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Orateur :
• Membre du groupe de travail SFICV/USIC–SFC sur la thrombectomie 

pulmonaire
• Membre de la SFICV/SIT/SFR

Conflits d’intérêts : 
• Lecture pour Inari Medical, Philips, Boehringer Ingelheim

Implication : 
• Membre fondateur de la PERT des HCL (Pulmonary Embolism Reperfusion 

Team)
• Coordonnateur du COPIL de PEC EP 
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Impact de l’embolie pulmonaire

50 1000 1500 2000
Résistances vasculaires périphériques (dynes.s.cm-5)

Index cardiaque (L/min/m²)

3

2

1

FEVG normale

FEVG altérée
VD

Courtoisie Pr Thomas Bochaton (HCL)



Medical Imaging Research Laboratory

4

Impact de l’embolie pulmonaire
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Gravité de l’embolie pulmonaire

European Heart Journal (2020) 41, 543603
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Efficacité tous dispositifs confondus:

• 90% sur la survie et la stabilisation hémodynamique
• Mortalité intra-hospitalière de 12.9% avec haut risque 
• Mortalité intra-hospitalière de 0.74% avec risque intermédiaire
• Hémorragie cérébrale à 0.35% 
• Complication grave à 4.6%
• Complications potentielles en fonction de l’expertise et du dispositif : décompensation 

hémodynamique, choc respiratoire, hémorragie alvéolaire, perforation vasculaire, IRA, hématome 
du point de ponction
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Thrombectomie per-cutanée mécanique
DOI: 10.4244/EIJ-D-22-00246 

https://doi.org/10.4244/eij-d-22-00246
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Indications

• La thrombectomie n’est pas recommandée en première intention 

du fait de l’absence d’étude à haut niveau de preuve
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Indications de la cascade d’instabilité



Medical Imaging Research Laboratory

11

Indications dans l’EP à haut risque

• La thrombectomie est indiquée en cas
– CI fibrinolyse*

OU

– Echec de la fibrinolyse défini par
Ø Absence d’amélioration (2–4 heures après l’arrêt de la fibrinolyse)
Ø Détérioration immédiate
Ø Détérioration progressive (sur 15 minutes par exemple)

*Keller K et al. Trends in thrombolytic treatment and outcomes of acute pulmonary embolism in Germany. 
Eur Heart J. 2020;41:522-9 
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Indications dans l’EP à risque intermédiaire

• La thrombectomie est indiquée en cas
– CI anticoagulant

OU

– Echec des anticoagulants défini par
Ø Absence d’amélioration (12/24 heures après une anticoagulation 

efficace)
Ø Détérioration immédiate
Ø Détérioration progressive (sur 15 minutes par exemple)
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Quels indicateurs choisir ?

Clinique

• Fc > 100 bpm

• BP 90-100 mmHg

• SpO2 < 90 % 

• 02 > 4 l/min

• Optiflow/NIV

• Fréquence respiratoire> 20/min

Echographique

• TAPSE ≤ 16 mm

• RV/LV

• Congestion VCI

Biologique

• Troponine cardiaque

• NT-proBNP > 600 pg/mL

• Lactate > 2 mmol/L
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High risk

Refractory
circulation collapse

or cardiac arrest BP ≤ 90 
mmHg

PERT discussion

Acute pulmonary embolism
withPESI classe III-V ou sPESI ≥ 1

RV Dysfunction VD (RV/LV> 1)
↑ Cardiac troponin or BNP

Proximal thrombus
CDT

Thrombus in transit
CDT assisted by TEE

Distal thrombus
CDT ± CDL ± US dispersion

Cardiac thrombus
CDT assisted by TEE/ECMO

* on-going PEERLESS II study
** Additional detection of 
lung perfusion defect

Haemodynamic 
deterioration

Open to randomized trials* No Hemodynamic improvement
after 12 hours

YES

Systemic thrombolysis

No Hemodynamic improvement
aQer 2 hours

Contraidication for thrombolysis

NO

YES

NO

ECMO

YES

Intermediate risk

RepeSSve monitoring

Indications of severity for
normotensive patients (at least 1 criteria):

• Tachycardia > 100 bpm
• BP 90-100 mmHg
• Lactate > 2 mmol/L
• SpO2 < 90 % 
• 02 > 4 l/min

