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Anna 82 anni

Giunge in Pronto Soccorso per dispnea ingravescente da circa 3 giorni. Vive a domicilio dove compie solo brevi 
spostamenti letto-poltrona.

APR: Miastenia gravis in esiti di resezione di timoma e lobo polmonare superiore sinistro (2016); embolia 
polmonare segmentaria destra in corso di ricovero per endocardite e riacutizzazione di miastenia (2018); 
ipertensione arteriosa; dislipidemia; osteoporosi con pregressi crolli vertebrali

TP domiciliare: Lansoprazolo 30 mg, Bisoprololo 2.5 mg, Mestinon 60 mg x3, Deltacortene 5 mg, Simvastatina 20 
mg; Dibase 100000 UI/mese

PAO 135/95 mmHg, FC 107 bpm R, SatO2 100% in NC 2 l/min, FR 28 atti/min, TC 36°C, GCS 15

EE: Emocromo, funzionalità epatica e renale nei limiti. Ddimero 11900 (vn <700), TnI 63 (vn <12), BNP 6390 (vn 
<125)

Ecoscopia bedside: Camere cardiache destre dilatate con VCI dilatata ed ipocollassante, CUS positiva in vena 
poplitea sinistra.

AngioTC: Difetto di riempimento di tipo tromboembolico alle arterie polmonari destra e sinistra, tipo fatto 
massivo con coinvolgimento delle diramazioni distali.





60/60 sign 



Cuore polmonare acuto
EMBOLIA POLMONARE

Fisiopatologia

E.P.

Sovraccarico VD

Disfunzione VD
Ischemia/infarto VD

< precarico VS

>Tensione parete 

VD

< GC

< flusso coronarico

Ipotensione 

sistemica

> RVP

> Consumo O2 VD

Deviazione SIV

< fornitura O2

Piazza et al. Circulation 2006



Cuore polmonare acuto
EMBOLIA POLMONARE
Fisiopatologia

PAP

> Postcarico VD

Dilatazione acuta VD

Strain

Scompenso acuto VD

Riduzione Precarico 

VS

Riduzione  

GS/GC

Ipotensione sistemica

Shock
Ischemia VD

Aritmie

EP Massiva-Submassiva 

EP non massiva – limitata 

Malattia  cardiopolmonare 

preesistente



Interdipendenza ventricolare
VD

VS

VD dilatato 

VS compresso
con forma a “D”• Bassa portata

• Ridotta perfusione mm. respiratori

EMBOLIA POLMONARE

Fisiopatologia

< VTD



EMBOLIA POLMONARE

Fisiopatologia

EP STABILE

EP 
INSTABILE

EP 
CRITICA

0%

Letto vascolare

100%

PAP

24 mmHg

> 40 mmHg

PA

0 mmHg

> 10 mmHg

IC

< 2.5 l/m/m(2)

> 2,5 l/m/m(2)
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PD Stein. Chest 1995;108:978-981

Hours After Admission

65% of deaths within 1 h
80% within 2.5 h

High risk of early death in hemodynamic instability



PP_
2

Comprehensive Risk Stratification



Markers of Right Ventricular Dysfunction

- RV dilatation, hypokinesis or pressure overload on echocardiography

- RV dilatation on spiral  computed tomography

- BNP or NT-proBNP elevation

- Elevated  right heart pressures at right heart catheterization

Markers of Right Ventricular injury/ischemia

- Troponins

Clinical models predictive of early mortality

- PESI, sPESI

- BOVA, ……………………………..
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RV

TAPSE

TAPSE – tricuspid

annulus plane

systolic excursion

n = 16 - 30 mm

<16 mm
RV dysfunction

…TAPSE should be used routinely as a simple method of

estimating RV function, with a lower reference value for

impaired RV systolic function of 16 mm….



Especially predictive of clinical deterioration and mortality



RVD is defined by the presence of at least 1 of:



PP_1
2

RVD for short term prognosis



O Sanchez. Eur Heart J 2008;29:1569-1577

Negative predictive value: 60 (55-65)%
Positive predictive value: 58 (53-63)%

Echocardiography in normotensive patients: Value?

