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

developed in collaboration with the European
Respiratory Society (ERS)
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Table 4 Definition of haemodynamic instability, which delineates acute high-risk pulmonary embolism (one of the
following clinical manifestations at presentation)

(1) Cardiac arrest (2) Obstructive shock®® " (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)




Suspected PE in a patient with haemodynamic instability»
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Treatment of
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Graphic representation of transthoracic echocardiographic parameters

~
~/
vC
RA
LV
LA
A. Enlarged right ventricle, B. Dilated RV with basal RV/LV C. Flattened intraventricle D. Distended inferior vena cava
parasternal long axis view ratic >1.0,and McConnell sign septum (arrows) parasternal with diminished inspiratory
(arrow), four chamber view short axis view collapsibility, subcostal view
M-Mode Tissue Doppler Imaging
RV |s'
RA hrw -, .
<l & mm
AcT <60 ms -F_ i E* A"
'|Fm'|! 5 {9.5\]".'-

E. 60/60 sign: coexistence of F. Right heart mobile thrombus G. Decreased tricuspid annular | | H. Decreased peak systolic (3')
acceleration time of pulmonary ejection | | detected in right heart cavities | | plane systolic excursion (TAPSE) velocity of tricuspid annulus

<60 ms and midsystolic “notch™ with (arrow) measured with M-Mode (<9.5 cm/s)

mildy elevated (=60 mmHg) peak systolic (<16 mm)

gradient at the tricuspic valve
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Clinical evaluation

tis recommended that the diagnostic strategy be based on clinical probabilty, assessed either by clinical judgement or by
a validated prediction e T0-17

Without Haemodynamic Instability
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XAMHAH 10%
ME2H 30%
YWHAH 65%
PE-LIKELY 12%
PE-UNLIKELY 30%




4

Diagnostic algorithm for patients with suspected pulmonary embelism without haemodynamic instability.

Suspected PE in a patient without haemodynamic instability2 Q

Assess clinical probability of PE
Clinlcal judgement or predicticn rule®

' !

Low or Intermediate clinical probabllicy, High clinlcal probabilicy
or PE unlikely or PE likely

i
— (B

Y
Negative Positive
!

o

' ! '

No PE PE confirmed® No PE PE confirmed?

‘o | !

("Noweatmene ) [ Treaumene® ) [Mammmc] [ Treatmene )

-—

Or investigate
further®




7 D-DIMER
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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,'¢’ 10> 122164171.173.174

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

. : . 175,176
exclude PE, even when using a highly sensitive assay.

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.'"/
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\-/, YEARS MODEL

o Suspected acute pulmonary embolism

g v
Order D-dimer test and score presence of the three YEARS items:

Clinical signs of deep vein thrombosis

Haemophysis
Pulmonary embolism the most likely diagnosis

y

y

OYEARS itemns OYEARS items 21 YEARS itemns »1YEARS tems
D-dimer <1000 ng/mlL D-dimer = 1000 ng/mL D-dimer <500 ng' mL D-dimer =500 ng/mi
Pulmonary embalism Drder CTPA Pulmonary embalism Order CTPA

excluded

THE LANCET ~ O\ ) . : )

2017
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- D-dimer ~
<500 ng/ml 34%
<age adjusted 37% 8.7%
YEARS 48% 14%

Y Q¥ )
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Diagnostic algorithm for patients with suspected pulmonary embelism without haemodynamic instability.

Suspected PE in a patient without haemodynamic instability2 Q

Assess clinical probability of PE
Clinlcal judgement or predicticn rule®

' !

Low or Intermediate clinical probabllicy, High clinlcal probabilicy
or PE unlikely or PE likely

! '

No PE PE confirmed?

‘o !

("Noweatmene ) [ Treaumene® ) [Mammmc] [ Treatmene )

Or investigate
further®
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It is recommended to reject the diagnosis of PE (without further testing) if CTPA is normal in a patient with low or inter-
unlikely, 1012216417

mediate clinical probability, or who is PE-
Itis recommended to accept the diagnosis of PE (without further testing) if CTPA shows a segmental or more proximal
filing defect ina patient with intermedate or high clinical probability.'

It should be considered to reject the diagnosis of PE (without further testing) if CTPA is normal in a patient with high clini-

cal probability or who is PE-likely."”’

Further imaging tests to confirm PE may be considered in cases of isolated subsegmentalfilling defects."

CTvenography is ot recommended s an adncto CTPA™"




o V/Q Scintigraphy
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Itis recommended to reject the diagnosis of PE (without further testing) if the perfusion lung scan is normal.>'*1317#

It should be considered to accept that the diagnosis of PE (without further testing) if the V/Q scan yields high probability
for PE."*

A non-diagnostic V/Q scan should be considered as exclusion of PE when combined with a negative proximal CUS in
patients with low clinical probability, or who are pE_unlikel},l?5+1111}'4

V/Q SPECT

VIQ SPECT may be considered for PE diagnosis.'*""**~ "% - -

MRA is not recommended for ruling out PE."***




& LOWER LIMB CUS
Y
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%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.'’®'”?

