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Objectives

® Describe and illustrate the Imaging
findings of pulmonary, vascular and
airway diseases which cause hemoptysis

In computed tomography (CT), taking
Info account the age group.

® Explol n the  physiopa ’rhdl gy of




Infroduction

® Hemoptysis Is the expectoration of blood
that originates from the lower respiratory
fract.

® It may be a sign of a life-threatening
disease or be large enough to need an
Immediate intervention.




Causes

® Pulmonary, airways and thoracic
vasculature diseases cause hemoptysis.

® CT dallows assessment of these structures
and frequently de’recTs the responsible
anomaly.




Causes

® Hemoptysis N young people IS
predominanily due fo congenital diseases:

> Pulmonary  arteriovenous malformation
(AVM) '

> Pulmonary artery afresia
> Intralobar sequestration
> Cystic fibrosis




Causes

® In adults, acquired diseases are main
causes of hemoptysis:

> Bronchitis
> Bronchiectasis

> Infectious diseases (bacterial, mycobacterial
and fungal)
> Pulmonary neoplasm N

AT




Physiopathology

® Lungs are supplied by two arterial vascular
systems  with  different functions: the
pulmonary and bronchial arterial systems,
which have a low and a high pressure,
respectively.

® These, communicate with each other
Through fragﬂe ccpﬂlory GnGsTom05|s
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Others physiopathologic mechanisms

® Pulmonary infarction secondary 1o ischemic
NEeCrosis

> Thromboembolism, vasculitis, infections with
blood vessel invasion

® Pulmonary necrosis =2 cavitation
> Tuberculosis and lung neoplasm

.
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Pulmonary arteriovenous
malformation (AVM)

® |t Is an apbnormal dilatafion of pulmonary
capillaries resulting from a defect in the
development of the capillary walls.

® Frequently seen In Osler-Weber-Rendu
syndrome




Pulmonary arteriovenous
malformation (AVM)

® AVM slowly enlarge over time and can
closely mimic a Ilung tumor In chest
radiography.

® May be uni or bilateral, simple or complex

> Simple  AVM: single feedlng “and drqmlng
vessels

- -.'r,"_.- E—:* .




Pulmonary arteriovenous
malformation (AVM)

® Thoracic CT: (Fig.1,2)

> Smooth, sharply defined, round or elliptical
nodule

> Dilated and torfuous feeding artery and
draining vein

> Most common in lower Iobes iNn subpleural
Iocohon
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Pulmonary artery atresia

® Non — development of one of the main
oulmonary arteries, frequently the one

which is on the opposite site of the aorfic
arch

® Results In Ipsilateral small lung and

ﬁulmonory vessels but compensatory
yperirofied bronchial arferies




Pulmonary artery atresia

® Manifests as hemoptysis or repeated
respiratory infections.

® Thoracic CT: (Fig.3)
> Lack of right or left main pulmonary artery

> Small pulmonary vessels and hypertrofied
bronchial arteries in the .foec’reg lung

Hypoplasia of the ipsilateral lung

>

>







Infralobar sequestration

® Portion of lung parenchyma, nonareated,
without fracheobronchial communication
and with systemic arterial supply.

® In 75% of cases, the arterial supply is from
the descending thoracic aorta.

® Normal venous pulmonary drainage,
apsence of If QWH pleurq or mh. ’rhorooc o

malie: guish it from an extraloba



Infralobar sequestration

® Localized more frequently in the left lower
lobe

® Manifests as productive cough, recurrent
oulmonary infections and hemoptysis

® Thorc:mc @l (F|g 4 5)



Infralobar sequestration

® Thoracic CIT (continuation)

> Uni or multilocular air and fluid-filed cysfic
lesion

> Area of decreasedlung attenuation
> ++ |lower lobes and left side

> After Iv conftrast, it is visible in the affected
pulmonary area, the supplying systemic
arfery and its origin as well as t e normal 2




Fig.d: Man, 25 years old, with recurrent hemoptysis. Thormacic CT - axidl (g) and sagithal planes (b)) — discloses dn
areq of decrecsed attenuation in the posterior segment of the right lower lobe. There i ako a thickened fubular
opacity crossing this area.







Cystic fibrosis

® Autosomal recessive disease in which an
epithelial fransmembrane protein
abnormally tfransports chloride.

® In the lung, this genetic mutation leads 1o @
thick mucus, difficult to clear.

