and macrophage

within wall of bronchioles

fibrotic change and compensatory emphysema



Visceral pleural porosity

• Disruption of mesothelial cell at the visceral pleura
replayed by an inflammatory elastofibrotic layer
increased porosity allowing an airleakage

Noppen M. 2004;150:680-682. Noppen M. 2008;76:121-127.



Size of pneumothorax (1)

• Light method, Y=100x[1-b 3/a3](%)

• European Respiration Society (ERS) statement
(2015)

• Colin formula, Y=4.2+[4.7x(a+b+c)](%)

• German S3 (2018) guidelines

a+b+c < 4cm: small, ≥4cm: large



Size of pneumothorax (2)

• British Thoracic Society (BTS) guideline(2010)

<2cm: small, ≥2cm: large

• American College of Chest Physicians (ACCP)
guidelines (2001)

<3cm: small, ≥3cm: large



Treatment of first episode of PSP

• Conservative management

• Simple aspiration

• Closed thoracostomy

• Ambulatory management: small chest tube with Heimlich valve



Conservative management

• Asymptomatic patients with small pneumothorax

• ACCP (2001) guidelines

• ER stay for 3 to 6 hours and discharge follow up within 2 days

• German S3 (2019) guidelines

• Check with CXR within 24 hours(outpatient) follow up after 7 days

• Short term hospitalization for observation

• In cases of unreliable follow up care, distant from hospital…

• Supplemental oxygen by face mask: increasing the resorption of pneumothorax by up to

4-fold



Simple aspiration

• Asymptomatic or minimal symptomatic patients with large pneumothorax

• Advantage

• Lesser complication (pain, displacement, bleeding..)

• Shorter hospitalization

• Similar recurrence rate

• Disadvantage

• Lesser primary success rate (failure rate: 33%)

• Conversion to closed thoracostomy

• More than 2.5L of air aspiration, failure of aspiration in follow up CXR



Closed thoracostomy

• Symptomatic patients regardless of size, clinically unstable

caution of tension pneumothorax

• Size of chest tube

• Small size drain(<14Fr.) was recommended.

• Suction drain

• Routinely suction drain: avoidance (BTS, 2010)

• Increasing risk of re-expansion pulmonary edema (up to 14%)

• If needed, consider delayed suction drain

• Small chest tube with Heimlich valve: ambulatory management



Re-expansion pulmonary edema

• Sudden cough, breathless, chest tightness, foamy sputum

Song IH. 2021;100:e28529.



Definitive treatment

• To prevent recurrence

• Resection of bullous lesion

• Intraoperative pleurodesis (mechanical, cheminical)



Indication of surgery

• BTS (2010) guidelines

Recurrent pneumothorax

Second ipsilateral pneumothorax

First contralateral pneumothorax

Synchronous bilateral spontaneous pneumothorax

Persistent air leak or failure of lung re-expansion (5

-7 days)

Spontaneous hemothorax

Professions at risk

Pregnancy

• German S3 (2019) guidelines

At the first PSP event, consider radiological finding

Large pneumothorax

Total atelectasis

Pronounced bullous change



Hydropneumothorax (hemopneumothorax)



Surgical procedure (VATS)

• Resection of lesion

• Wedge resection or bullectomy

• Additional procedure

• Partial pleurectomy

• Mechanical pleurodesis

• Chemical pleurodesis (including talc)

• Mesh coverage on the stapler line



Wedge resection

• Distance from stapler line, resected lung volume
associated with postoperative recurrence rate, neo bullae

formation





Partial pleurectomy

Nathan DP. . 2008;85:1825-1827.



Mechanical pleurodesis

Tschopp J-M. 2006;28:637-650.



Intraoperative chemical pleurodesis (1)

• Talc, tetracycline, bleomycin, iodine, 50% dextrose, viscum…

• Intraoperative talc pleurodesis was recommended (BTS,

German S3 guidelines)

• Higher success rate

• Difficulty in reoperation

• Concern about pulmonary function



Intraoperative chemical pleurodesis (2)

Jung HS. 2021;11:22934.

Reoperation after 6 monthsRecurrence rate : 0%



Covering method (1)

• Absorbable polyglycolic acid(PGA) >> oxidized regenerated cellulose(ORC)

Recurrence rate : 3.4% Recurrence rate : 17.2%

Oda R. . 2022;9:e001231



Covering method (2)

Oda R. . 2022;9:e001231





Cause of SSP

• Chronic obstructive pulmonary disease/emphysema

• Infection: tuberculosis, bacterial infection with lung abscess or necrotizing pneumonia,

pneumonia(PCP), Covid-19, aspergilloma..

