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2019 ESC Guidelines on the diagnosis and @ ESC

management of acute pulmonary embolism g
The Task Force for the Diagnosis and management of Acute Pulmonary Embolism of the
European Society of Cardiology (ESC).

Developed in collaboration with the European Respiratory Society (ERS)

Authors/Task Force Members: Stavros V.Konstantinides (Chairperson) (Germany/Greece),
Guy Meyer (Co-Chairperson) (France), Cecilia Becattini (Italy), Héctor Bueno (Spain),
Geert-Jan Geersing (Netherlands), Veli-Pekka Harjola (Finland), Menno V.Huisman
(Netherlands), Marc Humbert! (France), Catriona Sian Jennings (United Kingdom), David
Jiménez (Spain), Nils Kucher (Switzerland), Irene Marthe Lang (Austria), Mareike Lankeit
(Germany), Roberto Lorusso (Netherlands), Lucia Mazzolai (Switzerland), Nicolas
Meneveau (France), Fionnuala Ni Ainle (Ireland), Paolo Prandoni (ltaly), Piotr Pruszczyk
(Poland), Marc Righini (Switzerland), Adam Torbicki (Poland), Eric Van Belle (France), José
Luis Zamorano (Spain).

1Representing the European Respiratory Society (ERS)



2019 PE Guidelines: What has changed? What is new? @ ESC

European Society
of Cardiology

Haemodynamic instability and high-risk pulmonary embolism
Risk-adapted diagnostic algorithms

New recommendations for diagnosis

Prognostic importance of right ventricular dysfunction

Integrated management algorithm

Indications for extended treatment after acute pulmonary embolism

Cancer-associated pulmonary embolism

©ESC

Diagnosis and management of pulmonary embolism in pregnancy

Long-term follow-up and search for late sequelae
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Punteggio a tre livelli

Precedente EP o TVP 1.5 1
FC 2 100/m’ 1.5 1
Chirurgia 0 immobilizzazione prec. 4 sett. 1.5 1
Emotisi 1 1
Cancro attivo 1 1
Segni clinici di TVP 3 1

3 1

Diagnosi alternativa meno probabile di EP
Probabilita Clinica

basso 0-1 ND

intermedio 2-6 ND

alto 27 ND

Punteggio a due livelli

EP improbabile 0-4 0-1
25 22
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Diagnosis

D-dimer test using an age-adjustedcut-off, or adapted to clinical probability, should

be considered as an alternative to the fixed cut-off level. lla
If a positive proximal CUS is used to confirm PE, risk assessment should be considered

to guide management. lla
V/Q SPECT may be considered for PE diagnosis. Ilb

©ESC
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Main NEW recommendations for PE diagnosis @ ESC

European Society
of Cardiology

D-Dimer cut off adapted to clinical
propability

D-Dimer age —adjust cut-off

d| cut- off per |I D- dlmero L’Adjust Study _segni di DVT

* Il D-dimero incrementa fisiologicamente con l'eta e la -emottisi
probabilita di un risultato negativo clinicamente utile si . . . .
riduce drasticamente dopo gli 80 anni (1:20). -PE + probabile di altra diagnosi

* E’ stato proposto un nuovo valore di cut-off basato
sull'analisi retrospettiva di 2 coorti di 5132 pazienti

consecutivi con sospetta embolia polmonare DD>1000 ng/ml ..0 segni

* Nuovo valore di cut-off ‘
— Eta <50 anni: 500 ng/ml . PE esclusa
— Eta > 50 anni: eta del paziente x 10 ng/ml 1-2 segni DD <500 ng/ml

« es. Eta 78 anni: cut-off 780 ng/ml

* Questo consente un incremento assoluto della resa
dlagnostlca del 10% (dal 25% al 35%)

Righini et al. JAMA 2014 311(11): 1694




Definition of haemodynamic instability and high-riskPE @) ESC

European Society
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(1) Cardiacarrest (2) Obstructiveshock (3) Persistent hypotension
Need for SystolicBP <90 mmHg, orvasopressors SystolicBP <90 mmHg, or
cardiopulmanary required to achieve a BP 290 mmHg systolic BP drop 240 mmHg,
resuscitation despite adequatefilling status either lasting longer than 15

