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Plate 3-7 Respiratory System
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Plate 1-22 Respiratory System
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INTRAPULMONARY AIRWAYS

According to the distribution of cartilage, airways are 
divided into bronchi and bronchioles. Bronchi have 
cartilage plates as discussed earlier. Bronchioles are distal 
to the bronchi beyond the last plate of cartilage and 
proximal to the alveolar region. Cartilage plates 
become sparser toward the periphery of the lung, and 
in the last generations of bronchi, plates are found 
only at the points of branching. The large bronchi 
have enough inherent rigidity to sustain patency even 
during massive lung collapse; the small bronchi collapse 
along with the bronchioles and alveoli. Small and 

large bronchi have submucosal mucous glands within 
their walls.

When any airway is pursued to its distal limit, the 
terminal bronchiole is reached. Three to fi ve terminal 
bronchioles make up a lobule. The acinus, or respiratory 
unit, of the lung is defi ned as the lung tissue supplied 
by a terminal bronchiole. Acini vary in size and shape. 
In adults, the acinus may be up to 1 cm in diameter. 
Within the acinus, three to eight generations of respira-
tory bronchioles may be found. Respiratory bronchioles 
have the structure of bronchioles in part of their walls 
but have alveoli opening directly to their lumina as well. 
Beyond these lie the alveolar ducts and alveolar sacs 
before the alveoli proper are reached.

None of these units is isolated from its neighbor by 
complete connective tissue septa. Collateral air passage 
occurs between acinus and acinus and between lobule 
and lobule through the pores of Kohn in the alveolar 
wall and through respiratory bronchioles between adja-
cent alveoli.

Connective tissue forms a sheath around airways and 
blood vessels. It also forms septa that are relatively 
numerous in some parts of the edges of the lingula and 
middle lobe and parts of the costodiaphragmatic and 
costovertebral edges. These septa impede collateral 
ventilation but do not prevent collateral air drift because 
they never completely isolate one unit from its neigh-
bor in humans.
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Plate 1-26 Respiratory System
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Pulmonary arteries and their branches distribute segmentally with the bronchi. Pulmonary veins and their tributaries drain intersegmentally.

INTRAPULMONARY BLOOD 
CIRCULATION

The human lung is supplied by two arterial systems 
referred to as pulmonary and bronchial, each originating 
from a different side of the heart. Blood from the 
lungs is drained by two venous systems, pulmonary 
and true bronchial. The pulmonary veins drain oxygen-
ated blood from the regions supplied by the pulmonary 
artery and deoxygenated blood from the airways within 
the lung that are supplied by the bronchial artery. 
The true bronchial veins serve only the perihilar 
region, supplied mainly by the bronchial artery, and 
this blood drains to the azygous system and right 
atrium.

ARTERIES

The bronchial arteries arise from the aorta and supply 
the capillary plexus of the airway walls from the hilum 
to the respiratory bronchiole.

The pulmonary artery branches run with airways and 
their accompanying bronchial arteries in a single con-
nective tissue sheath referred to as the bronchoarterial or 
bronchovascular bundle. The pulmonary artery trans-
forms into a capillary bed only when it reaches the 
alveoli of the respiratory bronchiole. It supplies all cap-
illaries in the alveolar walls that constitute the respira-
tory surface of the lung.

VEINS

All intrapulmonary blood drains to the pulmonary 
veins. The veins lie at the periphery of any unit—

acinus, lobule, or segment. Veins receive tributaries 
from the alveolar capillary network, the pleura, and the 
airways.

PRECAPILLARY ANASTOMOSIS

Pulmonary and bronchial arteries, and hence the right 
and left sides of the heart, communicate through 
the capillary bed in the region of the respiratory bron-
chiole and through the intrapulmonary venous bed. 
Pulmonary-to-bronchial artery anastomoses are present 
in the walls of the larger airways but normally are 
closed. They open if blood fl ow is interrupted in either 
system and in certain disease states such as pulmonary 
arteriovenous malformation.



Pneumothorax

Pneumothorax is the collection of air in the 
pleural space—that is, loss of lower pressure 
between the lung and the chest wall.     
 Incidence: 8 - 14 /100.000/year 
A typical patient with spontaneous 
pneumothorax 
• Young (21-26 years old) 
• Long 
• Thin 
• Smoker 
• Male



Pneumothorax



Pneumothorax



Classification
Spontaneous 

Primary       : No-underlying lung pathology 
Secondary  : Associated with a lung pathology 
Catamenial : Synchronous with menstruation 

Traumatic 
Penetrating injury 
Blunt 
Barotrauma 

Iatrogenic (CVP catheter, bronchoscopy, trans-thoracic 
needle aspiration) 
Secondary to infection 
Secondary to airway obstruction 
Secondary to lung cancer



Diseases Associated with 
Spontaneous Pneumothorax

Alpha-1 Antrypsin deficiency 
Marfan’s Disease(fibrillin-1 mutation) 

Tuberous-Sclerosis (tsk-1,2 mutation) 
Cystic fibrosis(CFTR mutation) 
Birt-Hogg-Dube Syndrome(FLCN)



Diagnosis

   Postero-anterior Chest  

radiograph 

   Tomography 

 Clinical symptoms and signs



Pneumothorax



Symptoms 
Sudden chest pain initiated 
during resting. 
Sharp pain 
Dyspnea 
Cardiopulmonary failure 
(Tension pneumothorax)



Tension Pneumothorax
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Plate 4-137 Diseases and Pathology

PNEUMOTHORAX

Pneumothorax is a collection of air within the pleural 
space; after trauma, pneumothorax is most commonly 
caused by a rib fracture tearing the visceral pleura of 
the lung, allowing air to escape during inspiration. 
Penetrating injuries (e.g., stab wounds, gunshot 
wounds) also frequently produce a pneumothorax via 
this mechanism. In these cases of penetrating trauma, 
80% of patients will also have blood in the pleural 
space. Pneumothorax is usually identifi ed on chest 
radiographs, although it may also be seen during chest 
or abdominal computed tomography scanning or 
during ultrasound examination of the abdomen after 
trauma (focal assessment with sonography for trauma 
[FAST] examination).

Other causes of traumatic pneumothorax include 
inadvertant puncture of the lung during central venous 
access or thoracentesis. The lung can also be ruptured 
by excessive positive airway pressure during mechanical 
ventilation, termed barotrauma. Spontaneous pneumo-
thorax is usually caused by a ruptured bleb that is often 
precipitated by coughing. Irrespective of the cause, 
when the pleural pressure exceeds the normal subat-
mospheric pressure, the elastic recoil of the lung results 
in partial collapse. If air continues to fl ow into the 
pleural space, the lung collapses entirely and can no 
longer serve to exchange oxygen (O2) and carbon 
dioxide (CO2). A one-way valve typically occurs on the 
lung surface, and air is forced into the pleural space with 
each breath, which progressively increases the intrap-
leural pressure and may result in escape of air into the 
subcutaneous tissues, manifesting as diffuse upper torso 
swelling and palpable crepitus. Ultimately, if the 

intrapleural pressure continues to increase, a tension 
pneumothorax develops. This condition may occur 
rapidly when the patient is ventilated mechanically, 
increasing the airway pressure. Eventually, the pressure 
within the pleural cavity can shift the mediastinum and 
impede blood return to the right heart. Thus, clinical 
manifestations of tension pneumothorax refl ect pro-
gressive impairment of pulmonary and myocardial 
function.

Patients with a tension pneumothorax become dysp-
neic or hypoxic if ventilated mechanically, with cyanosis 
and distended neck veins. Hyperresonance and lack 
of breath sounds on the involved side of the thorax 
cement the diagnosis without the need for radiographic 
confi rmation. Electrocardiographic changes include (1) 
rightward shift in the QRS axis, (2) diminution in the 
QRS amplitude, and (3) inversion of precordial T 
waves. Tension pneumothorax is a life-threatening 

Pathophysiology

TENSION PNEUMOTHORAX

Air

Air
Pressure

Inspiration Expiration
Air enters pleural cavity through lung
wound or ruptured bleb (or occasionally
via penetrating chest wound) with valvelike
opening. Ipsilateral lung collapses, and
mediastinum shifts to opposite side,
compressing contralateral lung and
impairing its ventilating capacity

Intrapleural pressure rises, closing valvelike
opening, preventing escape of pleural air.
Pressure is thus progressively increased with
each breath. Mediastinal and tracheal shifts are
augmented, diaphragm is depressed, and venous
return is impaired by increased pressure and
vena caval distortion

Left-sided tension pneumothorax.
Lung collapsed, mediastinum and
trachea deviated to opposite side,
diaphragm depressed, intercostal
spaces widened

Large-bore needle inserted for
emergency relief of intrathoracic
pressure. Finger cot flutter valve,
Heimlich valve, or underwater
seal should be attached

Incision in 5th interspace with
introduction of thoracostomy
tube attached to underwater-
seal suction
To underwater seal

Therapeutic maneuvers

Clinical manifestations

Respiratory distress
Cyanosis

Tracheal deviation
Chest pain

Hyperresonance



Tension Pneumothorax
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Plate 4-137 Diseases and Pathology

PNEUMOTHORAX

Pneumothorax is a collection of air within the pleural 
space; after trauma, pneumothorax is most commonly 
caused by a rib fracture tearing the visceral pleura of 
the lung, allowing air to escape during inspiration. 
Penetrating injuries (e.g., stab wounds, gunshot 
wounds) also frequently produce a pneumothorax via 
this mechanism. In these cases of penetrating trauma, 
80% of patients will also have blood in the pleural 
space. Pneumothorax is usually identifi ed on chest 
radiographs, although it may also be seen during chest 
or abdominal computed tomography scanning or 
during ultrasound examination of the abdomen after 
trauma (focal assessment with sonography for trauma 
[FAST] examination).

Other causes of traumatic pneumothorax include 
inadvertant puncture of the lung during central venous 
access or thoracentesis. The lung can also be ruptured 
by excessive positive airway pressure during mechanical 
ventilation, termed barotrauma. Spontaneous pneumo-
thorax is usually caused by a ruptured bleb that is often 
precipitated by coughing. Irrespective of the cause, 
when the pleural pressure exceeds the normal subat-
mospheric pressure, the elastic recoil of the lung results 
in partial collapse. If air continues to fl ow into the 
pleural space, the lung collapses entirely and can no 
longer serve to exchange oxygen (O2) and carbon 
dioxide (CO2). A one-way valve typically occurs on the 
lung surface, and air is forced into the pleural space with 
each breath, which progressively increases the intrap-
leural pressure and may result in escape of air into the 
subcutaneous tissues, manifesting as diffuse upper torso 
swelling and palpable crepitus. Ultimately, if the 

intrapleural pressure continues to increase, a tension 
pneumothorax develops. This condition may occur 
rapidly when the patient is ventilated mechanically, 
increasing the airway pressure. Eventually, the pressure 
within the pleural cavity can shift the mediastinum and 
impede blood return to the right heart. Thus, clinical 
manifestations of tension pneumothorax refl ect pro-
gressive impairment of pulmonary and myocardial 
function.

