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ENFERMEDAD TROMBOEMBOLICA VENOSA

La enfermedad tromboembélica venosa (ETV), una entidad clinica
que comprende:

+ la trombosis venosa profunda (TVP) de las
extremidades,

* el embolismo pulmonar (EP)
+ el sindrome Post embolia Pulmonar

* la hipertension pulmonar tromboembédlica crénica (HPTEC).



Study outcome events in 906 patients using 2014 ESC model

Intermediate-High Risk Pulmonary Embolism
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* 1,015 normotensive patients with acute PE
* Of these, 97 (9.6%) had intermediate-high risk PE.

* 30-day PE-related mortality in 7 patients (7.2%)

TH Open 2019 Dec 4;3(4):e356-¢363.

Becattini C, et al. Eur Respir J 2016; 48: 780-786

Death due to
PE at 30 days

16/105: 15.2%
(CI; 8.4-22.1)

13/272: 4.8%
(CI; 2.2-7.3)

7/333: 2.1%
(Cl; 0.6 -3.6)

1/196: 0.5%
(Cl; 0-1.5)




MAGNITUD DEL PROBLEMA

Algunos datos importantes

Annual Incidence Rate
(number of PE diagnoses / 100.000 inhabitants)
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MAGNITUD DEL PROBLEMA

Trends in the Management and Outcomes ® N= 23858

of Acute Pulmonary Embolism o 13 afios de seguimiento

Analysis From the RIETE Registry

e s o ) e # 25% >80 afios

N ——— # 73% Alto o Intermedio-Alto Riesgo (sPESI)

CENTRAL ILALUSTRATION Acate PE Mortality (n the RIETE Reghitry: Significant Reductions in Mortality Over Time € Termpor s Tromds & Lavgth of Sty

A Temporst Trees w Anticosguism B Temporal Treach in Use of Other M macologe
» s aod errentional 1 herapery




MAGNITUD DEL PROBLEMA

Diagnostic Error in Medicine

Analysis of 583 Physician-Reported Errors

Arch Intern Med. 2009;169(20):1881-1887

Table 1. Most Frequently Missed Diagnoses
Among 583 Physician-Reported Cases of Diagnostic Error

Diagnosis No. (%)
Pulmonary embolism 26 (4.5)
Drug reaction or overdose 26 (4.5)
Lung cancer 23(3.9)
Colorectal cancer 19 (3.3)
Acute coronary syndrome 18(3.1)
Breast cancer 18 (3.1)
Stroke, including hemorrhage 15(2.6)
Congestive heart failure 13(2.2)
Fracture, various types 13(2.2)
Abscess, various locations 11(1.9)
Pneumonia, including type 10(1.7)
Aortic aneurysm/dissection 9(1.5)
Appendicitis 9(1.5)
Depression 9(1.5)
Diabetes mellitus 8(1.4)
Tuberculosis 8(1.4)
Anemia 6(1.0)
Bacteremia 6(1.0)
Metastatic cancer 6(1.0)
Spinal cord compression 6(1.0)




MAGNITUD DEL PROBLEMA
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Trenads in maging for Suspected Pulmonary Embodism
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Figure 2. Chest Imaging Rates per 1000 Person-Years by Imaging Test and Sex, With Annual Percentage Changes in Rates Based on Joinpoint Regression Analysis
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Scenario

Apparent Incidence

Diagnosed PE
US population

Mortality
_ fanlPE
US population

Case fatality
_Falal PE
Diagnosed PE

PE per 100000 US Adults

True Increase in disease

Before Alter

Increase in risk factors resuits in
more pulmonary emboli, with no

change in disease severity,

Increased

Increased

No change

I | v

Fatal

Effective test

/4

Nonfatal
Nonfatal
'“o’blrzy
Before After

More sensitive test detects more
puimonary emboli, and new cases

benefit from treatment —» fewer deaths.

Increased

Decreased

Decreased

Overdiagnosis

Nonfatal

Nonfatal

Mortality

Before After

More sensitive test detects more
pulmonary emboli, and new cases do
not benefit from treatment (mild disease),

Increased

No change

Decreased

Arch Intern Med. 2011;171(9):831-837




== Incidence (ary diagnosis) -- Incidence == Mortality
Before CTPA: APC. 0.5%:  (Primary dugnosis) Betore CTPA
Pe B4 Before CTPA: APC, -1.9%; P= 01
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PERT

:

M. Interna
Cardiologia

—

3
@
B
3
o

Neumologia

Pulmonary Embolism Response Team /\—Q/

S.V. Konstantinides et al. / Rev Esp Cardiol. 2020;73(6):497.e1-497.e58




Sospecha de TEP en pacientes con inestabilidad hemodinamicas
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Sospecha de TEP en pacientes sin inestabilidad hemodinamica?

Evalue la probabilidad clinica de TEP
Juicio médica o regla de prediccion®

'

Probabilidad clinica baja o intermedia,
o TEP improbable

: '

Sin TEP TEP confirmada®

Vo '

[Sin tratamiento® ] [Trmrnianmﬂ J

'

Probabilidad clinica alea
o TEF probable

.

Sin TEP TEP confirmada®

' .

Sin tratamiento® [ Tratamientd J
o investigacion
adicional®

CESC 2018



ESCALAS DE PROBABILIDAD PRETEST

Regla de probabilidad clinica de Ginebra revisada para la embolia pulmonar

Factor Puntos de decisidin clinica
Versidn Versiin
original®" simplificada™

TEP o TVP previa 3 1

Wells criteria®™

* Presence of active malignancy: +1

Frecuencla cardiaca

75-94 lpm 3 1
* Haemoptysis: +1 = 65 lpm 5 2
* History of previous DVT or PE: +1.5 Cirugia o fractura en el iltimo mes 2 1
* Heart rate >100bpm: +1.5 Hemoptisis 2 1
* Surgery or bed rest 23 days in 1 month: +1.5 Cincer activo 2 1
* Clinical signs and symptoms of DVT: +3 Lol il e 2 -

* No presence of an alternative diagnosis as likely as or more likely than PE: +3 F——— y — [ "
de extremidades inferiores y edema

Pretest probability Points Prevalence of PE (%; 95% CI) ——
Edad - 65 afios 1 1
Low <2 5.7(3.7-8.2) .
Probabilidad clinlca
Intermediate 2-6 23.2(183-284) e ——
High >6 493 (42.6-56.0) Baja o3 o1
Unlikely <4 8.4(6.4-10.6) Intermedia 4-10 24
Alra =11 =5
L'kely > AA@34-397) Puntuacion en dos niveles
TEF improbable 0-5 0-2
TEP probakbde =6 >3

TEPF: tromboembadia pulmonar; TVP: trombosis venosa profunda.

