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Imaging Diagnosis of Pleural Diseases

Kyung Soo Lee, M.D., Su Young Kim, M.D.

Department of Radiology, Samsung Medical Center,
Sungkyunkwan University School of Medicine, Seoul, Korea

A OB

okl HRHo e HEy FS s9ow FAY
o] o] 74A] Al ofs UatH L ojxiHes @
FE. SHAEL AGPl Y3, g2, 2 F9
AALAT FHRA 27 B Y4 AN AAE
Z838A5t o]2]@ 71 AALRA Y8 G 2A=
Ferage] A uj$ Faslic}.
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1. &9}o| e} { Anatomy of the Pleura)

A5 39S 99 P @8k 200-400.40.2-
0.4 mm) o|t}. & F Atole] F3E 10-2049)
FAZ 3390t Y& 9 vpgog o 250ue A
&8 Al 9] (fibroelastic) endothoracic fascia7} &
2]}, o] endothoracic fasciatz= ¢ZEo 2= cos-
tal cartilage®} sternum Z}Z}9] perichodrium3}
periosteum} ¥h)1 HE o 2 Fa9) discE 74
+ prevertebral fascia®} dZEc}h ¥ Fuial
endothoracic fascia A}o]o] loose areolar connec-
tive tissue’} 250u FAl2 &EA5ELL endothoracic
fascia v}l fatty connective tissues} A)3g]
intercostal muscleo] &A%}, Innermost inter-
costal muscle®- ribe] WAL 943t 1 vige]
internal and external muscle#} innermost inter
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Fig. 1. Schematic diagram of pleura and

extrapleural space (Reprinted with
permission from reference 3).

costal muscle A}o]d] intercostal vessels} nerve
7} EXgtt(Fig. 1).

234 CTolA #¢t F9 Aloldl intercostal
spaced| A EA3H= 1-2 mm TS B FH9L F
%9] &23} pleural content, endothoracic fascia,
innermost intercostal muscleo] §3ted 9443 #
Aolth. Paravertebral aread]A+= innermost in-
tercostal muscleo}] A< glo] F23} endothoracic
fasciaol oj&] A4 &0l ¥AHrt. F vl F Ae
1-3 mm 579 Foo] I¥F, 2 HE FH9
extrapleural fat plus intercostal muscleo]] 2§ =
TE & T2 AN Yoz Qs dok(Fig. 2
& 3).

WZF oty endothoracic fascia Abole] EAsh=
areolar tissue’} A4l A % posterolateral rib(4

-8 th intercostal spaces) #$jolAlE oi9 FA A
5ukolA)HE-x) (extrapleural fat pad)& ¥Adsto]
FH X-4 #9o)A pleural plaque® FUd £ 9L
tH(Fig. 4). ©] %% pleural plaque®te] 71de A
HrEx] o] 79 k=4 o2 4-8 th intercostal space
of iAoz EA3ta M33E LA B A
pleural palque 9| 3¢ F2 A5 M33E
71 Jehbe Ho = 7ol shssith,

2. Pleural Effusion

1) Physiology

Parietal pleuras= systemic capillary vesselsZ%
Bl A%k ¥k azygos, hemiazygos, internal mam-
mary veins© 2 #Z¥+= ¥bd visceral pleuras
pulmonary arterial capillaries2%¥ 2% W3
pulmonary veine.2 {&Ht}. TlE interstitial
fluid¢} wkx7}A2 pleural fluid A4 9A] Star-
nEong o Fe
hydrostatic pressureE 2} parietal pleuradA
pleural fluid7} A= F4+ visceral pleurad]
A passive diffusiond]] 2}a] d¥ o]Foixu} pleur-
al space®} visceral pleural lymphatic vessels A}
ol direct communicationo] gl A& 1Y o

parietal pleura @] lymphatics & %3 ¥47} ¥

ling equation]] capillary

"B"; PLEURA AND
WNTERCOSTAL  PLEURAG || g FAT PAD
MUSCLE |\ FASOA @ N
. .