® Mucous plugs predispose 1o aAirways
Infection and bronchiectasis.




Cystic fibrosis

® Thoracic CT: (Fig.6)

> bronchial wall thickening and centrdl
bronchiectasis, predominantly in the upper

lobes

> Bronchocele  and free-in-bud -
collapse/consolidation

> cystic lesions — bullae, abscess, cystic

bronchiectasis

> Mosaic p_:::aﬂem due to pcrenclqymol areas
of lower density f




Fig.6: Woman, 24 years old, with cysfic fibrosis, productive cough and Dlood strecked sputum. Thoracic CT shows
rulfiple, diffuse and thickened cystic and varicose bronchiectasis, some with air-fluid level or completely filled.




Lymphangiomyomatosis (LAM)

® Cystic lung disease which affects almost
only women.

® May be sporadic or associated with
fuberous sclerosis

® Appears due to the anorml] ';_o||fero’r|on o




Lymphangiomyomatosis (LAM)

® This abnormality  causes lymphatic,
bronchial and venous obstruction.

> Bronchial obstruction = lung cysts, bullae
and pneumothorax

> Lymphatic obstruction = chilotorax

> Venous  obstruction =2 hemossiderosis,
hemoptysis x.




Lymphangiomyomatosis (LAM)

® Thoracic CT: (Fig./)
> Multiple Iung cys’rs
- Round

« Thinwall |
- Diffusely distributed

> Pneume’rhamx




Fic./: Wornan, 31 years old with LAM and an episode of hermoptysis. Thorocic CT discloses uncountable lung cysts
in both lungs with thin wall and round morphology(a), lymphadenopathy (D) and thickening of left pleura which
howve sponfoneous high atfenuation — fale (c).







Bronchiectasis

® Defined as an irreversiole bronchial
dilatation

® Focal or diffuse
® Main causes are acquired:

> Acute, chronic or recurrent infection




Bronchiectasis

> Bronchitis
> Rejection of lung transplantation
> Bronchial obstruction

® Manifests as recurrent respm’rory Infections
and hemoptysis |

S




Bronchiectasis
® Thoracic CT: (Fig.8)

> Bronchial dilatation:

- Infernal  bronchial diameter > artery
diameter "

» = signet-ring sign
- Lack of bronchial tapering

+ =2 Visible within 1 cm of Tharomc wall.
- Airways Vvisible peripherally




Bronchiectasis

® Thoracic CT

> Bronchidl ~.contours — morphologic
classification:

- Cvlindrical type:

- Regular parallel walls 2 tubular morphology
- lack of bronchial tapering




Bronchiectasis

® Thoracic CT

- Saccular/cystic type:

- Saccular dilatation of distal bronchi =
“cluster of grapes’ appearance

> +/- bronchial artery enlargement




Fig.8: a - Man, 40 vears old with bronchitis and hermoptysis. CT shows cylindrical bronchiectosis in superior segment
af Aightlower lobe, b- Man, 45 vears old with recent pneumonic and hemoptysis. CT revedls varicose bronchiectosis
in right lower lobe and broncoceles in middle lobe. ¢ - Man, 65 years old and blood streaked sputurn. CT discloses
o foreign body parficlly  calcified  (arrow)  in lingular bronchus,  cylindrical  bronchiectosis and  lung

collapse/consolidation. '




Bacterial infection

® Necrotizing pneumonia is the type of
bacterial Infection Most frequently
associated with hemoptysis, beyond fever
and purulent sputum.

® Staphylococcus aureus, Klebsiella,
Pseudomonas and anaerobic bacteria are
commonly implicated. ‘




Bacterial infection

® Thoracic CT: (Fig.9,10)

> Necrotizihg pneumonid

- Pulmonary consolidation with  multiple
areas of reduced enhancement or
cavitations.

- Cavities:

iregular  wall, which




BdcTerioI infection

® Thoracic CT:

> Pleural effusi@higmpiemo
> Lymphadenopathy




Fig.7: Wornan, 51 vears old with
cysprnea, fever, productive
CouUgh cnd Fiermoptysis.
Thorgcic T discloses
consolidation w1 Ty 0
covitotions. These howve dir -
fluidlevel (lung abscesses .

Fig.10: Man, 20 yvears old with same
symptorns.  Thorgcic T shows  d
corvitation with a thick wall and an dir-
fluid level (lung abscess). |5 wall
enhances and is surrounded by small
corsolidation.