CESC 2018



/" MAGNITUD DEL PROBLEMA

Se recomienda asumir el diagnostico de
TEP (sin realizar otras pruebas) si la
angio-TC muestra un defecto de llenado
segmentario o0 mas proximal en pacientes
con una probabilidad clinica intermedia o
alta''®

Se puede considerar la realizacion de mas
pruebas para confirmar la TEP en caso de
defectos de llenado subsegmentarios
aislados''®

S.V. Konstantinides et al. / Rev Esp Cardiol. 2020;73(6):497.e1-497.e58C



2. Estratificacion de Riesgo




ESTRATIFICACION DEL RIESGO

. 1. Riesgo de Mortalidad Temprana (30 dias) por el TEP
- 2. Establecer el mejor tratamiento

2 Objetivosj’

La estratificacidon es buena en los Extremos y Dificil en el medio




Mortalidad intrahospitalaria del TEP

Management Strategy and Prognosis of Pulmonary Embolism Registry (MAPPET)

70% | In-Hospital Mortality (22%) » 65%
60% 1
50% 1
40% -
30%
20% 1
10% -

0% -

RVPO Hypotension Shock CPR

1 Am Coll Cardiol 1997;30:1165-71 (Echo)




B Estratificacion Riesgo TEP

Indicators of risk
Clinical
Early mortality risk Haemo- parameters of PE RV Eleva} b
c : 5 cardiac
dynamic severity/ dysfunction on Geoaiin
instability comorbidity: PESI TTE or CTPA |e?/zls
I1-Vor sPESI21

e s o+ W s W
Interme- _____

3‘ 3, Intermediate-low One (or none) positive

S.V. Konstantinides et al. / Rev Esp Cardiol. 2020;73(6):497.e1-497.e58

25 %




Repercusion VD =2 principal determinante prondstico

Increased RV afterload”

RV dilatation

~ Myocardial
“inflammation

RV O, dmndT

Intrapulmonary A-V
shunting

RV ischaemia, hypoxic injury

RV conmctillty¢

CEsC 2019

S.V. Konstantinides et al. / Rev Esp Cardiol. 2020;73(6):497.e1-497.e58



Increased RV afterload”

! RV dilatation

1
1

Riesgo Alto

TV insufficiency

’ _I_!lesgo Bajo

RV wall tension

- - - - - -
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S.V. Konstantinides et al. / Rev Esp Cardiol. 2020;73(6):497.e1-497.e58



-~

Riesgo Alto

Increased RV afterload”

_4 RV dilatation

TV insufficiency

Riesgo
Intermedio-Bajo

Riesgo

Intermedio-Alto



Indicators of risk

SR 7 .

1 Clinical Elevated

Early mortality risk Haemo- = parameters of PE RV g
dynamic ! severity/ I dysfunction on S EtRn

instability : comorbidity: PESI : TTE or CTPA le?/:ls

HI=Vor sPESIZ1 1

Age in yoars 1 point (if age >80

Class b < 65 points 0 points = 10 day

years)
Mulo sex + 10 points very low 30 day mor mortabty ridk 1.0%
Cancer + 30 points 1 poi tality risk (0 1.6%) (95% C10.0-21%)
Chromic hean « 10 pownts Class I1: 66 85
fadure points
Chronic pulmonary + 10 pownty 1 point low mortaity risk
dnene (V.7 -15%)
Pulse rate 2110 + 20 pawnts 1 point Class 111 86 - 108 “1 point(s) » 30
vpm polnts day mortality ras
Sywiokic P <100 « 30 poknts 1 powmt modenste mortlny 109% (5% Q)
enbg ik (3.2-71%) 85-122%)
Resper ationy rote « 20 powny Class IV 106 128
» 30 bruativ per polnts
fren Pgh mortality rink
Temperstwre + 20 powns (10 -11.4%)
D Class Vi »1258
Alterad maniat « 60 posnty polnts
RLETIE very hygh mortaliny
Artor sl o yhaemo + 20 posnts 1 pom ik (100 24.5%)
HODIO SAtrston 1T
“90rs

S.V. Konstantinides et al. / Rev Esp Cardiol. 2020;73(6):497.e1-497.e58
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Q redaccion médica rm

ChatGPT aprueba el MIR 2023 con solo
un 25% de respuestas incorrectas

Tutores de CTO analizan el examen de esta inteligencia artificial con un muestrario
de 20 preguntas

= Q redaccion médica
MARTES, 02 DE MAYO DE 2023, A LAS 12:20. CATEGORIA: SANIDAD HOY

ChatGPT es capaz de ofrecer un trato mas empatico
que un médico real

La tecnologia da respuestas de mas calidad ante preguntas de pacientes que un
facultativo




VALE EL PESI para evaluar ¢l TEP?

Si, el indice de gravedad de la embolia pulmonar (PESI) es una escala de evaluacion Gtil para
la estratificacion del riesgo de mortalidad a corto y largo plazo en pacientes con
tromboembolismo pulmonar (TEP),

La escala PESI tiene en cuenta diversos factores de riesgo, como la edad del paciente, la
presencia de comorbilidades, la frecuencia cardiaca, la presion arterial sistélicay la
presencia de signos clinicos como la disnea y la hipoxemia, Segin la puntuacién obtenida
en la escala PESI, se clasifica al paciente en diferentes categorias de riesgo de mortalidad a
corto plazo.

La escala PES! se ha demostrado Util para la toma de decisiones clinicas en pacientes con
TEP, ya que permite identificar aquellos pacientes con bajo riesgo de mortalidad y que
pueden ser tratados de forma ambulatoria, y aquellos con alto riesgo que requieren

tratamiento hospitalario y una evaluacion mds exhaustiva.

Sin embargo, es importante tener en cuenta que la escala PESI es una herramienta de
ovaluacion y no debe utilizarse de manera aislada para tomar decisiones clinicas, La
evaluacion clinica integral y el juicio clinico del médico son fundamentales para ¢l

diagnaéstico y tratamiento adecuados del TEP.