Meta-analysis: relative risk of in-hospital death



…Nevertheless, the prognostic value of cardiac

ultrasound in haemodynamically stable patients

appears moderate at best, mostly due to the

poor standardization of echocardiographic

criteria…..







Mortality



High concentrations of BNP distinguish patients with PE at higher risk of

complicated in-hospital course and death from those with low BNP levels. Increased

BNP or NT–pro- BNP concentrations alone, however, do not justify more invasive

treatment regimens.



Elevated serum troponin I and T forAPE related
mortality (n=645).

OR 9.44 95%CI 4.1-21,4

troponin I

troponin

T

Becattini C Circulation 2007





Author Pts(n) Marker
Ref.

value*
Positive

(%)
NPV(%) PPV(%)

Giannitsis,
2000

56 TropT 0.10 32 97 44

Konstantinides,
2002

106 TropI 0.07 41 98 14

Konstantinides,
2002

106 TropT 0.04 37 97 12

Janata,2003 106 TropT 0.09 11 99 34

Pruszczyk,2003 64 TropT 0.01 50 100 25

N Kucher. Circulation 2003;108:2191

* in
ng/mL

Troponins in PE: LOW positive predictive value
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Approximately 30-50% of all APE
patients troponin positive



The Pulmonary Embolism Severity Index (PESI)
and simplified PESI (sPESI)

Aujesky D et al. Am J Respir Crit CareMed 2005

Risk class: mortality

I
II
III
IV
V

≤ 65 points
66–85 points
86–105 points
106–125 points
>125 points

1,1%
3,1%
6,5%
10,4%
24,5%

sPESI
0 points          30-d mortality risk 1.0% (95%CI 0.0-2.1%)

≥ 1 points                                          10.9% (8.5-13.2%) 



526 normotensive patients with acute PE

A total of 127 patients (24.1%) low risk by a sPESI of 0 and hsTnT <14 pg/mL;
none of them had an adverse 30-day outcome.
The hsTnT assay and the sPESI improve risk stratification of acute PE. Combination of

both
modalities may …..identify possible candidates for out-of-hospital treatment

PP_72



➢ Echocardiography, BNP, NTprBNP cTnI 570 consecutive

patients with an acute PE.

➢ 30-day adverse events: death, secondary cardiogenic shock,

or recurrent venous thromboembolism.



➢

➢

➢

Class I 1.8%

class II 11.7%

class III 22.2%

<6.5 class I, low risk;

7 – 18.5 class II, intermediate risk;

>18,5 class III, high risk.

complicated outcome

BNP and echocardiography may be useful determinants of the short-term
outcome in PE, together with clinical findings. Patients with PE can be stratified
according to the initial risk of adverse outcome, using a simple score based on
clinical, echocardiographic, and biochemical variables.



L Binder, S Konstantinides. Circulation 2005;112:1573-1579

Patient group

Troponin T-negative (<0.04 ng/ml)

Troponin-positive, echo-negative

Troponin-negative, echo-positive

Both troponin- and echo-positive

Complication risk (OR, 95% CI)

-------

3.70 (0.76-18.18)

P=0.107

5.56 (0.97-32)

P=0.055

10.00 (2.14-46.80)

P=0.004

Is RV dysfunction (echo/CT) plus myocardial injury
(biomarkers) a stronger risk marker ?



526 pts with PE

Importantly low-risk

patients based on

the sPESI had no 30-

day mortality

compared with 3.4%

(95% CI, 0.9-5.8) in

low-risk patients by

the ESC model.

Both the sPESI and the ESC model successfully predict 30-day mortality after acute
symptomatic PE, but exclusion of an adverse early outcome does not appear to
require routine imaging procedures or laboratory biomarker testing.