Superficial veins Deep Veins
) '\ Inferior vena cawva (IVC)
Common iliac vein

Internal iliac vein
External iliac vein

Common femoral vein

Greater saphenous vein (GSV) ER— } Proximal veins

Femoral vein
{formerly: Superficial femoral vein)

Popliteal vein J
Gastrocnemius vein ™

Anterior tibial vein

Lesser saphenous vein (LSV) Soleus vein = Distal veins
{in back of calf; nof shown on image) Peroneal vein

Posterior tibial vein
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Sorengths

CTPA

Planar
WiIQ scan

YIQ SPECT

Pulmmon ary
angiography

% AlNEIKONIZTIKEZ TEXNIKEZ

Readily available around the clock in most
centres

Excellent acouracy

Strong validation in prospective manage-
ment outoome studies

Low rate of incondusive results (3 —5%%)
May provide albermative diagnosizs if PE
esoCiuced

Short acquisition time

Alrmost no ooamtral ndication s

Relative by inesgpensive

Strong validation in prospective managpe-
mEnt Sutoorme shudies

Alrmoct nio comtrai edications

Lowest rate of non-diagnostic tests (<33%)
High acouracy according to available data
Binary interpretmtion ('PE ve ‘no PE)

Historical goldd standard

cations

Radiaticn exposure

Exposure to iodine comtrast:

o limited use in icdine allergy and
hyperthyroidism

risks in pregnant and breastfeeding

WANTIMTEE

(]

o contraindicEted in severe renal @ilure
Tendency o overuse because of easy
accessibility

Clinical relevance of CTPA diagnosis of
subsegmental PE unkmown

Mot readily availalble in all centres
Intercbserver varability in interpretation
Results reported as likelihood ratios
Inconclusive in 50% of cases

Cannot provide albernative diagnosis if PE
ece Clluded

Vaniability of techniques

Variability of diagnostic criteria

Cannot provide albermative diagnosis if PE
e esd

Mo validation in prospectve management
o tooime studies

lmvasive procedure

Mot readily available in all centres

N/

\__J

Radiation effective dose 3 — 10
S

Significant radiation exgposure
o young female breast tissue

Radi@ationissues™

Lowwsrer radiaticm thianm CTPA,
effective dose ~2 miSv®

Lowsrer radiaticm thianm CTPA,
effective dose ~ 2 mSv®

Y

HighEr_ radiation, effectwe
dose 10— 20 mSv®



PI?SEVERITY AND THE RISK OF EARLY DEATH ®)
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Initial risk stratification of suspected or confirmed PE, based on the presence of haemodynamic instability, is recom-
mended to identify patients at high risk of early mortality.* "7

In patients without haemodynamic instability, further stratification of patients with acute PE into intermediate- and low-
risk categories is recommended.'”" %2192

In patients without haemodynamic instability, use of clinical prediction rules integrating PE severity and comorbidity, pref-
erably the PESI or sPESI, should be considered for risk assessment in the acute phase of PE.'78226.227

R

Assessment of the RV by maging methods" o aboratory biomarkers’ should be considered,even nthe presence of
ow PEST o a negtve P




disease

Pulse rate =110
bp.m

Systolic BP <100

Respiratory rate
=30 breaths per

Temperature
<36°C
Altered mental

Arterial oxyhaemo-
globin saturation

+20 points

+30 points

+20 points

+20 points

+ &0 paints

+20 points

nit?
1 paint (if age >80
years)

1 point

1 point

1 point

1 point

1 point

Risk strata®

Class I: <65 points

very low 30 day mor-
tality risk (0—1.6%)

Class Il: 66 -85
points

low mortality risk
(1.7 —3.5%)

Class Ill: 86—-105
points

moderate mortality
risk (3.2—7.1%)

Class IV: 106—-125
points

high mortality risk
(4.0-11.4%)

Class V:>125
points

very high mortality
risk (10.0—-24.5%)

N

V

-/

0 points = 30 day
mortality risk 1.0%
(95% CI10.0-2.1%)

=1 point(s) = 30
day mortality risk
10.9% (95% Cl
8.5-13.2%)
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__ EARLY MORTALITY RISK ®)
-
Early mortality risk Indicators of risk
Haemodynamic Clinical parameters RV dysfunction on Elevated cardiac
instabilicy? of PE severity and/ TTE or CTPAE troponin levels®

or comorbidity:
PESI class llI-V or
sPESI =|

— _____

Intermediate—low One (or none) positive
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SK-ADJUSTED MANAGEMENT STRATEGY FOR ACUTE PULMONARY EMBOLISM
Va

( PATIENT WITH ACUTE PE ] \ )

!
{ Anticongulate )

}

HAEMODYRAMIC INSTABILITYE
[ ]

(‘)

("\

Dristirguish low- from intermecate-risk PE*
CHECK ¥ and &:
i CLINICAL SIGMS OF PE SEVERITY, B RY DYSFUNCTION
OR SERIOUS COMORBIDITY? QM TTE OR CTPRAM™
Yas: = PES| Clasz NI-IV or sPES] 1=
HIGH RISK.Y = Akpmativelr 21 Hestia criterion of PE

severity or comarbidity fubfilled?

