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Approche diagnostique d’une 
pneumonie infiltrante diffuse 
 
!Analyse sémiologique en 

 imagerie 
 



•  les lésions élémentaires 
 
•  la topographie lésionnelle 

prédominante: 
  - régional 
  - lobule pulmonaire secondaire 
  è anatomie 

 

Analyse sémiologique 
 



LE LOBULE PULMONAIRE 
SECONDAIRE 

•  Unité histologique et 
radiologique de forme 
polygonale (diamètre: 
10-25 mm) 

 
•  Centré par l’artère et la 

bronchiole centro 
lobulaire 

 





Un lobule pulmonaire 
secondaire contient  
3 -25 acini  
   
 



LE LOBULE PULMONAIRE 
SECONDAIRE 

 
•  Séparé des autres lobules par les 

septa inter lobulaires (cloisons 
conjonctives dans lesquelles 
circulent les lymphatiques et les 
veinules pulmonaires) 



•  Périphérique: 
  -tissu conjonctif  sous pleural 
  -septa interlobulaires 

•  Axial:  
 -péribronchovasculaire  
 -centrolobulaire  

 
•  Parenchymateux (intralobulaire) 

   
 

    

INTERSTITIUM 
 





•  Il n’est pas visible en imagerie chez un 
sujet normal 

 
•  TDM: seulement quelques septa inter 

lobulaires (épaisseur: 0,1 mm) visibles 
dans les zones antérieures et inferieures 
des lobes inferieurs  

    

INTERSTITIUM 



Septa Interlobulaires 
 



Septa Interlobulaires 
 



SEMIOLOGIE EN 
IMAGERIE THORACIQUE 

• Radiographique  
 
• Tomodensitométrique  



M,82 ans. Dyspnée, douleur thoracique  
Pneumonie SARS-CoV-2? 



Aspect réticulaire 
(reticular pattern): 
innombrables petites 
opacités réticulaires 
 
èmaladie pulmonaire 
interstitielle? 
 



•  The chest radiograph is normal in most 
patients with early disease.  

 
•  In approximately 10% of patients with 

interstitial lung disease the chest 
radiograph is normal. 

Muller Silva Imaging of the chest. Vol 1;  
chapter 7; Elsevier Ed 2008 



•  Chest radiograph : 
 -limitations: sensibility and specificity 
 -non specific or misleading abnormalities 

 
•  High Resolution CT (HRCT ):  

 -superior in the detection of abnormalities  
 -more accurate in the differential diagnosis  

Orens et al. Chest 1995; 180: 109-115 
Mathieson et al. Radiology 1989; 171:111-116 
Padley  et al. Clin Radiol 1991;44:222-226 
Grenier et al. Radiology 1991;179:123-132       
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Aspect réticulaire 
(reticular pattern): 
innombrables petites 
opacités réticulaires 
 
èmaladie pulmonaire 
interstitielle? 
 



HCRT 
  Thin section CT scan 

    +  
high-spatial-frequency resolution algorithm 
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TABLE E6: OPTIMAL HRCT TECHNIQUE FOR EVALUATION OF INTERSTITIAL LUNG DISEASE * 
 
The scans should be non-contrast and include at a minimum: 
 

x Scans obtained on full inspiration without respiratory motion 
x Contiguous or noncontiguous axial scans with thin sections, reconstructed at ч2 cm intervals 
x Reconstructed slice collimation ч 2 mm 
x High resolution reconstruction algorithm 
x Field of view to include lungs only 
x Expiratory scans are helpful to exclude lobular air trapping suggestive of hypersensitivity 

pneumonitis 
x Prone scans if dependent density obscures detail on supine images 
x Optional coronal and sagittal reconstructions if volumetric images are obtained 

 
* These criteria represent the consensus opinion of the committee members. 
 

 E21 

An Official ATS/ERS/JRS/ALAT Statement: IdiopathicPulmonary Fibrosis:  
Evidence-based Guidelines for Diagnosis and Management. Raghu and al. Am J 
Respir Crit Care Med, 2011 
 

Established guidelines 



•  Acquisition (MDCT-hélicoïdale volumetrique):   
  - apnée, après inspiration profonde 

 
   - position du patient: - décubitus dorsal 
      - procubitus (anomalies des régions  
     déclives d’interprétation difficile) 

  - paramètres d’acquisition % morphotype du patient 
   (kV-mAs) 
   -automatic exposure control (AEC) 

 
  - coupes fines (collimation: 0.6-1mm) 

 
  - résolution temporale élevée  
   (êartefacts respiratoires et cardiogeniquies) 

 
   

 
 
 

  

Technique TDM 



 
 

�  Reconstructions:   

  -  images : 1mm/1 mm  

  (high-spatial-frequency resolution algorithm) 

   - lung parenchymal window settings  

  (window width:  1600 HU; window centre: −600 HU) 

  - post-traitement: MaxIP, MinIp 

  Pour les suivis en TDM: même technique +++ 

  

 
 

  

Technique TDM 



Hétérogénéité pulmonaire 
non interprétable en raison 
d’artefacts respiratoires. 

Apnée inspiratoire satisfaisante: scanner normal. 

Même patient, même date de 
réalisation de l’examen, 
mêmes paramètres 
d’acquisition. 
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approach can be extended to the entire 
spectrum of ILDs because it allows a 
more comprehensive assessment than 
that provided by a reduced number of 
sections (30). This approach should also 
facilitate quantitative assessment of ILD, 
which is useful for screening but also for 
longitudinal monitoring (28,31–33).

Our study has some limitations. 
With regard to the scanning parameters, 
we used the same kilovoltage and same 
reference milliampere second for all pa-
tients regardless of their BMI. Although 
this had no adverse consequence for thin 
patients, it could have been responsible 
for high noise levels in obese patients–es-
pecially with reduced-dose images. This 
limitation was partly compensated for by 
the systematic use of automatic tube cur-
rent modulation but could not be avoided 
because of our study design. Second, the 
study population was composed of only 
55 patients, a situation linked to the low 
prevalence of this disease and the limited 
availability of the research prototype. 
Third, we should underline that 12 chest 
CT examinations were performed after 
injection of contrast material, which may 
influence the assessment of ground-glass 
opacity on lung images (34). Fourth, a 
limitation related to the power of the 
study must be underlined. We cannot ex-
clude that some differences between the 
two groups could have been overlooked 
because of the effect size. However, re-
sults of post hoc analysis showed that a 
moderate range of differences between 
the two techniques was accessible, thus 
limiting the risks of overestimation of the 
effect of iterative reconstructions. Fifth, 
one should underline a limitation of the 
subjective scoring system used. The use 
of a five-point scale may have obscured 
small image quality differences between 
the two series of images. Last, the CT 
features studied did not include all cat-
egories of lung abnormalities that can 
be encountered in respiratory diseases. 
However, the absence of a negative ef-
fect of iterative reconstruction for the 
depiction of subtle lesions suggests that 
similar conclusions could be drawn for 
more severe forms of infiltration and/or 
pulmonary destruction.