Derivation and Validation of a Prognostic Model for
Pulmonary Embolism

Drahomir Aujesky, D. Scott Obrotky, Roslyn A, Stone, Thomas [ Auble, Amaud Perrier, Jacques Cormuz,
Pletre Marle Roy, and Michael | Fine

\/

TABLE 4. RISK CLASS-SPECIFIC MEDICAL OUTCOMES IN THE DERIVATION AND VALIDATION SAMPLES

Derivation Sample, % Internal Validation Sample, % External Validation Sample, %
Medical Outcomes (95% Ch)(n = 10,354) (95% Ch(n= 5,177) (95% CI) (n = 221) p Value* p Value'
30-day mortality
Class | 1.1 (0.7-1.7) 1.6 (0.9-2.6) 0 (0-6.6) 0.32 0.66
Class Il 3.1 (2.54.0) 3.5(2.54.7) 1.7 (0-8.9) 0.63 0.72
Class Il 6.5 (5.5-7.6) 7.1 (5.7-8.7) 3.2(0.4-11.2) 0.51 0.43
Class IV 10.4 (9.0-11.9) 11.4 (9.3-13.8) 4.0 (0.1-20.4) 0.44 0.36
Class V 24.5 (22.7-26.4) 23.9 (21.4-26.5) 10.0 (1.2-31.7) 0.69 0.19

* Permite sobre todo identificar a aquellos pacientes con bajo riesgo de mortalidad a 30 dias (Clases I-l)

* Esla escala mas ampliamente validada en estudios externos



Pacientes de Intermedlo Alto Rlesgo
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Parametros clinicos asociados a riesgo

Taquicardia
* Taquipnea
» Saturacion de Oxigeno

* Hipotension Arterial

* Sincope!

4 Pz 1. European Heart Journgl (2018) 39, 4186-4195
TV 2. Chest. 2016;149:192200

« IAb
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(flecha), plano corto del cje

€. Septo intraventricular aplanado
paraesternal

D. Vena cava inferior distentida con
colapsabilidad inspiratoria
disminuida, plano subcostal

A. Agrandamiento del VD, B. VD dilatado con un coclente basal
plano largo del paracsternal VD/VI > 1,0 y signo de McConnell
o (flecha), plano de 4 camaras
vD TCD
AT <40 ms . TRPG
- F_"mh" s .

E. Signo 60/60: coaxistencia de un tempo de F. Trombo méwil en corazén
aceleracion de eyeccion pulmonar < 60 ms y
anotchs en mesosistole con gradiente pico
sistolico ligeramente elevado (< 60 mmHyg)
on la vilvula tricispide

del corazon derecho (flecha)

derecho detectado en las cavidades

Modo M

\

'A'r“

<16 mm

G. TAPSE disminuido medido en
modo M (< 16 mm)

- Imagen por Doppler tisular

Ay

M. Velocidad pico sistdlica disminuida
del anillo tricuspideo (< 9.5 em/s)

S.V. Konstantinides et al. / Rev Esp Cardiol. 2020;73(6):497.e1-497.e58



Supplementary Table 3  Prognostic value and cut-off levels of imaging parameters

e
V drihancoo et - Uarie \ b < SABT=3% -9 BE-10)
RVILV dameter ratio b r ol Prospective cobort* 10 Abcause mortakty 157 (3A-3810) 21(0-2) 83 (80 -86) (M- £Q-1)
PErelated moraity 89 (11-747) 50 (20 80) 83 (80-86) 99(98-100) 4Q2-9
“nr Prospeciive cobon” =10 PErelsted moraltyor  39(15-102) 61(39-84) 73 (68-78) 27(91-99  13(5-20
rescue thrombolyss
TAPSE »r Prowpective cobort* <16 mm Al-cause mortalty 24(12-40 3421 -52) 82 (79 -8%5) 96(95-98) B(5-14)
PErelsted mortalty 44(13-153) 50 (24-76) 8 (79-84) 99(%8-100) 3(1-8)
“r Prospective cohort” <16 mm PEcelated mortaltyor 279 (62-12446) 82 (59~ 100) 86 (81-90) 99(98-100) 21(9-1Y
rescue thrombolyss
McConnel 1ign “r Prowpective cobon Present PErelsted moraltyor  36(1.5-87) 45 (3-67) 82 (78 -86) 97(95-99)  12(5-19)
rescue thrombolyss
Reght heart thrombi 15220  Metaanalysn' Present Al-cause mortality 310(22-4) 13 (11-16) 97 (9697 96(95-96)  17(14-20)
12955 ~ - - - -
| cwa
KVILY dmeter rato 295 Meta-analysh” >10 ALcauve mortalty 25(18-15) - — - —
269 PEcelated mortalty 50(27-92) - - - -
RV/LV volume ratio 240 Prowpective cobon ™ »12 Ab-cause mortakty 65(18-218) BS (64 95) 45 (39-51) (M- Ny
RAJLA volume ratio 636 Retrospective cohort'’  »12 Ab-caure mortaity 21(13-34) 64 (34 - 74) 52 (48-56) P1(87-9%)  17(13-21)
Contrast reflux into the IVC. 1649 Meta-anniysn’ Present Ab-Caure mortabty 22(15-32) - - - -
Vakdation of B prognonte vikes snd repective 01 0F levelt of ecfic magng parameten in A0te pimon sy smbok v
o-m-maunwumymnmﬁyuu-mum.m-m-m.munnmuw-u M NIV S g vl OR = odds ratio. L »

~o- e p

prodicive vur RA = rght & ”

'Ouwmbp-mn'ml”and.ﬂm-

"oor metenwve patanty wih PL

S.V. Konstantinides et al. / Rev Esp Cardiol. 2020;73(6):497.e1-497.e58
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Parametros laboratorio asociados a riesgo

Aumento en el 60% de TEP

Aumento de mortalidad

Valores de corte habituales (hs-TpnT > 14)

Valores de corte ajustados a edad

Poco valor por si solos

Alto valor en combinacion con otros parametros: VD, PESIs.

Alto VPN




Parametros laboratorio asociados a riesgo

Cr (TFG)
NT-ProBNP Lactato N-GAL
(2 600 pg/ml) (22 mmol/I)? Cistatina-C
Copeptina
50% de TEP?
10% Riesgo Mortalidad Precoz?
23% Riesgo MACE!