• Tumor: lung cancer, sarcoma..

• Interstitial lung disease: IPF, sarcoidosis..

• Connective Tissue disease: RA, marfan’s syndrome, Ehlers Danlos syndrome..

• Diffuse cystic lung disease: Lymphangioleiomyomatosis(LAM), Pulmonary Langerhans cell

histiocytosis (PLCH), Birt-Hogg-Dube syndrome (BHD), Lymphoid interstitial pneumonia (LIP)



Characteristics of SSP

• Dyspnea severity ↑

• Rapid progression

• Diffuse lesions of lung

• Recurrence rate ↑ (more than 50%, within 6 months)

• Consider other morbidity



Management of SSP

• Closed thoracostomy + hospitalization

• Consider definitive treatment

• Surgery + intraoperative chemical pleurodesis/parietal pleurectomy

• Bedside chemical pleurodesis

• Persistent airleakage in inoperable patients

• Ambulatory chest tube (Heimlich valve)

• Endobronchial valve

• Fibrin glue under pleurography



Endobronchial valve

Morrison M. 2016;12:61-64.



Pleurography

Cho JS. 2021;69:466-469.



Case of SSP







Introduction

• Empyema : pus in the chest

• Cause : Pneumonia(m/c), lung abscess, postop complication, trauma,

subphrenic abscess, sepsis, Tbc…

• Pneumonia -> 20~40% ; parapneumonic effusion -> 5~10% ; empyema ->

10% ; death

• Empyema incidence in pneumonia

• pre-antibiotic era : 5% , post-antibiotic era : 2%

• Recently increasing : old age, co-morbidity
Davies HE. 2010;65 suppl :ii41-53.



Incidence

Grijalva CG. 2011;66:663-8.

In USA

1996~2008

National hopitalisation data

In 1996, 3.04/100,000

In 2008, 5.98/100,000

≥65 years

40-64 years

<18 years

18-39 years



Stage of Empyema

Stage 1

Simple parapneumonic effusion(uncomplicated), acute exudative stage,

pre-empyema stage

Stage 2

Transitional fibrinopurulent stage, complicated parapneumonic

effusion, empyema

Stage 3

Chronic organizing stage, fibrothorax



Simple Parapneumonic Effusion

• Fluid movement into pleural cavity d/t increased capillary vascular

permeability

• Free flowing exudate effusion

• Pleural fluid analysis

• Low white cell count, LDH < ½ level of serum, Normal pH, Normal

glucose level

• No bacterial organism

Davies HE. 2010;65 suppl :ii41-53.



Subotic D. 2018;14:302-310.



Fibrinopurulent Stage

• Complicated parapneumonic effusion(without pus), Empyema(with pus)

• Bacterial invasion -> immune response -> migration of neutrophil,

activation of the coagulation cascade ->fibrin deposit -> loculation

• Pleural fluid analysis

• pH<7.2, glucose <40mg/dL, LDH > 1000IU/L

Davies HE. 2010;65 suppl :ii41-53.



Subotic D et al. 2018;14:302-310.



Chronic Organizing Stage

• Peel : solid fibrous pleura cortex

• Preventing re-expansion

• Impairing lung function

• Potential for infection

Davies HE. 2010;65 suppl :ii41-53.



Subotic D. 2018;14:302-310.



Guidelines

• American College of Chest Physicians (ACCP) guidelines (2000)

• British Thoracic Society (BTS) Guidelines (2010)

• European Association for Cardio-Thoracic Surgery (EACTS) Guideline (2015)

• American Association for Thoracic Surgery (AATS) Guidelines (2017)



Management of Empyema

• Antibiotics

• Thoracentesis

• Drainage

• Fibrinolytic therapy

• Surgical treatment



Question in Each Stage

Pneumonia
Simple Parapneumonic
Effusion

Complicated
Parapneumonic Effusion

Empyema

Thoracentesis?

Drainage?

Additional Drainage?

Fibrolytic therapy?

Timing of Surgery?



Empirical Antibiotics

• Community-acquired

• 2nd or 3rd cephalosporin + metronidazole

• Aminopenicillin with β-lactamase inhibitor

• Hospital-acquired

• MRSA, , anaerobes

• Vancomycin, cefepime and metronidazole

• Vancomycin and piperacillin/tazobactam

• Avoidance of aminoglycoside
AATS guideline 2017



Thoracentesis

• Class III no benefit: Thoracentesis without pleural drain

placement is not recommended for the treatment of

parapenumonic effusion or empyema (LOE C).