Despite a 60% dose reduction, 
SAFIRE allows evaluation of systematic 

Figure 3

Figure 3: Transverse CT scans obtained in lower lung zones (magnified view of right lower lobe) in 
66-year-old overweight patient (BMI: 26.2 kg/m2). CT features of lung fibrosis in right middle lobe and right 
lower lobe are ground-glass opacities of high attenuation, traction bronchiolectasis, and fissural distortion. 
Visibility scores of individual CT features were worse on (a) standard-dose image reconstructed with FBP 
(ground-glass opacity: score, 2; traction bronchiolectasis: score, 2; distortion: score, 2) than on (b) reduced-
dose images reconstructed with SAFIRE (ground-glass opacity: score, 1; bronchiolectasis: score, 1; distortion: 
score, 1). Objective noise was lower in group 2 images (17.4 HU) than in group 1 images (19.6 HU).

Figure 4

Figure 4: Transverse CT scans obtained at level of right inferior pulmonary vein (magnified view centered 
on right lung) in 47-year-old obese patient (BMI: 31.3 kg/m2). CT features of lung fibrosis were traction 
bronchiectasis in right middle lobe and microcystic changes, reticulation, and signs of distortion in right lower 
lobe, with concurrent presence of mild ground-glass opacities in both lobes. Visibility scores of individual 
CT features were identical for both (a) standard-dose image reconstructed with FBP and (b) reduced-dose 
image reconstructed with SAFIRE (traction bronchiectasis: score, 1; microcystic changes suggestive of hon-
eycombing: score, 2; reticulation: score, 2; distortion: score, 2). Objective noise was lower in group 2 images 
(24.1 HU) than in group 1 images (28.8 HU).

scanning (1.6 mSv) strongly favor re-
duced-dose volumetric acquisitions with 
images reconstructed with iterative 

reconstruction instead of sequential 
scanning at 10-mm intervals with im-
ages reconstructed with FBP (29). This 
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Purpose: To evaluate the effect of iterative reconstruction on the 
depiction of systemic sclerosis–related interstitial lung 
disease (ILD) when the radiation dose is reduced by 60%.

Materials and 
Methods:

This study was based on retrospective interpretation of 
prospectively acquired data over a 12-month period and 
approved by the institutional review board. The require-
ment to obtain informed consent was waived. Fifty-five 
chest computed tomographic (CT) examinations were 
performed in 38 women and 17 men (mean age, 55.8 
years; range, 23–82 years) by using a dual-source CT unit 
with (a) both tubes set at similar energy (120 kVp) and 
(b) the total reference milliampere seconds (ie, 110 mAs) 
split up in a way that 40% was applied to tube A and 60% 
to tube B. Two series of images were generated simulta-
neously from the same dataset: (a) standard-dose images 
(generated from both tubes) reconstructed with filtered 
back projection (group 1, the reference standard) and (b) 
reduced-dose images (generated from tube A; 60% dose 
reduction) reconstructed with sinogram-affirmed iterative 
reconstruction (SAFIRE) (group 2). In both groups, the 
analyzed parameters comprised the image noise and the 
visualization and conspicuity of CT features of ILD. Two 
readers independently analyzed images from both groups. 
Results were compared by using the Wilcoxon test for 
paired samples; the 95% confidence interval was calcu-
lated when appropriate.

Results: The mean level of objective noise in group 2 was signifi-
cantly lower than that in group 1 (22.02 HU vs 26.23 HU, 
respectively; P , .0001). The CT features of ILD in group 
1 were always depicted in group 2, with subjective con-
spicuity scores (a) improved in group 2 for ground-glass 
opacity, reticulation, and bronchiectasis and/or bronchio-
lectasis and (b) identical in both groups for honeycomb-
ing. The interobserver agreement for their depiction was 
excellent in both groups (k, 0.84–0.98).

Conclusion: Despite a 60% dose reduction, images reconstructed with 
SAFIRE allowed similar detection of systematic sclerosis–
related ILD compared with the reference standard.
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visibility observed in group 2 for the 
other subtle interstitial patterns. These 
results are consistent with the improved 
depiction of ground-glass opacities, pul-
monary nodules, and emphysema previ-
ously reported with the first generation 
of iterative reconstruction compared 
with FBP (9). They also confirm in vivo 
the results recently reported in an exper-
imental study concerning the detection 
of ground-glass nodules (25). They are 
comparable to the excellent intermethod 
agreement demonstrated by Ohno et al 
(16) for the detection of emphysema, 
ground-glass opacities, bronchiecta-
sis, honeycombing, and nodules when 
reduced-dose images are reconstructed 
with iterative reconstruction. The ab-
sence of negative effect of iterative re-
construction on the detection of ground-
glass opacities is particularly important 
for systematic sclerosis when keeping 
in mind that it may reflect not only the 
presence of interstitial inflammation but 
also fibrotic changes (26). The excellent 
interobserver agreement observed in our 
study is in keeping with that reported by 
Baumueller et al (24) in a wide variety 
of chest diseases and should be linked to 
the low level of image noise (27).