Alto VPN




Prevalence and Predictors of ™
Cardiogenic Shock in Intermediate-Risk
Pulmonary Embolism

Insights From the FLASH Registry

Seipal Bamgaionn, MDD, MIA" Jumes M. Hosowite, MILY Dusen Boam, MO, Winsam A, Matwr, MD,*
Sarmeer KKhaneiiuar, ML Catadin Tomma, MO Mischiell D, Welsben, MDD, MIAS Busding Mina, MIF

Normotensive Shock in Patients With Intermediate-Risk Pulmonary Embolism

From the FLASH Registry
With Normotensive Shock
341% Cardiac Index 2.2 L/min/m?
n=131
Without
Normotensive Shock
Cardiac Index >2.2 L/min/m?
n=253

Composite Shock Score

Elevated Elevated , Moderate/Severely , Saddle _ Concomitant
Troponin *  BNP ' ReducedRVfunction® PE *  ovr * Tachycarda

Risk Factor Associated With Normotensive Shock
(OR: 5.84; 95% Cl: 2.00-17.04)
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mortalidad

2

pacientes Reperfusion




Reperfusion treatment

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

¢Qué es deterioro

As an alternative to rescue thrombolytic ther- N
I hemodinamico?

apy, surgical embolectomy® or percutaneous

catheter-directed treatment® should be con-

sidered for patients with haemodynamic dete-

rioration on anticoagulation treatment. ¢Debemos esperar

o anticipar?

Routine use of primary systemic thrombolysis

is not recommended in patients with inter-
E cf179

mediate- or low-risk P §

S.V. Konstantinides et al. / Rev Esp Cardiol. 2020;73(6):497.e1-497.e58



~ B Table 5. National Early Waming Score (NEWS) supplementary material,
‘ s - Physiological parameters 3 2 1 0 | 2 3
CQUE eS dete noro Respiration rate (breaths per minute) | 8 | | on_ | 1220 | | 2124 | 225 |
T $p0, (%) | <91 | 9203 | o495 | 206 | _ ' |
h e m Od | n a m | co ? Any supplemental oxygen _ ' Yes . . No . '

Temperature (*C) <35.0 35.1-36.0 | 36.1-38.0 | 38.1-39.0 239.1 ‘
o~ - Systolic BP (mmHg) | s90 | 9100 | 101110 | 111219 | ' [ 2220 |
COJO clinico? Heart/pulse rate (beats per minute) | <40 | | a1s0 | 5190 | 91110 | 111130 | 2131 |

Level of consciousness, AVPU scale A VPorU |

N EWSZ +5 Level of consciousness: A: alert; V: responds to voice; P: responds to pain; U: l‘lf"mmn, F;orn National Early Warning Sc-ote (NEWS): Siandydlsma {
the assessment of acute-iliness severity in the NHS. Report of a working party. Royal College of Physicians, London, 2012, BP: blood pressure;
J SpO,: oxygen saturation




Validation of a Model for Identification of Patients
at Intermediate to High Risk for Complications
Associated With Acute Symptomatic Pulmonary

Embolism

Coroiing Ferndngez, MD; Corso Bova, MD, Qiwer Sancher, PhD, Faoio Prandgond, PnD; Mareske Lankest, MD,

Stavros Konstantinides, PhD,; Simone Vanni, MD, Covadonga Ferndnder-Golfin, PhD, Roger D.

and Davd Jiménez, PhD, FOCP

=CHEST

rusen, MD,

TABLE 1 | Bova Score and Staging System for Risk of
PE-Related Complications Within 30 Days
of Acute Symptomatic PE Diagnosis

Predictor Variable Points
Systolic 8P 90-100 mm Hg 2 l

Cardiac troponin elevation

2
RV dysfunction (echocardlogram or CT scan) 2
Heart rate = 110/min 1

Normotensive PE patients:
30 day PE related mortality

* Class| (0-2) =4.4%

|+ Class Il (>4) = 10.5%




'

Venous lactate <3.3 mmol/l

132 patients (82.0%)
9 adverse outcome (6.8%)

p=0.003

S.V. Konstantinides et al. / Rev Esp Cardiol. 2020;73(6):497.e1-497.e58




¢Qué es deterioro
hemodinamico?
Ojo clinico
NEWS2 +5

¢Debemos esperar
o anticipar?

Table 5. National Early Waming Score (NEWS) supplementary material,

Physiological parameters

Respiration rate (breaths per minute) <8 9-11 | 12-20 21-24 225

' 590, (%) | <91 | 9293 | 9495 | 296 | ' ’

Any supplemental oxygen Yes No

Temperature (°C) | <30 | | 35.1-36.0 | 36.1-38.0 | 38.1-39.0 | 239.1

' Systolic BP (mmHg) <90 | 91100 | 101110 | 111219 | [ | 2220
' Heart/pulse rate (beats per minute) | sa0 | | ars0 | s190 | or110 | 111130 | 2131

 Level of consciousness, A\(PU scale A ' | V,PorU

Level of consciousness: A: alert; V: responds to voice; P: responds to pain; U: unresponsive. From National Early Warning Score (NEWS): Standardising
the assessment of acute-iliness severity in the NHS. Report of a working party. Royal College of Physicians, London, 2012, BP: blood pressure;
SpO,: axygen saturation

* 43% of submassive PE had cardiogenic shock (CI<1.8)
* Bova Score Class Il (>4) - 30d 10.5% mortality

* Venous lactate >3.3 mmol/l = 27% adverse outcome




[ Shock index (HR / SBP) > 1 ]

[ Venous lactate > 3.3 mmol/L ]

' Oliguria o FG <60 ml/min | | TVP proximal | Pao, / FiO, <250
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Diagnostico

Un tercio de las muertes ocurren repentinamente o a

las pocas horas del evento agudo, alrededor del 40%
de las muertes se diagnostican post mortem.

* El 7% de las muertes tempranas ocurren en pacientes que fueron
diagnosticados y tratados adecuadamente.

Una estrategia de manejo ajustada al riesgo es

esencial para los pacientes con diagnostico de TEP.

CMAJ 2023 June 19;195:E833-43. doi: 10.1503/cmaj.220960



Principales estrategias
terapéuticas para la EP aguda

El soporte Terapia de
hemodindmico reperfusion con:
y respiratorio

La anticoagulacion Tromboalisis sistémica

Terapia dirigida por
cateter.

CMAJ 2023 June 19;195:E833-43. doi: 10.1503/cmaj.220960



Variables a considerar

<", Condiciéon
~~ | hemodinamica del
paciente

Paciente esta en shock

A | Laedad
Condiciones coexistentes

CMAJ 2023 June 19;195:E833-43. doi: 10.1503/cmaj.220960

Extension y la
proximidad del coagulo

Efectos del coagulo
en la funciéon del
ventriculo derecho




“Un objetivo principal de la terapia en el manejo
de la EP es mejorar la hemodinamica al reducir la
tension en el ventriculo derecho.