AATS guideline 2017



Pleural drainage

Class I: Image-guided pleural drain placement is useful in the treatment of early-

stage, minimally septated empyema (LOE B).

Class IIa: In septated effusions, placement of small bore catheters are

recommended in patients that are not surgical candidates (LOE C).

Class I: Routine drain flushing is recommended to prevent occlusion (LOE B).

Class I: Tube thoracostomy should be combined with close CT follow-up to

confirm adequacy of drainage. Persistence of any undrained fluid should prompt

additional drains or more aggressive management (LOE C).

AATS guideline 2017



Fibrinolytic Therapy

• Class IIa: Intrapleural fibrinolytics should not be used

routinely for complicated pleural effusions and early

empyemas (LOE A).

AATS guideline 2017



Multicenter Intrapleural Sepsis Trial(MIST) I

• RCT, 52 centers in UK

• Inclusion : pleural fluid with purulent, positive on culture, positive in Gram stain or pH < 7.2

• 427 patients : streptokinase(208) vs placebo(222)

• Streptokinase : 250000IU Bid for 3 days

• Indication of surgical drainage : residual effusion + evidence of persistent infection

• Primary end point : death or surgery (3 month)

• Secondary end point : death or surgery (12 month), hospital stay, residual abnormality on CXR,

dynamic lung volume, bleeding after surgery….

Maskell NA. 2005;352:865-74.



Result (1)

Primary outcome : death or surgery

Streptokinase vs Placebo

At 3 month

: 31% vs 27%, p=0.43

At 12 month

: 40% vs 34%, p=0.24

Maskell NA et al. 2005;352:865-74.



Result (2)

• Death (Streptokinase vs Placebo)

• At 3 month : 16% vs 14%, =0.66

• At 12 month : 23% vs 20%, =0.64

• Surgical drainage

• At 3 month : 16% vs 14%, =0.87

• At 12 month : 18% vs 16%, =0.60

Maskell NA et al. 2005;352:865-74.



Discussion from MIST I

• Negative result d/t

• Dosage of streptokinase

• Antistreptokinase-antibody

• Low level of plasminogen tPA? MIST II

• Viscosity of pus DNase? MIST II

• Conclusion

• Streptokinase should be avoided in pleural infection

Maskell NA et al. 2005;352:865-74.



Surgical Outcome from MIST I

• Surgery : streptokinase + placebo

• At 3 month : 64 (32+32)

• At 12 month : 70 (36+34)

• Type of surgery (57)

• 9 (5+4) : VATS drainage

• 39 (17+22) : thoracotomy and decortication

• 9 (5+4) : another form including rib resection

• Mortality (10%~)

• 7 (2+5)

Maskell NA et al. 2005;352:865-74.



Multicenter Intrapleural Sepsis Trial II

• RCT, 11 centers in UK

• Inclusion : pleural fluid with purulent, positive on culture, positive in Gram stain or pH < 7.2

• 210 patients : t-PA (48), DNase(46), t-PA+DNase(48), Placebo(51)

• t-PA : 10mg bid for 3 days, DNase : 5mg bid for 3 days

• Indication of surgical drainage : residual effusion + evidence of persistent infection

• Primary end point : area of pleura opacity in CXR from day 1 to day 7

• Secondary end point : % reduction of pleural opacity, surgical referral (3, 12 months), hospital stay,

volume of drain to day 7, inflammatory maker to day 7, death (3, 12 months), adverse event

Rahman NM et al. 2011;365:518-26.



Multicenter Intrapleural Sepsis Trial II

Rahman NM et al. 2011;365:518-26.



Result (1)

Rahman NM et al. 2011;365:518-26.



Result (3)

Mortality t-PA (48) DNase (46) t-PA-DNase
(48)

Placebo
(50)

value

At 3
months

4 (8%) 6 (13%) 4 (8%) 2 (4%) 0.46

At 12
months

5 (11%) 9 (20%) 5 (11%) 4 (8%) 0.37

Rahman NM et al. 2011;365:518-26.



Conclusion from MIST II

• Benefit of t-PA–DNase therapy

the frequency of surgical referral

the duration of the hospital stay

• Mortality : no benefit

• This combined treatment may therefore be useful in patients in whom standard

medical management has failed and thoracic surgery is not a treatment option.