Our study design provided a means 
of comparing image quality on full-dose 
and reduced-dose images for each pa-
tient. This situation is more appropriate 
for image quality analysis than is relying 
on the comparison of distinct groups of 
patients. Although often paired accord-
ing to BMI, populations may differ in 
chest dimension, degree of inspiration, 
and/or underlying disorders that may af-
fect comparative analysis of image qual-
ity. Our approach also allows more accu-
rate intertechnique comparison because 
the whole lung volume is analyzed on the 
two sets of images. This is more robust 
than the methodology proposed by Sver-
zellati et al (28), who added three CT 
sections acquired at reduced dose to a 
standard-dose study covering the whole 
chest volume. Iterative reconstructions 
are expected to influence the dose re-
duction strategy that can be proposed 
to patients with systematic sclerosis–re-
lated ILD. The similarities in radiation 
dose levels reported in our study (1.8 
mSv in group 2) and with sequential 

decrease in sensitivity but also a drift 
in recognition of faint abnormalities on 
images reconstructed with FBP instead 
of iterative reconstruction. Because 
honeycombing is known to be detect-
able even on grainy images (8), it was 
not surprising to observe similar ratings 
in our two groups. More interesting to 
note was the higher scores of excellent 

did not significantly differ between the 
two groups. These results demonstrate 
the effectiveness of SAFIRE in restoring 
a diagnostic image quality of reduced-
dose acquisitions. In a recent study per-
formed to evaluate the ability of low-dose 
CT to depict and help characterize the 
most common patterns of pulmonary 
disease, Christe et al (8) reported a 20% 

Figure 1

Figure 1: Transverse CT scans obtained in lower lung zones (magnified view of right lower lobe) in 
27-year-old patient with normal BMI (23.8 kg/m2). Subpleural ground-glass opacity with fine reticulation 
was given a similar rating (score, 2) on (a) standard-dose image reconstructed with FBP and (b) reduced-
dose image reconstructed with SAFIRE. Objective noise was 17.8 HU on group 1 images and 17.2 HU on 
group 2 images.

Figure 2

Figure 2: Transverse CT scans obtained in lower lung zones (magnified view of right lower lobe) in 
65-year-old patient with normal BMI (23.4 kg/m2). Ground-glass opacity of low attenuation, which is diffusely 
distributed in lower lobe and disseminated in right middle lobe, was given a similar rating (score, 2) on 
(a) standard-dose image reconstructed with FBP and (b) reduced-dose image reconstructed with SAFIRE. 
Objective image noise was lower in group 2 images (16.8 HU) than in group 1 images (17.4 HU).
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Results were compared by using the Wilcoxon test for 
paired samples; the 95% confidence interval was calcu-
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1 were always depicted in group 2, with subjective con-
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opacity, reticulation, and bronchiectasis and/or bronchio-
lectasis and (b) identical in both groups for honeycomb-
ing. The interobserver agreement for their depiction was 
excellent in both groups (k, 0.84–0.98).

Conclusion: Despite a 60% dose reduction, images reconstructed with 
SAFIRE allowed similar detection of systematic sclerosis–
related ILD compared with the reference standard.
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essential for noise reduction, to the image data in an
iterative loop without forward projection and calculation of
correction projections [15]. Since this study, a slightly
modified version of the evaluated IRIS algorithm with five
iterations has been installed on our CT system as a
commercially available product, allowing reduction of the
radiation dose in chest CT examinations in clinical routine.

To our knowledge, this is the first clinical study
comparing image quality of examinations reconstructed
with different algorithms in the same patient. Despite
methodological differences, our results can only be com-
pared to those of Prakash et al. [16], the only group having
already reported an experience with iterative reconstruc-
tions applied to chest CT. Investigating a different iterative

Fig. 2 Comparison of GROUP 1 and GROUP 2 CT angiographic
examinations obtained 4 months apart in a 64 year-old man referred
for follow-up of mesothelioma under chemotherapy (overweight
patient; BMI: 27.8 kg/m2). a Filtered back projection-reconstructed
mediastinal image of the initial standard dose CT examination
(120 kVp; 90 eff mAs; DLP: 196 mGy.cm), obtained at the level of
the left main bronchus, illustrating the reference image quality
(objective noise at the level of the aorta: 28.8 HU; subjective image
noise rated as minimal [score 1]). b IRIS-reconstructed mediastinal

image of the follow-up low-dose CT examination (120 kVp; eff
60 mAs; DLP: 158 mGy.cm), obtained at the same level as that of a,
reconstructed with three iterations. Compared with a, there was similar
objective noise (noise measured at the level of the aorta: 29.3 HU) and
a higher score for subjective noise (score 2). c IRIS-reconstructed
mediastinal image of the follow-up low-dose CT examination,
reconstructed with five iterations (same level as that of a). Compared
with b, the objective noise is reduced (noise measured at the level of
the aorta: 24.7 HU) with lower rating of subjective noise (score 1)

Fig. 3 Comparison of GROUP 1 and GROUP 2 CT examinations,
obtained 6 months apart, in a 55 year-old man referred for follow-up
of lung fibrosis (obese patient; BMI: 33.9 kg/m2). a Filtered back
projection-reconstructed lung image of the initial standard dose CT
examination (140 kVp; 120 eff mAs; DLP: 284 mGy.cm), obtained at
the level of the aortic arch, illustrating the reference image quality
(objective noise at the level of the trachea: 35 HU; subjective image
noise rated as minimal [score 1]). b IRIS-reconstructed lung image of
the follow-up low-dose CT examination (140 kVp; 80 eff mAs; DLP:

209 mGy.cm), obtained at the same level as that of a, reconstructed
with three iterations. Compared with a, the objective noise is slightly
reduced (noise measured at the level of the trachea: 33.5 HU) with
similar rating of subjective noise (score 1). c IRIS-reconstructed lung
image of the follow-up low-dose CT examination reconstructed with
five iterations (same level as that of a). Compared with b, the
objective noise is reduced (noise measured at the level of the trachea:
26.5 HU) with similar rating of subjective noise (score 1)

Eur Radiol (2011) 21:636–643 641

Lung fibrosis (obese patient) 

Standard dose Reduced dose 

ORIGINAL RESEARCH n
 THORACIC IM

AGING

Radiology: Volume 279: Number 1—April 2016 n radiology.rsna.org 297

1 From the Department of Thoracic Imaging (EA 2694) 
(F.P., A.S.B., J.B.F., J.R., M.R.J.), Department of Medical 
Statistics (EA 2694) (A.D.), Department of Internal Medicine 
(E.H.), and Department of Pulmonary Function (R.M.), Hôpi-
tal Calmette, Université Lille II, Boulevard Jules Leclercq, 
59037 Lille, France; and Research and Development 
Department, Siemens Healthcare, Forchheim, Germany 
(B.S.). Received April 10, 2015; revision requested June 2; 
revision received August 10; accepted September 2; final 
version accepted September 21. Address correspon-
dence to M.R.J. (e-mail: martine.remy@chru-lille.fr ).

q RSNA, 2015

Purpose: To evaluate the effect of iterative reconstruction on the 
depiction of systemic sclerosis–related interstitial lung 
disease (ILD) when the radiation dose is reduced by 60%.