Patients with a tension pneumothorax become dysp-
neic or hypoxic if ventilated mechanically, with cyanosis 
and distended neck veins. Hyperresonance and lack 
of breath sounds on the involved side of the thorax 
cement the diagnosis without the need for radiographic 
confi rmation. Electrocardiographic changes include (1) 
rightward shift in the QRS axis, (2) diminution in the 
QRS amplitude, and (3) inversion of precordial T 
waves. Tension pneumothorax is a life-threatening 

Pathophysiology

TENSION PNEUMOTHORAX

Air
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Inspiration Expiration
Air enters pleural cavity through lung
wound or ruptured bleb (or occasionally
via penetrating chest wound) with valvelike
opening. Ipsilateral lung collapses, and
mediastinum shifts to opposite side,
compressing contralateral lung and
impairing its ventilating capacity

Intrapleural pressure rises, closing valvelike
opening, preventing escape of pleural air.
Pressure is thus progressively increased with
each breath. Mediastinal and tracheal shifts are
augmented, diaphragm is depressed, and venous
return is impaired by increased pressure and
vena caval distortion

Left-sided tension pneumothorax.
Lung collapsed, mediastinum and
trachea deviated to opposite side,
diaphragm depressed, intercostal
spaces widened

Large-bore needle inserted for
emergency relief of intrathoracic
pressure. Finger cot flutter valve,
Heimlich valve, or underwater
seal should be attached

Incision in 5th interspace with
introduction of thoracostomy
tube attached to underwater-
seal suction
To underwater seal

Therapeutic maneuvers

Clinical manifestations

Respiratory distress
Cyanosis

Tracheal deviation
Chest pain

Hyperresonance













Partial Pneumothorax
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Pneumothorax secondary to 
pulmonary tumor

Dr. YEÐÝNSU ve Arkadaþlarý / Tümöre Baðlý Spontan Pnömotoraks

Giriþ     
Spontan pnömotoraksýn etyolojik nedenleri arasýnda akciðer
tümörleri oldukça nadirdir. Sarkom metastazlarý en sýk
pnömotoraks nedeni olan tümörlerdir (%1.5) [1]. Primer
tümörlerde  insidans  %0.03-0.05  arasýndadýr.  Sigara  içenler
ve  amfizemli  hastalarda  sýklýk  artmaktadýr [1]. Bu çalýþma-
da, kliniðimize pnömotoraks nedenli semptomlar ile baþvuran,
pnömotoraks teþhisi ve tedavisi yanýnda incelemeler sýrasýnda
akciðer tümörü saptanan olgular irdelendi.

Materyal ve Metod
Ocak 1994-Haziran 1998 yýllarý arasýnda  Kliniði’ mize spon-
tan  pnömotoraks ile baþvuran 302 hastanýn 5’inde akciðer
tümörü  tespit edildi. Hastalarýn dördü erkek, biri kadýn ve yaþ
ortalamasý 50.4 idi (19-66). Yapýlan histopatolojik inceleme ile,
iki olguda epidermoid, bir olguda adenoid kistik karsinom
(trakeal tümör), bir olguda küçük hücreli karsinom ve bir
olguda da fibrom tespit edildi. Hastalardan hiçbiri radyoterapi
ya da  kemoterapi  almamýþtý. Tüm hastalarda pnömotoraks
teþhisi posteroanterior (P-A) grafilerle konuldu. Tümör tespiti,
üç hastada tüp torakostomi sonrasý P-A grafi (ipsilateral), bir
hastada direkt P-A grafi (kontrlateral), bir hastada da toraks
BT  ile (trakeal tümör) yapýldý.

Olgu Sunumu
Olgu 1: 66 yaþýnda sigara içmeyen kadýn hasta, solunum  sýkýn-
týsý ve sol yan aðrýsý þikayetleri ile müracaat etti. Çekilen  P-A
grafi sonrasý sað pnömotoraks ve alt lobda kitle saptanan  has-
taya tüp torakostomi uygulandý. Akciðeri tam re-ekspanse
olmayan ve masif hava kaçaðý olan hastaya toraks BT çekildi.
Alt lobda büyük bir kavite tespit edildi. Bronkoskopik biopsi
ile epidermoid tip akciðer karsinomu tespit edilen hasta, kar-
diak yetmezlik nedeni ile inoperabl olarak kabul edildi.
Onkoloji merkezine sevk edilen hasta 10 aylýk takibinde
yaþamýný sürdürmektedir.
Olgu 2: 19 yaþýnda sigara içmeyen erkek hasta, sað spontan
pnömotoraks teþhisi ile servisimize sevk edildi. 6 yýldýr sol-
unum sýkýntýsý olan hasta astým bronþiale tanýsý ile tedavi
edilmiþ ve 4 yýl önce de sol spontan pnömotoraks nedeni ile tüp
torakostomi uygulanmýþ. Hastaya sað tüp torakostomi ve
kapalý su altý drenajý uygulandý. Solunum sýkýntýsýnýn devam
etmesi üzerine çekilen toraks BT’de trakeada ana karinanýn 4
cm üzerinde trakeayý %80 oranýnda daraltan tümör tespit
edildi. Flexibl bronkoskopiyi tolere edemeyen hastanýn, pre-op
sitolojik tespiti yapýlamadý. Rezeksiyon amacý ile operasyona
alýnan hastaya pre-operatif rijit bronkoskopi ile biopsi yapýldý.
Frozen tetkik sonucu, malign olarak bildirilmesi üzerine,
median sternotomi ile yaklaþýk 5 cm’lik trakeal rezeksiyon ve
primer anastamoz yapýldý. Post-op. bir komplikasyon
geliþmeyen hasta, post-op. 12. gün taburcu edildi. Hasta halen
takip altýnda olup 16 aydýr normal yaþamýný sürdürmektedir. 
Olgu 3: 66 yaþýnda sigara içicisi (60 paket-yýl) erkek hasta, sað
pnömotoraks nedeni ile servisimize müracaat etti. Çekilen  P-
A akciðer grafisinde saðda pnömotoraks ve sol alt lobda  tümör
tespit edildi. Hastaya tüp torakostomi uygulandý.  Transtorasik
iðne aspirasyon biopsisi (TTÝAB) ile küçük
hücreli tümör tespit edilen hasta, inoperabl olarak  deðer-
lendirildi (Resim 1). Dördüncü gün dreni çekilerek onkolojiye
sevk edilen hasta, 16 aydýr yaþamýný sürdürmektedir. 
Olgu 4: 30 yaþýnda sigara içicisi erkek hasta, solunum sýkýntýsý
ile müracaat etti. Çekilen P-A grafide sol pnömotoraks

saptanmasý üzerine tüp torakostomi uygulandý. Reekspansiyon
sonrasý çekilen kontrol grafisinde sol alt lobda tümör tespit
edildi (Resim 2). Bronkoskopi ile sitolojik tespit yapýlamadý.

Exploratris torakotomi ile sol alt lobektomi yapýldý. Cerrahi
piyesin patolojisi fibrom olarak tespit edildi. Postop dönemini
komplikasyonsuz olan hasta 6. gün taburcu edildi. Hasta 20
aydýr yaþamýný sürdürmektedir.
OLGU 5: 72 yaþýnda sigara içicisi erkek hasta. Solunum sýkýn-
týsý ile müracaat etti. Çekilen akciðer grafisinde saðda
parsiyel pnömotoraks ve ayný tarafta kitle tespit edildi. BT’de
üst lob posterior segmentten kaynaklanan 8x8 cm ebadýnda
tümöral kitle görüldü. Bronkoskopide epidermoid karsinom
olduðu tespit edildi. Solunum fonksiyonlarý yetersiz olan hasta,
inoperabl olarak deðerlendirildi (Resim 3). Bu olgudan, geçen
5 yýl içinde herhangi bir takip verisi elde edilemedi.

Tartýþma
Akciðer  tümörlerinin  komplikasyonu  olarak  geliþen  spon-
tan pnömotorakslarýn  etyolojisinde: 
1. Direkt plevral invazyon, 
2. Obstrüktif amfizeme baðlý alveol rüptürü, 
3. Tümör atelektazisine sekonder kompansatuar
hiperinflasyona baðlý alveol rüptürü,
4. Bilinmeyen  diðer  nedenler rol  oynayabilirler [1]. 
Spontan  pnömotorakslarýn  primer  akciðer  karsinomlarýyla
birlikte  görülme  insidansý %0.03-0.05’dir [1]. Vakalarýn
büyük  bir  çoðunluðu  erkektir (%90)  ve  ortalama yaþ  57
(31-74)  olarak  tespit  edilmiþtir [2-4]. Pnömotorakslý
hastalarda tümörün tespiti  genellikle  daha  geç dönemde
yapýlmaktadýr.  Ortalama  gecikme süresi 2.9 aydýr [1]. His-
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Resim 1: Sol alt lob küçük hücreli akviðer karsinomlu olgu,
kliniðimize sol pnömotoraks kliniði ile baþvurdu.

Resim 2: Sol alt lobda fibrom saptanan olguda sol pnömo-
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tolojik  olarak en sýk rastlanan  tip  sýrayla  epidermoid  karsi-
nom (%50),  adeno (%18), dev hücreli (giant cell) (%11)  ve
diðerleridir. Pnömotorakslarýn %71’i tedavi edilebilir.  Ortala-
ma saðkalým
5. 2 aydýr. 1 yýllýk saðkalým %17’dir [1]. Metastatik tümör-
lerde de spontan pnömotoraks   geliþebilir.  Bu tümörler
sýrasýyla  en  sýk  sarkomlar (%1.5),  germ  hücreli  tümörler ve
lenfomalardýr [5]. Smevik [6] ve Schulman [7] akciðer metas-
tazlarýnda kemoterapi sonrasý spontan pnömotoraks insidan-
sýnýn arttýðýný göstermiþlerdir. Diðer taraftan radyoterapi son-
rasý spontan  pnömotoraks, Hodgkin hastalarýnda radyoterapi-
den birkaç ay  sonra tarif edilmiþtir [8,9]. Burada pnömotoraks
etyolojisinde, hýzlý tümör lizisine sekonder rüptür [7,10], ve
fibrozis [11]  sorumlu tutulmuþtur. 
Sunduðumuz olgularýn yaþ ortalamasý 50.4 ve dördü erkek
(%80) ,biri kadýndý (%20). Ýnsidans %0,16 olarak tespit edildi.
Histolojik  olarak  insidans açýsýndan bir fark tespit edilmedi.
Hastalarýn hepsi pnömotoraks ile baþvurdu ve tümör tespiti iki
hastada pnömotoraks ile eþ zamanlý, iki hastada reexpansiyon
sonrasý (ayný gün) ve 1 hastada tüp torakostomiden 4 gün sonra
mümkün oldu. Olgularýn tedavi edilebilirlik oraný %40 ( 2 / 5 )
olarak bulundu.  
Spontan pnömotoraksla baþvuran hastalarda akciðer tümörü
varlýðý insidansý çok düþük olmakla birlikte 40 yaþ üzerindeki
hastalarda göz önünde bulundurulmasý gereken bir durumdur.
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Resim 3: Sol üst lob epidermoid karsinom teþhisi konulan
olguda, baþvurudaki solunum sýkýntýsýnýn nedeni tümöre baðlý
sað spontan pnömotoraks idi.