Ipsilateral pleural effusion.




Mycobacterial infection
Tuberculosis

® May be primary or post primary, depending
If It IS Or Is NOt the primary exposure.

® Manifests as low-grade fever, night sweats,
anorexia, loss of weight and cough In
active disease.

® In aclive disease




Tuberculosis

® Rasmussen’'s aneurysm, a dilated bronchial
artery in the wall of a fuberculous cavity s
rare and causes massive hemoptysis.

® Infection affects preferentially apical and
posterior segments of upper lobes ana
superior segment of inferior lobes.




Tuberculosis

® Thoracic CT — active disease (Fig.11)

> Parenchyma  consolidation with air
bronchogram

> Cavities:

- Thick wall
- air-fluid level is uncommon




Tuberculosis

® Thoracic CT:

» Tree-n-bud
- Sign of endobronchial dissemination

> Miliary pattern and solitary pulmonary
nodule in upper lobes — fuberculoma —rarely
cause hemoptysis -




Fig.11: Wornan with dyspnead, fever, hermoptysis and weight loss. Thoracic CT reveadls two big cavifies with thick wall
in the upper lobes (a], ree-in-bud and illkdefined micronodules in the middle lobe, cavitations and consolidation
with cir broncogramin the leff lower lobe (b). Sputum andlysis positive for M. luberculiosls.




Tuberculosis

® Thoracic CT - inactive disease (Fig.12,13)

> Cavities
- Thin wall

> Calcified nodules — granuloma
> Linear opacities
> Traction bronchiectasis T




Fig.12: Man, 62 yvears old, with hernoptysis and history of pulmonadry uberculosis. Thoracic CT shows bilateral fraction
bronchiectasis (lower and middle lobes), left paquipleuritis  and loss of volurne of the left lung with ipsilateral
mediastinal shift.




Fig.13: In the sarme pafient, thoracic CT shows bilateral thir-walled cysfic lesions corresponding fo cawvifies and cystic
bronchiectasis. There are ako cylindrical bronchiectasis in the leff upper lobe and pleural thickening.




Fungal infection
Aspergillosis

® Fungal Iinfection caused by Aspergillus
fumigarus

® Manifests In 3.‘ forms dependent on the
status of iImmunity

IMMUNITY

> Invoswe osperglllasm - Verylow




Aspergillosis

® Invasive and semi-invasive asperqillosis are the
resulf from Iinvasion and thrombosis of
pulmonary arteries by this fungus originating
subseguently pulmonary infarct

® Aspergiloma results from the colonization of @
preexisting cavity — tuberculosis, sarcoidosis,
cys’nc bronqmec’rmts or kaullc::e b Aspergillus,

=




Aspergillosis

® This fungus dlso causes a hypersensitivity
reaction in  asthmatics, named dllergic
bronchopulmonary aspergillosis.

® All forms may be presen’r with hemoptysis,
cough and dyspnea.




Aspergillosis

® Thoracic CT: (Fig.14)

> Invasive aspergillosis

» Dense nodular opacities surrounded by A
halo of ground-glass opacity — the halo
sign |

- Crescentic cavitation — Th‘e air-crescent

sign




Fig.14: Man, 40 years, immunocompromised cough and hemoptysis. Thoracic CT discloses nodular opacities
surrcunded by a halo of ground-glass opacity in the posterior segrment of rght upper lobe and superior segrment of
the left lowerlobe. BAL positive for Aspergiivs.




Aspergillosis

® Thoracic CT: (Fig.15)

> Aspergilloma

- Thickening of cystic walll

» Infracavitary round mass — fungus ball — in
the dependent aspect of the cavity which
moves with patient posifion change

m) Aircrescent sign




Fig.15: Man, 73 years old, with history of pulmonary tuberculosis, cough and hemoptysis. Thoracic CT reveals d
miass in the dependent porfion of a covity localized in the left upper lobe, cormpatible with aspergilloma. Right
pleural thickening.




Aspergillosis

® Thoracic CT:

> Allergic brohchopulmonory aspergillosis

- Affects preferentially the upper lobes

- Centrdl varicose gnd cylindrical
oronchiectasis

Muc:o"us plugs somehmes < WITh high




Lung cancer

® Smoking Is the major risk factor for its
development

® May be central or peripheral, both causing
hemoptysis.