Tools for risk stratification of PE: a critical look

S Konstantinides and SZ Goldhaber. Eur Heart J 2012



(death > 15%)

(death 3-15%)

(death <1%)

5% of pts

15-20 % of pts

Up to 75 % of pts
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Azione target

NO disfunzione 
severa VD

Valutare infusione 
cristalloidi < 500 ml

PAM ≥ 70 mmHG
PAS≥90mmHg

Ipotensione/shock/se
vera disfunzione VD

Noradrenalina 0..01-1 
ug/Kg/min

IC ridotto, PAS >90 
mmHg

Associare o da sola
Dobutamina 1-20 
ug/Kg/min

Shock cardiogeno 
refrattario

VA ECMO

SUPPORTO EMODINAMICO





Rationale for thrombolysis in acute PE

60Piazza G and Goldhaber SZ. Finbrinolysis for acute pulmonary embolism. Vascular Medicine 2010 15(5):419-428 

― Reduce Thrombus Burden (not achievable by AC alone)

Reverse RV afterload/failure toward prevention of hemodynamic collapse

Improve pulmonary reperfusion/capillary blood flow/gas exchange 

Restore systemic arterial perfusion pressure

Decrease the risk of developing chronic pulmonary hypertension (??????)



Alteplase Pharmacokinetics

Metabolism – poorly understood but principally 

hepatic with most occurring with the hepatocytes.

First reading – 60

Second reading – 26 @ 5 minutes later

Third Reading – 12 @ another 5 minutes later

Half-life?



Pharmacokinetics

Rapidly cleared 550-680 mL/minute from plasma 

giving an initial distribution phase half life (t½α) <5 min 

and in the terminal elimination phase (t½β) ~40 min.

Thus > 50% of t-PA is cleared from plasma within 5 

minutes after discontinuance of an IV infusion and 

approximately 80% is cleared within 10 minutes. 



Risks

Lysis of normal haemostatic plugs - bleeding 

Intracranial haemorrhage, absolute risk is increased 6% in 

patients of first 10 days, maximal during the first 36 hours after 

treatment. (c.f. 3 month overall risk reduction of 11% )



I.V. thrombolysis with tPA

65

― 100 mg tPA infused over 2 hours ( 10 mg bolus, 90 
mg /2h if conc 1 ml/Kg)

― UHF: either co-administer ( only with alteplase; 
ESC-AHA  recomm)  or stop and restart when aPTT
< 2 ULN then maintain aPTT 50-70 sec. 

― Subsequent switch to LMWH –DOAC single-drug 
approach after careful observation ( usually 48-72 
h)

― Persistent clinical stability

― No ( suspected) bleeding  

― No relevant comorbility



Pre and Post tPA
Pulmonary Artery Pressures 

Pre Intervention ECHO Post Intervention ECHO- Day 9



The optimal treatment approach in the 
unstable patient

• Low quality evidence          lower grade recommendations   (ACCP:2B-2C; 
ESC:IB- IC-IIaC)

•  Who are the candidates to a reperfusion treatment, provided that the 
haemorragic risk is tolerable?

• Shock/hypotension and confirmed diagnosis (CT, echo, US,)

• Shock/hypotension, suspected PE and no time for a diagnosis

• Cardiac arrest and suspected PE (??)

• Worsening intermediate-high risk PE  ( rescue treatment –seems rare)

• Relevant fear for hemorragic risk          Many excluded from thrombolysis

• Costs? Not relevant as the patients can die but….always ethical?



From: Thrombolysis for Pulmonary Embolism and Risk of All-Cause Mortality, Major Bleeding, and Intracranial 

HemorrhageA Meta-analysis

JAMA. 2014;311(23):2414-2421. doi:10.1001/jama.2014.5990



Fig. 1 Epidemiology, patterns of care and 

mortality for patients with 

hemodynamically unstable acute 

symptomatic pulmonary embolism

David Jiménez, Behnood Bikdeli, Deisy Barrios, Andrés 

Quezada, Jorge del Toro, Gemma Vidal, Isabelle Mahé, 

Isabelle Quere, Mónica Loring, Roger D. Yusen, Manuel 

Monreal

International Journal of Cardiology

Volume 269, Pages 327-333 (October 2018) 
DOI: 10.1016/j.ijcard.2018.07.059

3,5% unstable  PE
Only 20% reperfused

PE-related mortality



No easy way to stratify the individual 
expected bleeding risk aft 

pharmacologic reperfusion
(Thrombolytic + heparin!!)