Pneumothorax secondary to 
pulmonary tumor



Classification

! Small Pneumothorax: <= 20% 

! (Large) Pneumothorax   : >20%





Total Pneumothorax
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Partial Pneumothorax
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Treatment 
Small Pneumothorax

Oxygen 
Nasal Oxygen:  App. 10 lt/min 
Predicted re-expansion : 2.5 %/day 

Until the lung reaches 1 cm distance from 
apex.



Pneumothorax

Thorax Tube 
(Tube Thoracostomy)



Total Pneumothorax 

Smallest: 24 F tube 
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Electronic Drainage System





Differential Diagnosis
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Bullae? Pneumothorax
32 years old

female

Non-
smoker

Dyspnea: 
Initiated 5 

months ago

Compression 
index: 5

Heart: Normal



Secondary spontaneous pneumothorax



Bilateral pneumothorax secondary to thoracic trauma 
(Firegun)





Pneumothorax developed following ‘Acupuncture’
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Plate 4-35 Diseases and Pathology

symptoms, airfl ow limitation is readily demonstrable as 
an obstructive ventilatory defect. The most easily meas-
ured indexes of obstruction are taken from the volume-
time plot of a forced expiratory VC maneuver, classically 
measured with a spirometer coupled to a rotating drum 
kymograph. Although volume-measuring spirometers 
are stable, rugged, and linear instruments, most modern 
spirometry systems use fl ow-measuring devices (pneu-
motachometers) interfaced with a microprocessor that 
integrates fl ow over time to produce a time-based 
record of forced expired volume (see Plate 4-39). The 
FEV1 is low both as a percentage of the value predicted 
for a given gender, age, and height category and as a 
percentage of the patient’s own FVC. Depending on the 
purpose of the pulmonary function test, an obstructive 
ventilatory defect is defi ned either as an FEV1/FVC 
ratio of less than 70% or less than the 95th percentile 
for the demographic category.

With COPD, static lung volumes are often abnor-
mal. Plate 4-39 depicts the normal lung volumes and 
those often found in COPD. The functional residual 
capacity (FRC) is the lung volume at the end of a quiet 
exhalation and, in normal subjects, is the volume at 
which the inward recoil of the lung is equal and oppo-
site to the outward recoil of the relaxed chest wall. An 
elevated FRC in individuals with COPD results from 
the loss of the static elastic recoil properties of the lung 
as well as initiation of inspiration before the static 
balance volume is reached (so-called “dynamic hyper-
infl ation”). TLC is determined by pressures exerted by 
the diaphragm and muscles of the chest wall in relation 
to the static elastic recoil properties of both the chest 
wall and lung. When TLC is elevated in COPD, a 
signifi cant degree of emphysema is present, although 
the TLC can also be elevated during acute episodes of 
asthma. RV is elevated early in the clinical course of 
COPD and is a sensitive sign of airfl ow limitation. 
Early in the course of the disease, elevation of RV is 
thought to be caused by closure of airways, but late in 
the disease, emphysematous bullae may also contribute 
to the elevation in RV. Because the TLC does 
not increase as much as the RV increases, the VC (i.e., 
TLC − RV) decreases with advancing COPD.

The measurement of static lung volumes in COPD 
is subject to some technical issues (see Plate 2-3). Resi-
dent gas methods using helium dilution or nitrogen 
may underestimate the true lung volumes because of 
incomplete gas mixing or washout in regions with 
impaired ventilation. Plethysmographic lung volumes 
that depend on Boyle’s law relying on the compressibil-
ity of resident gas in the lung are more accurate but are 
subject to overestimation of the true lung volume if the 
panting frequency is too rapid to permit equilibration 
of the mouth and alveolar pressures. Because the differ-
ence between the resident gas and plethysmographic 

measure is caused by regions of lung with little or no 
ventilation, the difference between the two methods has 
been called “trapped gas” and used as an indicator of 
COPD severity (see Section 2).

In addition to the easily demonstrable obstructive 
abnormalities during forced exhalation, there are sig-
nifi cant alterations in the pressure-fl ow relationships 
during ordinary breathing in COPD. This contrasts 
with exhalation in normal subjects who can increase 

expiratory fl ow during tidal breathing (see Plate 4-39). 
Because of the slow emptying of the lung in COPD, 
the next breath is initiated before the respiratory system 
can return to the static FRC. This means that the 
individual breathes at higher lung volumes to maintain 
adequate expiratory airfl ow, a condition referred to 
as dynamic hyperinfl ation (see Plate 4-39). Although 
breathing at high lung volumes has the advantage of 
increasing airfl ow because of the increased lung elastic 

Microscopic section 
Distension of airspaces
with rupture of
alveolar walls

Gross specimen
Involvement tends 
to be most marked 
in upper part of lung

Magnified section
Distended, inter-
communicating,
saclike spaces
in central area
of acini

CENTRIACINAR (CENTRILOBULAR) EMPHYSEMA

CHRONIC OBSTRUCTIVE 
PULMONARY DISEASE (Continued)

Development of Emphysema and 
Bullae in COPD Patients
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Bullae+emphysema+pneumothorax
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Plate 1-27 Anatomy and Embryology 

Capillary
lumen

Capillary
lumen

Capillary
lumen

Alveolus
(airspace)

Alveolus (airspace)

Endothelial
cell and
nucleus

Endothelial
(loose)
cell junctions

Type II alveolar cell

Fused basement
membranes

Interstitial
cell

Interstitium

Type I alveolar cell
and nucleus

Capillary
lumen

Tight cell
junctions

Type II alveolar cell
ULTRASTRUCTURE OF PULMONARY ALVEOLI AND CAPILLARIES

Lamellar bodies Surface-active layer (surfactant)

Alveolar macrophage

FINE STRUCTURE OF ALVEOLAR 
CAPILLARY UNIT

The cellular composition of the alveolar capillary unit 
was not recognized until the era of electron microscopy. 
Before that time, it was thought that a single membrane 
separated blood and air at the level of the terminal 
airspace. We now know that, even at its narrowest, the 
boundary between blood and air is composed of at least 
two cell types (the type I alveolar epithelial cell and the 
endothelial cell) and extracellular material, namely, the 
surfactant lining of the alveolar surface, the basement 
membranes, and the so-called “endothelial fuzz.” The 
last is composed of mucopolysaccharides and proteo-
glycans (or glycocalyx) that may be involved in signal 
transduction, including mechanotransduction or shear 
stress at the endothelial surface. Plate 1-27 shows part 
of a terminal airspace and cross sections of surrounding 
capillaries. In humans, the diameter of the alveoli varies 
from 100 to 300 µm. The capillary segments are much 
smaller in diameter (10-14 µm) and may be separated 
from each other by even smaller distances. Each alveo-
lus (there are 300 million alveoli in the adult human 
lungs) may be associated with as many as 1000 capillary 
segments.

The thinness of the cellular boundary between the 
blood and the air presents enormous surface area to air 
on one side and to blood on the other (∼70 m2 for both 
lungs). Given the paucity of organelles, the cells at this 
location likely play mainly passive roles in physiologic 
and metabolic events involved in the management of 
airborne or bloodborne substrates.

Ninety-fi ve percent of the alveolus is lined by epi-
thelial type I cells. The remaining cells are larger 
polygonal type II cells. These two cell types form a 
complete epithelial layer sealed by tight junctions. The 
cellular layer lining the alveoli is remarkably imperme-
able to salt-containing solutions, but little is known 
about specifi c metabolic activities of type I alveolar 
cells. Growing evidence suggests a more important role 
in the maintenance of alveolar homeostasis than previ-
ously thought, evidenced by the expression a large 

number of proteins such as aquaporin (AQP-5), T1α, 
functional ion channels, caveolins, adenosine receptors, 
and multidrug-resistant genes. Type II cells and 
endothelial cells have long been known to play active 
roles in the metabolic function of the lung by produc-
ing surfactant and processing circulating vasoactive 
substances, respectively. In addition, recent research 
suggests more complex roles for both of these cell 
types.

ALVEOLAR CELLS AND 
SURFACE-ACTIVE LAYER

As illustrated in Plate 1-28, in addition to being larger, 
the type II alveolar cell is distinguished from the type 
I alveolar cell by having short, blunt projections on 
the free alveolar surface and lamellar inclusion bodies. 
The intracellular origins of the lamellar bodies (LBs) 
and the exact mechanism for lipid transport into them 



Treatment of  
Pulmonary‘Re-expansion edema’ 

•Diuretic 

•Oxygen 4-6 lt/min 

•Positive- inotropic agents.



Indications for surgery 

•Prolonged air leak (>5 days) 

•Contralateral pneumothorax 

•Recurrent pneumothorax 

•First pneumothorax in divers, pilots 

•Synchronous bilateral pneumothorax





Which Surgical Procedure?

• Posterolateral thoracotomy 

• Anterior toracotomy 

• Axillary Thoracotomy 

• Videothoracoscopy (VATS)
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Video-Asissted Thoracoscopic Surgery: VATS









Although CT scanning is the best method of measuring the size of the pneumothorax, a precise estimate of
size has little clinical value. There is considerable variability in previous international guidelines on the
treatment for pneumothorax. There is general agreement that treatment is required for clinically
compromised patients. For clinically stable patients, treatment recommendations have been based, at least in
part, on the size of pneumothorax (small or large), although the definition of a large pneumothorax differs
[6, 21]. A study comparing the size classifications used by the different guidelines demonstrated poor
agreement between them [72], and there is no contemporary evidence to support the approach of treatment
decisions based on size of pneumothorax alone. Most Task Force members adopt a symptom-driven
approach, with follow-up to ensure resolution, rather than basing initial management on size alone.