3 \‘\
ptoms: dyspnea, cough, chest




Lung cancer
Thoracic CT

Peripheral tumor Central tumor
: > Hilar or endobronchial
> Peripheral round or
Mass

lobulated mass
> "Pleural tail” sign

> Ground-glass
opacities

> Air bronchograms /
. S i “

> Pulmonary  collapse
or/and consolidation

= "Golden’'s S" sign




Lung cancer
® Thoracic CT - Both:

v

Cavitation - irregular and thick wdall

"Corona radiata” — a spiculated pulmonary
Mass

Solid compounds enhance afferiv contfrast
> Lymphadenopathy
> Pleural effusion

 ymphangitic  spread

b4

W

—  thich ening of




Fig.1é: Man, 68 years old, exsmoker and with hemoptysis. Thoracic CT shows a leff justamedicstinal mass with
heterogeneous enhancing and spiculated contours (coronaradiata). Blopsy confirms the diagnosis of lung cancer.










Fig.19: Man, 58 years old, with chest pain and hemoptysis. Thoracic CT shows a thick walled cavitafion in the anterior
segment of the left upper lobe. It invades the ipsilateral pleura and thoracic wall. Loculated pleural effusion s seen
adiocent to the cavitated lung neoplasmm.




Vasculitis

@ It is a systemic inflammation of blood vessel
walls |

® Classification s bcj'Se._d In the diameter of
the vessels affected

> Large-vessel




Vasculitis

® Small-vessel vasculitis more frequently are
responsible by pulmonary hemorrhage and
SO hemoptysis.

® ANCA-associated small vessel vasculitis are
the most common primary systemic
vasculitis in adults and include:




Vasculitis

® Thoracic CT: (Fig.20)

> Pulmonary hemorrhage

- Patchy or diffuse consolidation/ground —
glass opacities

-2 sometimes, spare |ung periphery,
apices and c:os’rophrehi;_ongles

- Il - defined centrilobular nodules




Fig.20: Worman, 78 yvears old with history of Wegener's granulomatosis and hermoptysis. Thoracic CT shows bilateral
patchy ground-glass opacities, thickening of inferlobular septa and a consolidation with gir bronchogar in the left
lowwerlobe, suggesting of diffuse alveclar hemorrhage.




Acute Thromboembolism

® Results of a embolus that migrates to ©
central or peripheral pulmonary artery,
leading 1o reduction or absence of distal
perfusion.

® Predisposing factors:
> Malignant tumor
> Pregnancy/postpartum




Acute Thromboembolism

® Manifests as dyspneqa, chest pain and
hemoptysis.

® Insevere cases, It presents as syncope

® When ’rheropy doesn 1 dlsselve completely
' ) atient may develop chromc:




Acute Thromboembolism

® Thoracic CI (CT angiography) (Fig.21)

- Complete or partial filing defects (&

empoli)) In the main, segmentar ou
subbsegmentar opacified pulmonary
arteries

- +/- A wedge-shaped area of pulmonary
Consolldo’non W|Th bqse lr‘n pleurc and




Fig.21: Man, 80 yvears old, with acute respiratory distress and hemoptysis. Thoracic CT shows cardiormegaly and
filimg defects (thrombi] in the right lower lobe arterny and ifs branches (a). In lung windows (1], there s O
wedge shoped opacity in the right lower lobe, surrcunding by o ground - glass opacity (pulmonary inforct

surrounded by hemorrhage).




Acute pulmonary edema

® Results of fluid fransudation into pulmonary
inferstitium and aveoli, in setting of left
ventricular failure and mitral stenosis

® |TIs reversible

.

remoptysis, orthopnea and




Acute pulmonary edema

® Thoracic CT: (fig.22)

> Diffuse and p'eri-.—.bilqr ground-glass opacities
> Thickening of interlobular septa

> Thickening of bronchial wall

> Bilateral pleural effusion )

> Cardiomegaly T




Fig.22: Man, 70 vears old, with acute dyspned and hemoptysis. Thoracic CT discloses diffuse ground-gloss opacities
sparing relatvely the lung periphery, thickening of bronchial wall and bilateral pleural effusion, Cardiormegaly (not
showy here)




Conclusion

® Knowledge of the principal causes of
hemoptysis by radiologist and the correlation
with the patient age increase his diagnostic

ability.

® CTis arapid and non-invasive technigue which
dllows the study of pulmonary parenchyma,
thoracic vasculature and airways.
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