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Stratification anatomique
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Relation between artery obstruction & pulmonary vascular resistance
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PATIENT WITH ACUTE PE
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ESC GUIDELINES
@ E SC European Heart Journal (2019) 00, 1—61 "gSC Su,,

European Society doi:10.1093/eurheartj/ehz405 v 3
of Cardiology 5 H

2019 ESC Guidelines for the diagnosis and
management of acute pulmonary embolism
developed in collaboration with the European
Respiratory Society (ERS)

The Task Force for the diagnosis and management of acute
pulmonary embolism of the European Society of Cardiology (ESC)

ESC, Eur Heart J, 2019




Strategie diagnostique spécifique
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(1) Cardiac arrest (2) Obstructive shock®~7° (3) Persistent hypotension

Need for cardiopulmonary Systolic BP < 90 mmHg or vasopressors required Systolic BP <90 mmHg or systolic BP drop >40
resuscitation to achieve a BP >90 mmHg despite adequate mmHg, lasting longer than 15 min and not caused by
filling status new-onset arrhythmia, hypovolaemia, or sepsis
And

End-organ hypoperfusion (altered mental status; cold,
clammy skin; oliguria/anuria; increased serum lactate)
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PATIENT WITH ACUTE PE

v

ESC ESC GUIDELINES
European Heart Journal (2019) 00, 1—61 "esc Gu,a
European Society doi:10.1093/eurheartj/ehz405 : >

of Cardiology 5 3

2019 ESC Guidelines for the diagnosis and
management of acute pulmonary embolism
developed in collaboration with the European
Respiratory Society (ERS)

The Task Force for the diagnosis and management of acute
pulmonary embolism of the European Society of Cardiology (ESC)







Suspected PE in a patient with haemodynamic instability2

Treatment of
high-risk PE?
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Lower-limb CUS

It is recommended to accept the diagnosis of VTE (and PE) if a CUS shows a proximal DVT in a patient with clinical suspi-
cion of PE.'¢%16>

If CUS shows only a distal DVT, further testing should be considered to confirm PE."”’

If a positive proximal CUS is used to confirm PE, assessment of PE severity should be considered to permit risk-adjusted

management.'’17?

D-dimer

Plasma D-dimer measurement, preferably using a highly sensitive assay, is recommended in outpatients/emergency depart-
ment patients with low or intermediate clinical probability, or those that are PE-unlikely, to reduce the need for unneces-
sary imaging and irradiation, 01— 103:122.164.171.173.174

As an alternative to the fixed D-dimer cut-off, a negative D-dimer test using an age-adjusted cut-off (age x 10 pg/L, in
patients aged >50 years) should be considered for excluding PE in patients with low or intermediate clinical probability,

or those that are PE-unlikely.'®

As an alternative to the fixed or age-adjusted D-dimer cut-off, D-dimer levels adapted to clinical probability should be
considered to exclude PE.'”’

D-dimer measurement is not recommended in patients with high clinical probability, as a normal result does not safely

exclude PE, even when using a highly sensitive assay.'’>"7®

ESC, Eur Heart J, 2019







The NEW ENGLAND JOURNAL of MEDICINE

Agnelli, 2010

Figure 3. Right Ventricular Dilatation.

Right ventricular hypokinesis and dilatation have been shown to be independent predictors of 30-day mortality
among hemodynamically stable patients with pulmonary embolism. In Panel A, right ventricular dilatation is clearly
visible on echocardiography. In Panel B, images obtained on multiplanar reconstruction of multidetector CT angiog-
raphy show the right and left heart chambers in the coronal view (at upper left), in the axial view (at lower left), and
in the sagittal view (at lower right). Images obtained on multiplanar reconstruction at the valvular plane in the axial
view allow the measurement of the diameter of the right ventricle (RV) and the left ventricle (LV) (at lower left). A
ratio of more than 1.0 for the diameter of the right ventricle to that of the left ventricle indicates right ventricular
dysfunction.
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HEPARIN PLUS ALTEPLASE COMPARED WITH HEPARIN ALONE IN PATIENTS
WITH SUBMASSIVE PULMONARY EMBOLISM

ST1AVROS KONSTANTINIDES, M.D., ANNETTE GEIBEL, M.D., GERHARD HEUSEL, PH.D., FrRiTz HEINRICH, M.D.,
AND WOLFGANG KaspPER, M.D., FOR THE MANAGEMENT STRATEGIES AND PROGNOSIS OF PULMONARY EmMBOLISM-3
TRIAL INVESTIGATORS*