Pathophysiology
The precise pathogenesis of PSP is not completely understood. With the improvement of imaging
techniques, blebs and bullae can be visualised ipsilaterally or bilaterally in almost all patients with PSP
during surgery, medical thoracoscopy or CT scan [74–77]. These changes visible on the visceral pleura
have been called emphysema-like changes (ELCs), which are also recognised as a specific entity. Recently,
in a subset of patients with spontaneous pneumothorax, fibroblastic lesions consisting of pleural fibrosis
with islands of fibroblastic foci within a myxoid stroma have been described [78]. It is generally believed
that pneumothorax results from the rupture of ELCs, based on a hypothesis of VANDERSCHUEREN [79], who
thought that there was a continuous evolution from normal pleura to blebs and then progressive larger
bullae rupturing leading to occurrence of PSP; however, this has never been proved. Sites of lung rupture
are difficult to demonstrate during surgery or on resected pieces of lung [80–82]. Two studies compared
the appearance of blebs and bullae in first episode and recurrence of PSP and did not find any significant
differences in size, number or location of blebs and bullae, either by medical thoracoscopy or CT scan [83,
84], raising doubts about the aforementioned assumption [79] and the role of blebs and bullae rupture as
the main factor explaining the occurrence of PSP. More recently, CASALI et al. [85], using high-resolution
CT scans, developed a new severity score for abnormalities of the visceral pleura in PSP and demonstrated
a significant correlation between the severity of this score and the risk of recurrence of PSP at follow-up.
These results, obtained in a retrospective series, require confirmation in prospective studies but do suggest
a population at risk who may benefit from more invasive treatment.

Thorough examination of resected specimens of lung in cases of PSP does not demonstrate macro- and
microscopic sites of air leakage [86] but diffuse areas of disrupted mesothelial cells in the visceral pleura,
replaced by a layer of inflammatory cells with increased “elastofibrosis process” and pores of 10–20 mm in
diameter, suggesting the presence of diffuse pleural porosity [80, 86, 87]. The development of a new
technique of fluorescein-enhanced autofluorescence thoracoscopy [88] clearly showed many areas of
fluorescein leakage on the visceral pleura even in normal areas, as seen by normal light, lending weight to
the idea of diffuse pleural porosity. These diffuse histological changes on the visceral pleura may explain
the high recurrence rate (20%) following bullectomy alone without an associated pleurodesis [82, 89–91].

This also leads to an important practical question: what is the respective weight of blebs, bullae and ELCs
in the aetiology of air leakage (fig. 1). There is evidence that the presence of ELCs and pleural porosity is
related to other factors, such as patient height, distal airway inflammation, hereditary predisposition, low
BMI and abnormal connective tissue, which may predispose to PSP [70].

In summary, the true role of rupture of blebs and bullae as a cause of air leakage in spontaneous
pneumothorax is not clear [92].

FIGURE 1 A piece of resected lung
parenchyma in a case of recurring
primary spontaneous pneumothorax.
Image courtesy of A. Spiliopoulos
(Faculty of Medicine, University of
Geneva, Geneva, Switzerland).
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Abstract Starting from 1990’s, video-assisted thoracic
surgery (VATS) has commonly been used in thoracic

surgery clinics. This is a minimally invasive operative

technique where the surgery is performed through 2–4
incisions without any rib spreading under the camera vision

of surgical field. Including oncological surgery for non-

small cell lung cancer, the VATS experience and knowl-
edge has increased in time. These beneficial and successful

results encourage thoracic surgeons to perform surgery via

smaller sized and number of incisions. This modification
brought the definition of ‘Uniportal VATS,’ which seems to

be the highlighted future direction in thoracic surgery as

reviewed in the present manuscript.

Keywords Uniportal VATS ! Thoracic surgery ! Non-
small cell lung cancer ! Minimally invasive surgery

Introduction

Minimally invasive thoracic surgery was first performed by
a physician Dr. Cruise in 1885 as a diagnostic thora-

coscopy [1]. In 1910, Jacobaeus used the thoracoscope for
induction of artificial pneumothorax for treating pulmonary

tuberculosis and referred to his name ‘Jacobaeus proce-

dure’ [2, 3]. In 1970s, the thoracoscope was a straight
hollow tube with an incandescent bulb light located on the

tube’s tip without any working channel so with a manda-
tory second hole for instrumentation. In 1980, video cam-

era system was developed but the lightening was still not

sufficient [3]. In 1989, the insufficient lighting providing
incandescent light was no more used with the invention of

the bright xenon lamp. This revolution about having the

surgical field more visible started an incredible inertia to
the field of minimally invasive thoracic surgery. All sur-

gical team members including operating room nurse,

physician assistant, and surgical trainees had a direct view
from the surgical area so that they may help and assist the

operating surgeon and also learn key points of surgery more

efficiently. This created a knowledge development and
competition to do things from less and smaller areas.

Starting from the 1990’s, thoracic surgery clinics got

involved in video-assisted thoracic surgery (VATS) in the
diagnosis and treatment of pulmonary disease where the

vision in operating field with a camera system transmitted

to screens in the OR [4]. The technique became more
common as telescopic-guided minimally invasive proce-

dure in the treatment of pneumothorax [5]. The usage of
the system became more popular with pleurectomy and

thoracic sympathectomy cases [6]. This was followed by

pulmonary wedge resections [7]. Soon afterward, VATS
had started to be used in more complex pathologies such as

anatomical pulmonary resections. With the principles

individual dissection of anatomical structures of lung as
pulmonary veins, pulmonary arteries and bronchus also

complete systematic mediastinal lymphadenectomy by

using the surgical instruments under the screen vision
provided by a camera through 2–4 incisions without any rib

spreading. This usage had formed a large knowledge

accumulation of anatomical resections [8–10] including
complex procedures such as chest wall and sleeve resection

[11]. The number of the port sides in VATS has been

This article is part of the Topical Collection on Thoracic Anesthesia.
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Pleurodesis

• For patients refusing operation 
• Talc  (4 - 8 gr) 

• Insufflation  

• Slurry





Synchronous Bilateral 
Pneumothorax

•The mechanism is not fully understood 

• Contralateral air passage is shown 

• It is solely a ‘life-threatening’ situation (Severe dyspnea, 
cardiopulmonary failure) 

• It is usually seen in patients with parenchymal disease (Interstitial lung 
disease)







Synchronous bilateral 
pneumothorax

to prevent right-sided pneumothorax. After 2 months,
SBSP developed again and the patient was admitted to
another hospital. Unilateral tube drainage was per-
formed because of complete collapse of the left lung. A
small right-sided pneumothorax was observed. The pa-
tient was transferred to our hospital the next day. Plain
chest radiographs obtained at our hospital showed reso-
lution of pneumothorax on both the drained and con-
tralateral sides. Before surgery, the chest tube was in-
serted into the right side in the operating room and
video-assisted thoracoscopic surgery was performed to
treat left-sided pneumothorax. At inspection of the ante-
rior mediastinum along the sternum and the middle
mediastinum along the descending aorta, a 1-cm long
pleural window was detected at the caudal margin of the
inferior pulmonary ligament, between the aorta and the
esophagus (Fig 1). The lesion was closed by direct pleural
suture, and localized pleural abrasion was performed using
argon beam coagulation along the circumference of the
sutured lesion. No ruptured bullae were apparent in the
lung parenchyma. Wedge resection of a small bulla
in the left lung apex was performed using an end stapler.
The postoperative course was uneventful, and the bilat-
eral chest tubes were removed 1 day after surgery.

Comment

Simultaneous bilateral spontaneous pneumothorax asso-
ciated with pleural communication between bilateral
pleural cavities is considered a possible postoperative
complication after major thoracic or cardiovascular sur-
gery. However, congenital pleural communication is not
well known. What is its frequency? What are its likely
locations? How many communications are there, and
how large are they? The presence of a congenital pleural
communication may even go unnoticed.

In the embryogenesis of the pleura, from week 5 the
pleuropericardial folds fuse in the midline, with separa-
tion of the pleural cavity from the pericardial sac. Plural
communication might occur after some adverse influence
on the fetus during this period. This anomaly is a
critical problem in patients with spontaneous pneumo-
thorax. Pneumatic flow from the affected lung to the
contralateral pleural cavity through a pleural window
causes bilateral pneumothorax. In our patient, the degree
of pulmonary collapse differed, but SBSP developed
twice despite surgery to treat right-sided pneumothorax.
A unilateral chest tube was inserted to resolve pneumo-
thorax on the contralateral side, as in ipsilateral pneumo-
thorax. This led to a suspicion of continuity between
bilateral pleural spaces.

As treatment of SBSP, early definitive surgery must be
performed to reduce the risk of recurrence [1]. Bullec-
tomy is most effective in preventing recurrence, and
recurrence is further reduced with the addition of apical
pleurodesis. The recurrence rate of pneumothorax is less
than 5%. Because recurrence of SBSP is life-threatening,
obliteration of this communication is clearly essential.
The pleural window in our patient was small (1 cm) and
could be closed by direct pleural suture, and pleural
abrasion using argon beam coagulation on the circum-
ference of the sutured lesion was performed for further
obliteration of the lesion by localized pleural adhesions.

As for the surgical approach to pneumothorax, most
bullae are present in the lung apex. As a result, surgeons
concentrate attention on the apical lung area during
surgery. Small transaxillary thoracotomy is chosen as the
surgical procedure for apical lesions, rather than stan-
dard thoracotomy [2]. However, this surgical approach
may result in pleural communications being missed. The
pleural window in our patient, which was located far
from the apical lesion, could not be detected at right-
sided axillary thoracotomy. Congenital pleural commu-
nication treated surgically has previously been reported
in only 2 patients with SBSP [3, 4]. The communication
was located at the front of the thymus in the anterior
mediastinum in 1 patient and from the tracheal carina to
the diaphragm (10-cm long) in the middle mediastinum
in the other patient. Right-sided posterolateral or bilat-
eral axillary thoracotomies were performed. However, in
both patients, existence of pleural communications was
confirmed and identified when water was poured in to
test for air leakage or for irrigation that had escaped to
the opposite pleural cavity. Meticulous attention should
be paid to detecting the pleural window.

Video-assisted thoracoscopic surgery is now a stan-
dard approach in treating spontaneous pneumothorax in
many institutions. This surgical procedure produces a
cosmetically small scar. Reduction of postoperative pain
is expected compared with open thoracotomy. However,
few controlled studies have been performed to correctly
compare these methods [2, 5]. As an important advan-
tage, videoscopy enables wide-view inspection of all
thoracic fields. When performing surgical treatment of
SBSP without underlying pulmonary disease, the exis-
tence of pleural communications must always be consid-

Fig 1. Video image shows orifice of pleural defect (1 cm long) at
caudal margin of inferior pulmonary ligament, between aorta and
esophagus.