And minutes and noF caused by new-

onset arrhythmia,
End-organ hypoperfusion (altered hypovolaemia,or sepsis
mental status;cold, clammy skin;
P Y oliguria/anuria; increased serum
lactate) g

2019 ESC Guidelines on the diagnosis and management of acute pulmonary embolism
(European Heart Journal 2019 - doi/10.1093/eurheartj/ehz405)
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Diagnostic algorithm for suspected high-risk PE @ ESC
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¥
[ Bedside TTE
¥
| RVdysfunction? |
|
L ¥
Yi
No $5
[ CTPA immediately available and feasible? ]
|
N+o Ygs
v
CTPA
i Positive Negative
Search for other causes Treatment of high- *J Search for other causes
of shock or instability risk PE of shock or instability
g

CTPA = computedtomography pulmonary angiography; RV = right ventricular; TTE = transthoracic echocardiography

di ideli 2019 ESC Guidelines on the diagnosis and management of acute pulmonary embolism
www.escardio.org/guidelines (European Heart Journal 2019 - doi/10.1093/eurheartj/ehz405)
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| B. Dilated RY with basal RV/LV
ratio >1.0,and McConnell sign
(arrow), four chamber view
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septum {arrows) parasternal
short axis view

D. Distended inferior vena cava
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gradient at the tricuspic valve

F. Right heart mobile thrombus
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|arrow)

piane systolic excursion {TAPSE)
measured with M-Mode
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Diagnostic algorithm for suspected PE without @ ESC
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haemodynamic instability of Carchology

Suspected PE in a patient without haemodynamicinstability

Assess clinical probability of PE
Clinical judgement or predictionrule
|

\ ¥
Low or intermediate clinical probability,or High clinical probability,
PE unlikely | or PE likely

([ D-dimerTest |CUS-TEST
l
Nega*tive POSi%I:VE
CTPA CTPA
No*PE PE Con*%irmed Ng PE PEtonfirmed
Lo | | |
[ oweament | [ eamem | [ Nelemmenor | [ Treowmen

©ESC

CTPA = computedtomography pulmonaryangiography

di ideli 2019 ESC Guidelines on the diagnosis and management of acute pulmonary embolism
www.escardio.org/guidelines (European Heart Journal 2019 - doi/10.1093/eurheartj/ehz405)
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Main NEW recommendations for risk assessment @ ESC

European Society

of Cardiology
Risk assessment
Assessing the RV by imaging or laboratory biomarkers should be considered even in
the presence of a low PESI or a s PESI of O. lla
Validated scores combining clinical, imaging and laboratory prognosticfactors may be
considered to further stratify PEseverity. b g

di ideli 2019 ESC Guidelines on the diagnosis and management of acute pulmonary embolism
www.escardio.org/guidelines (European Heart Journal 2019 - doi/10.1093/eurheartj/ehz405)
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Classification of pulmonary embolism severity and the risk of early death

Olnldpmmn Wmdonon Elevated cardiac
of PEseverityand/  TTE or CTPAY troponin levalst
or comorbidity: |
PBldmll—Vor



Risk-adjusted management strategy for acute PE @ESC
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HIGH RISK LOWRISK
| v
: No other reasonsfor
C Performtroponm test w hospitalization?
S Family or social support?
Troponinpositive Troponinnegative: Easyaccessto medicalcare?
+ RV dysfunction:
INTERMEDIATE- 21nottrue Yes, all true
HIGH RISK
v v \ 4
'z A\
Reperfusion
treatment
) . : HOSPITALIZE EARLY DISCHARGE
aemodynamic HOME TREATMENT
support (NA)
NS 3
CTPA = computedtomography pulmonary angiography; PESI = Pulmonary Embolism Severity Index; RV = right ventricular; TTE = transthoracicechocardiography. ©
) - 2019 ESC Guidelines on the diagnosis and management of acute pulmonary embolism
www.escardio.org/guidelines

(European Heart Journal 2019 - doi/10.1093/eurheartj/ehz405)
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ACUTE PHASE TREATMENT FOR HIGH RISK PE

Recommendations

It is recommended that anticoagulation with
UFH, including a weight-adjusted bolus injec-
tion, be initiated without delay in patients with
high-risk PE.