B or 8 present Meithor @ nor & present
LOW RISK*

Carefully selected patients with low-risk PE

A No other reasens for should be considered for early discharge and

[ Perform troponin tesy’ )7 haspitaliraton’®

Family or soctl supportlt continuation of treatment at home, if proper

Truporin positien Tropanin negeinc outpatient care and anticoagulant treatment
+ R dysfunction:

IHTEHHED‘IA‘I'E- can be provided.c 178,206,317-319
HIGH RISK

Reperfusion
PrEdatriant
haemodynamic

SUppOTL




o HESTIA CRITERIA

- Criterion/question
~ Is the patient haemodynamically unstable?®
s thrombolysis or embolectomy necessary?
Active bleeding or high risk of bleeding?®
More than 24 h of oxygen supply to maintain oxygen saturation >90%!
ls PE diagnosed during anticoagulant treatment!?
Severe pain needing i.v. pain medication for more than 24 hi
Medical or social reason for treatment in the hospital for >24 h (infection, malignancy, or no support system)?
Does the patient have a CrCl of <30 mL/imin?*
Does the patient have severe liver impairment?”
s the patient pregnant?

Does the patient have a documented history of heparin-induced thrombocytopenial
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J \-:F/gd’rmen’r Of RV Failure In Acute High-Risk PE ~1

Strategy

Properties and use

Caveats
Volume optimization

Cautious volume loading, saline, or Ringer's

Consider in patients with normal—low central
lactate, <500 mL over 15—30 min

Volume loading can over-distend the RV, wor-

venous pressure (due, for example, to con- sen ventricular interdependence, and reduce

comitant hypovolaemia) cO%*
Vasopressors and inotropes

Norepinephrine andlor dobutamine should be

considered in patients with high-risk PE.

Mechanical circulatory support

ECMO may be considered, in combination with

lla C

surgical embolectomy or catheter-directed treat-
S STPEERETY | b c
ment, in patients with PE and refractory circula-

tory collapse or cardiac arrest.? 2
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Initiation of anticoagulation

Initiation of anticoagulation is recommended

without delay in patients with high or inter-
mediate clinical probability of PE,” while diag-

nostic workup is in progress.



=% UFH

-

=~ e QIJOOUVAUIKN aoTABEIO
* GFR<30ml /min

* VOOOYOVOG TTaXuoapKia

t is recommended that anticoagulation with

UFH, including a weight-adjusted bolus injec-

tion, be initiated without delay in patients with
high-risk PE.
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Dosage Interval
E./ Enoxaparin 1.0 mg/kg Every 12 h
or
1.5 mg/fkg® Once daily®
Tinzaparin 175 Ulkg Once daily
Dalteparin 100 W/ kg” Every 12 h®

f anticoagulation is initiated parenterally,

MWH or fondaparinux is recommended
262,309-311

(over UFH) for most patients

10 mg (body weight >100 kg)

L]
% L




J \/" NOACS pe

~

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

(apixaban, dabigatran, edoxaban, or rivaroxa-

ban), a NOAC is recommended in preference

t0 3 VKA.260'261'312_314

NOACGs are not recommended in patients with

severe renal impairment,® during pregnancy and

lactation, and in patients with antiphospholipid
260,261,312—314

antibody syndrome.



( Target
u Time to peak effect
Half-life

Fenal eliminaticon
Caveats due 1o interac-
tions with concomitant
medication™

Further conditions in
which MOACs are con-
traindicated or not
recormrmend ed”

Apical an
Factor Xa
1—-2h
B—14 h
2T
Mot recornrmended in
patients receiving con-
cormitant systemic treat-
rment with strong
inhibitors of both
CrP3A4 and P-gp (azole
antimycotcs, HIW pro-
tease inhibivors).
Concomitant use with
strong TYP3A4 and P-gp
inducers (rifampicin, phe-
nytain, carbarmazepine,

phencbarbital, or 5t John's

Wort) may lead to an
~50% reduwction in api<a-
an exposure

CrCl <15 il irmin.

Severe hepatic impal rrent
(Child— Pugh ) or hep-
atic disease associated
with coagulopathy.

NOACS

Dabigatran

Factor Il

1—3h

14—17 h

BD%

Strong P-gp inhibitors (sys-
temic ketoconazole,
cyclosporine, itraconazole,
and dronedarone) are
contraindicated.

Concomitant treatment
with tacrolimus is not
recornrmended.

Concomitant adrministration
of P-gp inducers (rifarmpi-
cin, 5t john's wort, carba-
rmazrepine, and phenytoin)
is expected to result in
decreased dabigatran
plasma concentrations
and should be avoided.

CrCl =30 rmblfrmin

Concomitant treatmnent
with P-gp inhibitors in
patients with CrCl <50
rmbLArmin.

Edoxalbyan

Factor Xa

1-2 h

5—11h

LT 4

In patients concomitanthy
taking edoxaban and the
P-gp inhibitors cyclospor-
ine, dronedarone, eryth-
romycin, or ketoconazole,
the recommended dose is
30 mg edoxaban o.d

CrCl =15 rmLfrmin.

Moderate or severe hepatic
immpa it

(Child —Pugh B and C) or
hepatic disease associated

Aured escarvet

N

\_/

Rivaroxaban

Factor Xa

2—4h

T—11h

3%

Mot recommended in
patients receiving con-
cormitant systemic Teat-
rment with strong
inhibitars of baoth
CrP3A4 and P-gp (azole
antimycotics, HIW pro-
tease inhibivors)

Ol <= 30 milfrmin (FDw);
CrCl <15 mL/min (EMA). |

Moderate or severs hepatic
i i e

(Thild— Pugh B and C}) or
hepatic disease associated
writh coagulopathy.