• Optiflow/NIV
• Respiratory rate > 20/min
• Proximal thrombus

burden
• TAPSE ≤ 16 mm

BP > 90 
mmHg

Contraidication for thrombolysis

NO

No Hemodynamic improvement
after 2 hours

NO

Systemic thrombolysis

En discussion avec le GT SFICV/SFC/USIC

Mechanical thrombectomy

Thrombus burden & venous access 
CT/spectral CT** angiography

Haemodynamic 
instability

Anticoagulation therapy



Medical Imaging Research Laboratory

16

III. Comment ?



Medical Imaging Research Laboratory

17Carroll BJ, et al.. Changes in Care for Acute Pulmonary Embolism Through A Multidisciplinary Pulmonary Embolism Response Team. Am J Med. 

Impact d’une PERT
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Procédure de désobstruction artérielle pulmonaire

• Procédure sous contrôle radiologique

• Avantages 
– Efficacité locale
– Sans traitement systémique

– Tolérance relativement correcte

– Sous AL

• Précautions
– Défaillance cardiaque droite en cas de haut risque

– Navigation endovasculaire (perforation)
– Interaction sous ECMO
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Solutions de thrombectomie

• Fragmentation de thrombus
• Thrombolyse in situ
• Aspiration de thrombus
• Thrombolyse in situ en combinaison d’ ultrasons haute fréquence
• Thrombectomie rhéolytique
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Solutions de lyse in situ

• Système EKOS® (Boston Scientific)

– Ultrasons focalisés combinés à l’injection continue de fibrinolytique

– Pendant une durée prolongée

– Efficacité retardée 
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Solutions d’aspiration

• Indigo® (Penumbra) 

– Cathéter de diamètre 9F–12F 

– Reliés à une pompe d’aspiration
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Solutions d’aspiration

• FlowTriever® (Inari Medical) 

– Canule diamètre de 16–24F dont un 20F angulé pour le cathétérisme pulmonaire  

gauche

– Reliée à une seringue de 60 ml d’aspiration

– Retrait complémentaire des caillots par système d’ailettes

– Système de Flow Saver
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Solutions d’aspiration

• AlphaVac® (Angiodynamics) 

– Canule de diamètre 18F–22F

– Reliée à une seringue de 15-30 ml d’aspiration

– Angulation contrôlable distale
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IV. Place du scanner ?
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Thrombus Ventricule droitPerfusion 
pulmonaire Extra-pulmonaire

Bilan en imagerie
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Aspect du thrombus

Non marginé Marginé

Ø La localisation des thrombi permet leurs datations
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Densité du thrombus

Reconstruction spectrale virtuellement sans contraste

Ø La densité des thrombi permet leurs datations
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Attention aux diagnostics différentiels

44 January-February 2009 radiographics.rsnajnls.org

mated as more than 30%) increases pulmonary 
vascular resistance and leads to acute pulmonary 
hypertension and, in some cases, right ventricular 
dysfunction and dilatation (52). However, since 
pulmonary hypertension is not firmly established 
in cases of acute obstruction, right ventricular hy-
pertrophy has not yet developed.

An acute nonobstructive filling defect may 
be central or eccentric in location. In acute 
thromboembolism, a nonobstructive eccentric 
filling defect forms acute angles with the vessel 
wall (Fig 19a). Conversely, partially obstructive 
chronic thromboembolism appears as a periph-
eral crescent-shaped defect that forms obtuse 
angles with the vessel wall (Fig 4b). An acute 
nonobstructive central defect appears surrounded 
by contrast-enhanced blood (Fig 19b) (50).

If the distinction between acute and chronic 
or recurrent pulmonary thromboembolism is 
unclear, the presence of dilated bronchial arteries 
supports a diagnosis of recurrent or chronic pul-
monary thromboembolism (38).

Wittram et al (51) defined the attenuation 
values of acute and chronic pulmonary throm-
boembolism. The mean attenuation (o standard 
deviation) in the presence of chronic thromboem-
bolism (87 HU o 30) is significantly higher than 
that in acute thromboembolism (33 HU o 15). 
The higher mean attenuation in the presence of 
chronic pulmonary thromboembolism is likely 
related to enhancement of the organizing throm-
bus, retraction of the thrombus with its concen-
trations of hemoglobin and iron, and, possibly, 
calcium deposition (Fig 7) (51).