Systemic thrombolytic therapy is recom-
mended for high-risk PE. *2

Surgical pulmonary embolectomy is recom-
mended for patients with high-risk PE, in whom
thrombolysis is contraindicated or has failed.® %8’
Percutaneous catheter-directed treatment
should be considered for patients with high-
risk PE, in whom thrombolysis is contraindi-
cated or has failed.?

Norepinephrine and/or dobutamine should be
considered in patients with high-risk PE.
ECMO may be considered, in combination with
surgical embolectomy or catheter-directed treat-
ment, in patients with PE and refractory circula-

tory collapse or cardiac arrest.” 232

Class®

Level®

C

©ESC2019

@ESC
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of Cardiology



CHANGE IN RACCOMANDATIONS 2014-2019 @ ESC
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RESUE THROMBOLITIC 1l a |
THERAPY IS

RECOMMENDED FOR

PATIENTS WHO

DETERIORATE

HAEMODINAMICALLY

SURGICAL Il b
EMBOLECTOMY OR
CATHETER-DIRECTED
TREATMENT WHEN
TROMBOLISIS FAILED OR
CONTROINICATED....

Il a



Main NEW recommendations for acute-phase @ ESC
treatment in patient without haemodinamic instability

European Society
of Cardiology

Treatmentin the acute phase

When oral anticoagulation is initiated in a patient with PE who is eligible for a NOAC

(apixaban,dabigatran, edoxaban, or rivaroxaban), a NOAC is the recommended form of
anticoagulant treatment.

©ESC

www.escardio.org/guidelines

2019 ESC Guidelines on the diagnosis and management of acute pulmonary embolism
(European Heart Journal 2019 - doi/10.1093/eurheartj/ehz405)
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Recommendation Class® Level® @ ESC

Set-up of a multidisciplinary team and a pro- European Society
of Cardiology

gramme for the management of high- and (in

selected cases) intermediate-risk PE should be la C

@ESC 2019

considered, depending on the resources and
expertise available in each hospital.

PULMUNOLGY
CARDIOLOGY

INTERVENTIONAL RADIOLOGY

CARDIOTHORACIC SURGERY

HAEMATOGY

ANAESTESIOLOGY/
VASCULAR MEDICINE INTENSIVE CARE
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RISK ASSESMENT

PESI Il CLASSE ( PUNTEGGIO 85)
SEGNI DI DISFUNZIONE VD +
TROPONINA 1 102 pg/ml
-DDimero 1882 ng/ml

PAZIENTE NELLA CATERGORIA DI RISCHIO INTERMEDIO ALTO




ENOXAPARINA 6000 FL 1 FL SC 2 VOLTE AL GIORNO
( DOSAGGIO DI 1 MG/KG 2 VOLTE AL GIORNO)

PER 2 GG

INIZIO TERAPIA CON RIVAROXABAN 15 MG/BIS DIE PER 21 GG

A SEGUIRE 15 MG/DIE

BUONO IL DECORSO CLINICO

@ ESC
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CHRONIC TREATMENT AND PREVENTION OF RECURRENCE @) ESC
CATEGORY RISK Sl i

 Estimated risk for long-term Risk factor category

mmw-mmam
Admission to hospital for <3 days with an acuze iliness

Oestrogen therapylcontraception
Pregnancy cr puerperium

Translent oc reversible factors
‘associated with S10-fold increased risk Confined to bed out of hospital for 23 days with
for first (index) VTE an acute liness
Intermediate (3-8% per year) -mnm(mmmmmd
' ‘mobdity for =23 days
» Long-haul flight
N 'll_ . STk rio: faes MWM

2ESC 2019



Main NEW recommendations for chronic/extended @ ESC

treatment g
Chronictreatment and prevention of recurrence in patients without cancer
‘ndefinite treatment with a VKA in patients with the antiphospholipid antibody syndrome. |
Extended anticoagulationfor patients with no identifiable riskfactor forthe index PE event. lla