HEPARIN PLUS HEPARIN PLUS
ALTEPLASE PLACEBO
EVENT (N=118) (N=138) P VALUET
no. (%)
Primary end point 13 (11.0) 34 (24.6) 0.006
Death from all causes 4 (3.4) 3(2.2) 0.71
Escalation of treatment 12 (10.2) 34 (24.6) 0.004
Catecholamine infusion 3 (2.5) 8 (5.8) 0.33
(for persistent hypotension or shock)
Secondary thrombolysis 9 (7.6) 32 (23.2) 0.001
Endotracheal intubation 3 (2.5) 3(2.2) 0.85
Cardiopulmonary resuscitation 0 1 (0.7) 1.0
Embolectomy or thrombus fragmentation 0 1(0.7) 1.0
Secondary end points
Recurrent pulmonary embolism} 4 (3.4) 4 (2.9) 0.89
Major bleeding§ 1(0.8) 5 (3.6) 0.29
Fatal bleeding 0 1(0.7) 1.0
Hemorrhagic strokeq 0 0 —
Ischemic strokeq 0 1

(0.7) 1.0 Konstantinides, New Engl J Med, 2002
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Tenecteplase
Outcome (N=506)
Primary outcome — no. (%) 13 (2.6)
Death from any cause 6 (1.2)

Hemodynamic decompensation

8 (1.6)

Placebo Odds Ratio

(N=499) (95% Cl)

28 (5.6) 0.44 (0.23-0.87)
9 (1.8) 0.65 (0.23-1.85)

25 (5.0) 0.30 (0.14-0.68)

P Value
0.02
0.42

Table 4. Safety Outcomes in the Intention-to-Treat Population.*

Tenecteplase
Outcome (N=506)
no. (%)

Bleeding between randomization and day 7

Major extracranial bleeding 32 (6.3)

Minor bleeding 165 (32.6)

Major bleeding 58 (11.5)
Stroke between randomization and day 7 12 (2.4)

Ischemic stroke 2 (0.4)

Hemorrhagic strokej 10 (2.0)
Serious adverse events between 55 (10.9)

randomization and day 30

Placebo Odds Ratio
(N=499) (95% Cl)
6 (1.2) 5.55 (2.3-13.39)
43 (8.6)
12 (2.4)
1(0.2)  12.10 (1.57-93.39)
0
1(0.2)
59 (11.8)  0.91 (0.62-1.34)

P Value

<0.001

0.003

0.63




Thrombolysis Control M-H. Odds Ratio

Study events Total Events Total . OR (95%Cl) Weights
Fixed effect model 24 1033 40 1024 0.59 (0.36; 0.96) 100%
Heterogeneity: 1°=0% '
f T i T 1
0.01 01 051 2 10 65
Favours thrombolysis Favours control

Konstantinides,
Figure 2 Early mortality by pulmonary embolism severity, Forest plot. Eur Heart J. 2014
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Reperfusion
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haemodynamic
support

[ PATIENT WITH ACUTE PE ]
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HAEMODYNAMIC INSTABILITY?
No

Distinguish low- from intermediate-risk PE®
CHECK © and ©:

ESC GUIDELINES
European Heart Journal (2019) 00, 161 .,eSC Gy,

@ESC

European Society doi:10.1093/eurheartj/ehz405
of Cardiology

CA

“ saun?

2019 ESC Guidelines for the diagnosis and
management of acute pulmonary embolism
developed in collaboration with the European
Respiratory Society (ERS)

The Task Force for the diagnosis and management of acute
pulmonary embolism of the European Society of Cardiology (ESC)

© CLINICAL SIGNS OF PE SEVERITY, © RV DYSFUNCTION
OR SERIOUS COMORBIDITY? ONTTE OR CTPA?®
> PESI Class llIl-IV or sPES| =l¢
> Altematively: | Hestia criterion of PE
severity or comorbidity fulfilled?
© or © present Neither @ nor @ present:
LOW RISK®
No other reasons for
( Perform troponin test! )— hospitalization?2
Family or social support’®
Easy access to medical care?
Tropenin positive Troponin negative:
* RV dysfunction: b =1 not true Yes, all true
INTERMEDIATE-
HIGH RISK®
b \ 4
EARLY DISCHARGE
2 HOME TREATMENT
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Consolidations alvéolaires

352 patients avec suspicion d’'embolie pulmonaire

Echographie Probabilité
1 lésion + eépanchement pleural Probable

1 lésion < 5 mm ou epanchement pleural Possible
Normal Nulle

Mathis, Chest, 2005



Consolidations alvéolaires

352 patients avec suspicion d’'embolie pulmonaire

Echographie Probabilité

Embolie pulmonaire 194 (55%)
Lésion a base pleurale 144 (74%)
333 lésions de : 15,5 x 12,4 mm 2,3 par patient
Epanchement pleural 95 (49%)