SUBCOSTALIS

momoe _~om

g ewel
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Fig. 2. Schematic diagrma of normal(a-d) and abnormal (e and f) pleura on high-resolution CT
(Reprinted with permission from reference 3).
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-- Imaging diagnosis of pleural diseases —

Fig. 3. Pleural thickening in a 60-year-old man.
High-resolution (1.0-mm collimation)
CT scan obtained at level of bronchus
intermedius shows thickened and calci-
fied pleura (arrows). Intercostal stripe
(arrowheads) composed of endotheoracic
fascia and innermost intercostal muscle
is seen in outer aspect of thickened pleu-
ra.

71deg Azt AAdANA vid oF 10 mlY F
F7F AAEY F W o 1-5 mlyb EAF
Transudate®} exudate2] 7P 2 transudate?] 7
2 capillary hydrostatic pressure’} ZF7}stAv
colloid osmotic pressureg] 742 A7|¥ drain-
age procedure’} 8 ¢+ ¥ exudate: pleu-
rag] g2 = F%d] 2|3} capillary permeability
9] Zvtz M 1 Y9l 7ol dasA "t
Exudate+ 1) pleural protein® serum protein]
v]7} 0.5¢14, 2) pleural LDH2} serum LDH$)
B]7} 0.6 o]4}o] AL} 3) pleural fluid LDH levelo]

A2 serum LDH #4vle] 2/3¢)49 A% & 4
T &t olg WY o AdEd.

2) Chest radiographic findings

A oA effusion F3ol| & subpulmonic
region®]] 3Lo}A =B Fo] Fr}a}HEA] costophrenic
sulcus 2 o|F3H H3 oF 200 mle] F&Ye] o
H lateral costophrenic angle2] bluntingo] A7)
Ht}, Lateral decubitus view & A#9] effusion
£ A9 F U o 9z #@rjold.

Supine viewdl| A 57 AEAE AR A7
2 1) increased opacity of hemithorax, 2) blunt-
ing of costophrenic angle, 3) apical capping, 4)
accentuation of minor fissure o] U= o] &
go] ZF7V8l= 4% pneumoniav} pulmonary
edemas}t 2] F7Hd &9 ol HE8o] £33
Ho|3l WHe|| air-bronchogramo] g§ic}.

3) Sonographic Findings

2&9= Fo &8 FD3)aL aspirationo] 7FE
g HXE 42 A4&Y9 solid lesions] 7HEe]
falsict. HaYe visceral pleura®} lungel 2%
echogenic lineol| oj&] A Aojx|& Folz &2 A
ofse] Wloz AFHM exudateE A= &
3 A7 1) A& U9 echogenic dots, 2)
septation, 3) homogeneous echogenic fluid, 4)
thickened pleura, 5) effusion associated with
parenchymal disease -¢]t}(Fig. 5).

4) CT findings
CT% &5 #5+= €A 3% 4 oy F59 A
Z sietels AdHe] ot AT 29F CT7H &
He| Tgo] A}, 2YJFAF 8 Foo] 2dHWA
Ed9glo] exudateo|t}h. AT 2HFY HA we
A9+ exudate ¥ % transudate 4 = gtk
CTE #2 supine AHloA #Y3ez F47}
posterior pleural recesso] 1o|A] =3 ulebd F
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s} Be] el BAZ} B 4 2ld g 4744 4
A olgain] Bote o5 FEE 4 Atk 1) di
aphragm sign ; §75t u o] Bole Aol F4

Fig. 4. Prominent pleural fat pad simulating

pleural thickening in a 78-year-old
man.
(A) Chest radiograph shows soft tis-
sue density (arrows) bilaterally in
lateral aspect of lungs and medial as-
pect of ribs in middle and lower lung
zones. B & C, High-resolution (1.0-
mm collimation) CT scans obtained
at levels of right upper lobar bron-
chus (B) and bronchus intermeidus
(C) show prominent extrapleural fat
pad (arrows) medial to intercostal
stripe (arrowheads).

ol 1 2H=Eo] Mol o] ¥rolh. 2) displaced
crus sign ; crus?} verterbra Alojo) F4=7} nej=
739~ crus?} anterior displacement& Ho|A| g},
3) interface sign ; fluid2} liverAfe]e] ZA 7} £
%l 7% sharp a}A 2Au F420 39S livers}e]
A7} S84t 4) bare area sign | bare area
+ It §-9el peritoneal coveringo] ¢lx 7lo] F2
o] ZF RIAHE RO7 o] Y= B4yl ng £
Gloog o] B9oA fluid collectione] TA == A
5 Faolth(Fig. 6). ol& e Qo] 24838 27}
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— Imaging diagnosis of pleural diseases —

Fig. 5. Pleural exudate in a 30-year-old man.
Longitudinal ultrasonography obtained
in left anterior chest wall shows

multiseptated fluid collection in left an-
terior pleural space. Effusion turned out
to be exudative in nature.