Extended anticoagulation forpatients with a persistent risk factor other than the

. . . lla
antiphospholipid antibody syndrome.
Extended anticoagulationfor patients with a minor transient/reversible riskfactor for the
. lla
index PEevent.
‘ Reduced dose of apixaban or rivaroxaban after the first 6 months. lla
Pulmonary embolism in patients with cancer
Q
Edoxaban or rivaroxaban as an alternative to LMWH, with the exception of patients with S
. . lla
gastro intestinal cancer. >

di ideli 2019 ESC Guidelines on the diagnosis and management of acute pulmonary embolism
www.escardio.org/guidelines (European Heart Journal 2019 - doi/10.1093/eurheartj/ehz405)
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B Scacmendatio
Therapeutic anticoagubation for > 3 months is recommended for alf patients with PE. "

Patients in whom discontinuation of anticoagulation after 3 months is recommended

For patients with first PEVTE secondary to a magor transient/reversible risk factor, dscontinuation of therapeutic ocal
anticoaguaiation is recommended after 3 monghs 140!

Oval anticoagaiant treatment of indefinee duration s recommended for patients presenting with recurrent VTE (that ks,
with 3t least one previous episode of PE or DVT) not related 1o a major transient or reversible risk factor. ™

Oral antcoagafant treatment with a VKA for an indefinite penod s recommended for patients with antiphcspholipid ant)-
body syndrome. "

Patients in whom oxtension of anticoagulation beyond 3 months should be considored™™

Extended oral anticoagutation of indefinite duration showld be considered for patients with a first episode of PE and no
M‘wn*b‘w-lhjln MrAY -1

Extended aral anticoapiation of indefinite daration shouid be considerad for patients with a first episode of PE avsociated
with 2 persatent risk factor other than antiphospholipid antibody syndrome.’ #3233

Extended ol anticoagulation of indeflinite duntion should be considered o patients with 3 first epssoda of PE associated
With 3 mnor transient or reversble risk Gcoe, 111132

mmmmm

¥ extonded oral amticoagulation is decided after PE = 2 patient wishout cancer, a reduced dose of the NOACS apbaban
{2.5 mg bid.) or rivaroxaban (10 mg 0.d) should be consdered after & months of therapeutic anticoagulation ™
Extended treatment with alternative antithrombotic agents

I patients who refuse 10 take or are unable to tolerate any form of orsi anticoagulants, apinn or sulodexide may be con.
sdered for extended VTE prophytass -

Follow-up of the patient under anticoagutation

In patients who recenve extended anticoagulation, it is recommended that their drug tolerance and adherence, hepatic and
reral’ function, and bleeding risk be reassessed at regular imervals.”"”




Diagnostic work-upfor suspected PE during pregnancy and up@ ESC

to 6 weeks postpartum(1) of Cardiclogy

SUSPECTED PE DURING PREGNANCY

High pretest probability, or intermediate/low probability and positive D-dimer result

¥
C Anticoagulite with LMWH )

* Chest X-ray
* Compression proximal duplex ultrasound, if symptoms or
signs suggestive orDVT

| v Proximal DVTnot present

[SPECIFIC INVESTIGATIONFOR PE }

* [If chest X-raynormal=>CTPAor perfusionlungscan
* [f chest X-ray abnormal=>CTPA

Proximal Negative Indeterminate or positive

roxima v

DVT v N . ( Review by radiologist or

present ‘  Negative | yclearphysician experienced .
\ PEruledout < L in diagnosis of PEin a
< 4 ©

pregnancy
v



Diagnostic work-upfor suspected PE during pregnancy and up@ ESC

to 6 weeks postpartum(2) Curopean Sociey
Proximal DVT .
p?%);m? on CUS CTPA positive

Continue with LMWH at therapeutic dose

Assess PE severity and the risk of earlydeath

Refer to multidisciplinary team with experience of PEmanagement in pregnancy
Provide plan to guide management of pregnancy, labour and delivery, postnatal and
future care

CTPA = computedtomography pulmonary angiography; CUS = compression venous ultrasound; DVT = deep vein thrombosis; LMWH = low molecular weight heparin.