Aurvdescarvet




o/ 0 VKA

When patients are treated with a VKA, over-
lapping with parenteral anticoagulation is rec-

ommended until an INR of 2.5 (range
2.0—3.0) is reached.*">?"¢




“OEPAMEIEZ ENANAIMATQZHZ ®)
- OPOMBOAY2H

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

Routine use of primary systemic thrombolysis

is not recommended in patients with inter-

mediate- or low-risk PES" /¢

Rescue thrombolytic therapy is recommended
for patients with haemodynamic deterioration
on anticoagulation treatment.”®?



'
Molecule
rtPA

Streptokinase

Urokinase

N

OEPATIEIEZ ENMANAIMATQ2H2

OPOMBOAY2H

Regimen
100 mg over 2 h
0.6 mg/kg over 15 min (maximum dose 50 mg)*

250000 IU as a loading dose over 30 min, followed by
100 000 IU/h over 12—24 h

Accelerated regimen: 1.5 million IU over 2 h

4400 |U/kg as a loading dose over 10 min, followed by
4400 IU/kg/h over 12—24h

Accelerated regimen: 3 million IU over 2 h

-/

Contraindications to fibrinolysis

Absolute

History of haemorrhagic stroke or stroke of unknown origin
Ischaemic stroke in previous 6 months

Central nervous system neoplasm

Major trauma, surgery, or head injury in previous 3 weeks
Bleeding diathesis

Active bleeding

Relative

Transient ischaemic attack in previous 6 months

Oral anticoagulation

Pregnancy or first post-partum week

MNon-compressible puncture sites

Traumatic resuscitation

Refractory hypertension (systolic BP =180 mmHg)
Advanced liver disease

Infective endocarditis

Active peptic ulcer
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Surgical pulmonary embolectomy is recom- 7
mended for patients with high-risk PE, in whom ?;Q?»\ C

thrombolysis is contraindicated or has failed.” 2&(6

eo

C
Percutaneous catheter-directed tr- \}(

should be considered for pat"é‘{?’% nigh- Ila C

risk PE, in whom thromh ’2;(\ contraindi-
cated or has failed 6\’\,\%

o

As an alter ,"6 . rescue thrombolytic ther-
apy, s' \ 2” .ibolectomy® or percutaneous

Q .rected treatment® should be con- IlHa C
f\?&QQ,d for patients with haemodynamic dete-

Ooration on antlcoagulatlon Treatment. ‘)
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IVC filters should be considered in patients

with acute PE and absolute contraindications lla C
to anticoagulation.

IVC filters should be considered in cases of PE

recurrence despite therapeutic lla C

anticoagulation.

Routine use of I[IVC filters is not

recommended.>%% 3%




EM G}NC@ANAGEMENT OF PATIENTS WITH SUSPECTED HIGH-RISK PULMONARY EMBM

SUSPECTED HIGH-RISK PE '
o .

-

@ « Administer herapin 80 IUfkg i.v.

+ ECG: exclude ACS, look for RY strain

» Echocardiography: exclude alternative cardiac causes, confirm RV
dysfunction?

» Orygen, Ringer's lactate or normal saline 200-500 ml iv

* Inotropes and/or vasopressors

* If necessary: intubation, mechanical ventilation

!
—  Inicial stabilization =~ }———

.,

Yes

ECHMO initiated. or absalute
contraindication
v to thrombolytic treatment
Bs

[En'p'mlnr:-bmr]
embolectomy

No
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\/URATION OF ANTICOAGULATION IN PATIENTS

WITHOUT CANCER

S

Therapeutc antcoagultion for > 3 months is ecommended for all patients with PE.”

Patients in whom discontinuation of anticoagulation after 3 months is recommended

For patients with first PE/VTE secondary to a major transient/reversible risk factor, discontinuation of therapeutic oral

: - 331,340,341
anticoagulation is recommended after 3 months.
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— DURATION OF ANTICOAGULATION

Estimated risk for long-term Risk factor category Examples® \/
recurrence? for index PEP

* Minor surgery (general anaesthesia for <30 min)
* Admission to hospital for <3 days with an acute illness
+ Oestrogen therapy/contraception

Transient or reversible factors * Pregnancy or puerperium
associated with <|0-fold increased risk * Confined to bed out of hospital for 23 days with
for first (index) VTE an acute illness
Intermediate (3—8% per year) * Leg injury (without fracture) associated with reduced

mobility for =3 days
* Long-haul flight

* Inflammatory bowel disease ~
* Active autoimmune disease

Non-malignant persistent risk factors

No identifiable risk factor




" DURATION OF ANTICOAGULATION

-

),
Patients in whom extension of anticoagulation beyond 3 months is recommended

Oral anticoagulant treatment ration is recommended for patients presenting with recurrent VTE (that is,

with at least one previous episode of PE or DVT) not related to a major transient or reversible risk factor.™

Oral anticoagulant treatment with a VKA for a ' iod is recommended for patients with antiphospholipid anti-
body syndrome.””