%] pitfallse large amount®] pleural effusiond
23 inverted diaphragme] 7$9-¢} effusion®
lower lobe atelectasis7} &4 e A2 Fxbo]
734 sgd 7t ol FA4%AY B (pseudodia-
phragm sign) F59 B47t FAld] EAshs AA
d Y 4 e °] A% pseudodiaphragm ¥ej
7t 9%z HARE A48 Hal FAYRE Aol A
Zutzle] ZHhgA o}

Chyle, CSF, amylase, hyperalimentation sub-
stance §°| FFoA LAHE =8, TL& o4
(iatrogenic) F+& iLzjsfo} ¢t

Chylous effusion X|%¥8ele](chylomicrons)
& B3l 7 W Zo] Bo|T Y A aEE
9] triglyceride& x.¢1c}. Chylous effusione] e
Age ¥z}t Atk ; 2 ] Asx 4 5
3 25Ee] g9 wie AFEg Kol #& &
9ct. CT+ mass or lymphomag& Xoj3o]
chylothorax2] €91& 9¢¥ 4 ¢ct. Lymphan-
giography ¥ CTE& A|¥Y3o =4 contrast leak-
age® HAE 4 Utk FAe AlgEd ventri-
culopleural shunt¢]} 2]s}f CSF7} pleural spaced
B 4 9131 ventriculoperitoneal catheter mis-
placement Z-& malfunctioninge] <j&} CSF7}

pleural spaced] 1Y 4 9it}. High amylase level
9] F4E pancreatic pseudocysts 2-& pancreti-
copleural fistula 8] &A1& AAMECL Ba) of 74¢go)
Y 9ol ¥heAd Fau 349 B A4 em-
pyemag ¥4 ¥ F Ao}

3. Empyema and Hemothorax

1) Empyema

Empyemas F47} &<¢#o=2 purulent 30
Gram staino|u} ujekejA] Fo] AZEA} WBC
count”} 15,000/mlio}4el 7$-ojch. Z2+AQ) {ube
drainage7} a3k 739 PH 7.0008, A&
glucose levelo] 40mg/dl ©]3}, gross pus, Gram
stainof| ] Fo] BAsE -0t}

CTE empyema?] A3}l managemento]] =8
% imaging toolo]™ empyema2] B3¢l CTAZA
< 1) enhancement of parietal and visceral pleu-
ra, 2) thickening of extralpleural tissue, 3) in-
creased attenuation of extrapleural fat So|t}.
F7493 visceral and parietal pleura Ajojo]} Ak2
Yol A= 744 “split pleural sign” (Fig. 7) o|&
3 3= ol+= empyema$?] organization phaseo]l
M E 7 U

Empyemas$} peripheral lung abscess2}e] 74
o] Fa¢H CTX empyemat: #e} BHE HAE
Zka1 1A ¥ ¥ displacement E= bowing
& oplsi il ER¥o] Ry elIYE Kol
d lung abscess= F7¢ ¥, F9] do} BEBE
73A, 59 d¥el displacement’} gle d¥Yoln}
(Fig. 8). Zeju} o|&j¥t &zog® FREXR e
7397t FF Aol ol A 9t}n

2) Hemothorax
HHF2 thoracic duct tear, esophageal rupture,
subarachnoid-pleural fistula, misplaced central
venous catheter 53 ¥, W &= 2 AXes= F
F9] & fddejr}.
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Fig. 8. Useful signs that are helpful in

differentiating pleural effusion from
ascites.

(A) Identification of hemidiaphragm
(arrows) enables differentiation be-
tween pleural effusion and ascites.
Fluid (open arrow) lateral to dia-
phragm is pleural effusion whereas
fluid (curved arrow) medial to it is
ascites.

(B) Fluid (arrows) appearing with
sharply defined margin with liver is
ascites whereas that (arrowheads)
appearing with poorly-defined mar-
gin is pleural effusion. Ascites can-
not enter bare area (open arrows)
where triangular ligaments of
perihepatic space hinder ascites to
enter bare area. (bare area sign)
(C) Pleural effusion cause diaphrag-
matic crus (arrow) displaced anteri-
orly.