In the «true» ustable PE patient the only absolute CNT should be  active uncontrollable 
bleeding



Reduced Dose Thrombolysis

• Rationale: less is safer 

• Higher risk of ICH in the older patients

• Dosages (alteplase)

• 50 mg in 2 hours

• 10 mg bolus + 40 mg in 2 hours

• 0,6 mg/Kg bolus 15 min, max 50 mg



Reduced major bleeding? P= NS
Reduced ICH? P=NS

However.............





RDT: to whom?

• Elderly

• Weight < 65 Kg

• Pregnant women

• Surgical patients 

Heparin Stop and Restart ?

Cath-Directed  ( or surgical) thrombolysis?  



The COPE Study

Becattini C et al.
 Thromb Haemost 2023



The COPE Study

Becattini C et al. Vasc Pharmacol 
2023



Catheter-directed therapy

DOI: 10.4244/EIJ-D-22-00246



Catheter-directed therapy

complete removal of thrombus from the pulmonary bed is usually
not required for haemodynamic stabilisation



Assisted (US) cath- directed Thrombolysis

Central Coolant Lumen

Therapy Optimization Sensor

Drug Lumen

Guidewire or 
Ultrasonic Core 
(0.035” diameter)

― 5.4 Fr catheter

― 106 an 135 cm working 

length

― 6, 12, 18, 24, 30, 40 and 

50 cm treatment zones

Infusion 
Catheter

Ultrasonic 
Core



N Kucher. In: Management of Pulmonary Embolism. Humana Press
2007

AngioJet Xpeedior, Possis,
MN

Aspirex, Straub,
CH

Alternative: Catheter-Based
Therapy



DOI: 10.4244/EIJ-D-22-00246

Catheter-directed therapy: game changer?

PEITHO 7-day rates of major bleeding 8.3% GUSTO criteria / 11.5% ISTH criteria

ULTIMA, SEATTLE II and OPTALYSE 0-10% (meta-analysis 6.7% high risk PE and 1-4% intermediate risk PE).
Only 1 intracranial bleeding in OPTALYSE





L Aklog. In: Management of Pulmonary Embolism. Humana Press 2007

Alternative: Surgical
Embolectomy



In my view the STEMI team should be trained and involved in the 

management of PE unstable patients

Evidence shows it 

works 

OR 0.88  





(death 3%)

(death 15%)





Quale terapia anticoagulante?



The COPE Study

Becattini C et al.
 Thromb Haemost 2023



The COPE Study

Becattini C et al. Vasc Pharmacol 
2023



IV Thrombolytic Therapy for Submassive PE
Meta-Analysis

Wan Circulation 2004

Recurrent PE or death

Lysis 6.7% vs UFH 9.6%

p=NS



Reperfusion Therapy in 
submassive/intermediate risk PE 

➢ Sharma GV et al (2000). Long-term benefit of thrombolytic therapy in patients with 

pulmonary embolism. Vasc Med. 5(2):91-5.

➢ Kline JA et al (2009). Prospective evaluation of right ventricular function and functional 

status 6 months after acute submassive pulmonary embolism: frequency of persistent or 

subsequent elevation in estimated pulmonary artery pressure. Chest, 136, pp. 1202–1210

➢ Fasullo S et al (2011). Six-month echocardiographic study in patients with submassive

pulmonary embolism and right ventricle dysfunction: comparison of thrombolysis with 

heparin. Am J Med Sci. 2011 Jan;341(1):33-9.

