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In-hospital mortality

Registries
ICOPER (4)
Haemodynamically unstable
Haemodynamically stable
MAPPET (5)
RCTs
MAPPETT III (6)
MATISSE PE (7)
Thesee (8)
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15.1

0.6

2.7
0.9
1.0
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Outcomes in Pulmonary Embolism

100% ®
Sudden Death

70% — Cardiac Arrest

Mortality

Shock

30% —

10% —

0%

Embolism Size Cardiopulmonary
Status

KE Wood, Chest, 2002



European Heart Journal (2008) 29, 2276-2315
doi:10.1093/eurheartj/ehn310
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PE-related early
MORTALITY
RISK

HIGH
>15%

Inter
mediate
NON 3-15%

HIGH

Low
<1%

CLINICAL
(shock or
hypotension)

+

RISK MARKERS

RV
dysfunction

(+)°

Myocardial
injury

(+)?

ATALXTPOQOMATOQXH
KINAYNOY IIE

Potential
treatment
implications

Thrombolysis
or
embolectomy

Hospital
admission

Early discharge
or
home treatment




AIAZTPQMATQ2H KINAYNOY T1E

Table 4 Principal markers useful for risk stratification
in acute pulmonary embolism

Clinical markers Shock

Hypotension®

Markers of RV RV dilatation, hypokinesis or pressure
dysfunction overload on echocardiography

RV dilatation on spiral computed tomography
BMNP or NT-proBNP elevation
Elevated right heart pressure at RHC

Markers of Cardiac troponin T or | positive®

myocardial injury

BMNP = brain natriuretic peptide; NT-proBNP = N-terminal proBNP;

RHC = right heart catheterization; RV = right ventricle.

*Defined as a systolic blood pressure <90 mmHg or a pressure drop of

=40 mmHg for =15 min if not caused by new-onset arrhythmia, hypovolaesmia
or sepsis,

"Heart-type fatty acid binding protein (H-FABP) is an emerging marker in this
category, but still requires confirmation.,
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*Yypad (1,500 mL KoAAOEION)

or-tPA (2x10 mg boluses kai oTn
ouvexela 90 mg HECQ 2 WPEG)

*H aoBevn¢ arroowAnvwenkKe
EMITUXWCS UETA ATTO 24 WPEC

P MacCarthy et al. Emerg Med J, 2002




ESC GUIDELINES

Suspected high-risk PE (shock or hypotension)

Echo:
RV dysfunction

CT immediately available*

A J

YES

CT

Results

NO « » YES Results
) . positive
Other diagnosis Thrombolysis
possible or

embolectomy

" negative

l

Other diagnosis
possible
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< 20% :avtippomioTikol unyavicuol
PAP, COxo

30-40% :avénon PAP, RAP

> 50-60% avénon PAP, RAP,
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1oy opio 0eELdC Kothiog,
TTOGCT KAPOLOKNG TOUPOYNG,

Pulmonary Vascular Obs truction (%) , i
VTOTOOT), KATATANGlO

Azarian R. J Nucl Med 1997; 38:980-983
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Massive acute PE

|

Acute right ventricular failure

|

Stroke volume decrease

|

Cardiac output decrease

|

Hypotension
¢ N
Syncope, cardiac arrest, or recovery

Cardiac Index (L/min/M2)

29/12/2005 10:49:40

29/12/2005 10:49:04

6.01
5.0
4.0
3.0
2.0
1.0

0246 8101214161820222426

Right Atrial Mean Pressure (mmHg)
Dalen et al. NEJM 1969



ANNHAET I APAZH
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PSS & Increase in RV
outfiow impedance

RV diastolic
overload Flat IVS

Dilated RV




Vicious vortex of RV dysfunction

Increased afterload

RV dilatation

Decreased RV coronary gradient
High intramural pressure

fatal

RV failure

Lower aortic pressur High oxygen demand

Lower RV output : :
P RV ischemia




INAOOODPYXIOAOI'TA
OVOTTVEVOGTIKES GUVETELES

e Yrocouuia : a0ENGT TOV KLYEALOUKOV VEKPOD YMDPOV
OLOTOPAYES AEPLOUOV-OUUATOGCNC
YOUNAOG OYKOG TOALOU=> tt(o™ Tov SVO,
evookaporakd shunt (PFO)
evoomvevoviko shunt froleio surfactant)
e Aéplo opaTOoC
vro&oia, vrokanvia, avénon P(A-a)0,
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Konstantinides et al. Circulation 1998:97:1946-51