— Imaging diagndsis of pi‘eurél diseases —

Fig. 7. Empyema showing split-pleural sign in a
70-year-old man. Enhanced CT scan (10
-mm collimation) obtained at ventricular

level shows empyema in left pleural
space with separation of enhancing vis
ceral (arrow) and parietal (arrowhead)
pleura.

CT+ 2732k (high attenuation)®] F=3 HolF
of We] ks 7hzalA doh. d§Fel CT 448
_E,)—o] v st ?:!":'—F- :g*- 1] 1/1- =138
9), ‘fluid-hematocrit’ level golck. @EFo] 5
HA AHEAe] ¥W “fibrin balls”" & s ¢
tH(Fig. 9). & A7) £7532 fibrothorax e}
ot A E slolr},

4. Focal pleural disease

1) Pleurd plague

AE w5Z0] v E w¥How vk Au x

= f-‘.":;]?-]--l 20-60% ol FaFch Fore] poster-

ior and lateral aspectS WSl apices®}
costophrenic angle® sparingd Bo|n o] £

2 parietal pleurawhg 2WEkc), 25% of|A] 2l

Fig. B. Coexisting lung abscess and empyema in
a 61-year-old man. Enhanced CT scan
(7.0-mm collimation) obtained at level
of right atrium shows oval shaped empy-
ema cavity (arrows) showing air-fluid
level in right pleural space. Empyema is
presumed to result from rupture of irreg-
ularly-shaped abscess cavity (open
ArroOws ).

ol (Lt>Rt) ¥4 AS-
10).

HRCT+= @4 pleural plaquee] #the]] 7} A&k
&k imaging technique¢|t}. HRCT 4 plaquei=

H|t) A2 o)} (Fig.

underlying rib |1} extrapleural soft tissue2}=
a5 circumscribed pleural thickening 2.2 1}
el Intercostal stripe o] £20 & HolAL} in-
nermost intercostal musclec] $le] iniercostal
stripe7} #4A o7 Holx ¢ ribe] ot&3 para
vertebral regionef|+] soft tissue density 2] stripe

o] Heli= A%+ pleural thickening Z pleural
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Fig. 9. Hemothorax showing different attenua-
38-year-old

tion value in a man.

Metachronous hemothorax in left pleur-
al space results in fluid collection in
pleural space with different attenuation
value. Loculated hemothorax (arrows)
is called fibrin ball.

plaqueg AJA}gc}(Fig. 10).

2) Localized fibrous tumor

F2 504 ol LAY P vl 2o MUk
Z3= gdAe] glon 60% 71 Aol 40% 7t o
Aoln vlm3F oF= £oh. F 80%7} visceral
pleuraolA, 20%7} parietal pleuracjs] #A83}m
pedicleo] = 49 7l benigno|w tji-io] vis-
ceral pleuraoA origin 3l parietal pleura ori-
gindl 7§ tiHE unresectable ©|t}. Hypertro-
phic osteoarthropathy”z} z}5 F¥kgn] hypogly-
cemiak FykEr).

CT RolA AA7 $& $32 39 d=8ug 3
A 24FAHL A L 2YFAE Holu
(Fig. 11) FA5- Frht 24, 34 840 g A
£%9& HolVIx= 39 pedunculated masse] %o
position change& &% 4 r}t. E§ of$ =8
A pedunculated nodule®] A9 o Zog %=1
Eolot HZ22E FW d & sioh(Fig. 12). 5% 9|4
M33lE Sk

3) Pleural extension of bronchogenic carcinoma

Lung cancer7} parietal pleurat} mediastinal
pleura& invasiondl= A9t T3 diseaseZ vis-
ceral pleura?& &3 T2 lesion®} 2] en bloc
resectiong dof o2 ££H CTA cancerd]
pleural, mediastinal or chest wall invasiong &
8 ok A& FAsh} CTE ols) HW f¥o)s
relatively poor predictive value& 7}3t}, Fa x
F& AKRlshe 274 1) 9 55 8%, 2) £%9o)
5237} 3 cmold A8l UAY, 3) FHIY Y| &
Z+& o|F3, 4) extrapleural fat®] 44 5) rib
destructiong-o] 9lo, TF WE mass9] 23
& F#3= inspiratory/expiratory CT scan,
artificial pneumothorax CT, 2&3} $o] L]