➢ Sharifi M, Bay C, Skrocki L, Rahimi F, Mehdipour M; “MOPETT” Investigators. Moderate 

Pulmonary Embolism Treated With Thrombolysis (from the "MOPETT" Trial) (2013). Am J 

Cardiol. Volume 111, Issue 2, 15 January 2013, Pages 273–277



ThrombolysisPEITHO study (2014)
1006 normotensive patients

RV dysfunction + TnI o TnT positive

Tenecteplase (30-50 mg) + anticoagulation
VS

placebo + anticoagulation. 

Long term data in 2017: no significant difference for mortality, functional outcomes, or echocardiographic metrics to 
suggest long-term improvement for patients with intermediate-risk PE receiving thrombolytics

<4% of all hospitalised PE patients
<12% of hospitalisations related to intermediate-high-risk or high-risk PE

PEITHO 3 study (ongoing)
EFFICACY: composite all cause of death, hemodynamic decompensation or PE recurrence 30 days

Alteplase 0.6 mg/kg (max 50 mg) in 15 min infusion + anticoagulation
VS

placebo + anticoagulation. 



Catheter-directed therapy

DOI: 10.4244/EIJ-D-22-00246



DOI: 10.4244/EIJ-D-22-00246

Catheter-directed therapy: game changer?

PEITHO:  7-d rates of MB= 8.3% (GUSTO criteria); 11.5% (ISTH criteria)

ULTIMA, SEATTLE II and OPTALYSE : 7-d rates of MB 0-10% 
Meta-analysis:  6.7% high risk PE and 1-4% intermediate risk PE.
Only 1 intracranial bleeding in OPTALYSE







DOI: 10.4244/EIJ-D-22-00246

Catheter-directed therapy



PE risk stratification: scores



Pulmonary embolism risk stratification models



Pulmonary embolism risk stratification models



Ma sono davvero utili tutti questi 
score?



The COPE Study – high risk of death: external validation of different models 

Becattini C et al. J Thromb haemost 2024

PESI score 102

BOVA score 4 NEWS2 score 3



Model Model components Predictor of In-hospital death or clinical 

deterioration 

ESC sPESI ≥ 1 YES

RVD OR > troponin YES

RVD AND > troponin YES

PEITHO ALL YES

FAST Syncope NO

Bova ALL YES

TELOS HR ≥ 110 bpm NO

NEWS2 SBP 101-100 mmHG NO

HR 41-50;  91-110;111-130 bpm NO

HR ≤ 40 or ≥ 131 NO

Oxygen sat 94-95%;92-93%;≤91% NO

RR 9-11 apm NO

The COPE Study – high risk of death: external validation of different models 

Modified from Becattini C et al. J Thromb haemost 

2024

Multivariable analysis by score or model for study outcome events (N 5036 pts)- Summary







Intermediate- risk PE: the role of lactate

Normotensive pts: 30-d  death
PPV 16.4% (95%CI:10.8-19.4)
NPV 98.4% (96.1-99.6)
multiv OR 2.5 (1.1-5.5)
  7-d PE complic
Multiv OR 5.3(1.9-14.4)

Pts died: 15% (SE ±4)

RVD+cTN+Lac+
 6.6-fold risk

Vanni S et al. Ann Emerg Med 2013, Thorax 2015



Vanni S et al. Intern Emerg Med 2017





Evaluate

Hemodynamic condition

Age- comorbidities

Effects of the clot on RV 

function/ischemia

Intracranial bleeding

Bleeding risk

DVT status – risk of early 

fatal recurrence

PE-CH Score

US-NIS administrative database n 9703  thrombolysed PE pts

Derivation cohort 

C-statistic 0.65 (95%CI 0.59-0.71) 
Validation cohort 

C-statistic 0.66 (95%CI 0.60-0.72) 

Score     ICH risk

0             1.2%

1          1.9%

2           2.4%

≥ 5          17.8% 

Andò G et al. Int J Cardiol 2024; Chatterjee S et al. Thromb Haemost 2017





Intermediate-Risk Pulmonary Embolism: only oxygen?