1435Ann Thorac Surg CASE REPORT YAMADA ET AL
2008;85:1434–6 BILATERAL PLEURAL COMMUNICATION

FE
A

T
U

R
E

A
R

T
IC

LE
S

 by Levent Yilik on April 27, 2008 ats.ctsnetjournals.orgDownloaded from 



Pneumomediastinum
•Causes 

•Spontaneous (Bronchial asthma, COPD),  

•Trauma (blunt trauma;tracheal or main bronchial rupture, 
esophageal rupture),  

•Iatrogenic (Tracheal, esophageal, abdominal surgery) 

•M a n a g e m e n t : C o n s e r v a t i v e , S u r g e r y 
(Mediastinostomy)



PNEUMOMEDIASTINUM











MESOTHELIOMA
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Plate 4-60 Respiratory System

MALIGNANT PLEURAL 
MESOTHELIOMA

Malignant pleural mesothelioma (MPM) is a tumor 
arising in the pleura from mesothelial cells. It may also 
arise in the peritoneal cavity, pericardium, and tunica 
vaginalis (rarely). Pleural mesothelioma may be 
restricted to a small area or grow diffusely in a multifo-
cal or continuous manner. The histologic types of 
MPM are epithelioid, which is the most common; 
sarcomatoid; and biphasic or mixed. Desmoplastic 
mesothelioma is considered a subtype of sarcomatoid 
mesothelioma. Localized malignant mesothelioma 
presents as a nodular lesion without diffuse pleural 
spread but is histologically identical to diffuse MPM. 
Results of immunohistochemical staining with cytok-
eratin 5/6, calretinin, and Wilms tumor-1 are positive 
in the vast majority of epithelioid mesothelioma but are 
less often positive in sarcomatoid mesothelioma. These 
markers are typically, but not always, negative in 
adenocarcinoma.

The etiologic agent of MPM is asbestos in a large 
majority of the cases, but documentation requires a 
careful exposure history, and the delay between expo-
sure and disease is generally 30 to 50 years. The fre-
quency of MPM increases with increasing asbestos 
exposure, but there is no documented lower limit or 
safe threshold level of asbestos exposure. Certain indi-
viduals are believed to be genetically more susceptible, 
but the exact genetics have not been delineated.

The most common presentations are pleural effusion 
or pain. Dyspnea may be present if the pleural effusion 
is of signifi cant size. Pain is generally described as a dull 
ache or pulling sensation in the chest wall. The chest 
radiograph may show pleural effusion or pleural thick-
ening with or without irregular thickening of the inter-
lobar fi ssure. Calcifi ed pleural plaques may be present 
and are a sign of prior asbestos exposure. Computed 
tomography (CT) of the chest usually demonstrates 
pleural thickening and nodularity if it is not hidden by 
the pleural effusion that is present in most cases. Thick-
ening of the intralobar fi ssure is frequently present. 
With more extensive involvement, contraction of the 
involved hemithorax may occur.

The diagnosis can be diffi cult. Pleural fl uid cytology 
results are positive for malignant cells in one-third of 
cases, but pathologists have diffi culty determining ade-
nocarcinoma involving the pleura versus MPM. Percu-
taneous or closed pleural biopsy often yields adequate 
tissue for diagnosis. When these test results are nondi-
agnostic, then thoracoscopy with biopsy under direct 
visualization is diagnostic in 90% of cases. The typical 
description at visualization is that of multiple nodular 
densities of the pleura. Because of the paucity of cases 
(∼2000-3000 per year in the United States), many 
pathologists see few cases of MPM. It is therefore very 
important that biopsy samples be reviewed by a patho-
logist with particular expertise in mesothelioma.

The treatment of patients with MPM is diffi cult 
and somewhat controversial. For those with earlier 
stage tissue, aggressive trimodality treatment has been 

advocated by some. This approach includes induction 
chemotherapy followed by extrapleural pneumonec-
tomy and postoperative hemithoracic radiotherapy. 
Most patients with MPM are clinically or medically 
inoperable, and these individuals should be considered 
for systemic chemotherapy or supportive care only.

The natural history of this disease is that of initial 
local progression in the pleura (with encasement of 
the lung), mediastinum, pericardium, and diaphragm. 

Intraabdominal spread, contralateral pleura, and distant 
organs occur later in the disease process. The median 
survival in 9 to 12 months in most nonsurgical series 
and 16 to 18 months in surgical series with earlier stage 
patients. Twenty percent or fewer patients survive 
beyond 2 years, but there are reports of 4- to 5-year 
survival in selected patients with minimal treatment. 
Patients generally die of cardiorespiratory failure 
caused by encasement of the heart and lungs by tumor.

Sarcomatoid
type of tumor

Epitheloid type
of tumor

Neoplastic growth encasing right lung, infiltrating
interlobar fissure, and invading parietal pleura
and pericardium. Pleural fluid in remainder
of pleural cavity

Combined CT/PET images showing mesothelioma (bright areas) in axial, coronal,
and sagittal views of the lungs



MESOTHELIOMA
•Diffuse Malignant Mesothelioma is an 

uncommon and lethal cancer for which there 
are limited treatment options 

• Pleural tumor 

• Related to asbestos (silicate fiber) exposure 

• Serpentine 

• Amphibole (crocidolite, amosite, tremolite, 
anthrophyllite, and actinolite asbestos)























Crysotile ( White Asbestos )  
Mg 3(Si 2O 5)(OH) 4 



Erionite ( Zeolite ) 
(Na2,K2,Ca)2Al4Si14O36·15H2O. 



Asbestos and Erionite in Soil in 
Turkey
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Abstract: Malignant mesothelioma (MM) is an important health problem due to ongoing asbestos 
exposure. Environmental asbestos exposure  leads  to a high  risk of MM  in Turkey. The Turkish 
Mesothelioma Working Group and  the Turkish Public Health  Institute designed and performed 
the Turkey National Mesothelioma Surveillance  and Environmental Asbestos Exposure Control 
Program  (TUNMES‐EAECP).  The  aim  of  this  study  was  to  analyze  the  results  of  the 
TUNMES‐EAECP. Patients diagnosed with MM (code C45.0–C45.9) between 2008 and 2012 were 
identified. The “from case to the field” method was used to determine the villages with current or 
previous  asbestos  exposure.  Special  public  health  teams  took  soil  samples  from  these  villages, 
which were  then examined using an X‐ray diffractometer. Direct Standardized Average Annual 
Mesothelioma  Incidence Rate  (AMIR)  and  relative  risk  (RR)  of MM were  calculated.  Finally,  a 
projection on the  incidence of MM between 2013 and 2033 was made. The number of confirmed 
MM cases was 5617 with a male to female ratio of 1.36. Mean age was 61.7 ± 13.4 (20–96) years. The 
median survival was eight (95% CI 7.6–8.4) months. Asbestos exposure continues in 379 villages, 
with 158,068 people  still  living  in high  risk areas. The  standardized AMIR was 2.33/100,000 per 
year. The risk of MM was higher in males, in both sexes over the age of 40, in asbestos‐containing 
provinces,  and  in  those  where  the  TUNMES  was  organized.  Among  the  population  with 
continuing asbestos exposure in rural areas, the number of MM cases between 2013 and 2033 was 
estimated as 2511. As such, the incidence of MM in Turkey is as high as in industrialized countries. 
Asbestos exposure in rural areas continues to be a serious problem in Turkey, which obviates the 
necessity for effective preventive measures.   

Keywords: mesothelioma; environmental asbestos exposure; epidemiology; asbestos 
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Figure 2. Population living in rural areas, where there is still asbestos exposure ongoing. 

The number of villages where the number of MM cases was higher than expected, but did not 
have soil sampling as the provincial governors reported no asbestos‐contaminated soil and all of the 
houses had modern plasters, paints, and roof coatings, was 174. The number of inhabitants in these 
villages was 69,000. 

The crude and standardized mesothelioma rates for Turkey determined in the TUNMES study 
are presented at Table 2. 

Table 2. Crude and standardized mesothelioma incidence rates. 

  Crude Incidence Rate 
Annual per 100,000 (95% CI) 

Standardized Incidence Rate * 
Annual per 100,000 (95% CI) 

Turkey     
Male  1.86 (1.79–1.89)  2.88 (2.86–2.89) 
Female  1.49 (1.43–1.56)  1.86 (1.85–1.87) 
Total  1.84 (1.79–1.92)  2.33 (2.32–2.34) 

Villages with continuing asbestos exposure **     
Male  79.94 (67.64–92.17)  87.27 (87.21–87.33) 
Female  66.92 (55.84–78.00)  68.44 (68.39–68.49) 
Total  73.42 (65.30–81.67)  79.00 (78.94–79.06) 

CI = Confidence interval; * = Standardized according to WHO‐2000 population; ** = Population living 
in rural areas, where there is still continuing asbestos exposure. 

In total, 5617 cases were from 58 provinces; however, 98.3% of these cases belonged to the 30 
provinces where TUNMES was organized. The provinces were divided into five categories that were 
based on  the RR of mesothelioma  (Table 3). The provinces based on  the RR of mesothelioma are 
shown in Figure 3. 
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asbestos  in  rural  areas  for  a  risky  period  of  time,  i.e.,  they  had  been  exposed  to  asbestos  for  a 
duration enough to present a risk for MM, but are now unexposed due to the termination of use of 
asbestos‐contaminated soil in recent years. The estimation of potentially new cases do not appear to 
be possible without determining the exposure duration of this population. Furthermore, since the 
prohibition  of  asbestos  use was  only  established  in  2010,  there  are  still  occupationally  exposed 
people within the community. Similarly, the incidence of new cases among these is not likely to be 
predictable. 