Patients in whom extension of anticoagulation beyond 3 months should be considered™

»: anticoagulation of indefinite duration should be considered for patients with a first episode of PE and no la

identifiable risk factor 3%331-347.331— 353

. anticoagulation of indefinite duration should be considered for patients with a first episode of PE associated lla c

with a persistent risk factor other than antiphospholipid antibody syndrome, %2>
- anticoagulation of indefinite duration should be considered for patients with a first episode of PE associated - -
a
with a minor transient or reversible risk factor %1432

N




: EXTENDED ANTICOAGULATION
o

NOAC dose in extended anticoagulation®
If extended oral anticoagulation is decided after PE in a patient without cancer, a reduced dose of the NOACs apixaban
(25 mgb.id.) or rivaroxaban (10 mg 0.d.) should be considered after 6 months of therapeutic anticoagulation.”*>

Follow-up of the patient under anticoagulation

In patients who receive extended anticoagulation, it is recommended that their drug tolerance and adherence, hepatic and

renal' function, and bleeding risk be reassessed at regular intervals. ™’




—~ DURATION OF ANTICOAGULATION

Recurrence Risk Vs Bleeding Risk

Prediction model  Prediction
Vienna OBRI*
prediction
model*? %%
HERDOO?2%%¥
Kuijer et al*®
RIETEY
DASH tool*#3?
DAMOVES*#!
HAS-BLED*#4?
Otma 4243
VTE-BLEED*

Age >65 years
History of stroke
History of gastrointestinal bleeding
Recent myocardial infarction,
renal insufficiency, diabetes, or anaemia

Age >60 years
Female sex
Malignancy

Age >75 years

Recent bleeding

Cancer

Creatinine >1.2 mg/dL
Anaemia

PE (vs. DVT) index event

Uncontrolled hypertension

Abnormal liver/renal function

Previous stroke

Bleeding history or predisposition

Labile INR (time in therapeutic range <60%)
Age >65 years

Concomitant drugs or alcohol

Active cancer

Male patient with uncontrolled hypertension
Anaemia

History of bleeding

Age =60 years

Renal dysfunction (CrCl 30—60 mL/min)

Points

- e ek e

1.6
13
£

e
15

- ek e ek el e e

Categories of
bleeding risk

0: low

1—2: intermediate
3—4: high

0: low

1—3: intermediate
>3: high

0: low

1—4: intermediate
>4: high

0—2: low
>3: high

0—1: low
>2: high

Validation status

Validation showed modest accuracy
in VKA cohorts (reviewed in Klok
et al*)

No data in patients treated with
NOACs

Validated in post hoc analysis of
RCTs testing NOACs vs. VKAs
after initial LMWH treatment®®*’




7 LONG-TERM SEQUELAE

-~ DIAGNOSIS OF ACUTE PE
Nt e
Anticoagulate | Further diagnostic evaluation” may be consid-
" . ered in asymptomatic patients with risk factors C
_ FOLLOWW-UP AT 3—6 MONTI—IS’) 4479478
l for CTEPH /-4
Yes Dyspnoea and/or functional limitationb? } l No
=1 present: -
( TTE: may consider TTE ASSESS:
| Determine probability of PH-< W‘ ___________________________ Risk factors for CTEPH® J
|
- - v
Loww Intermediate High
None CONSIDER: =1 None
e 1) Elevated NT-proBNP e present
2) Risk facvors for CTEPHd
3) Abnormal CPET results=
\d v v
No Focus on anticoagulation
e ViIQ SCAN: and secondary prophylaxis;
mw - Mismatched perfusion defects? advise to return if
common causes of PH | sympuroms appear

[ e

Refer to PH/CTEPH expert

centre for further diagnostic
work-up




DYSPNOEA

/_
Supplementary Table 16 Assessment of the severity of dyspnoea )
1 Not troubled by breathlessness except on strenuous No limitation of physical activity; ordinary physical
exercise activity does not cause undue dyspnoea or fatigue,
chest pain, or near syncope
2 Short of breath when hurrying or walking up a slight Slight limitation of physical activity, but comfortable at
hill rest; ordinary physical activity causes undue dyspnoea
or fatigue, chest pain, or near syncope
3 Walks slower than contemporaries on level ground Marked limitation of physical activity, but comfortable
because of breathlessness or has to stop for breath at rest; less than ordinary activity causes undue dysp-
when walking at own pace noea or fatigue, chest pain, or near syncope
4 Stops for breath after walking ~100 m or after a few Inability to carry out any physical activity without
minutes on level ground symptoms; manifest signs of right heart failure; dysp-
5 Too breathless to leave the house, or becomes T e e e e

breathless while dressing or undressing comfort is increased by any physical activity




® ECHO- PH

Supplementary Table |7 Echocardiographic probability of pulmonary hypertension

Peak tricuspid regurgitation velocity (m/s) Presence of other echocardiographic PH signs® Echocardiographic probability of PH

_

-:?_B or not measurable Int diat
ntermedadlate

Supplementary Table I8 Echocardiographic signs of pulmonary hypertension

A: the ventricles® B: pulmonary artery® C: IVC and RA®
RV/LV basal diameter ratio >1.0 AcT <105 ms and/or mid-systolic notching Inferior vena cava diameter =21 mm with decreased

respiratory collapse (<50% with a sniff or
<20% with quiet inspiration)
Flattening of the interventricular Early diastolic pulmonary regurgitation Right atrial area (end-systole) >18 cm?
septum (LV eccentricity index velocity =2.2 m/s
>1.1 in systole and/or diastole)
PA diameter >25 mm