Materials and 
Methods:

This study was based on retrospective interpretation of 
prospectively acquired data over a 12-month period and 
approved by the institutional review board. The require-
ment to obtain informed consent was waived. Fifty-five 
chest computed tomographic (CT) examinations were 
performed in 38 women and 17 men (mean age, 55.8 
years; range, 23–82 years) by using a dual-source CT unit 
with (a) both tubes set at similar energy (120 kVp) and 
(b) the total reference milliampere seconds (ie, 110 mAs) 
split up in a way that 40% was applied to tube A and 60% 
to tube B. Two series of images were generated simulta-
neously from the same dataset: (a) standard-dose images 
(generated from both tubes) reconstructed with filtered 
back projection (group 1, the reference standard) and (b) 
reduced-dose images (generated from tube A; 60% dose 
reduction) reconstructed with sinogram-affirmed iterative 
reconstruction (SAFIRE) (group 2). In both groups, the 
analyzed parameters comprised the image noise and the 
visualization and conspicuity of CT features of ILD. Two 
readers independently analyzed images from both groups. 
Results were compared by using the Wilcoxon test for 
paired samples; the 95% confidence interval was calcu-
lated when appropriate.

Results: The mean level of objective noise in group 2 was signifi-
cantly lower than that in group 1 (22.02 HU vs 26.23 HU, 
respectively; P , .0001). The CT features of ILD in group 
1 were always depicted in group 2, with subjective con-
spicuity scores (a) improved in group 2 for ground-glass 
opacity, reticulation, and bronchiectasis and/or bronchio-
lectasis and (b) identical in both groups for honeycomb-
ing. The interobserver agreement for their depiction was 
excellent in both groups (k, 0.84–0.98).

Conclusion: Despite a 60% dose reduction, images reconstructed with 
SAFIRE allowed similar detection of systematic sclerosis–
related ILD compared with the reference standard.

q RSNA, 2015

François Pontana, MD
Anne-Sophie Billard, MD
Alain Duhamel, PhD
Bernhard Schmidt, PhD
Jean-Baptiste Faivre, MD
Eric Hachulla, MD, PhD
Régis Matran, MD
Jacques Remy, MD
Martine Remy-Jardin, MD, PhD

Effect of Iterative Reconstruction 
on the Detection of Systemic 
Sclerosis–related Interstitial 
Lung Disease: Clinical Experience  
in 55 Patients1

This copy is for personal use only. To order printed copies, contact reprints@rsna.org



 
Approche diagnostique d’une 
pneumonie infiltrante diffuse 

en TDM: 
Analyse sémiologique 

 



•  lésions élémentaires/la lésion 
prédominante 

•  topographie lésionnelle 
prédominante (régional/lobule pulmonaire 
secondaire)  

•  signes associés aux signes 
prédominants.  

 
 

 

Analyse sémiologique 
 



• Opacités linéaires 
• Kystes 
• Nodules 
• Anomalies de densité 

pulmonaire 

 
LES LESIONS ELEMENTAIRES 

EN TDM 



• Opacités linéaires 
• Kystes 
• Nodules 
• Anomalies de densité 

pulmonaire 

 
LES LESIONS ELEMENTAIRES 

EN TDM 



OPACITES LINEAIRES 
 



Opacités linéaires:  
rappel sémantique 

•  Ligne:  
interface séparant 2 milieux de densité 

aérique   
< 1 mm 

•  Bande:  
idem mais > 1mm 

•  Bord:  
interface séparant 2 milieux de densité 

différente 



Opacités linéaires:  
 Ø Lignes septales:  

Epaississements des septa interlobulaires 
• Lisses et réguliers 
• Nodulaires 
•  Irréguliers  

Ø Lignes non septales: 
•  Intralobulaires 
• Ligne courbe souspleurale 



• Oedeme 

•  Infiltration 
cellulaire 

•  Fibrose 

Septa interlobulaires épaissis 



Septa interlobulaires épaissis 

Lisses et réguliers 
(OAP) 



Septa interlobulaires épaissis 

Réguliers (OAP) 



Septa interlobulaires épaissis 

Réguliers (OAP) 



•  lignes de Kerley =traduction des septa 
interlobulaires épaissis.  

•  lignes de Kerley B: petites opacités linéaires 
horizontales de 1 à 2 mm d’épaisseur, à 
limites nettes, sur 1 cm de longueur  



Septa interlobulaires épaissis 

lignes de Kerley B 
 (OAP) 



emphysème panlobulaire  
 



Oedeme pulmonaire 
Signes TDM habituels: 
•  Epaississements septa inter-lobulaires 
•  Epaississements péri-broncho-vasculaires 
•  Epaississements scissuraux 
•  Verre dépoli/condensations 
•  Epanchement pleural  
•  Cardiomégalie 

Etiologie: 
•  Hyperhydratation 
•  Infarctus du myocarde 
•  Interruption du drainage lymphatique 
•  Altération de la membrane alvéolo-capillaire (infection, 

SDRA, oedeme post pneumonectomie) 
•  Anomalie du retour veineux: variante anatomique  



Epaississement septal régulier 
 •  Oedeme pulmonaire interstitiel* 

•  Lymphangite carcinomateuse* 
•  Hémorragie  
•  Maladie veino-occlusive  
•  Pneumopathies infectieuses 
•  Lésions lymphatiques 

•  Lymphangioléiomyomatose, Lymphangiectasies, … 
•  obstruction veineuse pulmonaire centrale :  

•  cancer broncho-pulmonaire  
•  mediastinite chronique fibrosante   

•  infiltrations interstitielles rares :  
•  amylose diffuse  
•  maladie de Gaucher et Nieman-Pick  

  *Les deux causes les plus fréquentes  



Septa interlobulaires épaissis 

Réguliers     Nodulaires 
 Lymphangite carcinomateuse unilatérale. 
 Intervalle entre les 2 examens: 2 mois. 
   