Acute embolic obstruction of a significant 
amount of the pulmonary circulation (usually esti-

Figure 19. Acute pulmonary thromboembolism in a 58-year-old woman who presented 
with dyspnea. (a) Axial contrast-enhanced CT scan depicts an eccentric partial filling defect 
due to a thrombus that forms acute angles with the wall of the left lower lobe pulmonary 
artery (arrows) (compare with Fig 4b). (b) Axial contrast-enhanced CT scan shows partial 
filling defects surrounded by contrast material (“railway track” sign) (arrows), features pro-
duced by acute thrombi in the left upper lobe artery.

Figure 20. Unilateral proximal interruption of the 
right pulmonary artery in a 52-year-old woman with 
progressive dyspnea. Axial contrast-enhanced CT scan 
shows only the proximal portion of the right pulmo-
nary artery (arrowhead), with enlargement of the main 
and left pulmonary arteries secondary to pulmonary 
hypertension. No endoluminal or periluminal changes 
are depicted. (Reprinted, with permission, from refer-
ence 54.)

46 January-February 2009 radiographics.rsnajnls.org

contrast, multiple segmental perfusion defects 
that are unmatched by findings on ventilation 
scintigrams make chronic thromboembolic pul-
monary hypertension the most likely diagnosis, 
although other conditions, including pulmonary 
veno-occlusive disease, may result in similar find-
ings (60). However, V/Q scintigraphy does not al-
low determination of the magnitude, location, or 
proximal extent of disease and thus cannot pre-
dict its surgical operability. V/Q scintigraphy also 
does not help identify other causes of pulmonary 
hypertension (61).

Right Heart Catheterization  
and Pulmonary Angiography
Combined right heart catheterization (to de-
termine the severity of pulmonary hyperten-
sion) and selective pulmonary angiography (to 
determine whether thromboembolic disease is 
present) is considered the reference standard for 
diagnosis of chronic thromboembolic pulmonary 
hypertension.

At present, right ventricular catheterization is 
the best method for determining the mean pul-
monary artery pressure and pulmonary vascular 
resistance, essential data for quantification of the 
disease severity and determination of the postop-
erative prognosis (15).

Conventional pulmonary angiography is the 
traditional cornerstone for evaluation of chronic 
thromboembolic pulmonary hypertension. It 
helps confirm the diagnosis and gives an indica-
tion of surgical operability (24,33). However, in 

tumor as an intraluminal filling defect that re-
sembles a thromboembolus. The filling defect 
frequently spans the entire luminal diameter of 
the main or proximal pulmonary artery (Fig 22), 
a finding that is unusual in pulmonary throm-
boembolism. Other findings that may be helpful 
for distinguishing a pulmonary artery sarcoma 
from pulmonary thromboembolism include ex-
tension of the lesion into the lung parenchyma or 
mediastinum and delayed enhancement at CT 
angiography (58). Chong et al (59) reported a 
case of pulmonary artery sarcoma that showed 
positive uptake of fluorine 18 fluorodeoxyglucose 
at positron emission tomography integrated with 
CT; this feature may be helpful in differentiat-
ing a pulmonary artery sarcoma from pulmonary 
thromboembolism.

Bronchial Abnormalities
Bronchial dilatation is a well-known hallmark of 
chronic obstructive pulmonary disease (COPD). 
In this setting, mucus-filled dilated bronchi, pul-
monary infiltrates, or both are usually present. 
From a clinical standpoint, bronchiectasis in 
patients with COPD is related to sputum pro-
duction. CT findings of bronchial dilatation in 
patients without clinical and functional evidence 
of COPD should arouse suspicion about the pos-
sibility of airway involvement in chronic throm-
boembolic disease (47) (Fig 17).

Diagnostic Evaluation
When chronic thromboembolic pulmonary hy-
pertension is suspected, an extensive diagnostic 
work-up is undertaken. Major goals are to deter-
mine whether thromboembolic disease is present, 
quantify the degree of pulmonary hypertension, 
and identify the cause or contributing factors.

Echocardiography
Transthoracic echocardiography allows diagnosis 
of pulmonary hypertension by showing the pres-
sures in the right atrium and the degree of tri-
cuspid regurgitation. Echocardiography also may 
help exclude other cardiac causes of pulmonary 
hypertension (eg, cardiac shunts) (15).