/ ~ CTEPH RISK FACTORS ~

Tahle I3 Riskfactors and predisposing conditions for chronic thromboembolic pulmonary hypertensmn"‘"_“g ’

< Py T o ncamenead s P dpeteor 34 o ke )

Previous episodes of PE or DVT Ventriculo-atrial shunts
Large pulmonary arterial thrombi on CTPA Infected chronic iv. lines or pacemakers
Echocardiographic signs of PH/RV dysfunction® History of splenectomy
CTPA findings suggestive of pre-existing chronic Thrombophilic disorders, particularly antiphospholipid antibody syndrome and
thromboembolic disease” high coagulation factor VIl levels
Non-O blood group
Hypothyroidism treated with thyroid hormones
History of cancer
Myeloproliferative disorders

Inflammatory bowel disease

Chronic osteomyelitis




KAPKINOZ & lNE

9
9

For patients with PE and cancer, weight-adjusted subcutaneous LMWH should be considered for the first 6 months over
vm.%ﬂ— 363

Edoxaban sho)ld be considered as an alternative to weight-adjusted subcutaneous LMWH in patients without gastrointes-

5

ould be considered as an alternative to weight-adjusted subcutaneous LMWH in patients without gastroin-

For patients with PE and cancer, extended anticoagulation (beyond the first 6 months)® should be considered for an indef-
inite period or until the cancer is cured.””®

In patients with cancer, management of incidental PE in the same manner as symptomatic PE should be considered, if it
involves segmental or more proximal branches, multiple subsegmental vessels, or a single subsegmental vessel in associa- lla

tion with proven DVT. 67/




KAPKINOZ & lNE

Anticoagulation in the If cancer still active:* e Inthe absence of conclusive evidence,
patient with PE and cancer, o Continue anticoagulation LMWH or, alternatively, edoxaban the decision to continue or stop after
after the first 6 months or rivaroxaban, as recommended in section 8.4 the first 6 months of anticoagulation

If cancer in remission: should be made on a case-by-case
e Continue oral anticoagulation (NOAC or VKA); alternatively, basis after considering the success of
consider discontinuing if the bleeding risk is high. anticancer therapy, the estimated

o Ineither case, periodically reassess the risk—benefit ratio of overall risk of VTE recurrence
continuing/resuming anticoagulation. (Supplementary Table 13), the bleeding
risk (Supplementary Table 14), and the
preference of the patient.




v EMKYMOXZYNH & TE

b SUSPECTED PE DURING PREGNANCY
High pretest probability, or intermediate/low

u probability and positive D-dimer result

[ Anticoagulate with LMVWH ]

* Chest X-ray?
» Compression proximal duplex ultrasound,
if symptoms or signs suggestive of DVTP

Proocimal DVT not presant

SPECIFIC INVESTIGATION FOR PE
» If chest X-ray normal == CTPA or perfusion lung scan
+ If chest X-ray abnormal® => CTPAT

Proximal
DNVT present

v Megative v Indeterminate or positive

e

Negatve Review by radiologist or
nuclear physictan

experienced In diagnosis
of PE In pregnancy

'l Positlve
Y

Continue with LMWH at therapeutic dosed

Assess PE severity and the risk of early death®

Refer to multidisciplinary team with experience of PE management in pregnancy

Provide plan to guide management of pregnancy, labour and delivery, postnatal and future care




o EMKYMO2ZYNH & INE

(3

) Diagnosis

~/ Formal diagnostic assessment with validated
methods is recommended if PE is suspected dur-
ing pregnancy or in the post-partum period.***”!

D-dimer measurement and clinical prediction

rules should be considered to rule out PE during
d.383,391

pregnancy or the post-partum perio
In a pregnant patient with suspected PE (par-

ticularly if she has symptoms of DVT), venous
CUS should be considered to avoid unneces-

388

sary irradiation.

Perfusion scintigraphy or CTPA (with a low-radi-

ation dose protocol) should be considered to
rule out suspected PE in pregnant women; CTPA lla C

should be considered as the first-line option if
the chest X-ray is abnormal *#>3%
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~/ Treatment
A therapeutic, fixed dose of LMWH based on
early pregnancy body weight is the recom-
mended therapy for PE in the majority of preg-
nant women without haemodynamic
instability. *841°
Thrombolysis or surgical embolectomy should
be considered for pregnant women with high-
risk PE. 2
Insertion of a spinal or epidural needle is not rec-
ommended, unless >24 h have passed since the
last therapeutic dose of LMWH.
Administration of LMWH is not recom-
mended within 4 h of removal of an epidural
catheter.

NOACs are not recommended during preg-

nancy or lactation.

EMKYMOXZYNH & TE

Amniotic fluid embolism

Amniotic fluid embolism should be considered
I & pregnant or post:partum woman with
otherwise unexplained cardiac arrest, sus-
tained hypotension, or respiratory deteriora:
tion, especill if accompanied by
disseminated intravascular

gl o 21054
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Clinical setting

Subsegmental PE

Incidental PE

Management of acute PE in
a patient with active

bleeding

SPECIFIC CLINICAL SITUATIONS

Suggested management®
Single subsegmental PE in an outpatient without cancer and with-
out proximal DVT:
® Clinical surveillance.
Single subsegmental PE in a hospitalized patient, a patient with
cancer, or if associated with confirmed proximal DVT:
® Anticoagulant treatment.
Multiple subsegmental PE:

® Anticoagulant treatment.