Mathis, Chest, 2005



Table 4. Diagnostic accuracy of US diagnosis

Sens % |Spec% |PPV% |NPV% |+LR IR

(95% CI) | (95% CI) | (95% CI) | (95% CI) | (95% CI) | (95% CI)
2

——— 88% 96% 85.8% 96.6% ('117'7631 0.12
S 185.1.006) ((95-968)  ((82.8-88.5) |95897.4) |yo o0 [(0.10-0.16)

‘c?l:‘:a“ 47.6% 99.6%  |62.5% 99.2% (1;):;35 053

\ 2 ~_ K b 3 EOS 20_
g il (32:63.6) (992:998) |43.7-78.9) |98.8-99.5) | /"L 1(0.39-0.70)

P : 88.5% 91.6% 87.7% 92.1% 1047 0.13
newmoma - 186.4-90.3) [(90.1-92.9) [(85.6-89.6) [(90.7-93.4) |(8.90-12.32)((0.11-0.15)

o 77.6% 99.2% 78 4% 99.2% (9;1'456* 023
effusion (68-85.4) ((98.8-99.5) |(68.8-86.1) |(98.7-99.5) |\ |(016-033)

e e , o 325.50 ‘

Pericardial  [86.4% 99.7% 84.4% 99.8% (530 014
effusion (727-948) |(99.5-99.9) ((70.5-935) |(99.5-99.9) |cerc”™  [(006-029)

COPD/acthmy 355% 96.1% 89.7% 94.9% ('2117'9680 0.14
asthma 1842.892) ((95.1-96.9) (87.2-91.8) [(93.8-95.8) 5= 4<)- (0.11-0.16)

Pulmonary 40% 99.9% 092.7% 97.8% E’f OD éo 4; 0.60
embolism (30.1-50.6) |(99.7-100) |(80.1-98.5) ((97.2-98.4) 1097' 9‘4-) (0.51-0.71)

Proumothorax [§75%  [100% [988%  |09.5% ?,?;;'3"3’ 0.12
Newmotiorax 1752.94.5) ((99.8-100) [(89.1-99.9) [(99.5-99.9) ity 2g) |006-027)

ARDS 138%  [095%  [35% 997% [0 057
(19.8-70.1) [(99.2-99.7) |(15.4-59.2) [(99.4-99.9) (195'59‘) (0.37-0.87)

o 45.5% 98.8% 64% 97.5% (3,75'5176 055
€ causes  136.4-54.8) ((98.3-99.2) [(52.9-74) {(96.8-98) = 68)_ (0.47-0.65)

ALI: Acute Lung Injury, ARDS: Acute Respiratory Distress Syndrome, COPD: Chronic Obstructive Lung Disease, NPV:
Negative Predictive Value, PPV: Positive Predictive Value, Sens: Sensitivity, Spec: Specificity, +LR: Positive Likelihood

Ratio, -LR: Negative Likelihood Ratio, 95% CI: 95% Confidence Interval

3.487 patients with dyspnea

/anobetti, Chest, 2017






A. Enlarged right ventricle,
parasternal long axis view

B. Dilated RV with basal RV/LV
ratio >1.0,and McConnell sign
(arrow), four chamber view

RV

RA

TRPG

AcT <60 ms <60 mmHg

"notch”

RiHTh
\Y

)

B

RA

C. Flattened intraventricle
septum (arrows) parasternal
short axis view

with diminished inspiratory
collapsibility, subcostal view

M-Mode

D. Distended inferior vena cava

Tissue Doppler Imaging
s
'E’ A
S’ <9.5/s

E. 60/60 sign: coexistence of
acceleration time of pulmonary ejection
<60 ms and midsystolic “notch” with
mildy elevated (<60 mmHg) peak systolic
gradient at the tricuspic valve

F. Right heart mobile thrombus
detected in right heart cavities
(arrow)

G. Decreased tricuspid annular
plane systolic excursion (TAPSE)
measured with M-Mode

(<16 mm)

H. Decreased peak systolic (S)
velocity of tricuspid annulus
(<9.5 em/s)

ESC, Eur Heart J, 2019







ce pour écho - TVP 2

,,,,,,




TVP ilio-fémorale -

Réseau
superficiel

TVP poplitée

Réseau
periphérique







Repérage de la veine Pression optimale







Artére fémorale superficielle

Veine fémorale superficielle

Artére fémorale profonde

Veine fémorale profonde










Veine iliaque commune
Veine iliaque externe
Veine fémorale commune

Veine fémorale profonde

Veine grande saphéne

Veine petite saphéne
Veine poplitée

Veine tibiale antérieure
Veine tibiale postérieure

Veine

grande — _
saphéne 7
Af g




Veine iliaque commune

Veine iliaque externe

Veine fémorale commune

Veine fémorale profonde

Veine fémorale superficielle
/ Veine grande saphéne

Veine petite saphéne
Veine poplitée

Veine tibiale antérieure
Veine tibiale postérieure

Veines




Ma, Emergency Ultrasound, 2013 Hamper, Radiol Clin N Am, 2007




mation : de 2 h a 2 h théorique + 3 h pratique
sibilite : 89 a 100% & spécificité : 75 a 98%