Ventilation-Perfusion Scintigraphy
Recently, Tunariu et al (60) reported that venti-
lation-perfusion (V/Q) scintigraphy has a higher 
sensitivity than CT pulmonary angiography for 
detecting chronic thromboembolic pulmonary 
hypertension. Normal findings at V/Q scintigra-
phy practically rule out the presence of chronic 
thromboembolic pulmonary hypertension. By 

Figure 22. Pulmonary artery sarcoma in a 70-year-
old man with dyspnea. Axial contrast-enhanced CT 
scan shows filling defects in the main, left, and right 
pulmonary arteries and the right interlobar pulmonary 
artery. The arterial lumina are expanded, and extravas-
cular mediastinal invasion is seen. (Reprinted, with 
permission, from reference 54.)

Hypoplasie APD Angiosarcome
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Ø Dilatation du Coeur droit est un marqueur de dysfonction

Ammari Z et al. The American Journal of the Medical Sciences 2021;361:445–
450.

Bilan de retentissement
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Ø La charge thrombotique semble prédicitive d’HTP-TEC à 1 an 
chez les Hommes

Gharepapagh E et al. ThoracResPract. 2023

Bilan pronos+que



Medical Imaging Research Laboratory

Thrombus proximal En transitThrombus distal Ventricule droit

Large bore CDT devices

Indigo system (Penumbra)
FlowTriever system (Inari)

AngioAlpha system
(Angiodynamics)

Large bore CDT devices
or

CDL
If no contraindication for lytics

±
USAT

EkoSonic (Boston
Scientific)

Large bore CDT devices

Guided by TEE 
±

Cerebral prevenEve device

Stand by 
or

Large bore CDT devices with 
persistent suction
AngioVac system  
(Angiodyamics)

Guided by TEE 
± ECMO assist

Consensus d’experts en cours. SFC/USIC/SFICV

Bilan pré-thérapeutique



Medical Imaging Research Laboratory

Ø VPP = Marqueur hémodynamique

Analyse quantitative basée sur les images 

d’iode

• n=33 patients (68±15 ans) avec un délai 

(min:0-max:47) jours

• Analyse de corrélation entre volume de 

perfusion en iode normalisé et paramètres 

hémodynamiques

Bilan hémodynamique

Si-Mohamed SA et al. Lung Dual-Energy CT Perfusion Blood Volume as a Marker of Severity in Chronic
Thromboembolic Pulmonary Hypertension. Diagnostics (Basel). 2023 Feb 17;13(4):769
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Martineau L et al. Spectral dual-energy CT: A new tool to monitor lung perfusion recovery in acute 
pulmonary embolism after mechanical thrombectomy. Diagn Interv Imaging. 2023 Nov;104(11):560-561. 

Bilan post-thérapeutique
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Silver MJ et al. Outcomes in High-Risk Pulmonary Embolism Patients Undergoing FlowTriever Mechanical

Thrombectomy or Other Contemporary Therapies: Results From the FLAME Study. Circ Cardiovasc Interv. 2023 
Oct;16(10

Etude FLAME : EP à haut risque

1,9%

28,5% 29,5%

0%

10%

20%

30%

40%

In-hospital mortality

FlowTriever Arm
n = 53

Context Arm
n = 61

Performance Goal
Literature-based

FlowTriever 
Arm

FlowTriever 
mechanical 

thrombectomy as 
primary treatment

Context Arm
Other non-
FlowTriever 
therapies as 

primary treatment 

*Not shown due to low enrollment (n=1)

Prior Therapy 
Arm*

Lower-risk PE 
treated with 

advanced therapy 
but progressed to 

high-risk PE

High-risk PE
Patients
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Etude PEERLESS II : EP intermédiaire 80 centres à l’international
France: Lille, Marseille Nord, HCL
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Prospective, Multicenter, Multi-national, Single Arm Trial Evaluating the 
Efficacy, Safety and long term functional outcomes of percutaneous

mechanical aspiration thrombectomy for Treatment of Acute Pulmonary 
Embolism using the AlphaVac Multipurpose Mechanical Aspiration (MMA) 

F1885System (RECOVER-AV)

Registre RECOVER Centres européeens
France: Lille, Marseille Nord, HCL
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Désobstruction artérielle pulmonaire dans l’EP–A RETENIR