If single subsegmental PE:
® Proceed as above.
In all other cases:

® Anticoagulant treatment.

® Insertinferior vena cava filter (preferably retrievable).
® Reassess the possibility of anticoagulation as soon as the
bleeding has ceased and the patient is stabilized, and remove

the filter as coon as anticoaculant treatment is resumed.

Comments

e Poor interobserver agreement for the
diagnosis of subsegmental PE; diagnosis
to be confirmed by an experienced
thoracic radiologist.

e Suggestion based on indirect evidence,

only limited data available.

e Suggestion based on retrospective

cohort data.



S N
~  SPECIFIC CLINICAL SITUATIONS

PE diagnosis and anticoagu- ® Assess clinical probability of PE as in the non-frail patient, but e Number of diseases mimicking\PEj
lation in the elderly, frail caution needed in the nursing home setting as clinical predic- symptoms increases with age, making
patients, and patients with tion rules may be unreliable.”” diagnostic delay more common.
polypharmacy ® Generally prefer NOACs over VKAs in elderly and frail ® These patients have been poorly rep-
patients, but observe the following; resented in clinical trials. Whatever the
a. Avoid NOACs in patients with severe renal impairment.” treatment (VKAs or NOAGCs), these
b. Consult the drugs’ summary of product characteristics patients are at high risk of bleeding.
and the updated European Heart Rhythm Association
guide” for possible interactions between NOACs and
the patient’s concomitant medication.
® Reassess, at regular intervals, drug tolerance and adherence,
hepatic and renal function, and the patient’s bleeding risk
)
Initial anticoagulation in a e Administer UFH; consider anti-Xa (rather than aPTT) e No truly safe anticoagulation option
patient with acute PE and monitoring.”® available, although LMWH with anti-
end-stage renal disease Xa monitoring is also used in clinical

practice.

S’ 9\ y
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Duration of anticoagulation
in a young female patient
suffering acute PE while on

oral contraceptives

’

N’

SPECIFIC CLINICAL SITUATIONS

If patient was taking an oestrogen-containing contraceptive, and

especially if PE occurred in the first 3 months of initiation of

contraception:

e Discontinue hormonal contraceptives after discussing alterna-

tive methods of contraception; consider discontinuing antico-

agulation after 3 months.

All other cases:

e Manage chronic anticoagulation as after acute PE occurring in

the absence of identifiable risk factors.

e Consider using a validated prediction model for quantification
of the risk for VTE recurrence (Supplementary Table 14); for
example, the HERDOQO?2 score:

a.
b.
C.

d.

hyperpigmentation, oedema, or redness in either leg;
D-dimer level >250 pg/L;

obesity with body mass index >30;

older age (essentially O in this case). A score of 0 or 1
may help identify young women who can safely discon-

tinue anticoagulant treatment.

e Advise patient on the need for prophylaxis with LMWH in

case of pregnancy.

e The risk of VTE attributable to oestro-
gen —progestin contraception (or hor-
monal treatment) depends on the
specific compound and the presence
of concomitant thrombophilia, and is
associated with the time interval
between the initiation of hormonal

treatment and the occurrence of acute

PE.ZQJD
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6.8 Recommendations for multidisciplinary pulmonary

embolism teams

Recommendation

Set-up of a multidisciplinary team and a pro-
gramme for the management of high- and (in
selected cases) intermediate-risk PE should be
considered, depending on the resources and

expertise available in each hospital.

U'u

Class®

lla

Level®
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Table 12 Estimated amounts of radiation absorbed in \J
J procedures used to diagnose pulmonary embolism (base«
o on various references>> 77273 E‘)

Test Estimated Estimated maternal
foetal radiation radiation exposure
exposure to breast tissue
(mGy)® (mGy)®

Chest X-ray <0.01 <0.1

Perfusion lung scan with
technetium-99m-

labelled albumin
Low dose: ~40 MBq 0.02—-0.20 0.16—0.5
High dose: ~200 MBq 0.20-0.60 12
Ventilation lung scan 0.10-0.30 <0.01
CTPA 0.05-0.5 3-10

CTPA = computed tomography pulmonary angiography; mGy = milligray; MBq =
megabecquerel; PE = pulmonary embolism.

“In this section, absorbed radiation dose is expressed in mGy to reflect the radia-
tion exposure to single organs, or the foetus, as a result of various diagnostic
technigues. Compare with Table 6, in which effective radiation dose is expressed
in millisieverts to reflect the effective doses of all organs that have been exposed.




[INEYMONIKH EMBOAH

« OPOMBOEMBOAIKH NO2O2 = DVT KAITIE

o 3°2E 2YXNOTHTA OZY KAPAIAITEIAKO XYNAPOMO
NAIT'KOZMIQZz, META TO OEM KAI TO EI'KEDAAIKO

 HAIKIA>80 ETON== X 8 2YXNOTHTAX VTE 2YTKPITIKA
ME < 50 ETQN
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PULMONARY EMBOLISM RULE-OUT CRITERIA
PERC

« AGE <50

« HR<100 BPM
o SAT 02>94%

 OIAHMA KA
« AIMOMNTYZH

« XPHZH OPMONQN
« DVT

¢ MPOZ®ATO TPAYMA-XEIPOYPTEIO — NO JKAINIKH MIOANOTHTA
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OBRI*

Kuijeretal ®

RIETEY

HAS-BLED*®4?