As  identified by  the TUNMES data, 1879 of  the  total cases had not  lived  in  rural areas, and 
therefore,  the work places of  these cases might be specified as high  risk  in  terms of occupational 
asbestos exposure. These workplaces should be identified on the basis of the number of people, and 
examined  in  detailed  by  experts  with  respect  to  current  or  previous  asbestos  exposure  [32]. 
Certainly,  the work places  of  all  the  cases would not  be determined  to have  asbestos  exposure; 
however,  the  identification of  the workplaces  in  these  cases would  enable  the documentation of 
workplaces with  asbestos  exposure  in Turkey, which will  break new  ground  in  terms  of  efforts 
towards  occupational  diseases,  and  occupational  health  and  safety.  It  is  clear  that  the  results 
obtained in the plan work form a comprehensive basis to make assessments for the first time for all 
of  Turkey,  based  on  reliable  data  regarding  occupational  health.  Assessments  made  with  the 
information  from  the  TUNMES  results  that  also  considered  the  constraints  are  as  follows: 
Approximately 500,000 tons of asbestos was used in Turkey from 1983 until 2010 when asbestos use 
was  completely  banned.  Those working with  these  products  (including  these  amounts) will  be 
exposed to asbestos for at least the next 30–40 years (The Report of Specialization Commission of the 
State Planning Organization of Turkey, 1996, 2001, 2009–2013). When  considering  the amount of 
asbestos  used  in  the  industry,  it  is  obvious  that  exposure  during  the maintenance,  repair,  and 
disassembly of  these products will  lead  to  the emergence of  relevant diseases  in  the next  twenty 
years unless efficient measures are taken. 

 

Figure  4. New mesothelioma  cases  expected  among  subjects who will  continue  to be  exposed  to 
asbestos after 2013. 

Our  study had  several  limitations. The  cases used  in  the  study were derived  from hospital 
records  based  on  diagnostic  entries.  Patients with  ICD45  in  Turkey  are  generally mesothelioma 
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MESOTHELIOMA
•Diffuse malignant mesothelioma 

• Epitheloid 

• Sarcomatoid 

• Desmoplastic 

• Biphasic 

•Localized malignant mesothelioma 

•Well differentiated mesothelioma 

•Adenomatoid tumor



Symptoms
• Chest pain 
• Chest discomfort 
• Dyspnea 

• Cough 

• Fever 

• Dysphagia 

• Hoarseness





! FDG-Uptake Pattern: Focal or linear in early stages           
                               : Irregular mass lesions in advanced
                                  stages
                                







26y-o woman
Mesothelioma
(Stage III)



The patient was born and raised in Çermik/Diyarbakır



Paraneoplastic 
Syndromes

• Autoimmune hemolytic anemia 

• Hypercalcemia 

• Hypoglycemia 

• Hypercoagulability 

• iADH



Diagnosis

• Pleural cytology 

• Pleural biopsy 

• TTNA 

• Tru-cut 

• VATS 

• Thoracotomy (Rarely needed)





STAGING
T0 : No evidence of primary tumor 
T1 : Tumor involves ipsilateral parietal pleura, with or without focal involvement of visceral pleura 
T2 : Tumor involves any of the ipsilateral pleural surfaces with at least one of the following: 

Confluent visceral pleural tumor (including fissure) 
Invasion of diaphragmatic muscle 
Invasion of lung parenchyma 

T3 :Describes locally advanced but potentially resectable tumor 
Tumor involves any of the ipsilateral pleural surfaces with at least one of the following: 

Invasion of the endothoracic fascia 
Invasion into mediastinal fat 
Solitary focus of tumor invading the soft tissues of the chest wall 
Nontransmural involvement of the pericardium 

T4 : Describes locally advanced technically unresectable tumor 
Tumor involves any of the ipsilateral pleural surfaces with at least one of the following: 

Diffuse or multifocal invasion of soft tissues of the chest wall 
Any involvement of rib 
Invasion through the diaphragm to the peritoneum 
Direct extension of any mediastinal organs 
Direct extension to the contralateral pleura 
Invasion into the spine 
Extension to the internal surface of the pericardium 
Pericardial effusion with positive cytology 
Invasion of the myocardium 
Invasion of the brachial plexus 

•



STAGING

T1 : Tumor involves ipsilateral parietal 
pleura, with or without focal 
involvement of visceral pleura



Therapy

• Chemotherapy 
• Radiotherapy 
• Surgical Therapy



Surgery
• Intention to Treat 
•Pleurectomy / Decortication 

• Palliative 
• Pleurodesis 
• Decortication



Thoracotomy (Posterolateral)





Dissection



Diaphragm and hilum





Pericardial and diaphragmatic reconstruction



Resected Specimen







Pleural Effusions
• Pleural effusion, the abnormal accumulation of 

liquid in the pleural space 

• The most common causes are congestive heart 

failure (%38), malignancy, pneumonia, and 

pulmonary embolus



Pleural Fluid Dynamics

n engl j med 378;8 nejm.org February 22, 2018742

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Similarly, a pleural fluid level of N-terminal 
pro–B-type natriuretic peptide (NT-proBNP) high-
er than 1500 pg per milliliter has been shown to 
accurately identify effusions due to heart disease 
such as congestive heart failure; however, since 

serum levels of NT-proBNP are nearly identical 
to pleural fluid levels, current recommendations 
suggest using the serum NT-proBNP level and 
clinical judgment to correctly identify transudates 
in patients who have been undergoing active 

Figure 1. Balance of Forces Regulating Pleural Fluid Formation.

The amount of fluid in the pleural space is dependent on the balance of hydrostatic and oncotic pressures between the 
parietal and visceral pleura and the pleural space. Because hydrostatic pressures are higher on the parietal pleura than 
on the visceral pleura and the oncotic pressures are equivalent, pleural fluid is primarily produced from the parietal 
pleura. Likewise, the lymphatic vessels on the parietal pleura are responsible for the majority of pleural fluid resorption.
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Pathogenesis-1
★ Altered permeability of the pleural membranes; 

★ Decreased intravascular oncotic pressure and, 

once a pleural effusion has formed, increased 

pleural liquid oncotic pressure;  

★ Increased hydrostatic pressure in the pleural 

capillaries as a result of heart failure;



Pathogenesis-2
★Greater negativity of pressure in the pleural space 

(e.g., if the lung is unable to expand normally);  

★Lymphatic obstruction;  

★Migration of ascitic liquid across the diaphragm; 

and  

★Migration of pulmonary edema liquid across the 

visceral pleura



Classification
✴ Accumulation of serous liquid is referred to 

as a hydrothorax.  
✴ If blood accumulates, the condition is 

referred to as a hemothorax.  
✴ An effusion composed of lipids is known as 

a chylothorax.  
✴ Accumulation of pus is known as a 

pyothorax, or empyema. 



Hydrothorax
• Transudative Pleural Effusion 
• When there is disruption of the hydrostatic and 

oncotic forces operating across the pleural 
membranes.  
Congestive heart failure.  
Constrictive pericarditis,  
Superior vena cava obstruction,   
Hypoalbuminemia (e.g., cirrhosis and the 
nephrotic syndrome )



Transudative Effusions

n engl j med 378;8 nejm.org February 22, 2018 743

Pleur al Disease

diuresis for congestive heart failure in the con-
text of a pleural f luid collection.30,31 If serum 
levels of protein and albumin are not available 
(e.g., in an outpatient who hopes to avoid veni-
puncture), a pleural fluid protein level higher 
than 3 g per deciliter or a pleural fluid choles-
terol level higher than 45 mg per deciliter has 
been shown to indicate the presence of an exuda-
tive effusion as accurately as Light’s criteria.26,32-34

Common E x udates

Parapneumonic Effusions and Empyema
The most common exudative effusions are 
those associated with an underlying pneumonia, 
so-called parapneumonic effusions.1 Empyema 
refers to frank infection or pus in the pleural 
space. The clinical significance of empyema and 
the importance of its drainage have been known 
for more than 2000 years, and Hippocrates has 
been quoted as saying, “Persons who become 
affected with empyema after pleurisy, if they get 
clear of it in forty days from the breaking of it, 
escape the disease; but if not, it passes into 
phthisis.”35,36 Despite advances in the treatment 
of pneumonia, however, mortality is higher among 
patients who have an associated parapneumonic 
effusion than among patients with pneumonia 
and no effusion,37,38  and delays in drainage are 
associated with substantially higher mortality.13 
In addition, both the incidence of and mortality 
due to parapneumonic effusion and empyema 
continue to rise.39,40 Of note, elderly patients often 
do not present with the classic symptoms of 
cough, fever, sputum, and chest pain, but rather 
with anemia, fatigue, and failure to thrive. Prob-
ably in part because of underdiagnosis, elderly 
patients also often have more complicated effu-
sions when they are diagnosed, as well as higher 
rates of failure of nonsurgical therapy.41 Thus, it is 
crucial to consider parapneumonic effusion and 
empyema in all elderly patients with pneumonia.

A cornerstone of treating parapneumonic ef-
fusion and empyema is the selection of appropri-
ate antibiotics on the basis of local microbiology 
and antibiotic resistance. Patients with commu-
nity-acquired pneumonia tend to be infected with 
streptococcus species and anaerobes (e.g., bacte-
roides and peptostreptococcus), whereas patients 
with hospital-acquired infection are more like-
ly to have methicillin-resistant staphylococcus 
and gram-negative bacteria (e.g., enterobacter).42 

Transudative effusions

Congestive heart failure

Cirrhosis

Nephrotic syndrome

Glomerulonephritis

Peritoneal dialysis

Hypoalbuminemia (typical serum albumin, <1.5 mg/dl)

Atelectasis

Superior vena cava obstruction

Trapped lung

Sarcoidosis

Peritoneal dialysis

Myxedema

Cerebrospinal fluid leak or ventriculopleural shunt

Urinothorax

Pulmonary arterial hypertension

Pulmonary embolism

Pericardial disease

Extravascular migration of central venous catheter

Exudative effusions

Infectious: bacterial, viral, tuberculosis-related, fungal, parasitic

Neoplastic: metastatic disease (e.g., lung cancer, breast cancer, lymphoma, 
myeloma, ovarian cancer, pancreatic cancer, cholangiocarcinoma), meso-
thelioma, primary body-cavity lymphoma

Paramalignant effusions: reactive pleuritis due to underlying lung cancer, airway 
obstruction or atelectasis, radiation-induced pleuritis

Reactive: reactive pleuritis due to underlying pneumonia (i.e., parapneumonic)

Embolic disease: pulmonary embolism

Abdominal disease: pancreatitis, cholecystitis, hepatic or splenic abscess, 
esophageal perforation after esophageal varix sclerotherapy

Cardiac or pericardial injury, including myocardial infarction (after coronary-
artery bypass, cardiac surgery, or cardiac ablation procedures), pulmonary-
vein stenosis

Gynecologic: ovarian hyperstimulation, Meigs’ syndrome, endometriosis, 
postpartum complications

Collagen vascular disease: rheumatoid arthritis, systemic lupus erythematosus, 
Sjögren’s syndrome, familial Mediterranean fever, eosinophilic granulo-
matosis, granulomatosis with polyangiitis

Medications: nitrofurantoin, dantrolene, methysergide, dasatinib, amiodarone, 
interleukin-2, procarbazine, methotrexate, clozapine, phenytoin, β-blockers, 
ergot drugs

Hemothorax

Chylothorax (most commonly seen after trauma or in patients with lymphoma)

Sarcoidosis

Lymphoplasmacytic lymphoma

Cholesterol effusions (commonly seen in tuberculosis, rheumatoid effusions, 
and any other chronic pleural effusion)

Miscellaneous: benign asbestos pleural effusion, yellow nail syndrome, ure-
mia, drowning, amyloidosis, electrical burns, iatrogenic effusion, capillary 
leak syndromes, extramedullary hematopoiesis

Table 1. Causes of Pleural Effusions.
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•Exudation 
• Any process that disrupts the integrity of the endothelial 

membrane that lines the pleural capillaries and venules.  