Lung protective mechanical
ventilation: P, <30 mmHg,

consider V. 4-6 ml/kg/PBW,
minimize PEEP, avoid acidosis,

hypoxemia, hypercarbia and/or
auto-PEEP (4, 7, 9)

Treat underlying disease

Pulmonary hypertension: zdiuresis,
inhaled NO, intravenous/inhaled
prostacyclins (avoid subcutaneous route in
severe RHF), PDES inhibitors, ET-1 receptor
antagonists (1, 3, 5,7, 10)

Pulmonary embolus: anticoagulation,

thrombelytics, thrombectomy (surgical or
catheter-directed) (5, 7, 11)

CTEPH: thrombendarterectomy (5, 11)
RV infarction: PCI, thrombuolytics (8)

LV dysfunction: afterload reduction,
diuresis, inotropes, nesiritide, IABP, LVAD (2)

CHD/VHD: surgical or percutaneous
correction (2, 3, 7, 8)

Sepsis/acute lung injury: volume
resuscitation, broad spectrum antibiotics,
activated protein C, lung protective
ventilation strategy (1, 2, 3, 4, 5, 6, 9, 10)

Post cardiothoracic surgery: inhaled NO,
inhaled/intravenous prostacyclins,
milrinone, PDES inhibitors (1, 2, 3, 4, 7, 8)

Acute right
heart failure

— cardioversion, antiarrhythmics,

Violume optimization

Rhythm stabilization:

pacemaker, resynchronization
(1,2, 8)

LT She

Hemodynamic support

,///7\

Volume overload

Hypovolemia

L J

Salt restriction,
daily weights (3)

F

Diuretics (3)
*Goal: net loss of
500~ 1000 mi/day
*Consider
continuous
infusion of loop
diuretics or
combination of
diuretics if
nonresponsive to
moderate doses of
intermittently
given diuretics

l

Continuous or
intermittent RRT

(3)

RV Acute Hypotension/
infarct PE Shock

\\:‘ ...-—“”""’F
Volume challenge (1, 3)
(500 - 1000 ml; no
further valume
challenge if no effect)

.

Vasopressors/inotropes/inodilators:
dobutamine, milrinone,

levosimendan, norepinephrine, low-
dose vasopressin? (1, 2, 8)

Avoid: dopamine, phenylephrine

Consider combination therapy with
inhaled NO or inhaled/intravenous
prostacycling

r
Rescue therapies:
atrial septostomy,

RVAD, ECMO,
transplantation

Lahm T et al. JACC 2010




Acute right

Treat underlying disease

h

Pulmonary hypertension: diuresis,
inhaled NO, intravenous/inhaled
prostacyclins (avoid subcutaneous route in
severe RHF), PDES inhibitors, ET-1 receptor
antagonists (1, 3, 5, 7, 10)

Pulmonary embaolus: anticoagulation,
thrombelytics, thrombectomy (surgical or
catheter-directed) (5, 7, 11)
CTEPH: thrombendarterectomy (5, 11)
RV infarction: PCI, thrombolytics (8)

LV dysfunction: afterload reduction,
diuresis, inotropes, nesiritide, IABP, LVAD (2)

CHD/VHD: surgical or percutaneous
correction (2, 3, 7, 8)

Sepsis/acute lung injury: volume
resuscitation, broad spectrum antibiotics,
activated protein C, lung protective
ventilation strategy (1, 2, 3, 4, 5, 6, 9, 10)

Post cardiothoracic surgery: inhaled NO,
inhaled/intravenous prostacyclins,
milrinone, PDES inhibitors (1, 2, 3, 4, 7, 8)

Rhythm stabilization:

— cardioversion, antiarrhythmics,
h eart fa ; | ure pacemaker, resynchronization
(1,2, 8)
Volume optimization Hemodynamic support
" Volume overload Hypovolemia RV Acute Hypotension/
infarct PE Shock
dﬁﬁﬁ:gﬁ?;&, Volume challenge (1, 3)
{500 - 1000 ml; no
y further volume
Diuretics (3) challenge if no effect)
“Goal: net loss of

500~ 1000 mi/day
*Consider
continuous
infusion of loop
diuretics or
combination of
diuretics if
nonresponsive to
moderate doses of
intermittently
given djurefics

l

Continuous or
intermittent RRT

(3)

.