Septa interlobulaires épaissis 
nodulaires 

Lymphangite carcinomateuse unilatérale. 
  



Lymphangite carcinomateuse  



-Distorsion lobulaire: 

 Sarcoïdose  
  

Septa interlobulaires épaissis 
nodulaires 



Epaississement septal nodulaire 

•  Lymphangite carcinomateuse 
•  Sarcoidose 
•  Pneumoconioses 
•  Lymphome, leucemie 
•  Amyloidose 
•  Sarcome de kaposi 
•  Pneumonie interstitielle lymphocytaire  



Septa interlobulaires épaissis 
irréguliers 

FPI 
Distorsion 
lobulaire 
+ 
Réticulations 
intralobulaires 
    



Epaississement septal irrégulier 
 

•  Sarcoidose  
• UIP* 
• Asbestose 
•  Pneumopathie d’hypersensibilité 
 
*usual interstitial pneumonia : aspect 
histopathologique de fibrose pulmonaire 
idiopathique (FPI)  

 



Muller Silva Imaging of the chest. Vol 1;  
chapter 7; Elsevier Ed 2008 



Corrélation radio-clinique  
 
!Données anamnestiques, 
cliniques, biologiques, 
fonctionnelles  
(homme ? Femme ? âge ? pneumopathie aiguë ?subaiguë̈ ? 
chronique ? Tabagisme actif, sevré? Sujet immunodéprimé́ 
ou immunocompétent ? Exposition professionnelle /
environnementale ? ) 



Post lobectomie inferieure droite 



•  Oedeme pulmonaire (atteinte bilatérale) 

•  Troubles du retour veineux post résection 
veineuse en présence de variantes 
anatomiques (unilatérale) 

•  Torsion lobaire et/ou du hile (unilatérale) 

Epaississements des septa 
interlobulaires d’apparition aigue 

en post-opératoire 





Nombreuses variantes anatomiques 
des veines pulmonaires  

•  Les + fréqu:  la veine lobaire moyenne se draine dans 
-la veine pulmonaire supérieure droite 53 à 69 % des cas,  
-l’atrium gauche dans 17 à 23 % des cas,  
- la veine pulmonaire inferieure droite dans 3 à 8 % des cas.  
 
•  Variante 3 veines: un tronc médiastinal commun des veines 

gauches, l’inferieure s’abouchant dans le tronc supérieur; 
absence de VPIG (prévenir le chirurgien en cas de LSG!) 



Torsion du lobe supérieur droit après lobectomie moyenne 
pour carcinome bronchioloalveolaire. 
 



Torsion du lobe supérieur droit après lobectomie moyenne 
pour carcinome bronchioloalveolaire. 



M24yo: hémoptysie, atcd tbc, dyspnée d’effort, pas de 
syndrome inflammatoire. 
RX: opacités reticulo-nodulaires. 



M24yo: hémoptysie, atcd tbc, dyspnée d’effort, pas de 
syndrome inflammatoire. 
RX: opacités reticulo-nodulaires. 



Gamme diagnostique proposée 

•  Infections 
•  Pneumonie d’hypersensibilité 
•  Vasculite 
•  Sarcoïdose 
•  PINS 
•  Proteinose alvéolaire 
•  Lymphangite carcinomateuse 



Avant et après thérapie (antibiotiques et corticoïdes). 
Amaigrissement et O2dependance 



•  Biopsie pulmonaire trans bronchique: 
 èlymphangite carcinomateuse 
 (néoplasie d’origine digestive) 

•  Bilan d’extension et recherche de primitif: 
 èAdénocarcinome gastrique 



Lymphangite Carcinomateuse  
Origine: 
•  Cancers du poumon, sein, estomac, pancréas, parfois 

prostate, col utérin, colon 
Typiquement bilatérale (à exception de cancer du poumon), 
mais aussi unilatérale ou focalisée 
Signes radiologiques: 
•  Epaississements des septa inter lobulaires (réguliers- en 

phase précoce -ou nodulaires) 
•  Epaississement interstitiel péri-bronchovasculaire 
•  Adenomegaliés (30%) 
•  Epanchement pleural (30-50%) 



-Adénocarcinome 
pulmonaire; 
- Après une cure de 
chimiothérapie et 
immunothérapie (2 mois) 
apparition brutale de dyspnée 
aigue, syndrome 
inflammatoire 







 
 
•  Crazy paving 
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« This pattern appears as thickened interlobular septa and 
intralobular lines superimposed on a background of 
ground-glass opacity, resembling irregularly shaped paving 
stones. The crazy-paving pattern is often sharply 
demarcated from more normal lung and may have a 
geographic outline.» 



Muller Silva Imaging of the chest. Vol 1; chapter 7; Elsevier Ed 2008 

Crazy paving 

•  Pulmonary alveolar  
proteinoses 

•  ARDS 
•  Acute interstitial pneumonia 
•  Pulmonary edema 
•  Pulmonary hemorrage 
•  Bacterial pneumonia 

•  Pneymocystis pbenumonia 
•  Churg Strauss syndrome 
•  Radiation pneumonitis 
•  Bronchioloalveolar 

carcinoma 
•  Lipoid pneumonia 



Pneumonie SARS-CoV-2 



Opacités linéaires:  
 Ø Lignes septales:  

Epaississements des septa interlobulaires 
• Lisses et réguliers 
• Nodulaires 
•  Irréguliers  

Ø Lignes non septales: 
•  Intralobulaires  
• Ligne courbe souspleurale 



LIGNES INTRALOBULAIRES: 
opacités réticulaires 

•  Petites opacités linéaires entrecroisées 
en une fine réticulation au sein du lobule 
pulmonaire secondaire 

 
•  épaississement de l’interstitium intra-

lobulaire du à la présence de liquide 
interstitiel, de cellules ou de fibrose 



•  Principales étiologies 
– Fibroses pulmonaires 

•  UIP 
•  Asbestose 
•  Collagenoses 
•  Pneumopathie d’hypersensibilité 

– Oedème pulmonaire 
– Lymphangite carcinomateuse 
– Protéinose alvéolaire             

LIGNES INTRALOBULAIRES: 
opacités réticulaires 



Septa interlobulaires épaissis 
et irréguliers avec distorsion 
des lobules pulmonaires 
secondaires  