• Obstruction of lymphatic drainage from the pleural space 

is another mechanism that can cause a protein-rich 
effusion.  

✴ i n f e c t i o u s , n e o p l a s t i c , i n f l a m m a t o r y , 
embolic, and vasculitic diseases.  

✴ Drugs 



Symptoms

• Dyspnea 
• Pleuritic Chest Pain



Diagnosis
★ A pleural effusion may be suspected on the basis 

of physical examination.  

★ Physical findings include dullness on percussion, 

diminished or absent breath sounds, decreased 

fremitus, and egophony at the level of the pleural 

liquid meniscus.



• When the patient is in the upright 
position, liquid collects first in the 
posterior sulcus, the most inferiorly 
located recess of the pleural space.  

• Blunting of the normally sharp 
posterior costophrenic angle on a 
lateral chest radiograph indicates the 
presence of at least 50 to 100 ml of 
pleural liquid.  

• As additional liquid accumulates 
(approximately 150 ml total), the 
lateral costophrenic angle on a 
posteroanterior radiograph becomes 
obliterated. 



Ultrasonography
✴ Ultrasonography is also a very sensitive test for 

detecting pleural effusions.  

✴ It is particularly effective in cases of loculated 

pleural effusions because it can identify the precise 

site of effusion on the chest wall where a needle 

can be introduced to aspirate a sample 
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Plate 3-5 Respiratory System

Hospitalized patients, especially those in the inten-
sive care unit, frequently cannot be readily brought to 
the radiology department for PA and lateral radio-
graphs and are usually evaluated with a single portable 
anteroposterior (AP) radiograph where the cassette is 
placed behind the patient’s back (see Plate 3-4). These 
studies are usually performed with the x-ray tube at a 
distance of 40 inches from the image receptor and at 
lower beam energy (80-90 kVp). The patient is rarely 
more than semi-upright and usually cannot take a deep 
breath, resulting in poorer image quality than studies 
performed in the radiology department. The AP pro-
jection and shorter source to image distance result in 
signifi cant magnifi cation of the cardiac silhouette and 
the lower beam energy makes the images have more 
contrast. Plate 3-4 demonstrates a standard supine AP 
chest radiograph.

Oblique views of the chest can serve to help localize 
lesions within the lung or determine whether a per-
ceived lesion is inside the thorax or on the chest wall. 
In practice, however, they are rarely obtained except for 
evaluation of the rib cage.

Lateral decubitus chest radiographs are useful for 
evaluation of pleural fl uid and can be used to identify 
the presence of even very small pleural effusions as well 
as to assess the amount of free-fl owing fl uid. In the 
lateral decubitus view, the patient lies on one side, and 
the x-ray beam passes horizontally through the patient 
(see Plate 3-5). As a general rule, both decubitus views 
should be obtained if possible because it may be diffi cult 
to determine how much free-fl owing fl uid there is on 
the down side when the effusion is large and to evaluate 
the underlying lung parenchyma on the up side when 
fl uid shifts from lateral to medial. When an upright 
chest radiograph cannot be obtained, a lateral decubitus 
radiograph is the best way to look for a pneumothorax 
without resorting to computed tomography (CT). In 
this case, the side of interest is the up side of the chest. 
Plate 3-5 demonstrates proper positioning for a decu-
bitus chest radiograph and a corresponding image.

The AP lordotic view of the chest was widely used in 
the past to evaluate the lung apices in patients in whom 
a suspicious opacity was seen on the standard PA view. 
By projecting the clavicles cephalad, the apices may be 
better visualized. In practice, however, the question of 
whether a perceived lesion is real is frequently not com-
pletely answered by the lordotic view, and in most 
places, it has been replaced by the more expensive but 

also more defi nitive CT scan. Furthermore, unless 
there is obvious calcium within a lesion, the lordotic 
view does not answer the question of what the lesion is.

Another imaging procedure that has largely been 
replaced is chest fl uoroscopy, although it remains a 
quick way to confi rm that a perceived lesion is actually 
a confl uence of shadows, saving the patient from under-
going a CT scan. Chest fl uoroscopy is also useful for 
evaluation of diaphragmatic motion and identifying a 
paralyzed diaphragm. If the diaphragm is paralyzed, it 
will move paradoxically when the patient forcefully 
sniffs.

COMPUTED TOMOGRAPHY 
(see Plate 3-6)

CT has revolutionized the diagnosis of thoracic disease 
not only by earlier detection of disease but also by much 
more accurate characterization of disease severity and 
extent. Modern units, termed multidetector row (MDCT) 
scanners, are capable of imaging the entire volume of the 
chest in less than 10 seconds, allowing 1-mm-thick 
high-resolution scans in a single breath-hold (see Plate 
3-6). For this reason, virtually all CT scans performed 
on a MDCT scanner provide high-resolution detail of 
the parenchyma, although at a higher radiation dose 

 LATERAL DECUBITUS VIEW

Pleural effusion. PA radiograph demonstrates
blunting of the left costophrenic angle
and separation of the stomach bubble from
the lung base

Left side down decubitus radiograph confirms
free-flowing pleural fluid

X-ray film

Fluid Cassette

X-ray beam

Lateral view

RADIOLOGIC EXAMINATION OF 
THE LUNGS (Continued)





CT



Loculated Effusion



Thoracentesis



Thoracentesis
★ Should be performed in virtually all patients with 

pleural effusions of a significant size and of 

uncertain etiology. 



NT-ProBNP
★ - N Terminal Pro-B-Type Natriuretic Peptide 

★ - It has been shown to accurately identify 

effusions due to heart disease such as congestive 

heart failure



Fluid Examination
•Positive for cytology of bacteriologic examination / 

culture 

• Not diagnostic but suggestive: 
• Amylase 

• Glucose 

• pH 

• Tryglycerides 

• ANA 

• LDH,  Cholesterol, Protein



Exudation / Transudation

• Pleural protein / Serum protein > 0.5 

• Pleural LDH / Serum LDH > 0.6 or 

• Pleural LDH > 2/3 x Upper limit of serum LDH 

• Pleural Cholesterol > 60 mg/dL



If one or more of these criteria are met, 
the effusion is usually exudative or caused 
by lymphatic obstruction.  
If none of these characteristics are present, 
a transudative mechanism would be 
expected.  
Although these criteria are extremely 
useful, they are not absolute, and the 
results must be considered in the clinical 
context. 



Diagnostic Findings
• High pleural Amylase: Pancreatitis, pancreatic 

pseudocyts, some malignancies 

• Low pleural glucose (<60 mg/dL): Tuberculous 
empyema, parapneumonic effusion, some 
malignancies 

• Extremely low glucose: Rheumatoid arthritis 

• Bloody Effusion (>100.000 RBC/mm3): 
Malignancy, pulmonary embolism (Esophageal 
rupture, pancreatitis, benign asbestos disease)



White Blood Cells
• WBC: >50.000/mm3 :Pyothorax / Empyema 

• Pulmonary embolism 

• Viral pleuritis 

• Benign asbestos effusion 

• Malignant disease 

• Early tuberculous pleuritis 

• >10% eosionophils: Tbc, malignancy



pH
• 7.35 - 7.45 : Congestive heart failure 

• <7.0 : Empyema 

• <6.0 : Esophageal rupture 

• 7.0<pH<7.3:  
• Vascular disease 

• Tuberculosis 

• Hemothorax 

• Collagen vascular disease



ANA,  RF
• Pleural ANA > Serum ANA : SLE 

• RF > 1/160 : RA



Diagnostic Pathway
• Pleural fluid analysis 

• Trans-thoracic Needle Aspiration 

• Tru-Cut biopsy 

• (Bronchoscopy) 

• Video-thoracoscopic biopsy 

• Thoracotomy



VATS





Summary: Leading Causes
★ Congestive Heart Failure 
★ Pneumonia 
★ Cancer 
★ Pulmonary embolus 

★ Usually 5-10 liters/d normally flows through pleural 
space 

★ 10-15 ml is present at any given time



Malignant Pleural Effusion
★ Most common with  

★ Lung cancer 
★ Breast cancer 
★ Lymphoma 

★ Usually exudative and blood tinged 
★ Tx: chest tube placement, Pigtail catheter 

placement, VATS followed by instillation 
of sclerosing agent



Catheter (8F or 14F) Drainage



Cerrahpaşa Tıp Fakültesi Göğüs Cerrahisi Anabilim Dalı







Tunneled Catheter for Long 
Term Effusions

★ For partients with malignant pleural 
effusion and trapped lung 

★ May provide pleurodesis in long term
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depends primarily on tumor subtype, with lung 
cancer and gastrointestinal cancers having the 
worst outcomes (median survival, 2 to 3 months) 
and mesothelioma and hematologic cancers hav-
ing the best prognosis, with survival approaching 
1 year.58,59

To appropriately treat patients with malignant 
pleural effusions, it is crucial to understand the 
mechanisms by which pleural effusions cause 
dyspnea. Although pleural effusions mildly in-

crease shunt fraction, it is rare to find patients 
with substantial hypoxemia.60  The related dys-
pnea is generally not a lung problem due to lung 
collapse or to a reduction in pulmonary-function 
measures.61 Rather, the dyspnea is a chest-wall 
issue caused by the diaphragm being displaced 
caudally, which is mechanically disadvantageous 
for its length–tension relationship.61,62 The gene-
sis of the dyspnea is important, since the most 
clinically relevant questions after large-volume 

Figure 2. Management of Parapneumonic Effusions.

Poor prognostic factors after incomplete removal of fluid by means of therapeutic thoracentesis include pus in the pleural space, positive 
Gram’s stain or culture, pleural fluid glucose level less than 40 mg per deciliter, pleural fluid pH lower than 7.15, and pleural fluid lactate 
dehydrogenase level more than 3 times the upper limit of the normal range for serum.1,53 A decision regarding surgery depends on the 
patient’s clinical status and ability to undergo surgery, as well as on local resources and the availability of a skilled surgeon. The figure is 
modified from Davies et al.44 The abbreviation t-PA denotes tissue plasminogen activator, and VATS video-assisted thoracoscopic surgery.