Rahman NM et al. 2011;365:518-26.



Surgical Treatment

• Class IIa: Video-assisted thoracoscopic surgery (VATS) should be the

first-line approach in all patients with stage II acute empyema (LOE

B) (AATS guideline 2017).

• There is nothing to be lost in attempting VATS in all cases, provided

that conversion to open thoracotomy is performed if resolution of

the empyema and lung expansion is not adequately achieved

(EACTS guideline, 2015).



Type of Surgery

• VATS vs Open

• Debridement vs Decortication

• Goal of surgery

Complete evacuation of potentially infected fluid

Complete re-expansion of the lung



Surgical Conversion from Chest Tube

Semenkovich TR et al. 2018;105:1589-96.



Fate of Initial Chest Tube

Semenkovich TR et al. 2018;105:1589-96.



Fate of Initial VATS

Semenkovich TR et al. 2018;105:1589-96.



Fate of Initial Open

Semenkovich TR et al. 2018;105:1589-96.



Outcomes according to Initial Treatment

Semenkovich TR et al. 2018;105:1589-96.



Towe CW et al. 2019;157:1288-97.



Towe CW et al. 2019;157:1288-97.



Towe CW et al. 2019;157:1288-97.



Lardinois D et al. 2005;79:1851-6.



Case 1

M/71

HTN, DM, carotid
a stenosis, heavy
alcoholics

Necrotizing
pneumonia, RLL















Case 2

M/56

No underlying Dz.

Pneumonia, LLL













Introduction

• Rare pleura tumor
• 20-40 years later occurrence after asbestos exposure

Kwak K. . 2021;18:6614.



Etiology

• Asbestos (m/c)
• Mantle radiation
• Erionite
• Genetic factor: mutation in BAP1 gene



Pleural plague

• Marker of asbestos exposure

Kim Y. 2015;16:1142-1152.



Radiologic finding

https://radiopaedia.org/articles/mesothelioma



https://radiopaedia.org/articles/mesothelioma



Effusion cytology

• Epithelioid
• Effusion (+)

• Sarcomatoid
• Effusion (-)

• Diagnostic sensitivity : 30%~75%
• Immunohistochemical markers
• (+): Calretinin, WT-1, D2-40, cytokeratin 5/6
• (-): TTF-1, CEA



Pleural biopsy

• VATS biopsy: gold standard

• sensitivity of 95%, specificity of 100%, negative predictive value of

94%

• CT-guided needle biopsy: nodular lesion (+)

• Open pleural biopsy: obliterated pleural space

• Biopsy tract recurrence ↑↑



TNM Stage (1)

Rusch V. 2016;11:2112-2119.



TNM Stage (1)

Rusch V. 2016;11:2112-2119.



Pre-op evaluation

• Chest and abdomen CT with contrast

• PET-CT (before pleurodesis)

• Mediastinoscopy or EBUS

• Chest MRI

• VATS (for contralateral thorax)

• Laparoscopy(for transdiaphragmatic extention)



Brims F.J.H. 2016;11:573-582.



Brims F.J.H. 2016;11:573-582.



Indication of Surgery

• NCCN guideline 2022

• cStage I-IIIA and epitheloid histology

• Considered for biphasic histology with early stage

• ERS/ESTS/EACTS/ESTRO guideline 2020

• In prospective randomised control clinical trial or in

national/international registries

• EP/D >> EPP

NCCN guideline 2022



Surgery

• Goal: cytoreduction surgery, macroscopic complete resection

• Type

• Extrapleural pneumonectomy (EPP)

• Extended pleurectomy/decortication(EP/D)

• Pleurectomy/decortication (P/D)

: sparing pericardium and diaphragm

*Partial pleurectomy

: partial removal for diagnostic or palliative
Rice D. 2011;6:1304-1312.



EPP

Collaud S. 2012;1:537-543.



P/D

Ali J.M. 2018;2:46.



Mesothelioma and Radical Surgery (MARS) trial

Treasure T. 2011;12:763-772.

1-year recurrence free survival

EPP vs no EPP: 34.8% vs 42.3%



Bovolato P. 2014;9:390-396.



EPP vs EP/D

Cao C. 2014;83:240-245.



EPP vs P/D

Cao C. 2014;83:240-245.



Mesothelioma and Radical Surgery 2 (MARS 2) trial

• Ongoing

• (Extended) P/D vs no surgery

• N=264

Lim E. 2020;10:e038892.