Esto conduce a la mejora de los sintomas, la
restauracion del flujo arterial pulmonar, la
disminucion del riesgo de EP recurrente y la
prevencion del desarrollo de hipertension
pulmonar tromboembdlica crénica (HPTEC).”

N ENGL J MED 389;2 nejm.org July 13, 2023, Christopher Kabrhel, MD, MPH



Tratamiento
trombolitico.




Dosis de farmaco trombolitico.

Estreptoquinasa 250.000 Ul como dosis de carga durante 30 minutos,
seqguida de 100.000 Ul/h durante 12 a 24 horas.
Régimen acelerado: 1,5 millones de Ul en 2 horas.

Uroquinasa 4400 Ul/kg como dosis de carga durante 10 minutos, seguida de
4400 Ul/kg por hora durante 12 a 24 horas.

Régimen acelerado 3 millones de Ul durante 2 horas.

Alteplasa 100 mg durante 2 horas o 0,6 mg/kg durante 15 minutos (dosis
maxima 100 mq).

Virk et al. Systemic Thrombolysis for Pulmonary Embolism 2019



La evidencia de los efectos beneficiosos de
la trombdlisis sistémica en pacientes con
TEP de riesgo intermedio

Tema lleno de controversia.

El ensayo internacional PEITHO (2012)

Un bolo intravenoso Unico de tenecteplasa mas heparina mostré beneficios en la
prevencion de la descompensacidon hemodinamica en comparacion con placebo mas
heparina en pacientes con TEP de riesgo intermedio.

La alteplasa 0,5 mg/kg (maximo 50 mg), administrada en un bolo de 10 mg sequido
del resto durante 2 horas, se asocid con una reduccion de la hipertension pulm%

Virk et al. Systemic Thrombolysis for Pulmonary Embolism 2019




Systemic Thrombolysis for
Pulmonary Embolism
Evidence, Patient Selection, and
Protocols for Management

Hafeez Ul Hassan Virk, MD*", Sanjay Chatterjee, MD®2,
Partha Sardar, MD%®, Chirag Bavishi, MD, MPH>#,
Jay Giri, MD, MPHY Saurav Chatterjee, MDS*>



Table 3

Latest recommendations for systemic thrombolysis in patients with acute massive and submassive
pulmonary embolism (PE)

Society Entity Recommendations
American College Massive PE with low bleeding risk Grade 2B
of Chgst .- Submassive PE Grade 1B
Physicians,
2016 Patients with submassive PE who deteriorate Grade 2C
(not developed hypotension yet) and low
bleeding risk
American Heart Massive PE Class lla, Level of Evidence B
Association,”® . . . )
5011 Submassive PE with evidence of adverse Class llb, Level of Evidence C
prognosis and low bleeding risk
Submassive PE Class lll: Level of Evidence B
European Society Massive PE Class I; Level of Evidence B
- 15
ggfdardlology, Submassive PE Class lll, Level of Evidence B

Virk et al. Systemic Thrombolysis for Pulmonary Embolism 2019



Systemic Thrombolysis for  ®-
Pulmonary Embolism

Procedures before/
after alteplase

Alteplase dosing

e If possible and indicated, place nasogastric tubes, indwelling bladder
catheters, intra-arterial lines, or intravenous lines before administration of
systemic alteplase.

e |f unable to perform before therapy, delay placement of nasogastric tubes,
indwelling bladder catheters, intra-arterial pressure catheters, or intravenous
lines for 24 hours if possible.

Massive (or submassive) PE:

e 100-mg IV infusion over 2 h for most patients.

e In patients at high risk of bleeding, relative contraindications (see Table 1),
age >65y, weight <65 kg, body mass index <25 kg/m?, a dose of 50-mg IV
infusion over 1 h may be considered (or recommended by the PERT
attending)

Cardiac arrest:

e Registered nurse (RN) may administer (physician/advanced practitioner can
give if they prefer).

e 50-mg IV over 2-5 min.

e Once alteplase is given for cardiac arrest, high-quality cardiopulmonary

resuscitation (CPR) should be continued at least 15 min after the dose to

allow drug to circulate. CPR should be continued while alteplase is being

administered.

o If no return of spontaneous circulation 15 min after alteplase bolus: can
consider a second 50 mg IV over 2-5 min.

o If return of spontaneous circulation after alteplase 50-mg bolus: give
remaining 50-mg IV infusion over 1 h.

Virk et al. Systemic Thrombolysis for Pulmonary Embolism 2019




Concomitant
anticoagulation

e |V unfractionated heparin (UFH) in full therapeutic doses is the preferred
anticoagulant for those receiving alteplase for PE before alteplase infusion.

e While considering/preparing alteplase, initiate UFH treatment with a bolus as
endorsed by the Recommended Protocols for Initiation and Maintenance for

Formulary.

e OUnce the decision to give alteplase 1s made, alteplase should be given as
soon as possible. Suspend IV UFH treatment immediately before the
initiation of alteplase infusion and throughout infusion.

e When the alteplase infusion is complete, check an aPTT immediately and
restart UFH without a bolus at the previous infusion rate if aPTT <80 s.

e If a patient received a therapeutic dose of enoxaparin before alteplase, start
the UFH infusion 12 h after the last dose of low-molecular weight heparin
(LMWH) (24 h if given dalteparin/fondaparinux), provided the patient does
not have new renal dysfunction, and did not receive a 1.5-mg/kg enoxaparin
dose. If either of the latter two occur, please contact a critical care clinical
pharmacy specialist for guidance.

e After 48-72 h of stability, the patient may be transitioned to a LMWH,
warfarin, or a novel oral anticoagulant as clinically indicated.

Virk et al. Systemic Thrombolysis for Pulmonary Embolism 2019




Administration A dedicated IV line is required; may be given peripherally

100-mg or 50-mg alteplase dose slow infusion (RN):

e Must be given via IV infusion pump.

e Can be found in library under alteplase — pulmonary embolism.
VTBI entered should be 100 mL (or 50 mL for 50-mg dose).
Rate of infusion will be 50 mL/h.
When there is no alteplase left in the vial but drug left in the drip chamber,
a 0.9% sodium chloride IV bag (100 mL or 250 mL as available on the unit)
should be spiked and attached to the IV tubing where the empty vial was -
to continue to run at the same rate (50 mL/h) to complete the 2 (or 1 as
stated based on dose above) -hour infusion time. No need for further
modifications to IV.