2 + v

5. Diffuse pleural disease

Diffuse pleural thickening& fibrothorax, meso-
thelioma, metastatic carcinomagellA} & 4= 9lo.
™ g #YoA] hemithorax9] 1/4 o]4o] AH
4= pleural thickeningo] Hol= A48 ojn)
3 CT 4 pleural thickeningo] %, o}#2 8 cm
o, FHo2 5 cmol, FAI7k 3 mmolat ¢l A
T2 Aejgitt.

1) Malignant Mesothelioma
9 #9744 599 irregular, nodular thickening
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— Imaging diagnosis of pleural diseases —

o Holo effusion® Fuht 5, ¢ & 421 q)

t}. Ex#og pleural tumor peele] restrictive

action2.& %18 F2F2 midline = tumor side
2 #2274 gk, 2y fibrothoraxo] A= )&
A70] HY 4 01 large amount?] effusion¢] %
e AL w0 2 shiftingo] Yold % 9},

CTE tumore] E7|8} 1 extent AR =8-0]
En 2 A& 1) diffuse pleural thickening(Fig.
13 & 14), 2) thickening of interlobar fissure
(Fig. 14), 3) pleural effusion, 4) loss of vol-
ume of involved hemithorax, 5) pleural calcifi-
cation(20% ), 6) invasion of chest wall %o]c}.
Peribronchial %+ mediastinal lymph node¢]
o7} ¢ 50% 74 Ba = glch

Fig. 10. Pleural plaque and asbestosis in a 64-
year-old man.
(A) Chest radiograph shows calcific
density in right middle lung zone and
on right
(arrows). Central venous line (curved
arrow} is inserted through right axil-
lary vein. (B) Enhanced CT sean (7.
0-mm collimation) CT scan obtained
at left atrial level shows calcified and
uncalcified pleural plaques (arrows)
in both hemithoraces. (C) CT scan
obtained at level of liver dome shows
pleural thickening both in lateral chest
wall and at right hemidiaphragm
(arrow).

diaphragmatic  pleura

MR coronal scan diaphragmatic, infradi-
aphragmatic involvement$#} mediastinal struc-
ture®} tumorele] PAIE & BojFct

2) Pleural metastasis

pleural metastasis& % = F9% lung cancer
(36%), breast cancer(25%), lymphoma(10%),
ovarian or gastric cancer(5%) =o|H, un-
known origine] 10% #%o|tl. Hodgkin's dis-
ease or NonHodgkin lymphoma2] 2.9 dj7) A=k
o] effusiong Ho|il, extensive lymphadeno-
pathy & #4171} recurrent lymphomase] {%ie
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Fig. 11. Large benign fibrous tumor of pleura in

a 64-year—old man. Enhanced CT scan
{10-mm collimation) obtained at level
of supradiaphragmatic inferior wvena
cava shows heterogeneous and enhanc-
ing large soft tissue mass in right lower
lung zone. Lesion turned oul to be be-
nign fibrous tumor of pleura.

Fig. 12. Benign fibrous tumor of pleura originat-

ing from parietal pleura and simulating
pulmonary nodule in a 70-year-old man.
Enhanced CT scan obtained at left
atrial level shows round enhancing nod-
ule in left lower lung zone. Initially it
was interpreted as benign pulmonary
nodule. Presence of fat (arrow) be-
tween nodule and chest wall may sug-
gest diagnosis of extrapleural nodule,

Fig. 13. Malignant mesothelioma in a 46-year-cld man.

(A) Chest radiograph shows soft tissue lesion in left middle and lower lung zones. Pleur-
al thickening with undulating margin (arrows) is also seen in left upper lung zone. (B)
Enhanced CT scan (7.0-mm collimatior.) obtained at level of left superior pulmonary
vein shows circumferential pleural lesion with band-like soft tissue attenuation. Also
note nodular thickening of left interlobar fissure (arrowheads).
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Fig. 14. Malignant mesothelioma manifesting as thickened fissures in a 53-year-old man.
(A) High-resolution CT scan (1.5-mm collimation) obtained at level of right middle
lobar bronchus shows thickened right minor fissure (arrows). Also note right pleural ef-
fusion. (B) CT scan obtained at level of inferior pulmonary vein shows thickening of
both right major (arrows) and minor (arrowheads) fissures. Also note lateral pleural
thickening and right pleural effusion.