. 100%

dont 18% TVP

Jolly, Acad Emerg Med, 1997 ; Blaivas, Acad Emerg Med, 2000 ; Frazee, J Emerg Med, 2001 ; Wong, Ann Emerg Med, 2003



Lower limb DVT suspicion

v

Clinical probability assessment
(2-level modified Wells score)
|

2 v
DVT unlikely DVT likely
D-Dimers l
V_I—‘V
Negative Positive
4
No DVT
v
No treatment

Figure 2 Proposed deep vein thrombosis diagnostic and management algorithm. AC, anticoagulation; DOAC, direct oral anticoagulant.

ESC, Eur Heart J, 2018




Imaging

Venous ultrasound (VUS) is the first line DVT imaging modality
(other imaging: see Supplementary material online, only section). It is
based on B-mode, combined or not with color-Doppler US, and
power imaging techniques. DVT diagnostic criteria are cross-
sectional vein incompressibility, direct thrombus imaging with vein
enlargement, and abnormal spectral and color-Doppler flow. VUS
can be performed by examining popliteal and common femoral veins
only [2-point/2-region compression venous ultrasonography (CUS)
or limited CUS], or by extended imaging of inferior vena cava, iliac
and femoral veins, and calf veins (whole-leg VUS or complete VUS).
There are controversies as to whether explore symptomatic leg
only, or both.'®"?

In clinically suspected DVT, VUS provides overall sensitivity of
94.2% for proximal, and 63.5% for isolated distal DVT, with an overall
specificity of 93.8%.2° Combination with color-Doppler US increases
sensitivity but lowers specificity.2’ When DVT is suspected (without
PE symptoms), anticoagulation may be safely withheld in patients
with a single normal complete VUS. Same is true for limited CUS pro-
vided it can be repeated, and integrated within a diagnostic strategy
including clinical probability, and p-dimer assessment.”’ Overall 3-
month VTE incidence rate after negative complete VUS is 0.57%,%
but both methods are reported to be equivalent in randomized tri-
als.>*?* Complete VUS may be helpful to explain patient’s complaint
by providing up to 42% alternative diagnosis.”> Point-of care US

performed by emergency physicians using limited CUS has shown
good performance (96.1% sensitivity, 96.8% specificity)“® and may be
useful if vascular laboratories are not available 24/7, provided its inte-
gration in a validated diagnostic strategy.”’

In patients with clinically suspected recurrent DVT: comparison of
test results with baseline imaging at discontinuation of anticoagulation
can safely rule out diagnosis of recurrence.® A 2- or 4-mm*>>" |
crease in vein diameter between two measurements at the common
femoral and popliteal veins, after full compression, is the most vali-
dated US criterion.

n-

Deep vein thrombosis with pulmonary

embolism symptoms

Diagnostic approach is described in corresponding 2014 European
Society of Cardiology (ESC) Guidelines.® Proximal DVT confirmation
in a normotensive patient with suspected PE essentially confirms VTE
and justifies anticoagulation as after formal PE diagnosis. In unstable pa-
tients with right ventricular overload but no possibility to confirm PE,
CUS showing proximal DVT facilitates initiation of reperfusion ther-
apy. CUS diagnostic yield is high in the presence of clinical DVT
signs.>2 Among unselected PE patients, proximal DVT at CUS is found
in 1/7 patients.®> Proximal DVT has high specificity and may justify
treatment even if pulmonary CT is negative.® While negative CUS

ESC, Eur Heart J, 2018




Thrombectomie
Recommandations

Circulation, 2011
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F':gum 1. Pathophysiclogy of Pulmonary Embolism.
bolism usually orig from the deep veins of the legs, most commonly the calf veins. These venous thrombi originate
pfodnmirum}y in venous valve pockets and at other sites of presumed venous stasis (inset, bottom). i a clot propagates to the knee
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Suspected PE in a patient without haemodynamic instability2
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ESC, Eur Heart J, 2019




@ ESC European Heart Journal (2018) 39, 42084218 CURRENT OPINION

European Society doi:10.1093/eurheartj/ehx003 Pulmonary circulation
of Cardiology

Diagnosis and management of acute deep vein
thrombosis: a joint consensus document from
the European Society of Cardiology working
groups of aorta and peripheral vascular diseases
and pulmonary circulation and right ventricular
function
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