Administration Infusion pump, when pump is finished infusing, discard the remainder of the
(continued) sodium chloride bag. This will ensure patient receives the entire dose
ordered at correct rate (approximate |V tubing space is approximately
25-28 mL).

50-mg bolus—cardiac arrest dose (RN or physician/advanced practitioner):

e RN may administer (physician/advanced practitioner may give if they prefer)
IV over 2-5 min (rate of administration may be prolonged in patients with
smaller-gauge |V catheters).

e When RN administers medication, ordering provider must remain at bedside
during administration.

Virk et al. Systemic Thrombolysis for Pulmonary Embolism 2019



Research

Catheter-directed thrombolysis compared with
systemic thrombolysis and anticoagulation in
patients with intermediate- or high-risk
pulmonary embolism: systematic review and
network meta-analysis

David Planer MD MSc, Stav Yanko PharmD, llan Matok PhD, Ora Paltiel MDCM MSc, Rama Zmiro PharmbD,
Victoria Rotshild PharmD PhD, Offer Amir MD, Gabby Elbaz-Greener MD MHA, Bruria Hirsh Raccah PharmD PhD g
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Abstract
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La trombdlisis percutanea dirigida por cateter (CDT)

Permite la infusién lenta y local
de material trombolitico en
dosis bajas (alrededor de una
cuarta parte de la dosis
administrada sistémicamente).

Directamente a las arterias
pulmonares, con o sin el uso de
fragmentacion  mecanica o0
ultrasdénica del trombo en situ.

CMAJ|19 de junio de 2023|Volumen 195|Numero 24 .

Segun la declaracion de consenso
clinico de la ESC de 2022, se debe
considerar la CDT en pacientes
con EP de alto riesgo cuando la
trombdlisis ha fallado o esta
contraindicada.

En pacientes estables en los que
ha fracasado el tratamiento
anticoagulante, la CDT puede ser
una opcion viable.




American Society of Hematology 2020
sugirié usar trombalisis sistémica en lugar de
CDT en pacientes con EP en los que se
considera apropiada la trombdlisis.

e Laguia CHEST y el informe del panel

de expertos adoptaron un enfoque
similar.

CMAJ|19 de junio de 2023|Volumen 195|Nimero 24 .



/\-/Té@niento dirigido por catéter para el EP 2014 hasta 2022

Acoustic pulse
(ultrasound assisted) lysis Mechanical thrombectomy Mechanical thrombus aspiration

‘% B |
™~ * o © . ‘

-

? - §
, R

Jaber & McDaniel. Catheter-Based Embolectomy. Intervent Cardiol Clin 7 (2018) 91-101
http://dx.doi.org/10.1016/j.iccl.2017.08.003




I EkoSonic”Endovascular System [ K>0 S)

Tratamiento dirigido por catéter

1 EkoSonic Control Unit

~

1 5.4F Infusion Catheter

¥ Ultrasonic Core

N— - EK0S)

N ) ) The Eknsanlc"" Endovascular System is a
o gently and completely dlnolve thrombus and restore blood flow.

N AN

The EkoSonic® Endovascular System
Cleared by FDA for the Treatment of
Pulmonary Embolism

EkoSonic; Endovascular Device

Jaber & McDaniel. Catheter-Based Embolectomy. Intervent Cardiol Clin 7 (2018)
http://dx.doi.org/10.1016/).iccl.2017.08.003




Tratamiento dirigido por catéter

Preferred Catheter(s) for Thrombolysis

e 8 / "“ =3
4Fr,5Fr o, > e
Lengths TN ‘o
il EKOS .
0.035” Wire Ultrasound’ ~ a S
Platforms Assisted 5
Catheter I D

Angiodynamics Uni*Fuse™

Infusion Catheter

Uni-Fuse

INFUSION CATHETER /

Jaber & McDaniel. Catheter-Based Embolectomy. Intervent Cardiol Clin 7 (2018) 91-101
http://dx.doi.org/10.1016/j.iccl.2017.08.003



La trombdlisis percutanea dirigida por catéter en ASCARDIO

Developed in 1960's

Judkins catheter

Catéter multiproposito 4Fr o 5 Fr

Otros: Cateter vertebral o JR (Judking
right) J

Abordaje radial o vena femoral: VCS, VCI o }
auricula derecha, ventriculo derecho, tronco / }
pulmonar, selectivas ramas o sobre el TP.
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Thrombolysis In Acute PE

Massive acute PE and acceptable risk of
bleeding complications

h

CHEST

Thrombolytic Use in Acute PE

Acute PE assoclated with shock with acceptable bleeding
risk, we suggest systemically administered thrombolytic
therapy

failed *

EUROPEAN
SOCIETY OF
CARDIOLOGY

| Class® | Level’ | Ref®
PE with shock or hypotension (high-risk)

It is recommended that intravenous
antcoagulation with UFH be initiated
without delay in patients with high-
risk PE

Thrombolytic therapy is

recommended 168

Surgical pulmonary embolectomy is

recommended for patients in whom 313
1

thrombolysis s contraindicated or has

Percutaneous catheter-directed
treatment should be considered as an
alternative to surgical pulmonary
embolectomy for patients in whom
full-dose systemic thrombolysis is
contraindicated or has failled *

Trombodlisis administrada sistematicamente
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Reperfusion treatment

Association Rowtns wos of primary sysamic
. thrombolys & not
Thrombolysis in Acute PE rocsmmmended i petients noe 183
Submassive acute PE with high risk features sulering from shock or
(hemodynamic instability, worseni ypotension
. e Close momtoring
respiratory insufficiency, severe RV sostmmendnd s Satlenss w
dysfunction, or major myocardial necrosis weermedate-hgh rak PE o .
and low bleeding risk permi early detecton of 33
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Most patients with acute PE not associated with DRSUYING St oF Deong
% x under hrombolytc treatment 1
hypotension, we recommend against systemically 18 hgh*
administered thrombolytics Percutaneous Catheter -drected
Select patients with acute PE who deteriorate after treatment may be considered n
starting anticoagulant therapy but are not hypotensive weermedate- hgh-rak " 136
2C pasents ¥ the anticipated rak of
and have low bleeding risk, we suggest systemically bleeding under thrombolytic

administered thrombolytic therapy over no such therapy treatment 4 bogh !