A (negative) clinical judgement should be added  



Luijten D et al. Eur Heart J 2024



Study Design Comparison N Drugs Discharge Outcomes Efficacy

 % (95%CI)

Safety

% 

(95%CI)

Mortality 

%

Notes

Aujeski 

2011

CRT PESI class I-II 

outp vs inpat

344 LMWH-

VKA

≤ 24 h 90 d- Recurr. 

sympt. VTE/ MB

0.6 vs 0 1.8 vs 0 0.6 vs 0.6

Zondag 

2011

Prosp

Cohort 

Hestia checklist 297 LMWH-

VKA

≤ 24 h id 2.0 

(0.8.4.3)

0.7

 (0.08-2.4)

1.0       

(0.2-2.9)

Vesta

Study

2016

CRT Hestia alone vs 

hestia + neg NT-

proBNP

550 LMWH-

VKA

≤ 24 h 30 d- PE or 

bleeding  

mortality/MB

1.1 

(0.2-3.2) 

vs

 0 (1-1.3)

1.1 

(0.2-3.2) 

vs

 0.4 

(0-01-2.0)

1.1 

vs 

1.5

Low N 

pts with 

 NT-pro 

BNP

Post-hoc NT-

proBNP +

0 

(0-10.2) 

vs 0 

(0-14.8)

HOT-PE 

Study

2020

Prosp 

phase 

4 trial

RV/LV ratio < 

1.0, no free-

floating thrombi,   

Hestia modified

525 Inject. AC 

Rivarox

≤ 48 h 90 d- Recurr. 

Sympt VTE or 

PE-death/MB

0.6 

( 99.6% CI 2.1)

1.2 0.4 Early 

stop aft 

interim 

analysis

Home-

PE study

2021

CRT Hestia vs sPESI 1975 LMWH-

VKA-

DOAC

≤ 24 h 30 d- Recurr. 

VTE + MB + all-

cause death

1.33 

vs 

1.11

No fatal 

PE

Aujeski et al. Lancet 2011; Zondag W et al. J Thromb Haemost 2011; den Exter et al. Am J Respir Crit Care Med 2016; Barco et al. Eur Heart J 2020;Roy et 
al. Eur Heart J 2021; 



Study Analysis Home 

treatment

CT 

RV/LV 

> 1.0

n

CT 

RV/LV 

≤ 1.0

 n

Low-risk Pts 

treated at home 

with RV

%

90 d recurrent 

VTE 

% 

OR(95%CI)

90 d mortality 

% 

OR(95%CI)

Hendriks 

2020

Post-hoc of 

Hestia and 

Vesta studies

Hestia 

checklist

224 527 30 0.5 vs 1.3

0.33 (0.04-2.7)

2.2 vs 0.9

2.4 ( 0.68-8.3)

Roy 

2021

Home-PE 

study

Hestia or 

sPESI

90 616 24.4 0 0

Hendriks Sv et al. A, J Resp Crit Care Med 2020; Roy et al. Eur Heart J 2021



Luijten D et al. Eur Heart J 2024





Luijten D et al. Eur Heart J 2024

30-days combined endpoint  an mortality



Luijten D et al. Eur Heart J 2024

30-days combined endpoint  an mortality

14-days



Luijten D et al. Eur Heart J 2024

30-days combined endpoint  an mortality



High value of clinical

Judgement and 

individualized

Treatment added to 

explicit models of risk 

stratification 











USE OF ORAL ANTICOAGULANTS
AT DISCHARGE WAS MORE FREQUENT 
AT TEACHING INSTITUTIONS AND 
AMONG PTS WITH PRIVATE INSURANCE



Home treatment of PE cancer PTS: the INNOVTE CAT Working Group

Sanchez O et al.Arch Cardiovasc Dis 2024 



Barriers and facilitators to the outpatient management of PE

Westafer LM et al. Ann Emerg Med 2023
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