. ©ESC

2019 ESC Guidelines on the diagnosis and management of acute pulmonary embolism

www.escardio.org/guidelines (European Heart Journal 2019 - doi/10.1093/eurheartj/ehz405)
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Main NEW recommendations for post PE care @ ESC

European Society
of Cardiology

Post-PE care and long-term sequelae

Routine clinical evaluation is recommended3 to 6 months after acute PE.
Integrated model of care is recommended after acute PE to ensure optimal transition from
hospital to ambulatory care.

It is recommendedto refer symptomatic patients with mismatchedperfusion defects on V/Q
scan beyond 3 months after acutePE to a pulmonary hypertension/CTEPH expert centre,

taking into account the results of echocardiographyn, natriuretic peptide and/or

©ESC

cardiopulmonary exercise testing.



Follow-up strategy and diagnostic work-up @ ESC

European Society

for long-term sequelae of PE(1) of Cardiclogy

DIAGNOSISOFACUTEPE
CTEPH = chronicthromboembolic pulmonary hypertension;

PH = pulmonary hypertension; C Anticoagulate )
TTE = transthoracic echocardiography.

v
( FOLLOW-UPA'Ii3-6 MONTHS )

CDyspnoea and/orfunctional limitation? j

Yes
v >1 present: Y
TTE: 1 may consider TTE ( ASSESS:
Determine probability ofPHJ‘ L\ Risk factors for CTEPH
L- v
Low Intermediate High

v v v

di ideli 2019 ESC Guidelines on the diagnosis and management of acute pulmonary embolism
www.escardio.org/guidelines (European Heart Journal 2019 - doi/10.1093/eurheartj/ehz405)

©OESC
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Follow-up strategy and diagnostic work-up
for long-term sequelae of PE(2)

Low PH Intermediate High PH
probability PH probability probability
None CONSIDER: >1
present| e Elevated NT-proBNP present
* Risk factorsfor CTEPH
e Abnormal CPET results
A\ 4 v
Seek alternative No V/QSCAN:
causesé?]g%srpnoea Mismatched perfusion
common causesof PH defects?

l Yes

Refer to PH/CTEPHexpert centre

for further diagnosticwork-up

@ESC

European Society
of Cardiology

Norisk factors
for CTEPH
present

Focus on anticoagulation and
secondary prophylaxis; advise to
return if symptomsappear

©ESC

CPET = cardiopulmonary exercise testing; CTEPH = chronic thromboembolic pulmonary hypertension; NT-proBNP = N-terminal pro B-type natriuretic peptide;

PH = pulmonary hypertension; V/Q= ventilation/perfusion.

www.escardio.org/guidelines

2019 ESC Guidelines on the diagnosis and management of acute pulmonary embolism
(European Heart Journal 2019 - doi/10.1093/eurheartj/ehz405)
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FATTORI DI RISCHIO E CONDIZIONI PREDISPONENTI LA CTEPH @ ESC

European Society
of Cardiology

ELEMENTI LEGATI AD EPISODIO | COMORBILITA’ E CONDIZIONI

ACUTO CLINICHE PREDISPONENTI

-EPISODIO PRECEDENTE DI TEV ~ -SEPSI CONCOMITANTE

-INTERESSAMENTO DEI RAMI -PREGRESSA SPLENECTOMIA
PROSSIMALI DELL" A. -TROMBOFILIA

POLMONARE -IPOTIROIDISMO

-SEGNI DI DISFUNZIONE DEL -PATOLOGIA ONCOLOGICA
VD - DISTURBO INFIAMMATORIO

SISTEMICO



«WHAT TO DO AND WHAT NOT TO DO»

Diagnosis

@ESC

European Society

In suspected high-risk PE, perform bediide echocardiography ar emergency CTPA (depending on avakabiley and clinke cireumatan-
ces) for diagnosis.

In suspectod high-risk PE, mtiate mravenout antcoagulition with UFH without delay, including 3 weight-sdasted bolus injection.
In suspected PE without haemodyramic instabiity, use vaidated diagnostic criteria.

In suspected PE without haemodynamic instabiley, initiate anticoagulation in case of high or intermediate clinical probability, while
diagnostic workup s in progyess.