Vasopressors/inotropes/inodilators:
dobutamine, milrinone,
levasimendan, norepinephrine, low-
dose vasopressin? (1, 2, 8)

Avoid: dopamine, phenylephrine

Consider combination therapy with
inhaled NO or inhaled/intravenous

prostacycling

r
Rescue therapies:
atrial septostomy,
RVAD, ECMO,
transplantation
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MnXavikoc aepLoOC otnVv oéeia deéLa
KapOLaKN AVENMAPKELA

Mnxavikdg agpIoNOC BETIKAC
TTiEangG:

*AUgnon evOoBwWPAKIKAG
TTieong

*EAaTTWON QAEBIKAG
ETTAVAPOPAC

*EAGTTWON TTPOPOPTIOU RV
*EAGTTWON GYyKOU TTOAUOU RV




MnXavikoc aepLoOC otnVv oéeia deéLa
KapOLaKN AVENMAPKELA

ZONE Il
INSP. EXP. Condition

Trans-pulmonary pressure

s «AUEnoN TNS SIOTTVEUHOVIKAC TTIEGNC

ﬁ‘ﬁiﬁfﬁﬁﬁﬁ ®) 'Al'Jﬁ’r]O'r] TOU JETAPOPTIOU TNG OECIAC

pressure (pulmonary capillary KOIAiQ C

AR RS TR *EAGTTWGN TOU dyKou TTaApoU TNC
ggfi t‘:’;n 0eCId¢ qu)\iag: ’

Trans-pulmonary pressure KUK)\IKI:] (S(PGp[JOYr]’VT)

(tracheal pressure at ouvexng (ﬁ(PGPUOYr] PEEP)

end-expiratory pause (T)

minus esophageal pressure (E))

is lower than pulmonary venous
ZONE I ZONE IlI pressure (pulmonary capillary wedge

Condition Condition pressure, PCWP)

Jardin F, Vielllard-Baron A. ICM 2003



MnXaviKoc aEPLOMOC aTnV oéela deéLa
KapOLaKN AVENMAPKELA

e Antoduyn vnAwv PEEP kat upnAwv V;

aVATIVEOLEVOC OyKocC 4-6ml/Kg B2
P plateau <30 cm H,0

e | MPOZOXH OTNV UTTEPKATIVIA-0EEWON

QYYELOCUOTIAON OTNV ITVEULUOVIKN KUKAOQopia



Lung protective mechanical
ventilation: P, <30 mmHg,
consider V. 4-6 ml/kg/PBW,

; -
minimize PEEP, avoid acidosis,

Acute right

antagonists (1, 3, 5,7, 10)

CTEPH: thrombendarterectomy (5, 11)

RV infarction: PCI, thrombuolytics (8)
LV dysfunction: afterload reduction,

CHD/VHD: surgical or percutaneous
correction (2, 3, 7, 8)

Sepsis/acute lung injury: volume
resuscitation, broad spectrum antibiotics,
activated protein C, lung protective
ventilation strategy (1, 2, 3, 4, 5, 6, 9, 10)

Post cardiothoracic surgery: inhaled NO,
inhaled/intravenous prostacyclins,
milrinone, PDES inhibitors (1, 2, 3, 4, 7, 8)

severe RHF), PDES inhibitors, ET-1 receptor

hypoxemia, hypercarbia and/or hea rt failure
auto-PEEP (4, 7, 9)
Treat underlying disease Volume optimization
| A
Pulmonary hypertension: tdiuresis, Volume overload Hypovolemia
inhaled NO, intravenous/inhaled
prostacyclins (avoid subcutaneous route in

L J

Salt restriction,
daily weights (3)

diuresis, inotropes, nesiritide, IABP, LVAD (2)

F
Diuretics (3)
*Goal: net loss of
500~ 1000 mi/day
*Consider
continuous
infusion of loop
diuretics or
combination of
diuretics if
nonresponsive to
moderate doses of
intermittently
given diuretics

l

Continuous or
intermittent RRT

(3)

Rhythm stabilization:

— cardioversion, antiarrhythmics,

pacemaker, resynchronization
(1,2, 8)

Hemodynamic support

//7\

RV Acute | | Hypotension/
infarct PE Shock

e T

Volume challenge (1, 3)
(500 - 1000 ml; no
further valume
challenge if no effect)

.