Are septations or loculation seen?

Pleural effusion with underlying pneumonia
All patients: antibiotics, venous thromboembolism

prophylaxis, nutrition

Therapeutic thoracentesis Consider pulmonary and thoracic
surgical consultation for multi-

disciplinary discussion

Chest ultrasound

All fluid removed?

No Yes

Fluid recurs?

Return to chest ultra-
sound box above

Place 14-French chest
tube and consider

t-PA–DNase

Consider early VATS

Continue antibiotics

Yes No

No Yes No Yes

Poor prognostic
factors?

Continue antibiotics,
consider repeat ultra-
sound with or without
 thoracentesis in 48 hr

Poor or borderline
surgical candidate

Good surgical
candidate

The New England Journal of Medicine 
Downloaded from nejm.org by AKIF TURNA on February 21, 2018. For personal use only. No other uses without permission. 

 Copyright © 2018 Massachusetts Medical Society. All rights reserved. 



Rapid Pleurodesis

© Pioneer Bioscience Publishing Company. All rights reserved. J Thorac Dis 2014;6(12):1731-1735www.jthoracdis.com

Introduction 

The management of patients with malignant and/or 

recurrent pleural effusions is cumbersome and can present 

important diagnostic and therapeutic challenges (1,2).

Pleural effusion causing symptoms such as chest pain 

and dyspnea is a common problem that causes significant 

morbidity and can negatively affect quality of life of  

patients for their remaining months. Despite management 

of underlying malignancy with chemo/radiotherapy, 

malignant pleural effusions (MPE) may persist or recur and 

necessitate palliative interventions in order to control or 

alleviate the symptoms. Several palliative treatment options 

are available including therapeutic thoracentesis, tube 

thoracostomy, chemical pleurodesis, video thoracoscopic 

pleurodesis and pleuroperitoneal shunt (2,3). 

Pleurodesis is performed to inflame the visceral and parietal 
pleura to fuse the pleura together obliterating the potential 
pleural space. Pleurodesis with sclerosing agents has a high 
success rate but requires hospitalization for up to 6 days until 
chest tubes can be removed (4). It is generally considered 
standard treatment for recurrent MPE. Asbestos-free  
talc has been established as the most effective agent for 
pleurodesis (4). However, various factors have impact on the 
success of pleurodesis include initial drainage time, chest 
drain diameter, management of the chest drain (suction, no 
suction), etc. (5). Success and length of stay of the patients 
(5-7 days) are of utmost importance since patients with 
MPE are usually critically ill and/or moribund. In these 
patients with an expected survival of only 8 months, the 
aim of a palliative intervention should be reliable alleviation 
of dyspnea, improving quality of life, shortening hospital 
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Rapid pleurodesis is an outpatient alternative in patients with 
malignant pleural effusions: a prospective randomized controlled trial
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Background: Chemical pleurodesis can be palliative for recurrent, symptomatic pleural effusions in 

patients who are not candidate for a thoracic surgical procedure. We hypothesized that effective pleurodesis 

could be accomplished with a rapid method of pleurodesis as effective as the standard method.

Methods: A prospective randomized ‘non-inferiority’ trial was conducted in 96 patients with malignant 

pleural effusion (MPE) who are not potentially curable and/or not amenable to any other surgical intervention. 

They were randomly allocated to group 1 (rapid pleurodesis) and to group 2 (standard protocol). In group 1, 

following complete fluid evacuation, talc slurry was instilled into the pleural space. This was accomplished 

within 2 h of thoracic catheter insertion, unless the drained fluid was more than 1,500 mL. After clamping the 
tube for 30 min, the pleural space was drained for 1 h, after which the thoracic catheter was removed. In group 2, 

talc-slurry was administered when the daily drainage was lower than 300 mL/day. 
Results: No-complication developed due to talc-slurry in two groups. Complete or partial response was 

achieved in 35 (87.5%) and 33 (84.6%) patients in group 1 and group 2 respectively (P=0.670). The mean 

drainage time was 40.7 and 165.2 h in group 1 and group 2 respectively (P<0.001). 

Conclusions: Rapid pleurodesis with talc slurry is safe and effective and it can be performed in an 

outpatient basis.
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(Consort Diagram)
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Table 1 Patient characteristics

Characteristics Group 1 (n=40) Group 2 (n=39) P value 

Age (years) [mean ± standard deviation] 61.0±17.8 [30-91] 56.0±12.2 [25-92] 0.530

Male/female 16/24 21/18 0.03 

Primary site (n) 0.21

Lung 11 9

Over 4 3 

Gastrointestinal system 3 0 

Urogenital 1 3 

Breast 4 2 

Mesothelioma 2 2 

Esophagus 1 3 

Pancreas 1 3 

Lymphoma 1 4 

Hepatocellular 3 3 

Others 9 7 

Follow-up period (months) 5.75±6.21 (0.1-18) 3.25±6.40 (0.1-18) 0.641

Figure 1 Consort 2010 diagram of the study.

Assessed for eligibility 

(n=96)

Catheter (12F) insertion

Randomization (n=79)

Follow-up Follow-up

Grouping
n=40 n=39

Group 2Group 1

Evaluation

Analysis

Excluded patients
- Patients with endobronchial lesions 

(n=3)
- Patients suitable for ‘curative’ 

therapy (n=6)
- Patients whose the lung can not be 

re-expanded (n=8)

Pleural and serum pH, LDH, protein albumin, glucose, 
paO2, paCO2, chollesterol
Daily follow-up (drainage was limited to 1.5 lt/day)

Pleurodesis with 4 g talc-slurry was given via the 
catheter only after obtaining radiologic complete 
evacuation of the fluid and no-trapped lung and if 
the daily drainage was <300 mL

4. The tube was clamped for 30 min
5. The fluid was drained and catheter was removed

Pleural and serum pH, LDH, protein albumin, glucose, 
paO2, paCO2, chollesterol

1. Maximum one liter of pleural fluid was drained every 
8 hours until all ‘drainable’ fluid was removed

2. Chest X-ray
3. Pleurodesis with 4 g talc-slurry was given via the 

catheter only after obtaining radiologic complete 
evacuation of the fluid and no-trapped lung

4. The tube was clamped for 30 min
5.  The fluid was drained and catheter was removed
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Malignant Pleural Effusion
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drainage every other day) can result in substan-
tially fewer days with a catheter.72-74 As with all 
procedures, we recommend that the risks, ben-
efits, and alternatives always be discussed with 
the patient in detail and that therapy be indi-
vidualized.

Complic ated Tr a nsudates

Congestive heart failure, cirrhosis, and the ne-
phrotic syndrome underlie most transudative 
effusions.1  Although often considered benign 
conditions, effusions associated with congestive 
heart failure, hepatic failure, and renal failure 
have recently been shown to be associated with 
1 -year mortality rates of 50%, 25%, and 46%, 
respectively.75 Patients with congestive heart fail-
ure and pleural effusion have a 1 -year risk of 

death similar to that of patients who are admit-
ted to the intensive care unit with acute decom-
pensated heart failure, patients with hepatic hy-
drothorax have a risk of death similar to that of 
patients with a Model for End-Stage Liver Dis-
ease (MELD) score of 20 to 29 (a typical indica-
tion for transplantation; MELD scores range 
from 6 to 40, with higher scores indicating more 
advanced liver disease), and patients with renal 
failure and effusion have a 1 -year risk of death 
that is triple that among patients undergoing 
hemodialysis who do not have effusions.75 Al-
though in the majority of patients, transudative 
effusions can be managed by treatment of the 
underlying condition, refractory effusions deserve 
prompt and aggressive pleural palliation that 
will minimize repeat procedures and breathless-
ness and maximize quality of life. As with malig-

Figure 3. Management of Malignant Pleural Effusions.

The figure is modified from Roberts et al.63
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thoracentesis if needed, oxygen,
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Empyema



Empyema

Hippocrates:  “Persons who become affected with empyema after 

pleurisy, if they get clear of it in forty days from the breaking of it, 

escape the disease; but if not, it passes into phthisis“



Empyema
★ Purulent pleural effusion 
★ Most common cause  

★ Pneumonia 
★ Needs chest tube drainage if: 

★ Pleural pH < 7.2 
★ Pleural Glucose less than 40 mg/dl 

★ Causing Bacteria: 
★ Pneumococcus 
★ Staphylococcus



Inserted Chest Tube



Empyema
★ Multiple organisms seen- 50 % 
★ Common gram negatives include 

★ E.coli 
★ Klebsiella 
★ Pseudomonas 

★ Anaerobes may be difficult to culture 
★ Therapy: Chest tube+antibiotic 

★ VATS Decortication/debridement 
★ Open (thoracotomy) decortication



Ductus Thoracicus
Thoracic duct originates at cysterna chyli (near midline- 
2nd lumbar vertebra) 
Ascends through aortic hiatus (T10-T12) 
In right chest behind esophagus between aorta and 
azygous vein 
At T5-T6 crosses to left posterior mediastinum 
Drains into union of subclavian and internal jugular veins 

Main function:  
Transport absorbed fat from the digestive system 

Management of chylothorax



Chylothorax



" - Thoracic duct originates 

from cisterna chyli(Level of 

L2) 

" - Passes aortic hiatus(T10-

T12) 

" - At the level of the fifth or 

sixth thoracic vertebra, the 

duct crosses to the left 

hemithorax and continues 

cephalad along the left side 

of the esophagus into the 

superior mediastinum behind 

the aortic arch and posterior 

to the left subclavian artery 

" -The duct terminates at the 

angle formed by the left 

internal jugular and left 

subclavian veins



Causes of 
Chylothorax

"Most common: Surgical damage of 
Ductus toracicus 

" S p o n t a n e o u s C h y l o t h o r a x : 
Lymphoma, kongenital ductus 
anomalies, ovary carcinoma



Diagnosis of 
Chylothorax

 Milky drainage 
Pleural triglycerides > serum triglycerides 
or  
Pleural triglycerides > 110 mg/dL 
Fat Globules on microscopic examination 
Sudan III staining 

Most common cause of chylothorax:  
Surgical trauma to thoracic duct.  
Pseudochylothorax: Pleural cholesterol 
>200 mg/dL and absence of chylomicrons



Management
★ Chest tube placement 

★ NPO 

★ TPN 

★ Observation 

★ Surgical correction –only if significant chyle 

drainage (>500 ml/d adult, > 100 ml/d infant) 

with non-op management 

★ Right thoracotomy and ligation of ductus.
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