Base the diagnostic strategy on clincal probabiliy, using either clinical [udgement or a validated prediction rue.

Measurs D-dimens In plxsma, preforality with a highly seasttive assay, o outpatients/amengency department patients with low o¢ inter

mediate clinical probability, or who are PE-unlikely.

Raject the duagrosis of PE (without further testing) If CTPA ks rormul in 3 patient with kow or itermedute dinical probabslity, or If
the patient is PE.unikely.

Reject the dignonts of PE (without further testing) If the perfusion king scan I normal

Accept the dagnasts of PE i CTPA shows & segmental or mace proximal {ifing defect In a patient with lntermediate o¢ high dinical
probabiity,

Accept the dagnosts of VTE If CUS shows a peeximal DVT in 2 patient with clinical suspioon of PE

Do not measure D-dimers in patients with high climical probabily. as 2 normal result does not safely exclude PE

Do not perform CT venography as an adjunt 1o CTPA,

Do not perform MRA to rule out PE

Statdy patients with suspected or confiernad PE, based 00 the prasence of haemodynamic instabsity, 10 ’entify those at high risk of
esrly mortaliy.

In patients without haemodynamic instabidity, further strazify PE into intermedite- and low-risk categories
Treatment in the acute phase ‘

Adm systemic thrombolytic therapy to patients with high-nitk PE

Sarpcal pumaonary ernbolectamy for patients with hegh-ritk PE. In whom recommended thrombolyyit s comtramdcated or hay (xled

of Cardiology
v When oral aeticasgulaion s inlated In 4 patient with PE who it ebgible for s NOAC (spocibian, dabigatran, edoxabun, o¢ rhvaroia-
l‘m" ban). prefer s NOAC.
Asanalt 10 2 NOAC, administer a VKA, overlippng with parenteral anticoagation until an INR of 2.5 (range 2.0~ 1.0) has
boen reached.

Administer rescue thrombolytic therapy 10 2 patient with haemodynamic deteroration on snticoagulation traatment.
Do nat uie NOACs iy patients with severe renal impaienent or in those with antiphosphold antibody syndrome.

Do ot routinely sdminiater tystamic thrombolysi a1 priary in patients with intermedite. ot lowwrisk PE
Do not routieely use inferion vens cava filters.
Chronic treatment and prevention of recurrence

Administer therapeutc anticaagulation for >3 months to all patients with PE.
Dicontinue therapeutic oral anticoagulation sftee 3 monehs in patients with first PE
factor.
Continue oral anticoxpulant treatment ndefintoly in pationts presenting with recueront VTE (2t least one previous episode of PE or
DVT) that is not related to » mojor transient of reversible risk factor,

- Continue ol anticoagulant treatment with a VKA indefintely In patients with antiphospholipld antibody syndrome.

jent/reversible risk

Xiary 10 2 MOr

I patients who receive extonded anticoagulition, reassess drg tol and adherance, hepatic and renal function, and the blooding
rink at regular intervals,
PEn pregnancy
B v ol dogroneic ‘with valdated methods If PE s suspocted during pregarcy o in the post partum pesiod.
B viciste therapetic, foned doses of LMW, based on earty pregrancy weight, n the majosky of pregnant wormen without hasmo-
dyramic instabily,

Do nat insart & speal or epidural needie within 24 b srce the bist LMWH dose
Do not administer IMWH within 4 b of remaval of an epidural catheter,
Do not use NOACs during pregnanty or lactation.

BB Post-PE care and long-term sequelae

Routieaty re-evaluste pationts 3 - 6 months after acute PE
- Implement an integrazed model of care after acute PE. In ceder to ensure optimal transeion from hopital to ambulatory care.
Refer sympromatic patients with mismatched perfution defocts on VIQ b scan beyond 3 months after acute PE 10 a pumonaey

Bsnastdddle s MYPERE sl sdadon dalled Sais sasdand tha abatdae' all

‘bl iadald b aaslids aa il Sl el
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Trends in annual incidence rates (left panel)
and case fatality rates (right panel) of

pulmonary embolism ...
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