Vasopressors/inotropes/inodilators:
dobutamine, milrinone,
levasimendan, norepinephrine, low-
dose vasopressin? (1, 2, 8)

Avoid: dopamine, phenylephrine

Consider combination therapy with
inhaled NO or inhaled/intravenous
prostacycling

r
Rescue therapies:
atrial septostomy,
RVAD, ECMO,
transplantation




OPOMBOAYXH

e H OpouPorvon Adel amotelespotikd tnv
OpouPoeuPorikn andepain Kot w¢ AmoTEAEGLQ
BeATIOVEL TIC AUHLOOVVOALIKES TTAPOAUETPOVG
Ta 0péAN etvar TEPIGGOTEPO EUPOVT TIC TPOTEC 48
OPEC ATO TNV EVAPEN TOV GUUTTOUATOV, ALY
TOPUUEVEL OTTOTEAEGUOTIKT OC Kol 6-14nuéEpec uetd

O kivovvog coBapnc oupoppayioc eivar 13% ue
Kivouvo yio evdokpavia ko/n Oovatnedpo
apoppayio 2%

Wan Set al. Circulation 2004, DanielsLB et al. Am
J Cardiol 1997. Goldhaber &7 et al. Lancet 1993,
Dalen JE et al. Arch Intern Med 1997, Kanter DS et
al. Chest 1997




European Heart Journal (2008) 29, 22762315
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SQCIETY OF
CARDIOLOGY ™

Recommendations: acute treatment Class* Level®

High-risk pulmonary embolism

* Anticoagulation with unfractionated heparin should be initiated without delay in patients with high-risk PE I A

* Systemic hypotension should be corrected to prevent progression of RV failure and death due to PE I C

* Vasopressive drugs are recommended for hypotensive patients with PE I -

* Dobutamine and dopamine may be used in patients with PE, low cardiac output and normal blood pressure lla B

o Apgressive fluid challenge is not recommended I B

* Oxygen should be administered in patients with hypoxaemia I C

¢ | Thrombolytic therapy should be used in patients with high-risk PE presenting with cardiogenic shock and/or persistent I A
arterial hypotension

* Surgical pulmonary embolectomy is a recommended therapeutic alternative in patients with high-risk PE in whom thrombolysis I -
is absolutely contraindicated or has failed

e Catheter embolectomy or fragmentation of proximal pulmonary arterial clots may be considered as an alternative to surgical b -
treatment in high-risk patients when thrombolysis is absolutely contraindicated or has failed

MNon-high-risk pulmonary embolism

* Anticoagulation should be initiated without delay in patients with high or intermediate clinical probability of PE while diagnostic I C
workup is still ongoing

o Use of LMWH or fondaparinux is the recommended form of inital treatment for most patients with non-high-risk PE [ A

* In patients at high risk of bleeding and in those with severe renal dysfunction, unfractionated heparin with an aPTT target range I C
of 1.5-2.5 times normal is a recommended form of initial treatment

» |nitial treatment with unfractionated heparin, LMWH or fondaparinux should be continued for at least 5 days and [ A
mav be renlared by vitamin K antasonists gnly after arhievine tareet \MNE levels for at least 3 cansecutive davs | E_

-IRrJuLine use of thrombolysis in non—high-risk PE patients is not recommended, but it may be considered in selected patients b B I
with intermediate-risk FE

o Thrombolytic therapy should be not used in patients with low-risk PE I B
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SOCIETY OF
AR DHOLOGY

Table 13 Approved thrombolytic regimens
for pulmonary embolism

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

Streptokinase

Urokinase 4400 IU/kg as a loading dose over 10 min, followed by
4400 IU/kg/h over 12-24 h

Accelerated regimen: 3 million IU over 2 h
rtPA 100 mg over 2 h

or 0.6 mg/kg over 15 min (maximum dose 50 mg)

rtPA = recombinant tissue plasminogen activator.



Table 14 Contraindications to fibrinolytic therapy
European Heart Journal (2008) 29, 22762315

IROPEA 10,1093/ i e
european doi:10.1093/eurheartj/ehn310 Absolute contraindications®

CARDICLOGY™

o Haemorrhagic stroke or stroke of unknown origin at any time

* |schaemic stroke in preceding & months

« Central nervous system damage or neoplasms

* Recent major rauma’surgery’head injury (within preceding
3 weeks)

o Gastrointestinal bleeding within the last month

* Known bleeding

Relative contraindications

# Transient ischaemic attack in preceding & months

o Oral anticoagulant therapy

o Pregnancy or within 1 week post partum

» Mon-compressible punctures

* Traumatic resuscitation

s Refractory hypertension (systolic blood pressure =180 mmHg)
o Advanced liver disease

# |nfective endocarditis

* Active peptic ulcer

From reference 263.

*Contraindications to thrombolysis that are considered absolute, eg. in acute
myocardial infarction, might become relative in a patient with immediately
life-threatening high-risk PE.