Risk-adapted
management

Assessment of risk PE treatment (catheter-
related to acute PE directed)




Pregunta (nuevo ciclo de evidencia)

P (paciente o problema)

‘ (comparacion)
O (resultado)

En pacientes con tromboembolismo pulmonar

agudo de riesgo intermedio,
trombolisis

sistémica ¢Reduce mortalidad y complicaciones
cardiovascular intrahospitalaria a los 30 dias ?
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Akhilesh K Sista!, Oren A Friedman?, Eda Dow?, Brendan Denvir?,
Gulce Askin®, Jamie Stern?, Jaclyn Estes’, Arash Salemi’,
Ronald § Winokur? and James M Horowitz?

Abstract

Puimonary Embolism Response Teams (PERTS) have emerged to provide rapid multidisciplinary assessment and
treatment of PE patients. However, descriptive Institutional experience and preliminary outcomes data from such
teams are spars. PERT actvatons were identified through a retraspactive review. Only confirmed submassnva of
massive PEs were Included In the data analysi.In addition to baseline variables, the therapeuticntervention, lengeh of
stay (LOS), In-hospital mortalty, and bleeding rate/severity were recorded. A total of 124 PERT activations occurred
ver 20 months: 43 In the first 10 months and 81 In the next 10. A total of 87 submassive (90.8%) and massive (9.2%)
PE patients were Included. The median age was 65 (51~75 QR years. Catheter-directed thrombolysis (CDT) was
administered to 15 patlents, systemic thrombolysis (ST) to s, and anticoagulation alone (AC) to 54, The median
ICU stay and overall LOS were 6 (3-10 IQR) and 7 (414 IQR) days, respectively, with no assockation with any
variables except a brain matriuretic paptide (ENF) »100 pgimL (=0.008 ICU LOS; p=0.047 overall LOS). Twelve
patients (13.7%) dled In the hospital, nine of whem had metstaric or brain cancer, with a medin overall LOS of 13
(1117 IQR) days. There were five major bleads: one In the CDT group, one In the ST group. and three In the AC
group. Overal, (1) PERT acuvations Increased after the first 10 month; (2) BNP >100 pgimL was assoctated with
longer LOS; (3) rates of mortalty and bleeding did not correlate with treatment: and (4) the majority of in-hospital
deaths occurred In patients with advanced cancer.

Keywords
pulmenary embolsm (PE). PE respanse team (PERT). massive PE, submassive PE, cathetar-directed thrombolyss.
hosptallength of stay
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Retrospective comparison of ultrasound
facilitated catheter-directed thrombolysis and
systemically administered half-dose thrombolysis
in treatment of pulmonary embolism
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§ISAGE

Mohsen Sharifi'23", Alan Awdisho!, Bethany Schroeder!,
José Jiménez!3, Priya lyer? and Curt Bay?

Abstract
This study retrospectively compared the outcomes of patients who received ultrasound faclitated catheter-directed
thrombolysis (UFCDT) versus systamically administered “haf-dose’ thrombolysis (HDT) n 97 patients with PE. The
outcomes assessed Included changes In baseline pulmonary artery systollc pressure (PASP), right ventriclefleft ventricle
ratio (RVILY). cost and duration of death,bleecing, and recurrent venous nthe short
and Intermediate term follow-up. Analyses were performed using a covariance adjustment propensity score approach
© between groups in tated with PASP and RVILY, covarying baseline scores.
The baseline mean = SE PASP dropped from 493 + L1 to 32.5 = 0.3 mmHg at 3¢ hours In the HDT group, and from
506 + 1210 35.1 + 0.4 mmHgIn the UFCDT group; group X tme Interaction p-value = 0.007. Corresponding drops
In the RVILV were from a baseline of 1.26 = 0.05 to 1.07 = 001 In the HDT group and from 1.30 + 005 to 114
= 001 In the UFCDT group at 36 hours; group  tme Interaction p-value = 0.269. Statsticaly signficant decreases
‘weranoted In PASP and RVILV for both the HDT and UFCDT at 36 hours and follow-up. PASP through follow-up was
significanty lower In the HDT than the UFCDT group. Likewise, RVILY was lower In the HDT group. The duration and
cost of hosplalzation were lower Inthe HDT group (62 = 14 daysvs 1.9 = 0.3 days.p < 0.001; USS 12,000 + §3000
V6 $74000 = 56000, p < 0.001], We conclude that both UFCDT and HDT lead to rapid reduction of PASP and RVILY,
‘whereas HDT leads to a lower duration and cost of hosplialization.

Keywords
anticoagulants, embols, puimonary embolism (PE), catheter-directad thrombolyss, systemic thrombolyss, thrombus
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Catheter-directed thrombolysis compared with

systemic thrombolysis and anticoagulation in
patients with intermediate- or high-risk
pulmonary embolism: systematic review and
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Bram ] Geller'2(, Srinath Adusumalli’*$, Steven C Pugliesef,
Sameed Ahmed M Khatana®**, Ashwin Nathan®**,

Ido Weinberg (), Michael R Jaff?, Taisei Kobayashi’*,

Jeremy A l"lazurekJ Sameer Khandhar' Lin Yang**,

Peter W Groeneveld* and Jay S Giri*4

Abstract
Catheter-directedt oT) sT) y
embolism (PE) In the absence of comparative safety and effectivencss data. We utilized a large administrative database
to parform a comparative safaty and effectivaness analysis of catheter-diracted varsus systemic From the
Optum® Clinformatics? Data Mart private-payer Insurance clalms database, we Identified 100,744 patients hospitalized
with PE between 2004 and 2014. We extracted demographic characteristics, high-risk PE features, components of the
Elixhauser Comarbidity Index, and outcomes Including Intracranial hemorrhage (ICH), all-cause bleeding, and mortality
among all patients receving CDT and ST. We used propensity score methods to compare outcomes betwaen matched
cohorts adjusted for observed confounders. A total of 1915 patients (1.9%) recaived aither CDT (0 = 632) or ST fn =
1283). Patlents In the CDT group had fewer high-risk features Including less shock (5.4 vs | 1.1%; p < 0.001) and cardiac
arrest (68 vs 11.0%; p = 0.004). In I:1 propensity-matched groups, ICH rates were 1.9% in both tha CDT and ST
groups (p = 1.0). All-cause bleeding was higher In the CDT group (15.9 vs 8.7%; p << 0.001), while In-hospital mortality
was lower (6.5 vs 10.0%; p = 0.02). Among 2 nationally representative cohort of patients with PE at higher risk for
mortality, CDT was associated with similar ICH rates, increased all-cause bleeding, and lower short and intermediate-
term mortality when compared with ST. The competing risks and benefits of CDT in real-worid practice suggest the

nead for large-scale dinical trials pprop P arms,
Keywords
puimonary embolism (PE), therapy, vanous vTE)