1. La thrombectomie soulage immédiatement la fonction cardiaque

2. Une réduction partielle de la charge de thrombus est suffisante 

3. 3 indications pour EP à risque intermédiaire élevée 

4. 3 indications pour EP à haut risque 

5. Une PERTest recommandée
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V. Expérience lyonnaise ? 
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Expérience lyonnaise

• PERT des HCL

• En collaboration avec l’équipe mobile d’ECMO, les 
services de cardiologie, réanimation et médecine 
vasculaire

• Thrombectomie

PEC 
pluridisciplinaire

1er patient à en 
avoir bénéficié :

Février 2022 

~100 patients 
en 3 ans
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58 opérateurs formés pour un SOS EP 24h/24, 7j/7
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Expérience lyonnaise

Clermidy et al. American Journal of respiratory and Critical Care Medicine 2024

A

B

67 ans, mono-transplanté à gauche
A 1 mois ins. respiratoire aigue avec Sa02 à 60% mis sous 15L/min

52/20/31 mmHg 

23/11/16mmHg Plus besoin d’oxygene

Avant

Après
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CONCLUSION

• Identification précoce des patients éligibles
– ALERTE EP à la console du scanner

• Formation des équipes de PERT interventionnelle 

– Workshop sur une journée chez un modèle animal d’EP

• Colliger les cas au niveau national

• Registre en cours par SFC/SFICV

• Participation aux études randomisées
– Prospectives, international, multicentrique

• Résultats de PEITHO3 en attente



 

 

 

ECOLE DE LA THROMBECTOMIE ARTERIELLE PULMONAIRE, JEUDI 18 DECEMBRE 2025,  
CHU LOUIS PRADEL, HOSPICES CIVILES DE LYON 

HOT TOPIC :  
La thrombectomie mécanique pulmonaire a été proposée comme une approche alternative ou 
complémentaire pour soulager la surcharge du ventricule droit en cas d'embolie pulmonaire à risque 
intermédiaire élevé et haut risque. Des études récentes ont démontré une amélioration significative du 
rapport ventricule droit/ventricule gauche (RV/LV), une durée de séjour plus courte dans l'unité de soins 
continus de cardiologie, une amélioration hémodynamique immédiate, de la PAPm, ainsi qu'une 
réduction de la mortalité à moyen et long terme. Ces effets en font une procédure interventionnelle 
avancée indispensable à la permanence des soins pour offrir une prise en charge optimale et 
multidisciplinaire de l'embolie pulmonaire. 
 
PROGRAMME : 
• 07:50 Accueil  

• 08:00 Thrombolyse : Quand ? Comment ? (Pr Thomas Bochaton)  

• 8:45 Thrombectomie : Quand ? Comment ? (Pr Salim Si-Mohamed)  

• 9:45 ECMO : Quand?  Comment ? (Pr Matteo Pozzi)  

• 10:15 Suivi post-thrombectomie : Quand?  Comment ?  (Dr Judith Catella) 

• 11:00 Filtre cave : Quand?  Comment ? (Dr Judith Catella) 

• 11:25 Aspect médico-économique (Dr Diva Beltramin) 

• 11:45 Point de vue de la pharmacie (Dr Noémie Ricard) 

• 12:30 Prise en charge du repas (Hôtel IBIS, Bron) 

• 14h00 Procédure sur animal (porc) par groupes   

• En parallèle :  

o Review de Cas cliniques (Dr Lorraine Martineau & Dr Arthur Branchu) 

o Ateliers par groupe (Inari Medical, Abbott, ALN) 

• 17:30 Fin de la formation 
 
INSCRIPTION :  
Envoyer lettre de motivation, CV et lettre d'accord de votre chef de service. 
Par mail : salim.si-mohamed@chu-lyon.fr 
Prise en charge des frais de transport. 
RESPONSABLES PEDAGOGIQUES : Pr Salim Si-Mohamed, Dr Arthur Branchu, Dr Lorraine Martineau 

Les événements dédiés

Ecole RIA/DES radiologie
« Veine périphérique et thoracique »

En cours d’organisation pour Mars
2 jours dédiés à la thrombectomie 

pulmonaire, aux abords veineux, aux 
stratégies de recanalisation, filtre 

cave, stenting
+ 

Session hands-on sur 
animal/simulateur

Comité d’organisation régional 
(Grenoble, Saint Etienne, Clermont 

Ferrand, Lyon) AURA/CERF