+ 

Verre dépoli  

Réticulations intralobulaires 

+ 

quelques images kystiques et 
à des bronchiolectasies par 
traction 

FPI  



Pneumopathie 
d’hypersensibilité 
medicamenteuse  
(Thrombocythémie 
essentielle traitée par 
hydroxycarbamide pendant 
environ 6 ans) 



Pneumopathie 
d’hypersensibilité 
medicamenteuse  
Au stade de fibrose: distribution 
anarchique sans prédominance 
topographique  



Pneumopathie 
d’hypersensibilité 

(phase aigue; 2015) 



Opacités linéaires:  
 Ø Lignes septales:  

Epaississements des septa interlobulaires 
• Lisses et réguliers 
• Nodulaires 
•  Irréguliers  

Ø Lignes non septales: 
•  Intralobulaires  
• Ligne courbe souspleurale 



Ligne courbe sous-pleurale  
 

TDM: opacite ́ curviligne (1-3 mm d’épaisseur), 
située à moins d’1cm de et parallèle à la surface 
pleurale. 
  
•  atélectasie 
•  œdème pulmonaire  
•  fibrose 

 (Bien qu’initialement décrit dans l’asbestose, ce signe n’en est 
 pas spécifique. ) 



Sclérodermie; PINS* 
*Pneumonie interstitielle non 
spécifique  
 



PROCUBITUS 



• Opacités linéaires 
• Kystes 
• Nodules 
• Anomalies de densité 

pulmonaire 

 
LES LESIONS ELEMENTAIRES 

EN TDM 



KYSTES 



 
 
•  KYSTE 
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Ana-path: espace aérien rond circonscrit par une paroi 
épithéliale ou fibreuse d’épaisseur variable.  
 
Radiographs and CT scans: clarté parenchymateuse ronde 
ou surface de faible atténuation présentant une interface 
nette avec le poumon périkystique (paroi <2 mm 
d’épaisseur).  



Kyste intra-pulmonaire 

Contenu: 
•  aérique 

•  liquidien 





Kyste: 
Mécanismes de formation 

The exact mechanisms of cyst formation in DCLDs are not well 
elucidated.  3 major processes :  
(1)  dilation of air spaces as a result of one-way obstruction in small 

airways leading to air entering but not exiting air spaces  
(check valve; obstruction et soufflage bronchiolaire)  
(2) Ischémie puis nécrose de petites bronchioles  
(3) Élastolyse pulmonaire par action des enzymes protéolytiques 
(métalloprotéinases matricielles) 

     
 
Eur Respir J 2008;32(5):1399-1403.  
 

  



•  analyse sémiologique des kystes:  
 nombre, taille, distribution, paroi, 
 parenchyme pulmonaire interkystique.  

 
•  Suivi évolutif : anomalies précédant et suivant 

l'apparition des kystes. 
 
•  Signes associés (pulmonaires et extra-

thoraciques)  

•  Données cliniques 

Maladie Kystique: 
approche diagnostique 



 KYSTES 
•  Isolé: 

ü Découverte fortuite-Sujets normaux 
ü 25% des sujets âgés >75 ans, non 

retrouvé chez les sujets <55ans  
 Copley SJ, et al. Radiology 2009;251:566-573  

ü 5 -22 mm 

•  Multiples 



F 73 ans. 
Kyste pulmonaire isolé découvert fortuitement en scanner. 



 KYSTES 
•  Isolé : 

ü Découverte fortuite-Sujets normaux 
ü 25% des sujets âgés >75 ans, non 

retrouvé chez les sujets <55ans  
 Copley SJ, et al. Radiology 2009;251:566-573  

ü 5 -22 mm 

•  Multiples 



 MALADIE KYSTIQUE 
PULMONAIRE 

Kystes multiples dispersés dans les 
champs pulmonaires: 
•  Histiocytose à cellules de 

Langerhans  
•  Lymphangioléiomyomatose 

pulmonaire  



•  Tabac è prolifération de cellules de 
Langerhans (macrophages) detectées dans les 
prélèvements tissulaires pulmonaires et au 
LBA.  

•  antigènes présents dans la fumée de 
cigarettesè réponse immune anormale.  

 
•  mutations oncogéniques gène BRAFV600E 

Histiocytose à cellules de 
Langerhans 

 



Phases 
 nodulaireè kystique  

Granulomes: 
•  nodules et micronodules  
Granulomes cavitaires: 
•  Nodules et micronodules excavés 
•  Cavités à parois épaisses 
•  Kystes 

 Soler P et al. Am. J. Respir. Crit. Care Med. 2000; 162: 264-270  

 

Histiocytose à cellules de 
Langerhans 

 



“A nodular pattern clearly reflects a 
histopathologically active disease, but caution must 
be used in evaluating patients with a cystic pattern, 
since HRCT does not permit us to differentiate 
between fibrous cysts and cavitary granulomas. 
Thus, although it is usually considered to correspond 
to an end-stage disease, a cystic pattern does not  
exclude a still active pathological process” 

    
 Soler P et al. Am. J. Respir. Crit. Care Med. 2000; 162: 264-270   

Histiocytose à cellules de 
Langerhans 

 



Histiocytose à cellules de 
Langerhans 

 
Kystes: 
•  Topographie prédominante: régions moyennes 

et supérieures des poumons.  
•  tendance à la confluence  èmorphologie 

lobulée ou bizarre  
•  Coexistence nodules/ nodules excavés /cavités à 

parois épaisses /kystes 
! parenchyme pulmonaire interkystique: 

pathologique 



M 32 ans;  
Histiocytose à cellules de Langerhans 



Histiocytose à cellules de Langerhans 



Pneumonies infiltrantes diffuses 
liées au tabac 

•  Histiocytose à cellules de Langerhans 

•  BR-PI (bronchiolite respiratoire associée à 
une pneumonie interstitielle) 

 
•  Pneumonie interstitielle desquamative  



M, 52 ans. Fumeur. 
Pneumonie interstitielle desquamative  

Petites images kystiques au sein du verre dépoli  



Lymphangioléiomyomatose  
 

•  maladie peu fréquente, d’étiologie inconnue 
 
•  prolifération des cellules musculaires lisses  
è kystes pulmonaires,  tumeurs abdominales, 

anomalies lymphatiques systémiques.  
 