Fig. 15. Malignant pleural effusion in a 67-year
-old man. Enhanced CT scan (7.0-mm

collimation) obtained at level of left
atrium shows enhancing nodular pleur- Fig. 16. Circumscribed pleural thickening simu
lating malignant diffuse pleural disease
in a 37-year-old man. Enhanced CT
scan (7.0-mm collimation) obtained at
level of right upper lobar bronchus
shows circumscribed pleural thickening
of right pleura. Open lung biopsy
showed tuberculous pleural thickening.

al thickening in right parietal pleura
(arrows). Pleural effusion is seen in hi
lateral pleural spaces.
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Fig. 17. Rounded atelectasis in a 62-year-old man who underwent Ivor-Lewis operation for
esophageal cancer. (A) Enhanced CT scan (7.0-mm collimation) obtained at level of
right atrium shows enhancing subpleural consolidation with adjacent pleural thickening
(arrow). Stomach (open arrow) is seen in thorax due to previous operation. (B) Lung
window of CT sean (7.0-mm collimation) obtained at same level to A shows curving
bronchovascular bundles (arrowheads) toward consolidation (comet tail sign).

2 Jeh}y pleural involvement7} only primary
manifestation$! A%+ =81},

Benign®} malignant pleural thickeninge] 7h3
dq glo e AAsks CT AZSe& 1) circum-
ferential pleural thickening, 2) nodular pleural
thickening, 3) parietal pleural thickening more
than lcm, 4) mediastinal pleural involvement,
5) pleural thickening o] ZH|TE] #EolA Holx=
interruption sign %¢] ¢Uth(Fig. 15). 28 44
W & tuberculous empyema$] 735 extensive
mediastinal involvement& B¢ & 7] sj&d &

e ¢&] AT thoracotomy7t U833 AU =

EX] b (Fig. 16).
6. Problem Solving with CT

1) En face Pleurd Plaque

Pleural plaque”} en faceZ T X-AH&% &4
He A% d734s Hols 79Ut ded o 4%
CT &3] usiy CTE #9359 F9 Agug
3] g

2) Rounded atelectasisa
AAxZ23 #dd F2-H2E F Hgolt} meso-
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— Imaging diagnosis of pleural diseases —

Fig. 18. Bronchopleural fistula in a 37-year
old woman. Lung window of CT
scan (7.0-mm collimation) obtamned
at subcarinal level shows direct com
munication between right upper
lobar bronchus and air-filled pleural
space. Tuberculous cavity and bron-
chiectasis are seen in left lung.

thelioma & FHd & A& A#°] rounded atelec-
tasis 1] CT=Z o] ¥ 7AHE &+ Ut} & CT
24} rounded atelectasis& ¥ ¥9%9| rounded %
2 Heol1 Fu|Fe} vlEo] ¥l WHes Hel
t}. E3] 7)¥A 8= (bronchovascular bundle) o]
HWE ¢ R0 curved IEA BoVle WY
(vacuum cleaner or comet tail sign)& ®.<QIt}

(Fig. 17). B3¢ F94& 43318 Fspr|= v

3) Pleura pseudotumor

T Abojell F577F iLo|d FFdolt HFYE F
Wdic). o] A4 CTe 47 Woll $1x1% oval or ob-
long & Eo] 7keolRe, B3 22 Z4AIS (0-10

HU)& Z+ W¥g B]ld. ©] pseudotumore F
2 AR % T Atoje] F4vt F4 XdHH
Al A7},

4) Bronchopleural fistula

F 23 718X FL Hoe] nES £k 998
1) 2%, ¢, pneumocystis, B2 MFAHH F
o] FAMgAHE, 2) JBAEFE, 3) HHgHEe
e Hdold He X8 Fo T 4L 4) WS
&, 5) #Held, 6) Mol JFE Sud HrlE
3 7) 719 Boich. CTE ¥4 W 37v B
& Holn Fodw 718 FL v9e nEg By
ZFo] AGE 7P sl F9) 9 WAL BaFof
Ulg 53 3t £h*(Fig. 18).
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