Lung protective mechanical
ventilation: P, <30 mmHg,

consider V. 4-6 ml/kg/PBW,

-
minimize PEEP, avoid acidosis,

hypoxemia, hypercarbia and/or
auto-PEEP (4, 7, 9)

Treat underlying disease

h

Pulmonary hypertension: *diuresis,
inhaled NO, intravenous/inhaled
prostacyclins (avoid subcutaneous route in
severe RHF), PDES inhibitors, ET-1 receptor
antagonists (1, 3,5, 7, 10)

Pulmonary embolus: anticoagulation,
thrombelytics, thrombectomy (surgical or
catheter-directed) (5, 7, 11)

CTEPH: thrombendarterectomy (5, 11)
RV infarction: PCI, thrombolytics (8)

LV dysfunction: afterload reduction,
diuresis, inotropes, nesiritide, IABP, LVAD (2)

CHD/VHD: surgical or percutaneous
correction (2, 3, 7, 8)

Sepsis/acute lung injury: volume
resuscitation, broad spectrum antibiotics,
activated protein C, lung protective
ventilation strategy (1, 2, 3, 4, 5, 6, 9, 10)

Post cardiothoracic surgery: inhaled NO,
inhaled/intravenous prostacyclins,
milrinone, PDES inhibitors (1, 2, 3, 4, 7, 8)

Acute right
heart failure

Violume optimization

LT She

* Volume overload

Hypovolemia

Rhythm stabilization:
cardioversion, antiarrhythmics,
pacemaker, resynchronization
(1,2, 8)

L J

Salt restriction,
daily weights (3)

F

Diuretics (3)
*Goal: net loss of
500~ 1000 mi/day
*Consider
continuous
infusion of loop
diuretics or
combination of
diuretics if
nonresponsive to
moderate doses of
intermittently
given diuretics

l

Continuous or
intermittent RRT

(3)

Hypotension/
Shock

infarct PE

Vasopressors/inotropes/inodilators:
dobutamine, milrinone,
levasimendan, norepinephrine, low-
dose vasopressin? (1, 2, 8)

Avoid: dopamine, phenylephrine

Consider combination therapy with
inhaled NO or inhaled/intravenous
prostacycling

r
Rescue therapies:
atrial septostomy,
RVAD, ECMO,
transplantation




Hemodynamic effects of fluid loading in acute massive pulmonary

an

embolism.
Cardiac Index 2
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Lung protective mechanical
ventilation: P, <30 mmHg,
consider V. 4-6 ml/kg/PBW, .

minimize PEEP, avoid acidosis,

hypoxemia, hypercarbia and/or
auto-PEEP (4, 7, 9)

Treat underlying disease

h

Pulmonary hypertension: diuresis,
inhaled NO, intravenous/inhaled
prostacyclins (avoid subcutaneous route in
severe RHF), PDES inhibitors, ET-1 receptor
antagonists (1, 3, 5, 7, 10)

Pulmonary embaolus: anticoagulation,
thrombolytics, thrombectomy (surgical or
catheter-directed) (5, 7, 11)

CTEPH: thrombendarterectomy (5, 11)
RV infarction: PCl, thrombaolytics (8)

LV dysfunction: afterload reduction,
diuresis, inotropes, nesiritide, IABP, LVAD (2)

CHD/VHD: surgical or percutaneous
correction (2, 3, 7, 8)

Sepsis/acute lung injury: volume
resuscitation, broad spectrum antibiotics,
activated protein C, lung protective
ventilation strategy (1, 2, 3, 4, 5, 6, 9, 10)

Post cardiothoracic surgery: inhaled NO,
inhaled/intravenous prostacyclins,
milrinone, PDES inhibitors (1, 2, 3, 4, 7, 8)

Acute right
heart failure

Violume optimization

LT SR

* Volume overload

Hypovolemia

L J

Salt restriction,
daily weights (3)

F

Diuretics (3)
*Goal: net loss of
500~ 1000 mi/day
*Consider
continuous
infusion of loop
diuretics or
combination of
diuretics if
nonresponsive to
moderate doses of
intermittently
given djurefics

l

Continuous or
intermittent RRT

(3)

Rhythm stabilization:
cardioversion, antiarrhythmics,

pacemaker, resynchronization
(1,2, 8)

RV Acute
infarct PE Shock

Hypotension/

e T

Volume challenge (1, 3)
(500 - 1000 ml; no
further valume
challenge if no effect)

Consider combination therapy with
inhaled NO or inhaled/intravenous
prostacycling

r
Rescue therapies:
atrial septostomy,
RVAD, ECMO,
transplantation
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