•  PEComes (PEC=Perivascula Epithelioid Cell)  
« tumeur prenant origine dans les cellules 
épithélioïdes périvasculaires ».  
 



Lymphangioléiomyomatose  
 

•  LAM sporadique : presque exclusivement 
femmes d’âge moyen. 

•  sclérose tubéreuse de Bourneville (STB) : 
maladie neurocutanée (hamartome cerveau, 
peau, cœur, poumons, hamartome et angio-
myolipome rénal).  

 



Lymphangioléiomyomatose  
 

Kystes: 
•  Distribution diffuse et homogène dans les deux 

poumons sans prédominance lobaire.  
•  forme ronde, tailles variées, parois très fines.  
! parenchyme pulmonaire interkystique: 

normal 
•  Nodules:  extrêmement rares (sclérose 

tubéreuse de Bourneville) 



F 39 ans; LAM 



F 39 ans; LAM 
Rx: aspect 
réticulaire 
(reticular pattern)  
 



STB 
 



Kystes multiples 

•  pneumonie interstitielle lymphocytaire 
(PIL) 

•  syndrome de Birt-Hogg-Dubé.  
•  amylose pulmonaire 
•  maladie des dépôts non amyloïdes de 

chaînes légères  

  



Pneumonie interstitielle lymphocytaire 
•  Relativement rare  
•  Infiltration de lymphocytes et de 

plasmocytes dans les cloisons 
alvéolaires.  

ü maladie auto-immune (le plus souvent syndrome 
de Gougerot-Sjögren)  

ü  déficit immunitaire (SIDA) 
ü  dysprotéinémie 
ü  exceptionnellement idiopathique  



LISTE DES MALADIES 
ASSOCIÉES À UNE 
PNEUMONIE 
INTERSTITIELLE 
LYMPHOCYTAIRE  
 
 

SIRAJUDDIN A et al. Radiogr Rev Publ Radiol 
Soc N Am Inc. 2016, 36 : 53-70.  



Pneumonie interstitielle lymphocytaire 
  
•  verre dépoli 
• épaississement péribronchovasculaire 
±épaississement des septa interlobulaires  
•  Kystes : topographie prédominante 

périvasculaire et sous-pleurale 
• nodules centrolobulaires à limites floues 
• -frequ: condensations et nodules (1-2 cm);     
rayon de miel  



46 January-February 2012 radiographics.rsna.org

LIP in a 44-year-old woman 
with Sjögren syndrome. Axial high-reso-
lution CT images (a at a higher level than 
b) show scattered ground-glass opacities, 
intralobular interstitial thickening, and pul-
monary cysts (arrows).

Figure 16. Bron-
chiectasis in a 
57-year-old man 
with Sjögren syn-
drome. High-res-
olution CT image 
of the right lung 
shows multiple 
areas of bronchi-
ectasis and mu-
coid impaction 
(arrows) in the 
lower lobe.

F 44 ans; 
PIL  
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33CHEST IMAGING

 

Collagen vascular diseases are a diverse group of immunologically 
mediated systemic disorders that often lead to thoracic changes. The 
collagen vascular diseases that most commonly involve the lung are 
rheumatoid arthritis, progressive systemic sclerosis, systemic lupus ery-
thematosus, polymyositis and dermatomyositis, mixed connective tissue 
disease, and Sjögren syndrome. Interstitial lung disease and pulmonary 
arterial hypertension are the main causes of mortality and morbidity 
among patients with collagen vascular diseases. Given the broad spec-
trum of possible thoracic manifestations and the varying frequency with 
which different interstitial lung diseases occur, the interpretation of 
thoracic images obtained in patients with collagen vascular diseases can 
be challenging. The task may be more difficult in the presence of treat-
ment-related complications such as drug toxicity and infections, which 
are common in this group of patients. Although chest radiography is 
most often used for screening and monitoring of thoracic alterations, 
high-resolution computed tomography can provide additional informa-
tion about lung involvement in collagen vascular diseases and may be 
especially helpful for differentiating specific disease patterns in the lung. 
General knowledge about the manifestations of thoracic involvement in 
collagen vascular diseases allows radiologists to provide better guidance 
for treatment and follow-up of these patients.
©RSNA, 2012

Thoracic Manifestations 
of Collagen Vascular 
Diseases1

CME FEATURE
 
 

LEARNING 
OBJECTIVES 
FOR TEST 2

 
 
 

 ■ Identify clinical 
manifestations of 
thoracic involvement 
in collagen vascular 
disease.

 ■ Recognize inter-
stitial lung disease 
patterns and other 
thoracic imaging 
features specific to 
collagen vascular 
diseases that often 
affect the respira-
tory system.

 ■ Describe an inte-
grated (radiologic 
and clinical) ap-
proach to managing 
thoracic involvement 
in collagen vascular 
diseases.

Abbreviations: FDG = fluorine 18 fluorodeoxyglucose, LIP = lymphocytic interstitial pneumonia, NSIP = nonspecific interstitial pneumonia, 
UIP = usual interstitial pneumonia

RadioGraphics 2012; Published online Content Codes:   
1From the Department of Diagnostic Imaging, Federal University of São Paulo, Rua Napoleão de Barros 800, Vila Clementino 04024-002, São Paulo, 
SP, Brazil. Presented as an education exhibit at the 2009 RSNA Annual Meeting. Received March 15, 2010; revision requested April 22; final revision 
received April 21, 2011; accepted May 3. For this journal-based CME activity, the authors, editor, and reviewers have no relevant relationships to 
disclose. Address correspondence to J.C. (e-mail: ).

©RSNA, 2012



PIL 



PIL 
syndrome de 
Gougerot-
Sjögren  
 
Topographie 
prédominante 
périvasculaire et 
sous-pleurale 



Kystes: 
•  <10% du parenchyme pulmonaire 
 
•  occasionnellement isolés ou 

nombreux et volumineux  

Pneumonie interstitielle lymphocytaire 



PIL 
connectivite 
mixte   
  



Syndrome de Birt-Hogg-Dubé  

maladie autosomique dominante: kystes 
pulmonaires, fibrofolliculomes sur le visage, le 
cou, les parties supérieures du tronc +tumeurs 
rénales (oncocytome bénin ou carcinome).  
 
•  kystes pulmonaires :  parois fines, grande 

taille, forme ronde ou lenticulaire, 
predominance sous-pleurale, dans les parties 
moyennes et aux bases pulmonaires.  