Ultrasound-facilitated, catheter-directed
thrombolysis vs anticoagulation alone for acute
intermediate-high-risk pulmonary embolism:
Rationale and design of the HI-PEITHO study
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Midterm Prognosis of Patients With
Pulmonary Embolism Receiving
Catheter-Directed Thrombolysis or
Systemic Thrombolysis: A Nationwide
Population-Based Study
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 Cite as: CMAS 2023 June 19;195:£833-43. doi: 10.1503/cma) 220960 Abstract

Background Due 1o the bleeding risk of Rulldose systemic thrombolysis and the lack of major trials focusing on
the clinical benefits of catheterdirected treatment, heparin antiocoagulation remains the siandard of care for patients with
Abstract infermediate-high-risk pulmonary embalism [PE).
BACKGROUND: This study compared tha efficacy and smsw betwsen cathatar-directed thrombolysis (COT) and systamic

miditarm follow-up.

METHODS AND RESULTS: Wa conducied a prospective open cohort study by using data from the Taiwan National Health
Insurance Resaarch Database for 2001 to 2013, Patiants wiho were first admitied for PE and ware freated by either systamic
COT were i

Background: Therapeutic options for
intermediate- or high-risk pulmonary
embolism (PE) include anticoagulation,
systemic thrombolysis and catheter-

in-hospital death. Safety outcomes
included major bleeding, intracerebral
hemorrhage and minor bleeding.

0.40; 95% C, 0.36-0.67) after
‘observed for the safity (bieeding) outcomes. In patients who survived the indes PE admission, the 1-year
rate ws significantly kower inthe GOT group after inverss probabilty of traatmant weighting (12-2% versus frpatiianid
[HAI, 0.73; 95% Cl, 0.56-0.94). Treatmert with CDT was also associaled
subdistrbution HR, 0.52; 95% Cl, 0.41-0.68). The differance remained through the ast follow-up.

CONCLUSIONS: Among patiants with PE requiring raparfusion tharapy, thosa accepting COT had lower all-causa mortalty and
short-farm and midierm follow-up periods han those receiving systemic thrombolyss. The biseding
sk was smilar for both groups. Thes findings should be cautiously vabdated in fulure randomized irals.

recurrent PE aver both

pared. s pobabity of veaien! weghiing, based o
s usad to mitigate ias. A total of 145 CDT-treated and 1158 system

treatment weighting

d patients with
PE wer Inlotot The e hospta) morall rals wes sificarty kwer o tha COT group [12.7% varsus 21.4%; odds rabo,
diforonoas batwean he groups wero

direct (CDT); however,

the role of CDT remains controversia,

We sought to compare the eficacy and

safety of COT with other therapeutic
i h

Key Words: catheter-ciectad thrormbolysis B Firavencus inusion B pumcnery embolism m tvombolytic terapy

with lower risks of recurrent PE (0.3% versus 17.5%;

Methods: We scarched PubMed (MED-
LINE), Embase, Clinical Trials.gov and
Cochrane Library from inception to
Oct. 18, 2022. Ve included randomized
controlled trials and observational
studies that compared therapautic
options for PE, including anticoagula-
tion, systemic thrombolysis and CDT
2mong patients termediate- or
highrisk PE. The efficacy cutcome was

from 8 stud-
ies, representing 20008 patients. Com-
pared with systemic thrombolysis, COT
was associated with a decreased risk of
death (odd ratio [OR] 0.43, 95% canfi-
dence interval [Cl] 0.32-0.57), intracere-
bral hemarrhage (OR 0.44, 95% C1 0.29-
0.64), major bleeding (OR 0.61, 95% Ci
0.53-0.70) and blood transfusion (OR
0.46,95% C1 0.28-0.77). However, no dif-
ference in minor blzeding was observed
between the 2 therapeutic options (OR
111, 95% Cl 0.66-1.87). Compared with
anticoagulation, CDT was also associ-
ated with decreased risk of death (OR
0.36, 95% CI 0.25-0.52), with no

increased risk of intracerebral hemor.
rhage (OR 1.3, 95% €I 0.63-2.79) or
major bleeding (OF 1.24, 95% CI
0.88-175).

Interpretation: With maderate
certainty of evidence, the risk of death
and major bleeding complications was
lower with COT than with systemic
thrombalysis. Compared with anti-
coagulation, COT was associated with a
probable lower risk of death and a
similar risk of intracerebral hemorrhage,
with moderate certainty of evidence.
Although these findings are largely
based on observational data, CDT may
be considered as a first-line therapy in
patients with intermediste- or high-risk
PE_ Protocol registrati
— CRD42020182163

Methods and results The HigherRisk Pulmonary Embolism Thrombolysis (HIPEITHO) study (ClinicalTriols.gov Iden-
tifier: NCT04790370) iz o mubt Il multicenter randomized conirolled parallelgroup comparisen trial. Patients with: (1}
confirmed acute PE; (2) evidence of right ventricular (RY) dyshunction on imaging; (3) @ pesitive cardiac tropenin test; and
(4] clinical crifsria indicafing n slevated risk of scrly death ar imminent hemedynamic collopse, will b randomizad 1:1 1o
treatment with o standardized protocel of ulirasound facilitated catheter-directed thrombolysis plus anficeagulation, vs anfice-
agulation alane. The primary outcome is o composite of PErelated martality, cardiorespiratory decompansation or collapse,
or nonfatal symptomatic and objectively confirmed PE recurrence, within 7 days of randomization. Further assessments cover,
apart from bleeding complications, a broad spectrum of functional and patientreported cutcomes inchuding quality of life
indicators, functional stafus and the uhilization of health care resources aver @ 1 2menth follew-up period. The frial plans fo
inchude 406 patients, but the adapiive design permits o sample size increase depending on the resuls of the predefined
inferim analysis. As of May 11, 2022, 27 subjecis have been enrolled. The trial is funded by Boston Scientific Carporation
and through collaborative research agreements with University of Mainz and The PERT Consorfium

Conclusions Regardless of the sutcome, HHPETHO will establish the firstline treatment in intermediate-high risk PE
patients with imminent hemodynamic collopse. The frial is expected to inform infernational guidelines and set the standard
for evaluation of catheterdirected reperfusion options in the future. (Am Heart ] 2022;251:43-53
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