Parameters

Age =65 years
Histary of stroke
Histary of gastrointestinal bleeding
Recent myocardial infarction,
renal insufficiency, diabetes, or anaemia

Age =60 years

Female sex

Malignancy

Age =75 years

Recent bleeding

Cancer

Creatinine >1.2 mg/dL
Anaemia

FE (vs. DVT) index event

Uncontrolled hypertension
Abnormal liver/renal function
Previous stroke

Bleeding history or predisposition

Labile IMR. (time in therapeutic range <60%)

Age =65 years
Concomitant drugs or alcohol

= =k =k =%

Categories of
bleeding risk
0 low

1 =2 intermediate
3 —4: high

0 low

1 - 3: intermediate
=3: high

O low

1 -4 intermediate
=4: high

MAKPOXPONIA OEPAIEIA

Validation status

Validation showed maodest accuracy
in VEA cohorts (reviewed in Klok

et al*®)

Mo data in patients treated with

NOACs

(\<

WTE-BLEED™

Active cancer Validated in post hoc analysis of
Male patient with uncontrolled hypertension = RCTs testing NOACs vs. VEAs
Anaemia after initial LMWH treatment™-"
History of bleeding

Age 260 years

Renal dysfunction (CrCl 30— 60 mLimin)




Prediction

i

OBRI™

o

Kuijer et al*®

RIETEY

HAS-BLED*4?

VTE-BLEED™

KINAYNOZ AIMOPPAT IAZ

y
Parameters Points Categories of Validation status \ )
bleeding risk

Age =65 years 1 0: low Validation showed modest accuracy

History of stroke 1 1—2: intermediate in VKA cohorts (reviewed in Klok

History of gastrointestinal bleeding 1 3—4: high etal®)

Recent myocardial infarction, 1 No data in patients treated with
renal insufficiency, diabetes, or anaemia NOACs

Age >60 years 1.6 0: low

Female sex 13 1—3: intermediate

Malignancy 22 >3: high

Age =75 years 1 0: low

Recent bleeding 2 1—4: intermediate

Cancer 1 >4: high

Creatinine >1.2 mg/dL 1.5

Anaemia 1.5

PE (vs. DVT) index event 1

Uncontrolled hypertension 1 0—2 low

Abnormal liver/renal function 1 >3: high

Previous stroke 1

Bleeding history or predisposition 1

Labile INR (time in therapeutic range <60%) 1

Age >65 years 1

Concomitant drugs or alcohol 1

Active cancer 1.5 0—1: low Validated in post hoc analysis of
Male patient with uncontrolled hypertension 2 >2: high RCTs testing NOACs vs. VKAs
Anaemia 1 after initial LMWH treatment”®"
History of bleeding 1.5

Age =60 years

Renal dysfunction (CrCl 30—60 mL/min)
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Prediction model

Vienna
prediction
model ™%

HERDOO2%*

DASH tool*3?

DAMOVES !

®

YINOTPOIMNIAZOYZA TIE

Parameters

Male sex

Proximal DVT

Pulmonary embolism
D-dimer (continuous value)

Hyperpigmentation, oedema
or leg redness

e D-dimer 2250 pg/L (on VKAs)
® Body mass index >30 kg/m”
® Age>65vyears

D-dimer (post-VKA; normal
or abnormal)

e Age <50 years

Male sex
Hormaonal therapy

Age (continuous)

Sex

Obesity

Abnormal D-dimer
Factor VIII (continuous)
Genetic thrombophilia
Varicose veins

Female sex
Prirary tumour site:
e lung

e breast

e Tumour Node Metastasis stage |
e History of VTE

Points

na.

— & -

Categories of
recurrence risk

Continuous (nemogram)

0—1 points: low risk;
=2 points: high risk

<1 points: low risk;
=2 points: high risk

Continuous (nemogram)

<0: low risk;
>1: high risk

Risk group (for VTE
recurrence) studied

Unprovoked VTE

Unprovoked VTE (deriva-
tion);

unprovoked VTE, or with
minor risk factors
(validation)

Unprovoked VTE, or minor
risk factors

Unprovoked VTE

Patients with cancer

Type of studies

Cohorts database (deriva-
tion, validation)

Management study (deriva-
tion, internal validation)

Cohorts database (deriva-
tion, external validation)

Prospective cohort
(derivation)

Retrospective cohort
(external validation)

Retrospective cohort
(derivation)

Two RCTs (external
validation)

N

Number of PE patients  Remarks

included

Derivation study: 438 (47%
of cohort)

Validation study: 291 (32%)

Derivation study: 327 (49%) Only applicable
in women

Management study: 1634

(59%)

Not reported

Derivation study: 270 (68%)
Validation study: not
reported

Not reported Only applicable
in patients with

cancer
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- EARLY DISCHARGE

Carefully selected patients with low-risk PE

should be considered for early discharge and

continuation of treatment at home, if proper lla

outpatient care and anticoagulant treatment
o€ 178206317319

can be provic
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