•  cloisonnés èpneumothorax 
  



Syndrome de Birt-Hogg-Dubé  
 



Syndrome de Birt-Hogg-Dubé  
 



Syndrome de Birt-Hogg-Dubé  
 



Lésions infectieuses à évolution kystique potentielle: 
 -embolies septiques 
 -cavite ́ résiduelle après gangrène pulmonaire  
 -kyste hydatique rompu, évacué, détergé.  

 
Kystes groupés dans les lobes supérieurs : 

 -mycobactérioses atypiques (Mycobacterium 
      kansasii) 
 -pneumonie à Pneumocystis jiroveci  

   
 

Kystes: 
étiologie infectieuse  

  
 



F 35 ans; 
HIV+  
Micobacterium 
kansasii  



M 46 ans; 
HIV+  
Pneumocystis jirovecii  



•  métastases pulmonaires: évolution kystique 
spontané ou sous l’effet de chimioth. 

  (sarcome, tératome, carcinome 
 épidermoïde ORL ou du col utérin, 
 papillomatose laryngo-trachéo-bronchique) 

 

Kystes: 
étiologie tumorale 

 



Angiosarcome du cuir chevelu:  
métastases kystiques 



F, 43 ans. Cancer épidermoïde du col:  
métastases kystiques 



•  Kyste bronchogénique  

•  Malformation congénitale des 
voies aériennes pulmonaires 
(Congenital pulmonary airway 
malformation; CPAM)  

 

Maladies congénitales kystiques 



F, 55 ans. Kyste bronchogénique intrapulmonaire  
(confirmé par resection chirurgicale)    



F, 18 ans. CPAM  
Malformation congénitale des voies 

aériennes pulmonaires  
(confirmée par lobectomie)    

 



DIFFUSES CYSTIC LUNG DISEASES 



DIAGNOSTICS DIFFERENTIELS 

• Rayon de miel 
• Bulle/Bleb 
• Pneumatocèle 
• Cavité 

 



Rayon de miel  
 

ètissu pulmonaire détruit et fibreux, 
contenant de nombreux kystes 
groupés, plus ou moins uniformes en 
taille (3 - 10 mm, occasionnellement 25 mm),  

à parois fibreuses (épaisseur: 1-3 mm). 



Rayon de miel : TDM 
 

•  signe TDM de maladie pulmonaire terminale 
(end-stage lung); 

•  préférentiellement en couches concentriques 
sous-pleurales et à parois nettes; 

 
•  associé aux autres signes de fibrose 

pulmonaire (réticulations intralobulaires, distorsion 
architecturale, bronchectasies et bronchiolectasies par 
traction, perte de volume pulmonaire).  



Rayon de miel : 
-stade final et irréversible d’une 
destruction pulmonaire par 
fibrose pulmonaire.  
 
-peut être difficilement 
différencie ́ des bronchiolectasies 
par traction avec lequel il est 
souvent associé. 
 
 
F 45 ans. FPI 
 



Emphysème paraseptal 



DIAGNOSTICS DIFFERENTIELS 

• Rayon de miel 
• Bulle/Bleb 
• Pneumatocèle 
• Cavité 

 



DIAGNOSTICS DIFFERENTIELS 

Kyste: limité par une paroi fine mais 
nette,  <2 mm d’épaisseur.  

 
 



DIAGNOSTICS DIFFERENTIELS 

 
Bulle: espace aérien diamètre >1 cm 

habituellement plusieurs cm,  
 habituellement sans paroi visible  

 < 1 mm d’épaisseur. Une bulle est habituellement 
accompagnée d’altérations emphysémateuses du poumon 
adjacent.  

 
 





DIAGNOSTICS DIFFERENTIELS 

Phlyctène (BLEB)  
Anatomie : petit espace gazeux dans la plèvre viscérale ou 
dans le poumon sous-pleural d’1 cm de diamètre au 
maximum.  TDM: kyste à paroi fine contigu à la plèvre.  
Comme la distinction arbitraire (taille) entre phlyctène et 
bulle est de peu d’importance clinique, l’usage de ce terme 
par les radiologues est découragé.  





DIAGNOSTICS DIFFERENTIELS 
 
Pneumatocèle:  
 
Pathologie : espace pulmonaire gazeux bordé d’une paroi 

fine; le plus fréquemment provoquée par une pneumonie 
aiguë, un traumatisme ou l’inhalation d’hydrocarbure; 
habituellement transitoire.  

•  Mécanisme de formation : combinaison de nécrose 
parenchymateuse et d’une obstruction de voies aériennes 
avec un phénomène de valve.  

•  Radiographie et TDM: espace gazeux approximativement 
rond, limité par une paroi fine dans le poumon.  

 



“lung parenchymal destruction in the setting of ARDS secondary to 
COVID-19 pneumonia progression to fibrosis, cyst, and pneumatocele 
formation.”  



ATCDs SARS-CoV2+ 
J44 
éD-dimères 
 

M 34 ans 
 
 



ATCDs SARS-CoV2+ 
J44 
éD-dimères 
 

M 34 ans 
 
 



As a result of diffuse alveolar 
injury in severe COVID-19 
pneumonia, the alveoli may 
be prone to rupturing.  



DIAGNOSTICS DIFFERENTIELS 

Cavité: espace gazeux au sein d’une 
condensation, d’une masse ou d’un 
nodule pulmonaire.  
•  condensation cavitaire:  régression de la condensation 

originale ècavité́ à paroi fine. 
  
•  expulsion ou drainage d’une partie nécrotique d’une 

lésion par l’arbre bronchique ècavité (parfois niveau 
hydroaérique).  

 
 
Cavité n’est pas synonyme d’abcès!  

 
 
 





pneumonie 
abcédée à 

Streptocoque 
 





 
CONCLUSION 



•  lésions élémentaires/lésion 
prédominante 

•  topographie lésionnelle prédominante 
•  signes associés (thoraciques et 

extrathoraciques) 
•  contexte clinique 
 
 

 

Approche diagnostique d’une 
pneumonie infiltrante diffuse 
!Analyse sémiologique 



• Opacités linéaires 
• Kystes 
• Nodules 
• Anomalies de densité 

pulmonaire 

 
LES LESIONS ELEMENTAIRES 

EN TDM 
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